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A workshop entitled “Biomolecular Dynamics Backscattering Spectrometers” was held on February 27"
-29"™ 2008 at J-PARC Center, Japan Atomic Energy Agency. This workshop was planned to be held for
aiming to realize an innovative neutron backscattering instrument, namely DNA, in the MLF and thus four
leading scientists in the field of neutron backscattering instruments were invited as the International
Advisory Committee (IAC member: Dr. Dan Neumann (Chair); Prof. Ferenc Mezei; Dr. Hannu Mutka; Dr.
Philip Tregenna-Piggott) for DNA from institutes in the United States, France and Switzerland, where
backscattering instruments are in-service. It was therefore held in the form of lecture anterior and then in
the form of the committee posterior.

This report includes the executive summary of the IAC and materials of the presentations in the IAC and

the workshop.
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Group photo

Group photo of the workshop on Biomolecular Dynamics Backscattering Spectrometers held at HENDEL
BLDG., JAEA on Feb. 27-29, 2008.
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1. Executive Summary of the International Advisory Committee
International Advisory Committee (Chair: Dan Neumann)

Overview

The DNA project promises to provide Japan with a world leading capability in neutron spectroscopy on the
nanosecond time scale. It will provide Japanese researchers an unprecedented capability to study key
interactions in a wide variety of important materials. For example, DNA can be used to study the
interaction of water and other glass forming molecules with proteins which may lead to an improved
understanding of extending the shelf-life of biotechnology products. It will allow researchers to
determine the atomic scale diffusion of hydrogen in potential hydrogen storage materials which is key to
enhancing the charging and discharging of hydrogen storage systems. Physicists will be able to study
novel states of matter and quantum phase transitions in unprecedented detail. Finally scientists will gain

new insights into the behavior of materials on the nanoscale.

DNA is an inverted geometry instrument consisting of a pre-sample flight path using an advanced neutron
guide design with a pulse-shaping chopper and a large area crystal analyzer system. The DNA team
presented a design consisting of four analyzer systems in two evacuated scattering tanks. This
combination provides a very wide range of capabilities. Unfortunately only one of what are really four
instruments can be used at a time. After extensive discussion, the Committee recommends that the
highest resolution option provided by the Si (111) analyzer be given the highest priority. The reasons for

this recommendation are:

1. Science seems to be driving toward slower dynamics and therefore ever better resolution. The

Si (111) option provides the best energy resolution of the four analyzers which is about 4 peV.

2. The primary scientific target for DNA is the dynamics of proteins and polymers. Experience at
ILL and NIST indicates that backscattering instruments with 1 peV tend to have approximately Y4
of the beam time devoted to these areas while the beam time devoted to these areas on
instruments with relaxed energy resolution is substantially less. This argues that the target user
community will be better served by the excellent resolution provided by the Si (111) option.

(See appendices.)

3. The Si(111) option better complements the cold neutron chopper instrument AMATERAS which
is a versatile instrument that will function reasonably well at a resolution of 25 peV.
AMATERAS would require an unreasonably long wavelength to reach an energy resolution of 4

peV.

4. The Si(111) option will provide a resolution of 17 peV by stopping the pulse shaping chopper.
Our estimate, based on the calculations presented by the DNA team, is that the intensity will be
about 20% of that which would have been obtained using the graphite analyzer option. For the
graphite analyzer, the resolution is calculated to be 23 peV. The “rule of thumb” is that the

intensity scales as the square of the resolution. In addition, the tandem design results in a
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calculated loss of 30% to 40%, which can be restored by concentrating on Si (111).  Thus the
“real difference in intensity is expected to be less than a factor of 2.  Furthermore the Si option is
expected to provide for a lower background resulting in higher quality data for the most difficult
experiments. (Most of the numbers in this point are based on J. Phys. Chem. Solids 68, 2199
(2007).)

The Committee recommends the use of Si (311) crystal analyzers as an option to increase the Q-range
allowing one to better take advantage of one of the great strengths of neutron scattering, namely the ability
to obtain length scale information of the dynamical process under investigation. This option can be
realized either by using a fraction of the scattering chamber for Si (311) crystals on a permanent basis or as
an optional add-on (cf. IN16 at ILL).

While the Committee recommends pursuing the scattering tank with Si (111) and Si (311), we believe that
the possibility of installing a second scattering tank at a later time should be preserved if possible. This
would provide the absolute highest count rate available at J-PARC for any instrument operating with an

energy resolution of about 25 peV.

The rest of the report deals primarily with components of DNA.

1. Moderator

The choice of the coupled cold moderator for a high resolution spectrometer is an innovative and very
advantageous solution. The coupled moderator, in particular with the special pre-moderator concept at
J-PARC provides much higher peak flux than de-coupled moderators. Pulse shaping allows one to take
advantage of the higher peak flux and also secure perfect symmetric pulse shapes with sharp edges. This
advantageous pulse shape enhances the data collection rate compared to the common, exponentionally
decaying decoupled moderator line shapes at equal resolution. For DNA the length of the coupled
moderator pulses is sufficient to achieve +/- 40 peV scan dynamic range, which is adequate for the
instrumental resolution of about 4 peV. The combination of the coupled moderator and pulse shaping
choppers also opens up the possibility to maximize the intensity (albeit at the expense of resolution and a
degraded line shape) by selecting lower chopper speeds or by stopping the chopper all together. This
flexibility to trade intensity for resolution and vice versa to best meet the requirements of each experiment
is an important advantage of the use of pulses from coupled moderators. This novel opportunity for pulsed

sources is fully taken advantage of in the DNA instrument project.

The DNA team also introduced an innovative enhancement for the use of pulse shaping choppers for
instruments on coupled moderators or long pulse sources: the generalization of the repetition rate
multiplication (RRM) technique to inverted geometry spectrometers. By this new method up to 8 shaped
pulses can be extracted for simultaneous data collection from each source pulse, instead of just one. Each
pulse covers a different incoming neutron energy range. The new method accelerates 8 fold the data
collection in a particular class of experiments, when the scattering spectrum is explored over a broader
energy range by scanning the incoming energy window with the help of shifting or slewing the phasing of

the pulse shaping chopper. The first implementation of this technique will be a particular strength of this
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instrument.

Overall, the innovative design of DNA allows it to fully exploit the characteristics of the coupled, cold
moderator at J-PARC opening up the opportunity to utilize the pulsed source power with unprecedented

efficiency and will make this instrument the best in its class worldwide.

2. Guides

Advanced supermirror neutron guide systems allow us to deliver a higher fraction of the neutrons emitted
by the moderator to the sample. The DNA design takes advantage of these capabilities. In the vertical
plane the elliptic shape of the guide employs the ballistic beam delivery concept. The large beam cross
section over most of the guide lowers the number of reflections and keeps the reflection angles small
thereby reducing reflection losses. The compression of the large cross section beam to the smaller sample
area enhances the flux at the expense of higher beam divergence. In the horizontal plane the guide design
is governed by the need to filter out fast neutrons and to provide for short chopper pulses. A fine-tuning of
the guide design, in particular in the horizontal plane, might result in a small additional gain in flux.
J-PARC is a world leader in the development of very high cut-off angle supermirrors, and this could be
used to good advantage at DNA by employing these supermirrors at the few critical locations in the

focussing guide in order to optimize the focussing features of the guide system.

The concept of having two sample positions one behind the other with guides focussing on both sample
positions would incur substantial beam intensity losses at the downstream sample position. The
Committee recommends that the Si(111) analyzer option should have an optimized, no-compromise
neutron guide providing the highest possible flux on the sample for this option. This requires examining
alternative mechanical solutions which avoid focussing the beam twice along the beam line. This will be
straightforward to realize in the recommended staged implementation of the instrument, in which only the

Si (111) analyzer chamber is built in the first stage.

3. Choppers

Few technical details were presented concerning the DNA choppers. Therefore we assume that the DNA
team expects no difficulties in the production and/or procurement of these items. We note that choppers
are needed on most of the instruments and therefore the Committee doesn’t foresee any potential problems

in this area.

4. Sample Area

The sample flange for DNA is only 25 cm. This is not particularly surprising as the requirement of
approaching a scattering angle of 180° from the analyzer necessitates having the detectors near the sample
position. Thus backscattering instruments such as DNA tend to have more compact sample areas than
other instruments. However, the proposed sample area is considerably smaller than the J-PARC standard
of 40 cm. Moreover it is almost certainly too small to mount a high-field superconducting magnet or a

very high pressure device.  The desirability of having as many sample environments as possible on DNA
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means that any deviation from the sample area standard should be very carefully considered. Thus we
encourage the DNA team to lay out the performance (by this we primarily mean resolution) consequences
of matching the J-PARC standard. If it is determined that DNA won’t have a resolution of 4 peV or better

with the larger sample area, then we believe the sample area standard should be relaxed for DNA.

The DNA team should consider providing for the alignment of single crystal samples. Rotation of the
sample can be provided via the sample stick as is being done at other facilities. However, tilting the
sample may require some type of external device. Note that the arcs only have to move a few degrees as

users typically bring their samples well-aligned. This would be a unique capability to DNA and J-PARC.

5. Analyzer

The Committee appreciated the imaginative and elegant work concerning the time and space focusing
optics of the analyzer banks. This is a truly original contribution to the neutron scattering community.
The analytical calculations and simulation work have provided a solid base for optimizing the analyzer
design. The use of position sensitive detectors alleviates the drawback of not applying the full focusing
operation for the Si(111) option and accordingly we can state that analyzer design for Si (111) is good. In

our opinion Si (311) provides a good option to extend the Q-range.

6. Detectors

The Committee fully endorses the proposed use of position-sensitive, 16 mm diameter *He tubes for the
detectors. Moreover, the detector arrangement is well-thought out. This combination will allow the
DNA team to appropriately bin the data to minimize the energy resolution. This approach is being used at
SNS and has been fully explored by the DNA team. Note that the possible expansion of the sample area

would involve moving the detectors and thus some of these issues may need to be revisited.

The Committee was also pleased by the provision of diffraction detectors which can be very useful to
monitor the sample. Since the bandwidth for Si (111) is quite small, the simultaneous measurement of
inelastic scattering and diffraction would require an angle dispersive measurement. Alternatively, if one
was willing to stop the chopper, an adequate diffraction pattern could be measured by the usual

time-of-flight approach.

7. Scattering chamber

The analyzer system will be mounted inside an evacuated scattering chamber. This option is now standard
practice for time-of-flight instruments. The Committee believes that the proposed evacuated scattering
chamber is the best choice for DNA serving to reduce the background and avoid losses at long wavelengths.
The Committee notes that its  recommendation to give the highest priority to the Si(111) option means
building a single chamber. This will not only substantially reduce the cost of the instrument, but will also

result reduce the construction time, allowing DNA to produce science more quickly.

8. Data acquisition
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The event recording approach is an excellent choice for DNA. (In high energy physics, where it has long
been the standard data acquisition method, it is known as “list mode” data collection.) In particular, it
provides great flexibility and is sufficiently robust to efficiently handle the complexities of this highly
sophisticated instrument. The standard data acquisition of the MFL facility will be employed. Thus the

Committee does not foresee any problems in this area.

9. Data Analysis

The DNA team is already considering how they will analyze the data that DNA produces. This is
particularly commendable since software is an afterthought in most instrument development projects
around the world. The forethought given to the primary resolution function and how one can deconvolute
the resolution from S(Q,®) using maximum entropy is equally commendable. The time invested to this
problem will ensure that the most science is obtained from the data. It is also highly commendable that
work has already begun on user-friendly software to visualize and reduce the data. It is a pity that the
international collaboration foreseen in this endeavor between the facilities of J-PARC, the NCNR and ISIS
came to nothing. Nevertheless we recommend that the following principle be maintained: the source
code should be freely available and written in a transparent way such that the user can see how the raw
data is transformed to the scattering function. The topic of data reduction on inverted-geometry TOF
instruments is a contentious, non-trivial issue. (See B. Dorner, J. Neutron Res. 13, 267 (2005); P.L.W.

Tregenna-Piggott et al., J. Neutron Res. (submitted)).

Cost and Schedule

The instrument design is not mature enough to have a reliable cost estimate. The schedule for completion

in 2010 is quite optimistic, particularly in light of the fact that construction funding is not in hand.
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G";@\ PG(002) & Ge(311) samples.
scattering vessel > 4 analyzers, PG(002), Ge(311), Si(111), Si311)
-

Sif111) & Sif311)

scattering vessel ® white-pulse-exp.-modes with PG{002) (AE=23peV)

and Ge(311) ( AE=80peV)
- high int. & wide £ & Q+ange
] with Si(711) (AE=3peV)
and Si(311 ) (AE=10peV)
- high E-resolution & wide Q-range
- high efficiency by RRM

------ PG{002)

[-— Ge31
§ 10 '
N gl
; 10 -'r__,’/
7 o
z {o
= o B
= 10 ‘ ! !
@ ' - !
& 10 | —————— M| PG: high int.

Ge: high-Q
. Si: high E-res. ;
0 >
107 10' 10'

Converging o
ide \ b
Gryostat for Cryostat for
PG(002) Analyzer [§if Be Filter

Momentum Transfer: Q [A™]

Wide Dynamic Range |
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Science Terget mmp Biomolecular Dynamics (Protein, e.t.c. )

Special Environments
(High Temperature, High Pressure, e.t.c.,)
Required Specification for DNA
= Measurements for Very Small Samples; ~1mg and Low Background
mmp High Efficiency and High Intensity Counting Rate at CM
Beam Flux at Sample Position:1.6 X 10°[n/cm?/meV /sec| @2meV
Int.[DNA@1MW] > 500 X Int.[IRIS@160kw]
“Wide Energy Range at Around Several 10~100 peV
=) 4 Analyzer Crystals: PGO02(AE= 23ueV),Ge311(AE = 82ueV)
Sil11(AE=2.6peV),Si311(AE=10peV)
Energy Range ;3 peV+40 meV; more than 4 figures
“Wide Momentum Range: - Q=0.05~3.8A"1
Medium Momentum Resolution; mm)p AQ-0.03 Al
= Separation between Incoherent and Coherent Scatterings. (Option)
mmp [ligh Quantity Neutron Polarization Analyses;P~98%

Pulsed Neutron Inelastic Spectrometer

Dietector

Direct Geometory

L2 I
Moderator L1 Sarmple .
I il \ 2E . Back Scattering spectrometer

Direct Back Scattering

Chopper

Crystal Analyzer
Detector
Crystal Analyzer
Indirect Geometory I 4 Sample
L2
Sarnple I
Moderat p
I e LI \ 26 Detector
Near Back Scattering
Crystal Analyzer Crystal Analyzer

Detector I
- Sample
NSE, etc

Indirect Geometry Near Back Scattering Spectromeler
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FEnergy Resolution Function
for Crystal Analyzer Spectrometer

Bt =) Bes + Bur

Total Resclution (LeV )
- 3 3 1 cot( B850, (1)
alr 6!. 2 4r Frimary Spectrometer (LeV)
5‘]-&] - zgr [ i ] +[ 0 ] &dd temm (eV)
L Ly i 1 -
F]
o ond 2 5
s ¥ ﬁi}" ? ; 2 (&d : E = ~ i
Sug =3 Ef| — | 1 £ (cot (B )58, )" + — 8 P
i
|-
211 1EDd = 1.86 A~ 107 1
PEOODSHd=45 A~ 107 =
[
DBS Si(111) Saos = 0.56 uev dE = 0.0 peV a 2 4 & &
MBS 8111 Hoos = 1.06 peV dF = 1 50 e Off Backseattering (deg)
NES PG(O0T) S5 = 0.0 ueV dE = 15.0 pely —o0BR

1. 3E~23peV at L,~39 m by PG002 analyzer at 0;~80 deg.

-> high efficiency

2. 8E~82 peV at L~39 m by Gel11 analyzer at 0,~80 deg.

->= wide QQ range.

3. 8BE~3 peV at L,~43 m by Sil11 analyzer at 0;~87.5 deg. with a disk chopper
-> high energy resolution

The indirect-geometry TOF crystal-analyzer spectrometer at KENS

LAM type spectrometer Example:
Three indirect-geometry TOF crystal-analyzer i ine P
spectrometer (KENS@KEK) ' :f.Inoue Gr since 1981 )'ﬁ‘:‘r’l"o‘ﬂﬂ% ﬁi";;;%?;“:ﬁ;;{fg&e; thin films
* LAM-80ET mica analyzer DCsolid CH, INS experimental results on LAM-40 in KENS
mica002 (1.2peV), 004(5peV),006(15peV) TR .
-LAM-40 PG002 & Ge311 analyzer pesata ci, | _oos) 5 b S o le{;g“g“
PG002(200peV;-1.0~14.0meV) Eoo R Mass
Ge311(900peV;-17.~30.0me V) s T E 10 me
-LAM-D PG002 analyzer DC liq.H,0 = o
PG002(300peV;-1.0~150.0me] g 3
: (Bll0ue S w Low Background

Enerw transfer [meV]
First observation of inelastic and quasielastic
scattering spectrum for polymer thin films .
Inoue, et.al PRL 95, 056102 (2005), PRE 74,
021801(2006)

Present status

Mecessity for very long measuring time
{about 2 days / one measursment)

Poor statistics data due to low neutron flux

Sample 2 = Incident Neutron

N
Limit of thickness ~ 4004

Difficult measurements even on MARI in I1SIS, nowl!

Wide Energy Range used 3 LAM Spectorometor
(10 ze¥ < bw < 100me¥ ; Dynamic Range 10* )

High Efficiency & Low Background LAM type Spectrometer:
LAMA40@KENS(3kW)~ 1/5 X MARIGISIS(160kW)~1/10 % IN6@ILL(GOMW)
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(Neutron Sources and E - Resolutions) DNA: siomolecular Dynamics spectrometer
Double scattering : > BL02, Lig.H, Coupled Moderator

vessel system >The indirect-geometry TOF crystal-analyzer near-
- BS spectrometer.
9\9‘:’@ » The science target is low energy excitations of
cpb o biomolecules and related materials with small
;,G‘:.a\(\ PG(002) & Ge(311) samples.
scattering vessel > 4 analyzers, PG(002), Ge(311), Si(111), Si(311)
-

Sif111) & Si311)

scattering vessel ® white-pulse-exp.-modes with PG{002) (AE=23neV)

and Ge{377) (AE=80peV)
-> high int. & wide E & Qtange

® with Sif? 11) (AE=3peV)
and Si311) (AE=10peV)
pulse shaping chopper for Si analyzer = h!gh E-re§olut|0n & wide Q-range
, - high efficiency by RRA
]
------ PG{002)
-— Ge{311)
g 10"
0
E 0 . Sample g
g I \
ol e
z : S Analyzer \
I R I PG: high int. Collimator
Ge: high-Q }
" Si: high Eres.
e 10’ 10'
Momentum Transfer: Q [A™]
Witia Dynamic Range

expected performance comparison, CM v.s. DM Fig. E-resolution
, (3) PGID0Z) ardlyeer . (B GegF i aralyzer (E) S 1) anadyeer
[} 10 L —.
— Chso —
T - = Sraree i iy
i 1 Y - - PRMT-source - — PfT-source [Icmlt PS]
e = 0} - - PTsorce st - ShEtee Sl - e
% 1. % SHETpe % %
i i : £ £
r 1 10 H 10 FLR3
i i H z
H 3 :m“ 2u® H
14 k)
u? ot
Fig. Time-integrated inens iy Fig. Moderator pulse-shape @ 2mel’ -0z - ] o1 08 06 04 D2 0D DI 04 10
ta[mer] e s ]
Fig. Flux @ sample Fig. Eesolution of P G analyzer Fig. Eesolution of Ge analyzer Fig. E-resolution of Si analyzer
===p- The long tail energy resolutions = NMEM analysis
Table: performance comparisons
SOUrCE main guide Ra-range slit-width sam ple-position
(name of n-Bs) - section anatyzer - Ea {one frame? afps  Ab aho intensity at Ea
[rm) - - [rnev] [rmey] [em] [A] [we] [10%nicm2fueyisec)
.}{\3 PG(OD2)  1.87 -0.3< k< 4.3 - 3.6 23 18
M curved
(CM-source) 42 wh0xh38 Ge[31l) 725 Sl ehp < £ - 36 82 i1
i R2200m .
sif111) 208 + 004 [P5) 3 36 38 | ~30% 474
worse x9
PG(O02)  1.87 10k <18 4.7 17 17
oM curved
(DIANA) 32 wdBxh38 Ge[3tn) 728 3B<hp < B
R1B50m

=+ 0014 [P35

Si(111) 209

PS: pulse-shaping chopper
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[Quantitative Comparison of Intensity and Energy Resolution by McStas]
= PG002 mode v.s. chopper Spectrometers

We used a raw data for an mitial fitting function.
It may be enough over thel 00 tumes repetitions.

1000
800 b .
3 %
o é
g 8
Z 400 2
£ g
200
0
-01 -0.05 o 0.05 01
oo [mev] oo [meV]
Type: AE/E AE Peak Integrated | Counting FOM
[ueV] | Intensity | Intensity. | Efficiency
DNA ; 1.15% 23 702. 48. 72. 54.
Old Plan DNA. :0.85% 17 102. 39 58 8.0
DD-chopper: 1% 20 21. 1.0 1.0 1.0
DD-chopper: 2.5% 50 58. 6.9 6.9 1.1
F-chopper: 1% 20 2. 0.10 0.10 0.1
Table . Intensity Ration (Based on DD-chopper{ AMATERAS);1,0)
Using 20%20mm sample positions with same surface of Detector
A deconvolution of energy resolution function by MEM
Dr.Y.Kawakita
PG mirror for CM 42m
Madel function c1
Center FWHM 20 eV Relative Int. 0.5 E
Side band FWHM 100 eV Relative Int. 0.5 £
Positions of peaks == 5004 eV g FWHM =
23peV
3 T 5 .
model function — bare fun. : iﬁr:}tEi:Imn o . -
convoluted hy 4 1st iterat. | aneray transter (mev)
T energy resolut. 2nd as : Iufion fumct
e 3rd - X
g i C energy eeolt] T R ymmetry of resolution function.
= £ 40
m’ [y HiwHM far resalution function
= ]
& 2 z
2 o
530
E
RR—TT il 05 0 TR 0E T2
Energy transfer (meV] Energy transfer (mev) ®
MEM results for PG mirror

.
o =1 1) 1 2 3
energy transfar (mew)

= Energy dependence of resolution function.
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Frame overlap

Flight length was reconsidered to avoid a spike-like fast neutron background, so calied TO -burst.

This means that high energy neutrons generated in every 40 ms may reach the detectors just after protons
hit the target (the frequency of the puised neutron source is 25 Hz).

One should expect some undesired background of this type, even when installing T0-chopper andfor
curved neutron guides.

1. L = 24 m {limitation from PG-analyzar)
2 L =47 m {limitation from Ge-analyzer)

Then,
*PMT-source type L, =215 m To-burst T0-burst
*CM-source type: L, = 39&43m
*SNS-type: L, =84 m ey fhotam Py i“.’.. o beram
42|{CM5 ource] £ G e
. ‘,."J Sample
£ s
= 32| DC- source _f_'_’
e [ECETES = T
= T Defector  Detector Sample
24 - L,=22m  i,=14m
E 25 jPMT—sourc i
=
| Sample
w Detertor  Detector
f,=22m i,=14m
7.5 e £ pulse-shaping chopper: = 300 Hz
£ ” »TOF! ms
Moderator 1st frame 2nd frame

Fig. TOF diagram

study of RRIVI capabilities (J. Neutron Res. )

Distan‘ce Increasing the slits on the pulse-shaping chopper
3 %
E M= M= & N =j——
detecto H _ e
analyzer yara : 15l g 12 Hu= 1
sampl = = 245k £
H T i
E
| Optimum: 8 slits % - ot
pulse. f— 3 s
;l ping . B
chopper ]
—___, § L L e
H Time E n l
Fig. High resolution mode (pulse-shaping chopper + Si analyzer) 3 2 ’I l_ln "1
Merit: high E-resolution o L L ; J\ N ok
Demerit: narrow E-band K ! = £, [me]
low efficiency .
EEEEE SRS EEEEEIEE SRS EEEEESEESEEEEEIEESEESEEEEEEEEsEEEEEEEET hcident Energy; £ [mev] 10 AR W =8
RRM 87 6 5 4 3 2 1 down scattering [E}EJ
f Distance \ 5 [ HRmose v, a g
Fy A 2w ' r <
s I e £ l | £40° ~ SRR
. N \ | \ =
analyzer T r £ 04 Ee [ ——
sample iy R | | ‘ ‘H' I || §1o’ 78
A B C E " | ‘ B
pulse- 8 2 02
chopper 5
» = ||| 1":o’ 107" 10° 10
source Time v Timen uf thH . [msgc] momentum transfer: QLA"']
Fig. Multiple-rmanochramatic-incident neutrons E-range' 0.02 meVin 1scan
T . efficiency: x 23
\None contamination is required at sampy > 44 meV in 10 scans
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(Analyzer Mirror and Transport System) DINA: Biomolecular Dynamics Spectrometer

Double scattering > BL02, Liq.H, Coupled Moderator
vessel system #»The indirect-geometry TOF crystal-analyzer near-
- BS spectrometer.
5‘3&(\*’ » The science target is low energy excitations of
o8 I biomolecules and related materials with small
c,°°0.a\° PG(002) & Ge(311) samples.

scattering vessel

> 4 analyzers, PG(002), Ge(311), Si(111) , Si(311)
[

Sif111) & Sif311)

scattering vessel ® white-pulse-exp.-modes with PG{002) (AE=23neV)

and Ge(377) (AE=80peV)
- high int. & wide E & Qtange

[ ] with Si(711) (AE=3peV)
and Sif3711 ) (AE=10peV)
pulse shaping chopper for Si analyzer > h!gh E-re§olut|on & wide Q-range
: = high efficiency by RRM
10
------ PG(002) s
— Ge(311) -
g 10’
g -
] A
7 ]
sl
@ I —
o -2  — l| PG: high int. i
° Ge: high-Q e
B Si: high E-res.
10
107 10° 10! - ( |
Momentum Transfer: Q [A™] \
Witle Dynamic Range | PG(002) Analyzer || Be Filter

Upper stream pa_tt of Configuration of Crystal Analyzer | | Principle of TOF focusing
DNA: The neutron beam which each
PGOO2&Ge311 crystal piece on the crystal
analyzer reflected, is focused on
Analyzer Crystals the same point on a neutron

detector at same tof time.

3 @J :

Fig: drawing of an analyzer-unit at 20 =30"

tighe-focus
R .

1943

El

BB
]
8

v
o] ASsavsy
"
5
“aer
®
(] Ay

&

334 ~
1&.3". T

280 285 290
TOF [msac) 8.0 85 30
TOF [msac]

Fig: A-TOF rnonitor @ detectorposition

{oemty

. 1360
1800
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Downstream part of DNA: 8i111&8i311 Analyzer Crystals B{-\SIS@_SNYS

-

Principle of Si crystal analyzer
Si wafer 1s stacked on the
Spherical surface and analyzer neutron is detected on the each PSD position

2B \

v

I Die D)
GOy
Fdreil: C(0,6) __‘H@;%ﬂ}
=
—
e FHSAHF—: Aje,dy
w2 — I £
o L W«
E X -
= TH00) Og = 87.5 deg.
puin
- 216
P . S
_IJ
|
/
]
f
I
II
"n
\

-DNA guide system: ellipsoid in vertical directions

¥

Parameter of ellipsoid ; x100
a=204m
b=0.0922 m b St ot
g =-1.2m v e ,(1(—:}) >
' Y
fps = 0.0m .
. _— S k=0
Ey X "i..'--;’";ﬁi.':-‘ X' S i XF Xs
‘L"Lr-"' | 0 ¥ ﬂ/y’\/a» ; . x
= Height of guide system o |
T h_shir_1 = 6U mm 7 Ef 42 :ev
- h_shtr o= 98 mm S —— E=20mey [
h_max = 184 mm g
ho=48mm @ L=413m T 3 c
| 3 d
b :oa ﬁ .
. o . . 3 :
Fig.1 :Optimized ellipsoid neutron guide system estimated by \\' .J,/ -
simulations {Y-axis/X-axis = > 100) 2= _\N%nm-w-" -
. i AR
Gam: 2.0~1.5 '
v e . ] 10 20 0 40
Lim]

Fig?: Necessary S m-value for specific
neutron energys

-DNA guide system:curved in horizontal directions
E*~40 meV ; E=7.25meV for Ge311 and E;=65.25meV for Ge933
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General view of DNA guide system

FRITNNANATH|

Double focusing guide system

6\

B position

5D
A position
(PG&Ge)

Int.[B] ~ 0.7 Int.[A]

General View:OId Scattering Vessel

beam stop

radial
collimator

Source: Coupled (25Hz)
Flight length: L1=42m,
L2=1.4m(PG,Gey2 2m(Si)

E Scattering angle; 7.5° ~ 1525
E_J analvzers: AQ=1.1m str
chz | ohz | hd
app.j:aﬂ band-chopper
. Doutl [ ingl | gingl 5
dise sl el B 195; [z
L] 85 1005|1275 chi: pulse-shagping
F [Hz] 25 25 25 chogiper 1PS)
slit Ll 1.13 1.44

~——— SPECIFICATIONS -

*High Cost Scattering Vessel

~38M.JPY

*Complex Structure to be
difficult the cooling PG mirror.

1l

Separate Double Scattering

Vessel
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DNA_: Biomolecular Dynamics Spectrometer

Double scattering > BL02, Liq.H, Coupled Moderator
vessel system >The indirect-geometry TOF crystal-analyzer near-
- BS spectrometer.
5‘3&(\*’ » The science target is low energy excitations of
o

biomolecules and related materials with small

PG(002) & Ge(311) samples.

scattering vessel > 4 analyzers, PG(002), Ge(311), Si(111) , Si(311)
_—

Sif111) & Si(311)
scattering vessel

® white-pulse-exp.-modes with PG({002) (AE=23neV)
and Gef311) (AE=80peV)
-> high int. & wide E & Qtange
] with Si(?11) (AE=3peV)
and Si311) (AE=10peV)
-> high E-resolution & wide Q-range
- high efficiency by RRA

------ PG{(002)

s | T GeE1
g M g e
H L
g
o _e"’f/ i
k-] s i
: [ [ Ge(311)

! { i i &
E " \: ! i j Analyzer
H [ e ] { Radlial
I el 1| PG: high int. -Cdtmmr

Ge: high-Q .
R Si: high Eres.
10
10" 100 10"

Momentum Transfer: Q [A™]

Witia Dynamic Range |

Conclusion: General Review of DNA
The indirect-geometry TOF crystal-analyzer near-BS spectrometer.DNA

Specifications, updatediin 08

1.pulsed-source: 1. performance

colpled moderator (CM) b e 0
& decoupled moderator (DI} E-resolution: 200:gain~ 30%loss

The long tail energy resolutions
.
2. flight length:

L1: 30 & 43m < 32m 2. design ofi scattening vessel

L2: 1.4m for PG and Ge has confirmed:

3.8m for Si € 2.2 m “compact SiZt_%
=low: cost & highl perfermance

2°.design ofithe scattering vessel Simple cooling system for analyzer
< complex one vessel mirror

J.design ofi a focusing analyzer o
obtains follawing abilities: 3. fecusing idea forf analyzer has
time-focusing, beer! conﬁrme_d. -
spatial-focusing, obtains following abilities

momentum-coniection. simultaneously:

< simple E-focusing (Reland) “time-focusing;
“spatial-focusing,
Smomentum-carrection.

the beam tests of crystal
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Device Development Dr.K.Soyama

R&D Record;
max. rev.:350Hz,
without B4C resin
max. rev.:300Hz,
with B4C resin

j Disk Radius less than 350mm
Accuracy =0.1 deg.

10B4C: T 10-6 @100meV
Easy Maintenance

Ete.

Test-Housing By Kobelco

Rotation Speed: 25 Hz

Slow speed disk chopper has been ready for manufacturing

Specification

Speed: 25Hz

Disk Radius less than 350mm
Accuracy <0.1 deg.

WB,C: T~10°¢ @100meV
Easy Maintenance

Low Cost

Etc.

Slow speed e e 8
e eutron Window
disk choppers "| FEM Analysis for Disk By Kobelco

Schedule
2008.4 2009.4 2010.4  2010.12

May 2008 Proton Beam In |
| §

DNA construction | s Commis- | User
schedule /sioning | program

MW
J-PARC schedule " ! | ! .
| Expected Beam Power at 3 GeV | ra T
08 L X
. 400 MeV installation
rd in 2008-2010
06 400 MeV -
on Day 1
on Diay \\" L —
0.4 S
L4
. \
C ost 02 = T 200Mev
L on Day 1
00 = |
L . a
1 0 OM JPY "T’ JFY2007 4 JFY2008 4 JFY2009  JFY20M0 | JFY2011  JFY2012
—
200 MeV Linac of T2K
400 MeV Linac Construction

3GeV -
Moutron and Muon | Construction  Beam Test Usage for Expariments
Construction  Usage for Experiments

50 G
Nuclear - Particle
T 2 K Expariment ‘Canstruction Usage for Experiment

TEOOEM | TAZOSE | FA2VEE  FAeEM  TARIEE TR
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DNA Proposal Members

Construction & Research Group
Construction

K. Shibata (JAEA)

N. Takahashi (JAEA)

T. J. Sato (Univ. of Tokyo)

S. Fujiwara (JAEA)

|. Tsukushi (Chiba Inst. of Tech.)
Y. Kawakita (IKKyushu Univ.)

Science

Y. Jochi (Univ. of Tokyo)

H. Nakagawa (JAEA)

M. Nakasako (Keio Univ.)

M. Kataoka (Mara Inst. Sci. Tech., JAEA)

Adviser

M. Arai (JAEA)

T. Kanaya (ICR, Kyoto Univ.)
A. Inaba (Osaka Univ.)

S. Takeda (Hokkaido Univ.)
F. Mezei (HMI, LANL)

Support Group

Biology

. Go (JAEA)

. Niimura (Ibaraki Univ.)

. Kitao (Univ. of Tokyo)

. Ikura (Tokyo lkashika Univ.)
. Saruwatari (Kitazato Univ.)
. Kuwata (Gifu Univ.)

. Sugawara (Kitazato Univ.)
K. Maenaka (IKyushu Univ.)

K. Wakabayashi (Osaka Univ.)
H. Urabe {Tokyo Kasei Univ.)
Dieter Middendorf (Univ. of Oxford)
A. Sokolov (Univ. of Akron)

<R Z2Z2

Physics
D. Yamazaki (JAEA)
Y. Takeda (JAEA)
T. Matsumura (Tohoku Univ.)
K. lwasa (Tohoku Univ.)

palarizer

, 100 100 mm?
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2.2 Neutron Sources and Energy Resolutions
Kaoru Shibata (JAEA)

1.Neutron Sources and Energy Resolutions

K. Shibata (J-PARC)

Outline

1.1 The neutron source at JSNS and geometry
1.2 Pulse shaping + Si Analyzer

1.3 Resolution function + MEM analysis

1.4 Frame overlap and RRM

Pulsed-source in MLF at J-PARC

MLF/J-PARC will have 4 kinds of pulsed neutron sources
Lig.H, Coupled Moderator (¢ 15 cm x 10 cm) : CM
Liq.H, Decoupled Moderator {13% x 12+ x 6.27 cn¥) : DM
{Liq.Hz Poisoned Decoupled Moderator thin side (13% x 124 x 2.5(/%.2)" cn¥) : PMEthick
Lig.H, Poisoned Decoupled Moderator thick side (13% x 12 x 3.7{/6.2)" cn¥) : Pl-thin

The world n-BS spectrometers

IRIS, OSIRIS (@ ISIS: source =DM, L1=36.4, 34 m \ 1" —
Si n-BS (BASIS) @ SNS H . nﬁgmlaim MC simulaion
:source = poisoned moderator (FM), L1 =84 m @ . == de( g o EmT
Queestion: 5 E - P § o
Decoupled moderator is the best nentron & : ?‘t‘m’ s §
2 CE
Source for n-BS spectrometers 7 or! «‘gm-, e |, "f%
LY Lo - =
CM, L1 =39 & 43 m = CM-source n-BS E : BT a E ‘3: o z
DM, 1.1 =32 m - DNA Old Plan B :3 AL abste S E 2
P Em P
a Ph
Posoned £ : - L } = o . T T T T T T
moderato Decoupled ¢ " Eg,gf,nhg\,] ® ® 0 W0 0 300 40 500 E0D
derator Time [je=c]
Fig. Time-integrated intensity Fig. Moderator pulse-shape @ 2mey

Proton
beam

et

He layer

Vacuum layer

e fector

HO

Fe

Be moderator

na,
QvboR A WOgETEL Canteen Shape
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MC simulations

MC simulations have performed by using McStas with the below model.

Vanadium sample has been used to obtain TOF spectra of incoherent elastic scattering.

1. Sample-position Intensities have been obtained.
2. Resolution functions have been estimated by the TOF spectra.

software: McStas ver. 1.91

computer: PC

GPU: Pentium M 1.8 GHz

computing time: ~8h {PG, Ge), ~72h (Si)
neutron events: 1x10° (PG, Ge), 2x10"" (Si)

Guide Funnel:2.85m

Vanadium

L
2 NS
¥

NOTE: white pulse mode (PG, Ge)_: \\\\ Analyzer

!_ pulse-shape mode (Si) 1

P R - T \ 1 \ )
_ ’ ‘HHH‘\,\\\\,\,_\--
top view LT—‘ I [ VO
- émde in Shutter /
M oderator 4 choppers g el
H100. % 100 chi: pulse shaping

ch2-4: frame overap

side view ’

cut-off E: 40mey

.
P

E=

(&) PG{DO2) analyzer (h) Ge(311) analyzer

10' 1?
n-BS spectrometers — g‘hﬂA—sj’iurne &
o PG oo PMT-gource ¢
—- - DIANA

1P b - - PMT-source gt Lo SNS-type

SMS-type

Intensity [V eriiseciuey]
=
:

Intensity [n/cmifsectuey]

() Si111) anakzer

10°
—— CM-source [3cmeslit PS]
—- = DIANA [Zemeslit PS] Si
- — PMT-source [1emeslit PS]

1 - BMNES-type

Intensity [rer secipey]
a.h 3&:
r T

10 N \ T T 10"
-0.2 -01 0o 0.1 -0.8 -06 -04 -02 00 02 04 20 -10 1} 10
Foa [iEY] Ry [mev] R [usV]
Fig. E-resolution of PG analyzer Fig. E-resolution of Ge analyzer Fig. E-resalution of Si analyzer
source main guide herrang e slituidth sample-pos tion
thame of n-BSY 51 section anayzer  En (one frame) opg A Ll intensty at Ee
[m] . . [mev] [men] [em] [A] [netd] [0 nlem etz e o]
* - PG(002) 1.87 0.3 <k €43 36 23 160 Shon L1
(CMi’;‘ume) 42 wh D298 Ge(311) 725 EEEE Y- 36 82 3 gives wide
R2200m
Si(111) z.00 + 0.04 [P5] 3 36 EX] 7 A
PG(00Z) 187 A0 B 18 a7 17
oM curved I . t
- W Bx S Ge(311)  T.25 26 e £ 47 B3 74 oW Int.
white- (DM - source) R1650m o
pulse_exp_ si(111) 208 + 0014 [PS] 2 46 EY 14 caused by
mode {(NO straight + TD- Pa(00Z) 1.7 0.2 < A oo | X 25 the
I owT chopper moderators
pulse- PMTsoucs) 215 Wadxras Ge(3ll) 725 ELTE™ 59 84 4.1
i h 0.5m-gap tar
ShIalt)_e) Iglve TO-chopper Sif111) 208 =+ 0014 [PS] 1 BT 6.2 0.20] /
relative
hi h inty& PG(002) 1.87 -0.4 <k < 0.8 19 15 3z /
wi%e m_ (SNZ‘ ) a4 o e(311) 725 = <17 15
e R2200m —
range. sil11) 208 a7

Curved guide: £7 =40 meV
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[Quantitative Comparison of Intensity and Energy Resolution by McStas]
= PG002 mode v.s. chopper Spectrometers

1000 r : - 10" 2 s v (o
: I;\.Ml\.!ﬂ:D!N .u.:zam:?s;'l EI:.= 1674 mav : ;;:,;;.zr. :-;mm--r
wol| % Bmimezany B s reemrios::
= L P E % s."
o @* ;
5 % 5
B ¢ ‘a 8
g 5 g
£ § 8 £
200 g1
&
8
0
01 -0.05 1] 0.05 0.1 0.1 -0.05 1] 0.05 0.1
o [meV] oo [meV]
Type: AE/E AE Peak Integrated | Connting FOM
[ueV] | Intensity | Intensity. | Efficiency
DMA ; L15% 23 702. 48. 72. 54.
Old Plan DNA : 0.85% 17 102. 39 58 8.0
DD-chopper: 1% 20 1.0 1.0 1.0
DD-chopper; 2.5% 50 6.9 6.9 1.1
F-chopper: 1% 20 0.10 0.10 0.1

Using 20%20mm sample positions with same surface of Detector
Table . Intensity Ration (Based on AMATERAS;1,0)

===p- The long tail energy resolutions

= WEW analysis

A deconvolution of energy resolution function by MEM

Dr.Y.Kawakita

Model function
Center FWHM
Side band FWHM

20 eV Relative Int. 0.5
100 ¢t eV Relative Int. 0.5

Positions of peaks = 500 eV

We used a raw data for an mitial fitting function.
It may be enough over thel 00 tumes repetitions.

6 T 5 T
model function — bare fun. - iﬁr:}tEi:Imn
convoluted by 3 —— 1st iterat. |
energy resolut. 2nd
= 4 | — 3rd
= —— energy resolut] 'S — dth
T =2
— G
7 =g
S g
© W
2
0 L i} L : | L
0.5 ] o0&
Energy transfer (me') Energy trane_:fer et 05
MEM results for PG mirror

resalution function

PG mirrar for CM 42m

FWHM
2306V

01 0
energy transfer (mey)

o1

= Asymmetry of resolution function.

40,

W
=

eneray width {micra ey

HiwHM far resalution function

=1 1) 1 2 3
energy transfar (mew)

= Energy dependence of resolution function.
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Frame overlap

Flight length was reconsidered to avoid a spike-like fast neutron background, so calied TO -burst.

This means that high energy neutrons generated in every 40 ms may reach the detectors just after protons
hit the target (the frequency of the puised neutron source is 25 Hz).

One should expect some undesired background of this type, even when installing T0-chopper andfor
curved neutron guides.

1. L = 24 m {limitation from PG-analyzar)
2 L =47 m {limitation from Ge-analyzer)

Then,
*PMT-source type L, =215 m To-burst T0-burst
*CM-source type: L, = 39&43m
*SNS-type: L, =84 m ey fhotam Py i“.’.. o beram
42|{CM5 ource] £ G e
. ‘,."J Sample
£
o 32 IDIANAL 1 _f_'_i
= e I_‘ |
= T Defector  Detector Sample
- L,=22m L,=14m
o
= 215 T
| Sample
w Detertor  Detector
f,=22m i,=14m
7.5 e pulse-shaping chopper: = 300 Hz
- »TOFI ms
Moderator 1st frame 2nd frame

Fig. TOF diagram

study of RRIVI capabilities (J. Neutron Res. )

Distan‘ce Increasing the slits on the pulse-shaping chopper
3 %
E M= M= & N =j——
detecto H _ e
analyzer yara : 15l g 12 Hu= 1
sampl = = 245k £
H T i
E
| Optimum: 8 slits % - ot
pulse. f— 3 s
;l ping . B
chopper ]
—___, § L L e
H Time E n l
Fig. High resolution mode (pulse-shaping chopper + Si analyzer) 3 2 ’I l_ln "1
Merit: high E-resolution o L L ; J\ N ok
Demerit: narrow E-band K ! = £, [me]
low efficiency .
EEEEE SRS EEEEEIEE SRS EEEEESEESEEEEEIEESEESEEEEEEEEsEEEEEEEET hcident Energy; £ [mev] 10 AR W =8
RRM 87 6 5 4 3 2 1 down scattering [E}EJ
f Distance \ 5 [ HRmose v, a g
Fy A 2w ' r <
s I e £ l | £40° ~ SRR
. N \ | \ =
analyzer T r £ 04 Ee [ ——
sample iy R | | ‘ ‘H' I || §1o’ 78
A B C E " | ‘ B
pulse- 8 2 02
chopper 5
» = ||| 1":o’ 107" 10° 10
source Time v Timen uf thH . [msgc] momentum transfer: QLA"']
Fig. Multiple-rmanochramatic-incident neutrons E-range' 0.02 meVin 1scan
T . efficiency: x 23
\None contamination is required at sampy > 44 meV in 10 scans
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Present Status of R&D for Fast Disk-Chopper{JAERI-Kobe Steel, Ltd.)
Dr.K.Soyama

Short Burst Time (At < 8 psec.) with High - _ , .

Precision Control
Disk Radius < 350 mm — f>330 Hz (counter
rotating 2-disks, lcm slit)

Phase I: Study on Key Issues...
* CFRP+ 9B,C resin Disk, which canrun @
350Hz
at the edge ~ 780m/sec., 170,000 G
*Phase Control
Electronics & Technique

Status:
2005: Study on CFRP Material
FEM Analysis of Proto-Type Disks
Proto-Type Control Electronics
Proto-Type Disks
2006: Revolution Test is under going on a test-
housing.
Product: 6 disks
Broken: 2 disks

2007:
- Magnetic Bearing
+ counter rotating 2-disks

Conclusion: Neutron Sources and Energy Resolutions

= BL0Z, Liq.H; Coupled Moderator CM
>The indirect-geometry TOF crystal-analyzer near-BS spectrometer.
(c.f. MARS@PSI)
¥* 4 analyzers,
PG(002), Ge(311), Si(111) , Si(311) ==p Double vessel A. & B.

A. White-pulse-exp.-modes with PG(002) ( AE=23peV)
and Ge311) (AE=80p2V)
- high int. & wide E & Q+ange

«  Beam Flux at Sample Position:1.6 x 10°[nfcm2/meV sec] @2meV
o Int[DNA@1NMW] > 500 x Int.[IRIS@160kw]
===p The long tail energy resolutions = MEM analysis

B. Pulse-shape-exp-modes with Si(7 11} {( AE=3peV)
and Si(311 ) (AE=10peV)
Fast Disk-Chopper: L, = 7.5 m, d=30mm, r = 0. 3m, f = 300 Hz
Pulse-shape (FWHM;205: sec — 26.5 p sec)
Energy Range(-40peV<E<+40peV)

- high E-resolution & wide Q-range
- high efficiency by RRM

===p Development of Fast Disk-Chopper
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Over View: DNA Beam Line Plan at CM

B -
L . e 07 X

Double scattering > BLO2, Liq.H; Coupled Moderator
vessel system >The indirect-geometry TOF crystal-analyzer near-
= BS spectrometer.
Qo‘p.@ > The science target is low energy excitations of
c@‘ g® biomolecules and related materials with small
G";@\ PG(002) & Ge(311) samples.
scattering vessel > 4 analyzers, PG(002), Ge(311), Si(111), Si311)
-

Sif111) & Sif311)

scattering vessel ® white-pulse-exp.-modes with PG{002) (AE=23peV)

and Ge(311) ( AE=80peV)
- high int. & wide £ & @+ange
] with Si(711) (AE=3peV)
and Si(311 ) (AE=10peV)
- high E-resolution & wide Q-range
-> high efficiency by RRM

1
§ 10
2
g 1
ki
g
= o
3 ‘ ;
2 ! : ——
I g2 | —— Nl PG: high int.
Ge: high-Q
" Si: high Eres.
0
10 10" 10'

Momentum Transfer: Q [A™]

Wide Dynamic Range |
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Frame Overlap

L1

/

Flight Length

]

/
a4

/

ﬁ

Band Width Chopper

(Tail Cutter)

-

L/ =1/25[Hz]
=40 [msec]

TOF

8A = Ab - Aa= (Wm) (L/L1) (/D)

AE; Energy Window [meV]

= 3956.(1/L.1) (1/)

25 Hz,JKJ S0HZ;ESS
BA[A] 495 2.47

AE = 0.00 ~ 0.00 -27.78 0.00 ~201

AE=-030~ | -030~1408 | -030~177

PG(002), 0B=80., Ef=1,87 [meV], Af=6.61 [A]
11=32 [m]@DC_H2
BE=15 [ ueV] at E= 0.0 [ peV]

DNA: Unique Spectrometer @ 25 HZ

expected performance comparison, CM v.s. DM

IR e 1

— Chbsoure Porme it P5)

- - DUAHA [Zomyeit PS]

- - PfTource [lomt P5)
[ - shsnge

Fig. E-resolution

[CEQUES

() PGO0E) anclyeer (b D31y archeer
n' 1 1
w — Qiksoures
— Dutsarce - Dlehia
T - - DAHA - PhT-source
o = | - - Pl = SHtpe A
1 EY SNEnpe £l im
i"‘ E 3 3
] K] H
] E i
] s’ e EntE
Eam E = =
i E H =
=§ N En? H
L
0? ot
Fig. Time- integrated irters y Fig. Moderator puse-shape @2mey 02 o1 oo o 08 06 04 02 00 02 04
faa [ITe 2 [T

Fig. Flux @ sample

Fig. Eesolution of P G analyzer

Fig. Eesolution of Ge analyzer

s ]

Fig. E-tesolution of Si analyzer

===p- The long tail energy resolutions = NMEM analysis
Table: performance comparisons
sOUrCE main guide kam-range slit-width sam ple-gosition
(name of n-Bs) - section anatyzer - Ea {one frame? afps  Ab aho intensity at Ea
[m] [rey] [mey] [em] [A] [we] [10%nicm2fueyisec)
<z PGIO0Z) 187 -0.3< g < 4.3 - 36 23 16
M curved
(CM_spurce) 42 wh0xh38 Ge[3t) 725 BRES Ry - 36 82 L
i R2200m .
Bi(111) 209 3 36 38 | ~30% 37
worse x9
PG(O02)  1.87 10 ko <18 4.7 17 17
oM curved
(DIANAY 32 waBxhag Ge(311) 725 -3.6 < ko < B 4.7 63 7.
R1B50m x5
sty 209 2 15 48 14

PS: pulse-shaping chopper

29 —
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2.3 Analyzer Mirror System
Nobuaki Takahashi (JAEA)

2. Analyzer Mirror System N. Takahashi (J-PARC) 4

Overview

« 2.1. time-spatial-focusing analyzer mirror system
for PG and Ge

« 2.2. Pixel correction system for Si mirror
« 2.3. Analyzer Crystal R&D

. —
R
.Lﬂ
o
B
_ _.m-‘r"" \
.%éiééi*i
TR0 \ |
¥ I

e 3

1

145°

Cef311)
Analyzer

¥

=
g
]

|l °He Detector

Cryostat for Cryostat for
PG02) Analyzer G Be Filter
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. const.

conventional; Rowland type (E-focupymmey

T a2
- PG analzyer EIE
4 h=A

=)

T8 [
e e A aBe iR Sr—
ot

Y Rowland circle o

Hoht L i 5 10 15 20
_:}:’ e alpha [degree]
- \k\“"\-‘
— X flight length: not const.
alpha Vi 2225 e : N -
‘ spatial: defocus ‘ A B
; 2151 / Ao ;
vertical plane :
2128 L : 1
u] ] 10 15 20
alpha [degree]
z
1
% ® Y 55.8 : 1
2 -0 O-
i\ - g s578f e Q“@"“\a\s-
E s576f
T ) RS S SO S
8572 L L
H 0 d DL[E"IEDIEII'EE] E 3 0
horizontal plane

120

; Graphite

T
Bragg's law £ 100] Dﬁ.w ‘;"’.“ i
. ngle
= i o A A28
A=2dsin 6 g )
= Neutron Energ! Offset
§ oo W £
E > .
§ A
Bragg- & off-Bragg-condition ER =\ s
z 204 @
| o

55 60 65 70 75
Time of flight (ms)

Fig. 2. The scattering patterns from a single crystal of py-
rolytic graphite measured by time of flight white beam diffrac-
tion at a series of offset angles from the Bragg condition.
Peaks due to phonon creation at shorter times and phonon
annihilation at longer times are clear as the offset angle
' increases.

3 s0 80 85 sp U

175° + offset(A26)

4
References: CJ Carlile ef af., N/M A338, 78-82 (1994).
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N. Takahashi et al.,

Design of the time-focusing analyzer " NIMA N press,

‘fhght Iength not const.
2.3
226 Err L —
E 22E .
AL -
241 E i
208 ;
o g 10 15 20
alpha [degree]
6 : not const.
83 T E|

spatial: focus

B

8 [degree]

\50 t,: const
55.3 i .
/ o 55,78 e
B O (] T S— — .
iR S— IS E
: 5579 i i -
horizontal plane ; . - R R
o [degree]
Monte-Carlo Simulation (McStas)
software: MeStas ver. 1.91 Vanadium
computer: PC Guide Funnel:2.85m O

CPU: Pentium M 1.8 GHz
computing time: ~8h (PG, Ge), ~72h (Si)

W \\\\\\\ / ﬁﬂ
\ detector

top view [] *‘1} 1\ \L\\X\\ J

Gmde in Shutter R
Moderator 4 choppers Siag 100 crystals\{analyzer unit

H100 " 100 ch1: pulse shaping
ch2-4: frame overap

side view ’ L] } A

'\__.
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Spatial focusing performances 2D-PSD

left: PG(002) right: 11)
100
Time-Spalial-Focus/ ‘TimeASpatial;é{ocus]
— 50fF o — 50fF
E R £ i top: Novel type
g o Ig g °F I 3 (time-spatial-focusing)
[ @
>-50:— ~ 45 mm = sk ~ 40 mm
oolES%2) .Hﬁ‘mm PN (TCTEN S8 N Seuenaee
00 50 0 \;0 100 o0 50 0 50 100
Horizontal [mX] Hc:rizontal [mm] .
assumed detector width, 16mm-fai
180 lEnerg Focus 1 Energy-Focus
. ¥ L - .
defocusing
—i z 501
£ = !
E é £ 3 bottom: Rowland type
] - [ - -
: | 3 = 3 (energy-focusing)
> sof > sof
- [Poooz) 0T IO [CEETET] 4fdmm :
"o 50 0 50 100 Too 50 0 50 100 7
Horizontal [mm] Horizontal [mm]

Time focusing performances A-TOF monitor

left: PG(002) right: Ge(311)
Time-Spatial-F 184 i i
6.65- Ime-spatial-Focus yaal Time-Spatial-Focus 715
= 3 . m
_ 722 top: Novel type
ol o L i = . . .
= 660 : A broaden | 3% : {75 (time-spatial-focusing)
s ? 1730 2
, 3.4f
655 PG(002) | focusmg Ge(311) P 47.35
55.0 555 56.0 56.5 28.0 285 29.0
TOF [msec] TOF [msec]
defocusing
1.84
Energy-F EnergyF
ssll nergy-Focus a8l nergy-Focus| -
B 17*3  bottom: Rowland type
ool Taser / 173 (energy-focusing)
; 1730 2
=" 334k
6 555002 Ge(311) ] 3735 8
) 550 555 56.0 565 28.0 285 29.0
TOF [msec] TOF [msec]



JAEA-Review 2008-036

Scattering angle optimization

PGEGe analyzer
— Momentum-uncorrected
o Momentum-corrected

Sianalyzer
— — Momentum-uncorrected
O Momentum-corrected

‘lwlwl.l.l.l.lwl.\.l.l.lw\w\.
10 20 30 40 50 &0 70 80 50 100110120130140150

corresponding 28 [*] of analyzer-unit a «=0°

Fig: Q-resolution of momentum-corrected
analyzer-units.

Dehbye-Scherrer cone
X Fig: momentum-correction handling g

CB,-CS-0
SB, -SZ - 5B,

X ‘S_Z-‘cos 26

on] ]

S CB, -CA, = ‘CBD‘X‘CAD‘GOS.&J

Debye-Scherrer cone

\ ¥

X

Fig: scattering angle correction of crystal-chips

10
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Appendix. detector focusing 1

A ! p1251

The detector angle is to be measured

inthe same sense as the Bragg angle,

and fromthe L 3 vector to the detector normal.

Forlarge Bragg angle ‘

ﬁ#‘\/\%mm

Forlarge Bragg angle,
fipped vertically

Moltivation

Definition of the detector
focusing angle: ¢, was
misunderstood. The report
written in 9/18 was wrong.
And then simulations have
been re-performed.

28 = 160°

For Bragg angle 80° fipped vertically,
rotated 10°, and for ~ @g=785°

bd=785° 285 = 160°

11

Appendix. detector focusing 2

calculation of the theoretical detector
angle ¢, in JMC's theory

mod2smp | smp2xtal | xtal2det Bragg JMC
L1 L2 L3 theta_B fai-d
[mm] [mm] [mm] [deg] [deg]
PG 32000 800 600 80 78.48315
Si 32000 1200 989 875 37.05216
43.97

12
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Appendix. detector focusing 3

definition of the detector focusing angle, ¢,

normal vector
of the detector

" /‘fff” plane
n detector plane l"\‘.‘
4 .
- in the Bragg angle, 26,,
figure b
=[78.483deg. =
&
= oot i s
alpha = 10deg.
13

Appendix. detector focusing 4

results ¢, =78.483deg.

2D-PSD TOF-lambda
100 T L Tt T t T L T L . o3 T 1'84
3507'- 186
e | 2
—_ w
3 oF <
A 6.601 1883
o [ M 2
~ -50F o =
. ..41.90
ool H HEHIFI B 6.55 redehenfeedeesbesdeedsrnbrderderspebec]
-100 -0 0 50 100 55.0 555 56.0 56.5
Horizontal [mm] TOF [msec]
got worse compared to got better compared to
our result. our result. 1
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Appendix. detector focusing 5

i il

- .

88.483° = optimum +10°

- o

68.483° = optimum -10°

Appendix. detector focusing 6

-

58.483° = optimum -20°°

our case: 10° = optimum -
68.483°

Vertical [mm]

50

o
-50

1]

jia
50 100

Horizontal [mm]

g

-100
-100

-50

0

S0 100

Horizontal [mm]

¢4 dependence 1

1.84
186 O
[
[~
-
41.88 2
i m
i st
0 J1.00
! 1 |
550 555 5B.0 585
TOF [msec]
1.84
B8.65
{186 M
[
<
=]
6.60 41883
[
5
~41.90
6.55 L
55.0 555 56.0 565
TOF [msec]
15

¢4 dependence 2

100 1.84
50
= 41.86 M
E =1
E a
s Of =
£ 41.88 g
@ =
= s0f =
i 4190
opEE L b 55 i
-100  -50 0 50 100 550 555 56.0 585
Herizental [mm] TOF [msec]
100 = 1.84
Time-Spatial-Focus F Time-Spatial-Focus|
R N 6.650 it TTTTTTITS
50f - - i
: L b il {188 3
£ oM 2
0 = ] T
~ B.60F i ? 4188 g
- [ s
sobih (Mg b : i
Pz | o ] sl je
-10 : [+ deteclor 550 555 560 56.5
-100 -50 0 50 10 TOF [msec]
Horizontal [mm]
16
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Appendix. detector focusing 7

TOF variation against ¢,

e T T T Ty
25 -1
—o 'y =755 deg’ 1
=885 deg’
—7— by =685 deg’
[ o 'y =535 deg'
2.0 [ —— y=100deg| ]
8 15| .
B | |
b ]
g ]
8
E - -
1.0~ -1
05 -1
0.0 b= i el - m—e
55.4 55.6 55.8 56.0 56.2x10 17
TOF [psec]

Appendix. detector focusing 8

Spatial bottleneck

Zﬁ_-;
=
/

|

H-—- o L—uu—

 —
I

/TN -

17
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2.2. Pixel correction system for Si mirror

Beam Stop

Si{111)
Analyzer

Radial

Collimator
|3He PSD Detector

Converging

Guide
=¥

BASIS NS
detector "
7 R ——— .
/' = e
iz '. wf 4 7

sample L '

19
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Optimization of the design parameters

ped 1
cenerof |
the circle: P
C(0,b) :'
Bragg angle: 20,
} analyzer:A(c,d)
A\
%\.
g X
we¥ -5 (0,0)

‘ Arguments; C: center of the sphere, e: x-coordinate of detector, r: radius

‘ Solutions: t{f) ; T. y-coordinate of detectable position, t. TOF 2

Result: BASIS _

!
BASIS (L,=84m, r=25m, b A
=90 mm, e= 220 mm, d; = I =
3135 A) the circle: ¥ :
ci0.b) I
Bragy angle: 26,
140.629

A

i Janahyzers Afc,d)

140.628

X

140,627/ b

t [ms]

140.626

140.625

140.624 i
160 176 192 208 224 240

detector-position, f [mm]

22
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v

ariables variables variables variables

variables variables

detector d-spacing anahiar ansitinn _ datastas aasitian  Reams
x—offset
e

220 KA H

[mm] [angstror

center offset
x offset vy offset
symbols L1 r b
43000 2000 0 96
units [mm] [rmm] [mm] [mm]
740685
74068
740875 // \\
_ TaneT
£ j‘
= 740665
©
i J
74086
\IL
740655 At < 1us
r
74065
740845 Fiss R e .
162 170 178 186 184 202 210 218 226
detector pesitien, f [mm]

X

234 242 250 2658

23

contribution of delta-t on resolution

Total Resolution Ake

Primary {(moderator-to-sample)

Ao = (Shed + Shat
= SR

In the DNA case, we use pulse—shape chopper. Then, Aty is an opening time of the pulse—shaping chopper. When
counter—rotating double—disc dhoppers (E200Hz, =300mm, =30mm!) are used, we can obtain Aty 26 ps.

Secondary (sample-to-analyzer) . Z{Ef[iﬁJ + Ef2|:(‘mt(§5 188 Y + [%J }}

e ~197ueV

i g3

When we choose parameters; 808 = 70 mrad, 8d5i/d5i = 35 % 107 Then,

27, {cot (8, 358, ) ~1.48ueV

27, [%] ~1.46ucV
1]

From the previous slide, At < 1 ps, then,

2F, [%] <0.07pev

daw, ~2.08ueV
Ahw ~ 2.BOleV

Finally, the contribution of At on the total resolution is nesgligible. 24
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Appendix. Calculation results a=30°

variables variables variables variables variables variables

center offset detector d-spacing analyzer position  detector position Bragg angle Energy TOF
x offset vy offset x-offset x y x v
symbols L1 r b [ alpha [ d @ f theta B Ef tof
43000 2000 1] 132 220 3.135

units [rmm) [mm] [mm] [mm] [mm]  [angstrom] [degree] [mm] [mm]  [mm] [mm] [degree]l  [meV] [msec]
0 1995639 0 220 2359287 86.215728 209 73.994
7401 2 1999.033 69.808 220 2431127 86.218036 209 73.9955
g 4 1999.985 139.85 220 250.2828 86.224959 2.0899 73.997
74003 6 1998477 21005 220 2574588 86.236488 20899 73.9985
itk T N 8 1994494 28031 220 2646604 86252609 20898 73.9999
/ \ 10 1988024 35054 220 2719078 86273301 20897 74.0014
74,004 12 19790592 420.66 220 2792217 86.29854 20896 74.0028
- /_ \ 14 1967.593 490.58 220 286.6234 86.328293 20894 74.0041
£ 002 16 1953625 560.19 220 294.1353 86.362525 20893 74.0053
e f \ 18 1937.156 629.42 220 301781 86.401194 20891 74.0065
g W / \ 20 1918.191 698.16 220 309.5855 86.44425 2.0889 74.0074
73008 22 1896.74 766.33 220 3175758 86491642 2.0887 74.0081
/ \ 24 1872.814 83383 220 325781 86543312 20885 74.0086
72008 26 1846.431 900.56 220 334.2327 86.599195 2.0882 74.0088
/ & 28 1817.611 966.44 220 3429658 86659222 2.0883 74.0085
Tased 30 1786.377 1031.4 220 352019 86723321 20877 74.0079
PR Lt S R S R e D 32 1792758 1095.2 220 361.4351 86.791411 20874 74.0067
2324242526 27 28 28 25 30 31 32 32 33 34 35 36 36 37 38 39 40 40 34 1716785 1158 220 371.2625  86.86341 2.0871 74.0049
208642086420806420864203 36 1678496 12195 220 381.5558 86.939229 20863 74.0023
detector pasition. { mm] 38 1637.928 1279.7 220 3923772 87.018775 20865 73.9989
40 1595127 13385 220 403.7982 87.101951 20862 73.9945

25

2.3. Analyzer Crystal R&D

2.3.1. PG(002), cost & performance
2.3.2. Ge(311), hot press

26
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2.3.1. Neutron beam tests of PG(002)

Panasonic Momentive Performance
10000 I:')e'r:e'al);ilcﬁlgé- LI B B B EG O eri (X ‘mJMomentive Performanceiquq ggfii;l:i:g

o #1124 22
O #2 12 22 E
A #3124 22 s000
#4 202052 A 457 E
PGOX0S E
o # 202042 0,497 E

O #2.S/M460e.”
ZVE-SF

o #_S/NH B0
#2_5/M41 607
#2541 613

#1_S/MNAB1E

PGCX0T7
o 12k 22 #2_5/N4 608"

3 pprerey £ R memaen
E w84 20E04E A 407 .E
ﬁ 4000 E 4000 [
2000 2000 |-
of ol oy
-2 - 0 1 2 ) S o T >

27

Summary of PG(002)

our target: 0.7 deg +/- 0.1 deg. 1$=¥105
vender model mosaic spread (deg)"’ cast (3) note
PGCX04 X: 0.40~0.50 -size: 12.020.3mm
N:0.62, 0.63, 0.64, 0.76, (0.61-0.82) t2.0£0.1mm
PGCX05 X: 0.51~0.60 ‘recipe: stacking
. g polyimide film and
Panasonic N:0.91,0.94,0.89,1.02, (0.68-0.78) sintered at 3000°C at
PGCX07-SP | X:0.6 ~0.8 173 high pressure. (solid
N: phase-solid phase
PGCX07 X:0.61 ~1.00 173 method)
N:1.19,1.20,1.23,1.28
ZYA X: 0.30~0.50 *size: 12.0+0.2mm
N: 0.55, 0.58, (0.55) t2.0x0.2mm
Momentive | ZYB-SP X: 0.30~0.7 162 ‘recipe: crystal
N: 0.72, 0.86, 0.88 growth of hydro
Performance ! ! carbon gas on a hase
ZYB X: 0.60—1.0 113 material. (Vapor_
N: 0.89, 0.93, 1.09 phase growth
method)
AGraph Z X: 0.4 (catalog) —0.6 (exp)
Opti h N: 1.8
igra
pHgrap AGraph X X:08 28
N:
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2.3.2. Ge(311) stacking

—
ag-cut wafers
size: 12x12x¢t2
2mm  x 1 wafer
tlmm  x 2 wafers
+0.5mm x4 wafers
+0.25mm x 8 wafers

4 >EH®

Intensity [cps]
[*]
S
S

-1.0 -0.5 0.0 0.5 1.0
Angle [degree]

Fig. Rocking Curve of Ge(311) as-cut wafers. The total thicknesses are 2 mm.

Stacking thin wafers makes intensity gain. On the other hand, there
is no bad influence on the width of the curve. 29

hot press T =2888°C, P =250~ 300 kgflcm?

our target mosaic: 0.5 deg.

I e e e e T AL 1
hot-pressed wafers
- () A size: 12x12xt2
1000 A4 ® SUl;gf"cmz
—_ B A A = 100 1~:gf."'01112
§ A A 200 1~:g£"c1112
- 4 v 300 kgff’cm2
2 | A
E
g 500
: -
—
0

Angle [degree]
Fig. rocking curves of hot pressed Ge(311) crystals.

! Hot press treatment is much better than stacking as-cut wafers.

/ Optimum pressure is 200 kgficm?2,

mosaic: av. 0.35° +0.15° < 0.5° 30
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Appendix. comparison with LAM-40 at KENS

Table: hot pressed Ge(311) crystals used in
LAM-40 at KENS

mosaic integrated | note
2000 [ T T T s————— i i
niceores] | enely
afy | TH
al AV, |ie #1 032 461
%%ﬂvg e #2 033 611
3 ] O:Ai :zg #3 040 720
E 1om |- %@OOO Q’éﬁ 4 #o #4 035 692
: 82 % #5 044 767
) #5 029 494
‘ #7 038 655
#3 050 747
‘ #9 056 658
rode lamedd #10 047 708
Fig. rocking curves of hot pressed LAM-10 0.40 651 CRErEE)S
Ge(311) wafers used in LAM-40. JAEA 0.33 352 P=200kgficm?

size: 12 x 12 xt2

Appendix. Neutron beam tests of PG(002)

O T T T YT T T T T

8000 [

O 12mm
o tEmm
4 44mm
W tEmm

Panaszonic 3 P GGHIE 20x20
SHE (201 2mmtt{ 212 HEIE

Intensity [cps]

4000 [

2000 |

Arek [degree]

thickness

PGCX05
thickness | mosaic | integrated | FOM*
t [mm] nlE] | intensity | T2 [-]
IH
2| 0910 1.00 1.00
3| 0938 1.09 1.03
4| 0.986 1.17 1.00
5| 1.016 1.25 1.00
32
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Appendix. data spread

Table: data spread of Ge(311) hot
pressed at P = 200 kgffem?

1000 o SERET1 2/ 10attEmmlI FH AR

TS e R mosaic | integrated | note
L ez o n [degree] | intensity
800 T '200kef/em21212xH0 #1-4 IH
[> ascut12x] 241
#1 0.46 277 | t=1mm
7 #2 0.49 326 | t=1mm
i)
E #3 0.24 125 | t=1mm
H #4 0.23 148 | t=1ram
av. 0.35 219 | t=1mm
fincle keoree] data spread: av. 0.35+0.15 < 0.5
Fig. Ge(311) hot pressed at P = 200 kgficm?
33

Appendix. measurement conditions

« 3axis (MUSASI@JRR3 guide hall)

« E;=13.5meV

» collimator:[Mon. PG002]-[20’]-[sample]-[40’]-[Det.]
 attenuator: acrylic board, t5mm

e

neutron beam test

hot preés instfument
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2.4 Neutron Transportation System
Nobuaki Takahashi (JAEA)

3. Neutron Transportation System / ;?

Qutline

3.1. neutron guide
3.1.1. curved (H)
3.1.2. elliptic (V)
3.1.3. double sample

N. Takahashi (J-PARC)

3.1. neutron guide

Required Performance
« High Intensity

— taking advantage of high int. at low-E
(~2meV)

« spatial, angular distribution at sample
— not necessary very fine ones
+ E<40meV is sufficient
— Ef_Ge311 =7.2meV, Ef_Ge933 = 65meV
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Table. design parameters of curved guides

mI-]|w [mm]|R[m]|L*[m]| curvedsection[m] L1m] |E*[meV]
DNA| 3 60 2200 | 325 | 325(3.35~35.85) 39 40
IRIS| - 43 2350 28.4 31.3 36.41 13

31 2. eIIiptic (V) N. Takahashiet al., Proc. ICANS-XVIII

moderator

Fig. elliptic guide 4
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mirror index optimization

8 [
1 i —e—E=40meV | ]
2 S R i.—o—E.={30.meV\.... ]
shutter | i —*—E=20meV [
6 : ]
5 B
o
3
g
1 4
E

L]
LU LS ELSLSY L LY I as e Sat n e et i o

o
-
o
A8 ]
(=]
[
[ =]
F.9
=]

Fig. L-dependence of m-value

Summary of neutron guide1: geometry

shutter
L: 23m ->43m
: B0mm (straight)
h: 60mm->98mm (el liptical)
3
curved1
L:43m->12.35m H
w: 60mm (curved: R-2200m, m-3, E*~40meV) the guide geometry of DNA spectrometer
h: 98 mm -> 164 mm (elliptical)
e 3{left), 2.15(right), 3{top&hottom)
curved2
L: 12.35m ->32.35m
w: 80mm (curved; R=2200m, m=3, E *=40meV}
h: 164 mm -> 184 mm -> 157 mm (elliptical)
e 3{left), 2.15({right), 2 15{top&b ottom)
curved3
L: 32.35m ->36.35m
w: 60mm (curved; R=2200m, m=3, E *=40me\V/)
h: 157 mm -> 127 mm (elliptical)
e 3(left), 2.15(right), 3(top &bottom)
straight
L: 36.35m->38.35m
w: 60mm (straight)
h: 127 mm -> 105 mm (elliptical)
e 3

L:3835m > 39.35m
w: 60 mm -> 52 mm (elliptical)
h: 105 mm -> 91 mm (elliptical)
m: 3
focusing2
y [m] == L:3935m > 40.35m
g w: 52 mm -> 43 mm (elliptical)
h: 91 mm -> 73 mm (elliptical)

0.122m 1 | m:4
- g = focusing3
- L:4035m > 41.35m
0.00om 3 w: 43 mm -> 30 mm {elliptical)
- h: 73 mm -> 46 mm ( elliptical)
-0122m 3 LG
focusingd
0.372m 0.126m L:4135m->41.8m

w: 30 mm > 21 mm (elliptical) 6

h: 46 mm -> 26 mim ( elliptical)
x [m] m: 6
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Summary of neutron guide2: performance

4%107

Intensity/ a.u

New model

¥lmam]
¥ima]

50
504030 .20 410 0 10 20 W W

R S B
50 40 30 .1 0 0 10 30 W A4 5D

[Feum divergency = (mm] % mn)

¥[Begee]
7 [deguee]

-5
54324 01 2 345
x [deged) = [Hege]

ange [degred]

sgiefdegre)
b b Eoo e wow s w

D123 436738 %10
Tuemoa [engrcn)

001 23 43 67 8 510

lanibda [sngrem]

- - | 25
— NEW (w:curved + elliptical, h:elliptical)
= OLD wcurved + tapered, h:straight + tapered)
a0
o
|
Q
SRR E N
il
=t}
=)
£
E|
Lo
05 baaa Ll L
TE789 T 3 4 56789 T 3 4 5
1 10

Energy [meV)

spatial distribution

beam divergence

divergence v.s.
wavelength
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3.1.3. double sample system

Introducing neutrons effectively toward a sample in the vessel at downstream

4000

=
'_JA' bl :.iﬂf
r

|/“?-F::u.

= ERIcS 1

107

L1=39m L1=43m 9

double focusing guide system (elliptic)

sample A sample B

moderator

,,,,,,,,,,

The first neutron guide. (red)

-V&H: elliptic. Focal points are moderator & sample.

*cross section of exit at L=38.8m; 27 mm-sq.

The second neutron guide. (green)

L:392m=>428m

- V&H: elliptic. focal points are both samples.

*cross section of entrance at L=39.2 m & exitat L=42.8m; 27 mm-sq.
6 Qc supermirror

Intensity ratio, sample-B / sample-A 60% ~ 70% 10
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Leg)
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2.5 Spectrometer Packaging
Kaoru Shibata (JAEA)

4. Spectrometer Packaging

Outline

Be filter

U-tube PSD

S T T T T T T

vacuum chamber
mirror cooling

solar collimator

diffraction detectors
sample environment

General View:0ld Scattering Vessel

beam stop

radial
collimator

P . ot Tsample
cehverging guide  “He detector
i %

~——— SPECIFICATIONS

E Source: Coupled (25Hz)

E Flight length: L1=42m,
L2=1.4m(PG,Gey2 2m(Si)

E Scattering angle; 757 ~ 15257

E_J analvzers: AQ=1.1m str

chz | ohz | hd

applicati i
- band-chopper

) Dot [ $ing! | Sing!
dise o i .

Lm]

£ [Hz] ERIERE
M3 | 144

slit Ll

*High Cost Scattering Vessel
~38M.JIPY

*Complex Structure to be
difficult the cooling PG mirror.

1l

Separate Double Scattering
Vessel
> 10M.JPY
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Old Plan of Scattering Vessel

720 — —y
PG 77 517_:‘;;7 2600 ToS -1y
e famatreess
e~ r 21200
AEM:vTamh
4 | ; ‘ | o o
|
™
e |
JOTEGA |
A 7 | A
-
& V-] o | 3 _L
I 9 3
i b
89~
il
9

sizraes-nua /| |

B ‘
|
_L cezrser-sza 4| HF—|F
|

1452

I
k-

i |
H ) I i
e ad i | |
f & i | |
+ 1 I rul L]
1 4 | z o o
1 o 1 <N
—— AL —|

Over View: DNA Beam Line Plan at CM ‘l

“'I ¥ D ral
e ] o W / W

TEHEF " Wil == i
“A-{e A ~D
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Upper stream part of
DNA:
PGO02&Ge311

Analyzer Crystals

Configuration of Crystal Analyzer | | Principle of TOF focusing

1452

1043

961

The neutron beam which each
crystal piece on the crystal
analyzer reflected, is focused on
the same point on a neutron
detector at same tof time.

Fig: drawing of an analyzer-unit at 26 = 30"

l?ﬁe-fu cus

i [Fime-spdbarFocia] . |,
i 7209
g :
3 m F328 725
s 730 2
334
fGea11] il
o ams 0
TOF (e 280 ®5 200
TOF [msec]

Fig: 2-TOF monitor @ detector-position

Downstream part of DNA: Si11128i311 Analyzer Crystals

BASIS@SNS

Principle of Si crystal
Siwafer is stacked on the
Spherical surface and analyze

analyzer

r neutron is detected on the each PSD position

PNy
)
it D N} \
- \
ARBLCOL) | S gy |
~__ | 24
e ,_;_,_\d_
3 o FHS A Ay
Y 10 i «
=500
s
s
R amn
.
¥ =
fl
/
|
|
L _L i
L
|
1
|
EI /
b= L ‘11
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DNA_: Biomolecular Dynamics Spectrometer

Double scattering > BL02, Liq.H, Coupled Moderator
vessel system b >The indirect-geometry TOF crystal-analyzer near-
- BS spectrometer.
9\9‘:’@ » The science target is low energy excitations of
c‘ab o biomolecules and related materials with small
¢,°°0.a\ PG(002) & Ge(311) samples.
scattering vessel > 4 analyzers, PG(002), Ge(311), Si(111) , Si311)
. . i
& fé(:;;ﬁlfgs“/f;;é @ wWhite-pulse-exp.-modes with PG{002) (AE=23peV)
&4 and Ge(311) ( AE=80peV)

1! = high int. & wide £ & Q+ange

{ ® with Sif111) (\E=3peV)
; _ _and Si317) (AE=10peV)
pulse shaping chopper for Si analyzer = high E-resolution & wide Q-range

- high efficiency by RRA

10°

------ PG{(002)
S | T GeE
] 5 .
H e
.
s w0 A
2 A0
B .
e fo Ge(a11)
f i Analyzer
I S S—
R | PG: high int.
Ge: high-Q A
| Si: high E-res. 1
0
10" 10 10' ’
o Converging \
Momentum Transfer: Q [A7] ide
Witle Dynamic Range | PG(002) Analyzer i) Be Filter

4. Spectrometer Packaging

vacuum chamber
mirror cooling

Be filter

solar collimator
U-tube PSD
diffraction detectors
sample environment

S S e M e B e
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Cooling of the OSIRIS Graphite Analyser

*Reduce the TDS.
-installation of three 4K Sumitomo CCR heads. Machining of the three holes entailed

-the cooldown to a steady temperature ~ 4.0K in just 48 hours.

Cooling of the Graphite Analyzer : Old Plan

-3 X2, 4K Sumitomo CCR heads
-Very long thermal contact~ 1.2 m

-Moving cooling system > Difficult to construct cooling system

srisane [ CCR heads

3 CCR heads

S 1 «—— long thermal contact

/s_lié:-_f..'_/_;_»
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Upper stream part of
DNA:
PGO02&Ge311

Analyzer Crystals

1452

Cooling of the Graphite Analyser . New Plan :

+3~2, 4K Sumitomo CCR heads
_ "Very short thermal contact

Fixed cooling system

Configuration of Crystal Analyzer | | Principle of TOF focusing

The neutron beam which each
crystal piece on the crystal
analyzer reflected, is focused on
the same point on a neutron
detector at same tof time.

B2B=

11111

962

Fig: drawing of an analyzer-unit at 26 = 30"

3~2 CCR heads

1043

l?ﬁe-fu cus

[Fime-SedarFocus] -

720
T3 ’ 725
730

fGea11]

961

[haw] A3

285
TOF msec]

Fig: 2-TOF monitor @ detector-position

4. Spectrometer Packaging

S S e M e B e

vacuum chamber
mirror cooling

Be filter

solar collimator
U-tube PSD
diffraction detectors
sample environment
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DNA: Be filter cooling system & solar collimator

HE (YY) s ) Seminiadef s ss]

Si(111) & Si{311) scaltering vessel

Beam Stop

Ge(311)
Analyzer

Be filter *two, 20K Sumitomo CCR heads

*Very short thermal contact

Fixed cooling system

*Be fan shape:
thickness~120mm,
5deg. open angle

solar collimator

*Si second scattering vessel: Vertical collimator
‘PG, Ge first scatting vessel:

= special curved collimator

Be filter

|

POTT IS4~
{ 6,_5'_"”‘" ey P
to—rt T 9 Q
e
16 45 20 HE4lommThd, (AETESECWEEIBHLTLE)
EHEFT IS E+[nAS—t—sFFIANES L (CoBoritiEEERD
detedtor
— | M S |
o = O 2|
B T
detector
PGO Bk BB £ TS 1 5mmiE £ 3, o
WEWoNFERT R SRR SRET B H19.9.4 K8 (J4EA)
ez |:




JAEA-Review 2008-036

Upper stream paIt Of Configuration of Crystal Analyzer | | Principle of TOF focusing
DNA: o The neutron beam which each
PGOO2& Ge31] crystal piece on the crystal
analyzer reflected, is focused on
Analyzer Crystals the same peoint on a neutron

- detector at same tof time.
solar collimator

special curved collimator
== In planning

1452

2184

962

- 236

Fig: drawing of an analyzer-unit at 26 = 30"

1643

4. Spectrometer Packaging

vacuum chamber
mirror cooling

Be filter

solar collimator
U-tube PSD
diffraction detectors
sample environment

S S e M e B e
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Downstream part of DNA: 8i111&8i311 Analyzer Crystals B‘_ASB@.SNYS

Principle of Si crystal analyzer a2 R, |,

Siwafer 1s stacked on the
Spherical surface and analyzer neutron is detected on the each PSD position

T
PR

etk W Do 1) |
— |
Y "

=

A C0,6)

I
— L 2a
"":-,'.___;»__\_,
) - I W Y I TN
Y Y I !

ai\f:-" 0.0 x
_Fm__L....... - ’_I:I_ |
|
TOSHIBA; U-tube 3He PSD

B 1. Max Voltage; 2.6Kv

i 2. Insulating Resistance; 1.0E+13 ohm@500%/
3. 3He gas leak; <0.1e-10 Pa- m3/s
4. Test Voltage; 1640 V
5. Resistance; 4.07 k ohm

o M

A4 01130 1 01 il . S
R L B E
Prototype U-tube PSD I ,J k
h_.‘
= y = 485.60 - 2385 R= 0.99980
¥ = 541.3 - 2.4193x  R= |
'\_31-_‘)_7_!'1 o0
228 olnn :
[ o A 800
(7 \! =1 >2} rs
%‘ < l\ \'1—] <1/ R
S . — - .
N L N 2w
b
I, (265) 1” 200
das :3He IOatm(@.OOC) +CF4 S0 -ISU-I:IU 50 uI 50 min 150 200

W BT SDIERE (we]



GE U-tube PSD
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Preliminary Drawing for

" ) i Customer Approval
“m[' o (5" 1112172007
/ -
1 -’
j— 1
fanl - i [13as)
o 1 ) [N
T
“a
(6.0 wax.
ax
(e Ao — () .]
watt
N srcoin a soscms -
B bk et
TR 1S A Y MDY SOSN8 P ARIATEIRS AAT
EPERINDE AN W, NOT MR R ECTES
> IR0 INPCRMATNDY
%ﬂﬁmw
o

GE U-type PSD

Perform ance Specifications

Docum entNum ber: $3- P4-0406-260

11212007
4 ofd

Orignaldate:
Page :
Rev keveland date: 0

Resistance: 1.00E+12 ohms
Capacitance: (+20% ) 8 pF
TestVoltage 1440 wvolts Charge output: 2000 fem to-C
G roup M atch 5%
P lateau Length © 200 vols
P ltzau S bpe: 2 %A00v
Resolution % ..( PuBe Jon 13 4
Operating Volage Ran 900 o 1500 volts
NuclearPerform ance Spec ifications
Therm alNeutron Sensitivity:. = 20 %) 8.99 cpshv
Neutron Flux range: TA49E+00 to 6.3BE+03 nv
Gamm a Sens itivity: cpsRAhr
GammaFlux range o R hr
IhntemalA bha Background: .o 0 o 0.00039 cps
lifetm e:
Environm entalSpecifications
Maxmum Voltage: 2000 volts
Waximum Temperature: .ooeevneeeeees 100 ‘¢
Minmum Temperature: .o 25 ¢
Maxmum Hum idity: 60 %
Maxmum countrate change is 2 % from 25°C o 100°¢
GConstantTem perature Drift @ .......... * 1%
Maxmum neutron flux: 1.28E404 nv
Maxmum gamm a flx: RAr
Shock N braton: NA
DimensionalTol: A
Custom er Specs ¥
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Backscattering Instrument

SEALLATION NEUTROK SOURC
e S

* 15cm x 1.3cm Reuter Stokes
LPSDs

+ 8 Atm. 3He
+ Sausage configuration

Experimental Facilities Division Oak Ridge National Laboratoty

Backscattering Array

Sllllﬂiﬂl NEUTRON SOBRC
Ll Y

i

il !

Way 2000

Experimental Facilities Division Oak Ridge National Laboratory
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4. Spectrometer Packaging

vacuum chamber
mirror cooling

Be filter

solar collimator
U-tube PSD
diffraction detectors
sample environment

S S M B e e e

Diffraction Detector

Purpose

-Monitoring of sample status

-Incident neutron spectrum at sample position by V measurement.
*Long-d diffraction measurements

At PG(002) & Ge(311) scatltering vessel

*TOF measurement
*Back scattering (main) & 90 deg. scattering {option)
= Configuration :planning

At Si(111) & Si(311) scattering vessel

*Angler dispersive measurement

<- narrow incident spectrum band [-40peV<Ei<+40peV]
-Wide angle detector bank
*Configuration :planning
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4. Spectrometer Packaging

vacuum chamber
mirror cooling

Be filter

solar collimator
U-tube PSD
diffraction detectors
sample environment

S S M B e e e

sample environment

Special Environments
*Top loading cryo.
*High Temperature

*High Pressure, e.t.c.,
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sample environments

for high temperature ]»—\-p
1
furnace: radiation heater: H—':——’fr*

foil heater or IR heater
less than 251 mm ©

laser : excitation
(visible laser)
& high temperature
(COn laser)
from the top or the botton
of instrumental vessel .~ 7=

refrigerator

Example
ILL 1800C furnace AS Scientific product
o T

nit

500mm
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2.6 Data Analysis
Yukinobu Kawakita (Kyushu Univ.)

5. Data analysis
De-convolution of resolution function for BS-TOF spectrometer
by using MEM (Maximum Entropy Method)

1. Outline of data analysis
2. Example for MEM application in IXS

model independent analysis (scientific reason)
3. Outline of MEM

=

De-convolution of resolution function for BS-TOF
correction of asymmetrical & E-dependent resolution fun.
(technical reason)
general tendency of MEM procedure
5. MEM de-convolution for PG mirror set in DNA
Summary

&

Outline of data analysis

0. software framework
measurement software
(highly depend on what research we want to perform)
data analysis software
DAQ -> TOF data
DAQ group (Dr. Nakatani)
DNA group (Dr. Nakagawa & Kawakita)
TOF -> I(Q,E) == S(Q,E)
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Outline of data analysis

1. TOF -> {Q.E)
time step -> energy step (binning)
scattering angle -> momentum transfer
2. subtraction of background counts from each spectrum
subtraction of scattering contribution of a container
taking into account absorption
correction of detailed valance factor
de-convolution of resolution function (MEM)
surface interpolation onto the lattice points in Q-E space
subtraction of multiple scattering process (qMC)
analysis for scientific interpretation
EISF, width of QENS, v-DOS
Fourier transformation
deducing intermediate scattering function
van-Hove G(r,t)
memory function ete.

(Y]

X N

S(Q.E) of liquid Mg at 700°C 125 ‘.qu.mg
obtained by inelastic X-ray scattering :15

Q(nm")

1298
281
266

1.10

resolution function 105

100+

095
UQU

&

IXS

MMN
"

035

FWHM 0 au
~2meV | i e

0.70
085
080
055
0.50
045
040
035

Lorentzian
+Gaussian

3= a.caza:ag
o OO R o th o

resolution function
S(Q.0¥S(0)
®©
O~

030

40 50 0 70 40

E{mef) 0.25 35
meident X-ray energy 21 8keV oy .
for Si(11 11 11) analyzer 010

005

dE/E~107 i
constant 2 & ~ constant O ool LA 1|
Energy resolution is unique.

20
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Analysis using dynamical

model

Damped Harmonic Oscillator (DHO) model

holk,T 4, T
S(0,m) = 2 “o 0
(0, w) L—exp(— iia)/kBT)} 7 T2+ the central peak
N 1 A 4aX2 T, -
1- exp(— ko /k,T) | 7 (a)2 7@5)2 AT side bands
2 2
Qp = oy -Ty
ST T T L L e e e e N A
4- @{ 7 s ﬂ e s
i B }; O R
. 3 ¢ 4 5 3
33 ﬁ } } g al !9. *5 i g 2000
3 : g
- HH ‘_"s o
2 OF Bar ° -
1 & f? i i
0 u;1|u1lazloz‘g.g;;ggu T O R

o

5 10 15 20 25 30 35
a (mh

3 10 1% 20 282 3 3
o ('

S(Q,E) after decoupling of the resolution finction by

properties of
resolution fun. in IXS

maximum entropy methods

S(Q,E) after decoupling of the resolution fun.

M
I
| ‘ }

|

Symmetrical resolution
identical in any

energy-transfer region ;
03 |

02 |
S@E/S(@) |
|

01 |

30

20

Q(1/nm)

-50

50

E(meV)
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Intermediate scattering function FONH « § (©.E)
S(Q.E)=S(Q, E)exp(~E/2kT)
FQ.0)= " S(Q, Eyexp(ifit/R)dE

w@.0=FQ.D/FQO=(p,® r_,®)/{p,@f )

1k
; 30
FQ.O/F@0),
&
0
t(psec) 3 4 0
Langevin equation
d 3 t i r r r
VLD [ M.t W,
dM N t ’ P gt
DL [ Myt (WM.
where M (Q,t) 1s 1-th order memory function.
d*y(Q.1) E o ndp(©@.1)
— g (QW(E)+ | diM, (¢t =0
20y K TO” _ 2 2
@y (Q) = ms(@) ()¢

model function with two exponential decays
M (0.0 = (7 — DX (Q)exp(~D, Q1)
+ R (ONA@)exp(—t 17, (@) + (1- AQ)) exp(~t/ 7 Q)]

How good ? What meaning ?
experimental memory function
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Outline of MEM
de-coupling of resolution function by the Maximum Entropy Method (MEM)

5 =5.,00.E)/8)= [ SQ.E)R(E - E)dE [S(Q)
a priory Structure factor X (Q.F)

Information Entropy

N
725 logls /5]
=1

Constraints given by statistical errors e(Q, E) in S (O E)

C=YNY . (QE)-5.@.E) /e@.EY

Lagrange’s method of undetermimed multipliers

O(E) = ;rf%/'i.C where A is Lagrange multiplier.

o0E) [_ox M (u)
== |==%|=0 S E}=§ ENl+ A(E)HA
BSI. [ aSz] il (Q! x) (Q’ x)( + ( x) )
C=0 > A4
. . . o . or
8§ ™ is an approximate solution satisfying entropy maximum, o 0.

under the constraint, C=0 .
When C is calculated strictly with 8 M and larger than 1,
5 will be created using SY instead of S0

These procecures will be iterated until C <1
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I11. moderator possibilitics; 1. Motivation (. chem. Phys. sol)

Mdotivation: Is decoupled moderator the best reutron sousce for near-backscattering (-B5)

peckometers?

The world n-BS spectrometers

DIANA @ J-PARC: source = decompled raoderator (DR), 1y =32
IRIS, OSIRIS @ ISIS: sowre = DIV, L, = 36.4, 34 m
5in-BS @ SNS: sowce = poisoned moderator (FM), Ly = 24

J-PARCwill have 4 moderalors for nexdron sources 2 Simulefion shudy of dvirkeal 2-B5 %

conipare enpected perfonnances

coupled moderator (CI) with L) = 42 1 =+ CM-gource n-BS

decoupled moderator (D) with Ly = 32 m = DIANA

poisoned (thick) moderator (PMT) with L = 21.5 m — PMT-source n-BS
poisoned (thin) moderator (FIE) with Ly = 84 m = SNS-type n-BS

Ti-burst To-burst
Datector Detecter Detector
_ L=22m o ely=14m
\_t/; =
42 =
H{Crsouree} ERTES 7
Sarnple
E
o vaffoen
£ sample
= o L=22m  L=1d4m
u
= 215 i
= | sarple
L Detector  Detecter
L=2Zm  iy=1dm
1.5 <+——pulse shaping chopper: =100 Hz
TOF
Moderator u L

Ist frame

from N. Takahashl

2ad frame

f s

Sample-position Intensity [n.fcmz(detec‘mr).-’s/me\/@1 D]

from Dr. N. Takahashi

n-BS spectrameters
" — Ch-source (L =42 m)
10 —-- DIANA (L =32 m)
- - PMT-source (L =215 m)
SNSype (L, =84 m)
10 b j'\
T N el
{3
00
L o L B e e e e e e
] 10 20 30 40
Energy [mev]
Fig. Flux @ sample
To avoid T0-buwst BG,

1. Ly ® 24 m (limitation from PG-analyzer)
2. Ly = 47 m (limitation from Ge-analyzer)
Then,

* PMT-source type: L, =21.5m

* CM-source type: L, = 42 m

* SNS-type: Ly = 84 m {same as SHS)

1. moderator possibilities; 2. expected performances

(b) Ge(311) analyzer

(a) PG(002) analyzer

10
n-BS spectrometers
—— CM-source
—- - DIANA
10° £ — — PMT-source
SNS-type

Intensity [n/cmzlsec/ueV]

10

0.1

0.1 0.0
ho [meV]
Fig. E-resolution of PG analyzer

10
—— CM-source
—-- DIANA
— — PMT-source
= SNS-type
10" 4
2
3
8
§107F
=
B}
z
210°F
10 T T T T T
08 -06 -04 -02 00 02
ho [meV]
Fig. E-resolution of Ge analyzer

Table: performance comparisons

(c) Si(111) analyzer

10° -
—— CM-source [3cm-slit PS]
— - - DIANA [2cm-slit PS]
— — PMT-source [1cm-slit PS]
—anT SNS-type
3 10
S
°
&
g o8
§10°F
£
2
2
800k
z 10
10°

10

ho [peV]
Fig. E-resolution of Si analyzer

source main guide harrange sitwidth sample-position
(name ofn-BS) L Secton analyzer  Ea (one lrargne) ofPs A Ao mte:sm? at Eu merit demerit
[m] [meV] [meV] [em] Al [ueV] [10*n/cm?/ueVisec]
PG(002) 187 03<ho<43 36 23 160 x5~ 9 intensily (PG, Ge, SI[PS]) 30 ~ 35 % worse resolution (PG, Ge)
*CM curved
42 We0xh98  Ge(311) 7.25 At <ho<E 36 82 66 21 % better resolution (Si [PS]) asymmetric resolution function (PG, Ge)
(CM-source)
R2200m
si(11) 209 3 3e 38 7.1 x3 wider band (i [PS])
PG(002) 1.87 10<h0<18 ar 17 17
om curved
IAnA) 32 WABxh98  Ge(311) 725 36 <ho<E a7 63 74
R1650m
si111) 200 +0.014[PS) 2 s 48 14
straight + T0-  PG(002)  1.87 02<ho 69 17 86 wide band (PG, Ge) X112 intensity (PG, Ge)
oMT chopper
215 woBxh98  Ge(311) 725 55<ho 69 64 41 X117 intensity (Si [PS])
(PMT-source)
0.5m-gap for
Tochopper  Si(111) 2,09 £0014[PS] 1 67 62 0.20
PG(002) 1.87 04 <ho<0.8 19 15 32 10~ 12 % better resolution (PG, Ge)  x 1/5 intensity (PG, Ge)
ot curved
noype) 8 We0xHS8  Ge(311) 725 A3 <hn<17 19 57 15 x2intensity (Si) narrow band (PG.Ge)
R2200m
si(111) 209 18 36 27 x 43 wider band (Si)

Curved guide: £* = 40 meV
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(k) Ge(311) analyzer

First trial: ol g
an asymmetric resolution - s
with E dependency proportional to E

Model function
Center Lorentzian 0.4meV FWHM
Excitations DHO 0.8meV FWHM -

T T T
-0 06 404 02 00 02 04

Model resolution 0.2meV FWHM sV

Fig. E-resolution of Ge analyzer

Intensity [nicm =.issc.iu.e\v1
E
“

[ o e e
“Tia

3 T

model S(Q E)

—— model func
=
8
=
o
L:,J 03l model func
© ———-MEM 93]
= c
u 2
]
= 302
E
=
[IT]
, =
0 —-10 0 10



MEM calculation
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04 ; 10’
original function j'] model func, original function 4 model func
I MEM 93] i MEM 9]
! 510} AL
| s Vo
i £ SR .
0.2- ] Q % A I
! B2 / W \“/ \
] =
} ] E1(1
3 [ h
\ |4
| 'Y
AN A \ 10‘3/
B ,,/ p—_ | L. Mo .
0 -10 o 10 -10 [§ 10
E(meV) E(me\)

severe case
center Lorentzian 0.2meV FWHM

exitation DHO 0.4meV FWHM

0

10

______ res. func. conveluled - res. func. convoluted
hare model fune. hare medel func.
0.6¢
- 107"
) M)
O n4f d
B it
i it
= 2
107}
1077




calculated S{Q,E)

MEM S(Q,E)
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0
E(meV)

MEM has no stochastic process

04 ‘ . 10°
—— model function — model function
ar
g
o
0.2t 07
=
3
u
o
[¥]
—_ —d
4] 10 10
. 1 . . .
F —— model func. — model fune.
—— MEM 8 times
0.6 1
)
0.4r g
n1
L =
L
=
0.2+
0 —1
1 1 1 N 1
T 10 10 ~1o : 10

given res. fun. & initial fun. =2 unique solution
We must use a good initial function.



JAEA-Review 2008-036

De-convolution of energy resolution function by asymmetrical res. fun.
Maximum entropy method (PG mirror for DNA) | 6 mirrfor ot om

Model function S
center FWHM 20 eV relative intensity 0.5 F 23 eV
excitation FWHM 100 4 eV relative intensity 0.5
excitation energy £ 500 eV
R 0 IS I
B T T T T energy transfer (me')
model function —— bare fun Energy dependence of
~ comvaluted by | HWHM of the res. fun.
energy resolut. 40 T
:E 4 energy resolut] HWWHM for resalution function
2
z 5
i) 23
<) £
ol =
2 =
=
§n
0 05 EJ 05
e E 1 fi W .
nergy transfar (mel) 10— 3 3 3 3 y

energy transfer (mev)

MEM results for PG mirror
We propose that a experimental data should be used
as a initial function.  easy & convenient for users
Initial fun. = observed data @resolution fun.

4] T T 5 T T
——— fitted fun. ——— fitted fun.
—— initial —— initial
al 1st iterat. | 4l ; 1st iterat. |
2nd 2nd
—_ ard — 3rd
3 4th 3 4th
2 3 | —— 5th | 3 —— S5th
% | Gth LA 6th
i I — 100th ) —— 100th
g g
n w2
1 L
u I , . ‘ . .. ) et u _— ‘ ) B ]
-0.5 0 0.5 -0.1 0 01 0.2
Enargy transfer {maV) Energy transfer (msV)

almost complete reproduction by 100 times iteration of MEM
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MEM results for PG mirror

Logarithmic scale

0 2
Energy transfer (meV)

10
— == fitted fun.
0 — initial
107 1t iterat. 3
2nd
o 3rd
=10 4th
— sth
= -2 Bith
i10 —100th
1072
07t
e ‘ i

1

10

S(Q.E) (arb. u)

——— fitted fun.
— initial
1st iterat.
2nd
ard
4th
—— 5th
Gth
—— 100th

0.1 0 0.1 0.2
Energy transfer (meV)

reproduce well even a tail part with lowest intensity

MEM results for PG mirror

Bare function without convolution of res. fun.

bare function

S(QE)(arb. u)
(5]

——— fitted fun
initial

st iterat.

2nd
3rd
4th

S(Q.E) (arb. u)

-0.5

05

Energy transfer (meY)

——— fitted fun.
—— initial
1st iterat.
2nd
ard
4th
—— B&th
Gth
—— 100th

hare function

-0.1 0 0.1 D.2
Energy transfer (maV)
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MEM results for PG mirror

Bare function without convolution of res. fun.

Logarithmic scale
1

: .
bare function ——— fitted fun

10 T T 10

bare function ——— fitted fun.
— initial initial
10° 1st iterat. | 1st iterat.
2nd 2nd
-~ 3rd = 3rd
z 4th 4th
210 —___ sth = _ —— 5th
6th = ol i 6th
m —— 100th g. ‘ ——— 100th
o =
&10~° 1
1073
\___7_
-1 L ! .
107 ' ‘ 10 0.1 0 01 02
4 Energy transfer (meV)

0 2
Energy transfer (meV)

almost perfect reproduction
by a hundred of iterations in MEM procedure

Summary

The decoupling procedure using MEM 1s effective when
the resolution function has a wide long tail,
characteristic peaks in measured spectrum has

a narrow energy width similar to the resolution.

The resolution function of BS-TOF neutron spectrometer
is a much better than that in IXS.

But when a user desires model independent analysis,
the resolution decoupling by MEM will be a good tool.

MEM can resolve a problem on asymmetrical shape of res. fun in DNA,

& also analytic difficulties on energy-dependent resolutions for
every TOF-inelastic neutron spectrometer in the world.
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2.7 Cost estimation & Schedule & Support Group
Kaoru Shibata (JAEA)

6. Cost estimation & Schedule & Support Group(sub)
! cost estimation
[/ construction schedule, budgets
[/ Construction and Science support group

Schedule

2008.4 2009.4 2010.4 2010.12
May 2008 Proton Beam
1 In |
DNA construction : Commis- | User
Construction G
schedule sioning | program
MW
J-PARC schedule o =
Expected Beam Power at 3 GeV
08 = 1
06 =
04 =
Cost S =T o
0.0 -
~1 OOOM JPY /T JFY2007 A JFY 2008 n JFY2009 JEY2010 JFY2011 JFY2012

Completion of | Completion|
200 MeV Linac | | of T2K

on | Construction  BeamTest  Usage for Experiments

Censiruction  Usage for Experiments

| T2 K Experiment ‘Canstruction Usage for Expeniment

T 9 TR0 T2 1 k22 T3 TR
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DNA Proposal Members

Construction & Research Group Syppon Group
Construction Biology
K. Shibata (JAEA) N. Go (JAEA)

N. Takahashi(JAEA)

T. J. Sato (Univ. of Tokyo)

S. Fujiwara (JAEA)

I. Tsukushi (Chiba Inst. of Tech.)
Y. Kawakita (Kyushu Univ.)

Science
Y. Jochi (Univ. of Tokyo)
H.Nakagawa (JAEA)
M. Nakasako (Keio Univ.)

M. Kataoka (Nara Inst. Sci. Tech., JAEA)

Adviser
M. Arai (JAEA)
T. Kanaya (ICR, Kyoto Univ.)
A. Inaba (Osaka Univ.)
S. Takeda (Hokkaido Univ.)
F.Mezei (HMI, LANL)

N. Niimura (Ibaraki Univ.)

A. Kitao (Univ. of Tokyo)

S. lkura (Tokyo lkashika Univ.)
S. Saruwatari (Kitazato Univ.)
K. Kuwata (Gifu Univ.)

Y. Sugawara (Kitazato Univ.)
K. Maenaka (Kyushu Univ.)

K. Wakabayashi (OsakaUniv.)
H. Urabe (Tokyo KaseiUniv.)
Dieter Middendorf (Univ. of Oxford)
A. Sokolov (Univ. of Akron)

Physics
D.Yamazaki(JAEA)
Y. Takeda (JAEA)
T. Matsumura (Tohoku Univ.)
K. lwasa (Tohoku Univ.)
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2.8 Issues for homework from the International Advisory Committee
International Advisory Committee (Chair: Dan Neumann)

1. Estimate performances of Si analyzer case without choppers.
Nobuaki Takahashi

2. Why are two instruments in series necessary?
Kaoru Shibata

3. What is the real request of sample environment space?

Yukinobu Kawakita

4. Who are the supposed users of DNA?
Kaoru Shibata

5. How much is the expecting flux of the disc chopper instrument of J-PARC AMATERAS?
Taku J. Sato



Kaoru Shibata (JAEA), Nobuaki Takahashi (JAEA), Yukinobu Kawakita

Answers to the homework £ 4
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2.9 Answers to the issues

(Kyushu Univ.), Taku J. Sato (Tokyo Univ.)

A\
W

DNA Construction Team (J-PARC)

shape choppers

Performances of Si case without pulse-

Why we need two instruments, in series?

Real request of sample environment
space.

Users

1. Performances of Si case without pulse-shape choppers

Intensity [cfcmzfsecfu V]

2.0

= = iy -
Lo =] =] )

=
%]

IS

o]
4
—
=

Intensity [o"(:rn2;"sec/pev]

05

n.a

CM PG{002) [WOE: 42min, REF 90%]
noral mode (without pulse-shaping)
Ly45m, L1 Am (L =0 Bm, L, ~061m)
Ake=233eV

01 0.0 01
o [meV)

CIV, 511 11) [MWIDS:1min, REF:106%]
pulse-shaping rande

(counter rotate, slit31moem, $300H, 1300 mm)
LFd5m, L=22m (L =12m L, £1.0m)
ARy =398 eV

[

Simulation conditions

1.0x107 =
CIVL, 51111) [MIOS: Imin, REF:10%]
rormal mods (withowt plseshaping) CM
— gl B L2 (L A 2 L] )
Z U |are= 165 -L1=45m
=
% 05l - time-spatial-focus analyzer unit
E 105 crystals (V21 x H5)
S04
2 - crystals
E 02f PG002 {(mos0.7deg, ref90%)
00 | Ge311 (mos0.5deg, ref60%)
1w -50 0 50 jUN  Si111 (mos0.017deg, ref10%)
A [LeV]
- detector:w16mm
crystal | exp. Intensity | E-range resolution
mode [meV] [neV]
PG002 | normal 1(-0.3~+43 23
Si111 | normal 6x10* [-0.3~+4.3 17
Sit11 | pulse | 1.2x10* +/-0.04 4
shape
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appendix1. Ge311

05
CM, Ge(311) [MOE:30min, REF 60%]
normal mode (without pulse-shaping)
= 0.4 L=45m, L=14m (L_=08m, L _;F0.6m)
Q MR =82 2peV
=
8
= 03
=
2
202
iy
'
g 01
00L J | ‘
-1.0 -0.5 0.0 0.5 1.0
Aw [meV]

2. Why we need two instruments, in series?

Background:
Due to the Scientific demand form users group of biophysics,
originally, DNA spectrometer includes 3 analyzers in one vessel.

beam stop
G002 IGESTT)
SCHICTITGVESSEY]

radial
collimato

A “sample

= .-
converging guide *He detector

-High Cost Scattering Vessel Separate Double Scattering Vessel
~ 380M.JPY < 100M.JPY

Required Specification for DNA
*Wide Energy Range at Around Several 10~100 peV
mmmmlp We need 4 analyzers in two vessel in series.
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2. Why we need two instruments, in series?

The Scientific demand from bio-physist group is to measure very noble bio-
molecules with only small amount around a few mg with various energy
resolution and wide energy and Q ranges.

Especially they have a few of experience of neutron inelastic measurement.
We expect their use of this instrument that, at the first time use, they will check
the sample with very, very few amount of the sample by using PG mirror
because of high intensity.

After that they will make much strategic plan using neutron which includes
preparation of the sample with more volume.

In the next measurement, they will check once the sample by PG analyzer for
checking the sample and focus their interesting region with high resolution of
Sianalyzer. We expect this is a sequence of the measurement for bio-
molecule.

That's why we intended, at first, that we should realize this demand with one
instrument, because we feel this demand is essential for bio-molecule.

According to their demands, we need very intense instrument using PG or Ge

analyzer and Si analyzer with high resolution, and we supply a chance
measuring both simultaneously.

3. Real request of sample environment space.

The diameter of sample flange in Si
scattering vessel:
D =280 mm

Almost all standard sample
environment accessories will be
able to install in DNA

22 =2 =
Example I o _
ILL 1800C furnace [ -
AS Scientific prodpct | Ut 1 By
w [l / ‘
HoE Special devices install _
LA “‘ from the bottom of - =
o J ,ghytt  instrumental vessel.
H# i Example: B
3l =& § laser photo guide tube f { e f"-g =
i T4
500mjn \.' : : | I 'al LI. =
r—.l NI_- — :l_.nl F—_":« \."
e

250mm
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Users in the polymers field: power users are existing in DNA Group, alreacly

T. Kanaya (ICR, Kyoto Univ.)

Adviser in DNA Construction & Research Group
I. Tsukushi (Chiba Inst. of Tech.)

A member of DNA Construction Group

Anther users in the Polymers field will be increase.

Potential biophysics users group is various.

*Workshop for study of dynamics in biopolymer by inelastic neutron
scattering was held on September 08, 2003 in KEK (afternoon)
Participant. 18 members in biophysics field + 4 members in neutron
instrumentation = Total 22 members

<LOIl of DNA

When we made LOI of DNA in 2004, the number of the proposals of
experiment on DNA spectrometer is 13 in biophysics field, 8 in soft matter
and chemistry field and 3 in magnetism field.

appendix2. DNA Proposal Members

Construction & Research Group Syppon Group

Construction Biology
K. Shibata (JAEA} N. G_c_: (JAEA) o
N. Takahashi (JAEA) N. Niimura (IbarakiUniv.)

. A. Kitao (Univ. of Tokyo)
T.J. Sato (Univ.of Tokyo) S. Ikura (Tokyo lkashika Univ.)

S. Fujiwar.a (‘JA_EA) S. Saruwatari (Kitazato Univ.)
l. Tsukushi (Chiba Inst. of Tech.) K. Kuwata (Gifu Univ.)

Y. Kawakita (Kyushu Univ.)

Y. Sugawara (Kitazato Univ.)
K. Maenaka (Kyushu Univ.)

Science K. Wakabayashi(OsakaUniv.)
Y. Jochi(Univ. of Tokyo) H. Urabe (Tokyo KaseiUniv.)
H.Nakagawa (JAEA) Dieter Middendorf (Univ. of Oxford)
M. Nakasako (Keio Univ.) A. Sokolov (Univ. of Akron)

M. Kataoka (Nara Inst. Sci. Tech., JAEA) .
Physics

. D.Yamazaki(JAEA)
Adviser Y. Takeda (JAEA)

M. Arai (JAEA) T. Matsumura (Tohoku Univ.)
T. Kanaya (ICR, Kyoto Univ.) K. lwasa (Tehoku Univ.)

A.Inaba (Osaka Univ.)
S. Takeda (Hokkaido Univ.)
F. Mezei (HMI, LANL)
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5. DNAvs CNDCS

DNA vs CNDCS
(Inverted vs direct geometry)

Taku J Sato
2008/02/28

(DNA IAC meeting at JAEA)

Handwritten argument

CNDCS f DNA f
source 1 1 1 1
guide tube 3em(W)X9em(H) 0.27 10em(W)X10cm(H) 1
cross section
gain by elliptic | 1(?) 1 1(7) 1
guide
chopper slit 3cm -> 2cm 0.67 n/a 1
energy 20ueV 1 20ueV 1
resolution
pulse shaping | 84.7us/216us 0.39 n/a 1
total 0.07 1
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elliptical guides

elliptical guide simulation (CNDCS)
—not much gain at ZmeV (K. Nakajima)

© o
: R=2000m, we=D [3m
¢ HHE Tetn(w) > 2emih))
‘ o WiRa 5 (BRSO, B )
-
ylsioth
i ;
i It
5 |
1 A L
L 1w \ Y
t
a 5 RS straight
Y “~ taper
Lo \ v eliptizal #1
510 = -
i
] 20 40 [ 50 100
Energy (meV)
CNDCS tiwme gt b EL <Ei o gl
Liwm) + + i~ B =~ 2T Mnie
Outector U . _"" LT
Eis B
Comges 25 : : = ~Ed
f b Y
wrT b A 9 1emeT
o
(spper—2— 284 e
e Abey =17 bus
1] -
bl //f = "
7 ; it
1 4
Chopper 1 7 fan f——rt en: o g chene A4 B2
4
of sz >
2 bus Flus)

fi= 45%2us . |
Ad 494 Lus i ;-!r{ = :q"'((‘f'\'/ﬂ 141' f‘?—?if/ac |
Eq 2mél L Eas = 2019wl , Eay o [f 6wl
obas = 0 020 meV
( Coupled o dorator oulee adh b owell
- = o !
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DNA

P&
_DNA = time et for  Ep - (6746 meV (264=F0°)

B sy 65133 4% gs3ndras ey
o N = esdie e
i gt : : &
Et=2. 00—/ | A= 1596w

‘h“\\fw 31‘9 —# A

Somphe —39 :
kb o IS e i “/"_K"::/ SRSRCHEREI, s ——

——
joa 7‘/ ar S—
. 206 e e

o 2Ec otf80) 58:  ~ 0.009me¥ > El: 2004mW

o.f;. E- = 1.§1wmel
el > rEl bl
bl E(RLAL) L i wer
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McStas results

"[Edna2meV.dat" using ($1 -iEfdna):2:3
"|[Edd2meV.dat" using ($1-Efdd):2:3

Width=0.020121meV(FWHM)

Width=0.021406meV(FWHM}
2008/02/28
-0.04 -0.02 0 0.02 0.04

Energy transfer (meV)
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2.10 Advice from the International Advisory Committee
International Advisory Committee (Chair: Dan Neumann)

Advices from the advisory
committee

IAC
Dan Neumann (Chair)

DNA will be a world-leading instrument for the study
of nanosecond dynamics using neutron scattering.

We believe that science is driving demands to ever
better energy-resolution.

It is our opinion that you should try to provide
optimized capabilities that are most complementary
to those of other instruments at J-PARC.

It's important for the facility to have a high resolution
spectrometer with ~4 neV resolution.

We suggest the Si (111) analyzer be given a higher
priority while maintaining the possibility of including
the graphite chamber as a later option. We believe
that this will satisfy user demand in the life sciences.
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Comments on Instrument Functionality

. Choice of coupled moderator is excellent.

Guide design is quite good. Perhaps you can gain a
bit by revisiting the horizontal guide profile.

It may be possible to gain a little space at the sample
for large sample environments such as high-field
magnets and high pressure cells. However care must
be taken to keep any degradation in resolution to
acceptable levels. Provision should be made for
orientation of single crystal samples.

Analyzer design for Si (111) is good. Si (311) provides
a good option to extend the Q-range. The work on the
focusing scheme for the analyzer is quite imaginative
and thorough.

Comments on Instrument Functionality

5.

6.

Choice of 1-d position sensitive detectors is robust
and allows a simplified analyzer design.

We believe that the proposed evacuated scattering
chamber is the best choice.

Data acquisition system is based on a modern
concept offering the desired flexibility and good
performance.

It's good that data analysis is not an after-thought.
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Comments on Cost and Schedule

1. Not enough information was presented for a
reliable cost estimate and funding is not in hand.

2. Schedule seems quite optimistic.

Summary

DNA will be an excellent instrument, building
on the pioneering efforts and distinguished
experience on pulsed-source, inverted
geometry instruments on pulsed sources in
Japan.

Thanks to all for the hospitality, the excellent
presentations, and fruitful discussions.

Good luck with the instrument.



JAEA-Review 2008-036

3. Proceedings of the Workshop on “Biomolecular Dynamics
Backscattering Spectrometers”
3.1. Present Status of J-PARC Neutron Facility
Kazuya Aizawa (J-PARC)

Present Status of J-PARC Neutron Fécilit

J-PARC, JAEA E&8
Kazuya Aizawa

Fo——

. Materials andLife Science Facility
{MLF: neutron+ muon)

; T
Neutrino Facility
— Super KAMIOKANDE
(300km)

g
{ @ .
#2020 J-PARC Construction Schedule
Feb. 27 2006
ltems Year | jry2001| JFY2002 | JFY2003 | JFY2004 | JFY2005 | JFY2006 | JFY2007 | JFY2008 | 2009 ~
i § FW%@Q‘SR: Inst Beam Cdr ning: Dpel’alﬁﬂl'l
5 Building Dekigr| Bating Consinc | it i v
] Linao L i3, Fabrication, Installation
5 i 7 : =
% Building Design|
8 3GeV RCS quipment D
< -
3 50GeV MR | : ipme Beam
% WLF Bumr Building Cofstruction : i
L‘I‘., (Materials & Life) nu?mqm Equipment ing. Fal . Installation
[ . e
E Bulmnglfgn
% Hadron
E Building Desk E U Cm L
I n
3 Neutrino s = : e = 5
» Equipment_Drawing, Fabrication rnstalla.lnn Beam
“ — Draving Fabrication, nsalla ‘ | . :
Infrastructure T el o
Salt Farm Assets
] s
Time when this NOW ‘
Construction scheduls was created Facility
Start Operation
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Materials & Life |8 i I || Bt | . :
.ExpenmentalHalI _ 1 k Neutrino

Target

Hadron
Experimental Hall

/.9 Photo tour of accelerators Status : On beam commissioning

Linac delivers
very stable beams




JAEA-Review 2008-036

Status : Off beam commissioning

«%wTarget station (JSNS)

2%

3&;&

Shutter

® |Inner plug
.

c’ .
LG Beam Line / Instruments Status

[Frao06 Fraoo7 Frao0n |
wafz[3][a 5 & [7 [8 o Jo[a]iz]= 2z 3 [a]s s [[7]z]a]o 11 1z [z
JPARC Tinat acdelat) GeY RUS adcelapion
i danatzor T ot:3] 200% The 1stnputron beam,May 2008
(Liniac,3GeV RCS) W - W —
BLU1 \
(JE{E?E(E Constraction commissioning
4 SEASONS | K. Tohoky | | ‘ | | | | | |
)
BLO3 Ibaraki | | ‘ | | | | | | | |
Bio-Molecule | p,.¢ Constraction commissioning User Op.
Diff. [ A A A S |
R [ T T T 1] |
=t eutron Croxs- . Constracti iy U op.
Hall =ection (anuragz onstraction | Tom||n|s5||on|ng | ser| .
meszsurement
BLOS Grant [T T | |
NOP (HEHK) i Culrlslralcliunl | cmlnmislsiuuilng
BELIZ " [ | |
High Resalution Constraction commissioning User Op.
Bewaer DAY i | TR
ELI4 [ 11 1 | |
AMATERAS Constraction commissioning
{low E chopper) | | | | |
BL1%
BlEL [ (i
N . Constracti issioni User Op.
znd [ E I : ID" ‘ra |Iun i : FDI]IIIIIISI:)IIIIIIQ ; SE[I [1]
wan [ BLIO [T 11 [T 1 1] T T T 11 |
Versa. _Powder Praf Constraction commissioning User Op.
o e
BL21 Grant c : L
Versa. Total onstraction commissioning
o [HEK)
Scatt. Dif. | [ R | [ B |

O Safety patrol for constructions at MLF : two persons twice / day
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Ve | Neutron instruments : Status : Constructing
&9%-omac .
No.1 Experimental Hall

No.1 Exp. hall

BLO1(4SEASONS)
g P BLOS (SHRPD) Guide Hall with base shield

/e Neutron instruments: Status :Constructing
No.2 Experimental Hall

@ J-2ARC

BL20 (iIMATERIA)

No.2 Exp. hall

-

BL14 (AMATERAS) with Fe Shield BL19(TAKUMI)
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‘;?JMRG 4SEASONS (BLO1) B What were done in JFY2007 B

E Fabrication & Instillation of Main Chamber

High-Intensity Chopper Spectrometer
JAEA, KEK, Tohoku Univ. [ 70
BLO1(coupled Hy) " b
Lmod-sample:18m (a3
Lsample-det.:2‘5m
E=5-300meV
AFE/E;=5-

Re-use of clearance iron from deconunissioned
atomic power station to reduce the cost.

E Supported by MEXT, Grant-in-Aid for
Specially Promoted Research (JFY2005-2009)
E Dedicated to Oxide high-T, superconductor : %)(L(irglfeg;;:l:;eél?sve;zﬁz S(I;‘rjlfilft‘ljed
® High Intensity & High Efficiency (MAPSx100) = % b}E)SFK, T & [')isciliopper by KOBELCO
- Multi Fiability Profotype ot WAGIC choppar E Development of Software is continued...
by MAGIC Chopper SR E Development of c:pm Flltel is contmued

¥ Fabrication of Guide Jacket

+ Sophisticated design of beam
transport device

will be Ready in Autumn of 2008

e IBARAKI Biological Crystal Diffractometer (iBIX) (BLO3) — >

O Hydrogen and hydration structure
of biological molecules

than BIX-3 in JRR-3
© Minimum crystal sizeC""): 0.5x0.5x0.5mm3-7 '
© Maximum measurable No. sample'" :100" '
crystals/yr™2
C1Both for macromolecules &% gt
{ J-PARC MLF BLO3 (®] 2)In case of 2mm?3 in volume ;- :
O Structure-based drug design o] e
Development of functional organic materia N
L]

2-Dim.WLSF

Scintillation — I
Detectorunder Specifications |

L

Dev_elopment © Modlerator :CoupledH; 100X 100mm?
OL1&L2 40m, 0.45m
Q© Guicle Tube :1~3Qc
(70X20~15X15mm curved &
Q forcusing)
© Maximum celldimension :135A
| ey Minimum d-spacings :<1.2A (Macromolecules)
T}1e Latest Setting — <0.7A(Organic compounds)
i i i Guide Tube Jackets . s A
L?nglljc.)hogl%aéfhlelds on Adjustable Motore k0 Range of\:’\.fa:fellengtll'u . .IIJ.T 3.85:6\ / JJ
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L . .
“?J-MRG NNRI ( BL04I B What were done in JFY2007 B

Neutron-Nucleus Reaction Instrument B Construction almost completed
Hokkaido Unv., JAEA, Tokyo Int. of Tec.
BLO4 (coupled H,)

B Neutron capture cross
section measurement minor actinides & long
lived fission products

NOBORU (BL10)

Neutron Beam-line for Observation and E Ready to welcome the first neutron pulse
Research Use onDay-1
]AEA Hatch 1mx 1m Beam Stop

BL]_O (decoupled HZ) o Bandwidth Chopper

E JSNS Design Validation
E Test Port

Entrance & Corridor

BL10

LJ R .
L% e SHRPD (BLOS B What were done in JFY2007 B

High Resolution Powder Diffractometer anneht ng dgdicated to SHRPD

KEK

BLO8 (decoupled H; (poisoned))

Highest resolution Ad/d :3 x 10

Total flight path: 100 m

Two banks: BS (150" =20 = 1707)
and WA (10" = 26= 1007)

drange: 03 < d(A) =60

F Schedule

2007 Dec - : Ground settlement has been continuously measured

2008 Apr: 80 m supermirror guide tube will be aligned in both main & annex buildings

2008 May: Commissioning using a previous vacuum tank of the Sirius diffractometer

2008 Dec: Test experiments will start with the Sirius tank

2009 Aug;: Install the SHRPD chamber and commissioning will start

High Intensity Total Diffractometer (BL21) M What were done in JFY2007

High Intensity Total Diffractometer ¥ Contraction on Fabrication of major

NEDO, KEK : Components
E Shieldings is partly installed (March 2008)

BL21 (decoupled H,)
Highest resolution E Schedule

AQ/Q-3 x 102 2008 May: Biological shields will be constructed
Qrange 2008 Nowv: Vacuum tank will be installed

2008 Dec: Commissioning will be started

0.01 < Q(A1) < 100
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%
40% 217c AMATERAS (BL14) L F
_ Pl B Contraction on Fabrication of major
Cold-Neutron Disk-Chopper Spectrometer Components have been made in TEY2006.
P
JAEA Scattering Chamber, Shielding, Choppers, Neutron

Guide, Detectors (266tubes), Utility, Cryostat...
B Detail Design of Scatt. Chamber was finished

BL14{coupled H,)
JT—'moci-s;ample:30111
Lsample-det.:él'ln
E.=1meV-80eV
AE/E;~1%(tunable)
P

\ B Detail Design of Shielding was finished.
B 3-years construction, JAEA (JEY2006-JFY2008) Fabrication & Instillation has been started -May 2008

E Fine and Tunable Resolution by Disk Choppers s B R e A o

E High-Intensity & High-Resolution at Cold .
Neutron Region
E Inelastic and Quasi-elastic measurements on

Single Crystals, Glasses, Liquid, Polymer & etc.

F First User Meeting
December 20-21, 2008

E Detail Design of other comts are
progressing....

will be Ready by the end of 2008

o8 TAKUMI (BL19) B What were done in JFY2007 B

Engineering Materials Diffractometer E Beamine’a.nd main shilds were almost installed
JAEA
BL19 (decoupled Hy(poisoned))

Tdim detector
1

B2 X 2% 2mum?, 30mm path in Fe: ~~3 min } N
Estress resolution: ~ & 15MPa (Steel) | ;

Elowest gauge: 1 mm3

\West annex building
dedicated to TAKUMI

2nd Exp hall

E Schedule

2008 April: main parts will be installed

2008 Aug: all parts will be completed

2008 Sep: Commissioning using prototype
software

completed in Nov. 2007 2008 Dec: Test experiments will start
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j
{ Q iMATERIA B2 (. *
- IBARAKI Materials Design Diffractometer - T e

QFT 8 e

» Versatile powder diffractometer
The Ibaraki Prefecture; the local
government for J-PARC site decided to
build dif fractemeters to promote a
industrial application for neutron o ‘
beamin J-PARC I °"'$

Contact: Toru Ishigaki (Ibaraki Univ.)

AR
e r:> Sample exchange robots

20,000 samples/yeal One button analysis

Instrumentbeamline
{guide & chopper)
are already installed

/*&' ...
@720 Comm|SS|0n|ng schedule [ J-PARC Commissioning Task Team ]

Instrument
Development Teams

[ MLF Commissioning Task Team ]

Neutron Science Section Commissioning Task Team ‘

DAQ Task Team

SE Task Team
Chopper Task Team

“007Nov. Dec. *""Jan. Feb. Mar. Apr. May Jun Jul. Aug. Sep. Oct. No. Dec. <% Jan.

Study on Commissioning Procedure Day-1 MLF User ProgramStart
mees l (Trial} |

Survey available resources
EEENR

Studyon Timing Signal

Off-Beam Gom. for Day—1 Inst.

On—-BeamGom. forDay—1 Inst.

OffF—Beam Com. for Day—2 Inst.

On—BeamCom. for Day—2 Inst.
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“im MLF software framework :
integration of software components

Working desktop o
Common User Interface

DAQ script Experimental control
Analysis script il | i
DAQ electronics DAQ electronics
p T drivers

Device control

On beam test at JRR3
. (eventmods)

Device

Data analysis
2 M i
Instruments specific Lib.
‘Powder Diff.  Single Xtal
‘Chopper
Res. Stress. st
— Developed by each
T instrumentgroup

+ Commissioning will start from April 2008

Network
Storage

— 101 —
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3.2. Inelastic Instrument Suite in MLF, J-PARC
Kenji Nakajima (JAEA)

ks
{ & . . .
v#em7 Tnelastic Instrument Suite in
MLF, J-PARC

Neutron S‘e
ﬁ’% ? T'F Divisi
B JPARC Centef

TOHOKU

UNIVERSITY

L Y

/%2 Inelastic Instrument Suite in MLE, J-PARC

No
Image

NOP (KEK)

4SEASONS
(JAEA, KEK, Tohoku U.)

VINS
(U. Tokyo)

Total Seatt. Diff. (NEDOQ, KEK)

Hi-SANS (JAEA)

Reflectometer (KEK)

_* ¥
FTUTAKUMI (JAEA)

VIN_ROSE (Kyoto U.). iMATERIA (Ibaraki Pref.)

— 102 —
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/% Inelastic Instrument Suite in MLF, J-PARC

U IR

E [nelastic Spectrometers @ MLF
6 Inelastic Spectrometers @ [-PARC * &

E 4SEASONS(Hi-Intensity Chopper Spectrometer) »?\ \
JAEA, KEK, Tohoku U. o~
Ready in Autumn of 2008

E AMATERAS (Disk-Chopper Spectrometer) RC
JAEA G
Ready in the End of 2008

E HRC (Hi-Resolution Chopper Spectrometer
KEK
Under Construction

E VIN_ROSE (Resonance SE Suite)
Kyoto UL
Under Development

E VINS (Versatile Inelastic Neutron Spectrometer)

U. of Tokyo (ISSP) V2
planned

AMATERA
R T

E DNA (Inverted Geometry Spectrometer)
JAEA
Ready in 2010

‘;gpﬂﬂzlnelastic Spectrometer Suites in M4 ]-IiARC

[T

P— =
4SEASONS Studying Function; Dynmnjcs
E; = 5-300 me
AEIE, = 6% fe S

: MAPS e~

\
M.Nakamura Cove% E,= 1-2000 meV
AEIE = 1-3%
Q-wrange MAPS x3

L 10-10°meV L
102-102(A)

VINS
E,= 1-1000 meV T-J-Satoh
AEIE, = 3-5%

MAPS x10

AMATERAS |
E=1-80meV |
AEIE = 1-3% |

1

A— 2/ K.Shibata N.Takahashi
100DNA

M Hino

0.001 0.01 01 .
~ Spin Echo (VIN_.ROSE)  Momentum Tral 2ueV < 4E<35 n;|eV
10pev< JAE <1 _ueV AE/Ef =0.15-0.75%
1<t<170(ns) IRIS x2400
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Coupled Moderator & RRM

E To Enhance the Measuring Efficiency

Coupled Moderator + Multi-Incident Energy (E;) Measurements
AMATERAS, 45EASONS, DNA

E Coupled Moderator + Pulse Shaping Chopper (AMATERAS, DNA)

I e AL o g
et TPARC Cougled(IMW)Forl
. COUPIE'd N I v v L
u o gitee | o TPARC Decoupled/Foisouedy W) Fortls)
= * 4 e | o JPARC Decoupled(Foisoned){ MW)(Forts) ELil
2 IDm L - -:#?m Ay m . + *e
=g v » K
2 S decoupled Cowieg Wod. 8 : o
H:@ . ;;o &' POlSOl"led '.f’mnary Chopper '.' Secondary Chopper
B S
K
a2 Ea
& & \l
e} o
5
T /"ﬂ‘\
1
E: //J'__‘u\
@
Vartual Source
12 Ideal Sh:
107 & L L : . ! . High Intensit =
ooool oool 0.0t 01 1 10 100 1000
Energy (6V)
‘b
v Coupled Moderator & RRM
U/ Y

E To Enhance the Measuring Efficiency

Coupled Moderator + Multi-Incident Energy (E;) Measurements
AMATERAS, 4SEASONS, DNA

E Multi-E; Measurements (AMATERAS, 4SEASONS, DNA)
E High-Energy Mode (AMATERAS, 4SEASONS)

L 4SEASONS, f=300Hz
- Utilizing Multi-£; Beam Established from the oo g 58 NEW Fermi chopper
Monochromating Chopper e
. . . . gmw
- Cavers Relatively Higher Energy Region with 7 B ow
Moderate Resolution [ S NEWEemier H
/" FastDiskChopper| © 1
*Without Pulse-Shaping Chopper on AMATERAS / s " ? N
*Using New Fermi-chopper for 4SEASONS .;f/,- -~ . |
Time o M:r:nntum Tr;nsm (A“)n
E High-Resolution Mode (AMATERAS) fi==350Hz; Tem-slit
& = Lowlag=14
* Coherent Operation of Both Pulse Shaping Chopper | paeer | 1 :

& Monochromating Chopper
(Lmod-chl :Lmod-chil:l 4 on AJAB-[.—\TER:‘XS)

Fast.Disk

* Covers Lower Energy Region with Fine Resolution Fooppus

*Dynamic Range 15 Narrow

Sample

— 104 —
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[ ¥
"_.;—'Fﬂﬂc

Coupled Moderator & RRM

B Multi-E; Measurements & MAGIC Chopper on 45EASONS
* Fermi-chopper for Multi-E;

Measurements must be Y J,\ ,‘A,\ J\ﬂf\ J\nf

Det.

optimized for - |
) - ple Prototype of MAGIC chopper
lar 2e band width. oh / / / Produced by Th Krist of Neutron Optics Berlin
opper { }

Supermirror(3Qc)

1frame —
short A Tirme 1
Supermirror Coated Slit Package

Effective At Increase with A

1 T =
H — WLACGHC chopper E
g A s Coventional chopper|
4
g f=300Hz
5 60e
£ 0F wiD=1100
& ! ] - ~
T e T TP Total width 30mm

il

4SEASONS M Current Status H

E Fabrication & Instillation of Main Chamber

&

High-Intensity Chopper Spectrometer
JAEA, KEK, Tohoku Univ. [ 7.
BL#01(coupled Hy) 4 0 P
Lood carmple=18m O -
Lsamplefdet.zz‘Snl

E =5-300meV
AE/E;=5-6%

Re-use of clearance iron from deconumissioned

E Supported b}’ MEXT, Grant-in-Aid for = atomdc power station to reduce the cost.

Specially Promoted Research (JFY2003-2009) ¥ 200 detector tubes have been ordered
B Dedicated to Oxide high-T, superconductor E Deve?lopment of Choppers is continued...
® High Intensity & High Efficiency (MAPSx100) ~_ FermiPySFK,T; & Disc-chopper by KOBELCO

E Development of Software is continued...

* Multi-E ability o M;GIC Ic-h‘-’z“ E Development of Spin Filter is continued...
by MAGIC Chopper ’
+ Sophisticated design of beam

transport device
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AMATERAS

E Contraction on Fabrication of major
Components have been made in JFY20006.

Cold-Neutron Disk-Chopper Spectrometer

]AEA Scattering Chamber, Shielding, Cheoppers, Neutron Guide,
BL14(coupled HQ) Dietectors (266tubes), Utility, Cryostat...
Lmod_sample:30m E I_)etail_];)esigr_} of Scatt. Chambey was finished

‘T—'san'nple-clet.:LllTl
E =1lmeV-80eV
AE/E;~1%(tunable

) b

\ E Detail Design of Shielding was finished.

B 3-years construction, JAEA (JFY2006-JFY2008) Fabrication & Instil}ation hasbeen started ~May 2008

B Fine and Tunable Resolution by Disk Choppers Aol - -

B High-Intensity & High-Resolution

at Cold-Neutron Region

B Inelastic and Quasi-elastic measurements on

Single Crystals, Glasses, Liquid, Polymer & etc.

F First User Meeting
December 20-21,2008

E Detail Design of other Com ents are
progressing....

will be Ready by the end of 2008

HRC M Current Status H

High-Resolution Chopper Spectrometer & Construction is going slowly but steadily.

KEK #Insertion Devices (front end beam transport)
BL#12(decoupled H;) »Partof Shieldings
Loy .=15m ¥ Development of Fermi Choppers.
mod-sample =
Lsample—det.zélzn.l
E=lmeV-2eV
AE/E~1%
VIN ROSE
- : _ 1
Neutron Spin Echo (MIEZE&NRSE) _ .................................................

Kyoto Unv,, JAEA
BL:not yet assigned

. . , . Hi-Intensity Chopper
Covering wide dynamic range combining Trics
three types of neutron spin echo technique Univ. of TOkyO (ISSP)

) BLZ#23(decoupled Hy)
Under Development -
Bersder 40, 1.0 nm Tail cutter & Potarizer + PY2 fipper S35 240 mpm Lmod-sample_]- l ‘Snl
Incidect angle: 395 deg @, t L :2 R]’I'[

sample-det,

E=lmeV~1eV
AE/E~5%

Planned
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DNA

Indirect-geometry Spectrometer
JAEA

BLZ02(decoupled H,)
Lined-sampte=39 & 43m

4 analyzers:

PG(002), Ge(311), 5i(111), Si(311)
2 micro-eV < AE < 35 meV

‘¥ 4 Chopper Spectrometers at MLF, [-PARC

) Y

2007 2008 2009 2010
First Beam at MLF
n '05.05 '],' 1SEASONS Qe
NN At 06 S
él:SEASONS . - . fin Auhunn ‘05 /v
PR Installation

Lo
Comumyssioning
i

i
TNIATERAS s ! Al e ready
waimg e ndof 03
- |
i Commissioning i
i
;
i
HRC Detail Desig
Installation
A = DNA
DNA Detail Desigp will be ready
m'10
Commissioning h
UserProgram -
VIN _ROSE

~ VINS B Dctail Desie:

i
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= .. @ ‘;?pﬂga AN @

TOHOKU

----------

Masahiro Hit OIURRI, Kyoto Univ.)
VINS
/ Taku]. Satoh (ISSP, Univ. of Tokyo)
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3.3. Required Spectrometer Specification from Biomolecular Dynamics
Studies
Hiroshi Nakagawa (JAEA)

Required Spectrometer Specification
trom Biomolecular Dynamics Studies

Hiroshi Nakagawa (JAEA)

Biomolecule in the cell

cell

Each protein has
biological function.

Enzyme protein

Structural protein \
7

WAy« l o

- Ul LL")\':I“, "é e

SHER WA K

(by molecular physiclogy of water)
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Enzyme function ~Lysozyme~

( chemical reaction in the cell )
f o Enzyme catalvzes the reaction. \
HO;GX;\;';A/O‘*N:‘M.OE

NHA¢

H,0

RO-NAG,_ HO

OH
PR (et Ho,
\
NHAC RO RO
RO : - HHAS 090
MHAC O _\(,* ) P ——— NHAC
o «—
|

080 Z \Z

A3p g

binding W= release

Biological function accompany
structural change of biomolecule.

nm
10!
_— lifetim e of reaction
::: interm ediate
E (enzym &)
R
3
= 100
=
=
e
= : .
=] protein and hydration water
- ” 1‘——-—____
10 1 .

< Integrral motion
—l target sci?nce by nel[ltl‘on

10-15 10-12 10-° 10-6
time (sccond)

(Nagayamal985)
1
106s
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Incoherent neutron scattering

scattering cross section of neutron

Neutrons " X-rays

H atoms are distributed over protein
(HP in KEK)

« hydrogen atom

Observation of hydration water by 1sotope labeling

i -28m 2
Cross section (10-2®m?2) H,O hydration
Hatom (@) 80.2
Datom (O) 2.0

D,0O hydration

Neutron spectrum

i Water visible Water invisible
Proteint+water
(H;0 hydration)
o 10f . .
£ . Protein Selectively observation of
5 “&Tm) protein and hydration water
-~ 100 M dynamics by isotope labeling
Nl ]
water
100 I L
-0.5 0 0.5

cnergy [meVl  (LTAS@IRR-3)
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Quasielastic scattering of hydration water

2000 : : , Dynamics of hydration
- hydration water water is restricted.
. bulklwater
——resolution
1500 - l next step
> T=300K
- ) .
= AE~100peV Slow dynamics
e 1000 :
2 [ 7
< AE~1peV
500 / Q-dependence of QNS
Symmetrical spectrum is
0 . i
05 0 0.5 1 important tor the data analysis.
energy [meV]
(LTAS@JRR-3)
Sample amount and data statistics
Stapliylococcal nuclease 710mg (LAM-40)
1000 . ' . . ; —
' = ' mtensity 1/10 X IN6@ILL
— I (1) 2 &
:%ggiég!sﬁ) h) suiEwD . "” s
800 -1 é e a
7wwsm\;c: V—-A)‘— o .; -
EBU BeFILTER ﬁ . ?
o %
E EVAGUATED SPECTROMETER cmunt S
8 400 % ™ e counten ""‘"‘-“171174’77
I3 Fig. 7. The conventionsl resohstion quasiclastic w--—-—w;una‘nx
200
) 150 700 750 300
channel

LAM-40 gave us the high quality spectium of protein
But, large amount of sample and
long experimental time was required.

—a kind of experimental sample 13 limited.
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Hierarchy in protein-water dynamics

Time scale and temperature dependence
of protein dynamics

1.2 . . . . . :
el Wa
—o—GP~TASEImeV) pedng 10755 Protein e
1 L[ ——LAH-40(200 » eV) /]
eI T Y
— He RTEE Bond angle bending {brational mode
=i i) / O S S oS
o / Translational mode
S ; ~~40 P 9 nfe 1 t Diffusion,
pe 0.6 F g 1079 + Conformational transition,
=) ~40ps Sidechain rotation /
YoDd4t g / W Th e 4
bal .
0

time (sec)

07 50 100 150 200 250 300 350

Dynamics of protein and water
Temperature [K] Ea P ‘ )

(Kita0 1993)
sample: hydrated protein

Variable energy resolution experiment iz important!

High-resolution experiment is essential!

Hydration-coupled slow dynamics of protemn

Hydration water

Hydration-coupled slow dynamics

(~ns)

Quasi elastic scattering experiment with hish resolution is required.
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Protein low-energy dynamics (Boson peak)

0.0035

0.0030+

]

0.0025H
0.0020}

0.0015}|

5(Qw) (barns/molecule/cm
=
2
1=

b=
§
T

LAM-40

'

lysozyme

0.0000

4 8

o (meV)

12

M Eatackaet.al(19%9)

Collective motion

“Coherent” inelastic scattering in the wide q range is essential.

Sample environment

 Under high pressure
« Activation dynamics by light, laser..,

Intermediate scattering function by MD

= . :
0.8}
M~
0.8l SN
S
= I
S 0.7F T
= SN
0.6} \\
0610 \
0.4 +
0.1 1 10 100
time [ps]

OFF ON
% f Yo

Signal transduction

Biological molecules response the stimulations.

The response i1s related to the biological function.
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Required specification

High resolution and wide q range (analvsis of QNS)
+ Slow dynamics
« Geometry of dynamics

« Symunetrical spectrum

Variable energy resolution

+ Hierarchy of protein-water dynamics

Small amount sample and neutron focusing

« Expansionof species of target sample

Sample environment

« Functional dynamics by various stunulation
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3.4. The Backscattering Spectrometer HFBS at NIST
Dan Neumann (NIST)

Backscattering at NIST

Dan Neumann
NIST Center for Neutron Research

dan@nist.gov www.ncnr.nist.gov

NIST

Instrument Layout at the NCNR

Velocity Selector BOCkSCOTTe"'ing
Be & Bi Filters SpecTromeTer

NIST
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Analyzer covers 20% of 4n sr
(12 m2)

NIST
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Analyzer array
Beam shutter

\ Vacuum chamber

Debye-Scherrer rings

Transmitted beam
monitor { TBM)

PST chopper

" Sample position

Detectors

Monochromator

Incident beam
monitor {IBIM)

Monochromator drive system
{Doppler) ‘\'

Feample = 3x10° n/cm?/s I, =2x10%n/s NIST

Beam stop

After Converging Guide

B Angular Distributions
f after Converging Guide
350
+1.4° 300 - Horizontal
250 £
- > Horizontal
- 200
=4
-1.4° Z 500
100
50 [
0
o
+2.2 300 [ Vertical
250 |
- = Vertical = w0k
Z 150 +
100 £
o
-2.2 50
0 L . ’ L L
< 2.8 cm > 0 (degrees)
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Phase Space Transform

Ok =Nk O .

¢ Ve % R
B el T
%
\ /
N \\\ s
N O Y S
\ Q /
/<\9
A/ G
? a
Schelton & Alefeld NIST

Phase Space Transform

gf% o _ \’__ N
L N K 4‘ SN
AN A H [;
N pive . _ min(d,2AKk")
\\n \\\ - gain K
RN I SRV
N s
P AL LA |
'] { ~
P\ o g,
! |J’- ~e 1 I 2y
< 0, A
d 1
r
-~ _{ I
NIST
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Phase Space Transform

- § —
analytical result P -:‘m/d”rm
galn = min(d,2Ak) 5L Pt ]
nk . Pl
'g : -. 10 degrees
2 10 P& -
= i=="7"" "\ 5 degrees
< ] )
o "' 5 |“$
/ § v 3 degrees
5 /;——f'-_:?£?=1degree i
A o e =
e f
0 | | 1 | | | |
0 100 200 300 400 500 600 700 800
Crystal Speed (m/s)
Phase Space Transform
5
4 -
= *
© o®
< 3
= **
Y
5 2
[«7] o
o o*
1 i®"
oo'....
-200 -100 0 100 200

NIST

Crystal velocity (m/s)
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Phase Space Transform

Layout of Cassettes

Disk has diameter of 1
m and rotates at 4780
rpm
® = B00 rad/sec
vz=rm =250 m/s
azrm?2=125km/s?

Before building the PST, we
tested to twice this acceleration
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Shaft is AISI 4140, harden 38-42 Rockwell C

feed-throughs
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!
cam follower cam

counterweight

monochromator

2
A
77

NIST

Velocity Profile

Tio (ueV)

1 1 1 1 I 1 1 1 1 I 1 1 1 1 J 1 1 1 1 I

0 0.05 0.10 0.15 0.20
NIST

Time (s)
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Doppler Drive
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Assembly for
detectors 4to 16

- iy
\ e,
)
|

PST h
ousing \ 1

Amplifiers

PST housing

<

detectors

4
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Monitor Rate

Intensity (a.u.)

N

—

[ e 4730 rpm o

— o 1577 rpm N X

L ]

B L]

I .

[

: o s

[ Jl AP A SRR
-50 -25 0 25 50

Energy (ueV)
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Data Binned vs. PST Chopper

\]
I

—
I

Intensity (a.u.)

0 10
Time (ms)

Vanadium Scan

NIST

Intensity (counts)

104k

103;

102¢

ot 06A1<Q<16A
100 Dynamic range *+ 30 peV
E ! 1 { 1 1 1 1 1 1 I 1 | L =
-5.0 -2.5 0 2.5 5.0

E (ueV)
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Energy Resolution

E(uev)
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Backscattering Spectrometer

5% 2006 & 2007
13%

2% B Magnetism

B Materials Science
O Small Molecules

20/ O Polymers
o B Complex Fluids
32% @ Biology
21%
Year Reliability
2006 95%
2007 94% NISI-
E 1 Our last 10 “Calls for Proposals”
E v Ave. Proposals : 17
5 Ave. Qversubscription: 1.6
. Days per approved prop : 5% (2007)

13 14 15 18 17 18 19 20 21 22
Call number

13 14 15 16 17 18 18 20 21 22
Call number
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Publications

sum of 2005 through 2007 = 49
16 publications / year

Nature, Science, PNAS,PRL, JACS

actually there were none in Nature or Science

JIF<2

S.-H. Chen, F. Mallamace, C.-Y. Mou,
M. Broccio, C. Corsaro, A. Faraone,
and L. Liu, PNAS,103, 12974 (2006).
Recipient of the 2006 Cozzarelli
Prize in the category of "Engineering
and Applied Sciences”

JIF > 2 (other than the journals above)

NIST

Summary

Our Backscattering Spectrometer has been successful
Publish 16 papers per year

Most of the information in this presentation is available on the

instrumentwebsite:
http://www.ncnr.nist.gov/instruments/hfbs/

or in the instrument papers:

The High Flux Backscattering Spectrometer at the NIST Center for Neutron
Research, A. Meyer, R.M. Dimeo, P.M. Gehring, and D.A. Neumann, Rev. Sci.
Instrum. 74, 2759 (2003).
and
Backscattering Spectroscopy at the NIST Center for Neutron Research, P.M.
Gehring and D.A. Neumann, Physica B 241, 64 (1998).

NIST
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1.0
Simulation
0.5 =
(@ 0Omis
o : o
1o} 6 ",“-*il\o
7 20° R
7 = . o 5
Zosf (‘3 f:,g i"*x:;“ - .
4 / * FED *
g gf ,’F 0 Gt
n M. 250 mie :.é ;”// 3° _.o° = :3§
2| s v
1.0 2 & N,,g:,u’
_;:,S’I,EI j:)lr., s "
[ ?._-) .m--E- " )
0 L L L | L L | L L | L
0 200 400 600
b 3 o Crystal Speed (m/s) e
Backscattering Spectrometer
0
17% 9% 540 2003 & 2004
B Magnetism
0% . :
B Materials Science
O Small Molecules
20% O Polymers
B Complex Fluids
E Biology
43%
Year # of Users  # of Publications  Reliability
2002 50 8 (1) 96%
2003 60 6 87 %
2004 74 13* (2) 96%

NIST

* incl. in press
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3.5. The New Spectrometer MARS at PSI
Philip Tregenna-Piggott (PSI)

Laboratorium fur Neutronenstreuung @-—-O

ETH By
Eidgenosssische Technische Hochschule Zurich

i?—l::[} Paul Scherrer Institut Warenlingen & Villigen 4 /9

~

i,

=
s

~ Introducing MARS -
MICA Analyser High Resolution
Inverted Time-of-Flight Spectrometer

Philip L.W. Tregenna-Piggott

" The Paul Scherrer Institut
Villigen, Switzerland

MARS: MICA Anlyser High Resolution (S,
T--Igverted Time—é_ﬁf—FlighT Spectrometfer’ st

- L]

L]

" outline of Tatk

The Purpose of MARS
Characteristics of MARS
User Software
First Results ;
Further Devlopments-

" Ny R

%5,

o H F o
b e i LN AN - e —
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MARS: MICA Arlyser Hj.gh'R’esoluTion o LS
o _Vef"fedk-léime—‘f-Fllng'SpecTr'ogng:rer oo

-

i % B
e R 5 - & p—
: - M -
O ‘:"“Q_ "’“ P
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- T e 5 /&W | \\\_ o
g - r = w B -
- + @ e~ ~
W g
. K]Mn{CN)& fitted 1o 3 Gaussians
FOCUS Bpectrurm
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06001 4 F=90K
J .%hhn B
00000 S
= 0.0003 §
- =
5 00002
; 0.00014 T=40K
0.0000 b e
0.0006 - i
= 0.0002
oz TSk f | | T | |
-0.5 0o 0.5 1.0 1.5 20
00000 T T T T u)
708 8 w1 12 Energy/ meV
- energy transfer / meV l —_—
& R Y pa _—

- ~ “Needto Fo‘a{in on spgcﬁ'al re_qion’oﬁn’reresf and obti

High r'esol.lj?imﬁwﬁ;ﬁ%ﬁh@k@mgsjfy, .and wide ran
L= y
~ e MARS: MICA Analyser High Resolution (S
~.Inverted Ti e—‘f-Fllg.kT Spectrometfer’ ep=sz
T %L‘-q, _, o Y *Wﬂ
Secondary Instrument
________ I~
fastchopper
PrimaryfInstrument
= time

- Fig. 1: Principle of an inverted TOF instrument shown in a distance-time
- (d-t) diagram (left) and the actual design (right).

T 2 T T e
After Allefispach “MARS — A Concept Study

—uy
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MARS %A A'rlllyser' HJgh‘Resquﬂon _
verted Time-8f-F Spectromefer’ g
,gkf s ~5

Tns't ?&’a’ﬂ“ﬂe‘ée{utlen

MARS: MICA Arlllyse.r' HJ,gﬁ'Resolu‘rlon A%
verted Time-#f- Flgk'r Specfromg@r* P
T :

..‘;\

w-"- t’ ”ﬁl’@p%l’tles-u
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; MARS MICA Amlyser HJ,gh'ResoluTlon N &5
verted Tlme—‘f FLQJﬁT Spec‘rr'omg.‘rer o

‘.'
-

(———— at‘resolutlon

. Re%lutlon of/Sé}:or{dafry Instrurn'e-ni ~ctg6’ o0
N / ' \

detector

%‘ngaaﬂc&\.of Ei?CkSCGHermg A?]gles ., \ki
& _ MARS MICA Armlyser HJgh'Resolu‘rlon “ @

ver‘red\'l'lme—‘f Fl’gh"r SpecTromg,Ter e

UquéE‘ea&LEFes eHVIARS

IVI‘oveabIe Arralyser 'Banks iy &
' \
o
2 st
2 f
0 6‘0 I 7‘0 ’ SIU I 20
o)

Fig. 25: Relative intensity as a function of "backscattering” angle ©
{normed to 90%)

<. ~Adjust Scaﬁermg, Anglé to Ma‘l:ch/Secondar'y
*d ~ Reso LULOH.TQ t-of the Primary
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-

MARS: MICA Anlyser H)gh"lsesolufion i &

)

2 o ver"red“l?ime-‘f-FngkT'SpecTr'omg;rer T
e e - - s

"b "-’V_ ] s ".‘9“’&
P ey e _““::.,'{‘__._‘M,
g Wl T —
E - MARS is unique in

" “offering neV resolution

> deep in the inelastic
= regime.
| =
=]
5 P
_8 High-Resolution at the Elastic Line
&\ - |and Deep within the Inelastic Regime
; Energy Transfer / meV Resolution / pey’
I
= D
[T}
1
‘ &
T L T .
B P
< 4 L6 8/ S\‘Q
g’nq;gy Transfer / meV = R
7, ity > - i e
- o \ ﬁ Ay
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o o

4 MARS CA Amlyse.r' I-ugh'ResduTlon,_ /
~w_Taverted Time-#f- F‘gk‘r Spectrometer

~-—--~Whym"¥4.,g&*§cn’5@?-
idinglastis.Qverlap

 Length of
Secondary
Instrument

Sample v

N

Fig. 3: d-t diagram of the secondary flight path. A pure 002 pulse can be %

delected when the detector does not intersect the hatched area. o

g D ! , o - : -
o ;
Aﬂ__erzmm_s_ga . (ﬁncept Study A

MARS ICA Amlyser' HJ.gﬁ’Resoluﬂon _
verte me 'f Fﬂkf Specfromyér* .
—_—

o d-t diagram of two successive neutron pulses (004 and 006 not
shown). A higher frequency would result in frame overlap while a
lower fnequency would waste neutrons.

‘
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o R, s N o
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B e

¥
P %N >¥ :

e ™ !
B II H
I M S né

¥ %

b »
< P,
MARS High Resolution
Diffractogram

-
L

“—~

i

- :
—FOCTs

= NARS 006

i AL I

— MARS 002

A ] it
© d-spacing [ A ‘

n neufron-dif"ucfion Ineldstic neutro ¢ \.\

patteérnof Na.Ca.AlFy, - [(CfRID);1V(OD,): 1[50, QIR
collected af 295K 1, son the direct geometry TO

# - I FOCUS, and thesindirect ge

: ~ instrument, MARS (analyser 1

- indicated) at the PST

B —

— 141 —



JAEA-Review 2008-036

3.6. Backscattering and Related Capacity at the ILL

Hannu Mutka (ILL)
@gﬁ Backscattering and related capaci
FOR SOENCE T e NN SR

H. Mutka - personal overview

T-0-F HR Group

* IN4 -thermal cryst. mc
* BRISP th. cryst. mc

* INS - cold chopper

* ING - cold cryst. mc.
*IN10 - BS

*IN13 (CRG)- BS
*IN16 -BS

*IN11 -NSE

* IN15 -NSE

Feh 27 2008, Tokai DNA meeting INSTITUT MAX VON LAUE

Resolutlon _IE =1 peV
Q-range 0.02... 1.9 A"

[ 7
Collimator Ja"@'{_ X
I}elenor

A TN TR \ (
Somple Behlm -0
Neutron guide Focusing guide ii‘ First deflector

J’?gi

—== 7

Woving Menochromator
Beom stop

INSTITUT MAX VON LAUE

TAS Group

*IN1BeF - hot

- PAUL LANGEVIN

IN16(B Frlck L. van E_|14£w~ %‘ i

pro’s

- SIN

- diffraction detector

- upgraded Doppler drive

con's
-limited dynamic range

- very high demand/overload

- PAUL LANGEVIN
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— IN10 (T. Seydel L van Ellg%mm

Resolution AE =1 peV

-offset option

INSTITUT MAX VON LAUE - PAUL LANGEVIN

NEUTRONS
FOR SCIENCE “‘ e e

Al \N13(F. Natali, J. Peters) _

Resolution AE = 10 peV
Q-range -> 4.9 A"

Swtes |levivagude [Grophie e Noowdsoastr s

PR —— ) 2 life sciences driven CRG
= = = (Italian - French)

broad Q-range

INSTITUT MAX VON LAUE - PAUL LANGEVIN
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MNEUTRONS
FOR SCIENCE

/(4 IN5 (J. Ollivier. H. Mutk e

Resolution AE : £ 10 peV ...= 0.5 meV
Incident energy : from below 0.5 meV up to 25 meV (continuous)

pro’s

- SIN

- flexibility, resolution lineshape
- upgrade underway

con’s
-limited Q-range with high
resolution (direct geometry)

INSTITUT MAX VON LAUE - PAUL LANGEVIN

MNEUTRONS

Al N6 (v

FOR SENCE e
Resolution AE : 40 peV...0.2 meV
Incident energy : 2.3 meV...4.8 meV (four settings)
| Triple monachromator Anti-overlap chopper pro’s
|Fermi chapper & collimator - SN
| Wonitor] | Wonitor 2 i""""‘” - resolution, adjustable focussing

Sample 2 - upgraded Fermi chopper

con’s
- tedious change of setting
- further upgrades not evident

i

| NeuonGuide  Collimator|  Deleclor

INSTITUT MAX VON LAUE - PAUL LANGEVIN
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Al \\4 (s Rols JR. Stewart

Resolution AE = 300 peV ... 8 meV
Incident energy 6.5 meV... 120 meV

pro's

- high incident flux

- relatively easy change of setting by order
of reflection, continuous Bragg angle

con’s

- background
(environment& fast
neutrons)

- somewhat restricted
sample environment

INSTITUT MAX VON LAUE - PAUL LANGEVIN

[/ BRISP (A. De Francesco, A.Laloni, F. Formlsano)
*’“ > 2

NEUTRONS i
FOR SCENCE iy it W ‘qaf‘ A Ty

Resolution AE=25 ... 5 % of
Incident energy 21 meV... 84 meV
Q-range 0.03... 1.7 A"', Q-resolution 0.02...0.04 A"

Morochromator Shutter  Monitor | Homeycomb Moniter 2|  Sample He Detector Beam slop

[cmmrg g o leew'er]

j o I -\‘.
-pu
[' €557 7 J —— e — /,E
/,//A";L_ _’-' Diophrogm Diaphrogm =

Sollr ollimotor Bockground chopper  Fermi chopper Delector voreum tube

CRG (ltalian-German collaboration)

INSTITUT MAX VON LAUE - PAUL LANGEVIN

— 145 —



JAEA-Review 2008-036

/(4
AT IN1BeF (A Jvangy) - .. acams ommgemmy-~
Resolution AE < 3 to 6% of energy transfer meV
Incident energy <2010 meV... 1000 meV
- high sensitivity/ small samples
!53* i - shares the hot beam hole with IN1-TAS and D4
4 ligid by J Proposed upgrade LAGRANGE

Be filter
Detector

INT-BeF

INSTITUT MAX VON LAUE - PAUL LANGEVIN

A Recent upgrades and new projects..

FOR SCIENCE

IN16B - complete rebuild in the pipeline

IN13 - various upgrades under consideration

IN5 - secondary spectrometer commissioning soon

ING - new Fermi chopper

IN4 - beam optics elements, minimizing background
TOPTOF pending

IN1BeF - ‘Lagrange’ high sensitivity - better resolution

INSTITUT MAX VON LAUE - PAUL LANGEVIN
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V7 /4 ;
RS INSrebulld__ . oy

The evacuated detector
tank is being installed

INSTITUT MAX VON LAUE - PAUL LANGEVIN

w;n'% Use |n materlals a_gg Ilfe sciencess-

| and for baS|c problems of physicn::ééche"mlstry

Dynamics of disordered systems

— Water, confined water, proteins, hydrogen diffusion, polymers,
glasses

Magnetism

— Frustrated magnets, fluctuations, single molecule magnets
Molecular spectroscopy

— Tunneling states Diverse sample environments:
Functional materials cryostats, furnaces, pressure

—  forfuel cells, thermoelectrics  cells

Geology, metal physics
—  melts

INSTITUT MAX VON LAUE - PAUL LANGEVIN
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3.7. R&D of Neutron Optical Devices and Neutron Detectors at J-PARC
Kazuhiko Soyama (JAEA)

Research and Development of
Neutron Optical Devices
and Neutron Detectors

in J-PARC

Kazuhiko Soyama

J-PARC Center

£ ‘:4 Development of supermirror with sharp interface
L/ 2

TEM images of Ni/Ti multilayers

large crystal grain

inter-diffusion

J.E.Keem, J. Wood §
SPIE Vol.983 (1988

Vacuum evaporation Magnetron sputtering
sty small crystal grain M

amorphous

lon beam sputtering lon beam sputtering + ion beam irradiation
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Development of supermirror with large-m,

g’
[ : high-reflectivity and large-scale
L/ 2
Ni/Ti supermirrors NiC/Ti supermirrors
m=1 2 3 4 5 6 7 m=1 2 3 4 5 6
10k T " S, NS ]
- m=3, §2%, 400 layers m_ , m- :f’, 80%,a¥2eg[s) aers
m=4, 66%, 1200 layers m=6, 40%, 600D layers
08 ¥ m=6:7,23%;8000-layers 08 ; ; : .
2 os * s o
A | HRE.
2 04 I
0.2
0.0 k=t

) )
0.2 04 06 14

*/s Supermirrors with large-m, high-R and large-scale
w”

I p -
m=4 : . : i supermirror bender
1000 mm (1. Tamura, JAEA)
4 SEASONS
Il
I i -
9 = S |
4 X T .
7~ AR i ]
Tl £ i AN\ ‘
AMATERASU/.~ & &/ :
/ $ e
‘ </ / 7 & J
g (s “a H
[] 5 =
B v

supermirror guide
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s Fabrication of Ultra-precision Focusing Optics
Ve : by Numerically Controlled Local Wet Etching

K. Yamamura, Osaka University

Numerically Controlled Scanning

*=> XVible

] Workpiece

Coaxial Nozzle for
Supplying and Suctioning
of the Etchant

Gas Suction

“ .7. . ! \\: Pump
Good substrate -Q—n:'fm o
multi-channel I I Reserve Tank
thin substrate FlowV ﬁi’éﬂml

ultra-precise

Heat Exchanger
@ Magnetic Drive Etchant
Circulation Pump
Ultraprecise fabrication
Thin substrate, No damage

. Scintillator Based Large Area Y
/ :‘ One-Dimensional Neutron Detector  [S]S~#&.
L /

LodS
(Under Cooperation Between JAEA and CCLRC)

Engineering diffractometer “TAKUMI” T
! at BL19

Neutrons

Scintillators| P
Reflectors HHJ (@nSFeLi)

Fibers

Fir§t model tested at JRR-3 in 2008

6 it yich: 2mm |
Specifications [
»Geometry of detector module: 196 x 1,080 mm ;Z ,| test experiments at JRR-3
~Position resolution: 3 mm 5
»Neutron detection efficiency: > 50% at 1A g’
»>Gamma sensitivity: < 10 at 1.3 MeV g’
»Pulse pair resolution: 2.5 us ! e
»~Neutron detection stability: < 1% 0 e

Channel number
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Compact neutron imaging detector
2w fting fi ISIS;
/ & with wavelength shifting fiber (WLSF) read-out T

Biological Single Crystal lefractometer “iBIX*

Neutrons ZnS -type Scintillator

WLS fibers for Y axis 256ch x 256ch I — . .
High speed amplifier | Signal processing

Dorrooonn n-—\ —WLS fibers for X axis Imaolng detecior. 1 discriminator module || module with FPGA

Scintillator

sheet : *

=

\
WLS fibers for X and Y axis

64ch multianode PMT x 4
vdddddvbly  (Hamamatsu)

T T
32ch Discri. x 8
Specifications
»Geometry of detector module:160 X 160 mm

»Position resolution: < 1 mm
>Neutron detection efficiency: > 50% at 1.8 A

»Gamma sensitivity: < 10-% at 1.3 MeV
»Pulse pair resolution: < 10 ps

«——

For photon

/'I‘ 2D MPGC System with Individual Readout

L/ 2 Reflectometer and Small angle scattering

]

541¢h individual full read out
5cm 3

Amplifier
boards -

JAERI-MPGC detector system

[ )

0.3x0.3mm2 | §

il il 7 |
|

Performances of JAEA-MPGC 2.3mm~"

» Spatial resolution: 2 mm ﬂ

» Detection efficiency: >80%@1.8 A [t
> 4/n ratio: <10-8 o

» Double pulse resolution: <600ns
» Counting uniformity: <7%
» Sensitive area: 50x50mm

I

Counts /600sec

Cathode (ch, 50mm)
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SUMMARY

» Some of key neutron optical devices and detectors

for the “Day-1“ Instruments have been successfully
developed, and constructions should be carefully
completed.

- Development for the use at full power operation

should be started by using existing knowledge as a
base and in collaboration with advanced
universities and institutes.

- Development of neutron devices needs long time

and needs keeping funding flow, and the
collaboration with advanced universities and
institutes are very important.
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3.8. DAQ and software developments at J-PARC/MLF
Takeshi Nakatani (JAEA)

DAQ and software
developments at J-PARC/MLF

Takeshi Nakatani
J-PARC Center

Contents

1. Members

2. Data acquisition and analysis system
3. DAQ electronics interface

4. Software framework development

5. DAQ middleware

6. Manyo-Lib

7. Image of use

8. International collaboration

9. Schedule

10. Summary
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DAQ software
Y. Yasu
K. Nakayoshi

MLF Computing core
T. Otomo

J. Suzuki T

T. Nakatani

JAEA-Review 2008-036

Members

Neutron science section
M. Arai
K. Aizawa

DNA construction team core
K. Shibata
N. Takahashi

Other instruments’
software
development
teams

DNA analysis software
Y. Kawakita
H. Nakagawa

Using conventional Information

Keywords

Technologies

— Ethernet
— Python

DAQ system
T. Nakatani

\

DAQ electronics dev.
S. Muto
S. Satoh

— XML (eXtensible Markup Language)
—HTTP (Hyper Text Transfer Protocol)
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Data acquisition and anal%gis system cruui
na

Network Storage

Offline | [E N

analysis ° ! Ohline analysis

ex. histogram

Eventdata .

Event data |

Device 5
Sample environment, etc.

CrrT

]

' 100BaseTX
M Full Speed

FIFOF { - ; Ethernet
Bus I/F

FIFO memory
from electronics #

TCP server
from CPU DAQ

EEPROM
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Software framework develop

Working desktop

Common User Interface “Python”

DAQ script

% Analysis script

Visualization

Commaon User Interface

JAEA-Review 2008-036

Experimental control

DAQ software

Device control

Data acquisition with DAQ middleware

DAQ components

Control

0l

AT

DAQ electronics

(X o ) R T T

mmmmmmm

.:Tme‘ F505|t|0n |

Common Library “Manyo-Lib”

Instruments specific modules

CPU DAQ L

DAQ operator

/ A

ment

DAQ electronics

J -

Device

Network
Storage

@@CPU Ul

na

W=ty

CPU DAQ

Gatherer”.

—

Dispatcher>

Event data

1S Monitor

| Event data

'Event data|
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Distributed analysis processing
with Manyo-Lib

Data Analysis Server

Pyuthon C-API

%)

‘ Working Desktop |

Slave Analysis
Data Containers = =

Fython Seripts

C++ class library

Python C-API

| Python interface |
Manyo-Lib| |

‘C++ class library é

" Python G-API !

Data Acquisition CPU
(first data reduction)

C++ elass library
Python C-AP]

Commands(Python script)
Data Containers

Network Event data
storage | Event data |

Working desktop GUI

B MLF Working Desktop
[ Command Menu
[ Measuwine b Vicualize | Maintenance |
[ Bnalysis b DB Seachine ] Exit ]
— Pequest log
No. Command Ex ID InpifAna. ID  Start Date Status
1 Data Reduction 00010000 —-=/0001 99/99/999999 OK A
2 Smoothing 000710000 0001/0002 99/99/99 9999 NGOGGOD T
3 Data Reduction 00010010 ——-/0001 £9/99/0099.99 Runnng(30%)
4 Peak Search 00002000  0001/0002 99/99/999999 Runnng@OX)
E2
[ Anabse || Viualize || Sto |

ex. TAKUMI 10
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Measurement setup

hod Assistant
Acquistion Method: Defaut.amt.
: Load Method Fle ... Save Method Fie. ...
Sampis Nama: Sampletlame
Total Angle 2 w = 0.0 x= 04 o= 0.0

K of Dk Copper [

Aot

] Fewwenotuk [fm =)

i |

samgle info.

Reaton:  w=[gg  x=[00 e=[00 Resel io Original

Man B (mav): [42.16

Muki B (maV): [4.68, 1654, 42.16

Bla| s

FWHM (mev]

AMATERAS - SIit A - 100 Hz - 42.16 meV

G- Papmdicalard)/A]
bt

T R
Q-Pasallel]l /]

ex. AMATERAS

Measurement

[ simple measuring (setting)
Sample Moderator y Scintillator Al Reset
preset tine - | 1000000 | sec [ Feset [ Besin ]
presstoount: [ 100000000 | counts
o)
&
ex. TAKUMI =
3 +v Be s
M sinple measuring {measuring RN AMTD00002
experiment 1D proees
preset time : 1000000 s=c
e
preset count : 10000000000 counts §
ool
scintillator status D000 3000000000000 =
teasUr ment time : 0000 sec i
detector count : 999999 counts ol | L .
(——— N—
e

X lmicro-sec]
Page 111 148
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Visualization

O Vahe: +
N 1
SYR - N
ange: 5,859 9.430 ol 7635 1mev) A a‘;J"‘*_‘ El = 70 (meV)
vy
Fractung: [} % 4 gl .| ! 1 Infomation 1
e { |
a g y o i ‘ | 1 information 2
ok _ | |
| |

X=8.630 Y=5830 Z=8.343

ex. AMATERAS 13

International collaboration

+ KAERI-JAEA chopper software
collaboration from July, 2007

» Chopper software meeting
in 10-12 December, 2007
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DNA construction
schedule

DNA DAQ system

Software framework

Instrument specific
software

JAEA-Review 2008-036

Schedule

2009.4

Construction

Summary

2010.4  2010.12

Commis- User
sioning program

15

+ The DAQ electronics “NEUNET” are attached the DAQ
specified Ethernet interface called “SiTCP”.

» The functions of DAQ, Analysis, etc. are implemented as
Python commands.

+ The exchange of XML message between the user
interface and the sub-systems (DAQ, Analysis, etc.) is

HTTP.

« Because the sub-systems are distributed processing
environment, the systems are flexible and scalable.
Therefore, we can easily extend the capacity of the
systems to keep in step with the increase in the proton
intensity of J-PARC.
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Appendix A - IN16 data

Science on IN 16

Structure and dynamics
of liquids and glasses

29%
Structure and dynamics
of biological systems

experiments 1995 - 2006

INI6 beam time

B days allocated
days requested
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Appendix B - NIST backscattering data

5%

13%

27% B Magnetism
B Materials Science

O Small Molecules

2%, O Polymers
o @ Complex Fluids
32% @ Biology
21%
2.50
.‘g 2.00
1.50 - ¥
1.00 -
E 0.50 -
0.00 -
13 14 15 16 17 18 19 20 21 22

Call number
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