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The 2nd International Advisory Committee on the "Biomolecular Dynamics Backscattering
Spectrometer DNA" was held on November 12th - 13th, 2008 at J-PARC Center, Japan Atomic Energy
Agency. This IAC has been organized for aiming to realize an innovative neutron backscattering
instrument in the Materials and Life Science Experimental Facility (MLF) at the J-PARC and therefore
four leading scientists in the field of neutron backscattering instruments has been selected as the member
(Dr. Dan Neumann (Chair); Prof. Ferenc Mezei; Dr. Hannu Mutka; Dr. Philip Tregenna-Piggott), and the
Ist IAC had been held on February 27th - 29th, 2008. This report includes the executive summary and

materials of the presentations in the 2nd IAC.
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Group photo

A group photo of the 2nd IAC held at HENDEL BLDG,, JAEA on Nov 12-13, 2008.
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1. Executive Summary of the 2nd International Advisory Committee
International Advisory Committee (Chair: Dan Neumann)

Overview

Inelastic neutron scattering is an indispensible technique for studying the dynamics of hydrogenous and
magnetic materials. In particular, it is ideally suited to developing a detailed understanding of the dynamics
of biomolecular systems. Due the simplicity of the neutron’s interaction with matter, it is straightforward
to directly compare neutron scattering data with molecular dynamics simulations. This provides an

extremely stringent test of interatomic potentials, aiding the development of ever more predictive models.

The dynamics of biomolecules occur over a wide range of time scales. Thus it is essential that neutron
facilities develop instrumentation that covers many orders of magnitude in time. In this regard particular
attention should be paid to the ns time scale as this allows one to begin to address the bioactivity of
enzymes and provides direct comparison of neutron results with today’s state-of-the-art computer

simulations.

The current design of the DNA spectrometer directly addresses these considerations and will undoubtedly
provide Japan with a world leading capability in neutron spectroscopy. The excellent energy resolution of
~ 1 peV is achieved while maintaining a count rate comparable to the BASIS instrument at the Spallation
Neutron Source (SNS) at Oak Ridge National Laboratory which has a resolution of only 3 peV.  Thus

the Committee congratulates the DNA team for what is truly an impressive design.

DNA will consist of a pre-sample flight path using an advanced neutron guide design with a pulse-shaping
chopper, additional choppers that allow repetition rate multiplication (RRM), and large-area Si(111) and
Si(311) crystal analyzer systems. This design provides a very wide range of capabilities with the
flexibility to trade resolution for intensity. It is noteworthy that the inclusion of the RRM technique
would make DNA the first inverted geometry instrument in the world to employ this approach. The
Committee also enthusiastically supports the ambitious goal of providing a “signal-to-noise” ratio of at

least 10,000 to 1. If achieved, this could lead to qualitatively new science.

The Committee noted that the design as presented will undoubtedly be expensive to realize. However we
were not able to see a way to significantly reduce costs without impacting the performance and flexibility
of the design. We only note that we believe the highest resolution mode which employs the 1 cm slit on

the pulse-shaping chopper and the Si(111) analyzer should be given the absolutely highest priority.

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

1. Moderator

The high efficiency coupled cold moderators with water pre-moderator are trademark features of the
J-PARC Materials and Life Sciences Facility (MLF). These moderators display exceptionally high peak
brightness with 220 us FWHM pulse length. Combined with a pulse shaping chopper, this capability will
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make DNA the premier high resolution backscattering spectrometer at a spallation source. It will offer
higher intensity at the same resolution than its strongest competitor at SNS. At the same time, the high
peak brightness of the moderator allows one to trade intensity for resolution by employing pulse shaping
choppers with only 1 cm slit width. This means that DNA will be the first backscattering instrument at a
spallation source to achieve 1 peV resolution. This projected success is made possible by skilfully using

the brightness provided by the coupled cold moderator, a distinctive design strength of the MLF.

2. Guides

The DNA design team has made intelligent use of the capabilities offered by advanced supermirror
technology. The current design is an optimized, focussing beam delivery system which provides a high
neutron flux to an area of about 20x20 mm’. This provides a concentrated flux on small samples of
biomaterials while maintaining the excellent energy resolution. It is desirable to continue this work in
order to minimize the cost by using the most powerful mirrors at the few critical locations in the focussing

guide and by employing lower m-value sections wherever acceptable

3. Choppers

The chopper system is a crucial component of DNA, providing both the flexibility to trade resolution for
intensity and the ability to scan an extended energy range. The pulse shaping choppers are the key to
DNA’s flexibility. Using a slit width of 1 cm, the source pulse has a FWHM of less than 10 ps providing
an energy resolution = 1 peV. For those applications requiring higher count rates, pulse shaping choppers
with 3 or 6 cm slit widths can be employed. One can even keep the full source pulse of 220 ps by
stopping the choppers in the open position. The method of changing instrumental resolution will most
probably involve physically changing the pulse shaping double chopper. The committee recommends
studying ways to accomplish this task in a minimum of time thereby providing operational flexibility and

swift response to user demand.

The innovative use of Repetition Rate Multiplication (RRM) in a backscattering spectrometer allows
researchers to achieve pulse shaping without the usual restriction of the energy range of the measurement.
The successful implementation of this feature will be a major milestone in the development of neutron

instrumentation in general.

The proposed chopper system, including the three counter-rotating double-disc RRM frame separation
choppers, is well optimized, offering state-of-the-art high performance disc chopper technology, without
exceeding current technological limits. This provides excellent performance while minimizing
technological risk. The detailed, geometrical chopper system design has been validated by Monte Carlo
simulations, which reveal that the residual beam contamination will be below 1 ppm. The extensive and
outstanding chopper system design work accomplished by the DNA team can be considered as largely

completed.

What remains to be done is a detailed evaluation of the chopper timing and geometrical positioning
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accuracy requirements to guarantee operation without creating background leakage. The evaluation of
these aspects is an important part of the detailed design, but the Committee does not expect any difficulties

in meeting the resulting spatial and temporal accuracy requirements.

One of the most challenging aspects of operating the RRM chopper system will be to avoid gaps in the
coverage of the energy transfer domain. Continuous slewing of the phasing of the chopper system with
respect to the source while maintaining very strict phasing between the different chopper discs seems to be
too demanding. The Committee suggests that the DNA team examine providing a quasi-uniform
continuous coverage of the broad energy transfer band by using a few discrete phasing configurations.
Switching between these would only require a few minutes for the choppers to stabilize into new locked

phases.

4. Sample Area and Scattering Chamber

The Committee is pleased to note that the proposed size of the sample flange has increased to a diameter of
40 cm, with a concomitant increase of the sample to analyzer distance to 2.3 m and that this has been
achieved without compromising the resolution. This change allows DNA to accept J-PARC standard
sample environments. Even though 40 cm is probably too small to mount a very high-field
superconducting magnet, the increase from the previously considered 28 cm relaxes constraints concerning
low field magnets (<10 T) or high pressure devices. The use of specialized environments in an important
aspect in neutron scattering experiments and therefore this increase allows DNA to be applied to even
more scientific and technological problems. We remind the DNA team to allow for the alignment of

single crystal samples.

Due to the design revision the evacuated scattering chamber has to be slightly bigger but this is still within
the standard practice on time-of-flight instruments and with little impact on the fabrication or cost of the

chamber.

5. Analyzer

The DNA team strives for the ambitious goal of achieving a signal to noise ratio of 10,000 to 1. To this
end, they have worked to identify potential sources of background and devise ways to eliminate them.
One source is the scattering from the epoxy resin and aluminum back plate upon which the silicon wafers
are affixed. The DNA team proposes coating the back of each wafer with 20 pm of the neutron absorbing
material boron carbide (B4C), sandwiched between 5 pm aluminum films. This solution is innovative,
but has never been used before in any backscattering instrument. Thus the method should be thoroughly
tested before many square meters of analyzer are manufactured. We suggest affixing several crystals,
with different absorbing materials, onto an aluminum plate of the correct curvature and subject the
analyzer fragment to repeated vacuum cycles over a period of ~ 3 months. In our experience, any
problems with the silicon peeling off should occur within this time frame. The DNA team could also
explore the possibility of mounting the analyzer material directly on aluminum impregnated with boron.

In the end, the Committee believes some arrangement of materials can be found that will allow the DNA
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team to achieve their objective.

Given the radius of curvature of the analyzer banks, dd/d can be calculated as a function of the thickness of
the crystals using standard elasticity theory. The DNA team has calculated that for the 2.3 m radius of
curvature relevant to their instrument, a crystal thickness of 0.75 mm will provide the dd/d corresponding
to the optimum intensity and resolution. In practice, the stress induced by bending the crystals is greater
at the center than at the edges of the silicon wafers, with the consequence that the dd/d at the edges is
lower than expected. Therefore a crystal thickness of 0.9 or 1.0 mm should give a little more intensity

without comprising the resolution.

As a final point, the DNA team has concentrated their efforts on finding the optimum conditions for the
Si(111) reflection. We trust that they will now demonstrate equal vigor for the Si(311) option that will

enhance the Q-range of the instrument.

6. Detectors

The Committee fully endorses the proposed use of position-sensitive “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.

The Committee was also pleased by the provision of diffraction detectors which are very useful for
monitoring the sample. Since the bandwidth for Si (111) is quite small, the simultaneous measurement of
inelastic scattering and diffraction requires 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. Data acquisition

The event recording (or “list mode™) data acquisition approach generally adopted as the MLF standard
offers an excellent solution for DNA. With a good number of chopper discs and complex sample
environment equipment, it is important to collect a full record of all events as they occur, without losing
any information by building histograms on the fly. The committee recommends developing a flexible
tool for data visualization during data collection. This will be particularly challenging for the RRM mode

of operation where several chopper phasing will be needed to obtain a complete spectrum.

Cost and Schedule

The Committee was not presented with the information necessary to comment in detail on the potential
cost of the instrument. However as the instrument has both a large area crystal analyzer and five or six
pairs of high-speed counter-rotating choppers, the design will undoubtedly be rather expensive to realize.
However, we could see no way to reduce the cost of the instrument significantly without compromising

performance. The schedule for completion in 2011 is quite optimistic, particularly in light of the fact that
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construction funding is not in hand.
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timescale.
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é;g,ﬂﬂ: Recent Events at MLF, J-PARC
EE— -

Major Events at MLF, ]-PARC after the last DNA-TAC (Feb., '08)

B MLF was Designated a Controlled Area on 14 May, 08

B The First Neutron Beam was Delivered to MLF on 30 May, '08

B Run#16 & Run#l17
RUN#16: 30-31 May, 2008; dbmA, single shots
RUN#17: 16-22 June, 2008; 5mA, 8 3Hz, 25Hz (1.7-4kW)
Commissioning of iBIX, NINRI, S-HRPD, NOBORU, iMATERIA started

B The First Call for Proposals for the MLF User Program; 8 July — 3 Sept., ‘08
B The First Muon Beam was Delivered to MLF on 26 Sept., '08

E Run#l8 & Run¥19
RUN#18: 19-29 September, 2008; bmA, 8 3Hz, 25Hz (1.7-4kW}
RUN#19: Cancelled
Commissioning of 4SEASONS, TAKUMI, Muon Instrument started

"‘
[ & .
P S PARC

L;fmc The First Neutron Beam at MLF, J-PARC

| B |
The First Proton Beam was Delivered from R5C to MLF Target
@10:15, 30 May, 2008 (A pulse reached to the target at the first trial.)

The First Neutron Beam Observed at MLF, [-PARC

14:25, 30 May, 2008 @NOBORU(BL10)  , , 14u BhotonsPilse

C-TOF with ¢Li Scintillator
Moderator Temp.:18K
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(&  Pulse Character: -PARC vs. KENS

AT

MLF, J-PARC (Mod.: Para-H,) vs. KENS, KEK (Mod.: Methane)

Methane has higher (> 1.8) H-Density than H, does.
Methane can not last at high-flux condition.

Pulse Shape frem Decoupled Moderator (BL10) s
Comparable Peak Width is Comparable to Peak Shape is Better than that from KENS
KENS, although H, has Lower H-density. Moderator.— Advantage of Para-H,.
—Result of Moderator Design Optimization
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* This view graph is borrowed from Neutron Source Section.

(‘2  Neutron Instrument at MLF, J-PARC
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Super-HRPD(BLOS8)

S-HRPD: High Resolution Powder Diffractometer (J-PARC/KEK)
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(¢ Wave Length Shit Fiber Detector @ iBIX(BLO3)

E—
2D Scintillation Detector with WLS R/O developed by J-PARC

Signal Processing High Speed Amplifier

Module with FPGA | Discriminator Module [ ,oc - oze o

™ Imaging Detector
o with WLS ReadOut

Spatial Resolution:1mm

256 ch x 256 ch Crossed
Wave Length Shift Fiber (0.5mm) Element

£,¢ Wave Length Shit Fiber Detector @ iBIX(BLO3)

—
2D Scintillation Detector with WLS R/O developed by J-PARC
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(.2 Wave Length Shit Fiber Detector @ iBIX(BLO3)

N
KBr diffraction with WLSF 2Theta=87deg, L2=253mm
s ' i ' ‘ ' WLSF (1-4P")
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100 |- \ | i
O B8 1 8 2 25 3 83 & 4
d space [A]
'ﬁ .
4s7....  DAQ System@IMATERIA(BL20)
N B |

Newly Developed DAQ System is Applied to iIMATERIA
B Network Distributed DAQ using SiTCP / Event Data Collection
B We have Confirmed the Function of the Full DAQ System

vElectronics

: fidfle- V\;arfe OnfOff-Line Analysis
nalysis 5o tware By : by Using Manyo-Lik,
rame Work
v Flame Wark 4

Y

Ul & Instrument 1

............

DAQ
XML/HTTP Middle
Ware

Gatherer Dispatcher

DAQ electronics with
SITCR (TCP-IF I/O)

Monitor



JAEA-Review 2009-014

»
"._!FHHE

4SEASONS Commjssionjng

19 September, 200820 B Commissioning@4SEASONS has been Started
The First Neutron@dSEASONS from September '08
B Major Equipments are under Delivering
V"Scattering Chamber & Shieldings are OK
¥Beam Transport: Front End Section Only
Other Parts will Arrive in December '08
v Detectors: 112 Arrived in the Last Week
88 will Arrive in the Next Week
¥ Fermi Chopper: will Arrive in December '08
¥ Vacuum Systerm: will be Ready in 1-2 Months
F Flux at 18m Measured by C-TOF
B DAQ System without Actual Detectors Seems
OK & Some Powder Patterns can be Measured
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é;?m;[he First Call (JFY'08) for Proposals to MLF, [-PARC

EE——

Proposals for the First User Program at MLF, ]-PARC were Called Internationally.
for 6 Neutron Instruments & 1 Muon Instrument (NNRI is in closed usage)
for 32 Days of User Beamtime

Affiliations of Principal Proposers # of Prop.
B Call for Proposal: 8 July ~ 3 September, 2008 i bl i i
0 i 1 &1 ds 1
B Technical Review: ~ October, 2008 iversiy sttt e Ty
5 LS e Industrial 2%
B Scientific Review: 31 October, 2008 S =
. E o Ly refecture Project
by The 1st Neutron Science Proposal Review Committee T =
(24 Members (Including 4 Foreign Members)) = =
B User Program will start from 21 December, 2008 = o
Total Gerneral Use Instrunental G/ Project Use
Dermand Dermand Demand Demand Demand Dermand
# of Prop {howrs] days) # of Frop hours] days) # of Frop (howrs) {days)
EL-01 45SEASOMNS
{High Effiriency Chopper) 5 1,464 61 3 408 17 2 1,086 44
BLAJ3 iBLX (Single Crystal Diff.) 10 1,152 43 2 240 35 g 312 12
EL-04 NNEI
(Meutron-Thacleus Reacton Instriment) i L0 42 a . f 1 LR 42
BLA18 Super-HEPD 18 2,084 a6 14 756 32 2 1,296 54
BL-10 NOBORTT 7 2412 101 4 B40 23 3 1,872 78
BL-12 TAKIIMI (Engineering Diff) [} 1,224 A1 3 240 10 3 284 41
BL-20 iMATERIA
{High Intensity Povrder DifF) 45 719 Sl 1 420 13 24 309 12
D1 {Muony 8 1,240 52 i 472 20 3 Teg 32
Total 98 11’293 472 52 3676 155 46 7605 317




JAEA-Review 2009-014

L J

4s%..,... 15T Program of Development of Advanced Neutron Optics
E—— ——

B The JST* Program for Development of Quantum Beam Technology
*IST: Japan Science and Technology Agency

Principal Investigator: K. Kakurai
Budget: ~100M¥/Y ear
Period: JFY2008 - JFY2012
Subject: Development and Application of Advanced Neutron Optics and Detectors
Including Polarizing, Focusing, and Imaging Systems
Member’s Institute: JAEA, Hokkaido U., Tohoku U., KEK, Tokyo U, Kyoto U.

= e

3He Filter

Cotamron wam m P21 Sk

=L LI”' == Pulsed Neutron Irgaging

Attonwatien coefficiont, £ fem |

EREEEERSE N
=~ n
K;.

[ N i H
Wavelength [A]
(1) Polarizing System (2) Focusing System (3) Imaging System
(2 Summar
U Y y
I -

B We have Succeeded in Getting the First Neutron Beam at MLF, ]-PARC
on 30 May, 2008

B 5 Neutron Instruments have Received the Neutron Beam in Day-1

iBIX, NNRI, S-HRPD, NOBORU, iMATERIA

E 2 Neutron Instruments Started Commissioning from September, 2008
4SEASONS, TAKUMI
and AMATERAS will join soen...

B We have Confirmed the Excellent Performance of the Neutron Source
and Commissioning of the Neutron Instruments going well.

B 98 Proposals have been submitted to the First User Program at MLF.
B We will have the First User Program at MLF from 21 December, 2008.
B Cther 4 Instruments (NOP, HRC, H-REF, NOVA) will Join in Next Year
and we are Expecting to Start the Construction of DNA and HI-SANS.
Ky
[ ¥ .
O SPRRC 4
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2.3 Current status of the DNA
Kaoru Shibata (JAEA)

DNA-IAC' 08

Current status of the DNA
and
the actions for comments in the 1st DNA IAC

S s
Kaoru SHIBATA

Neutron Science Section
MLF Division
J-PARC Center

5
“: Thank you for the Recommendations in the 1st IAC-DNA:2008.Feb.27~29

The International Advisory Committee on DNA
The 1st IAC-DNA:2008.Feb 27~29.
chairman: Dr. Dan Neumann (NIST, USA)
Prof. Ferenc Mezei (ISSP, Hungary and LANL, USA)
Dr. Hannu Mutuka {ILL, France)
Dr. Philip Tregenna-Piggott (PSl, Switzerland)

Recommendations.

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

MVe 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 Eictex-aihe I AGRNA
spectrometer with ~4 peV resolution.

Me 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.




g

o

JAEA-Review 2009-014

Chandiesr
T THA povat promiens o Jovvili Tapuawitho o 1 Lding oapebility i s,  pecte s oo
aanvecond tmn ok, B wall pouiln Tapamen mioech o mpnculud cupsbilib b ¢ Jay
i s wila vy of Igena mnisk, oz snogh, THA oot wel » by do
intagton of i and oftar e $mming molsorks wifh ok dich Ty kel b m ol
msroding of wtating S (N of Wudaeh gy pudws. Tl llow mevedas

Askurminn i ks saok diffriomaf ik wikh 5 by
mnmmumwuwﬂnmq-m Plgn:x! will b ¥k b sty
0w ] akr o Tt 4. ally il i

‘mavvioeighy dum 1l Tlavk of ik onmmgm

TIHA o im0 gRinmaty s romant ous g of & s g ight path wingan adwncad semmin
uiks davign with 2 pubsvhaping choyper and ol ama ol amlea i Fio THEA
pued 4 Brip eaing of B Anbmc orboy @ e wwmbd ooy hods Th
o mhinaton ol 4 g Hils R of cupbitie, Tirhkly vk +2a of Wit 4 Bl o
Sy Tmans on W nad 414 i, AD eMen SFOWAD. S Commisst ntmm ot she
At reutitn eyptim e B By She 5 [111] dretpate 0 inin e ARhN priorlty, ThaTosva fi
i mov M Dt n
1. foi e »hdmmgww\ﬂ:bvm fmenics ol foxbuna ol T
f(1; i b i ot g
1. I pimayvck DA o dyumics o snd polymr. Bopuzkam ar
LT, IS indich: st b ccatheringrins o wirh] o\ und o haw appeeimarsly
nfita toamtim ek fo foea o whik o Yoo tima daun bl i fhoss s o
st it gy s It & st Tl o T gl fh tongut e
oo mmily will e Tk uriad by o o et e It priiled by fla 244111 Jopon

(o appenidin )
3. Ik EQD o HRTEE S whish.
PRy 1 25 it
wnukaghit
A
4. I Sl g It 17 ja

O o s, bvad o0 i calonlafion Jmvm oo Tyt DA bam, 3 that i ik iy il o
Ao f arbich vl o oo Yadeod wing o epbin ssbmoopien. Frte
i anadysa thn o lnton & cilirdaod # ba 23 pabd Tl "ok of Sl 5 thet o
bty vods e qom o e sedtien onaliton fa holimiwignmedt
el v o£30% 5 0%, Whishoum be w03 by oowaintngon S, Thy G
“mal difnn ks sgechd b b e Bunafohrof] Futementh fegoad
wepectud # paondlo fiz o) g i igdes qraliy
1. wrperimens. (Boetofta b G pintam byad onl. Pl Ulan Skl €, 2159
RONTLY
i Commse resemmene's sh et e 52 [144) oyttt dndlyuert et cpiion # 42B400 0 Qo
allvwings o Tamrmbs sl of o7 offo gar Angth: oIt scaturing nam be i shiliye
 ebhin kngh ol izt of o Qe pouss il imetipti. T optbmcen e
malivod aiftar by S ok o vz o
‘o ptimal dlonlaf, IFLE aTIL).
Wik s o momiton sasommurds pro wing fha s aring faed wifh 33 (111 S1{311§ e tedieve sha
she pussibilty of rdeallig o e Suditring i o e i owkd be proverved Y peasitie, ThE
Wkl Joviidy o Ao dus dighostoome i ondlaMla of -EREE §1 4%y i tramend sponting it 4m
gy It Ea o1 N

g

o

= r
Tho THA vt promiss o ovvill Tapuaswith o o 1 Losting capalityin s, oot o pyo i
‘natoseon o timn soake. B wall pousla Topamsn mssexhos m mopcaliacad capability o sy by
st @ wilk vty of mges ek, Foz snngh, THA o b wil © oy o
hTaton of Wka aud +Bar f g Tl W Pk which ey kel b o ol
wikstading of wehaling fa AalEHS of Wwdak g w1l llw sevadas b

it s sk TRt i naihs oy
mﬂwmhmwaiw’nmqm Picir will ke .\h»mﬁ-
20wl of mathr . dunil Tl vk in
avwizeight ik 1 lavie ofmmlon&mfﬂ. Vi

/

#
Db on mrhd sty AR o+ g of 4 o arph Rt wingan s nssed st

ik dovign with & pubu-vheping oy d & how ans cyel atslm ek Lo TN Same

mranmd & brig cneing of B Anabmo aEwD ot MeTand ,(nm_»g_)nlf' e
ovmbinaton yonsls + wyy ila mags of ol . Tatatoantly onbe o of St am willy frm
oyt _an Be-d-ot ot T O T e Dot bttt dhet the
lgheseermdudn e pro e tp e S8 404 arpeer te gl he Adghes prieris, Vo asabns o
6 Bo Dot B
1. foiunm s b b drhing honsd sk i od faxhn ek s, Th
S5111) option o vilis e e s oo o e i emalpsans which kst
1. Y gimayck DA tha Gy e s pobems. Brperiam ot
ILLaod FIET indic st st bachcalting i trmnac with] 8 b Bats appmocimaly K
£ Yot &undte s my 7hib G et detd e forn anas @
tmans Wk nlou gy meo b L sbehnal ke, T arp ft fa e
oy il ot caned by o o et e btk pruilsd e S Jopten,
{f sppennia §
Ih ST jop LS ! i MATRRA S wkich
¥ st 3 : 1 im0 f 2 iy
HIATFEAS ekl kgt
e
Th 111 Jopr st 17 o
O et b o fh ot vt Tyt TR o, 3t o inkewite wll b
Aot N Yoo bk o ben oo Wl iy e pmphih sbmropton. Frte
s anilma the o lton i lrlabd b W23 M. Th “mib of Sl 5t
tavitrecde  foiqna fte eduin. Ity S ndimivim e dr
cxlonletad lss 0£301% 0 H1% wdichom bo meond by comntntingon ST, The da
"l i egecel n b s fanationnet] Frbamenth St

wegctud o ponsla fir ) g i
1. cparimas . {Bostoftha s in s ynmtubsnﬂnnl P]y o STl 15, 2158
0T

The Commbee recemmmends dhe wse e 52 [T4) ecyoasl enodprers exr m opdon b immasn o Cromg
AlbwingsTah Tetrtls s of o3 of 8 At AGLyl o Tt L eouCing sambe B ohiliy
® +bhin kagh rods hrmaton of B0 damid ma e owiptin T spencn
mlined sifh by ST amyrhk sk iz o
o ptiomal slioalet, BLE aIIL).

Whik i Comamines maommands puring s arng md ik 3 (L1110l FL(311) e cetere shat
e ety o g e S Setiiri ik &t M e LS O proteett f pessitte. Th
okl i fie vodns bighos oot i nodlHa of -BARE firany fos tromen aponting with m
gy Intorn Eatont 15 oS

¢ Executive Summary of the International Advisory Committee
E

The most important 2 point in the recommendations

e Executive Summary of the International Advisory Committee
E

The most important 2 point in the recommendations

the Committee recommends that the highest
resolution option provided by the Si(111)
analyzer be given the highest priority.

We changed the construction pian that
“ the primary spectrometer is
Si(111) & Si(311) high energy resolution mode.”
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Executive Summary of the International Advisory Committee
B

The most important 2 point in the recommendations

the Committee recommends that the highest
resolution option provided by the Si(111)
analyzer be given the highest priority.

We changed the consiruction pian that

“ the primary spectrometer is
Si(111) & Si(311) high energy resolution mode.”

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 % 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.
The biophysics group in the DNA science

support team agreed with that main user 5
demand was an 1 geV resolution spectrometer.

Report to “J-PARC Neutron Instrument Program Review Committee”

On a Mesting in J-PARC held at Sep.2008

“*J-PARC Neutron Instrument Program Review Committee”
It is one of the committees in the J-PARC center.
The role of this committee is the hearing of the construction plans for neutron instrument in MLF

at J-PARC

We reported that

the recommendations of the 1t DNA-IAC and
the change of construction plan on DNA and these background.

The most important reasons for the change of plan are
the compartmentalization in the Q-E Range of INS in MLF

and

the user demand for an 1 ueV resolution spectrometer

4

We changed the construction plan like that;
“Primary spectrometer is
Si(111) & Si(311) high energy resolution mode.” 6
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Wide Dynamic Range on DNA

# Compartmentalization of the Q-E Range Neutron Inelastic Instrument No.1

“PRRC

B |
Q-E range; AMATERAS, DNA(full) & NSE
255:3303’:3/ INS in MLF |

AEIE = B%

HRG

£=1-2000 meV
3 AHE=051%

AMATERAE

£ =1-80 meV
LEE =1-3%

NRSE

18]
0.1

ool 01 1 10
Ivlomentwn Transfer (1JA)

DHA
E= 2ueV-35meV

o e ABE,= 015 075%

1=t=170(n=)

A position of backscattering spectrometer in Q-E
range is just hetween multi-chopper and spin
echo spectrometer and unique experimental
techniques.

A Q-E range of full spec DNA is widely
overlapped with a Q-E range of AMATERAS from7
several 10 peV to 10 meV region.

vf'p J%cl:__mpartmentaﬁzation of the Q-E Range Neutron Inelastic Instrument No.2

B
Q-E range; AMATERAS, DNA(SI) & NSE
2%"_*3%?:5\/ INS in MLF |

AEIE = B%

erng
BRI

£ =1-2000 meV
3 AEE=051%

AMATERAS

£ =180 meYV
ABE =1-3%

MREE

K4

DNA

2 :f 1 i
0ol o0 0 1
Ivoredtur Transfer (V&)

Si111 Si3t

1m

e Ba ey
1t T0E)

An overlapped Q-E range between Si analyzer
DMNA and AMATERAS and other chopper
spectrometer is decreased.

Primary, DNA will concentrate on the study of
the nanosecond dynamics.
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Recommendations of the 1st IAC-DNA:
[ B
We are given the 8 comments on instrument functionality

1.Choice of coupled moderator is excellent.

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

3.1t 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.

4 Analyzer design for Si (111) is good. 5i (311) provides a good option to
extend the Q-range. The work on the focusing scheme for the analyzer
is quite imaginative and thorough.

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

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

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

8.1t's good that data analysis is hot an after-thought.

g
@
“v Actions for the 8 Comments on Instrument Functionality No.1
N -

. . TR | ) | S ST ey -
Comments on Instrument Functionality | IRLENOERRal = -

1.Choice of coupled moderator is excellent.

-> \WWe are continuing DNA construction plan at BLO2 beam
line seeing a coupled lig.H, moderator.

2.Guide design is quite good. Perhaps you can gain | [y ¥
a bit by revisiting the horizontal guide profile. : %

->¥WWe are designing the guide system with following A
specifications;

\in vertical section: elliptical shaped guide { gain: 1.5 ~ 2 times)
I

n horizontal section: Curved que;ge {m =3, R=2200 m, w=60 mm) 25
(2x2cm? L=428m)
sample
i o
.
’ 20 @, 4
l SM polarizer _ a H uj:djsg%
" L=43m o %g =]
curved guide -1 ! ] 2
(m=3, R=2200m, w=60 mm, E* = 40 me+) ” ‘ E s DDDD
| 1 g Lsped
[
£
] & L Gain 1 5 @ 1 mel/
=2 pulse-shaping device (7.8 m) g 1] @ 10me\f
\ O
1 1
Erwzgy [e W] 10

moderstor (0 m)

Fig. Intensity gain factor of the elliptic guide,

Fig. Geometry of the neutron transportation system against a commonly used straight guide
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4
“# Actions for the 8 Comments on Instrument Functionality No.2
[ B

Comments on Instrument Functionality

3.1t 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.

->Now a design of vacuum chamber have a sample access space with D~400 mm in
diameter.

At same time, we are performing a study of E-resolution.

4. 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.

->An analyzer mirror study for Si(111) and Si(311) crystals is in progress.

At later, Dr.N.Takahashi will present the study of energy resolution for Si(111) and Si(311)

a00mm . Y rafﬁ_‘ﬁ".&- "
_; detesting pos #GH D (2.)
| L centerof | .. TR
oE ", e % -
| 1 \"‘\“ Bragg angle26,
\ . e b
T ‘T S — | anahzer:a@.a)
5 e R i
M«c‘f‘f’%(n,n) LY
Fig. Section view of the scattering vessel . Fig. Design parameters of the components in the vessel
b . N
/"v Actions for the 8 Comments on Instrument Functionality No.3
| |

Comments on Instrument Functionality

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

analyzer design.
->MNow, a design of counter banks for U-type 1-D PSD is in progress.

6.We believe that the proposed evacuated scattering chamber is the best choice.
->» A design of vacuum chamber is in progress .

7.Data acquisition system is based on a modern concept offering the desired
flexibility and good performance.
->DNA will use the method of event data taking as a data taking system.

8.1t's good that data analysis is not an after-thought.
->We are developing the data analysis program.
Dr.Y .Kawakita will present the current status of the data analysis program for DNA.
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(7 Current General View: DNA: Dynamics Spectrometer
) Y
I T
¥  Si-nBES spectrometer
B ? v Source: Lig.H, Coupled Moderator (BLOZ)
& i v L =43 m L=43m, pulse-shaping device @ L =7.8m
¥ Guide m = 3 SM, elliptic {verical), curved (horizontal)
. / ¥ Pulse-shaping device
& I ¥ counter-rotating double-disc chopper, 200~350 Hz
'505'% Si(111) & Si(311) ¥ high E-resolution ~ 1 peV(Si111) & ~ 5 p eV(Si311)

v wariable E-resolution 1-17 peV{Si111) and 5-46 peV (Si311)
4 ¥ high efficiency by RREM

¥ band choppers > Sianalyzers

v OSI1IAE =1TueV, Q<184

v Si(311){AE~5peV, Q<38AMN

Fig. Overview of the DNA »  Polarization devices in future

¥ polarizer supermirrar
, v analyzer: ¥He spin-filters with high-field magnets
| e e T"E E
- || Comm ] ‘L

=20 dey

pulse shaping chopper for Si

o

13

Fig. Inner view of the scattering vessel Fig. Section view of the scattering vessel

L J
"? Construction Status :in FY2008 No.1
B ! -
Budget for the construction on DNA E}};\
In FY2008, Vo 5 %
>[It was founded for the guide systems i ; e qj»z
in the shutter section (~2 m), 4 E—_ L \%

and the biological shield section
Now, we are ordering the guide
systems.

(these will be constructed

until March 2009)
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"' The guide systems in the shutter section and the biclogical shield section

In the shutter section .

= straight guide

inner size: YW62.0mm > H28 Umm

= total length 1982 5mm

sm= 20Qc

* outer size of support C1122mm > 1986 0mm

In the biological shield section

s i 1= . P ; ; Yertical section: elliptical,
the shutter section ihelolosiealtisdontion horizontal section: curved (R=2200m)
o inner size : WE0.0mm = HI8 7mm (upper side)
WBO Omm = H132 8mm (lower side)
total length 3028 15mm
m=30Qc
outer size of support ©
W94 mm X HAS5T mm » L 3032 mm

T

/{ '? Construction Status :in FY2008 No.2

Budget for the construction on DNA 0 \ E\
In FY2008, ;
>t was founded for the guide systems
in the shutter section (~2 m),
and the biological shield section
Now, we are ordering the guide
systems.

(these will be constructed

until March 2009)

>An analyzer crystal mounting device.
We will construct a prototype of an analyzer crystal mounting device in FY2008.

Ul

"DN.A »

b S — i
| 0 O

S I -

>A technical design of spectrometer.
We are desighing the vacuum chamber
for technical reviewing.

Also, we will design the shield for the
vacuum chamber including the
estimation for radio activities.

A analyzer crystal mounting device in SNS
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'? Construction Schedule :from FY2009~
E—— C——

Schedule of the Budget from FY2009
We hope to be founded form FY2009
to FY2010
for total construction of DNA
From the beginning of FY2009, we would like to start the construction of
the guide system in the full beam line,
the vacuum chamber,
the shield for the vacuum chamber,
and the analyzer mirror system and detector system, and etc..

From the beginning of 2011, a part of commissioning study will start.

And from the mid of 2011, an user program will start.
DNA construction schedule (optimistic case)

2008.4 2009.4 2010.4 2011.4
May 2008 Proton Beam In
[ | | |
Construction Commissioning  User program
o1 | Full Budget |
17
7 . L .
¥ Technical Issues in this Meeting

EE— B
. Technical issues correspondence to be discussed in this meeting

(1-1). Study of energy resolution [(=— Recommendation from Dr. D. Neumann] [1], [4]
fEstimation of energy resolution using bent crystal formula
1 1-17 peV and 5-46 neV variable for Si111 and Si311 crystal analyzer, respectively.
{1-2).Packaing of vacuum chamber including the design of detector and analyzer bank [3],[5].[6]

(2-1). Study of Repetition Rate Multiplication (RRM)[ ¢<— Suggestion form Prof. F. Mezei]
fGeometrical study: position of frame separation choppers
{Calculation study: specification of frame separation choppers
fRequirements on choppers
Nerification by McStas
(2-2). Specification of disc choppers [¢— Comment from Dr. H. Mutka]
(2-3). Specification of guide system [2]

(3). Study of Analyzer crystals [ ¢— Comment from Dr. E. Mamontov and Dr. B. Frick ]
fSpecification of analyser crystal.,
fHow to reduce BG from Si crystal wafers.

(4). Developing of the data analysis program [ ¢== Comment from Dr. P. Tregenna-Piggott ][8]

(5).0Other problems
18
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3. Main part of the 2nd IAC (technical issues)
3.1. Energy resolution and design of vacuum tank
Nobuaki Takahashi (JAEA)

3.1. Energy resolution and Design of
vacuum tank

Nobuaki Takahashi (J-PARC)

5y i .
{ ¥ Motivation
) YR

E B
¥ The Committee Dr. D. Neurnann recommended that we have to do resolution calculation using
bent crystal formula.
» The Committee Dr. H. Mutka recommended 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.
¥ Then, we approached logically to decide all parameters of components in the vacuum tank,
and also we have tried to expand the diameter for sample area at the same moment.
% Finally, we have decided the parameters; diameter of the sample space: D, = 280 mum -> 400
mm. At the same time, the other parameters have gotten decided; radius of analyzer:

R =2.3m (<- 2.0m); angle in vertical direction: =1 20deg. (no change); thickness of wafers:
+,=0.75mm (not decided in Feb.).

2630

A

Previous Now 2
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Bent perfect crystals

¥ Treatment of bent Si crystals on energy resolution can be found at [A. Meyer, et al., Rev. of
Sci. Instr. 74 2759 (2003)] and [B. Alefeld, ef al., Physica B, 283 301, (2000)]. Effective mosaicity
of bent perfect crystals; Ad/d

Table 3 Darwin width and Poisson ratio of perfect crystals

ﬁ — & P tc Darwin width | Poisson ratio
= +E (eq. 2) als
d d Darwin Rc i P f
d- d-spacing Si(111) 1.86x107 0.442

P i Poisson ration
R _:radius of the analyzer bank Si(311) 0.98x107°
1,: thickness of the crystals

Table 4 Effective mosaicity of bent perfect crystal Si(111); Adld x 10*
thickness of crystals

HFBS (NIST) [mm]
) j 1.5 2.0 BASIS (SNS)
2.76 3.32 3.87 442

th

2.40 2.88 3.36 3.80

221 265 300 3.54 3

7 ]

{7 E-resolution of DNA
AT
¥ E-resolution of DNA can be estimated by the following formula.
2 e
AR o D +(coté, -ABY + AT s
E d 4
Crystal part | | Bragg angle and angle ambiguity part TOF part
4
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e ’gpﬂm__ Ci‘y stal part (E-resolution of DNA)

¥ E-resolution of DNA can be estimated by the following formula.

2

2 ;
A [A—d} +(oot@B-A9)2+[A—fj (eq. 5)
E d !

d: d-spacing
Ad Ad t P_¢: Poisson ration
q = q i R (eq.2) R_:radius of the analyzer bark
Darwm e t.: thickness of the crystals
Table 4 Effective mosaicity of bent perfect crystal Si(111); Adid = 10* - ]

thickness of crystals
{, [mm)]

2.76 332 3.87 4.42

2.40 2.88 336 3.80 present unee The ol masgies e o ih v 1518 mose.

221 265 3.09 3.54 Intensity curve shows 5
almost saturation.

(% Bragg angle and angle ambiguity part (E-resolution of DNA)

7 YR

¥ E-resolution of DNA can be estimated by the following formula.

Table 7 Products of the Bragg angle and the ambiguity
of the scattering angles; cotf,-A# % 10%

Pl e ] AR
E d ot [deg]

v' Bragg angle 0y is related to a lot of
parameters in tank; R, &, D

v' Ambiguity of the scattering angle; A#

oW
Af = aresin| —° (eq. 3) 235 470 704
V2R, 113 226 338

w,: sample size.

Table 5 Scattering angle ambiguity; A & [mrad]

o [ o s

3.54 7.07 10.6
3.07 6.15 9.22
2.83 5.66 8.49

Importance is matching with the other parameters.
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TOF pm't (E-resolution of DNA)

¥ E-resolution of DNA can be estimated by the following formula.

pulzse-shaping device

E

A" opening-time in FWHM of pulse-shaping device

: . e wa lom] | 7 4t [us]
#": time-of-flight (pulse-shaping device-to-zample) 2

350 7.58

¥v" Opening-time in FWHM of pulse-shaping device

300 8.84

. W, 250 10.6
At = arctan(—=-)/ 271 (eq. 6) 200 13.3
2ry, 350 22.7

W,y slit width at beam center 300 26.4
¥ radius at beam center 250 317
[ rotation frequency 200 39,7
350 449

300 52.4

250 62.8

200 78.5

TOF part is variable by choosing
slit and/or speed of PS chopper.

Photo. Pulse-shaping chopper I

g

/' '5.‘7}?}?5 Conclusion (E-resolution of DNA)

Then, the expected E-resolution is
good matching

2

2
AE:EXZ\/[%] +(cotey - A8) + %

~2.085« 2J(1.44><10i‘r)2 +{ .34><13*“)2 - (1.36-;10"‘)2
=1.0peV

Optimistic estimation but DNA has a possibility to
achieve higher resolution than BASIS.

Instrumental parameters are determined as below;

m (radius of the analyzer bank)
.75 mm (thickness of the crystals)
ample size)
lit width at beam center of the pulse-shaping chop

o (scattering angle in the vertical plane)
400 mm (diameter of the sample environmental space)

2 (2
% ) [A_dj i (COt o, -A€)2 +£A_tj {eq. 5) Table 6 Spec. and the performance of the
d 7

1.36
1.59
1.90
2.38
4.07
4.75
570
7.12
8.09
2.40
11.3
14.1
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5i(311); expected energy resolution

¥  E-resolution of spallation-source near-B55s with pulse-shaping device,

2 d R=123m Cradius of the analyzer bank)
o ZJ[g] +(cot 8, - A8 +[£] (eq.5) £,=075mm  cthickness of the crystals)
E d £ w, =10 mm Csample size of on & side)
- — - Wa=1lom Cslit width at beam centes)
A opening-time in FWHM of pulse-shaping desvice f=350Hz (1otation frequency)
£ timne-of-flight (pulse-shaping device-to-sample) =20 deg Cscattering angle in the vertical plane)

Dy=400mm  (diameter of the sample environmental space)
v The geometry of the analyzer should be same as the Si{111) case, then,

cot&y-Ag, =1.34x107

¥ We assumed the Poisson ratio of 5i{311) is not much different from Si {111), then the Ad/d could be as much as that
of the Si{111), then,

L2 1 aaxigt
4

¥ The elastic energy of the Si[311) is 7.64 meV, then the TOF contribution is,

’i-":z.soxw’*

t

Then, the expected E-resolution iz

3 g
AE:EXZ\/[AT;{] +(cotd, -A0)2+[At—f}

= 7,642y (14410} + (1.34x107* + (2.60x 10~
=5.0peV 9

g

£s%..... Most relaxed resolution (white beam exp.)

highest intensity but long tail, 205 ps at 2 meV, 106 ps at 7.9 meV in FWHM

AE = EXZ\/[?T +(cot B, - ABY +[%]2

= 2.085x2/{L.44x107'F +(1.34x107'} + (3.07x107%Y
=13peV

Si(111)

Then, E-resolution is variable between 1 ~ 13 peV.

Si(311) A 2\/[?{}2 +eotdy 407 +[%2

= 7.64x 2144107 + (134510 T + (297107
=46ueV

Then, E-resolution is variable between 5 ~ 46 peV.

10
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{7 Further discussion
b PRRC

¥*  Intensity match-up; DNA vs. BASIS-fyype spectrometer (at JSNS, 25 Hz)
¥v" Previous result in the paper; intensity difference between the two instruments; < 2.5
[N. Takahashi et al., J. Phys. Chem. Sol. 68, 2199 (2007)]
v Elliptic neutron guide; x 1.7
Intensity gain at around E ~ 2 me¥ is about 1.7.
v Slit-width of the pulse-shaping device (3 cm -> 1 cm); % 0.29
opening-time ratio of (w, =1 am, =300 Hz)/{w,, = 3 cm, =300 Hz)
Fork-type double-slit (1 cm->1an x 2); x 2
Effect on crystal thickness; 3 0.857?
Reflectivity of 5i{111) wafers are almost saturated at thickness; ¢, ~ 0.75 mum.
[A. Meyer, etal., Rev. of Sci. Instr., 74 2759 (2003)].
v Total; x 2.0

£ %

Table 8 Performance comparison between the DNA and BASIS-type BSS at ISNS (25 Hz).

Energy band [peV]

-35<hw<+35
(several meV is obtainable using RRA

1 - 600 < fim <+ 600 1

b
"5}71?/?:

{ Further discussion

¥ Scattering angle

v Horizontal plane: 5° ~ 160" , Vertical Plane: -20° ~+20" then expected ©-Q range is
shown in the following Fig. How do yvou think of it?

v" Forsingle crystal researcher, good analyzer bank design? (will be reported soon)
¥  Analyzer-crystals

¥ Hexagonal crystals (D ~ 120 mm) will be glued on the surface (discussions will be
done at mounting device part)

v How about the thickness of Si(311)? Do you have any idea?
v" To reduce BG neutron absorbing materials will be spattered on the back side of the

crystals. (Dr. K. Shibata reports) 10 ,
g 5
E
] Ty
Table Spec. of the 8i analyzers ur o
. ; : ,. o & [
STehEN] 3135 875 6264 2085 23 43 7490 075 SpiN |
e Siga11)
i 1.638 87.5 3.272 7.640 23 4.3 39.12 0.75 i Tfuj”.l B TR
0 1 2 3 4
-1
a1y,

Fig. Dynamic Raiige
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L7 Further discussion
b fPRRC
¥ Detectors
v" U-type “He PSD for spectrometer, normal PSD for diffraction detectors. Where ?
¥ Polarization device
» Sample surrounding space in the scattering vessel will be widely opened (D ~ 400
mum) for some special sample environments and the *He spin-filters with high-field
magnets. Is it enough? K. Andersen shown us PASTIS atILL. Do you know how
much size is sufficient for such kind of devices? (diameter? height? i
¥ Spin filter: 4 cmrbar is required at 6A. They can choose 1-2 bar. 2cm is not so difficult.
|
’%L_____- diffraction
detectors
—— |
e ——
e ———————————
£/ Photo2. U-type *He-PSD (Top: 8§
I mm-g 20 atm, Toshiba. Bottom:
A S 127410 atm, GERS)
54 S
M — 13
e I Sk
7 .
{
50% e Analyzer bank design

B B
% The Committee recommended to consider about single crystal meas.
¥ Dr. K. Shibata has discussed with Dr. K. Herwig (SNS) in March. One of his ideas is to
eliminate any space in the horizontal plane for the analyzer bank.
¥ A technician of a metal-processing company said that the machining cost become less if the
diagonal line of the plate (one unit of the analyzer bank) is less than 800 mm.
¥ Then, we tried to design analyzer bank and divided into reasonable plates;
¥ Scattering angle: -162~162deg.; dividing into 27 units <-> angle=12deg <-» width=481mm
(Fig2). The machining area is limited to a circle with D~800, then, the height of the plate
has been given about 685 mm (Fig3). The plate with the size can cover from -3deg to Odeg
if it is cut (Fig1 blue). Total 68 (= 27x2 + 27/2) plates will be required.
% One plate will be covered with 40 pieces of 5i wafers with D=120mm (Fig3). Then, totally
2720 pieces of Si wafers are required (1360 of 5i(111) and 5i(311), respectively). &
TP S——1E I#

9
55. 6 27800
A o

30 " 28I

2302

480. 8

Figl. Side view Fig2. Top view Fig3. Al back plate 14
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& HFBS (NIST)

O rrnc

¥  E-resolution of Reactor-source perfect-BSSs; AE/E [A. Meyer, ef al., Ree. of Table 3 Darwin width and Poisson ratio of perfect caystals

Sci. Inatr, T4 2759 (2002]] Crustals [Perin width Poisson ratio
(Ad/ 2y, Py

AR Ad 1 5
= 2[7+§(‘59) ] (eq- 12 1) Pl 0.442

)

11) EEREE TR

v Effective mosaicity of bent perfect crystals; Ad/d [B. &lefeld, etal, Physica B, 283 301, (2000)]

[A. Meyer, et al., Rew. of Sci. Fastr. 74 2759 {2003)]

Ad R (AdJ +2 { 1 J (eq. 2) Table 4 Effective mosaicity of bent perfect crystals; Adid x 104
e O Wi 2 | == —i
I

d d ; R
o ’ ‘ thickness of crysials
d: d-spacing #, [mm]

Py Poisson ration
n 12> 13 e n

R, radiug of the analyzer bank
f.: thickness of the crystals

[ 20 NG ; 276 332 3% 44
1.44 1.92 240 2.88 3.36 3.80

¥ Ambiguity of the scattering angle; A8
- Bl = i ;o 28 3w 334
W,
A8 = arcsin 2 (eq. 3
[ﬁ J

Table 5 Scattering angle ambiguity; 45 [mrad]

w, sample size. w, mm on a side.
v For example, a HEBS-type BSS (IST)

AB=Ex 2[[1 86107 +0.442>{ 215 H +é (7.07><10‘3)2]

2000

=208x2x(184x10" +625x10%)

=0.7%eV
=20
f; 0.75 r:nm Bending has much adverse affect on the &- 15
= 1.
w, =20 mm raselution rather than the other component.

(¥ BASIS (SNS)

7 YR

¥  E-resolution of spallation-source near-BS55s; AE(E [B. Frick, Neutran and X-ray Speciroscapy, Springer, 483 (2006)]

2 3
%:2\](‘%} +(cot93-t‘.5)l+(%] (e 4)
Sy Bragg angle

At time-width of pulsed-source
t: time-of: flight (moderator-to-sample)

v For example, a BASIS-type BSS (SMS)

v ET
20J +{eotgzexgaoxios)f + 210
00 133

AR = E><2[[1 86><10'5+0.442>{25

=2085x2:[372x 1077 +(2.96x 10~ F +{2 33x10 T

=221peV
R=15m
£ =7ZéUU i A 3 3 s cotd, A8 Bending thick crystals have the worst adverse affect on
};;; ggrf'm 4 t the E-resclution rather than the other two components.

At 31 ps (poisoned, thin side)
£133 ms (L= 84 m)

v How toachieve ~ 1 eV E-resclution
AE = 1peW

= 208524 {13810~ F + (138510~ F + fL 385107

e

2 ‘ Match these three components to be ~ 1.38 % 10 |
i

6

At 1
‘t_ =138x107" = L= 206”1‘ ‘ MNensense — pulse-shaping device is necessary ‘
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40% e Spectroscopic Principle

¥ near-backscattering geometry

v Bragg angle (&) is less than 90 deg,

v Analyzer surface iz a sphere with radius of R, The same

spheres are above and below the equatorial, Centers of the
spheres are on the Y-axis,

¥ Detectors are not on the Y-axis, because of sufficient sample
envirenment space,

v TOF of neutrons reaching at a pixel of a detector is different
with each other, and thus, PSD will be used and obtained TOF
will be treated with the pixel.

Frivate communication with Dr. E. Mamontov, who is the responsible of
the BASIS @ SIS

¥ Analytical calculations have been done to get most suitakle Fig. Inner view of the vessel (analyzers and detectors)
design parameters. Positions of Cand D got decided froma
certain F_and a

. R
»  Twocontradictory parameters % w5
v Small X-coordinates of the detector (¢) is good for E-resolution, o
oft the other hand, bad for the sample environment space. detesting pes itin D (=)

See Table? centerof | ..
¥ High scattering angle (&) is good for wider covering solid the's phere ey,

X C{04) =5 '

angla of the analyzer, on the other hand, bad for E-resolution. |Bragg angles26,

See Table 7

And also shert-blind-section-detector is neceszary, analyzerAfe,d)

SeeFPhoto 2. ¥
Yangle: o '

ad %
E———— il - B0D)
e ——
ﬁ Fig. Design parameters of the components in the vessel

Photo 2. U-type *HeFSD (Top: § mm-, 20 17
, Toshiba. B : 1/27 =g 10 , GERS] i
AR a e N R Calculation has been done by Excel macro.
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3.2. Repetition Rate Multiplication: RRM
Nobuaki Takahashi (JAEA)

3.2. RRM: Repetition Rate Multiplication for
the DNA

(partly discussions about guide and chopper are included)

Nobuaki Takahashi (J-PARC)

g

y . .
$8%r Motivation

¥  We have already started to study RRM for DNA in 2005 (NT etal., ], Neutron Res. (2007)), but
¥ It was just conceptual study. We did not consider leakage from long tail of pulse shape at that
time. Moreover we did not know how to check the leakage nor how to study frame separation.

¥ And also situation for DNA has almost changed; I, : 32m ->43m, L ,: 7.5m -»7.8m, source:
decoupled -> coupled...

¥ Then, we have asked Prof. F. Mezei about how we design frame separation choppers after the previous
meeting in March 2008. This discussion had been continued by e-mail.

RRM Increasing the slits on the pulse-shaping chopper
( Distance \ ) 4 i
. ®
Lt
analyzer CHNNT o i 4 slits
sample it 107
B {od HR mode, N, =8
¥ % down scattering (£ > £)
Ise- H '
o : Optimuam: 8 slits i
chopper

source Time » *

Fig. Multiple-rnonochromatic-incident neutrons

-
e

adialies

kNone contamination is required af sample

Energy transfer: ho [meV)]

-
e
»
3

N. Takahashi et af., "o e T —T
J. Nentron Res., 15, 61 (2007). momentum transfer: @ [A]
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Geometrical Study;
Where to put frame sep. choppers

008, wave. &,
ciug Hwa FEL
[T o

Teri —= Nabookl
dee Ha 0 o dise chopps: o
¢ ak 2 eu P&ﬂf\.“«

foit senclus back ~ A0 us !
A

/ e B

A e fl feoue
—ee

L AP S
\ ~A Hs

/ Repetidiow condificus:
| / - :
[ ! Freqpencsy, W of 160
P [ / + e
| / @ fn o wdigh 25
( / @ exoel disbavce
fren Sowes [

‘ ‘-"'I‘ L ﬁr’({‘l/{;tu‘,_u

e Coperakion
Tilfer 2 @o A¥H w
5 eeida, EEDERr 2 (0>
e ac.-:i-»mﬁ:l T
IRM Frome sepesabion
sy #L @8 b
4B sk J9FSH: .
4 sh:d. ,,a-?:_:; L2 8L T

ow—

Fost_cdopoer @ 3.5
r...j_;e. S benping
q’(:S’ st doo lt’a-'-g"e

¢

Prof. F. Mezei’'s
suggestion
(May '08 at Tokai)

Suggestion 0:

frame separation choppers should be
opened as much as possible. All neutrons
in the useful pulse passing through pulse-
shaper must not have been cut off by the

RRM frame separation choppers.

w=30mm
opening time = 33us{full), 26 5us{FWHM, counter rotate)
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40% e Definition for the frame separation

¥  Pulse-shape of the coupled moderator, E ~ 2 meV
¥" Peak intensity is at 120 s in the TOF spectrum.

¥ Useful-frame is defined as the TOF band between the % of the peak intensities; 40 ps ~ 260 ps. The
width ¢, =220 ps.

¥ Useless-frame which we have to avoid when applying the RRM technique is the long tail in the
TOF spectrum. We have defined the TOF band less than * 107 to be cut out. Then the long tail to
be avoid is 2 ms at least.

Pulse-shape of the coupled moderator at JSNS

o~ E~2mev]

Table. Useful and useless frames in the TOF
spectrum when applying the RRM technique.

rt [ps]| end [ps]
120 -

useful frame; £, 220 40 260

10 120u5[hnuun

wretvel v e b e
000 2000 3000 4000 5000 6000

Time [psec] 5
Fig. Moderator pulse-shape, E ~ 2 meV.

- - 2000

Integrated intensity [nfcmzfsfsrfe\/f;:lulse@1 hly]

‘;ﬂ?pﬁﬁ: How to obtain spec. of Frame Sep. Choppers?

¥ 1. Deciding tentatively spec. of pulse-shaper, L, =7.8 m, J; =300 Hz, n, = 2.
¥ 2. Calculation of spec. of frame sep. chopper, according to the following eqs. (L, f )

fn=25m(m=123,) ‘

L=ty
S

time wicth of full open: At,
n: number of slits on discs i

F frequency
L: where to put the chopper

Ly
% 3. Drawing TOF diagram. o
According to Feri’s suggestion (right figure). opening time : 248
% 4. Checking the leakage. If good, finished. If bad, go to 5.
¥ 5. Adding the next frame sep. chopper, then go to 2. \ et

useful frame: &,
¥ xxx. Trial and error again and again.

BUT if no-win situation, go to 1. Figure: schematic TOF diagram, which
indicates frame separation concept
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Finally, we found one of the good solutions...

Table 1: Spec of the pulse-shaper

Length | Frequency | slit width LIS opening-time in
L, [m] J, [Hz] w, [cm] of slits FWHM
Aty [ps]
Pulse-shaping 7.8 300 3 26.44
chopper

frame sep. #

frame sep. #2

Length
L [m]

Frequenﬂ
f, [Hz]

number of slits

“ 1 'Hl'l

3

13.867

10.697

frame sep. #1

Expected E-resolution, Si(111)

{ e
"5PHHE

AE = Ex 2\/[%]2 +(cot 8, - ABY +[%J2

= 2.085x2y/(L44x107'F + (1.34x10°'] + 4.75x10}
=2.1peV

Result: TOF diagmm

1.284

Pulse- shape ofthe cnup\ed moderatnr atJSNS
1 : z

ms

1.013ns

sanple at 43 n (Lll)

&

=)

frame sep. chopperd at 13.867 n

frane sep. chopper? at 10.697 n
frame sep. chopperl at 8.7070 n

[

=

Integrated intensty [nrcmzfs.ia'fe\f’fpulae@1 ]

=

biaaseyabes it i friliciiiinr e i i ]
o 1000 2000 3000 4000 S000  BOO0O

DN
§

278, § S
\

No leakage till ~ 4.6 ms!,
corresponding to ~ 10 int.

T

N 5

\

pulse-shaper at 7.8 n

K

1 \1

I\

& \
-‘—i ‘
Pulse shape
120 us :Peak intensity at around E = 2 meY
40 us - 260 us /2 intensity (useful frame)
- 2 ms 10-3 intensity (useless frame) 8
- 3.26 ns ¢ x107-4 intensity (possible frane overlap)
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Calculation of spec. of Frame-5ep. Choppers

';?Pﬂﬁyotivation: slit angle?; single-disc? double?;...

» Actually, when checking leakage on TOF diagrams,

% Definite opening-time of frame sep. choppers are required; half-open -> full-open ->
half-open. Length of half-open is very important.

¥ If the half-open time is so long, leakage occurs easily.

L
A
time width of full open: 2At,
L.
\ __—time width of half open
mvan
L
opening time in FWHM: At,
in Full width: 2AtU

>t

useful frame: t,, 10
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Vo Motivation, CONT.

U

¥ Actually, when we check leakage on TOF diagrams,

» So type of choppers are important; single disc or counter-rotating double-discs. Then,
we checked both type on every TOF diagram. And finally, we found the solution
which we presented previously. In that situation, double disc case only can work well,
nor single disc case.

half-open is much less for double disc.

VoL ¢

TteﬂSlu—'— » 4‘—5 f},’ Intensity i 0 >
1/, files] 1 T vi I ; E%
! o, TF time | N s
Single Disc case Double disc case "
Requirements on Choppers
12
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4% Requirements on Choppers

¥»  We are proposing elliptic (V) + curved (H) geometry for the neutron transportation system, then
¥ Tall slit is required on some discs with relatively high freq.

¥  We have asked spec. of choppers of IN5 at the ILL last month by Dr. H. Mutka and Dr. . Ollivier.
One of them is 690 mm disc with tall slit (170mm). It has been operated with high freq. (283Hz =
17000rpm).

curved curved curved curved curved

Side viaw —'-'-'-‘-

.
Ll
Moderator Ly=78m Ly=87m L,=107m Ls=137m Sample
h=132mm h =144 mm h =157 mm h=172mm
ang=57 ang = 23° ang = 29° ang = 42°
f=300Hz f=289Hz f=250Hz TRETOHE 13

4
/A

"gpﬂﬁc

Conclusion; complete spec. of choppers

Table 1: Spec of the pulse-shaper

Lengt Frequen slit #of opening-time in
h cy width FWHM
Ly[m] = 7 [Hz]  wq[em]

Pulse-shaping 7.8 300 3
chopper

Length Freque # of slit ang opening-time of whole width of
L, [m] ncy i 3 full-open opening-tie guide
" [Hz] A, [ps] to [s] w, [mm]

i
Jn

frame sep. #3  13.867 27 5 265.12 429.36 60.0
frame gep. #2  10.697 25 i 29.° 154.23 325.60 60.0
frame gep. #1  8.7070 23.17 84.61 239.50 60.0

14
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Verification by McStas

15

2 . . . .
(& discussion with Dr. Emmanuel Farhi at the ILL
U/ YR
Oct. 2008
¥»  We did not know how to check the designed frame separation choppers work successfully or not by

»

McStas, till last months. Then when we visited the ILL I asked Dr. Emmanuel Farhi.
He had an answer. We should use some components which he made and supplied to the McStas
package.

¥ Use “PreMonitor_nD.comp” and “Monitor_nD.comp”.

¥ We can check “record of neutrons”. In our case, we can check which neutron have passed each

chopper, i.e., pulse-shaper, #1 frame-sep. chopper, #2 frame-sep. chopper and #3 frame-sep.
chopper.

Simulation parameters

Using 27 {frame (incident energy: 1.8 ~7.22 meV)

it N

Pr—— 2nd frame

si(311) sif111)
T.64 meV 2.085 meV|

Distance from the moderator, L [m]

78— [pulse-shaping device|

BLOZ, CM 20 meec B0 rmec | ME 16
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e

{.% Simulation System

from source

MC display

side view

QI rou TOF at each
Position of PreMonitors but it ONLY counted neutrans v eached sample!

1.264 ns 1.013ms

@ sample at 43 m (L‘])

frame sep. chopperd at 13.867 m

o frame sen. chopper? at 10887 n u
f—v—muu g ChORREr T at o.- (070
M

Pulse shape

120 us :Peak intensity at around E = 2 ne¥

40 us - 260 us /2 intensity (useful frame)

-2 ms =x107-3 intensity (useless frame) 18
- 3.26 ms < x107-4 intensity (possible frame averlap)
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% : :
40% e Beautiful frame-separation

ON: PS’ #1’ #2. 43 beautiful cut off at about 430 us Good case
Off. none 3 frame-sep. choppers

_@®

» s wE

1wt -

g L

B nexi2 ¥ wf
: TOF: 20~ 300 us
'3 '
w

i S

0t i 2

1 1 1 I 1 1 L w & Il 1 1
] 100 200 00 400 7 & 9 W 11 B 13 g 9 W 1l m 13 4
TOF e it pali
Great separation at sample pos.

bl —i

1 - i : z u 7

E iy

vl !
jlig

w

b 10

' - w'

' - i’

! 10

w? 1 | | | I 1 L U 1 1 I Il 1 19

10 1 14 15 18 48 18 0 0 45 50 55 60 &5 70
z10* =10 =10

& Wide energy-band obtainable by the RRM

i
"gﬁﬂﬁz:

% Broad E-band (left), wavelength-band (right) measurements can be obtained at once.

f L
10 i i
B
= luﬁ E
3 : 'i ' 5
10 | I\; := 1o
Int. - E Int.
] oL
10t | E
' g
| | | | | | I | | | | |
2 3 4 5 [ i 35 40 4.5 50 F &0 6.5
Energy (meV) wavelength (A)

20
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) Worst case
ERIEES No frame-sep. chopper
Off: #1 #2, #3 P Chopp

) L 16" -
w -~ 4
1f |-
10 i
Int. e
' wh
¥ w*
L o
w' |
w i o
I L ! I
g 10 12 14 g 10 12 14 15
TOF 10 ) . _ - )
Pulses at sample in TOF EBectrum is not clearly separated becausd B the tail

’ Bad case 1
. 1 frame-sep. chopper
Off:

, wH
w -
1 -,
w - 1
iF
Int. s 1
10
1 b
10 i
1
1 1 Il A | i I
20 25 3n 3 o ) 8 1n 12 14

10

" P
Pulses at sample in TOF siﬁléctrum 1s not clearly separated because of the tail

®

'
10 | uf
1w ina
1w |
iy
i 10
vl i
"
w' - iy L Ll L L B P R TI RT
o1+ 1§ 18 a0 2
Pty
” ol 22
x
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Bad case 2
DNERES 2 2 frame-sep. chopper
Off: #3 P- €hoPP
10 - I 3
jtig
Wl ] S
Gt
jug wi !
1wt -
Int. 1 |
e jll = )
10
R 10 1
I | I | | L ! ) Iy I I 1 [l
0 1m0 W0 M0 W0 6W 78 9 1 11l 1 I3 ] 0 12 14
TOF x10° =10 x10°

Pulses at sample in TOF spectrum is not clearly separated because of the tail

@ ®
g "

g I I I | I L L L I I L
B i 15 1 12 W 16 18 20 32 M 0 45 50 S5 60 65

=10 =10 23

=10

g

[ & Further discussion
U/ YR

¥ Discussion is necessary about

¥ When using second frame another band-chopper(s) are required. Where to be put and
What spec.?

# How about the 5i(311) case?

_ 473 detertor|
E P —
= 43
-I_ =mrmple
g e
] SiE11) | Bl
5 TE4 meV 2.085 meV,
E
L}
=
E
2
=
g
& 1
® 78— pulseshaping device
=
BLOZ, CM 40 msec 80 msec Time 2
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Further discussion

¥ Discussion is necessary about

» The guide width is 60 mm. While the slit width is 30 mm when applying RRM. For
normal meas. we will use other disc, ex. triple slit of lem, 3cm, 6cm. Do you think we
have to consider about the eye-of-the-needle type neutron guide or double-elliptical
shape guide? (Dr. P. Béni is planning for MARS) While we do not think so. They are
good for efficiency but loss of intensity will occur.

25

4
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Appendix (double-elliptical guide for MARS by Dr. P. Boni)

Available online at www.sciencedirect.com NUCLEAR
-z’ INSTRUMENTS
e
o ¢ i i & METHODS
.“ ScienceDirect &METHOOS

RESEARCH
SectonA

Nuclear Instruments and Methods in Physics Research A 586 (2008) 1-8 —_—
www.elsevier.com/locate/nima

New concepts for neutron instrumentation

P. Béni
Physics Department E21, Technical University Munich, D-835747 Garching, Germany

Available online 8 December 2007

Abstract

With the progress made in establishing new coating and grinding technigues and the availability of new simulation tools significant
progress has been made in increasing the performance of optical components being used for neutron instrumentation. These include
passive components like honeycomb lenses, focusing collimators, devices using supermirror coatings as well as active phase C
transformers. In this contribution I shall discuss various possibilities of how the phase space of neutron beams can be adapted to match
the needs of neutron beam lines and how to transport the neutrons efficiently from the moderator to the sample and detector. Itis shown
that elliptic guides can lead to significant flux gains while improving the resolution of spectrometers. The power of the new focusing
technigues will be demonstrated for triple axis, time of flight and spin-echo spectroscopy as well as for imaging with neutrons.

) 2008 Elsevier B.V. All rights reserved.

PACS: 03.75.Be; 28.41.Re; 29.27. Eg; 29.25.Dz

Keywords: Neutron optics; Guides: Focusing: Supermirror; Polarization analysis
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‘ ).‘:mm— Appendix (double-elliptical guide for MARS by Dr. P. Boni)

A
B Mars
e - —
ol
D ____________".‘_’Es_‘f'_’___‘
2 ] - = = =y
e e RE e :_\_(_4
E | &
/ = et

T
~—— e~ e~ 1L
,_-—-"'-__—__"'-—-_,_;'_._-—

_— =
__--'—___——'___'-'_'-" ._.--_'-_—_ —

Fig. 6. Various options for transporting neutrons between the time-
determining devices in a ToF-spectrometer. Solution B is realized for the
backscattering spectrometer MARS at SINQ [20]. The beam stops
interrupt the direct line of sight between the choppers and the sample

thus improving the time resolution. 27
& Appendix (double-elliptical guide for MARS by Dr. P. Boni)
U/ YR
P. Bini / Nuclear Instruments and Methods in Physics Research A 586 (2008) 1-8 5
Table 2
Definition of various guide geometries for the backscattering spectrometer MARS at SINQ [20]
Item Length (m) Type of focusing Entrance (mm”) Exit (mm®) Remarks Gain
Linear (A} 745 all linear 30x120 30x 120 M-S 1.0
Present 36 linearly tapered 30x120 15 % 60 M-Cl 29
Design 0.308 straight 15 60 15 % 60 Cl1-C2
(SINQ) 156 linearly tapered 15% 60 30 % 120 €2-C3
(B) 184 linear/parabolic 30=120 30 x 58 C3-C4/5
4 parabolic 30 x 58 8x 15 C4/5-8
745 clliptic 30120 11 x44 M-S
4 elliptic 36 elliptic 30120 15x 59 M-C1 45
Configuration (D) 14.55 clliptic 30 100 30 % 100 C2-C3
(beam size matched) 17.20 clliptic 30x 100 30 % 100 C3-C4/5
3.9 clliptic 302100 18 x 61 C4/5-8
3 elliptic 36 elliptic 30120 15x 59 M-C1 53
Configuration (E) 14.35 clliptic 20 118 29x 118 C2-C3
(beam size matched) 17.65 elliptic 22x 88 50 % 199 C3-C4/5
3.9 clliptic 50199 12x48 C4/5-8
4 elliptic 36 clliptic 305120 15x 59 M-Cl 1.8
Configuration (F) 15.5 clliptic 6 x24 6 x24 C2-C3
(divergence matched) 18.1 elliptic T %20 Tx29 C3-C4/5
3.96 elliptic 1.6x 6.5 36x15 C4/5-8
2 elliptic (G) 36 clliptic 30120 15x 59 M-Cl 16
(m =3.6) 382 elliptic 15x 59 11 =45 €S

M: moderator, Ci: choppers, S: sample. Note that the beam size at the focal points is smaller than the size of the openings of the guides. The gains are
normalized to a configuration with a straight guide with coating m = 2.
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[ & Further discussion
O rrnc

¥ Discussion is necessary about

» The guide width is 60 mm. While the slit width is 30 mm when applying RRM. For
normal meas. we will use other disc, ex. triple slit of lem, 3cm, 6cm. Do you think we
have to consider about the eye-of-the-needle type neutron guide or double-elliptical
shape guide? (Dr. P. Béni is planning for MARS) While we do not think so. They are
good for efficiency but loss of intensity will occur.

¥ Intensity gain of 2 elliptic/ 1 elliptic is 0.54, then,
» 1 elliptic is the best solution.

> If it will be appeared that the chopper spec. is unrealistic, at that moment, we
should reconsider the guide design.

29

g

[ & Further discussion
U/ YR

¥ Discussion is necessary about

¥ Measuring inelastic part will be achievable while high BG (low 5/N) is remaining as a
big issue for BSS, then reducing BS idea will be important. (Dr. K. Shibata’s part and
anyone have idea?)

30
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“eye-of-the-needle” guide design

>
Ly=78m L, L, L,

Wiy = 30 mm Wiy = 60 mm

guide width; wg

Ly~ Ly n=1.2)

53— Ly H

WE, = WE, +(Wg3 _wgo)x

Appendix: Opening-time of the Pulse-shaper

v

Intensity ', o
rs I'\I P

At
v
v

¥

time
2y g =2 arctan[?}ﬁ% 32

0
's
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Calculation of full opening-time of Frame-Sep. Chopper

angle=2 arctan[ “;:‘ J

time = angle/ 271,
»

\

\
\

Single Disc case

2Af, =fime —2xtime =2 arctan(

2r

Intensity", L >
/ time N time,..
<+ — e
2At, time
2L, = time—2xtime,, :Zarctan(ws“]f’by; — 2 arctan| " /2 12qf, 33

= tan

r "B

CONT.

W3

n 2 — 2arctan| —=2
2r J (L rfhg/
2

At x2xf = arctan ¥3u |~ arctan L"/z
G = 2r hg%
o
2
At =277 + arctan %"/2 x2r

ws,

r-tgs/

J frequency of each disc (n)

wa,: slit width at beam center of each disc ()

o disc radiug at beam center of each disc

wg,: width of guide at each chopper position

Az, height of guide at each chopper position

2Af: Full-open time-width

time: time-width shown in the previous slide

time,, ., time-width shown in the previous slide

rest”

wEL (2 |,y

i

Single Disc case

34
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Calculation of full opening-time of Frame-Sep. Chopper

Double disc case
>

angle »

Intensity |
A < time .
i é ﬁmeresr
) - g fime
35
CONT.
Wy 2./2 Double disc case

1
2Af, = fime —2x—fime_ = 2arctan { 2f, —arctan S {2mf,
2 2 rjzg/
2

2
2At, x2mf, = 2arctan P — arctan &
2r rjl%’%
2

WeL /2

—r_hg/ w2y
2

wa,: slit width at beam center of each disc ()

1
ws, = tan 5 2AL, %27, + arctan

r: disc radius at beam center of each disc

J frequency of each disc (n)

wg,: width of guide at each chopper position
Az, height of guide at each chopper position

2Af: Full-open time-width

fime: time-width shown in the previous slide. In this case this indicates whole opening time.

time,, ., time-width shown in the previous slide

rest”

36
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3.3. Analyzer system
Kaoru Shibata (JAEA) and Nobuaki Takahashi (JAEA)

3.3. Analyzer system
Analyzer mounting device (NT)
Analyzer alignment system (NT)

Reducing BG (KS)

Kaoru Shibata (J-PARC) & Nobuaki Takahashi (J-PARC)

la .
40% e Analyzer bank design

E B
¥ The Committee recommended to consider about single crystal meas.
% Dr. K. Shibata has discussed with Dr. K. Herwig (SNS) in March. One of his ideas is to
eliminate any space in the horizontal plane for the analyzer bank.
# A technician of a metal-processing company said that the machining cost become less if the
diagonal line of the plate (one unit of the analyzer bank) is less than 800 mm.
¥* Then, we tried to design analyzer bank and divided into reasonable plates;
% Scattering angle: -162-162deg.; dividing into 27 units <-> angle=12deg <-> width=481mm
(Fig2). The machining area is limited to a circle with D~800, then, the height of the plate
has been given about 685 mm (Fig3). The plate with the size can cover from -3deg to Odeg
if it is cut (Fig1 blue). Total 68 (= 27x2 + 27/2) plates will be required.
¥ One plate will be covered with 40 pieces of 5i wafers with D=120mm (Fig3). Then, totally
2720 pieces of Si wafers are required (1360 of Si(111) and Si(311), respectively). | O

s
280
FEP

2302

489. 8

Figl. Side view Fig2. Top view Fig3. Al back plate
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Analyzer mounting device

(& Mounting device; BASIS (SNS)
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2 App. Doppler monochromator; HFBS (NIST)

{
U YT
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‘;‘fpﬂﬁ: Mounting device; IN16 (ILL)
— C ——

{
U YT

¥ Mounting device; planning for DNA (JAPARC)

[
steel rod
air cylinder et
«f| 1kg/cm?2, 20min. -
press head \“un'it” (Al back plate) | smuces_| ]
T | | snnpma |\ =
Al (AB061) —— L
%57\ [oencnz (pinning, centering,
P = k| : 1] FYRT)
leveling the “unit
i smppEE s |\ |
/ smmfma [\ rough bench|
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Analyzer alignment system

(% Alignment system; planning for DNA (J-PARC)
— Ay

U Y i — ;f\
4 pairs of a through-hole i
and a screw_hole at each less than 800 mm-D cutting
corner for alignment area for reducing costs

—

=

Al plate: A2017 i
|

40 wafers (120mm-D)
on 1 plate.

/ 2800
g T T

Fo4 A2 FRARLRRE \

685. 2

5 half-holes for

pinning 480. 8
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(¥
) Y e

Alignmment system; IN16

(¥
O ranc

angle rotation in horizontal
: ~ ]

Alignment system; IN16 (normal bank)

cradle; angle
rotating in vertical

forward and
| back



JAEA-Review 2009-014

) Y e

(¥ Alignment system; IN16 (small angle bank)
— =

i ' §

s
O ranc
EE——— B

Alignment system; IN13
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Alignmment system; IN10

i S =

Reducing BG
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)
"1 Status of BG on BS Spectrometer and User Demand for S/N ratio
On BS spectrometers  S/N ratio: 1/300 ~ 1/1000
Friendly Comparison by Christian Breunig,, SPHERES 1.0 (sept 2007 - oct 2008)
IN16 HFBS SPHERES : P
resolution fwhm (ueV) 0.8-0.9 0.93 0.65 100 b ‘ —:'!.'-— |me.1 = 0.65pneV|_|
flux at sample (10°/s) <12 <12 >6 T“L’ SPHERES
o |sNR = 33011 «u September 2007
E 10f i E
signal-ta-noise ratio ix(ﬁgﬁam >400 330 § H l ey
BASIS@SNS ~ 1000 = \\Hag.,...
s b s e e R B e e
-10 0 10
E (ueV)
User demand for S/N ratio
On a spectrometer around elastic with narrow E scan range
-> elastic and guasi elastic scattering measurements
demand for S/N ratio :10-2~10-3
On a spectrometer around elastic with wide E scan range
->+ Inelastic mode measurements
demand for S/N ratio :10-4~10% (~10-%)
When the scan E range is expanded, we need more low
background spectrum for the inelastic measurements. 17
b
{
P How to reduce BG No.1

Background Origins

Measures to reduce BG

External BG origins: air scattering
week shield around detectors
electric noise
etc.

Internal BG origins: H- incoherent scattering from resin ;

; ; Neutron absorber .
oh the backside of Si crystal ) (B, B,C, Gd,

) Gd,0,) coating on
Bragg scattering from crystal > the backside of Si
analyzer Al back bone plate crystal

TDES from 8i, (PG) crystal

etc.

18
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)

{
®#"  Neutron absorber ("B, B,C, Gd, Gd,0,) coating on Si surface

W

Specification of test piece

Surface

Cut section

Chemical etching on
the Sisurface

Neutron absorber: thickness for redaction 14000 : :
{@E=2.08 meV/, packing density~50 % ) Multi coating of Al(Spm) and
10B: 37 pm neutron absarber
i 0
NB 40.'237]'13,” mp | Maximum thickness for B,C coating on Si
Cd26 i Spattering~ 20 um
: Melt spraying~ 200 um
b
{ v
7 How to reduce BG No.2
Background Origins Measures to reduce BG
External BG origins: air scattering

week shield around detectors
electric noise
etc.

Internal BG origins: H- incoherent scattering from resin
onh the backside of Si crystal

Al Bragg scattering from crystal
analyzer back bone plate

TDES from 8i, (PG) crystal ExbeH
) perimental results
e to estimate the
intensity form TDS

etc.

20
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Scafttering TOF Configuration

Fig. &~ A represastition. of the seuciering Froces 5 pecproes] space showiag the hyparbatc
stering wirfaces the frki W sesciring
s obmerved. For caricy the teattering dngle 2 s dravn as — 5 rather than - 176, 1 I the bach,
scataring grometry ussd. The peist 5 & Uhe tarmisation of the satiernd vector i for the siastls
srttaring peocsss (k= k.

OfT Set Angle Dependence

Neutron Intensity

Temperature Dependence

PG

293 Kelvin

Ll L

155 Kelvin

o e e
- ~-— Temperature (K)-— -

Neutron Intensity
P
2
]

a5 50 55 60 65 10 75 80 LE] !B
Time of flight (ms)

This type TDS had been reported by the group of
IRIS at ISIS in 1980°s. (by Prof. B.T.M. Willis)

Fxperiments on LAM-80ET_D for DNA
For PG{002), Si(111), Mica(006)

TOF measurements : Analyzer Crystals

On LAM-80D at KENS;

The diffraction counter bank on LAM-80ET

Counter Ba.nk

Specification

Number of *He counters : 55.

N.P. CH, Solid Cold Moderator ;L,=26.m,L,=505~565mm
Incident Neutron Wave Length: .. =25~ 30 A
Scattering Angles: 28=1635~ 1365° A 8=05°

Vacuum chamber of LAM-80ET

Introduction of Thermal Diffuse Scafttering (TDS) around Near Back

21
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‘, " Experimental Result of Thermal Diffuse Scattering (TDS) :Sii1l Studyt.
e cTan: T T & Si(111) Disk:$30mm*!Smm
¢ P J\ Surface : As Cut —ggmf?‘zs-ss
0 LS N On LAM-30ET at KENS at RT ——d2th=41.5
- T T PRI Comparison hetween elastic scattering and TDS. —d2th=+0.5
10 : J s &1 42n=05
5 —d2th=-1.
2 10000 ———v— ey —r—— —— d2th=-25 k5
—d2th=-35 |
i ——d2th=-45 |

ol ] J M E 2th=160.0 +
3 : v b 1000 | :
5 _// M - TDS/Elastic-105-104

i T I D5 " Intensity:
z | 100 e TDS:Kinematical
x 5

' Elastic:Dynamical

Neutron Counts /micro sec

neutron counts per microsecond
™ S

—
=

A50" ] ]
10 ¥ | 4
gm;m"_ m e o 01 faull - A f | : ; WM. Jlle
TOF | 1 a : a a | - a
Asymmetric scaﬂeﬁn‘;ga%ilncﬁon depend on crystal 0 3510 410 4510 23 510
offset angle. TOF ( micro sec]

Study2 . : PG002 Analyzer Crystal
TDS on PG002, 2th=160.5 deg.

o '.:!
(0 HE
ke Offset Angles 3O
1

8 | .:; 1] I I ERE 0.5
w i 0.0
o b - ~-+0.5
3 :' f;l “““ +1.0
T °T ! z +1.5
— s b
> .
e
7 0
[
b}
gl
£

20

,, .
3107 3510° 410" 4510° 5107 s5510° 610" Detector
TOF / micro sec O+

HOPG: mosaic ~ 0.4 deg. 2m 204
Size: 20. * 20. * 2.0 mm Crystal \ Incident Neutron
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Study 3. : Mica006 Analyzer Crystal

Natural Green Mica(006) NEUTRON INVESTIGATION OF MICA

: SPECIMENS in PSI
Size: 20. * 20. * 2.0 (stacked) P. Allenspach (PS1), D. Engherg (SIS, LK)

a: offset angle . .
HMica(006),2th=160.5.(No 7) Slabs of single crystalline mica are - due to their large

lattice spacing - used as monochromators or analysers
1 in high resolution spectrometers. For a specific choice
of mica a survey of all available types of mica and their
thermal diffuse scattering (TD'S) was needed It turned
out that there is almost no temperature dependence
observable. Hence, an improvement of the signal-to-
background ratio cannot be achieved by cooling as in

pyrolytic graphite.

|l incoherent g, g ¥ i

1.Annite with strong 002 and "
006 but missing 004 anda : i
background comparable to
Muscovite.

2.Phlogopite with all
reflections consistently
strong and a background
similar to Muscovite.
3.Fluor-Phlogopite with
strong 002 and 006, weak
004 but very low
background.

incoherent : 5 L]

Counts fpsec [~ Zhr]

« L incoherent + . '_

Thermal Diffuse Scattering (TDS) :Discussion

» TDS would be one of background origin in a spectrum on
nBSS with wide dynamic range.

* Si(111) ; Comparison between TDS and Elastic scattering.

TDS: Kinematical scattering process
Elastic.: Dynamical scattering process
+ Kinematical scattering process

{on the surface, as cut condition)

Intensity ratio (TDS/Elastic.) ~ 104~10-> (t=0.75 mm)

If the Si111 crystal with chemical etched surface was used,
Intensity ratio (TDS/Elastic.) » 104~10°

To Reduce TDS (B.G.)
1. To Reduce the thickness of Si crystal -> t=2.5-> 0.75 mm@/)

2. Cooling analyzer crystal -> Big analyzer cooling

3. Change Si -> Ge, 1/M -> Int(TDS) small,
26
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How to reduce BG (Summary )

Background Origins

| Measures to reduce BG |

External BG origins:

air scattering

week shield around detectors
electric noise

etc.

[ Depend on the design I

Internal BG origins:

H- incoherent scattering from resin
on the backside of Si crystal
| SN ratio~ 107~10+4 |

Al Bragg scattering from crystal —

analyzer back bone plate

TDS from Si, (PG) crystal
| SN ratio~ 10+~10+ |

etc.

— Neutron absorber
(B, B4C, Gd,

Gd302) coating
on the backside of
Si crystal

Experimental results
to estimate the
intensity form TDS

User demand for S/N ratio

Elastic and quasi elastic scattering measurements
Inelastic mode measurements

demand for SN ratio :10-2~10-3
demand for SMN ratio :10-4~105 (~109)

27
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3.4. Neutron transportation system
Nobuaki Takahashi (JAEA)

3.4. Neutron transportation system

Nobuaki Takahashi (J-PARC)

g ]

{7 Studies about the neutron transportation system

¥  Low energy neutrons should be transported to the sample as much as possible.

v elliptical shaped SM guide is much better rather than straight type in vertical direction. The
expected intensity gain is more than 1.5 ~ 2 times. See Fig. 6 [N. Takahashi et al., Proc. ICANS-XVII,
373 (2007)]
#»  Background from higher order reflections of 5i(311) (933, and higher) should be avoided. The elastic
energy of the $i(933) is about 70 meV, then
v' Curved guide with cut-off energy of 40 meV is planned. {m =3, R =2200 m, w = 60 mm)
¥  Polarization devices will be installed before the sample position. This instrument is normally used for
elastic scans and/or quasi-elastic measurements. The elastic energy of the Si analyzers are 7.640 meV
and 2.085 meV. Such a long wavelength neutrons SM type polarizer would be better.
¥ SM polarizer

25

extt
(2x2cm? L=428m) 2
sample o

20 [ o
' ; .
71 SMpolarizer i mﬁ%%
curved guide | ‘ i od

(=3, A=2200m, w=60 mm, E* = 40 me¥)

Intensity gain (HEW/OLI)

il

pulse-shaping device (7.5 m)
0s
[

i 1
CEED) T 5 4 5urEd EEEERE]
1 1
Brergy [me W]
moderator (0m)

Fig. Intensity gain factor of the elliptic guide,
Fig. Geometry of the neutron transportation system against a commonly used straight guide
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/8 Fabrication is partly started (JFY2008)

) Y e

%  Fabrication of the neutron guide is started in this JFY for 2m-shutter-insert and 3m-bio-shielding-insert.
whH2mm w62mm
Top view i_

w60mm curved (m 3R2200m

h98mm h98mm

! i

t

h98mm -> h133mm, elliptic

! ! ]

\4

23m 4.3m 7.4m Sample
2m shutter insert 3m bio-shielding insert 7 8m

b

‘ Y e Intenszty comparison

ax10° ; L1=43m
3 H:elliptic, W :60{curved)
shutter (H:98, W:62, m=3)
- - - shutter (H:98, W:62, m=2)
shutter (blank)

N | —— H:98, W:60{curved)

y converging: elliptic
—— H:98, W:60(curved)
converging: taperd

Intensity
(s~

IIIII 1 1 1 IIIIII .
S 6789 7 3 4 5 67809 2 3 4 5
1 10

Energy [meV]
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{ ‘%
".’PHHE

Spatial distribution & divergence

— £

Spatial distribution

¥-positi on [mm]

-40 -20 1} 20

H-position [mm] Divergence

V- divergenece [deg]
Y-divergence [degrees]

4 2 0 2 4

lambda [A] - divergence [degrees]
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3.5. Data analysis software
Yukinobu Kawakita (Kyushu U.)

Data processing from TOF data

Faculty of Sciences, Kyushu University
Yukinobu Kawakita

Y

. TOF spectra
2. Normalization by wavelength distribution of the incident beam
& counter efficiencies

3. Window correction

TOF of the elastic scattering should be defined.

Binning

TOF -> energy transfer (flight length)

Constant At->constant AE

4. Subtraction of container and background, Absorption correction
5. Detailed balance factor
6. Resolution decoupling
7. Surface interpolation + Multiple scattering correction

=]
=1

TOF spectrum

2 |.
o H
ot
Eqof:
Detector | 7 ; = i
g
=
5 It
4 3]

DU 10000

Flight time (2 5ec)

Caorrection of counter efficiency
Elastic scattering intensity
from an incoherent standard sample (V)

Analyzer /e
\
= Sample DD 10000
= i .
[e)] | £ 6000 Flight time {4 sec)
Lo =
e, | S
=
E 5. 4000
()] I
w —// ;
Chopper = /i B o0
| ¥ =
VP E
e E g 10000
Flight time Flight tirme (e sec)
Faproe 'L g
5
b= SHIELD * BEAM MONITOR TURNTABLE
: N =
S10000 f @@B?" T
2
—_— - - : o ; 2
E €ALD SOURCE ‘ IR s
)
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Window correction

This procedure depends on how store the scattering counts.

If we measure TOF with constant time interval,
we have to transform the step to constant energy interval.

dE
Count at each time step should be multiplied by ‘d .
t

Detailed balance factor

To obtain symmetrical S(Q,E),

S(0.E)=8%(0.E)exp(~E 2k,T)

Absorption correction

Energy dependence of absorption cross sections
1A law or theoretical calculation

Each pixel of energy transfer should be dealt independently.

Dependency on incident neutron energy,
direction of detector,

s
'|@SZ and sample shape

2

A(E.8,¢) = jﬂv exp(—o(E; ys, Jexp(—o(E ; )ns, )dxdydz
E=E-E,

for each detector



JAEA-Review 2009-014

Subtraction of container and background
contributions

by

I(E)= A%{[J:fi E)- I (E)]- AA— o=y 1 (E)]}

4

a4+

~ Absorption coefficient of neutron scattered from matter j
Jand absorbed by i material
T function of E, 8 and ¢

Multiple scattering correction

Approximation V.F. Sears

Monte Carlo simulation
MSCAT J.R.D. Copley



JAEA-Review 2009-014

Method by V.F. Sears

1 Stk o) =Hilp, KRS(Q @+ AR (e
1
0-0-0 Bk [Reonnad

hmgzeg_e1

Direction easy to happen
multiple scattering

TR ERRPUNN (NSrANN [I i
0 02 04 06 08 1

9 (xz)

Case of liquid Ge

Total scattering

Energy (me\1/?20 ' \\\§§\\\\§\\\\\\\\\ 5

Liquid Ge (r=0.5¢cm, d=5cm)
Mean free path 2.0985cm
Single scattering 82.81%
Double scattering 15.15%
Multiple scattering 17.18%
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Case of liquid Ge

Multiple scattering

1000C

o

-

h%]
e B e e

\\_\\_\ﬂ\\\\‘**\m\\\'.‘\\\\\\‘\

Q (1/A)

Case of liquid Ge

s@Qw) ——

— 77 —
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Monte Carlo simulation MSCAT85

Software generates 1000 neutrons injected to the sample at first and simulates
elastic and inelastic scattering process. In further run, it simulates only elastic
component instead of the full calculation and automatically attaches inelastic part
using the results of the first run.

Analyzer

sample
Fixed E; sample source
source
E

Analyzer or detector

All code assumes a fixed single energy of incident neutron.
We need a new code to calculate multiple scattering for BS instruments,
because of geometrically asymmetry .

Ilteration

Predictor function of 5{Q,E) including single scattering

Calculate or simulate multiple scattering contribution

Compare the observed S(Q,E) and calculated one

Taking into account the deviation, new function of single S(Q,E)

This process perhaps can include absorption correction.
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Decoupling of energy resolution function
using by MEM

T T T T T

[ nquia m,
14

S(Q,E) after decoupling of the resolution
function by maximum entropy methods

03 |

g
g
<] ﬁ 30
2 02
MEM s(Q.E)/s(Q)
20
0.1 Q(1/nm)
10
o!
N. Takahashi, et al,, J. Phys. Chem. Sol. (2007)
lll. moderator possibilities; 2. expected performances
i (&) P G{O02) analyzer g () Ge(311) analyzer (£)Si(111) analyzer
10 10 <
n-BS spectrometers —— CM-source L0 J—p——— [Aom-siit P5]
— CM-source - - DIANA — .~ DIANA [2cm-dlit P 5]
- - DI&NA ks ;';‘g-tsﬂu'ﬁe ~ - PMT-source [1em-siit PS]
= gk - - PMT-source =g -type P i I SME-type
L o SNSype L Em
5 ] =
5 H] b
e Ll i
10 § 0% E10° L
c & g
z E =
2l @ £
5.2 I 1 2 " i
10% £ 3 £ e
E E E10 :
1
i
10” 10t T T T 10 .
0z 04 [ili] 01 08 06 04 D2 00 02 04 0 o 0 10
B [me] Eo[me] Ao [puetv]
Fig. E-resolution of PG analyzer Fig. E-resolution of Ge analyzer Fig. E-resolution of Si analyzer
Table: performance comparisons
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De-convolution of energy resolution function by asymmetrical res. fun.
Maximum entropy method (PG mirror for DNA) | o rmirerfor v sz

Model function

resolution function

center FWHM 20 eV relative intensity 0.5 [ 23ueV
excitation FAWHM 100 u eV relative intensity 0.5 '
excitation energy £ 500 eV
-k - I
3] T T T T T energy transfer (met)
model function — bare fun. Energy dependence of
_ conwoluted by HWHM of the res. fun.
energy resolut 40 T
E 4 - energy resolut. HWWHM for resolution function
= 3
n 2
2 E
w =
2 B
z
g -05 [I) 05
Energy transfer {mel) 10 x 3 : 5 . :
energy transfer (me')
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.
Logarithmic scale
10" : 10' \ . -
——— fitted fun ——— fitted fun.
initial —— initial
10°% 1t iterat. 15l iterat.
2nd 2nd
| 3rd = 3rd
=10 Ath & 4th
£ — sth = — Bth
Eag o) Bth = i Eth
1o ——100th u10°r —— 100th
o S
) W
167
o
=5 L =
10 —1 1
0 2 4 10
-0.1 0 0.1 0.2
Energy transfer (meV) Energy transfer (meV)

reproduce well even a tail part with lowest intensity
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MEM results for PG mirror

Bare function without convolution of res. fun.
Logarithmic scale

1
T T

10" . . ‘ . 10 :
bare function ——— fitted fun. bare function ——— fitted fun.
—— initial initial
10°k 1st iterat. | 1st iterat.
2nd 2nd
—_~ 3rd = 3rd
= 4th o 4th
g1o ——5th 3% — 5t
= 6th ="
L —— 100th i
o =)
@10 °F 10
107 .
h&_'_,
=1 L L L
107 : 10 0.1 0 0.1 0.2
4 Energy transfer (meV)

0 2
Energy transfer (me\)

almost perfect reproduction
by a hundred of iterations in MEM procedure

Resolution decoupling for Si analyzer ?

Resolution function of Si analyzer has

a quite good symmetrical shape.
Decoupling of resolution function for

Si analyzer is much easier than for PG.

detector
analyzer
sample

chopper

source Time

Fig. Multiple-rmonochromatic-incident neutrons
None contamination is
\ required at sample

> In RRM (Repetition Rate Multiplication)
mode, each energy range has a different
energy resolution. Resolution decoupling
still can be a powerful tool to compare
different scattering regimes.
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4. Summary
International Advisory Committee (Chair: Dan Neumann)

4. Summary

IAC

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

The work since the last meeting is excellent and
should lead to a high resolution spectrometer with
an energy resolution of ~1 ueV.

The current layout is imaginative and well-
considered. The performance will be excellent with
the ability to trade resolution for intensity. The RRM
scheme would be the first of a kind and we believe
it should work well.

The current design will be expensive to realize, but

we see no way to significantly reduce the cost
without compromising performance.



JAEA-Review 2009-014

Comments on Instrument Layout

Choice of coupled moderator is excellent.

Guide design has improved from last time. We
encourage you to continue your efforts to optimize the
coatings for cost savings.

The RRM chopper set-up is very good.

a) More detailed analysis of the precision of positioning and phasing
would be helpful.

b) Develop a scheme for “evening” out the "monitor” in the RRM mode.

We were pleased to see that considerable effort has
went into optimizing the size of the sample area. The
diameter of 40 cm adds considerable flexibility for
sample environments. Please keep in mind the ability
to align single crystal samples.

Comments on Instrument Layout

4.

Analyzer design for Si (111) is good. Some issues:

a) The thickness of the 5i (111) crystals might need to be increased
slightly to account for strain relief at the edges of the crystals

b) The same care needs to be applied to Si(311) as to Si {111)

c) Absorber backing needs to be established to achieve the ambitious
goal of 10,000 to 1 signal to noise (which would allow qualitatively
hew science.

Choice of 1-d position sensitive detectors is
appropriate.

Data acquisition system is the MLF standard.
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Appendix A - Disc choppers of IN5
courtesy of J. Ollivier & INS5 project Team (ILL)

£y 4 2 SPECIFICATIONS
Appendix; Disc
DISKS land2 Jand4 Sand 6
Diameler (mm) 750 690 690
Windows
angular aperture (°) 9 95 3.25
Beam height 170 82 72
(mm)
GO, height
{mm) 180 92 82
Useful window height
(mm) 180 92 82
Fillet radius 15 20 15
(mm)
Total window
height with fillet 195 112 127
(mm)
Maximum peripherical
linear speed 668 m.s™ 614 m.s’ 6l4m.s’
Operating speed : 7000 /17000 rpm

2 windows per disk

Franse Overlapf
Pulsing choppers Contaminant Order doppers Monadsromating dioppers
Disks T and 2 Disks 3 and 4 Disks 5 and 6

3 CHOICE OF MATERIAL AND BEHAVIOUR LAW

31 STRUCTURAL MATERIAL = ALUMOLD

- Chemical composition : Zn 6% Mg 24% Culs%

M-chopper

0 = 690mm

G=690mm
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