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  A workshop entitled “Biomolecular Dynamics Backscattering Spectrometers” was held on February 27th

- 29th, 2008 at J-PARC Center, Japan Atomic Energy Agency.  This workshop was planned to be held for 
aiming to realize an innovative neutron backscattering instrument, namely DNA, in the MLF and thus four 
leading scientists in the field of neutron backscattering instruments were invited as the International 
Advisory Committee (IAC member: Dr. Dan Neumann (Chair); Prof. Ferenc Mezei; Dr. Hannu Mutka; Dr. 
Philip Tregenna-Piggott) for DNA from institutes in the United States, France and Switzerland, where 
backscattering instruments are in-service.  It was therefore held in the form of lecture anterior and then in 
the form of the committee posterior. 
  This report includes the executive summary of the IAC and materials of the presentations in the IAC and 
the workshop. 
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Group photo 

Group photo of the workshop on Biomolecular Dynamics Backscattering Spectrometers held at HENDEL 
BLDG., JAEA on Feb. 27-29, 2008. 
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Agenda

J-PARC Workshop on Biomolecular Dynamics Backscattering Spectrometers

Japan Atomic Energy Agency, Tokai Research & Development Center, Tokai, Naka, Ibaraki, JAPAN 
February 27-29, 2008 

Place: HENDEL BLDG, room310 (3F)  

Wednesday, February 27, 2008                              
   
09:30 – 09:35 Opening Remark Masatoshi Arai (JAEA) 
09:35 – 09:50 Present Status of J-PARC Neutron Facility Kazuya Aizawa (JAEA) 
09:50 – 10:05 Inelastic Spectrometers at J-PARC Kenji Nakajima (JAEA) 
10:05 – 10:20 Required Spectrometer Specification from   Hiroshi Nakagawa (JAEA) 
 Biomolecular Dynamics Studies 
10:20 – 10:50 The Backscattering Spectrometer at NIST Dan Neumann (NIST) 
10:50 – 11:00 Coffee Break 
11:00 – 11:30 The New Spectrometer MARS at PSI Philip Tregenna-Piggott (PSI) 
11:30 – 12:00 Backscattering Spectrometers at ILL Hannu Mutka (ILL) 
12.00 – 13:30 Lunch 
13:30 – 17:45 The J-PARC BS Spectrometer DNA DNA construction team  
 Several times of coffee breaks will be included 
17:45 – 18:00 Issues for homework from the advisory committee  
19:00 – 21:00 Buffet party  

Thursday, February 28, 2008                              
   
09:30 – 09:50 R&D at J-PARC Kazuhiko Soyama (JAEA) 
09:50 – 10:10 DAQ and software developments at J-PARC Takeshi Nakatani (JAEA) 
10:10 – 12:00 Answers to the issues DNA construction team 
12:00 – 13:30 Lunch 
13:30 – 15:30 Closed meeting of the advisory committee Advisory committee   
15:30 – 16:00  Advice from the advisory committee Dan Neumann (NIST) 
16:00 – 17:50 Preparing report Advisory committee 
17:50 – 18:00 Receiving the report and closing remark Masatoshi Arai (JAEA) 
19:00 Dinner  

Friday, February 29, 2008

09:30 – 12:30 J-PARC + JRR-3 tour  
13:30 – 18:00 Preparing report Advisory committee 
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1. Executive Summary of the International Advisory Committee 
International Advisory Committee (Chair: Dan Neumann)  

Overview

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

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

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

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

2. The primary scientific target for DNA is the dynamics of proteins and polymers.  Experience at 

ILL and NIST indicates that backscattering instruments with 1 eV tend to have approximately ½ 
of the beam time devoted to these areas while the beam time devoted to these areas on 
instruments with relaxed energy resolution is substantially less.  This argues that the target user 
community will be better served by the excellent resolution provided by the Si (111) option.  
(See appendices.) 

3. The Si (111) option better complements the cold neutron chopper instrument AMATERAS which 

is a versatile instrument that will function reasonably well at a resolution of 25 eV.  
AMATERAS would require an unreasonably long wavelength to reach an energy resolution of 4 

eV. 

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

graphite analyzer, the resolution is calculated to be 23 eV.  The “rule of thumb” is that the 
intensity scales as the square of the resolution.  In addition, the tandem design results in a 
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calculated loss of 30% to 40%, which can be restored by concentrating on Si (111).   Thus the 
“real difference in intensity is expected to be less than a factor of 2.  Furthermore the Si option is 
expected to provide for a lower background resulting in higher quality data for the most difficult 
experiments.  (Most of the numbers in this point are based on J. Phys. Chem. Solids 68, 2199 
(2007).)

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

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

energy resolution of about 25 eV. 

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

1. Moderator

The choice of the coupled cold moderator for a high resolution spectrometer is an innovative and very 
advantageous solution. The coupled moderator, in particular with the special pre-moderator concept at 
J-PARC provides much higher peak flux than de-coupled moderators. Pulse shaping allows one to take 
advantage of the higher peak flux and also secure perfect symmetric pulse shapes with sharp edges.  This 
advantageous pulse shape enhances the data collection rate compared to the common, exponentionally 
decaying decoupled moderator line shapes at equal resolution.  For DNA the length of the coupled 

moderator pulses is sufficient to achieve +/- 40 eV scan dynamic range, which is adequate for the 
instrumental resolution of about 4 eV.  The combination of the coupled moderator and pulse shaping 
choppers also opens up the possibility to maximize the intensity (albeit at the expense of resolution and a 
degraded line shape) by selecting lower chopper speeds or by stopping the chopper all together. This 
flexibility to trade intensity for resolution and vice versa to best meet the requirements of each experiment 
is an important advantage of the use of pulses from coupled moderators. This novel opportunity for pulsed 
sources is fully taken advantage of in the DNA instrument project. 

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

Overall, the innovative design of DNA allows it to fully exploit the characteristics of the coupled, cold 
moderator at J-PARC opening up the opportunity to utilize the pulsed source power with unprecedented 
efficiency and will make this instrument the best in its class worldwide. 

2. Guides

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

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

3. Choppers

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

4. Sample Area

The sample flange for DNA is only 25 cm.  This is not particularly surprising as the requirement of 
approaching a scattering angle of 180º from the analyzer necessitates having the detectors near the sample 
position.  Thus backscattering instruments such as DNA tend to have more compact sample areas than 
other instruments.  However, the proposed sample area is considerably smaller than the J-PARC standard 
of 40 cm.  Moreover it is almost certainly too small to mount a high-field superconducting magnet or a 
very high pressure device.   The desirability of having as many sample environments as possible on DNA 
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means that any deviation from the sample area standard should be very carefully considered.  Thus we 
encourage the DNA team to lay out the performance (by this we primarily mean resolution) consequences 

of matching the J-PARC standard.  If it is determined that DNA won’t have a resolution of 4 eV or better 
with the larger sample area, then we believe the sample area standard should be relaxed for DNA.   

The DNA team should consider providing for the alignment of single crystal samples.  Rotation of the 
sample can be provided via the sample stick as is being done at other facilities.  However, tilting the 
sample may require some type of external device.  Note that the arcs only have to move a few degrees as 
users typically bring their samples well-aligned.  This would be a unique capability to DNA and J-PARC.    

5. Analyzer

The Committee appreciated the imaginative and elegant work concerning the time and space focusing 
optics of the analyzer banks. This is a truly original contribution to the neutron scattering community.  
The analytical calculations and simulation work have provided a solid base for optimizing the analyzer 
design.  The use of position sensitive detectors alleviates the drawback of not applying the full focusing 
operation for the Si(111) option and accordingly we can state that analyzer design for Si (111) is good.  In 
our opinion Si (311) provides a good option to extend the Q-range.   

6. Detectors

The Committee fully endorses the proposed use of position-sensitive, 16 mm diameter 3He tubes for the 
detectors.  Moreover, the detector arrangement is well-thought out.  This combination will allow the 
DNA team to appropriately bin the data to minimize the energy resolution.  This approach is being used at 
SNS and has been fully explored by the DNA team.  Note that the possible expansion of the sample area 
would involve moving the detectors and thus some of these issues may need to be revisited.   

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

7. Scattering chamber

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

8. Data acquisition
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The event recording approach is an excellent choice for DNA. (In high energy physics, where it has long 
been the standard data acquisition method, it is known as “list mode” data collection.)  In particular, it 
provides great flexibility and is sufficiently robust to efficiently handle the complexities of this highly 
sophisticated instrument.  The standard data acquisition of the MFL facility will be employed.  Thus the 
Committee does not foresee any problems in this area. 

9. Data Analysis

The DNA team is already considering how they will analyze the data that DNA produces.  This is 
particularly commendable since software is an afterthought in most instrument development projects 
around the world.  The forethought given to the primary resolution function and how one can deconvolute 

the resolution from S(Q, ) using maximum entropy is equally commendable.  The time invested to this 
problem will ensure that the most science is obtained from the data.  It is also highly commendable that 
work has already begun on user-friendly software to visualize and reduce the data.  It is a pity that the 
international collaboration foreseen in this endeavor between the facilities of J-PARC, the NCNR and ISIS 
came to nothing.  Nevertheless we recommend that the following principle be maintained: the source 
code should be freely available and written in a transparent way such that the user can see how the raw 
data is transformed to the scattering function.  The topic of data reduction on inverted-geometry TOF 
instruments is a contentious, non-trivial issue.  (See B. Dorner, J. Neutron Res. 13, 267 (2005); P.L.W. 
Tregenna-Piggott et al., J. Neutron Res. (submitted)). 

Cost and Schedule

The instrument design is not mature enough to have a reliable cost estimate.  The schedule for completion 
in 2010 is quite optimistic, particularly in light of the fact that construction funding is not in hand.   

Acknowledgements
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2. Proceedings of the International Advisory Committee 
2.1. General Review of the BS Spectrometer DNA at J-PARC 

Kaoru Shibata (JAEA)  
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2.2 Neutron Sources and Energy Resolutions  
Kaoru Shibata (JAEA)  
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2.3 Analyzer Mirror System  
Nobuaki Takahashi (JAEA)  
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2.4 Neutron Transportation System  
Nobuaki Takahashi (JAEA)  
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2.5 Spectrometer Packaging  
Kaoru Shibata (JAEA)  

�������������������

����



- 54 -

�������������������

����



- 55 -

�������������������

����



- 56 -

�������������������

����



- 57 -

�������������������

����



- 58 -

�������������������

����



- 59 -

�������������������

����



- 60 -

�������������������

����



- 61 -

�������������������

����



- 62 -

�������������������

����



- 63 -

�������������������

����



- 64 -

�������������������

����



- 65 -

�������������������

����



- 66 -

�������������������

����



- 67 -

2.6 Data Analysis  
Yukinobu Kawakita (Kyushu Univ.)  
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Curved guide: E* = 40 meV

43 wider band (Si)2.7 3.6 1.8 --0.6 < < 0.62.09Si(111)

narrow band (PG,Ge)2 intensity (Si)1.5 571.9 --1.3 < < 177.25Ge(311)

1/5 intensity (PG, Ge)10 ~ 12 % better resolution (PG, Ge)3.2 151.9 --0.4 < < 0.81.87PG(002)
curved
w60xh98
R2200m

84PMt
(SNS-type)

0.20 6.2 6.7 10.014 [PS]2.09Si(111)

1/7 intensity (Si [PS])4.1646.9 --5.5 < 7.25Ge(311)

1/2 intensity (PG, Ge)wide band (PG, Ge)8.6176.9 --0.2 < 1.87PG(002)straight + T0-
chopper
w98xh98

0.5m-gap for 
T0-chopper

21.5PMT
(PMT-source)

1.4 4.8 4.6 20.014 [PS]2.09Si(111)

7.4 634.7 --3.6 < < E*7.25Ge(311)

17 174.7 --1.0 < < 1.81.87PG(002)
curved
w46xh98
R1650m

32DM
(DIANA)

3 wider band (Si [PS])7.1 3.8 3.6 30.04 [PS]2.09Si(111)

asymmetric resolution function (PG, Ge)21 % better resolution (Si [PS])66 823.6 --1.1 < < E*7.25Ge(311)

30 ~ 35 % worse resolution (PG, Ge)5 ~ 9 intensity (PG, Ge, Si [PS])160 233.6 --0.3 < < 4.31.87PG(002)
curved
w60xh98
R2200m

42CM
(CM-source)

[104n/cm2/ eV/sec][ eV][Å][cm][meV][meV]--[m]

demeritmeritsample-position 
intensity at Eel

slit-width 
of PS

-range
(one frame)Eelanalyzermain guide 

sectionL1
source

(name of n-BS)

Fig. E-resolution of Si analyzer
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(c) Si(111) analyzer

 CM-source [3cm-slit PS]
 DIANA [2cm-slit PS]
 PMT-source [1cm-slit PS]
 SNS-type

10-3

10-2

10-1

100

101

In
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ity

 [n
/c

m
2 /s

ec
/

eV
]

-0.2 -0.1 0.0 0.1
 [meV]

(a) PG(002) analyzer

n-BS spectrometers
 CM-source
 DIANA
 PMT-source
 SNS-type

Fig. E-resolution of PG analyzer Fig. E-resolution of Ge analyzer

10-4

10-3

10-2

10-1

100

In
te
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ity

 [n
/c

m
2 /s

ec
/

eV
]

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4
 [meV]

(b) Ge(311) analyzer

 CM-source
 DIANA
 PMT-source
 SNS-type

III. moderator possibilities; 2. expected performances

Table: performance comparisons

from N. Takahashi
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2.7 Cost estimation & Schedule & Support Group  
Kaoru Shibata (JAEA)  
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2.8 Issues for homework from the International Advisory Committee 
International Advisory Committee (Chair: Dan Neumann)  

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

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

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

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

5. How much is the expecting flux of the disc chopper instrument of J-PARC AMATERAS? 
Taku J. Sato 
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2.9 Answers to the issues  
Kaoru Shibata (JAEA), Nobuaki Takahashi (JAEA), Yukinobu Kawakita 

(Kyushu Univ.), Taku J. Sato (Tokyo Univ.)  
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2.10 Advice from the International Advisory Committee 
International Advisory Committee (Chair: Dan Neumann)  
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3. Proceedings of the Workshop on “Biomolecular Dynamics 
Backscattering Spectrometers” 

3.1. Present Status of J-PARC Neutron Facility 
Kazuya Aizawa (J-PARC) 
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3.2. Inelastic Instrument Suite in MLF, J-PARC 
Kenji Nakajima (JAEA) 
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3.3. Required Spectrometer Specification from Biomolecular Dynamics 
Studies 

Hiroshi Nakagawa (JAEA) 
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3.4. The Backscattering Spectrometer HFBS at NIST 
Dan Neumann (NIST) 
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3.5. The New Spectrometer MARS at PSI 
Philip Tregenna-Piggott (PSI)  
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3.6. Backscattering and Related Capacity at the ILL  
Hannu Mutka (ILL) 
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3.7. R&D of Neutron Optical Devices and Neutron Detectors at J-PARC 
Kazuhiko Soyama (JAEA)  
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3.8. DAQ and software developments at J-PARC/MLF  
Takeshi Nakatani (JAEA)  
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Appendix A - IN16 data 
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Appendix B - NIST backscattering data 
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