
�������������������������������������������������������������������

���������������������

�����������

���������

��������������������������

�����������

��������

�������������������������������������������������������

���������������������������������������

����������������

������������������������������������

��������������������������

���������������������

�����������������������������������

�������������



http://www.jaea.go.jp

319-1195 2 4
029-282-6387, Fax 029-282-5920, E-mail:ird-support@jaea.go.jp  

This report is issued irregularly by Japan Atomic Energy Agency 
Inquiries about availability and/or copyright of this report should be addressed to  
Intellectual Resources Section, Intellectual Resources Department,  
Japan Atomic Energy Agency 
2-4 Shirakata Shirane, Tokai-mura, Naka-gun, Ibaraki-ken 319-1195 Japan 
Tel +81-29-282-6387, Fax +81-29-282-5920, E-mail:ird-support@jaea.go.jp 

© Japan Atomic Energy Agency, 2009



i

i

JAEA-Review 2009-014 

Proceedings of the 2nd International Advisory Committee on Biomolecular Dynamics 
Instrument DNA in MLF at J-PARC 

November 12 - 13, 2008, J-PARC Center, Japan Atomic Energy Agency 
Tokai, Ibaraki, Japan 

(Eds.) Masatoshi ARAI�, Kazuya AIZAWA, Kenji NAKAJIMA, Kaoru SHIBATA 
and Nobuaki TAKAHASHI 

Materials and Life Science Division, J-PARC Center, Japan Atomic Energy Agency 
Tokai-mura, Naka-gun, Ibaraki-ken 

(Received May 14, 2009) 

  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 
1st 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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Agenda

The 2nd IAC on the Backscattering Spectrometer DNA in MLF at J-PARC

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

Place: HENDEL BLDG, room310 (3F)  

Wednesday, November 12, 2008                              
09:30 – 09:35 Welcome  Masatoshi Arai (JAEA) 
09:35 – 10:00 Present Status of J-PARC Neutron Facility  Kenji Nakajima (JAEA) 
10:00 – Current status of the DNA  Kaoru Shibata (JAEA) 
 Technical issues; session I   
12.00 – 13:30 Lunch Break   
13:30 – 17:30 Technical issues; session II    
17:30 – 18:30 MLF tour  
19:00 Banquet at Uoyasu: A Japanese style restaurant 

Thursday, November 13, 2008                              
09:15 – 12:00 Technical issues; session III    
12.00 – 13:30 Lunch Break  
13:30 – Technical issues; session IV   
 Closed meeting of the advisory committee  IAC members 
   Summary  Dan Neumann (NIST) 
     – 17:50 Preparing a report (paper work)   
17:50 – 18:00 Closing remark  Masatoshi Arai (JAEA) 
19:00 Dinner at the Akogi-ga-ura club restaurant hall 
---------------------------------------------------------------------------------------------------------- 
Technical issues 
1. Energy resolution and design of vacuum tank  Nobuaki Takahashi (JAEA) 
 1.1 Energy resolution 
 1.2 Design of the vacuum tank 
2.  Repetition Rate Multiplication: RRM   Nobuaki Takahashi (JAEA) 
 2.1 RRM 
 2.2 Requirements on the choppers 
 2.3 Further discussion on the neutron guide 
3. Analyzer system 
 3.1 Reducing BG   Kaoru Shibata (JAEA) 
 3.2 Q resolution   Kaoru Shibata (JAEA) 
 3.3 Design of the analyzer bank    Nobuaki Takahashi (JAEA) 
 3.4 Analyzer mounting device    Nobuaki Takahashi (JAEA) 
 3.5 Analyzer alignment system    Nobuaki Takahashi (JAEA) 
4.  Neutron transportation system    Nobuaki Takahashi (JAEA) 
5. Data analysis software      Yukinobu Kawakita (Kyushu U.) 
6. Other issues 
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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 �eV 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 �eV.   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 �s 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 �eV 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 mm2. 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 �s providing 
an energy resolution � 1 �eV.  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 �s 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 µm of the neutron absorbing 
material boron carbide (B4C), sandwiched between 5 µm 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, �d/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 �d/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 �d/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 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.  

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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4. Summary 
International Advisory Committee (Chair: Dan Neumann) 
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Appendix A - Disc choppers of IN5 
courtesy of J. Ollivier & IN5 project Team (ILL) 



1024 10-1 d
1021 10-2 c
1018 10-3 m
1015 10-6 μ
1012 10-9 n
109 10-12 p
106 10-15 f
103 10-18 a
102 10-21 z
101 da 10-24 y

SI 

SI 
min 1 min=60s

h 1h =60 min=3600 s
d 1 d=24 h=86 400 s
° 1°=( /180) rad
’ 1’=(1/60)°=( /10800) rad
” 1”=(1/60)’=( /648000) rad

ha 1ha=1hm2=104m2

L l 1L=11=1dm3=103cm3=10-3m3

t 1t=103 kg

SI SI

SI
eV 1eV=1.602 176 53(14)×10-19J
Da 1Da=1.660 538 86(28)×10-27kg
u 1u=1 Da

ua 1ua=1.495 978 706 91(6)×1011m

SI SI SI

SI 
Ci 1 Ci=3.7×1010Bq
R 1 R = 2.58×10-4C/kg

rad 1 rad=1cGy=10-2Gy
rem 1 rem=1 cSv=10-2Sv

1 =1 nT=10-9T
1 =1 fm=10-15m
1  = 200 mg = 2×10-4kg

Torr 1 Torr = (101 325/760) Pa
atm 1 atm = 101 325 Pa

1cal=4.1858J 15 4.1868J
IT 4.184J

μ  1 μ =1μm=10-6m

10 SI

cal

(a)SI

(b)
rad sr

(c) sr
(d)
(e)

(f) activity referred to a radionuclide ”radioactivity”
(g) PV,2002,70,205 CIPM 2 CI-2002

CGS SI

a amount concentration
substance concentration

SI 

Pa s m-1 kg s-1

N m m2 kg s-2

N/m kg s-2

rad/s m m-1 s-1=s-1

rad/s2 m m-1 s-2=s-2

, W/m2 kg s-3

, J/K m2 kg s-2 K-1

J/(kg K) m2 s-2 K-1

J/kg m2 s-2

W/(m K) m kg s-3 K-1

J/m3 m-1 kg s-2

V/m m kg s-3 A-1

C/m3 m-3 sA
C/m2 m-2 sA
C/m2 m-2 sA
F/m m-3 kg-1 s4 A2

H/m m kg s-2 A-2

J/mol m2 kg s-2 mol-1

, J/(mol K) m2 kg s-2 K-1 mol-1

C/kg kg-1 sA
Gy/s m2 s-3

W/sr m4 m-2 kg s-3=m2 kg s-3

W/(m2 sr) m2 m-2 kg s-3=kg s-3

kat/m3 m-3 s-1 mol

SI
SI 

m2

m3

m/s
m/s2

m-1

kg/m3

kg/m2

m3/kg
A/m2

A/m
(a) mol/m3

kg/m3

cd/m2

(b) 1
(b) 1

SI
SI

SI SI

( ) rad 1 m/m
( ) sr(c) 1 m2/m2

Hz s-1

N m kg s-2

, Pa N/m2 m-1 kg s-2

, , J N m m2 kg s-2

W J/s m2 kg s-3

, C s A
, V W/A m2 kg s-3 A-1

F C/V m-2 kg-1 s4 A2

V/A m2 kg s-3 A-2

S A/V m-2 kg-1 s3 A2

Wb Vs m2 kg s-2 A-1

T Wb/m2 kg s-2 A-1

H Wb/A m2 kg s-2 A-2

( ) K
lm cd sr(c) cd
lx lm/m2 m-2 cd
Bq s-1

, , Gy J/kg m2 s-2

, ,
, Sv J/kg m2 s-2

kat s-1 mol

SI
SI 

SI 
bar bar=0.1MPa=100kPa=105Pa

mmHg 1mmHg=133.322Pa
=0.1nm=100pm=10-10m

M=1852m
b b=100fm2=(10-12cm)2=10-28m2

kn kn=(1852/3600)m/s
Np

dB       

SI SI

m
kg
s
A
K

mol
cd

SI
SI 

SI
erg 1 erg=10-7 J
dyn 1 dyn=10-5N
P 1 P=1 dyn s cm-2=0.1Pa s
St 1 St =1cm2 s-1=10-4m2 s-1

sb 1 sb =1cd cm-2=104cd m-2

ph 1 ph=1cd sr cm-2 104lx
Gal 1 Gal =1cm s-2=10-2ms-2

Mx 1 Mx = 1G cm2=10-8Wb
G 1 G =1Mx cm-2 =10-4T
Oe 1 Oe   (103/4 )A m-1

CGS
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