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FRM I
Science challenges: Biology and soft condensed matter @ s eronenauele MLZ

Heinz Maier-Leibnitz Zentrum

Soft matter materials are dominating in
= Gas oil industruy
= Pharmaceutical applications

= Food industry Stimuli — Responsive Polymers

bridge / danglingend

PDMA loop

Biological activity is closely linked to proton
dynamics in the sytem, e.g. :

M.-T. Popescu et

al. Marcomolecules
45 (2012) 3523

= Hydration shell dynamics
= Conformational changes
= Hydrogen bond network

I I I
-0.5 0.0 0.5
AE [meV]

M. Philipp et al. , E13 — TUM (2013)

- p-lactamase
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Science challenges: Material sciences
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= Materials developpment
= Energy materials

H, storage (adsorption / absorption)
lonic liquids for batteries

Diffusion coefficents in liquid metals

2000 K Tm 1500 K
T I T
B liquid nickel
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1000/ T (K™

Meyer, Stuber, Holland-ivioriiz, Heinen, unrun, rnys. Kev. 5 1 1
(2008) 092201

Intensity (arb. units)

H, adsorption in MOFs

MULZ

Heinz Maier-Leibnitz Zentrum

BET surface 735 m? /g
Pore diameter: 3.5x 3.5 A

Energy Transfer (meV)

J. Eckert et al University of South Florida (2013)
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Science Challenges to Instrument Requirements
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&

o

Disordered Materials )
Rich dynamic landscape

Dynamics governs funcitionality
Trend to increasing complexity to

apprach more realistic scenarios

Small sample sizes and
dedicated sample environment
Time resolved measurements
Pump-probe experiments /

secondary characterisation

)

online (NMR, Raman,..) -/

Flexible to high energy resolution\
100 yeV @ 5 A
5ueV@9A

Large Q-w space

Multi-energy mode

Clean resolution function

Excellent signal to noise ratio

Medium Q resolution

Extended / focused beam size
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Outline of the instrument @ e i Lo M
detector
N FO,, chopper
source
®
rm Lo, = 10.53 m
<€ EQ1 : >
< liga=13.71m >
< i = 108 > Ly=14m
Lyy=4m
Pulse shaping Monochromating
Counter-rotating chopper pair Counter-rotating chopper pair
14 - 100 Hz 140 — 400 Hz
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FRM I
Outline of the instrument f-‘é: Forschungs Netronenduell M
detector

FO,, chopper

-

source
@
rmo\7 e, =1053 m
< LFQ-E = 1_371 m LS
< /[ 1,,=108m

> Lys = 1.4 m
Frame overlap chopper to prevent Frame overlap chopper to chose between
overlap of subsequent source = Single pulse option (n,-1) x 14 Hz

pulses = Multi-Energy Mode (Rate Repetition
Multiplication (RRM), 1 — N, pulses
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The chopper concept

A
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Time-distance Diagramm

ML Z
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140
120_- FO3 / M-chopper system
. 100 -
E,
S s0-
8
@
A 604
40 -
FO1/FO2-chopper
20
] P-chopper
0 ' I I ' I 1
0 50000 100000 150000 200000
time [us]
N, N, | AE (FWHM)2 A [peV] (AL=10/20 mm) | AE (FWHM)5 A [ueV] | AE (FWHM)9 A [uev] | AA
(AL =10/ 20 mm) (AL = 10 / 20 mm) [A]
10 1469 / 1485 95/99 16.7 / 18.9 2.6
4 20 736 | 757 49 / 56 94 /13 2.14
28 509 / 546 36 /45 7.5/11.5 1.96
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RRM : Multi-Energy Mode J) Foctinee eronenquete —'—Z

Wavelength band
Use of FO3 chopper:

FO2 = (R-1)/R * N,

1 — N, pulses pro source frame

| N,=2: A =26A
N, =4: Ah =214 A
N, =6:Ah=1.96 A

N i wa

100

80
116

Distance [m]
Distance [m]

60 -

40

20 | 114

T T T T T T T 1
0 50000 100000 150000 200000
time [us]

T T T T T
54000 60000 66000
time [us]

SOURCE

. EUROPEAN
Wiebke Lohstroh [IKON 5 | 26.09.2013 Lund SPALLATION 8



e —
FRM I P 4
RRM : Multi-Energy Mode J) Foctinee eronenquete —'—Z

N, = 4, N, = 20, Ratio 2
A=1.51-2.98 A

0.055 T T T T T T T T T
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0.040 i
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0.025 i
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0.015 4 ]

Intensity [arb. units]

0.010 .
0.005 -

0.000 - ‘ 4

-0.005
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RRM : Multi-Energy Mode J) et jeuronencuete —'—Z

N, = 4, N, = 20, Ratio 2
A=1.51-2.98 A

1 dE = 0.8 meV — - TOFdetpar2_B
Q=0.27-59 A"

:dE = 055 meV \/ — - — TOFdetpar3_B
1Q=0.24-5.2 A1

U

] dE = 042 mev —- — TOFdetpar4_B -
1Q=021-47A
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Guide System SN Heinz Maier-Lelonitz ok Ve Lok e
= Avoid direct line of sight in collaboration with:
= Standard option: 20 x 40 mm?
= Focus option: 10 x 10 mm?2 J.-M. Zanotti, S. Longeville, Ch. Alba-Simionsco

LLB, France

S — Bender Guide vs kinked elliptic guide

Exchange
I A | focus

=== R L a|ll

m o _ 108 m
7N
17.53m P
> <
20.71m EN
< \\\\ 101 m S
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Guide System: kinked elliptic guide X fioinz Maier-Leioniz

Cold Neutron Disk Chopper Spectrometer at ESS
Flux at guide Exit (McStas Simulations)

NB: For CNDS@ESS: Hor. & Vert. elliptic guide e
IN5
L] L) L) L] I L)
1a10" b Integrated Flux=_1:82 10" n/s'
i = CNDSS@ESS Uniform Coating m=5 rohée
[ (Irrealistic, just for reference) O Laboratoire Léon Brillouin

Q 1.2 10" N Integrated Flux=3.26 10" n/s

3 = =— CNDSS@ESS Adaptive Coating (m=1 to 5)

= [ Kink angle =0° (Beware direct sight neutrons! . : Ty

£ 1t f gle=0" (B¢ : | in collaboration with.

= i Int Flux=4.3110"" n/s

g ) —— CNDSS@ESSF Adaptive Coating (m=1to35)

= s | Kink angle 0.6°

nk angle 0.6° : .

g : No divect sight meutrons J.-M. Zanotti, S. Longeville,
= o b All neutron with lambda =< 0.5 Ang blocked Ch Alba-SImIOI’)SCO LLB’ France
@) 610 |- at 20 m from the source

= Integrated Flux=3.14 10" n/s

S 410" -

= [ ]

210" | .
oz L o4 2 2 2 1 2 2 3 2

0 5 10 15 20 25 30

A(A)
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FRM I
Guide System: Focussing section f‘\\f R \v4 | W4
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A=5A

2A 5A 9A

vertical

tion [cm]

horizontal
L L L

ALAL
LA

T T T T T T T T T T T T T T T
-0.06 -0.03 0.00 0.03 0.06 -0.06 -0.03 000 003 006 -0.06 -0.03 000 003 0.06

Position [m]

A [A] Standard Focus
[n/(ecm2sA)] [n/(cm2sA)]
2 9.62 108 2.73 10°

5 1.62 10° 3.510°

9 3.04 108 3.7 108
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Instrument Performace: McStas Simulations
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Intensity [arb. units]

0.4

0.3

o
N
1

o
=

0.0

Simulation:

elastic line +

QE-scattering I'= 0.2 meV

r=5A
low resolution:
FWHM = 100 ueV

high resolution
FWHM = 50 ueV

25

3.5 4.0 4.5

Flux at sample position (Single Energy mode)

ML Z

Heinz Maier-Leibnitz Zentrum

A [A] | Resolution Standard Focus
[neV] [n/(cm?s)] | [n/(cm?s)]
2 1500 1.05 10° 2.37 108
5 100 1.69 10° 4.16 10°
9 20 3.34 10° 3.84 10°
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Summary Hoinz Maar-Loontz. |+ N
Moderator: cold source
Moderator — sample distance: 116.4 m
Wavelength range: 1.1-20 A

Energy Resolutions: AE/ E =

Q-range /Resolution:

Flux at sample @ 5 A:

Beam size at sample:

Divergence at sample:
Sample — detector distance:

Detector technology:

Detector coverage:

0.3—3.4% (10 peV — 112 yeV @ 5A)

@ 2A:0.82-590A"1(AQ=0.21-0.075A")

@ 5A:0.32-2.36 A1 (AQ=0.09-0.03 A)
standard: 1.6-10° neutrons /(s cm?2 A) white beam
focus: 3.5:10° neutrons/(s cm?2 A) white beam
standard: 40 x 20 mm?

focus: 10 x 10 mm?

+/- 1 deg

4m

0B converter layers

-15 — 140 dpg
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Thank you!

ML Z

Heinz Maier-Leibnitz Zentrum
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