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- Short Intro ,,The upcoming UCN source at the FRM I[I*
- UCN guide development at the FRMII

- Guide characterization at ILL Jul/Aug 2014
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Thermal Flux at Converter
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Goal: 103 UCN/cms3 in the
experiment

110 mm

Timeline ;

«  2014: Preparations for non-nuclear test with qualification
model of the UCN source.

«  2015: Non-nuclear tests, exchange of SR6 beam plugs for
later installation of inpile components.

. 2016-2017: Installation of UCN source into SR6, first
nuclear operation.
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UCN qguides

Circular guides with high optical wall potential
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UCN guide system for the FRMII
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SR6 exit

S-bend in UCN guide Penelope

28 m

EDM
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NiV (93/7) replica guides NiMo (85/15) coated glass guides
+ small surface roughness + guide length 1500 mm

- short pieces (500 mm) - limited lifetime under radiation
- needs welding - special care during handling

+ radiation resistent (current status!) + can be produced easily in-house
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The efficient transport of ultra-cold neutrons (UCN) from their source to the experimental site is a major
issue for various kinds of precision experiments. Neutron guides often have to transport the UCN several
tens of meters with acceptable losses. In order to qualify the guides, their UCN transmission properties
have to be determined with high precision. For this purpose we have developed a novel method. The
transmitted UCN were absorbed at the end of the guide in a vanadium disc producing the p-emitter 52V
(half life 3.74 min). The intensity of the 1434 keV y-ray following the B-decay was measured. UCN
guides of non-magnetic nickel alloys made by the replication technique were studied. They show a high
Fermi pseudopotential Vr for UCN and a low surface roughness. For these guides the transmission per
meter was determined with a relative error of + 0.6%, resulting in values above 0.95/m. By an absolute
calibration of the y-ray detection system we also deduced the absolute value of the UCN current
absorbed in the vanadium plate. Possible applications of this method are discussed.

© 2009 Elsevier B.V. All rights reserved.
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‘We have measured the transmission of ultra-cold neutrons (UCN) through tubes coated on the inside
with materials of high optical potentials. The best transmission value, T, normalised to 1 m long UCN
guides was obtained with a beryllium coated quartz guide, T=(99.0 + 1.0)%. Furthermore, excellent
transmission coefficients were found for (i) a glass tube coated with NiMo(88/12), T=(97.3 + 0.6)%, (ii)a
NiMo(85/15) guide made by the replication technique, T=(97.1 + 0.8)% and (iii) a glass guide coated with
NiMo(82/18), T=(36.3 +21)%. The results demonstrate that UCN guides made from coated glass tubes
have the same excellent transmission properties as those produced with the replication technique. They
are, however, significantly cheaper.

© 2014 Elsevier B.V. All rights reserved.

Both publications show the same transmission for replica

Glass guides coated with NiMo alloys showed same performance
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w/ Vacuum chamber:

v

a

| [pd Length 3600 mm

/ Volume 243 liter

7.7E-7 mbar within 12 hours

Coating posibilities:

max. tube length 1.6 m
Max. diameter 180 mm
Two magnetrons installed

Targets available:

NiMo, NiV, Ni, Ti, Al, Cu, Cr, Au, C,
Gd, Ag
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Vertical Ultrasonic baths

Vacuum oven at 200°C
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X-Ray diffractometry AFM surface scan
%
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Thickness, density and roughness

Roughness and defects on

Typical: 98% of bulk density surface

roughness growth (2 nm/ 500nm)
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First of twelve UCN guides for test measurements at ILL
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Guide characterization at ILL Jul/Aug.2014
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Setup for transmission and storge measurements at PF2

" 45m

— 1 5mglass guide

o s\L \
Iy \

Guide ID 115 mm OD 125 mm

First shutter B
e be"d - Lenght per guide 1.5 m
40 ¢cm Nacado guide |
= Nosadobend i - Max. length ~17 m
pumping station—l | 9m = |n addltlon tWO 900 and One
25° bend in the beamline
| - Vacuum 3 x 10 mbar
25° bend __O,Sm
second shutter \ :5 N
90° bend —
0,7m

detector
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Beyvegungsnchtung d?r Atange PVC-Fiihrung zum Anheben des
beim Anpressmechanismus

(= SchlieRen) Deckels in Pfeilrichtung

Closed shutter gap less than 0,03 mm — UCN leakage < 0,2 UCN/sec
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0{-_5 ‘@ A ¥ 2 x 45 ° bend section
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90 ° bend section

&

pumping stations

selfmade shutters




From left to the right: Thorsten Zechlau, Peter Geltenbort,
Manuela Huber, Alexander Hollering
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StOrage measurement Storage inal.5mUCN

14000
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04 T ——a |
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storage time [sec] storage time [sec]
Storage time 40,5 sec Storage time 42,1 sec

—> storage time behaves as it should be
Almost no influence of the 0,1 mm slits between guides
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Storage in a 1.5 m UCN guide segment at the end of the
beamline

Spectrum softer == 59 sec storage time

T T T T ' T T T
0 20 40 60 80 100

storage time [sec]
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storage in each guide segment

guide #

7

8
13
16
17
20
21
22

23

Length [m]
15
1,5
1,5
1,5
15
15
15
15

15

storage time[sec]
(40,6 + 3,4)
(47,5%4,3)
(40,1 + 3,9)
(43,6%3,5)
(38,215,3)
(35,8+4,8)
(39,2 + 3,5)
(36,7+4,4)

(42,9+ 4,0)

density [1/cm”3]
0,31
0,33
0,32
0,31
0,31
032 «—
0,31 /
0,31

0,29

Visible defects in coating
at the guide ends due to
handeling
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Loss coefficient for the NiMo used for the guide system:

1 _ i + l + l - With a slit between two guides of 0,1 mm

Tarf g Ta T

- T3 =885 sec
- T4 = 40 sec

- With a measured wall potential for NiMo
4 -V (85/15 wt%) Vi= 217 neV
gutdes

w= -
Ag:.'.z'dﬂ VT

- for the total storage volume

) L= 5,/ -10~=
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Time of flight measurements

| 45m |
[ N Transmiss ts for UCN (3,3 — 6 m/s)
= ransmission results for ,3—6m/s
il /\\_ _ (
e - whole guide system 0,45
nearenopper | - 2 x 45° bend 0,81
Sumping station om - 25° bend and shutter 0,90

Transmission straight glass guide
coated with NiMo(85/15 wt%o)

25° bend

0,3m

second shutter ~_ e (0’97 i 0’02) m-l

90°bend —

detector
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Time of flight measurement of the 17 m long guide system

8 m/s

10 m/s 6m/s 3,3m/s
H Diffuse scattered neutrons

014
s}
@ .
E 0,01
§ ! ; To be done;
© Simulation of the total guide

system to understand all
183 measured effects
(I) EIS l 1|0 | 1|5 | 2'0

time [sec]
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Thank you for your attention




