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Neutron production via proton spallation on lead 7
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Sketch of the PSI UCN source [T The

DLC coated A
UCN storage vessel
height 2.5 m, ~ 2 m3

\

£
N
heavy water moderator
— thermal neutrons

3.6m3
6m* D0 SV -shutter

pulsed

1.3 MW p-beam
590 MeV, 2.2 mA,
1% duty cycle

cryo-pump

S

UCN guides towards
experimental areas
8.6m(S) / 6.9m(W)

cold UCN-converter
~30 dm3 solid D, at 5 K

pallation target (Pb/Zr)

(~ 8 neutrons/proton)
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RSl The lead spallation target

Taroot length =390 cm  weigth = 2000 kg c%olinlg =10 kg D,0{ sec
arget array IMe. Contai tee
A/A S O / shielding
- ,  I—  — T 1] ﬁ
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RS Gold foil activatio
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calibrated y-measurement at radio-analytic laboratory of PSI
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ﬁgﬂb Comparison of MCNPX simulation 1 T hes
Gnd gOId measur‘emen‘r Ultra Cold Neutron Source

Monte Carlo Simulation and measurement agree at beam height better than 20%
MCNPX calculations
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— ~factor 2 lower cold neutron flux in comparison to early design
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= Beam operation scheme

Ultra‘ColdAN;ﬁtrdh Source

.
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1% duty cycle

85 800s

""""_II'"“

>
full proton beam up to 2.4 mA “

UCN storage vessel filling

- tested operation of pulses from 7ms, 50ms to 8s
- beam currents from 100 to 2400 A

- continuous mode operation possible (split beam) with beam current <20 pA
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= Beam operation scheme -
Ultra Cold Neutron Source

117.3 MW| ACC Status | 12°C| Sat 6.0ct.2012 10:37:52 |

pA <-12H -6H ,NOW>

2500

gy lene R EEE PR

1500

1% duty cycle
800s

8s

1000

500

L.

0

Inj-2: production
full proton beam up to 2.4 mA Ring : production

SINQ : in operation
IP i not in operation
UCN : - 4s kick every 480s

UCN storage vessel filling

e - - -

tested operation of pulses from 7ms, 50ms to 8s
and beam currents from 100 to 2400 pA

continuous mode operation possible with beam current <20 pA
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- D,O purity checked (Jan 2012) — as clean as expected

|_y_—— neutron moderation and target cooling i G Newiron Seuree
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o UCNTeRs e

delivery of tank:
Sept. 04, 2008

J

December
2009 ,,

o
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UCN storage volume
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Installation of the storage volume unit |
and the deuterium unit R AR

thermadl
shield | ”(OK

(surr'oundmgztlae

storage \Volume)
!

;’, f *-'
¥ "‘i

vertical UCN guude

—

2 - 6 mm thick
ultrapure Al

fall 2010

S Cryo pump
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PAUL SCHERRER IXSTITUT Neutron guides pass the biological shield and
guide the UCN to the experimental areas

~8 m length from storage volume to
experiment port passing through the shield

glass parts
-ID=180mm
-surface roughness
better than 1nm
-coated with NiMo

nk )M

>98% UCN transmission per meter measured for all guide parts
- sample for every guide measured with cold n reflectometer ~ 220 neV
- every installed guide was tested with UCN at PF2,

cordial thanks to Peter Geltenbort and Thomas Brenner
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d;g:b Preparation of the deuterium power: 370W @4.2K
and 2500W @ 80K
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Ultra Cold Neutron Source

Preparation of the deuterium
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ﬁ} Check conversion of Ortho-to Para-Deuterium

.
N

Ultra Cold Néutron Source

at 98% ortho-D2 t,.,, dominated
by:  Nuclear absorption
o(H) =0.3barn

rotational Raman peaks

{l Raman Analysis of D2 Sample from UCN Source

c(D)=0.0005barn
( ) ortho. 80(2) SO(O)
ortho
ortho/para fraction
So(1)
—~ , . S(4)  So3)
2 LANL / para
E C.Morris et al, ortho para
\c: 30l | Phys.Rev.Lett.89(2002)272501
D Sample 55
S
O 20r y
£
.H - -
_qcl_) 10 Calibration 66% Ortho
8 0 0.1 02 03 04
Para Fracti
S aeton = 98 = 2 % ortho-D,
reconfirmed in several measurements
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Solid deuterium at bK

L}
N

Ultra Cold Neutron Source

saturated vapor pressure indicates

D2 temperature

0.5 mm AlMg3

- solid/liquid/gas level
- lid transmission

2 X 1.5 mm AlMg4.5Mn

Cooling Agent:
Supercritical Helium

TOT TN Tarlr O OOy
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-[;[_fj- Vapor pressure for solidification #12-2 z

Ultra Cold Neutron Source
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this example:
7 hours at triple-point,
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PRSI Solid Deuterium Conditioning 1 The

Ultra Cold Neutron Source

X1 06 ! . ! : preliml'nar.y
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B ©
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RS Operations History T 1 RE

Ultra Cold Neutron Source

- Construction and commissioning of the source was
completed in 2010

- Federal authorities™ operation approval obtained in
June 2011

- Start-up with first beam August 3, 2011 - up to PSI
shutdown Dec.2011

- Full operation in 2012 with nEDM commissioning

- Full operation in 2013 with nEDM data taking up to
winter shutdown

Bernhard Lauss ISINN22-2014 2014-05-27



PAUL SCHERRER INSTITUT

_BESE UCN Operations in 2013 111 hé

Ultra Cold Neutron Source

UCN Operation Statistics [18.6 MW[ ACC Status | 15°C| Sat 24.Aug.2013 14:26:47 |
80 , uh <-12H -6H Now>
I proton charge (left scale) 2500 ‘ 1 : 4
5 B no. of pulses (right scale)| s ao0o , I 1 ‘ l
= - 2x10* 1500 | A
. " |
5 § | i
c 40 = 0
o oy Inj-2: Production
© .5 ]
2 %0 -9 5 Ring : Production
€ i - SINQ : Production
c
’3 10 IP : Production
- UCN : 3s-pulse/340s
g 2011 2012 2013 8 [
year
UCN production period May 23 - Dec. 23 69 full days where nEDM

could make use of UCN

data taking mode:
- 240 pulses per day
- 7200 pulses per month
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UCN measurement at guide
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Measurement in area West

dz:b with detector at beam-port C g e
P eliming
Storage Measuremel 10000 goissieiiiien. P e :
1000000 1 1 1 1 1 1 | 1 1 1 | 1 1 1 i
A100000—§ 3
3
S 10000 - E
100000 - PR .
5 g 1 . closing
~~ g 0 pl 3
- : s olils shutter .
© 10000 = ey filling
E ] " storage :
- 20 w0 sxpecw] 70 330 3300 3400
£ 1000 vessel =
2 .
§ : N emptying
O 100 storage
& vessel
- >2x107 UCN /pulse
10
1 L} 1 1 l L T Ll 'l L] 1 L] ' T 1 1 ' T 1] L ' T T T l
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time (1s)
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e ]-{j» UCN source - status end of 2013
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Ultra Cold Neutron Source

600000 I} i A N N | L M A A 1
—L Dec.22 2010 - 0.03 Mil
500000 + ——Nov11-2011 -20Mill ||
‘ Sep21-2012  -2.4 Mil
,» 400000 - 1_., ——June 27-2013 -34Mill__||
2 I = .
5
3 300000 - L™ .
pd
z g
= 200000 -
100000 - F .
0 :
0 30
Time (s)
best norm pulse performance in Prefim:
2010:  30'000 Minar,

2011: 2'020'000 (Nov. 2011)
2012: 2'400'000 (Sept.2012)

2013: 3'450'000 (June 2013) -40% increase
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_ES UCN density measurements | S

Ultra Cold Neutron Source

VAT VAT
UCN density measured in a 25| volume 1m glass tube
at experiment site in area West-1:
2013: 535'000 counts after 2s storage C
— ~21 UCN/cm3 S :f:gffr

— measured detector foil
transmission = 0.7 Prelim; - NiMo coating
I

— 30 UCN/cm3 har y - Stainless
steel flanges
- shutter DLC coated

2 | : ! N 1 . | s ! " ] L 1 L ! " 1 .

] —a— P8I - West-1 [
| = ILL-EDM |
100000 s
- . L
N |

10000 - \ s

25 liter vessel
1000 e
0 10 20 30 40 50 60 70 80 90 100

storage time (s)

no corrections yet for

time = O correction

absolute detection efficiency

2.4 mA proton current

foil correction probably to low

- bad storage vessel -

(large slits during opening and closing)

UCN Counts after storage
/ |
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numsm:ninsmut s-rr;a-regy 1'0 find places
o] Jum ossible losses or defec

check all steps from
neutron production to
UCN measurement
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o Cold neutron flux from tritium activity T h8
dJT—ECb n + d _) 1- Ultra Cold Neutron Source

IDEA: fritium activity caused by neutron activation
is sensitive to neutron velocity via capture cross section
dependence 1/velocity

- established thermal neutron flux

- measure fritium activity / water mixed into calibrated scinftillation
counter for milliBq tritium determination

- works only with water, we can only take a D2 gas sample
- H2, D2, DT via fuel cell > DTO, HTO

simple calculation for expected activation difference assumes:
homogeneous n-flux: 2x1013 n/cm?/s, pp,=0.2 g/cm3, 6,4=5x1028 cm2, t1.+ium=17.74q,
proton charge on target= 74.5 C
— specific activity A = 2x10° Bg/gram  (thermal neutrons 2200 m/s)

A = 4.5x10° Bq/gram (cold neutrons 900 m/s)
— our precision goal 30% to see the difference

- first proof of principle in 2013
- within a factor of 2 - 3 in comparison with simulation

Bernhard Lauss ISINN22-2014 2014-05-27



UCN counts per 100ms bin
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RSl UCN Ping-Pong

tests UCN optics in
guides and storage vessel

UCN-PingPong 2013: UCN spectra, B=0T

superconducting magnet

L L L v
1e+06 L signal south as polarizer B
: '\ background south ———
signal west ———
\\ background west ———
100000 L i - kick beam onto target
F g - fill small storage vessel in
West-1
- open source storage vessel
i shutter after 10 s

10000 3 - UCN stored in West-1 for

130s - can be directly
measured

- open W1 storage vessel
shutter - towards W1 ->
measure

- open W1 storage vessel
shutter - towards South ->

1000

100 3 3 send UCN from West to South
- measure UCN arriving in
South

10 ©

JIL (BT T IWWWWW Mkl

0 500 1000 1500 2000 2500 3000 3500
time / 100ms
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UCN Ping-Pong

comparison O and 5 Tesla

as polarizer
Pre] iminal‘y
Superconducting | Measurement | Measurement | Simulation
magnet status 2012 2013 2012
on-5T 0.073+£0.010 0.070+£0.001 | 0.083+0.008
off-0T 0.130+0.023 0.101+£0.002 | 0.095+0.008

UCN arrival probability in detector at South beam port

superconducting magnet

Bernhard Lauss
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PAUlS(Hill:% UCN Ping-Pong
i-'T'E comparison O to 5 Tesla

little count rate difference observed
between 5 T and 2 T setting
—> En<180 neV

superconducting magnet

Ratio of UCN counts south / west vs. B-field strength. Not normalised to detector size 3
as polarizer

0.26 —
Prelim;
0.25 I I""'nar-y

0.24

0.23

0.22

0.21

0-2 Compare to UCN
0.19 energy spectrum in
0.18 | simulation

UCN counts south / UCN counts west

0.17 ? T

0.16 ' I

0 1 2 3 4 5
Magnetic field strength / T
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Ping Pong - UCN arrival times:
simulation matches measurement

L}
Nt

Ultra Cold Neutron Source

1e+07 |
o n
[ .’ '-ﬁ\_‘;
le+06 | \\‘
(8 \
Y
,\.
£ 10000 l \
B i\ \
S ' b
z ' %
g 1000 +
100 ¢
10 |
1 ! L
0 50

‘ B=0T : 0.025
BuST we
o
[ve]
—  0.020
)
£
=3
(=]
B 0.015
e
@
N
®
E 0010+
o
LN Vg ?
J.“?,A,J,E‘e\‘; -—é
i . 2 0.0054
iq"%{"f?{gﬂ % l' =
| Ejj‘,f' S;..i.l"
, ' [Tl 0.000
200 250 300 350 =20

West1->South SCMOT

T y ] ' 1 4] 1 & I I

—— measured
—— MC preliminary

. . v . —r—
20 40 60 80 100 120
time after fully opening West1 volume (s)

e
140

>

>

full simulation reproduces measurements well
no 'big' unknowns in storage vessel or guides

UCN loss (except windows) occurs below shutter
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A 'calibrated' source of UCN
Production in solid thin-film D2

D2 fills with gas —» exact D2 mass known
— freeze to make a solid thin-film D2 source

3 & 6 gram targets -
— thickness 10 - 50 micron

— no UCN losses occurring within the solid D2
(lifetime is long enough that UCN exit also after
multiple scattering)

- established thermal flux

- (soon established) cold flux

- established UCN production cross-section
from Golub/Boenig 1983, Yu/Malik/Golub 1985
Atchison et al, PRC71, 2005

Atchison et al, PRL99, 2007

- established UCN transport to detector above
the SV shutter (Ping Pong)

— check UCN extraction and transport below
SV shutter via thin film measurement

Bernhard Lauss ISINN22-2014
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o] -

A 'calibrated' source of UCN
Production in solid thin-film D2

pr'ehm’nar'y
mass Measurement | Simulation
(8) UCN counts | UCN Counts
5.77+0.2 | 28’100+£1300 30°000
2.82+0.2 16’070+500 15’000

We plan for several checks in 2014:

- reproducibility

- different thicknesses of D2
- temperature dependence of UCN
rate in 1 thin D2 layer

Bernhard Lauss
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= - Summary

- The UCN source at PSI is commissioned and working well.

- The UCN source has regular beam operation to supply UCN
to the nEDM apparatus and other users.

- UCN density improved by factor of about 100 since start-
up. Further optimization of all source parameters is under
way.
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