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Q TRIUMF Contents

UCN?
Status of ultracold neutrons at TRIUMF

- Beamline and UCN source installations

- Beamline commissioning and first neutron experiments

Ultracold outlook into the next decade

— Next generation UCN source and EDM experiment

— TRIUMF ultracold neutron user facility




R TRIUMF Ultracold neutrons (UC

Kineticienergies: < 300-n&V) (x4/mK) mk)
« Can bemanipulated by=c by
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QR TRIUMF The UCN recipe at TRIUM
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(Targetjis | Beamline 1U @ TRIUMF

- Beamsto \
- Tungsten ;
- Extractable - fl — Bender Septum
’ ro , OtO * 70 more * bends upper
' '“F def kction to proton pulses
> the left into BL1U
Kicker

- def bcts specifc
proton pulses upwards

; - allows beam sharing
Prof le Monitor }bgtween BL 1A and

UCN facility in the
Meson hall at TRIUMF



Q TRIUMF BL1U completion 201

After shutdown 2016: all beamline hardware installed (vacuum,
optics, diagnostics, target and target extraction)

Summer 2016: Beamline diagnostics and controls were
implemented by Accelerator Division.

Proton beam times were requested and approved for fall 2016.

The kicker magnet would be in DC mode.



R TRIUMF

MULTIWIRE CHAMBER SCANS LIVE DATA Page 1M |
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BL1U commissioning 201
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Nov 22, 2016: First 4K increase of target
beam on targetd water temperature

neutron production
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Q TRIUMF Beamline commissioni

Nov/Dec 2016 and May/June 2017
Beamline magnets commissioned, kicker tested

Diagnostic elements have been successfully tested
- HARP beam profile monitors

- BSM beam spill monitors

— Collimator thermo couples

Target water cooling system fully online

Beamline is pretty well understood from various magnet scans



Q TRIUMF

Beam sharingetween BL1A and 1U
possible because of beam notches

Need good timing of kicks

First tests at lower injection current: kicker
works like a charm!

Commissioning at full current planned for
July 18

Next: UCN production!

Kicker commissioning 20

BL1V =

120 pA

120uA

Beam
current

OuA
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Q TRIUMF Vertical UCN source basi

3 cooling stages, heat He o | He
exchanger to isopure 4He S Tecﬂ?ﬁ;
‘He %J 4HgJ [UCN Guide
IHe bath cryostat Pumps eector E | eomment
e i : [ I Xperiments
4He pumping section L'”_e___, 1
(1.4 K) i i 1
) ; LIQUId;I i ::‘ i
3He pumping section te | i
ath § - |
(down to 0.8 K) S50 E: =1
|Isopure 4He UCN 1L =" Exchanger
converter cooled via Bottle

heat exchanger He-ll
Running at™1 pA beam

current to start with (as at
RCNP)- Ryohei Matsumiya, Shinsuke Ka

Ice D,O Vessel
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UCN shutdown work 201




R TRIUMF UCN area layout 2017 without shiel
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Q TRIUMF _ ' UCN source installec
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R TRIUMF UCN source installation work conti

—

=10 arsiall

Services had to be instal
to the TRIUMF elect

— 50 kW electrical powe

\
B

- Ca 15 vacuum pumps
— Pressurized air, cooling water

— Helium recovery line

— Stationary liquid helium dewar

TEIIINEL

- New ca 10 m liqus

Taraneh Andalib, Beryl Bell, Beatrice Franke, Tony Hessels, Shinsuke |
Kawasaki, Tatsuya Kikawa, Florian Kuchler, Thomas Lindner, Cam
Garanhite <tackin Marshall, Ryohei Matsumiya, Matthew Palmer, Ruediger Picker, Steve
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Experimental area
accessible with beam
on

Economical: no custom
shielding required

Pumps inside shielding

Shielding for 1 pA operatic

uSv/h
at 1uA
le+06

100000
10000
1000
100
10

1

0.1

0.01



QR TRIUMF Status of UCN source and first experi

Status h
All infrastructure has been installed
(total ca $15M invest)

mmln-l':gjvlll in th; UC;\I boitle

Full cooldown test was successful: 0.92 0.92K
K'in the isopure helium . |e==

7] 8. D20 inlet tube | PEEGA
D20 has been frozen and is at 20 K

UCN guides and detectors ready for
first UCN counting

I ininiAdA mitra~nAan ~AanlinAa AF fthAa NMAacANn



Q TRIUMF

Neutron EDM?

electric dipole moment (EDM), / +Gl /=g
| | . AT
charge separation \__\ rL Experimental limit today:
e e dn<2.9¢10-26 e-cm (PDG 90% conf))
p=qre= cm]
neutron case slight separation
of the positive and A

‘ | negative charge

—L- v cloud along the | 2 um

/ : axis of the magnetic v for earth

moment sized neutron

| e y

>;Vhy is it special?

Time reversal violation

-

T'“ \
- reversal _ .

E :I e P d¢
T
# # ™
v

need more CP

CP violation violation to
(if CPT holds) explain matter
domination




R TRIUMF Using the existing EDM apparatus from R

No competitive EDM measurement possible
mainly due to magnetic field limitations

Good for neutron storage and handling
development for next generation apparatus
(Phase 2)

Good training platform for students (and
ourselves)

Will be exploited to benefit Phase 2

]47 UCN




Q TRIUMF What is Phase 2?

UCN source

Superfluid helium source with liquid
deuterium moderator

Goal: world leading UCN density/flux

T
pIm|
g
0 | T
u |
| |||| Dl ”H

Capable for 40 pA proton beam

Two experimental ports

Shall be ready 2019

Neutron EDM experiment

PDamenoyv facrhnicaiia nt roeAarm farmnaoaratiira



Q TRIUMF Layout of Phase 2 UCN facil

s

B

4 CFI proposal submitted 2016
($15M total investment, including provincial,
Japanese & TRIUMF matching)

* Includes UCN source upgrade + EDM
experiment hardware
- Official announcement in July

>




QR TRIUMF

(1) Polarization:
- 4 T magnet creates 240 neV barrier for one
spin species of UCN

magnetically shielded room

EDM experiment hardware & cycle

(2) Ramsey cycle:
* two 11/2 spin flips turn a larmor precession change into
a polarization change

¢ Hintz_ﬂn'&ﬁidn'&g

_/

24000

| 4 UCN detectors

] =1
22000 - % & ﬁ & 2 ﬁ B é 5 &%
E oo [} 11 I A i
— @ . i) | oI i )i 9 ¢h 9 t'; 1% ?(f
UGN switch §18000~i%$3i l‘}%fl: i‘?c‘l’% ;ii%fg
HV fe ccammo_'g%g&i ?31‘!.“ 5§ Dii $§%
£ o] g 1RERY ié Ly "r§° v
2 ] ¢ ?f IS S RIS
< 12000 % i 9 é>§ 14 \g %
spin flipper/ o000 ] ¥ %
analyzer x= wlorkinq p°i"t|5 . : + Relsonar:l freq. |
207 298 299 300 301

Applied Frequency (Hz)

(3) Analysis:
* spin sensitive neutron counting
—polarization measurement

« fit the Ramsay curve to determine larmor frequency
» change in frequency under field reversal? GO\
Ae = h|Av| = 4Ed,, %)




Q TRIUMF Looking beyond the EDM.

Figure 5 from Hartmut Abele and Helmut Leeb 2012 New J. Phys. 14 055010

-« [EDWeepqenenewnt il iptop atblys 5
HRES gear +

t
e Second port shall be available for other

SyEstEpert shall be available for |
wi.Neutron deca -
ofthgr gxperitents —

Bounce

#on decay

— NN oscillations
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Be-coated window MWPC

X X x
;

== /,

M WMWM X

Neutron decay: UCNA Lifetime: Neutron charge
—_ PENeLOPE



Neutron decay

S TRIUMF
CKM matrix * neutron lifetime
uE ]Y5| > ( =~ 880 S
= ngr > ratio of coupling constants
=zl ) |
= ==G,/ =G [J§=26959.00
40Q8.7(1.¢ * neutron decay correlation 4
.beta-asymmetry“ 2
; 1a olEh= €
§ A = |=3
neutron
electron spin
"
= PERKEO,UCNA,PERC
udd © Hartmut Abele




Q TRIUMF NN @ssilsions

Big storage volume to maximize time between wall interactions

Surrounded by magnetic shield
Surrounded by track detector, calorlmeter cosmic veto

Current Iimit 8 x 107 s . 1 s - 5 REE

Sensitivity reach up to 109 s o

5 6 7 3 7 6 4

Figure 3. General scheme of experimental setup: 1 - UCN frap, 2 - vacuum chamber, 3 - magnetic
shield, 4 - hodoscope (internal part), 5 - trek detector, 6 - hodoscope (extemnal part), 7 - calorimeter, &
— neutron guide, 9 - pumping outlet.



Very cold neutrons (VCN)

QR TRIUMF
- ue « Experiments: st
. il/ N gu%é piirhjs%ycold source - I\Il\leutron radior?raphy (imaging)
 Verical extraction ideal - eutron interferometry (quantum e
. vity) K\epp‘wﬁa

\/ﬁﬁ QUI e pOIntS to COId §qpé - NS (soft matter experiments) "
 Interestin Japan . _ — NN oscillations S
- Vertical extraction ideal

NEUTRON
INTERFEROMETRY

Lessons in Experimental Quantum Mechanics,
Wave-Particle Dudlity, and Entanglement

HELMUT RAUCH &
SAMUEL A. WERNER




S TRIUMF

Cylindrical proton target (beam rastered around

circumference)

Interesting geometries for higher UCN d¢

Surround source by target:

1.0*108 UCN/s/1001 A (compare to
1.0*107 UCN/s/401 A for our source)

Heat load @ 1001 A = 80KW

Total heat: 13.9 W

Neutron heat: 10.8 W Track detector, cal
Photon heat: 24 W

Proton heat: 0.7 W

7.14*108 UCN/s/100W (heat in the
He)

Young,




R TRIUMF Conclusion

Phase 1 of the UCN facility is ready for operation
First UCN this summer!

Phase 2 planning is in its hot phase

NEDM will be the first experiment

- Second port shall come online during the next
S5YP

- Additional possibilities exist (CN, VCN...)



R TRIUMF

Canada’s national laboratory
for particle and nuclear physics
and accelerator-based science

TRIUMF: Alberta | British Columbia | Calgary |
Carleton | Guelph | Manitoba | McGill | McMaster |
Montréal | Northern British Columbia | Queen’s |
Regina | Saint Mary’s | Simon Fraser | Toronto |
Victoria | Western | Winnipeg | York

Y



R TRIUMF EDM development groups

magnetic f eld systems = @THEIUKIWII’% ©KEK @TRIUMF@RCNP

active compensation W ‘%INMIFEE @TRIUMF
external magnetometers -

passive shielding
degaussing
internal-coils
internal magnetometers

(7“\ THE UNIVERSITY O1

EDM cell UBC ‘!!5‘ WINNIPEG

vacuum chamber ‘ W SIMON FRASER @KEK UNIVERSITY

electrodes TRIUMF UNIVERSITY of MANITOBA
insulators

HV system
UCN plug

co-mag (Xe, HQ)
lasers, optics
gas system, polarizers
polarizers
light detectors

neutron handling, detection
UCN guidesjvalves, switches
UCN polarization, analysis

UCN|@etectors [\ | TuE UNIVERSITY OF
B WNTRES [ U @ TriumE € RONP

30



QR TRIUMF

EDM Phase 2 layout update 2

UCN valve

vacuum chamber

pdated design J—-4 |ayer MSR

no internal passive
shielding required

UCN switches UCN to

central HV electrode}:

winding surfaces of internal coils

UCN switch

room temperature UCN guide

self shielded coil design

detectors

A




QR TRIUMF

Key results: <
26 UCN/cm3 @ 1 uA proton
current
Spectrum < 90 neV

Y. Masuda et al., PRL (2012)
R. Matsumiya, PhD thesis

Possible improvements:

- Increased beam power, improved
targeting, room temp moderators.
Material potential is 18 neV, use
near-horizontal extraction
Cold moderator upgrade.
Improved cooling power (bigger
pumps, conductance).

Thinner Al or Be walls for bottle
(beta and gamma heating)

Vertical superfluid He cryos

Surroundin
g graphite,
steel not
shown

Bl Spallation target



R TRIUMF

MCNP parameters

1 YA proton beam on realistic
target geometry

Expectation for vertical sou

80 K free gas model for 20 K D20

PENTrack parameters
60 s proton irradiation

60 s ?7? storage lifetime in the
source

Realistic geometry

| 1 AoatactAr

| Tend of Neutrons en

ding in Absorber: Absorber ID3 |

0 ‘ 50 100 150 200 250 300 350 400 450 500

Beryl Bell, Tatsuya Kikawa, Ruedige



QR TRIUMF Helium cryostat and EDM appara

* Helium cryostat will be installed and UCN production to start in
2017

RCNP Vertical cryostat for phase 1 Horizontal cryostat for phase 2



QR TRIUMF EDM Phase 2

P
protons strike target h’



QTRIUMF Unfolding technique
Activation cross section DY neutron

II| T T
45 46
— oc(ny) Sc
 — ;ZCu(n,Y)?fCu
sCo(ny) Co
Mn(n,y) Mn

10

107!
1072
107
107
107 b

+ Neutron cross section below 1eV is generally +/¥/v.
* FBEE((ry,) P52E waethd 4Z6lou)7 71lu crass sctions dieviate fiom 1iv even helow eV,

= K they are used as sample, cold/thermal neutren speetrum will be able te be
measured. Fifsteitritapidveyer.




Q TRIUMF Thermal measuremen

*Measure thermal and colder neutron flux outside cryostat

*  Calculate total neutron flux for bare and Cd-covered 197Au
qbth - ‘-T'{Jb - ‘.:i}c

*  Find thermalizing effect of graphite reflectors

leutron mea !

"ﬁz
8 ""*-..._

ement (Au foils) surrounding CryOStaﬁctwatmn rate as a function of energy

10°
107 Au foil with Cd cover

|

Activation rate (a.u.)

— Wi
| — WHMES, cd
10! T Whth 0 2mm €4

103 g/ — With 0.5mm
With 1.0mm

w w2 w' 1 1w 1w o w1 1wt 10
Energy (eV)

Blair Jamieson, Tatsuya Kikawa, Edgard Pierre, Lori



R TrRUMFaCold Nk (T

2015

for 3He and
4He

2014

«»  _|Bending
- |dipole
deflects
‘A beam by 7°

s

S
o

YA

AN
BN

Status

Phase 1 EDM
experiment

- Beamline f nished by May 2016
end of 2016
EDM experiment
- Phase 1 coming from Japan in 2017
- Phase 2 developed in Canada (CFI proposal
this year) for 2019

0
Phase 2: 2019

Electri®ipolelMoment

'Lambertson |

septum
deflects upper
beam by 9° to
the left into

20

UCN source R

- Installation of UCN source components by .

B
Kicker

magnet

Deflects

every third

proton bunch
| upwards

BL1U

('S
UCN facility in the
Meson hall at TRIUMF



LB A <8 J y
water
cryostat

cools neutrons

QR TRIUMF

.- P s

Change of plans 201

Mid 2016: horizontal source (HS) cryostat
became unavailable

Vertical source (VS) from RCNP tested and
available PRL 108, 134801 (2012)
Similar techniques to horizontal source
(warm D20 and D20 ice cryostat
surrounding superf Liid 4He UCN converter)
Main difference: gravitational extraction vs
3 foils for horizontal source (limiting UCN
phase space)

Maximum current: a few pA (compared to
40 pA)

Collaboration decision to install it during
shutdown 2017

UCN facility in the
Meson hall at TRIUMF



Q TRIUMF Sequence for UCN experime

On | | |
Beam |_
Off I

UCN valve

UCN double Open
Va] ve Close.

Rotary valve

I
I
I
I
1
I
I
on | ‘ i | : Filling Emptying
Beam X I_ | |
orf_l ' ‘
1 1 : : D l Opcn ! ‘
Open | Delay At oor valve ' !
UCN valve close.. ‘._.l |_ Close : |
1 1 1 1
UCN double  Open ! ' | I I . ‘ ,
I 1 Del . I I 1
valve ! e l_ RF trigger | | 1 : 1 |
1 1 1 1 ! ! ! ! !
. | Fast & thermal 1 , ! ! ' : |
Counting . l?:::kgrlnjggi Cn:LllJr:[ﬁlng: UCN counting |_ Open : : ] I : :
. i RF gate | | ‘ |
' ' Close. ‘ ! . +
. . . . on | ! /2 pulse X . /2 pulse I I
I I 1
Simple counting or storage lifetime 72 pulse | . e | 1 l
Off | | i' | | |
measurement on | | | |
Spin flipper on ! | :
I I 1 I I_
I I L
. | jFast & thermal neutrons, UCN counti
Coummg i i background y counting up spin c\ ljjr:):?r%spin
T T ' UCN ' ucN T

Ramsey cycle



Q TRIUMF Possible flexible realisati

Duration | Beam UCN UCN Rotary
[S] request source detection | Valve
[out] valve on [out] position
open 1 [out]
[out]
Beamon 60 X X 0 0
Delay 0,5 10,20, Q 0 0 X
30, 50, 80,
120, 170
Detectio 0 0 X X
n
Waiting as long X 0 X X
as there
IS no
beam

Mr this is posmgm'have-m—

have to submit beam request to Cyc ops and follow
it




R TRIUMF First neutron measureme

- Want to benchmark cold/thermal neutron

- Want to extend this to cold neutrons

production with simulations (FLUKA, MCNP)

Hard to measure cold neutron spectrum using
TOF measurement in our geometry %

Gold foil activation widely used for thermal

neutrons MN%/

10K D20

E—g_*—UJ—UL




R TRIUMF First neutron experiments with activation mate

themmal neutrons (proven technique, e.g. used at PSI UCN source):

place Au foils, some covered with neutron absorber Cd, at strategic positions
around our thermal moderators

measure gamma raysoming from nuclei that have absorbed a neutron (Ge

detector)
subtracting both yields thermal flux

Pipes for
Au foils

Pipe for

= ~ 1
-l
l multi wires I'
p— -

—lu-

/

Activation materials
&L Blair Jamieson, Tatsuya Kikawa, Edgard Pierre, Lori




Q TRIUMF Cold neutron activation measure

Mix

o o nowder of f ve materials Fill in Al cell
Each material is sensitive :

to different energy of
neutron.

Installation
-\ 7

Install sample with five
materials to D20 cryostat.

Measure activity with Ge
detector after beam.

Activation cross section by neutron

~ 106 SR AL AL AL AL AL AL AL N L B L B

= E
3 10°E
20t thermal neut
= ) ermal neu
£ 10°E
o P
9 10°E
2 10k
0 F
C L
107 E —197Au(n,yglquu
1072; —SQCo(n,y) Co
B
10 = — Lu(n,y}6 Lu :
104k — Scny)Sc §
107

b i
1021021070 1 10 102 10° 10° 10° 10° 10
Enerey (eV)



R TRIUMF

- We took 10 data
points at different

y-ray spectrum measured by Ge detector

Counts
=)

deg.

180 deg.
Activation According to Position

,_.
QU :
TTTTTT] T T TTITI

~

iig|® f temperatures and
saw plenty of 2_
(cold) neutrons 1_

3.

o

©w

Activation (Bg/mg/uA-hr)

<
©
N o

S
o

04 06 08

'04
[5S]

2,
o'mﬁ_rnﬂ'lﬂ_d
w
N
m
c
[T
i
*
c ¥
[ - X
: c

—— Flat foil simulation

—=— 1st 8K (manual)

—=— 87k data (manual)

B
Encrgy (McV) g e o
05 Z 4
® - obLl [ . 5 L s
0 50 100 150 250 300 350
Foil Position in Degrees
x10°
:g . ./'-E\SSO;\\\\|\|\\‘\\|\||\\\‘|\||‘ —_l--l=y-7-~ 'YJ |. -/'-'E\l_,ll\l\‘\\\lll T \;\ E
)E( 1 >E(500; -4 On contact measurement s '- E . >E< '
< ] <C45()— —$-0.5m distant measurement F < g !
3 4 = = ]
2] ] “:400, —-MCNP simulation ') E
b - St |
& ] &350 -+~ On contact measurement & B
%ﬂ ] ’éﬂ £ . a ~4-0.5m distant surement 5\50 E ’ 1
= 1 5% L.t + MCNP simuSrC .1 = L= 1
= L2001 i i1 85 2 :
= 1 ’ =09 2 Zos8 3
) E 3 ross S -ﬁ I nlact measurement 3 S [ +-Onko casurement
‘S 3 7 ) H stant measurement 5 & 0.6 -4-0.5m distant measurement
S = = —-4 MCNP simulation 1 =04fF ~+-MCNP simulation i
& = aE =, Ny =
=
13}
<

L R 150 foo m
D,@temperature (K) D O tda ” )

Blalr Jamieson, Tatsuya Kikawa, Edgard Pierre, Lori




R TRIUMF Beamline to do lis

- Commission TNIM non-intercepting current
monitor (monitors our 1 YA operating licence
when kicking)

- Commission kicker
Read out BPM beam position monlt%r\  nas

Read out TPM target protect monitgrjndner 'S ‘
enta’uo“

Hand over beamline to accelerator division and



R TRIUMF

‘ UCHN - Vertical Cryostat ‘

| Thermal Systems |

EPICS pressure scree

HE4 Pressures

IS0 Pressures Helium Levels Dz0O Temp
$Revision: 1.10 § m 0,000 mb 22800 mbar HE3 Pressures VAC Pressures Flows UGD Pressures
HHH mhar 10,748 mbar
=
14630 mbar IETTET -
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—}j' : E 3 0 W54 (Isopurd
—D‘ Recover
-?:m"- R4 Uyl s [ veoivi_|
1 o
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|_HEzmps |
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ation | o F Y 1 o
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L L 00T
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Pump
el ] —
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e =
iearz | | HEaivi2 f | HE3LvL3 | D20 Temperatures 4K Liquid Helium Autofill
1014688 mbal 112.026 lpm 288.07 mm 256.06 mm [ Heapmt ] HEarevi | -mn
s 788300 K :
Helum | 52 [ HEaivia (N HEdLvLs |
Recovery 288.200 K 224.05mm  96.02 mm
System [HF var
Isopure Helium He3 Gas Handling
I O [ isomps | [ ESHET Y
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I50:PG13

Sean Vanberg



R TRIUMF

EPICS thermal scree

‘ UCH - Vertical Cryostat ‘

$Revision: 110 §

|__Gas Fow__|
biisc input Switches|
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SV1 L
W
A
@
[HE3 1528 |
3TszaR L]
aTS27.R MP3 | Hellun 3
Roots
Pump
Station
[HE4:T526 |
4Ts26R I8
[HE4:T525 | 1 Kelvin
4TsZ5R P i
To He-3 SIETIDF:”\
Gas Panel
Ll
Helium
Recovery
System
Hellum
ea Gas @'
Panel
| _Hesce2 | | _crv.cria_| 1

To He
Recovery

Recovery

CRY:.CP1B
1 o

He-1l Temps DZO Temps UGD Temps
Pump Temps Heater Temps Guide Temps
=
R¥E
— R —fecen
Recover
Rw4 R%35
heasn |
uGD:TS21 V1
—— | B BEZA X |
Gas Panel ‘_DT_(]_ 0= K Tiquid Fellum] w1
Fri1 34 Wuto Fill System
0 sv4 Va3 [I*%
Z B d- 5 A
HEaH TR0 it Line - by X SVs
HTR10 (<}
Cm—o- o
¥iT535R }‘ TP —
sapure Helium
Eecnven
-
T Pvi o TP2

[p20.752 |
:OTS2RI

oBm I Pve

TRIUMF Cooling Water Guide Temperatures
SERFMERDF pnstean
SRR Elb T
SERFMERDT ow DTS36F
Downstream
ElLoH DTS37:F
Midway
Shielding
Trench




RTRIUMF Meson hall He liquefie
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R TRIUMF IN2 cooling
Praxair will take over IN2 delivery to TRIUMF (next 6 months)

Use new cyclotron IN2 tank

No new tank & pad necessary
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R TRIUMF UCN source cooldown test April 2017
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Q TRIUMF

Isopure helium condensation pe
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QR TRIUMF

Heat input of 1 yA : 70 mW (MCNP benchmarked with
PHITS simulations at RCNP)

20% smaller than at RCNP

QI lV\f\V"FII I:A hf\l:l 1 Vv ‘I‘f\mr\f\v’f\‘l'l 1 VM V':f\f\ f*ll IV': h f\'l'f\r' 'I'f\f"l'f‘
ng he:

) Heater power Current Duration | Temperature T K T T
(mW) equivalent (LA) | (S) increase (K) (B=8.8x103) | (B=7.6x1073)
75 1 60 0.01 0 880 880
250 35 60 0.027 0.5 826 833
1000 14 60 0.062 o7 >40 o67

0.8 334 365
0.9 187 210
1.0 100 114




R TRIUMF How many UCN do we expec

RCNP results with vertical source

— ca 105 UCN for 40 s proton
irradiation with 1 pA (400 MeV)

7,=80.9 + 0.4 sec

MCNP simulations: expect 20%
more production (480 vs 400
MeV)

UCN Counts
=

0 50 100 150 200 250

Time (s)
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