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otivation

Hamiltonian H describes equations of motion of a neutron
H=-dE-S—uB-S
= hw <« General solution
ha)” = Z,LlB — 2dE
h(Un = Z,UB — 2dE

Trying to measure this

g
e 3

Aw = w1 — w1,

H £ T(H) = —(~d) £~ (—fi) - (- B)

Limits by Abel et al.(2020) is |d,,| < 1.8 X 10726 e cm @ PSI, Switzerland EDM d = d§

’ . . -27 Time Reversal — violating
TUCAN’s goal ultimate goal is |d,| < 107" e cm Parity — violating
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e UCN Production
 Polarization
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* Low field NMR sequence

* Detection of final polarization state
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neutron — super llUI! He\lum Interaction

* The neutrons can

exchange energy and :;:-
create phonon M
excitations in the

superfluid helium o
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U\trac |! Heutron !FO!UCtIOn

ool (2

* Super fluid “He is cooled using
.
i ﬂ HI — a 3He evaporation based heat
- | st Ya® X .
Y I - exchanger in thermal contact
el | » 4He is used since its low
| L neutron cross section
@Nm Production of UCN o« T~7
£ : Neutrons cool to UCN

~— Protons ? Proton Spallation
Tungsten Target Hansen-Romu | | WNPPC 2021 .



G_T _dv + aAT } Standard Heat equation

adt pc
/ t \ How the material

Tiny G-M channel Temp Change Heatinput reacted to heat changes
1 A time dependent modified Gorter-Mellink equation
: T(t 1/3
=5 Tyup=const. 9T _ (Quw/V) 1[4 [ a1 svpy
Qcm ot pc pVe|l ), ’
/v T bath
p.V,c Temp Change i \
T(t) PLhange  Heat input Model how helium
P reacted to heat changes
’
.
0 ® To test model we can solve numerically and predict the

dimensions of the channel and compare to real life
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Temperature (K)

PGOL derived Temperature VS Time for 75 mW fit to Theory

1.26 x2 I ndf 5532/35
B Prob 0
124 Capthex (K) 0.9617 + 0.4362
C A\ / A Area Hole (m) 0.008585 + 0.004722
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UCN bottle
Heating Coil, Q;,

Heating with a coil to mimic beam heating during
irradiation from proton beam

Conclusions
The model is able to produce slow temperature rise
The dimensions of the hole qualitatively close
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‘ U CN PrOd uction Statistical uncertainty of d

* Polarization oy = fl\/_
20TENVN

* Low field NMR sequence

* Detection of final polarization state

n—ny

a =
TlT-I-Tll
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olarizing rolis an

VF,eff = VF, Fe + 60 nEV/T -B

\ J
f

Magnetic field changes potential due to spins

Thin iron foils saturate :
magnetization

* Haveinternal field2 T UCN K. E. e

One Polarization state will be let
through, the other will be reflected

210 neV

Low.field seekers

Y

120 nev

High field ssekel’s

Super Conducting Magnet provides
large enough B field to polarize
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UCN Guide spin flipper

Glass Guide spin flipper=g

analyzer

3He Monitor
Detector

5Li Detector

Valve
polarizer
spin flipper
spin flipper
analyzer

f=t (NHNN 1)
179 f1 is the spin flipping efficiency of spin flipper 1

N. is the neutron counts . . .
o Polarizing foilpy, = 60+ 2 %

n denotes the power state of the first spin Spin flipper efficiency is f1,2 =97+3%
flipper, m the second spin flipper,with
n,m = 0 (off) or 1 (on).
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onte Lario

A UCN Monte Carlo is
used to get the strict b
internal polarization

power of the foils
P

Comparison the
observable
polarization power

D, = (N11—N1p)?
L=
N11Ngo—N§,

0N

Polarization Power (Monete Carlo observable)

Taking spin flippers f; and f, into account
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IMmMuilations

Foil Depolarization versus Polarization Power

i —
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Polarization Power (based on spinflip of foil) P
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With NiP coated
detector flange

With aluminum
detector flange

No boost in Foil
on exit, with Al
det. flange

No boostinlT
internal field foil
on exit, with Al
det. flang

12



f?

Question time
POLARIZATION MEASUREMENT OF UCN
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“Spin up”
neutron...
90° spin-flio
precession...
Second 90"
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A _ _
EDM Measurement is a frequency difference H=-d--E— u--: B
measurement between polarized atoms in E-field ] ]
. Ze.eman IeveIS.; due.to M in B-field BT, it o EandB vector set parallel
+ Shift due to d in E-field BLE=0 & % : T—doE
hvy—hvy =4dE —t C mm
hAv =4dE

hAv
_ B=0
dp = 1B o M =—2(umB + duE) hvy = —2 (1, B — d, E)

« Change in frequency
from E-field is d the measurements

Error from the experiment is given by o, = 2aTEVN
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