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This report is a result of my visit to ORNL in March -April 2014.
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slides shown in this presentation



1.Very early in the Big Bang (t<10-° s), matter and antimatter were
In thermal equilibrium (T>>1 GeV). There was exact balance between
matter and antimatter.

2.At some point, there was a symmetry breaking process that led to a small
imbalance between the number of Baryons and Anti-B a r y oime a #@w more
Baryons.

3.When the Universe cooled to below T~1GeV, All the anti-baryons annihilated
leaving a few baryons and lots of high-energy annihilation photons.

4. The photons are still around! They have been highly red shifted by
subsequent expansion and are now microwaves as the Cosmic Microwave
Background.

The baryon asymmetry of the Universe
Ne/Ny = 6 X 10°



Requirements for Sakharov process

The process must violate Baryon Number
Conservation

There must be a period of Non-Thermal Equilibrium

There must be a process that violates
Time Reversal Non-Invariance--- A-¥ i ol ati ono



Non-zero EDM violates both
parity P and time reversal T

Y Violates CP

Y Understand mechanism of

CP violation
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Experimental Limit on d (e cm)
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If a neutron were blown up to the size of the
earth, the current limit on its EDM would
correspond to a displacement of + and 0 electron

charge by ~1 I'm
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EDM couples to an electric field as a MDM couples to a
magnetic field:

hy = QIUJHB T anE

Measure EDM from the difference of precession
frequencies for parallel/anti -parallel fields:

hAv
41F

A moment of 10 %27 e A cima 10 kV/cm
electric field corresponds to a shift in
frequency of ~5 nHz

dn —

current EDM limit 1026 e cm
NEDM at SNS aims to achieve sensivity ~ 102 e cm



NnEDMat SNS uses a threecomponent fluid:
UCN 1 =500 n/ cc

SHe 1 !2=atorhsftc

“He | % =atbris/cc

Superfluid helium 4He purposes:
produce UCNthrough down-scattering process
create scintillation light

work as dielectric material for applying extremely high electric
fields up to 50 kV/cm

3He polarized atoms purposes:
Co-magnetometer
Neutron spin-analyzer



ucn

n

Superfluid Helium ~ PPOmON

 Neutronsofenergy E =0.95 meV
(11 k or 0.89 nm) can scatter in liquid
helium to near rest by emission of a
single phonon.

n+3He > p + T

liquid helium
Hez*
-
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Spin-dependent reaction
U;-0= 2.4 k10° barn atv,=5 m/s

U,.,a 0  aty=5mis

The rate of neutron absorption
on 3He

IS proportional to

1 - PP, CDS[(".-‘B — ﬁ.-"ﬂ)BUf]



Look for a difference in precession frequency
fn-f3 =2(en-€3)B N 2dnE

fn= 2018 N 2dnE

€3=1.1¢n

fa=2e3B  (measured by SQUIDs)
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OPERATION OF THE EXPERIMENT
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Statistical uncertainties

1

o, —
E vV N Té;torc

E = Applied Electric Field
T = Observatiofime
N = Number of neutronsbserved

Expectations at SNS:
E - 50kV/cm
Toore - 200 S

store

N - 10°

Major systematics
B=vI E effect
Fluctuations of magnetic field



3He Injection
Volume

Central Detector
(300mK)

Insert for Neutron

4 L a yneetal Skield

Magnetic coil and
shielding package



55m

1.7 m

2.2 m

7.6 m




