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P and T Violations
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EDM’s of structureless particles cause parity

violations 1n the strong interaction Hamiltonian

® B and s are pseudovectors
® Odd under P
= Odd under T

1S a vector
= Hyen under P
Even under T
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CP Violations

" Through CPT, T implies CP

= CP violating interactions necessary to explain
the Baryonic asymmetry of the universe



The Neutron’s Constituents

® Three quarks
" Two down (q=-1/3)
" One up (q=1+2/3)

[1ime-averaged charge displacement with



NEDM 1n the Standard Model
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Very Small EDM

ssuming 1 Fermi neutron
adius, the separation
ausing the SM NEDM
ould be about 1 micron
en scaled to the size of




NEDMs in SUSY




Memories... NEDM Limits
Throught The Years
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Killing Flies With
Sledgehammers

e “Particle physics 1s occasionally likened to
trying to understand how a Swiss watch
works by smashing it to pieces, using an
iIncreasingly energetic series of hammers,
nd studying the bits that fly out.”

p 1nelastic scattering experiments probe
stituents’ (quarks’) electromagnetic
erties



A Gentler Approach

Ultra-Cold Neutron (UCN) experiment, like
the g-2 experiments for the electron, seek to
obtain the same information about the

DM without using collision/collection



How to Detect It Without
Smashing Neutrons

= Ramsey Precession

= Uniform B field causes precession rate

= Application of rotating B field rotates moments
= Coherent reapplication of rotating B field flips

Smaller magnetization than initial
nagnetization



A Decent Experiment Needs. ..

= A good source of neutrons. The sensitivity depends directly on the square root
of the total number of neutrons detected.

Parallel E and B fields. B’ = (v/c)xE, changes sign with E.

A way to polarize the neutrons, and to analyse their polarisation at the end.
The sensitivity depends on alpha, the product of the polarisation and analyzing
efficiency.

A constant magnetic field, B. Any inhomogeneity in this field will cause
neutrons in different parts of the volume to precess with different frequencies,
destroying the coherence thereby reducing alpha and reducing the sensitivity.

ANway to control the magnetic environment to reduce and monitor stray
vironmental B fields. Either stray fields must be reduced to the point that

v do not affect the measurement or they must be monitored and corrections
ed during analysis.

ectric field, E. The sensitivity depends linearly on the magnitude of this
which should therefore be as great as possible. However any leakage
tSarising from the application of this field will produce B fields which
duce systematic uncertainties or even a false EDM signal. Control of
rrents 1S therefore essential.



Neutron Source

*= Pick a momentum (8.9 Angstrom Neutrons at
LANSCE...necessary for 4He downscattering)
i Source

m Reactor

= proton beam spallation target



Polarization

= Neutrons

" Supermirror

= Stern-Gerlach

agnetometer

Optical pumping

arization transfer from atomic polarization



Magnetic Fields

= Slow precession rate (but not too slow)
" 30 Hz 1n older experiments

= 3 Hz in newer experiments

irallel to E field



Containing The Neutrons

= High Reflectivity Cell

e Neutrons can’t penetrate walls/escape

lack Magic Coating
e Can’t absorb/capture the neutrons

ust maintain the spins of the neutrons during
collisions with the walls

{ydrogen-rich substances tend to be spin-
aintaining during collisions

ork done on optical pumping lead the way

euterated hydrogen (polystyrene) coatings both
reserve spin and don’t capture neutrons



- In Situ Magnetometry: A Good
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Old Experiment

= OPEN PDF
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Improvements

Downscatter UCNs in Liquid 4He with diffused 3He magnetometers
= High density of UCNs
=  Use Squids to detect B field from 3He
= 3He has essentially zero EDM (Schiff shielding)
= 3He diffuses VERY slowly in liquid 4He

= Allows ACTIVE magnetic shielding in addition to passive shielding (10"-12 T/cm
inhomogeneity)

= 3He absorbs neutrons

= Requires 3He/4He ~107-10
= Neutron density 5*10"2/cc
= 3He density 0.8*10"12/cc
= 4He density 2.2*%10722/cc

Dilution refrigerator Quadrupole magnets ——

a nalv’,ze[- detector

*He source



Kerr Effect ¢ =nKIE]

Improvements
(cont.)

= Measure E field
= Kerr Cells inside chamber
= High density of UCNs

-k Light Polarization

+p share 764 KEv of kinetic energy...scintillate while stopping in 4He



New Experiment

MNeutral ::ham?er HV electrode UCN valve
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Newer Experiment

Measuring cells
Light guides
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Conclusion: If the sensitivity is
pushed to ~ 10 -28 € cm, then
either:

e We will observe an nEDM
® SUSY 1s not a property of nature
BCP violation 1s an approximate symmetry of



