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CP The Permanent EDM of the Neutron S
* A permanent EDM d

- +

e The current value is < 3 x 10 escm (90% C.L.)

—

d-E

e \We hope to obtain roughly < 2 x 10* escm with
UCN in superfluid He
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B Theory and Experiment 8
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A Standard model

Cosmology | Theory as distributions

EDM rules out theories
SUSY @ ~ o/xn

SM leaves room for discovery

ht symmetric

Strong CP 0 parameter

Multi-Higgs
SUSY GUT

Electro-weak Baryogenesis
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Look for a precession
frequency o

s =1/2 dipole moment d,

Figure of Merit for EDM Experiments ~ EA/N7 — 125
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SHe Magnetometry 8
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s=1/2

d, dipole moment d;=0

Look for a difference in precession
frequency o, - ®; + o4 dependent on E
and corrected for temporal changes in o,

| Cryogenic 3He co-magnetometer is the

» Los Alamos inci i ——a

principal reason the nEDM Collaboration legw} e
believes its experiment has more promise <)
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SHe-Dopant as an Analyzer

‘He + 11— t+ p o(parallel) <10°b
c(opposite) ~ 10° b

UCN loss rate ~

1'@‘@ - 1_p3pn COS(’YH-’Y3)BOt

|-yl = 1v,/10

"He concentration must be adjusted to keep

the lifetime 7 reasonable for a given value
of the “He polarization.

The proper value for the fractional

concentration x = Atoms-"He/Atoms-'He ~
107
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B “He as a Detector 8
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‘He+n —>t+p

liquid helium

¥—430nm
) Hhm‘w dTPB

t + p share 764 keV of kinetic energy.
The emitted light (~3 photons/keV) is in the XUV ~ 80 nm.

A wavelength shifter (TPB) is used to change it to the blue,

where it can be reflected and detected.

The walls and the wavelength shifter must be made of
Arpuaterlals that do not absorb or depolarize neutrons or 3He.
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Office of Nuclear Physics Th e SI g n al A
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B Sensitivity 8
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Light Response
o It _
() = Dy (1) + Ne | —+ [P, P cos(27 f,t +¢)
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Determine f,and of,
Change in f, with E measures the EDM
ot determines the sensitivity
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CP» Superthermal Source of UCN
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Free Neutron
Dispersion Curve

Quasi two-level
system with single
phonon upscattering
suppressed by a large
Boltzman factor.
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Q EDM Experiment - Vertical Section View 8
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CPPEDM Experiment - Horiz. Section View 8
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« & Neutron Guide 8
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'@~ Collaboration Foci c
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* Technical Feasiblility

-

* Preliminary Engineering

* Project Management
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R&D Risks e
Table 1. R&D Status Arranged by Risk on August 13, 2007 rG_rj]
RN He relaxation time First measurements made
Light collection Test apparatus under construction — on schedule
Valve material Vespel identified as a promising candidate
HV studies to 500 mK Waiting on the dual-use cryostat
*He evaporative purification Test apparatus under construction — on schedule
He injection Test apparatus under construction — on schedule
but will be delayed by the dual-use cryostat
Medium Risk
Scintillation in an electric field To be done with the HV studies at 500 mK
Full valve test Test apparatus under construction — on schedule
Geometric phase A follow-on measurement to the *He relaxation
Magnetic uniformity Uniformity improving with each iteration
Leakage currents on coated Uncoated acrylic acceptable — Coated tests to be
acrylic done with the HV studies at 500 mK
SQUID’s observe *He S/N S/N very close to what is needed
SQUID’s & micro-discharges  Requires more work
Neutron storage time Delayed by the UCN source
. LowRk
PMT Operation at 4 K Ordinary tubes show the expected behavior —
coated photocathode measurements to commence
3He tri-coil construction Nearly ready to ship by industry
HYV studies to 1.8 K Work complete with improved results
Electrode material selection Postponed as lower priority for 3 months
/\/_7 Laser induced fluorescence Abandoned as not main stream
. Los Alamos Slow controls Postponed to 2008 as non-critical
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HV studies to 500 mK

R&D Risks Updated

Table 2. R&D Status Arranged by Risk on July 18, 2008

Waiting on the dual-use cryostat — New and very
encouraging results in a small cryostat at 1.8 K

Medium Risk

°He Transport

Light collection
*He injection

Scintillation in an electric field
Leakage currents on coated
acrylic

SQUID’s & micro-discharges
Neutron storage time

Valve material

Full valve test

Magnetic uniformity

He relaxation time

*He evaporative purification
Geometric phase

PMT Operation at 4 K

/\/—7 SQUID’s observe SHe S/N
» Los Alamos Electrode material selection
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Simulations — advanced state — experimental
confirmation needed

Propagation test successful, data under analysis
Test apparatus under construction with several
capabilities demonstrated — on schedule but will
be delayed by the dual-use cryostat

To be done with the HV studies at 500 mK
Uncoated acrylic acceptable — Coated tests to be
done with the HV studies at 500 mK

Requires more work

300 s measured at 150 K - Work postponed

Vespel operates for 10,000 cycles —
depolarization needs study

Under rebuild with Torlon but just engineering
Uniformity improving with each iteration

First measurements complete - favorable result
Replaced by known McClintock method
Analytic solution minimizes need for
measurement

Ordinary tubes show the expected behavior —
coated photocathode works well at 8 K

S/N exceeds specifications by a factor of 5
Postponed as lower priority until after CD-2

Ann Rev 8/20/08 #22

s
m

TR
PhYSIGs- =



Jffice of Nuclear Physics

B *He-Spin Relaxation

Ann Rev 8/20/08 #23
Reanalyzed Reanalyzed m
UIUC Data Duke / NC State Data

-3
——T 30 T T T T T 1

T T T

N
a
X
[N
)
&
T

3.0x10°

2.0x10° | P~ 2 x IU_T

] 2.5x10°

-3

Z > 15x10° N A~ 20x10
w w

g g 3
— — 1.5x10°

B 1oxa0® s =

— —

1.0x10°

5.0x10" .
5.0x10°

0. M M R R R RN N 0.0 A S T T S R R SR
0 2 4 6 8 10 12 14 16 0 1 2 3 4 5 6 7 8
1 R P N
Surface Area / Volume (cm!) Surface Area / Volume (cm!)
1 ) N
TPEPM 11 % 107 s TPEPH ~ 475107

P
° II)?:AIamos

NATIONAL LABORATORY ‘ﬂ L
EST.1943 Pn”sm!r P25




Jffice of Nuclear Physics Ann Rev 8/20/08 #24

C®» PMT at 8 K 8
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SQUID Signal-to-Noise
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Requirement to match the statistical error from 3He(n,p)t = 26 uHz
Extrapolation to an 8 gradiometer system and 500 s = 1.2 uHz
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P SQUID Gradiometer 8
W M
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Cat. No. 09-016
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*Tested by LANL SQUID team
Manufactured by SBIR Grantee, Robin
Cantor of Star Electronics

eFor common mode noise suppression
like vibrations
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€ Engineering the FnPB UCN Hall
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CP» Engineering the Central Detector e
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P Funding 8

« Total DOE funding = $11,795k
e Total NSF funding = $7,450
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P Schedule 8

e Feb2007 Conceptual Design Approved

-

e Feb2009 Technical Feasibility, Preliminary Engineering,
Cost and Schedule Baseline Approved

 Aug 2009 Construction Approved

e Jan 2010 Beneficial Occupancy of FnPB UCN Building
e Oct 2015 nEDM Project Completed

. 2018 First Published Results @ few x 1027 escm

. 2020 nEDM Experiment Completed and Published
@ few x 1028 escm
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