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Neutron EDM & New Physics

 Small EDM In standard model provides Y
negligible “background” signal

d>™ <10~ e-cm

d®® <3.107*° e-cm

<+
Y w
» New CP violation “natural” in new | % d
hysics ‘
pny —
e.g. d_~ 102 e-cm x sin@p(1 TeV/Mgey,)? —
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o
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But ... Theory Remains Essential

e How to Interpret measured EDM In terms of new
physics/elementary EDMs
— Extraction from p, n, atom EDMs

e E.g. Lattice QCD (This workshop & program!)
 Calculation of enhancement factors for certain species

— Model constraints based on EDM limits/observations
— ldentify source of EDM
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Searching for a Neutron EDM

E. M. Purcell N. F. Ramsey

e £E.M. Purcell and N.F. Ramsey, Phys. Rev. 78, 807 (1950)

— Looking for Parity Violation in Neutron Scattering
— Pioneered Neutron Beam Magnetic Resonance



OAK RIDGEUNATIONAN L ABORATORY

Vol, 3—No. 13

OAK RIDGE, TENNESSEE

A Pu!alicmiun by and for the ORNL Employ ees of Carbide and Carbon Chemicals Divisio n, Union Carbide and Carbon Corporation

A

HARVARD UNIVERSITY SPONSORS PROGRAM HERE —
James H. Smith, Harvard University graduate student in physics,
is shown as he adjusts a neutron beam apparatus at the south

face of the Oak Ridge Pile. Using the Pile as a source of neu-
trons, Mr. Smith is engaged in a project jointly sponsored by
Harvard University and Oak Ridge National Laboratory for the
purpose of determining if neutrons have permanent electric
dipole moments.

__ Harvard University

Conducts Imporfant
Research at ORNL

The growing importance of QOak
Ridge National Laboratory as a
research center is manifested par- |
ticularly in its assistance to uni-
versities and technical schools on |
various projects in which nuclear
research is involved. An example |
of such relationship is its present |
collaboration with Harvard Uni-
versity in an investigation to de-
termine if neutrons have perma-
nent electric dipole moments,

The work of the project is un-
der the direction of Professors
E. M. Purcell and Norman F,
Ramsey of the Harvard Univer-
sity Physics. Department and is
being conducted on the Labora-

PHYSICAL REVIEW

tory area by James H. Smith, a |

VOLUME 108, NUMBER 1 OCTOBER 1,

Experimental Limit to the Electric Dipole Moment of the Neutron

J. H. Smitn,* E. M. PurceLr, anp N. F. RAMSEY
Qak Ridge National Laboratory, Oak Ridge, Tennessee, and Harvard University, Cambridge, Massachusetts
(Received May 17, 1957)
An experimental measurement of the electric dipole moment of the neutron by a neutron-beam magnetic
resonance method is described. The result of the experiment is that the electric dipole moment of the neutron
equals the charge of the electron multiplied by a distance D= (—0.1+2.4) X107 cm. Consequently, if an

electric dipole moment of the neutron exists and is associated with the spin angular momentum, its magni-
tude almost certainly corresponds to a value of D less than 53107 cm.

sensitive neutron-beam resonance experiment for the
detection of an electric dipole moment.

This experiment was successfully completed several
years ago. However, the negative results of the experi-
ment were in accordance with the then widely accepted
views on parity so the detailed description? of the
experiment was not published. The upper limit to the
electric dipole moment determined in this experiment
has occasionally been quoted in other publications.?®:

Lee and Yang® have analyzed the effects of parity
nonconservation on the angular distributions of beta

* Now at the University of Illinois, Urbana, Illinois.

1 E. M. Purcell and N. F. Ramsey, Phys. Rev. 78, 807 (1950).
2 Havens, Rabi, and Rainwater, Phys. Rev. 72, 634 (1947).
3 E. Fermi and L. Marshall, Phys. Rev. 72, 1139 (1947).

Friday, SEﬁtel‘nbEr. 29, 1950



Moore’s Law for Neutron EDM Searches

)

Upper limit on neutron EDM (excm
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Simplified Measurement of EDM

How to measure a small

frequency?

 Ramsey Separated
Oscillatory Fields (SOF)

— Appl
2 __‘/ flip prual
3 ™ Fre
S~ - ) precession...

“...always measure a
frequency”

E-field

®®®

dN/dt (Hz)

How to measure a small

frequency?
* Observation of free
precession
I I gk g A A
o L TR LA “;;]L}:ks%ﬂ
R ACRIRERESIRIRIRIRVREEERAREE
j 1] 1l iy 1 oy It

—
Measure n + 3He capture vs. time
with GJ«T>>GTT




What is the precision for an EDM

measurement?
AE
- - I " . O. ~ —
E—hwe2d.E Uncertainty in d: ‘T QIE]
AEAt ~ 7
Coherence time
AE h
Oy ~ —— ~ —
2|E| 2[E|T,
mi
JN
h E - Electric Field

Sensitivity: GEIOt ~

T,, — Time for single measurement

— m - total # of measurements
2|E| T, +/mN

N — Total # of counts/meas.



Best Present Limit on nEDM

Baker et al. Phys. Rev. Lett. 97, 131801 (2006) d,<3.0x 1026 e-cm

Pendlebury et al. Phys. Rev. D 92, 9092003 (2015) @ 90% Confidence Limit - Ramsey SOF & trapped Ultra-

Cold Neutrons from ILL Reactor

EDM @
ILL

N (detected n/cycle) | 1.3 x 10%

h
ol ~ _
|Tﬂ 10 kV/cm d 2|E|me/m

T, 130 s
m (cycles/day) 270

o4 (e-cm)/day | 3 x 104




Neutron EDM Experiments Worldwide
,__‘ o




Experiment UCN source | cell Measurement o4 Goal
techniques (1022 e-cm)
Present neutron EDM limit < 300
ILL-PNPI ILL turbine Vac. | Ramsey technique for o Phasel1<100
PNPI/Solid D E=0 cell for magnetometer <10
2
ILL Crystal Cold n Beam solid | Crystal Diffraction <100
Non-Centrosymmetric crystal
PSI EDM Solid D, Vac. Ramsey for o, external Cs & Hg comag. Phasel ~ 50
Xe or Hg comagnetometer Phase 2 <5
Munich FRMII Solid D, \Vac. Room Temp. , Hg Co-mag., also external <5
3He & Cs mag.
RCNP/TRIUMF Superfluid *He Vac. | Smallvol, Xe co-mag. @ RCNP <50
Then move to TRIUMF <5
SNS nEDM Superfluid “He 4He Cryo-HV, 3He capture for o, *He co-mag.
with SQUIDS & dressed spins, supercond. <5
JPARC Solid D, \Vac. Under Development <5
JPARC Solid D, Solid | Crystal Diffraction <107?
Non-Centrosymmetric crystal
LANL Solid D, Vac. R & D, Ramsey SOF, Hg co-mag. ~30

| | = sensitivity <5 x 1028 e-cm

11




S. Clayton, S. Currie, T. Ito, M. Makela, C. Morris, R. Pattie Jr.
J. Ramsey, A. Saunders, Z.Tang

LA N L n E D M Los Alamos National Laboratory

C.-Y. Liu, J. Long, W. Snow
Indiana University

Concept for nEDM experiment at LANL 3. Plastr

University of Kentucky

S. K. Lamoreaux

. . . Yale University
A neutron EDM experiment with a sensitivity of 6d_ ~ O(10-27) e-cm

based on already proven room temperature Ramsey’s separated
oscillatory field method could take advantage of the existing LANL
SD, UCN source

— nEDM measurement technology for &6d_ ~ O(10-27) e-cm exists. What is
holding up the progress is the lack of UCN density.

— The LANL UCN source currently provides a UCN density of ~ 60 UCN/cc at
the exit of the biological shield

— A 5-10 fold improvement in the delivered UCN density is required for an
NEDM experiment with 6d_ ~ O(10-27) e-cm

« Such an experiment could provide a venue for the US nEDM
community to obtain physics results, albeit less sensitive, in a shorter
time scale with much less cost while development for the SNS nEDM
experiment continues. .

& Slide thanks to T. Ito

E. Sharapov
Joint Institute of Nuclear Research




Based on LANL UCN Source in Area B

Area B layout with the proposed nEDM Experiment

New nEDM experiment

UCNA/B experiment Slide thanks to T. Ito




Expected achievable statistical sensitivity
with the current LANL UCN source
without the upgrade

Parameters Values
E (kV/cm) 120
e 6700
Tiree (S) 180
Tauty () 200
‘ 080
o/day/cell (1025 e-cm) 0.03
o/year/cell (10-27 e-cm) e
o/year” (1027 e-cm) e
(for double cell)
90% C.L/year* |
(1027 e-cm) 56

(for double cell)

This estimate is based on the
following:

e The estimate for N is based on the
results of the UCN storage test
performed in January 2016 and is
not assuming the source upgrade.

e The estimate for E, Tfree, Tauty, and a
IS based on what has been achieved

by other experiments. SCh@dUle

* “year” = 365 live days. In practice
it will take 3+ years to achieve this

* Present - August 2016: Installation of the new UCN

Slides thanks to T. Ito source and guides

* September 2016-January 2017: Commissioning
and operation of the new UCN source



Ultracold

Neutrons
at TRIUMF

T. Adachil, E. Altiere?, T. Andalib34, C. Bidinosti38, J. Birchall*, M. Chin®, C. Davis®,
F. Doresty#, M. Gericke#, S. Hansen-Romu34, K. Hatanaka®, T. Hayamizu?, B.
Jamieson3, S. Jeong?, D. Jones?,

K. Katsika®, S. Kawasaki!, T Kikawa®>®1, A. Konaka>8, E. Korkmaz’ , M. Lang3, T.
Lindner®, L. Lee%>,

K. Madison?, J. Mammei*, R. Mammei3, J.W. Martin3, Y. Masuda!, R. Matsumiya®,
K. Matsuta®, M. Mihara?,

E. Miller?, T. Momose?, S. Page?, R. Picker>, E. Pierre®>, W.D. Ramsay®, L.
Rebenitsch3:4,

J. Sonier?, |. Tanihata®, W.T.H. van Oers*>, Y. Watanabe?, and J. Weinands?

1KEK, Tsukuba, Ibaraki, Japan
2The University of British Columbia, Vancouver, BC, Canada
3The University of Winnipeg, Winnipeg, MB, Canada
4The University of Manitoba, Winnipeg, MB, Canada
STRIUMF, Vancouver, BC, Canada
SRCNP, Osaka, Japan (Osaka University, Osaka, Japan)
’The University of Northern BC, Prince George, BC, Canada
80saka University, Osaka, Japan
9Simon Fraser University, Burnaby, BC, Canada

Slide thanks to J. Martin



TRIUMF &

Target crypt

Kicker magnet Bendlng dipole JSS

Slide thanks to J. Martin

UCN pﬂlErIEEF

_._A EDM experiment

UCN detectors
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“Phase 1" —what will exist in 2017

» use existing EDM Ramsey apparatus from RCNP, Osaka
» exploit higher UCN density at TRIUMF (also more beamtime available)

e room temperature, 1 small cell, vertical loading, spherical B, coll

» small incremental improvements until replaced by Phase 2
* Active magnetic compensation system
* high voltage

e comagnetometer
* high-flux detector

B“ L‘Uil

A

Magnetic shields
¥

EDM cell

H-1.
" r

| 4
Doof valve ++ ==t ! SC polarizer
—— -.
Rotafy valve Rl 1 A i —
M " R |‘P]! -1
Spin|flipper, S l| [ |
Analyzer e [ | .
| L = Al _J | UCN double
z L2 } valve
Detector b
EDM Phase 1 schematic

. compensation coils

He-II
cryostat

» B - # ! i
- = | - ¥ ¥ H
S % | §.° r i
i - o~ . = 8 -:; - i
= ‘ i =
3 4

_ -
| rmallo"\‘r shleld ﬂ
i é =N S
= g— - .
\" ;f‘ - ’

Slide thanks to J. Martin

EDM Phase 1 at RCNP



“Phase 2” —to implement by 2020

transition
EDM plug warm guides region UCN source cold guides
|
R&D on Hg and UCN switch spin polarizer

Xe co-

magnetometers F Al forls cold valve
is underway — L) et
T-:I — |
€ >
*spin flipper 4m
EDM cells  spin analyzér L8 UCN detector
Phase 2
sensitivity » LD, moderator, to increase cold flux entering the superfluid
5d, ~ 1027 * New high-quality guides.
e-cm » World-competitive nNEDM experiment apparatus

CFI Innovation Fund application in progress, in Canada. Scale $16M.

Slide thanks to J. Martin



@PTB Berlin

TU M nEDM M. Burghoff, A. Schnabel, J. Voigt
@Forschungneutronenquelle Heinz Meier-Leibnitz
A. Frei, T. Lauer, P. Link, A. Pichlmaier, T. Zechlau
@Technische Universitat Miinchen

|. Altarev, V. Andreev, S. Chesnevskaya, M. Daimer, W. Feldmeier, P.
Fierlinger, E. Gutsmiedl|, F. Kaspar, F. Kuchler, T. Lins, M. Marino, J.
McAndrew, B. Niessen, S. Paul, G. Petzoldt, J. Rothe, C. Schneider, R.
Schonberger, S. Seidel, R. Stoepler, T. Stolz, S. Stuiber, M. Sturm, B.
Taubenheim, R. Thiele, J. Weber, D. Wurm,

@University of California at Berkeley

D. Budker, B. Patton

@University of lllinois at Urbana-Champaign
D. H. Beck, S. Sharma

@University of Michigan

T. Chupp, S. Degenkolb




TLT Optimistic (but in principle possible)
plan towards a physics result

Move Inner Shield to ILL (2016)

Adapt/build new UCN components, mobile Cs Outer Shield at TUM

Outer magnetic shield

maghetometers | field
No RF shield, only manual alignment control External fie
compensation
HV R&D and assembly Development
: L of cryogenic
Installation at new Super-SUN Stage 1 chambers

w/0 magnet (2017+), no co-magnetometer Magne-l-ome-l-'er\ development

Best POSSible results ~ 3.10-27 ecm (STGT, 1 Magne'l'ome'l'er comparisons
i Spin-clocks with polarized
s noble gases
EDM runs at Super-SUN Stage 2 with Component optimization
magnet (2019+)

Best possible result ~ 8.10-%% ecm (stat, 1

Options
(i) Assembly of Inner and Outer shield with RT chamber
(ii) Cryogenic chambers with Inner Shield

(iii) Cryogenic chambers with Outer and Inner Shield
(before ~ 2022 no UCN at FRM-II EDM position)

Slide thanks to P. Fierlinger



Sensitivity
potential of nEDM
at Super-SUN at
ILL

SuperSun stage |

SuperSun stage |l

UCN density 333 1/em3 1670 1/em3
Diluted density 80 1/cm3 400,8 1/cm3
Transfer loss factor 3 1,5

Source saturation loss factor 2 2
Polarization loss factor 2 1
Density in cells 6,7 1/cm3 133,6 1/cm3
2 EDM chamber volume 33,2 | 33,2 |
MNeutrons per chamber 110556 2217760

EDM sensitivity

E 2,00E+04 V/cm 2,00E+04 V/cm
alpha 0,85 0,85

T 250 s 250 s

N after time T (1/e) 398000 794000
Number of EDM cells 2 2
Sensitivity (1 Sigma, 1 cell) 3,9E-25 ecm 8,7E-26 ecm
Sensitivity (1 Sigma, 2 cells) 2,7E-25 ecm 6,1E-26 ecm
Preparation time 150 s 150 s
Measurements per day 216 216
Sensitivity (1 Sigma, 2 cells) per day 1,9E-26 ecm 4,2E-27 ecm
Sensitivity 100 days 1,9E-27 ecm 4,2E-28 ecm
Limit 90% 100 days 3,00E-27 ecm 7,00E-28 ecm

P. Fierlinger — MSU 4/6/2016




The next version: Super-SUN
(funded + under construction at ILL)"

For calculations of UCN storage see:
Zimmer & Golub, Phys. Rev. C 92 (2015) 015501

UCN extraction guide

0@0 U = €

O O Superfluid “He converter Neutron beam N %/i

oON_@ : M ——

ogo # (Y SN
Current bars of UCN valve ;(( Q o )
multipole magnet Beam window Sg 3 ; %\h\‘!

Mm

Single-user facility
 Converter volume: 12 litres

* UCN production rate: 10° s1 (E< 230 neV)
UCN saturation number:




The nEDM@PSI collaboration

M. Burghott, A. Schnabel, J. Voigt!
PTB: Physikalisch Technische Bundesanstalt, Berlin, Germany

C. Abell, N. Ayres!, W.C. Griffith, P. Harris, M. Musgrave,
J.M. Pendleburyt, J. Thorne!
UoS: University of Sussex, Brighton, United Kingdom

G. Ban?, B. Dechenaux, T. Lefort, Y. Lemiere,
O. Naviliat-Cuncic®, G. Quéméner
LPC: Laboratoire de Physique Corpusculaire, Caen, France

K. Bodek, D. Rozpedzik, J. Zejma
JUC: Jagellonian University, Cracow, Poland

A. Kozela
HNI: Henryk Niedwodniczariski Institute for Nuclear Physics, Cracow, Poland

Z.D. Gruji¢, A. Weis
FRAP: University of Fribourg, Switzerland

Y. Kermaidic!, G. Pignol, D. Rebrevend
LPSC: Laboratoire de Physique Subatomique et de Cosmologie, Grenoble, France

L. Dekeukeleere!, M. Kasprzak, P. Koss', P.N. Prashanth*,
R. Seutin®?*, N. Severijns, E. Wursten?
KUL: Katholieke Universiteit, Leuven, Belgium

C. Crawtford
UKY: University of Kentucky, Lezington, United States of America

W. Heil, H. C. Koch!+*?
GUM: Institut fiir Physik, Johannes-Gutenberg- Universitit, Mainz, Germany

Presently: 4
E 13 Institutions
B 7 Countries
B 48 Members =~ ~bwe
E 11 PhD students

PAUL SCHERRER INSTITUT

ETH Klaus Kirch  NUPECC, Basel, June 12, 2015 Ee

S. Roccia
CSNSM: Centre de Sciences Nucléaire et de Sciences de la matiére, Orsay, France

G. Bison, V. Bondar, M. Daum, S. Komposch!-5, B. Lauss",
E. Merki®%, P. Mohan Murthy':6 D. Ries™%, P. Schmidt-Wellenburg”, G. Zsigmond
PSI: Paul Scherrer Institut, Villigen, Switzerland

N. Hild%4, K. Kirch?4, J. Krempel, F. Piegsa, M. Rawlik!, U. Soler!
ETHZ: ETH Ziirich, Switzerland




The nEDM spectrometer &,

Four-layer Mu-metal shield & =

to shield the experiment from High voltage lead
external magnetic fields with a 1MQ resistance

Vacuum chamber

Cesium magnetometer

Precession chamber
where neutron precession
Is induced and measured

Electrode (upper)
charged up to 150 kV
electric field = 10°V/m

@&~ Mercury lamp
to read out the
mercury polarization

Photomultiplier tube
to detect the intensity modulation
of the mercury light

Mercury polarizing cell

where the mercury is polarized Magnetic field coils

are wound around the vacuum
chamber to generate the holding

Mercury lamp and compensating fields, as well

to polarize the mercury o
ultraviolet (253.7 nm) as the spin flipping fields
— _
e—— Switch
o to distribute the UCNs to
different parts of the apparatus
5 tesla magnet > :
in analyzer

to spin polarize the UCNSs Sp anaze

L e+—— Neutron detector
ETH Klaus Kirch ~ NUPECC, Basel, June 12, 2015 o -]{jm 28
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- Towards n2EDM

:
! L

i e (yw—

o

Status/Prospects:

et

e Taking data at
od,, ~ 1x10-26 e-cm/yr

 n2EDM hopes to reach
od,, ~ 4 x10-27 e-cml/yr

M3INIBAQ - ISd®INAIU

« Two UCN precession chambers with opposite electric field directions

 Improved magnetometry Hg - laser read out of Hg-FID to avoid light shift
Cs -—vectorial
3He -free from geometrical phase shift



NEDM Experiment at o

Oak Ridge Spallation Neutron S,

» e B %
4 A Target

Source - SNS o

Instrument Systems
(Argonne and Ook Ridge)

Concept:
R. Golub & S. K. Lamoreaux,

Phys. Rep. 237, 1 (1994)

High trapped neutron densities
— Cold neutrons from spallation source cooled to “Ultra-cold”
neutrons via phonon scattering in superfluid He

LHe as a high voltage insulator
— high electric fields

Use of a 3He co-magnetometer and superconducting shield
— Control and measure magnetic field systematics

Precession frequency measurement via two techniques:
e free precession
e “dressed spin” techniques

Sensitivity reach: dn ™~ 2 x 10722 e-cm (in 3 calendar yrs)



SNS Target Station

OAK RIDGE | spALLation

* National Laboratory | SOURCE World’s most intense pulsed, accelerator-based neutron source

NEUTRONS.ORNL.GOV

. Wide Angular-Range
Nanoscale-Ordered Materials Chopper Spectrometer Fine-Resolution Fermi Chopper

Backscattering Diffractometer (NOMAD) - BL-1B (ARCS] - BL-18 Spectrometer (SEQUOIA) - BL-17

Spectrometer (BASIS) Liquids, solutions, glasses, polymers, nanocrystalline and Atomic-level dynamics in materials science, Dynamics of camplex fluids, quantum fluids, magnetism,
BL-2 partially ordered complex materials matter sci condensed matter, materials science

oerg Neue hews Stone « 85 - 5 b forn|goy

— ndcom|

Dynamics of macromolecules, ined
molecular systems, polymers, biology,
chemistry, materials science

Eugene Marn - B65.574-5109 - mamanteve @ oml.goy

Ultra-Small-Angle Neutron
Scattering Instrument
. [USANS) - BL-1A (2014")
Spallation Neutrons and I 3 Life sciences, polymers, materlals science,
Pressure Diffractometer : s it e g
[SNAP] - BL-3 ' i

Materials science, geology, earth and
environmental sciences

Vibrational Spectrometer (VISION) -
BL-168

Vibrational

, chemistry

for

Neutron Spin Echo Spectrometer

Chr i - BE5.574.5764 « tul

Magnetism Refleclometer

polymers, biological macromolecules

Chemistry, magnetism of layered ' ) matter sciences
systems and interfaces f W\

ia Lauter - 865.387 53! arv @ amil.gay

Atomic-level dynamies in single
crystals, magnetism, condensed

[NSE) - BL-15 Hybrid Spectrometer
High-resolution dynamics of slow processes, [HYSPEC] - BL-14B

Linuids Reflectometer *
BL-4B

iohn Ankner » 888 577.0523  anknerjf@orml.goy

seoifroy Greem 23 » groeneg

Fundamental properties of neutrons

oml.go

Interfaces in complex fluids, { e \ = - = Funidamental Neutron
. PO1YIALS, G Ity i i . \ \ : Physics Beam Line - BL-13

Cold Neutron Chopper . M St e
Spectrometer (CNCS) - BL-5 ' 1\, e T

Condensed matter physics, materials science,
chemistry, biology, environmental science
6 0824 - ehiersgBaornl.govy

Neutron [TOPAL) - BL-12
Diffraciometer

At

Macromolecular Single-Crystal Diffractometer

| structures in

Extended Q-Range Small-Angle Neutron . ok
Sl.‘.altellllll Illllrill:lllmﬂtr IEQ-SMIS] f Bl‘ ﬁ e, = Atomic-level structures of
Versatile Neutron membrane proteins, drug

condensed matter physics
Chrnek 8 1

[MaNDil -BL-11B biology, earth science, materials science,

Y.

Life science, and materials science, i mple: . DNA
Pea'rlh and environmental sciences “asl[ﬂ I"".'SB Sl:allﬂrlnu ““ag“lg R
e e et Spectrometer (CORELLI - Instrument at SNS
BL-9 (2014°) ! (WENUS) - BL-10
sl 2 Ll 1| Energy selective imaging in Powder Diffractometer (POWGEN) -

. erystalline materials materials science,

“Scheduled commissioning date [__renave-as sraces - yeni domigon engineering, materials BL-11A
processing, environmental
sciences and logy

Atomic-level structures in chemistry, materials science, and
condensed matter physics including magnetic spin structures

a2t + hi

RN e veioust Tt e Engineering Materials Diffraclometer
- In commissioning or operating Wl.llcllﬂ o Ill ']

development beamline

Mechanical behaviors, materials science,
- In design or construction materials processing

ﬁ Under consideration - - managed by UT-Battelle far the US Department of Energy.

14-GO0B75/gim

! qov The Spallation Neutron Source is a facility of Ozk Ridge National Laboratory,

27
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MAGNETIC SHIELD HOUSE

SNS-nEDM Experiment
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C. Crawford, T. Gorringe, W. Korsch, E. Martin, N. Nouri, B.
Plaster
University of Kentucky
S. Clayton, S. Currie, T. Ito, Y, Kim, M. Makela, J. Ramsey,
W.Sondheim. Z, Tang, W. Wei
e T &z Los Alamos National Lab
" =k e K. Dow, D. Hasell, E. Thioff, J. Kelsey, J. Maxwell, R. Milner,
i A B b R. Redwine, E. Tsentalovich, C. Vidal
Massachusetts Institute of Technology
D. Dutta, E. Leggett
Mississippi State University
R. Golub, C. Gould, D. Haase, A. Hawari, P. Huffman, E.
Korobkina, K. Leung, A. Reid, A. Young
North Carolina State University
R. Allen, V. Cianciolo, Y. Efremenko, P. Mueller, S. Penttila,
W. Yao
Oak Ridge National Lab
M. Hayden
Simon Fraser University
G. Greene, N. Fomin
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- 5. Slutsky, X. Sun, C. Swank T. Rao, S. Williamson, L. Yang
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Technical Challenges for NEDM@SNS

e 1200 L of superfluid Helium @ T = 0.5K

— Must minimize heat sources

e Eddy-current heating from AC B-fields = minimal conducting material
— Large cooling plant required
 Highly sensitive to magnetic field variations and gradients
— Significant magnetic shielding required
— B-field uniformity of ppm/cm over measurement volume
— Low-field operation: B =3 uT
e High electric fields: E = 75 kV/cm

— Producing and maintaining V > 600 kV in cryogenic environment
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New High Voltage Concept

Very large di
capacitor (>1

Previous concept — charging capacitor

-50 kV

EEEEEEE) S N

“New” concept (Tiberius Cavallo 1795)
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Status of the nEDM@SNS

Experiment

 Demonstration of Critical Components Is
Underway (2014-2017)

— Construction of most technically challenging pieces:
« HV @ LANL and light detection system @ ORNL
 Polarized 3He system @ lllinois
e Magnet system @ Caltech
e Polarized UCN & 3He test bed at NCSU PULSTAR reactor

 Large Subsystem Integration and Acquisition of

Critical Components (2018-2020)

— Begin commissioning components at Oak Ridge
National Laboratory in 2019



Farther Future nEDM

e Systematics can produce “surprises’, but if these are
controlled then sensitivity is limited by counting statistics =2
need more neutrons
— 2"d Target station at SNS could give ~ 25x more cold neutrons

— ESS (European Spallation Source) also promises high flux of cold
neutrons for high density UCN

e Cryogenic experiment being discussed
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Summary

* A number of novel technologies are being developed
to extend neutron EDM sensitivities by two orders-
of-magnitude

« Anticipate:

— A new best sensitivity within 1-2 year

— Factor of 10 improvement within 3-4 yrs
— Factor of 100 improvement within 7-9 yrs
— TBD > 10 years
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Extra Slides
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Recall magnetic moment in B field:

L s - o By g . .1
H=1i-B: =2| — S ;forspin—
N N (hj P 5

%:ﬁzﬁxé = 2(‘;;)5%; if SLB

Classical Picture:
- If the spin is not aligned with B there will be a precession
due to the torque

* Precession frequency () given by Gyromagnetic Ratio
o dgp 1dS _ 2B _ X
. TSsdt #
@ : dt
= or for a dyInE




But some molecules have HUGE EDMs!

H,0: d=04x108e-cm
NaCl: d= 1.8 x 108 e-cm

NH5;: d=0.3 x 10-8e-cm
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