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EDM CP violation
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EDM CP violation

The Electric Dipole Moment: d

d,#=0 = P andT violation

CP violation observed in K decay,
Bmesons - d,=0

CP violation, interest

« The study of CP violation to further:
— Understanding the fundamental laws of physics
— Understanding the baryon asymmetry of the cosmos
« EDM s a particularly promising laboratory for CP violation
— The Standard Model contribution is very small
— Contributions from new physics tend not to be




EDM: experimental systems

EDM: systems at hand

Paramagnetic atoms / molecules

» sensitive to d,,, Cq

diamagnetic atoms

» sensitive to g;nn» dn: Csy Cp, Co, dg

free neutron

» sensitive to d,,

fundamental theories
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particle EDMs and CP odd
Interactions

charged systems (muons, ions)




CP violation & nEDM
Standard Model and beyond

Non-trivial structure of vacuum in QCD
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EDM models - experiment
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NEDM: spin frequency

Experiments: Compare the precession frequency for
Measurement of Larmor precession| parallel fields:

frequency of polarised neutrons in R
a magnetic & electric field

VM = ETT/h — ['ZBOHn - 2Edn]/h

The difference is proportional

tod,and E: to the precession frequency for anti-
h(VTT - V'N«) = 4E dn parallel fields

RN Eqy

Need to measure change in Larmor
precession frequency to a very

high degree : < 1uHz vt = Eqy/n =[-2Byu, + 2Ed, J/h
<1 turn per month!




NEDM: Ramsey Resonance techniques

The difference is proportional to d, and E:

VM = ETT/h — [-ZBO],ln - 2Edn]/h
V= ET¢/h = ['ZBOMn + 2Edn]/h

h(vp -vyy) = 4Ed,

If B, has not changed

Need a magnetometer!




NEDM: Ramsey Resonance techniques

“Spin up”
neutron...

Apply 72
spin
flip pulse...

Free
precession

Second 772
spin
flip pulse.

neutron spin up count

o(d,) =

A
20ET N

o.. polarisation product
E: electric field

T: observation time

N: number of neutrons

Ramsey Resonance Curve
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NEDM: Ramsey Resonance techniques

AEAT = #
/ \

Uncertainty in measurement of energy E; | Uncertainty in time
(interaction energy between E_ and d,) (i.e. width of observation time)

Uncertainty in measurement of E _ _ E
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EDM: experiments

neutron EDM Experiments



NEDM: ILL

« completed room temperature EDM experiment on UCN source
» cryogenic EDM R&D on cold neutron beam




NEDM: ILL




NnEDM: ILL
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NEDM: ILL
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NEDM: cryogenic R&D

h
Z:E 0[\@\ new superthermal UCN source

Ultra-cold neutron source: T higher electric fields in IHe

o(d,) =

Strong 9 A neutron beam coupled
to superthemal UCN source

magnetic screening:

* mu-metal &
superconducting lead

* high precision SQUID

magnetometry a™ :
r 4y " hllril whole experiment in superfluid He at 0.5 K
‘ 4 é-‘::__ .a-"'<.~_'-.. }
L a3  production of UCN

Alternatively use 3He magnetometry) |* Storage & Larmor precession of UCN
- magnetometry

e detection of UCN
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NnEDM: PSI

PAUL SCHERRER INST

om

Paul Scherrer Institut
» 5K sD, UCN source

Dieter Ries (NEDM2014)

e

10.

Original design goal:

s WwhH

The UCN source at PSI

e
A T

. PSI proton beam, up to 8s pulses
spallation target (Pb)

D->0 vessel

30dm? solid D> moderator

~2m?3 source UCN storage vessel,
coating: diamond-like carbon (DLC)

source UCN storage vessel shutter

- ~8mlong

. UCN guides towards experiments

- coated with NiMo (85/15)
He and D; supply lines

thermal shield
vacuum tank

PSI UCN source status

1000 UCN/cm? in a
typical external storage volume.

November 4, 2014

2/22



NnEDM: PSI

Paul Scherrer Institut

» use of upgraded RAL/Sussex/ILL apparatus taking data
expect reaching our limit next year

vacuulill vliariivet

Precession chamber
where neutron precession
is induced and measured

Photomultiplier tube
to detect the intensity modulation
of the mercury light

[ Mercury polarizing cell |

where the mercury is polarized

<

Mercury lamp 1

to polarize the mercury -
ultraviolet (2563.7 nm)
= J

lead
‘ance

Cesium magnetometer

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

R Mercury lamp
R to read out the
mercury polarization

Magnetic field coils

are wound around the vacuum
chamber to generate the holding
and compensating fields, as well
as the spin flipping fields

—e—— Switch

[

5 tesla magnet
to spin polarize the UCNs

e\
~ B0 o

to distribute the UCNSs to
different parts of the apparatus

[ [ Spin analyzer]
Neutron deteotor]




NnEDM: PSI

Paul Scherrer Institut

» construct new apparatus n2EDM
should probe @ (10?7 e-cm) by 2020

|

Increase UCN numbers:
* Double storage cell
« Improved geometry i

NEXT Novl1l5 M vd Grinten



Collaborating Institutions
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/ *He polarized source

) IHe Injection
module

3 layer p-
/" metal shield

Magnet and
shicliding packaga

Central LHe volume,
300 mK, ~1000 |

Jefferson)

Instrument Systems
(Argonne and Oak Ridge)

What is Unique About Our Experiment

= Production of ultracold neutrons (UCN) within the apparatus

— higher UCN density and longer storage times

= Use of liquid as a high voltage insulator
— higher electric fields

S

= Use of a ®He co-magnetometer and superconducting shield

— better control of magnetic field systematics

= Employ two different measurement techniques

handles in the experiment that can be varied.

— oscillation of scintillation rate and dressed spin techniques

Tackling unknown systematic effects requires unique

‘ ALY



NEDM: SNS

* Key Changes in Alternatives Analysis:
- Central Detector System & Magnets mounted Vertically
- Separate functions intfo modules (Cells/HV, Magnet, 3He)
- Use Magnetically Shielded House r'a'rher' 'rhcm custom “skin”
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NEDM: SNS

+ 4-yr NSF proposal for CCD approved ~6.5M$
» Anticipate 4-yr DOE Funding for CCD ~7M$

- Continuation of external Technical Review
Committee

- Need additional ~ 25M$ after CCD

» Could complete construction of more
conventional systems after additional ~ 2 yrs

» Commissioning underway by 2019-2020



TUTT  The TUM EDM experiment

- ,Conventional' Ramsey experiment with UCN stored at room temperature
- Double chamber with co-magnetometers

- 199Hg, Cs, SQUID magnetometers

- Portable setup, including magnetic shielding (demonstrated!)

- Extremely modular design

- Ready for UCN next summer

199Hg magnetometer

Online access:

UCN +'%Hg chambers
: 32 Cs, SQUIDs

High voltage
electrode 200 kV
Collaboration of several
institutions:

BO

INM3

| 199Hg magnetometer

NEXT Nov1l5 M vd Grinten



TUTI

Measuring at ILL?
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Possible room temperature Cryogenic chamber
apparatus: option:

UCN delivery

v a

HV delivery

UCN storage

Thermal shields '

I UCN storage' chambers |

Figure 4: Left: Cut through a possible EDM measurement apparatus with UCN storage volumes
at room temperature, placed inside a magnetically shielded laboratory. The conceptual layout
of the UCN chambers is comparable to the experiments planned or built at Gatchina, PSI,
TUM. Right: A possible cryogenic chamber as upgrade for enhancing the physics reach (design

by M. v.d. Grinten et al.)



Science & Technology Facilities Cq i
D UG el WA IdW: © (7~ Challenges of the world-wide experimental search for
< / the electric dipole moment of the neutron

PSI - 2-6 November 2014 Congressi Stefano Franscini
= Europe/ Zurich timezone

« Taking data with sensitivity
comparable to RAL/Sussex RT
expt.

* Aim to upgrade to “n2EDM” with
8 fold increase in sensitivity after
2020.

LANL
» UCN Source operating, upgrade sought
* “Support” EDM experiment O(10-27)

PNPI
» RT result comparable to RAL/Sussex RT
expt

SNS . :
» Various future prospects ILL/Russia O(10-%7)

» Major overhaul in design
« Aim to be commissioning in 2020

« Sensitivity O(10-28 ecm ?) TRIUMF

* TRIUMF beam being constructed
» UCN source to be shipped from Osaka

TUM
- « EDM apparatus to be built
* Key parts of equipment _ o
(near)ready EDM experiment O(10-2") by 2020
* No UCN

» Staged planning ILL/TUM O(10
27-10-28 ecm)



« nEDM searches probing beyond SM

« World wide interest in pursuing these

« Current generation of experiments will push
limits further

 Next generation experiment (2020+) put EDM
discovery within reach?



The END



EDM: experiments
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