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PSI Outline

AWhy search for an nEDM?
AHow do we search for it?

"
AThe UCN source
A Statistical sensitivity

“
A Magnetometry
A Preliminary Results
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CP violation and EDM -~ %

PiB =
3G :

4 .
A non-zero particle EDM h

violates P, 7Tand, assuming
L CP7Tconservation also CP. y




e Phenomena not explained by uwsEsn

BS1 o
Standard Model B !
E Gravity
The Standard model does not explain
Gravity.

E Dark matter /Dark energy
Only about 4% of the Universés energy = i
content are explained by the SM. A

E Matter/Ant-maltter asymmeltry
Observed asymmetry and SM expectation | 4= -
disagree by a factor 1¢

E g-2 of muon and muonic hydrogen

The g-2 value formuon disagrees by 3.3

The proton radius frommuonic hydrogen
disagrees by 7A
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Baryon Asymmetry of the

- .
- Universe
>
SM expectation: .~ Observed:
Ng - Ng 1018 Ng - Ny _10%
ng ng
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Sakharov criteria

nu

1. Baryon number violation

- -
2. C and

3. Thermal norequilibrium

"WMAP + COBE (20
(6.19 N0.15) x 1010
[E.Komatsuet al. 2011ApJSL92]
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- - CP violation and ED g‘E—;

g A nonzero neutron EDM A

violates P, T and, assuming

9 CPT conservation, also CP.J

Y £P so far only in weak
Interaction

Y Excellent probe for physics
beyond the Standard
Model

Y Might explain BAU
(matter/anttmatter problem)

Y Sensitive to thed-term in QCD
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(=== A brief history of NEDM searchese: , =
PB i =
T 107 — : : : AT -
8 10 O
= 107 -
E . b 17 3
3 10 o n v
g 107 o m
% 10_24 A VA
; 107 VA A
3 0O w0 : ;
Ell W . ] Supersymmetry predictions : ——
o S 10 : Aimed at sensitivities at PSI
° EERS - T |Intermediate:
Ryt Standardmgdgﬁéz%'féfﬁw@ns ] |d,<5x16"ecm (95% C.L.)
19I50 19160 19170 19ISO 1990 20100 20110 2020 Final:
Year of Publication d,<5x 16°e cm(95% C.L.)
First Last

V)

Smith, Purcell, Ramsey RALSussexLL
4<5x100ccm | ISSONEHEI |q,< 2.0 x 16°ecm(90% C.L)
C.A.Baker et al., PRL 97 (2006) 131801

PR 108 (1957) 120
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== The measurement technique & nEm 2

Cmrm-

P -—-—-

Measure the difference of precession frequencies Iin
parallel/anttparallel fields:

Et El

S/ = 2dn(Eﬁ+ E )+2¢ (B><B_)

[for a’n<10'26] R > [q:x <60 nHz]
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The Ramsey technlque@'
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Run 5767
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precession 2 | i
ar¥
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Sensitivity oJ) =—T7F
Second p/2 2aTEVN
spin % 1 ¢~ a Visibility ofresonance
flip pulse. I Time of free precession
Bey # N Number of neutrons
E Electric field strength
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= Overview

AWhy search for an nEDM?
AHow do we search for it?

Status at PSI

AThe UCN source

A Statistical sensitivity
AMagnetometry
APreliminary Results

m
<
@
>
‘:—o-
o
Q
—+
@




PAUL SCHERRER INSTITUT TI

o] e

areq ‘1uang

g
U ersity of Sesses. |

e nEDM spectrometer@ o'y

P e

Four-layer Mu-metal shield
to shield the experiment from
external magnetic fields

Vacuum chamber

High voltage lead

with a TMQ resistance

' 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

Photomultiplier tube
to detect the intensity modulation

to read out the
mercury polarization

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

to mvgni'gctlrgyml?gg | and compensating fields, as well
ultraviolet (253.7 nm) | 43 ihe Spin Hipping fieeas

‘ e—— Switch

: —‘ to distribute the UCNs to

different parts of the apparatus
5 tesla magnet o _ani
in analyzer
[ to spin polarize the UCN: . Sp lE L
[ e+—— Neutron detector]
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Filling UCN

e Optimize product avN
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RS Storage life time =

3 5”2% R L + E Chamber made
" 500 o % 300 =  Of dPSinsulator
w5000 | | | | ring and DLC
5 ; T Nexpl-UR)eN,expi—tt) electrodes
m 30000\ - ~ .
3 \ 5 E Two exp fit:
il £ 250001y : : 1
g § \ - . . [S"'BOS
g 20000 \m : 1 4~1803
e N . . ™
5 15000 i N 1 E Max no. UCN
E 10000} : ”‘9‘%& 5 ﬂ\ measured after
| | e S 180s storage:
10500
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== Transversal depolarlzatlon@ —

IINI
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Y Excellent magnetic fiel




HV performance
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A Best HV performance 144 kV Y 12.0kV/cm
A Average EField while data taking: 10.&V/cm




