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Outline

> What are Electric Dipole Moments?

> Methods for EDM measurements in storage rings :
> Dedicated pure electric ring
> Existing conventional magnetic ring

> The Cooler Synchrotron COSY

> Spin Coherence Time studies at COSY
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CP-Violating permanent EDMs #) JULICH

FORSCHUNGSZENTRUM

> Electric Dipole Moments:
> Charge separation
> Fundamental property

- > Permanent EDMs are P- and T-violating

S
3 > CPT-Theorem: CP-Violation
dﬂ!l P ¢
d
+ > Known CP-Violation not sufficient to
~—% d ] ) )
2 T explain Matter-Antimatter-Asymmetry in
T g universe
*“ » Search for new sources of CP-Violation

(0-term, BSM) by measuring Electric
Dipole Moments of charged hadrons in
storage rings
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> General idea:
> Inject polarised particles with spin pointing towards momentum direction
> ,Frozen Spin“Technique: without EDM spin stays aligned to momentum
> EDM couples to electric bending fields
> Slow buildup of EDM related vertical polarisation

aft

Mitglied der Helmholtz-Gemeinsch

2014-03-31 EDM Measurements @ COSY 4



Thomas-BMT-Equation #) )0LICH

FORSCHUNGSZENTRUM

> Equation of spin motion for relativistic particles in electromagnetic

fields: .
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> Equation of spin motion for relativistic particles in electromagnetic

fields: .
dS - _ S
E=S X'Q'MDM-l_SX'Q'EDM
ﬁ) € G 1 EXE
MDM = ym -1 -
|QEpM| < |Qmpm|

> Frozen Spin“Technique (Qypy = 0):
> pure electric ring: only works for G > 0

Mitglied der Helmholtz-Gemeinschaft

2014-03-31 EDM Measurements @ COSY 6



Mitglied der Helmholtz-Gemeinschaft

Thomas-BMT-Equation A) 0LICH
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> Equation of spin motion for relativistic particles in electromagnetic

fields: .

dS - N
E=S X'Q'MDM-l_SXQEDM

|QepMml < [Qmpml

> Frozen Spin“Technique (Qypy = 0):
> pure electric ring: only works for G > 0

> combined magnetic/electric ring: applicable for ¢ < 0
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> Equation of spin motion for relativistic particles in electromagnetic
fields: L

|QepMml < [Qmpml

> Frozen Spin“Technique (Qypy = 0):
> pure electric ring: only works for G > 0

> combined magnetic/electric ring: applicable for ¢ < 0

> pure magnetic ring: technique not applicable (v, = Gy)
> Different principle for precursor measurements at COSY, Julich needed
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The Cooler Synchrotron COSY A) )0LICH
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RF Solenoid | v

V| o e Cooled beams
o (e-cooling, stochastic cooling)

v |deal starting point to investigate EDM

Polarised protons & deuterons measurements In storage rings.
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» Static storage ring: tané = 2G

> Tilt of Q in main dipoles due to EDM contribution

— e —
Qvpm = — |Gy B ]

Qepm = —3 BxB ]

> No net buildup of signal
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Measurement Principle @ COSY #) JOLICH
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: T tané = ﬁ
> Static storage ring: 26

> Tilt of Q in main dipoles due to EDM contribution

— e —
Qvpm = — |Gy B ]

Qepm = —3 BxB ]

> No net buildup of signal
> ldea: Induce EDM related spin resonance

_ R e [ 1 EXE
» 1. RF-E-Dipole vpm = 63 T7) ¢
fre = |K + Gyl - frev = _EH_E
EPM ™ m2 ¢

Problem: transversal beam excitation!
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Measurement Principle @ COSY #) JULICH
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| | . _np
> Static storage ring: ans = 26

> Tilt of Q in main dipoles due to EDM contribution

Qepm = —3 BxB ]

> No net buildup of signal
> ldea: Induce EDM related spin resonance

_ - e [ o 1 EXE
> 2. RF-ExB-Dipole Qmpm = vm Gy B — <G R 1> c ]
fRF=|K+GV|'frev ﬁ) _en: ]—6
EDM = 5 —
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> Spin precession in ideal magnetic ring around vertical axis:
> Spintune: v, = Gy
> Energy deviations lead to different precession speed

—)

PR AN TR N SR SR N ST SO N S NN S S S

> Buildup limited by
« Spin Coherence Time

> Decoherence has to be
minimized
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> Spin precession in ideal magnetic ring around vertical axis:
> Spintune: v, = Gy
> Energy deviations lead to different precession speed

N

> Consider relative change of revolution time of single particle:

AT AL AB ALAB . [AB)\?
> —=—-—"E_==2 4 (=F
To Ly Bo Lo Bo T (.30)
> No coupling:

AL _ (AL AL AL ALY _  Ap (@)2
> Ly (Lo)x + (LO) + (LO)A_P ” (Lo)ﬂ =~ @7, T p
p

with T, = %
0

y

= - (s ) )00+ (@),
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= (o) e 2 ()2

AL ([
» Canceling energy deviations (v; = Gy): <ﬂ> =0 <<L_0>u> =L G

- () -{®) ) -0 |
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AT [ Yo (ﬁg - (@ ——2))] =0 roe
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06
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> SCT studies performed during last beam time:

Polarised deuterons @ 970 MeV/c

Electron-cooled

,Heated“ in 1 direction (horizontally or longitudinally)
Beam steered on target to measure polarisation over time
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Summary & Outlook #) J0LICH

o e,
> EDM measurements in storage rings Y,
> Feasibility studies and precursor experiment " . i
at COSY/Jilich e e =l
¢ 03x10° - . . . .
Boo [ . » EDM related polarisation build-up using
I j induced spin resonance
f ot : > RF-ExB-Flipper (— talk: S.Mey )
0‘;5 " 1 » Outlook: systematic studies concerning

beam alignment and field quality
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> Precursor experiment: RF-ExB-resonance to build-up EDM signal

> First studies using an RF-Solenoid to investigate induced spin
resonances

» Resonance condition: f;,; = |K + Gy| * frep

E\ 0-4 x2 / ndf 397.8/870 - 0'4 - Vol n-dl 840.9/713
_.a_s H 6 3 O kH amplitude -0.2049 + 0.0021 _.ah_j H amplitude -0.1571+ 0.0022
] —_— Z damping constant k  0.003138 + 0.000322 u — damping constant k 0.0362 + 0.0013
E 03: fSOl angular freq. @ 0.352 + 0.000 E 03: SOl 1380 kHZ angular freq. @ 0.4386 + 0.0015
> C A offset 0.0004288 + 0.0010630 > - offset -0.009038 £ 0.000901
<Ult’ 02:_ ty 40 £ 0.0 %’ 02:_ t 41.32+0.06
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Theoretical prediction
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Lehrach Lorentz, Morse, Nikolaev, Rathmann: DSPIN-2011

prol{ms RF-E flipper, eta=0
protons, RF-E flipper, K=0
=== protons, RF-E flipper, K=-2

Deuteron, 970 Mev/c
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Simulations of induced resonance #) J0LICH
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Statistical Sensitivity for electric/combined-ring

7
7 /NfT,PEA

P beam polarization 0.8

Tp Spin coherence time/s 1000

E Electric field/MV/m 10

A Analyzing Power 0.6

N nb. of stored particles/cycle 4 x 107
f  detection efficiency 0.005
T running time per year/s 107

— o ~ 107?°e.cm/year (for magnetic ring ~ 10~%*e-cm/year)
Expected signal ~ 3nrad/s (for d = 1072°e.cm)

(BNL proposal)
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2014-03-31

_h Gy U 1

= o= 1

"T2G+1E-L /NTr,PA

G anomalous magnetic moment

y relativistic factor 1.13
p=1GeV/c

U circumference of COSY 180 m

E - L integrated electric field 0.1-10°%V

N nb. of stored particles/cycle 2 -10°

0~%e.cm/year

EDM Measurements @ COSY
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Statistical Sensitivity for magnetic ring (COSY)
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Systematics

One major source:
Radial B field mimics an EDM effect:

@ Difficulty: even small radial magnetic field, B, can mimic
EDM eftect if :uB; ~ dE,
@ Suppose d = 1072%e-cm in a field of E = 10MV/m

@ This corresponds to a magnetic field:
dE, 10-22eV 47
B =—= ~3 -1 T
’ puy  3.1-10-8eV/T 310
(Earth Magnetic field ~ 5- 107> T)

Solution: Use two beams running clockwise and counter
clockwise, separation of the two beams is sensitive to B,
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