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Thomas-BMT Equation: <T§ S x (QMDM + Qepm)

Standard Model: d = anCS ~107%2ecm < n~1071°
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Spin Motion in a Magnetic Storage ng

-

= Thomas-BMT Equation: d—é S x (ﬁMDM +§EDM)

Ovpm = 2 ((1 +~G)B, )

= gpin precession around main dipole’s guiding field
= spintune vg =G

! vertical polarization component S, is constant

sz
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Spin Motion in a Magnetic Storage ng

-

= Thomas-BMT Equation: d—é S x (ﬁMDM + ﬁEDM)
Qupm = & ((1 +~G)B.. )
QEDM = %% ( Ex é)

= Standard Model: d = 772mCS ~107%ecm < n~ 10718

= motional electric field pointing to the ring’s center

= tilts precession axis in case of non-vanishing
EDM contribution

= oscillation of vertical spin component S,
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Generating an EDM Signal

= utilize beam with spins oriented in the horizontal plane

= modulate spin precession with vertical magnetic RF field in phase
with the spin precession

=- additional precession every turn
= frequency spectrum of spin precession picks up a zero component

= together with tilted precession axis this will cause a continuous
build-up of vertical spin component

minimize beam disturbances by RF field

= utilize Wien-Filter configuration*
[* W. M. Morse, Y. F. Orlov and Y. K. Semertzidis, Phys. Rev. ST Accel. Beams 16, 114001 (2013)]
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The RF ExB Dipole in Wien-Filter Configuration
RF B dipole RF E dipole

foil electrodes
50 um stainless steel

ferrite blocks

distance 54 mm

coil: 8 windings length 580 mm

length 560 mm ceramic beam chamber
_ Parameters RF B dipole Parameters RF E dipole
Paws / W 90 Paws / W 90
1/A 5 AU/kY 2
[B.dl/ Tmm 0.175 [E, dI/kv 241
3 far range /kHz 629 - 1170 frr range /kHz 629 - 1060
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The RF ExB Dipole in Wien-Filter Configuration
RF B dipole RF E dipole

foil electrodes
50 um stainless steel

ferrite blocks

distance 54 mm
length 580 mm
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‘ i ex,y and pp control
RF ExB d|poIe %ga beam cooling

%’&

%f&\gxperiments with d @ 970 MeV/:@ g

. G=-0142=~G=—0.161"%
o fiow =750kHz = 5{;&

&)

fast, continuous
polarimetry
Mﬁﬂ%«w&f

polarized source
The RF ExB Dipole 7
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7 e £x,y and pp control
RF ExB d|poIe %§ beam cooling

—0.142 = yG = —0. 161*5«2

G=
; W

fast, continuous
polarimetry

n 0 1 -1 2 -2

fre/ kHz | 120 629 | 871 1380 @ 1621
polarlzed source

v
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Vertical Polarization Measurements

= beam polarization < average over all particles’ spins
= massive carbon target with slow extraction = long observation time

. . . s 12~ 3 i Niett — Nright
= polarization = rate asymmetries in '*C(d, d) : P, oc gZgen - v
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LEET DOWN RIGHT
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Vertical Polarization Measurements

= beam polarization < average over all particles’ spins

= massive carbon target with slow extraction = long observation time

Nleﬁ _ Nright
Nleﬁ +Nright

= RF ExB dipole: localized radial magnetic field =- tilt of Q

= polarization = rate asymmetries in 2C(d,d) : P,

= RF field in phase with spin precession = accumulation of spin kicks
= continuous rotation of P = oscillation of P,

LEET DOWN RIGHT
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Measurement Resonance Strength

fPy =0.2012 Hz at f,. = 871.427713 kHz
min RF

Run3s77 | fPy: 0.2896 Hz, 1:6.6399 5 Run3s84 | fPy: 02167 Hz, t: 4.7532 5

N
54 X2/ ndf 4811/3
E Curvature 1.73+06 + 9.91e+04
- Minimum at 871.4 + 5.632e-0
Offset 0.2012 + 0.0020%7
0.35—
75
0.3+
35¢7 3674
0.25(
)
o 3584
3576
L1, 398 |, Ll

8714276 871.4278 871.428
for=(1-GY)f / kHz

= total spin flip only on resonance = average polarization — 0

= minimum of vertical polarization oscillation frequency

f,
| measurement of resonance strength ¢ = —mn

frev
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Determination of Lorentz Force Com‘b’ensatlon

=  RF Wien-Filter at fgr = (—1 + vs)fey = 871427.74 Hz

G [BLadl,
v Bp

= RF Wien-Filter: fp o = RF-solenoid: fpy X 3 By

. B, dl
= RF-dipole: fp, o< 11—;@] =~ + interference from beam oscillations™

(2-qy)frev / kHz
1126 1076 1026 976 926 876 826

o
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o

2 g
(52
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L\ . 0.05
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X 0.00

=l S
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Conclusion

= versatile RF ExB dipole prototype minimal excitation of coherent
beam oscillations has been successfully commissioned

= rotated version with vertical magnetic field scheduled for
commissioning at the end of 2015

= systematic studies for disentangeling possible EDM signals from
imperfection background

- Tuesday, March 10, 18:00 (HS1) Artem Saleev: Systematic
studies of spin dynamics in preparation for the EDM searches

- Thursday, March 12, 14:30 (HS 1) Fabian Hinder: Development
of new Beam Position Monitors at COSY
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Phase Scan @ 30% Output Amplitude, Natural Beamloss (38.2+1.1)%
fQy = 871.52 kHz, f = 871.4282 kHz, TRF-B= (232.6£0.6) mA, 0 RF-E = (132.0£0.3) V
100.0
oo 1 f

= move betatron sideband onto

RF frequency for max. g w0 i ;
sensitivity s Lo
£ i
. . 3 50.0
= polarimeter target directly above ¥ 400 beamloss v 0. R £xB 3822 11%
beam limits acceptance Do mo w0 o wo  so o
Input p(E-B) / *

= exited part of beam is removed

Amplitude Scan @ 30% Output Amplitude, Natural Beamloss (38.2+1.1)%

H H H Qy = 871.52 kHz, f = 871.4282 kHz, T RF-B = (232.5:0.6) V, Input @(E-B) = 90°
= diagnosis with COSY beam o
current transformer
£ 800
. . . = * &
= determination of amplitudes and g * &
phase corresponding to Lorentz LI A
force compensation down to per e iy
H 1280 129.0 130.0 131.0 1320 133.0 1340 1350 136.0
mille! ORREIY
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Thomas-BMT Equation in Case of an RF Wien-Filter

= consider device with pure radial
magnetic and vertical electric field

= adjust net Lorentz force to zero
= E/c=-(xB

= from Thomas-BMT Equation: B
o _ o 0 L
= 0=(1+7G)B+(1+6)B, - (ﬁ +vG) GxEjc

2 - —
=(1-Z3+0-pG)B= 2%

= particles sample localized RF field once each turn at orbit angle 6

= b(#) = [Bdz cos(%@ + qﬁ) S 6(0—2mn)
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Resonance Strength of an RF Wien-Filter

= intrinsic resonance strength given by spin rotation by turn, calculate
Fourier integral over driving fields along orbit*:

fspin 1+G b(e) iKo

== F B—pe’ do

€K = frev 27y

1+G [Baz . -
= %IBp S o cos(27rn£ + ¢)el2mkn

_ 114G JBdz Lid S fae
— 227y Bp Zne (5(” K:F frev)

= spin tune =~ G, resonance at every sideband with
K=1G=n+ o for = fo[n—Gl; n€Z
= dat970MeV/c: fe = 750.603kHz; vG = —0.16098

n 0 1 =1 2 -2
fre/ kHz | 120 629 871 1380 @ 1621

[*S. Y. Lee, 10.1103/PhysRevSTAB.9.074001 (2006)]
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