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Resonant Polarimetry

Principle Idea (Derbenev 1993):
. P TMy;, cavity

H-field

E-field

1 Beam
r<—= displacement

Coupling of the magnetic moment (caused by
the Spin) to the Cavity’s B-field (taken from Derbenev-NIM-1993, eq. 8).
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?Physical understanding? ?y and G scaling?
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Transverse Mode
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Longitudinal Mode
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Longitudinal Mode
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Longitudinal Mode
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Longitudinal Mode
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Longitudinal Mode
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Longitudinal Mode
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Longitudinal Mode
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Longitudinal Mode
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Longitudinal Mode

AW =j;¥2(,zz-é)-dz

Findings:

(0

/A
B, =B,-cos(at+4) = 4, =2 Vi

ph
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Transverse Mode

AW =j;¥2(,zz-é)-dz

Findings:

(0

B, =B,-cos(wt+¢) = ¢, =0 fg,>1
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Transverse Mode

AW = J‘(%(ﬁoé)-dz

Findings:
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EE)

AW = 7?77

0

(0

B, =B,-cos(at+¢) =

opt = O’ IBph = ??r)
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Some Approaches

Conte (arXiv: 0907.2161v1-2009)

Longitudinal Stern-Gerlach force:
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Some Approaches

Conte (arXiv: 0907.2161v1-2009)
Longitudinal Stern-Gerlach force:

) e = ";-/3';";* .*B? |
ESG : (/J B) [;—Z—i—;é}[lu .y|:(B_?XEJ_;/+1'B(ﬁ.B):|J

Improper procedures in Conte:

: _ oB _
* Treatment of the fringe fields: F = yza—zy neglecting temporal changes
* No relativistic cancellation by taking use of the total derivative

* Neglecting beam deflection and spin precession in the transverse magnetic
fields in the cavity using N ( - ]
B =y

—

B, PxE|+B
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A simple but (hopefully)
correct Approach

Transformation of derivatives: - - y£—+——j =y

Transformation of the fields:

B 1 L1 éx
Il B _'UL+G{G+7J (G 1+7/j E}+B}

Taking use of the relativistic compensation:

* d -
AU = IFSG dz = yii’ B‘ ——ja - (G+£j§l_ G+i ﬁxE +B, |dz

— Enerqgy transfer to the cavity:

- G+ .
AU = [F®.gz =22 [ %E‘g— 1 Pe g
pc ot 1+G 1+G (1+G)(1+y))c y
C %/_/ J

| i =& J 24




Cavity Modes: TM

060
TMy10

electric field magnetic field

TMIIO
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Cavity Modes: TM

060
TMz0

electric field magnetic field
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Cavity Modes: TE

T:Elll

electric field

magnetic field
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Cavity Modes: TE

electric field

TEOII

magnetic field




General Findings and Set-Up

[ TM,,, and TE,, modes, on-axis fields = 0 for m > 1!!!]

odd longitudinal p:

even longitudinal p:

B, (z,t) = BY -sin

B,(z,t) = B, -cos

Pz

L
prz

L

-cos(wt+¢)

-cos(wt +¢)

E, (z,t) = E° -cos(%)sin(a)ugﬁ)

E,(z,t) = E] -sin (%)-sin (ot +9¢)

B, (z,t) = B’ -cos(%)-cos(wtwﬁ)

B,(z,t) = B, -sin(%)-cos(a)t +9)

E,(z,t) = E° -sin

E (z,t) = E; -cos

prz

sin (ot +¢)

sin (ot +¢)

Origin of coordinate system at the center of the cavity!




Single Particle Energy Transfer

|

Integration of the Stern-Gerlach force: ]

e odd longitudinal p:

AU, = 205 7 sin(ﬂj cos( Py jﬁ’{fséf- +Ce ﬁ(é\z X'BEEJ}
1_('8/'Bph) 2 2P

AU, :—gﬂzBf Sing 2 P Sin(mjcos( pﬂﬂ"“j
7 1B/ By) P 2 2p

e even longitudinal p:

AUL = 28in¢ 2 COS(MjSiHE p”prh jﬁ'{éBéf _gE ﬁ(é\z Xﬁ EE)}
1-(B/Ba) 2 2/ By c

AUHZEﬂZBS 059 2 P COS(Ejsin(pﬂ'Bphj
7 1B/ By) Pa 2 2/
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Single Particle Energy Transfer

|

Integration of the Stern-Gerlach force: ]

e odd longitudinal p:

e even longitudinal p:

AUL = 28in¢ 2 COS(EjSiHE pﬂprh jﬁ'{éBéf _gE ﬁ(é\z Xﬁ EE)}
1-(B/Ba) 2 2/ By c

AUHZEMBS 059 2 P COS(Ejsin(pﬂﬁphj
7 1B/ By) Pa 2 2/
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Signal Power

iy * F)SG

—

P

Signal

Steady State: Psg = Pyjgna + Piss
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Signal Power

Energy transfer: P = é'ﬂb AU, bunch factor: 7, = jp(s)-cos(;—zj-ds

1 1
[Bdv = 2—jE2dv =, B2 =0, -E

Stored enerqgy: W, =
Y © 21y Y, R

— Energy transfer: dw, =P .dt = El-nb-AU -dt = El-nb-sﬂ-Bo-dt = ¢ W, -dt

. 1 1
Energy dissipation: P =-2.W_ = K oW, = =W
C C C

Q Q, 4

Build-up of stored energy: %WC = g-\/WC—%-WC — W) = (s7) .{1_‘3%}

, I 2 . 772 . SZ Q2 1
Steady state conditions: W = (g7) = ——4 —0 .~
v (1+x) @

. . |2' 2'52
Signal Power: P =x-P =x.2 e Zb B, & Q
QO e v (1+K) 0, 33




Experiment @ MESA/Mainz:

e wEiaa M

‘\. g PNy A -
- _ _

PoP Test at the injector Mambo:

e Longitudinal polarisation < long. magn. field
e Low Lorentz gamma (y= 10)
 Flip helicity every bunch (2 lasers?!)
e Tune cavity to %2 bunch repetition frequency
e Use TE mode with no long. electric fields
» Phase locking of polarimeter signal to RF
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Signal Power / W

I A
S M\/\/\ ----- oo o2y
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Experiment @ ELSA/Bonn
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Transverse: TE,q,

Parameters:
= e I, =50mA
~ L4 77b — 09
o e 1 =05GHz
5 e Q, =10%
i e x =10
o e y =3018
2 e G =35
wn

Proise @ 10 Hz Bwdth
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— 8= 0.2)
— 8= 0.1)

—— §=0.01A
—— §=0.00A,

Parameters:

o)

Signal Power / W

HO  Cy +,BZ§E -

5-10°

= 2.2
Sq gp°c

sing

sin @ 'AI
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(1+x)° 39




Low Bwdth Signal Processing

— B

sc¢ cavity 0.1 MHz

(m,)

o

RF generator
(=,

(@

«
2
&

(R

0.1 MHz

o

LO
(o= w,-100kHz)

More information cf. T. Pusch et al., PRSTAB 15, 112801 (2012) 40



Conclusions

Expected signal power is extremely low!
sc cavities (Q, = 10%°) with weak coupling essential!
Phase-lock techniques required

Coupling to charge is about 14 orders of magnitude greater!

[ PoP will be a really hard task but doable?!]

LIGO demonstrated: ultimate precision can be achieved!

Stern-Gerlach

May the force be with us!
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Spin Coherence Time @ ELSA

POLEMATRIX-Tracking: 100 Spins in x-s plane @ 1.54227 GeV (ya = 3.5)

W“'

0.99

0.98

1P|

0.97

038 [ 16=35 |

0.95 .
— in-house implementation of ~;(1)
— import of ~;(¢) from ELEGANT
0.94 - X - :
0 10 20 30 40 50 60 70 80 90 100

t / ms



Spin Coherence Time @ ELSA

POLEMATRIX-Tracking: 100 Spins in x-s plane @ 1.10162 GeV (ya = 2.5)
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Spin Coherence Time @ ELSA

POLEMATRIX-Tracking: 100 Spins in x-s plane @ 1.321 94 GeV (ya = 3)
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