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Resonant Polarimetry

Principle Idea (Derbenev 1993):

TM,,, cavity

E-field H-field

| 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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Longitudinal Mode

AW =j;¥2(,zz-é)-dz

Findings:
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Transverse Mode
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Findings:
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Transverse Mode

AW = J‘(%(ﬁoé)-dz
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Findings:
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Some Approaches

Derbenev (N1M-1993)
Hamiltonian: H = %(P2 + (quz) + ZJ:QT-? + Zﬁzog’
Cavityfields:  E(Ft)=—~P(\)E°(F),  B(r.0)=0(/)B (F)
C
Spin precession: O--2°5 HG_FLJEL + L GEH + [G+;]Ex/}}
mc 4 4 l+y

_ - € 5
Magnetic moment: /I = (1+G)—S5
mc

Equations of motion:
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Canonical variables: P= {H,P} =—'0 - Z Lo S/
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Spin: § = {H,g} QxS (not verified ©)




Some Approaches

Conte (arXiv: 0907.2161v1-2009)

Longitudinal Stern-Gerlach force:




Some Approaches

Conte (arXiv: 0907.2161v1-2009)
Longitudinal Stern-Gerlach force:
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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 . 3 ~
B =yB - +B,
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A simple but (hopefully)
correct Approach
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Transformation of derivatives: P ( 7 c atj "4z Brec ot

Transformation of the fields:

T 1 L1 )8 ells
Il B 'UL+G{G+7J [G 1+7j E}+B|}

Taking use of the relativistic compensation:
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— Enerqgy transfer to the cavity:
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Cavity Modes: TM
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Cavity Modes: TM
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Cavity Modes: TE
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Cavity Modes: TE
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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) = B;
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E, (z,t) = E° -cos(%)sin(a)um

E (z,t) = E

-sin(%)-sin(wuw

B, (z,t) = B’ -cos(%)-cos(a)t +9)

B,(z,t) = B’ -sin(%)-cos(wtnw)

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:
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e even longitudinal p:
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Signal Power

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

1 1
[Bdv = z—jEzdv — v, Bl =v,-E?

Stored enerqgy: W, =
Y © 21y Y, Eo v

— Energy transfer: dw, =P, -dt = —I-nb AU -dt = —|-77b 'S, B, -dt = g-w/wc -dt
€ €

C .. 1 1
Energy dissipation: P =-—.W, = R oW, =W,
C
Q Q 4

Build-up of stored energy: %WC - g-\/WC—%-WC — W () = (¢7)° -(1—e2fj

. 1%-my-s. Q2 1
Steady state conditions: WX = — 1, o,
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Signal Power: P, =x-P° =«




Experiment @ JLAB:

(e - H omer {7 )

Pol-Gun Acc. Structure RF-Polarimeter

PoP Test at the injector:

« Longitudinal polarisation < long. magn. field
 Low Lorentz gamma

 Flip helicity with Pockels cell

e Tune cavity to bunch repetition frequency

e Use TE mode with no long. electric fields

» Phase locking of polarimeter signal to RF



Longitudinal: TE011
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Experiment @ ELSA
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Signal Power / W
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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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