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MOTIVATION: We need to measure the
polarization of high energy e- beams
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Differential Cross section
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Asymmetric term is obtained through QED
« If we want 0.1% accuracy and precision of Pz

=> we need 0.1% precision and a of F
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Classical measurement - Slow

1
1(9,(1)) = E [SU + Sl cos20 + SE sin 20 CDSd) + 53 sin20sin q)] | Qué.ft?rwave pI?te, 9=':rf4,lsu=33=‘| |
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Dennis H Goldstein, Polarized Light - CRC Press Taylor & Francis Group
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Photo-elastic modulator

Piezo-excited glass

— 1 =

n2
N, = Ny (1 _ Lot P) n, =

2

P = P(t) = B,sin (27ft)
2
B(1) = = (ne = ny) = o cos(2mf)

Modulated difference of refraction indices

D. Yang, J. C. Canit, E. Gaignebet ; Photoelastic modulator - J. Optics (Paris)
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Intensity measured with PEM

1(0,9[t]) = % |So + S, cos(28) + sin (20)(S, cos(p[t]) — S5 sin(p[t])] ‘ d(t) = do cos(2mft) bo = ?

PEM, 0=m/4, Su=33=1
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MATLAB simulation




PEM calibration setup
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Example of a real PEM

Dennis H Goldstein, Polarized Light - CRC Press Taylor & Francis Group



[CI) = g + 01c05(2m ft + ¢P1) + dzcos(4m ft + 9752)]

Non-linear approach

1(6¢. 61,02, t) = Ia{l — Jo(62)Jo(01) + 269J0(d2) 1 (81)cos(A) + 280J1(82)Jo(61)cos(B)

+ 20, (82) T (61)(cos(A + B) + cos(A — B)) +23 (-1)” [50J2n+1(52)J0(51)cos((2n +1)B)

=t FFT spectrum - Shutter open
+ Jan1(62)01(81) (cos(A+ (2 + 1)B) + cos(A — (2n+ 1) B) ) — Jon(82) Jo(61)cos(2n13) . : : : .

+ g Jan (62).J1 (51)(cos(A +2nB) + cos(A — 2nB)) — Jo(82)J2p,(81)cos(2nA)

+ G01(82) T2 (51) (c05(2nA + B) + cos(2nA — B)) + 00.Jo(82) Tan1(61)cos(2n + 1) A)

+ J1(62) Tant1(61) (cos((2n + 1) A+ B) + cos((2n+ 1) A — B) )| +2 i‘ i(—l)k(—l)“

k=1n=1

: [J2k+1(52).]2n+1(51)(cos((Zn +1)A + (2k + 1)B) + cos((2n + 1)A — (2k + 1)3))
+ S0Tak+1(62) Tan (61) (cos(znA + (2k + 1)B) + cos(2nA — (2k + 1)3))

— Jop(02)J2n (1) (cos(QnA + 2kB) + cos(2nA — QkB))

+ 50Jgk(52)J2n+1(51)(cos((2n +1)A + 2kB) + cos((2n + 1) A — sz))] }

Frequency Amplitude

1— Jo(62)Jo(61) +2{J2(52)J4(51) Ta(62)J5(81) + Jo(62)T12(61) — Js(d2) 16 (61)
+do (J3(52)J6(51) J5(82) J10(61) + J7(82) J14(01) — J1(d2)J2 51))]

2 {J1(52)J1 (01) = J1(02)J3(61) — J3(d2) J5(01) + J3(02)J7(1) + J5(52) Jo(61)
—J5(02)J11(01) = J7(02)J13(01) + J7(02)J15(01) + Jo(d2)J17(d1)
+dp (J0(52)J1(51) + Ja(02)J3(d1) — J2(02)J5(01) — Ja(82)J7(d1) + Ja(d2)Ja(d1)

+J6(02)J11(01) = J6(02) J13(01) — Js(02)J15(01) + Js(d2)J17(d1) w

2{!]0(52%72(51) — Ja(82)J2(61) — J2(02) J6(d1) + Ja(02) J6(d1) + Ja(d2)J10(1)
—J5(82)J10(01) = J6(02) J1a(81) + Js(d2)J14(61) + do (J1(52)J0(51)
+J1(02)J4(01) — J3(d2) J4(61) — J3(d2)Js(d1) + J5(d2)J3(1)
+05(82)J12(01) = J2(82)J12(01) = J2(82)J16(01) + Jo(82)16(61) )

Frequency [Hz]
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Experimental results

21
O = Tﬁm e ; e(width) - 10mm

Fit of 60 Fit of 51

DD1 1 1 1 1 1 1 | 46?9 1 1 1 1 1 1 I
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8

Acquisition Acquisition
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Conclusions and
prospects

* The first order treatment gives stable and consistent
results, especially for even harmonics.

e The use of the Fourier transform to analyze the
signals represents a great advantage.

 For future work, higher order terms should be
considered, keeping in mind the relative phase that is
generated.



BACKUP - Optical setup

Box with rough temperature control







Drivers used 1n the optical room
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Looking for the cross angle

NO PEM - [Channel 4 / Channel 2] - npoints = 100 4 NO PEM - [Channel 4 / Channel 2] - npoints = 100
. | 1= 0.93633 sin®(c-0.069574) +0.63343 ;’t‘p \ | 1= 0.95316 sin®(¢-0.070438) +0.57842 ;’t‘p
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Collecting the data of three days

NO PEM - npoints = 100 Number bins = 30
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Using the PEM driver
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Relevance of trigger position

2022-10-20 A
14:17:11
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Diagrami: Chl ¢4
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Data with PEM and shutter
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FFT - spec - closed
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FFT - spec - Intensity
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Harmonic peaks and background zones

%107 nHarmonic = 0 «107°

5 nHarmonic =2

1.2 - 18

—
(o))
T

—_—
N
T

<08 - @1.2-
< 8
2 @ qf
w D
o 06 A 0
04 1 06
04

1
Frequency

Frequency x10°

Santiago Rodriguez Mendoza



«10° Residual / Imeas

- 6 | 1 1 |
1 2 3 4 5]

Harmonic

Santiago Rodriguez Mendoza



