3D Compton polarimeter
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Introduction: Physics requirements

statistics| Av/s,ps| AvV/Sgyst pip| calib. stats. T

Observable 100keV| 40keV |200keV /v N85+ 0.05 MeV
my, (keV) 4 100 28 | =

3 I'y (keV) 4 2.5 22 | 10

S |sin® 6% x 10° from ARE| 2 - 2.4 0.1 -

o 2

5 |A%aep(mg) 105 3 0.1 0.9 - 0.1

z aqQep (m7)

E I High reproductibility of measurements for various sqrt(s) is critically needed I
Extract as much information as possible from Beam-based measurements in real time, including

physics experiments themselves (crossing beams energy with resonant depolarization
angle, luminosity, sqrt(s) spread)

24/7 operable measurement of depolarization
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Resonant depolarization

E (MeV)
I Scan spin precession frequency with magnetic kicker I _ 4471171 o ,44718, . ]44'1719
:é LEP legacy
Q.T‘ 1 R e \ .............. I, S
~ e
. | S f '
I Detect beam depolarization at resonance I A" 05 — +i=<— 02MeV
— 0F- “."
beam energy spread too large for colliding beams I +
(smeared spin resonances) I | | |
' 0.48 0482 0484
Magnet frequency v - 101
I Use pilot bunches instead I

24/7 operable Compton polarimeter for pilot bunches
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Precision experiments and Pz

Precision EW physics is sensitive to longitudinal polarization (Pz)

few 10~ accuracy on EW asymmetries require that Pz is known at 10~ level !

\ 4

High precision polarimetry in all directions AND accurate spin propagation desired for
colliding bunches too

01/06/2022

Can the same polarimeter be used for both colliding (accurate P measurement)
and pilots bunches (accurate E measurement from P) ?
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The Compton process

0.02

Electrodynamics. Vol. 4 (2nd ed.)
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Fig. 1. Tree diagrams fore~™y — e™y 0 L——riiuw
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Compton polarimeter layout

Electron-laser
interaction point

wv3g Jd3svi

Blondel et al., arXiv:1909.12245

Figure 25. Regular layout of ICS experiments realization.

Redundancy: measure both electrons and photons

01/06/2022 FCC week: FCC-ee polarimeters




Compton cross-section

Fig. 1. Tree diagrams for e~y — e™y

ZEOa)O E,
X = 14+ cosa = —
- —( )y £,

The Compton cross-section averaged over scattered particles spins:

05"

t\o\ Transverse laser polarisation: nuisance parameter to Transverse electron beam polarisation: intervenes as an

minimize and keep under control asymmetry in the transverse plane

Electron beam polarization independent Electron beam polarization dependent

A\ But small opening angle of scattered particles:
* Electrons = spectrometer
* Photons = difficult to measure asymmetric distribution of a narrow spot = long lever arm needed
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Involved processes ey =2 ey, eyeee, ey eyy

QED corrections

do & _day
ag’ E) =g

(1+ 6|1 + P,Pc1as(A + 44)]

QED corrections<0.001 @ 45 GeV
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Need to be eventually included in simulations...
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Transverse distributions

in a few seconds for pilots

Based on measurement of scattered particles transverse distributions (pixelized detectors)

Photons: MC

£ 5
E

> 4

Photons: Fit

Blondel et al., arXiv:1909.12245

319 218 -217 -216 -215 -214 -213 -212 -211 -210 -209
X, mm

Electrons: MC

“°50 100 150 200

Monte-Carlo Parameters:
Electron E, = 45.600 GeV
Laser ), =0.532 um
Electron y = 89.240x10°
Compton « = 1.628
Bend: yeo =190.441
(§1, az, F,s) =(0.100, 0.100, 0.990)
(&8 Qy, ¢,) =(0.200, 0.200, 0.200)

Photons: (Fit - MC)/(1+Fit)

3 Intel(R) Core(TM) i3-6100U CPU @ 2.30GHz
Photons fit: t =75 s (CPU 74 s)
2 +%/NDF = 16476.5/16374 | Prob = 0.2846

X, =-213.543 + 0.002 mm
g = 0.107 +0.002

, gz =0.100 +0.001

85, = 0.184 +0.007

-1 gsg =0.188 +0.006

g6, = 0.202 + 0.002

G, =235.0 £ 4.0 um

3 o, =49.27 +9.64 um

Realistic detector specifications to be drawn

, Intel(R) Core(TM) i3-6100U CPU @ 2.30GHz
: Electrons fit: t = 1193 s (CPU 1260 s)
¥%/NDF = 48942.0/49849 | Prob = 0.9981
X,=-000.025 + 0.015 mm
1 X, = 0347.562 + 0.003 mm
: €,=0.102 +0.001
£,C, =0.195 £ 0.002
£, =0.196 +0.001
c,=274.3 + 3.3 um
° o, =28.31+0.03 pm
4+ Epeam = 45.5984 +0.0051 GeV.

beam
m—

All components extracted with
~0.001 precision in few seconds

Beam energy may be extracted
too! = redundancy

Open questions: detector spatial resolution, longitudinal sampling, rates, combined fits, laser polarization flips,...
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Blondel et al., arXiv:1909.12245

Laser helicity asymmetries
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Reproductible and well known laser helicity flip is required
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Laser injection

Some constraints
* Small crossing angles are preferred (cross-section, beam jitters) few mrad typically
* Vertical crossing angle is preferred (space and synchrotron in horizontal plane)
* beam impedance
* beam induced currents in metallic parts
* mechanical stability
* ease of maintenance works

Blondel et al., arXiv:1909.12245

|ﬂ, alignment

Screen

Fully vertical scheme - not very convenient ?
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Laser injection: some inspiration

Gamma Factory SPS proof of principle optical cavity mechanical design could be adapted ?
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Laser injection: some inspiration

Impedance and currents shield To be removed in present case
-
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Schematic layout of laser system

Rough design based on past experience, similar to other polarimeters

1P //%\

PD HBS
HBS QWP
/ -\ Polarisation & ccD
= Telescope \ heam shaping
CCD L T QWP Wollaston
Gla PD
CCD FI ) balanced PDs
4 - Laser f|3ser ® O
' % SHG [Box W{th rough temperatye control
C
Box with rough Fe control \/

~_ Polarisation monitoring

Position, pointing control and monitoring Duplicated at injection
Polarisation independent intensity monitoring Add Position and pointing monitoring
Optical spectrum monitoring possible

24/7 operable laser system, with full monitoring, remote control

Some comments
* usual scheme for polarization control and monitoring rely on DC measurements
e actual figures for beam size are constrained by integration related issues (inputs needed)
* Laser polarization flipping rate ?

S. Barneljee, M. Roney et al., Upgrading SuperKEKB with a Polarized Electron Beam

R&D path: photo-elastic modulators allow to measure polarization with FFT or lock-in detection techniques (synergy with SuperKEKB upgrade)
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Scattered photon rate

Laser-beam single pulse energy

Compton cross-section
pilots
Electron bunch charge (25nC or 6nC)
.— Geometrical factor

8 T . ane 2
Photon rate n = o, g . \/1d+( " 2)
E) q 4oy 0y Oo~2mra

Transverse beam sizes:

° — 2 2
Laser photon energy Oxyz = \/ Oxyzlaser T Oxyze-

(24eV for OSIJ.m WavelengthS) *  Oyxlgser = Oy,laser=300pm
Oxe— = 200pum, g, ,_=25um, g, ,_~10mm
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Some possible laser systems

N|koIa| s baseline

Laser param. 1 pllot 1 pilot v2 All colliding
bunches (at Z)

Repetition rate 3 kHz 3 kHz 50 MHz
Pulse energy 1m) 1m) 100 nJ
Pulse duration 5ns 5 ps (*9) 5 ps (")
Average power 3W 3w ) 5w (***)
Scattering rate 4x105/s (*) 2x106/s (***%) 2x106/s (***%)
S PR 4x10°/s ") 2x108/s 1.7x10%/s
\ v J

Same oscillator may be used but two different amplification schemes

(*) Large piwinski contribution, nearly scales as crossing angle, very dependent on laser beam size (was 2x10%/s in ref. paper)
(**) Short pulse duration = broader laser spectrum, energy measurement from threshold more difficult

(***) Can be increased to typically ~100W (nowadays) but requires operational validation, management of thermal effects...
****) not limited by Piwinski contribution = significantly increases when decreasing laser beam size
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Conclusion

I High precision beams energy calibration I I High precision beams polarimetry I

24/7 operable Compton polarimeter for pilot and colliding bunches

24/7 operable laser system, with full monitoring, remote control

I Seems technically achievable with present day technology I
I Statistical precision compatible with physics requirements I
I Design being prepared within FCC-FS I
I A lot of work ahead still (laser design and polarimeter detector design and performance) I
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