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Physical IP/Spin projection
in Compton IP

Systematical uncertainties

1/0.968
1 mrad in the orbit 0.25%
Beam energy uncertainty 0.9%

20MeV at the 4.18 GeV
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» the space at this location is minimal to locate the Compton IP
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Figure 16.8: SuperB ring showing the location of spin rotation solenoids and the Compton polarimeter at Z= 87 m
upstream of the Interaction Region.

» severe backgrounds from the e+ e - collisions would be intolerable in the Compton gamma and electron detectors.

The orbit angle change for 1 spin rotation is -0.3312 radians at 4.18 GeV. The selected location of the Compton IP in a
magnetic field free region has an orbit angle change of -0.3580 radians between the Compton IP and the Interaction
Region resulting in the spin direction ~14 degrees from longitudinal. At the Compton IP the longitudinal spin projection is

0.968. The longitudinal polarization at the IR will be larger by 1/0.968 than that measured in the Compton polarimeter




Compton Electron
Cherenkov Detector

Beam &.=501yM. Beam stay
clear is 1.5 cm at Compton
electron detector.

< Interaction Region

Compton IP
ox=191um oy=9.2um

Angle = -0.3580 rad

Energy (GeV)| X offser (MM)] X angie (Mrad) Diff (mm)| Diff (mrad)
4.18 788.86 02148 0 0.000
4.10 -805.47 -94 910 -16.61 -2.462
400 -827.21 -98.158 -38.35 -5.710
3.90 -850.14 -101.615 -61.28 -9.167
3.80 -874.35 -105.297 -85.49 -12.849
3.70 -899.95 -109.228 -111.09 -16.780
364 -916.02 -111716 -127.16 -19.268

Figure 16.9: Layout of the Compton polarimeter.
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Compton polarimeter

Laser Nd:YLF circularly polarized laser
Laser length 10 ps

Laser photons 2.3x1el0

Electron beam 4.06 GeV

Compton edge 364 GeV

electrons

Compton rates ~196980 /sec

Table 16.4: Systematic errors expected for the polarization measurement.

Item

5PIP

Laser Polarization

<0.1%

Background uncertainty

<0.25%

Linearity of phototube response

<0.25%

Uncertainty in dP (Difference between the luminosity weighted polarization and the
Compton IP polarization. Includes uncertainties due to beam energy and direction
uncertainties.)

<0.4%

U ncertaintz in asymmetry analzzing power ~0.5%
|T0ta] Systematic Error |-=:1,{]% |
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M. Hofer, A. Martens, N. Muchnoi, K. Oide, J. Wenninger

Polarimeter

Polarimeter implemented in straight
section without IP or RF

* One polarimeter per beam

* First definition of specifications
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A Stokes parameters

The Stokes parameters describe the polarization state of electromagnetic radiation. Their definition
is slightly different in different sources, so below are the definition that we use here.

* &= E] +E] is the intensity of light.
With normalization E f + E;?' = 1 for 100% polarized laser radiation &, = f,_g,:‘]’- + §22 + g_;’: -

b f] = E_E — E}Z
E.=1E,=0,& =+ 100% linear polarization along x-axis.
E,=0,E,=1¢ =-1: 100% linear polarization along y-axis.

. §2 - ZExE}r CO‘;(E}.

Ey=Ey;.6 =06 =+1: 100% linear polarization along ¢ = +r /4.
Ey=E;,,0=nm &=~ 100% linear polarization along ¢ = —r /4.
» &3 =2E Esin(9).

Ex=Ey,0 =+n/2, &3 =+I: 100% right circular polarization.
Ex=Ey,6=-n/2, &=-1: 100% left circular polarization.



FCC-Compton polarimeter

1.1 Cross section

ICS cross section depends on polarization states of all initial and final particles. In case of averaging
over the polarizations of the final states the cross section depends solely from the initial photon and
electron polarizations. Stokes parameters &1, &5, &3 describe the polarization of laser light as it is

explained in Appendix A. The electron beam polarization has three components {y, {y, {z, the total

degree of polarization \]&‘% + g“f +{ % € [0 : 1]. We take differential cross section from ref. [34]
and after Lorentz transformations it is represented in u and ¢ variables by the sum of the six terms:

Unpolarized polarized

Laser linearly polarized

Laser circularly polarized
&
electron three polarization
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FCC-Compton polarimeter

check the fitting procedure. The subject of this study 1s the trivial case when the Stokes vector of laser
polarization is [£,&2,&3] = [0,0, 1] and the electron beam is unpolarized ¢\, {y,{; = [0,0,0].

| Photons: MC |

Table 4. Photon spot fit results.

Xo = -213.538 +0.001 mm | Y5 = —0.002 + 0.001 mm
Ox =255+ 3 um oy =30+ 18 um

& = 0.000 + 0.002 & =-0.001 +0.001
&3¢, = 0.004 + 0.006 &3¢y = —0.008 + 0.006
&3¢ =0.000 + 0.002 x2/NDF = 9796.9/9990

2022/9/27



FCC-Compton polarimeter

| Electrons: MC |

Table 5. Scattered electrons ellipse fit results.

X; = 0.0035 + 0.0016 mm
Y1 = —1.0682 + 0.0001 mm
oy =320.7+ 1.5 yum

£ =0.001 + 0.001

&¢y = 1.000 = 0.195

£, = 0.000 + 0.001

X, = 347.635 + 0.003 mm
Y> = 1.0682 + 0.0001 mm
oy =27.06 % 0.03 pum

& =0.432 +0.198

g3y = —0.001 = 0.002
¥2/NDF = 51568.9/52270
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go = 45.5997 + 0.0007 GeV




‘ FCC-Compton polarimeter
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the electron beam. The Stokes vector of laser polarlzatlon is chosen as [f 1s §2 §3] [0.1,0.1,0.99]

with small amount of vestigial linear polarization which may exist due to imperfect polarization
control. The set of the electron beam polarization parameters is [y, {y, ;] = [0.1,0.25,0.1].
The expected polarization of the pilot electron bunches at FCC-ee (averaged over thousands beam
revolutions) has £, component only. The £ and {; components are added to the simulations in
order to investigate the possibility of measuring the electron beam polarization in general case.

| Electrons: MC |
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Table 6. Photon spot fit results.

Xo=-213.539 = 0.002 mm
oy =246 £ 4 um

&1 =0.102 £ 0.002

&3¢, =0.095 = 0.007

&3¢, = 0.105 £0.002

Yy = 0.000 + 0.001 mm
oy =13 £70 um

& =0.100 £ 0.001

&3¢y =0.247 +0.006
x> /NDF = 9935.8/9990

Table 7. Scattered electrons ellipse fit results.

X, =0.013 £ 0.007 mm
Y, = —1.0682 + 0.0001 mm
oy =319.6 +4.3 um

&1 =0.100 + 0.001

&3¢, =0.099

&3¢ =0.099 +0.001

X, = 347.632 + 0.004 mm
Y> = 1.0684 + 0.0001 mm
oy =27.15+0.03 ym

& =0.100

&3¢y = 0.246 + 0.002

x*/NDF = 50152.7/51245

go = 45.5959 + 0.0025 GeV
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Discussion and Summary

1. M RE#HSEHE AR
2. WNEs B EEW

11



