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Mandate of the FCCee
Inverse Compton Polarimeters

Detect the resonant depolarization (RDP) transition of the
dedicated energy calibration polarized pilot bunches.




Mandate of the FCCee
Inverse Compton Polarimeters

Detect the resonant depolarization (RDP) transition of the
dedicated energy calibration polarized pilot bunches.

Measure the absence of polarization of the colliding
bunches with great precision (0 = 10-°) to insure no bias in
the physics cross sections at the IP.




FCCee physics program and key parameters

parameter ww H (ZH)
beam energy [GeV] 45.6 80 1 120 ! 182.5
I |
synchrotron radiation/beam [MW] 50 50 : 50 : 50
i
beam current [mA] 1204 | 135 |, 268 1| 5.1
I
number bunches / beam 11200 | 1852 |, 300 ;| 64
] 1
total RF voltage 400/800 MHz [GV] || 0.08/0 1.0/0 [12.09/0 : 21/9.2
]
luminosity / IP [10%4 cm-2s-1] 145 20 ! 7.5 : 1.4
. . . i I
total |nte_1<_:|rated luminosity / IP / 17 24 P09 1| 0417
year [ab™'/ yr] - I
beam lifetime [min] 21 13 (I 9 || 10

RDP on Pilot bunches




FCCee physics program and key parameters

() g = oy |

parameter ww H (ZH)
beam energy [GeV]

synchrotron radiation/beam [MW]

beam current [mA]

number bunches / beam

total RF voltage 400/800 MHz [GV]

luminosity / IP [1034 cm2s-1]

total integrated luminosity / IP /
year [ab™1/ yr]

beam lifetime [min]

Colliding bunches

RDP on Pilot bunches




FCCee Polarimeters
Objective 95% availability

Original proposal: a single polarimeter per beam (2 total)
 Instrument location: both ends of LSS on experimental IP A.
* Needs dedicated laser hutch and 24h/7d access tunnels.
* Duplicate the laser system for redundancy

KEY PLAN



FCCee Polarimeters
Objective 95% availability

Original proposal: a single polarimeter per beam (2 total)

* Instrument location: both ends of LSS on experimental IP A.
* Needs dedicated laser hutch and 24h/7d access tunnels.
* Duplicate the laser system for redundancy

Full redundancy option : two polarimeters per beam (4 total)

* Instrument location: both ends of LSS on each experimental IP
points G (or D or J)

» Each exp. IP would need dedicated laser hutches.

* Full System level redundancy.

« Still very challenging for the setup phase without access

tunnels.




FCCee Polarimeters in Experimental IPs
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w Polarimeter | . .
Survey plot from Daniele Butti
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GHC optics is used. The polarimeter is not Synchrotron Radiation fan shows a potentially strong contamination from
yet simulated with the LCC optics but will SR in the compton gammas extraction line.

soon be investigated.
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FCCee Energy calibration RDP ( Gyromagnetic |

Resonant Depolarization (RDP) method will be used to measure the L anomaly
average ring beam energy_ C|OSed-0rbIt Spln'tune Of the electron
Depolarization happens when the spin precession tune is coherent S’

with the perturbations from synchro-betatron oscillations. Lorentz

Un =— AV + factor
Vo =k + kyQu + kyQy +ksQs  —— V0T AVTEd,
4 R Resonance
MEASUREMENT SEQUENCE
» 100 pilot bunches are injected, and we wait for the Sokolov-Ternov effect
to provide polarization buildup. 100 4
+ At Z mode a wiggler might be necessary (polarized beams is an option) 075 4 \
+ Physics bunches are then injected and start to collide at the IPs.
« Every 15 min a bunch from the polarized pilot train is selected for RDP. 0507
* A dedicated set of kickers, act on the selected bunch.
» The kickers excitation frequency is scanned by small steps (1keV eq.).
» At each frequency step a polarization measurement is performed by 035 |
targeting the selected bunch with a laser pulse. , .
+ The polarization level along the scan provide a mean to detect the spin ~050 1 Scan direction
resonance transition. The associated frequency of the spin tune provide -0.75 1 — L
the energy measurement. -1.00 -

. / 022 024 026 0.28 0.30
depolarizing field tune

0.25 -

0.00

vertical spin component




Inverse Compton Polarimeter
Instrument development
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BDSIM Model description of Compton products separation
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Benchmark of the Compton model at 45.6GeV Z mode

Source: BDSIM Compton simulation of Laser-Beam interaction at 96m from the laser IP

Reference beam (no beam size, no divergence, no dispersion, no polarisation)
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Compton photons pattern extracted at 178.6mm from beam axis
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Compton Photons model at 45.6GeV Z mode (V24.2)

Sampler at Separator (18umx18um bin size) Sampler at Separator (18umx18um bin size)
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Flipping the laser circular polarisation moves the Compton photon pattern
vertically (This technique was used at LEP to detect RDP transitions).
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Position [mm]

Compton Electrons model at 45.6GeV Z mode

Source: BDSIM Compton simulation of Laser-Beam interaction at 96m from the laser IP

Transverse Plane Electrons Bunch Polarisation Vertical 100%
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Vertical transverse polarisation create an asymmetry in the Compton electrons pattern.
Fitting this shape against our model together with the photon distribution provides the 3D polarisation state.
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Compton Electrons model at 45.6GeV Z mode (V24.2)
RS - ; : W -300

Position [mm]

o
c
=
(@)
=
U
o
Q
=
»
)
=
)
-
<
®
=
kO
. D
+
—
-
)
»
)
]
)
=
9!
=
)
=
©
o
)
-
»
Q
=
o
=

1 ——1 250

e 200

—1 150

100

oy . R A 2.
' SIS . Dead zone
50
10M events In beam pipe
. | . . . . | . . . . | . . . . | . . . . L . . . . l . . . . 0

-300 -250 -200 -150 -100 -50

IIIIy|IIl|IIII’IIII‘IIII‘IIII‘IIII'

0
Position [mm]

Position [mm]
-
w

Bunch Polarisation Vertical +1 Laser circular polarisation : -1

S| 250

N e e
e ",--»-. xr
A A —1 200

—1 150

R G ”.,. st for AT O e e i e RN rtass g 100
' Dead zone -
10M events In beam p|pe
L | L L L L | L L L L | L L L L | L L L L | L L L L | L L L L 0

300 250 200 150 100 50 0
Pacitinn Imml

|III|HII|IIII||IIITII|I|IIII|IIII‘||||




(O Fece Robert Kieffer

Simulation of interaction with sensor material in BDSIM

&
'Q)O

1mm copper exit window 100um silicon layers

The compton products are transported through the copper exit window.
It is followed by two layers of 100um of silicon, in which we study the energy deposition.
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WAFER ID
HS01769-24B5

MOSS_CAR_V2
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MOSS chip sensor configuration

Endcap L Repeated Sensor Unit Endcap R
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2.39 mm 1.5 mm

«—25.5 mm ——  Peripheral circuits Pads

Bottom: Each matrix is 320x320 pixel (pixel pitch 18um)

Between matrixes we do have a dead zone.

It corresponds to 34 pixel of 18um that need to be removed.

The horizontal pixel are made 180um long by summing 10x18um pixel response.
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Energy deposition in silicon sensor by Compton Electrons

x10°
160
The material is 100um of silicon.
140 The sensitive epitaxial volume is 10um deep.
Pixel size is 18um x 18um
120

Fit: Landau convoluted with Gaussian
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