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» Discuss a suitable location of the Compton polarimeter

Requirements for the Compton polarimeter

Design of the Compton polarimeter

Discuss the suitable location of the detector

Feasibility of measurement of transverse polarization by Compton polarimeter
«  Statistical errors and statistical errors (For 10% transverse polarization)
Summary

. About the Compton polarimeter in the past:

CEPC Physics and Detector Plenary Meeting (May 12, 2021) (ihep.ac.cn)

CEPC Physics and Detector Plenary Meeting (August 18, 2021) (ihep.ac.cn)

CEPC DAY (August 30, 2021) (August 30, 2021) (ihep.ac.cn)

CEPC Physics and Detector Plenary Meeting (December 15, 2021) (ihep.ac.cn)



https://indico.ihep.ac.cn/event/14451/
https://indico.ihep.ac.cn/event/15078/
https://indico.ihep.ac.cn/event/15024/
https://indico.ihep.ac.cn/event/15774/

Motivation for Transverse polarization in CEPC

» Transverse polarization in an electron storage ring

Electron or positron beams naturally polarized due to the Skolov-Ternov effect.
« The maximum achievable polarization value is given by the theory as:

8
Prax = —= =~ 92.4%
mexr T 53 i
« Self-Polarization build-up time
p[m]?R[m]
Tgrs = 98.66]s] E[GeV]s ~ 256[h]

R is the radius of the storage ring; p is the average bending radius; E is the beam energy

The use of wigglers in the storage ring, to booster the self-polarization build up.
At least 5% ~ 10% transverse polarization, for both electron and positron beams.
The measurement of the transverse polarization

» Calibrate the beam energy by RDP

» Study the CP violation

» Study extra dimensions in indirect searches for massive gravitons

Zhe duan, < CEPC Z-pole polarization > https://indico.ihep.ac.cn/event/14938/



Requirement of the Compton polarimeter

Laser

» Compton polarimeter requirement ;
« Electron beam parameter: The angular divergence of

the electron or positron beam (¢’ = \/e/B,e:beam
emittance, B: f function)must be small in Laser-
electron IP compared to typical backscattered electrons
angular distribution or else the polarization information
will be lost.

« Dipole and a clear distance to separate the scattered
photons and electrons from beam.

« The location of the detector: to obtain the spatial
distribution of scattered electrons.

Laser-electron IP

Fig. 4 Diagram of Compton polarimeter



A candidate location of the Compton polarimeter ???

» Optics of the interaction region for Z mode

b B 2
[ 1By |

VB, VB (¥m)
I
—
=

I
=]

I
T
—

T
A
—_—
JE
—_—
J —
—_
[
1

AT

Fig.1 The lattice design and geometry of the interaction region for Z mode
About 100 meters drift length

A Candidate location???

« The transverse polarimeter locate at the upstream before the e*e~ IP region, about 1km before the e*e™ IP.
» Possible problem: Analysis of the influence on the physical IP need to be done with full simulation.
» Dipole BMHO5IRU is used as polarimeter bending magnet.
« After about 100 meters of free beam drift: allow separation of the Compton scattered photons and electrons from the beam.
» Whether this position is feasible should be considered in combination with the placement scheme of the polarimeter detector.
» Laser-electron interaction point(IP) is located about 12m before the dipole BMHOS5IRU. S



Compton polarimeter

» An example of estimation:

In this case: the detector is placed 40 meters behind the dipole:

Part of the scattered electrons need to be detected by the detector.

The transverse polarization can be measured by measuring the spatial position of the scattered
electrons.

How to place the detector need to be considered. scattered photons

- x1 = LBy =62.475m X 0.97mrad =~ 60.6mm

electron beam

AB ~ 0.79mrad = |

Laser — electron IP,
scattered

| X, ® LAG = 62.475m X 0.79mrd =~ 49.2mm
electron bea

Dipole

 Length: [ =44.95m

 Beam bending: 8, = 0.97mrad

The distance between the center of the
dipole and detector is about 62.475m

parameters: | scattered electrons with the minimum energy




Discussion about the position of the detector

» Some Modifications to the lattice layout:

1. Fine focusing adjustment can be performed by
the remotely movable mirror system.

2. The beam tube needs to be beryllium pipe to

» Case 1: The detector is located outside the beam tube

x .
Yy \L aRr?;r;Ztgrpolarlmetry dinol make scattered electrons exit the tube: the
z Pole scattered electrons (25.11GeV~39GeV) is
accepted by detector, the angle between the
e~ beam Vﬁ_@ scattered electrons and the main beam is
- S M2 0.16mrad~0.79mrad respectively, which
’ : — gcam  corresponding to 35m~175m drift distance to exit

the beam tube. So the beryllium pipe may be
need to be >100 meters long.

1 | scattered

39GeV

. . . | electrons ] : - :
inner radlzus_ D = 56mm 1o | beryllium pipe> The possible problem to the Physical IP:
vertical view 25.11GeV | 1. The beam loss problem: The scattered
M: Mirror electron beams hitting on the surface of the
W: window \ beam tube are as background, which need to
35m be evaluated.
\ 2. The part passing through the detector will be
175m the environmental background

» For Compton polarimeter:

The changed distribution of scattered
electrons needs to be simulated.

2. Bremsstrahlung need to be considered. 7
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Discussion about the position of the detector

> Case 2: (EZ=E 9 X) Detector is located before the bifurcated tube

i
> Case 3: (AT &9 X) Detector is located behind the bifurcated tube

» Possible problems with the lattice layout:

1.

N

=

Need long distance to separate the scattered
electrons form the electron beam. (For scattered
electron beam with 39GeV, the drift distance is
175m) mmp A suitable position in CEPC collider
ring can be modified is needed to satisfy the
regirement

The beam tube need to be expanded.

Influence the beam impedance and other lattice
parameter.

For Physical IP & Compton polarimeter:
Bremsstrahlung due to hitting the tube surface or
the bifurcation region is complicated to evaluate.

The scattered electrons
(25.11GeV~39GeV)



The Feasibility of measuring transverse polarization
by Compton polarimeter

« For 10% transverse polarization, the statistical
error and statistical error



Compton polarimeter: Laser

» The luminosity for continuous wave(CW) laser

Electron parameter(Z-pole) _ _ _
» The luminosity for continuous wave(CW) laser

Beam energy E = 45.5 GeV
Bunch current 461mA (1 + cosa) 1 P2 1
10 =291x10%m2%.s71
electrons number/bunch 8 x 10 cw = sina e hc? 2 Nox
Bunch number 12000 \/Je y+ oy,
Bunch length o, 8.5mm (28ps)
] B, = 16.6895[m . :
Laser-electron IP ] > The cross section of Compton scattering
B function By = 39.539[m]
Laser-electron IP 0y = 0.0543 [mm] 21712 4 8 1 1 3
Beam size oy, = 0.0079 [mm] Ototal = ” [(1 T P) log(1 + k) + E( m) ] = 402mb
laser parameter
Operated on continuous wave mode
Average power 5 [W] » The scattering rates for per collision
wavelength 1064[nm]
Waist size G4 = 300 [um] N =_Lcyo=291x%x10%m"2-571x402mb ~ 1.17 x 107
2
Rayleigh length Zp = 1% _ 265 [cm] 10

A



For 10% transverse polarization

€ Case: the detector is placed 40 meters behind the dipole:

» Detector design:

Active area: X*Y = 40mm*1.5mm;
Pixel size: 400pm*25um
(pixel Y is important !!)

« The relative statistical error for 10% polarization
In one collision (1s), the relative statistical error

) AP 0.001464
IS about - = ~ 1.47%

~ 0.099838

Conclusion :

the same statistics:

\ different polarization.

 The relative statistical error is different for

~

 The absolute statistical error is the same for

/

residuals

102

107°

Yaimm]
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left/right helicity

115.5475/ 98

C 0.09983824 + 0.00146435

beam angle x 6.626735e-07 + 1.315758e-06
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Systematic uncertainties(10% transverse polarization)

Sources of systematic error

Uncertainty

AP, /Py [%]

Dipole strength

— _ -7 0
(B = 3.273 X 10—3T) 6B = 10000 3.273x 10T 0.029%
L4 (Ip to detector)
L, =1 . 0
(L, = 96.95m) 8Ly = 1cm 0.0062%
L, (Dipole to detector)
L,=1 1520
(L, = 62.475m) 8L, = 1cm 0.152%
Energy spread B . ~ :
(E = 45.5GeV) 8Epeam = 0.08%Epeam = 36.4MeV 0.022%
: Pixel size: 400um X 25um
Detector resolution Position Resolution : 115um X 7.22um 0.923%
Neglected

Laser-electron Cross angle «
(a = 2.35mrad)

Aa = 1mrad

(- AX,~ 1079m <
detector resolution)

Detector placement deviation

\ertical/horizontal deviation angle ~
1mrad

Neglected
(- AX,/AY,~ 2.5 X 1078m «
detector resolution)

Total

1.1322%

« The background source from the upstream are not considered and will be simulated and evaluated later.

12



Discussion

» Compton polarimeter requirement ;

« Electron parameter: The angular divergence of the electron or positron beam must
be small in Laser-electron IP compared to typical backscattered electrons angular
distribution or else the polarization information will be lost.

« Dipole and a clear distance to separate the scattered photons and electrons from

beam.
« The arrangement of the detector: to obtain the spatial distribution of scattered

electrons.

» Considering the lattice design and the possible background on physics IP, as
well as the requirements of Compton polarimeter: to discuss the suitable
location of the polarimeter and the detector design.

» The technical details about the scheme of detector location that need to be
discussed and evaluated later.

13






Discussion about the position of the detector

» Case 3: Enlarge the beam tube
remote polarimetrff analyzer dipo le

out/in

I : %
2

mirro

inner ra i#{ D = 56mm

} 23.5mm
l 28mm.7m. %mirror 3

out/in

.mirror 1

Some modifications to the lattice layout:

The vacuum chamber in dipole * Dipole length: [ = 44.95m

BMHOS5IRU has to be enlarged. ) Eipole blentding: 9 = 0.9Tmrad_ 235 d
» Fine focusing adjustment can be Aser-eleclron Cross angie. a = 2.5omra

performed by the remotely movable » Distance between Laser-electron IP and
mirror system. dgtector: Ly =96.95m |
Possible problem: impedance « Distance between the center of the Dipole
and detector: L, = 62.475m

1



CEPC layout

CEPC layout:

« 8 straight sections in the Collider: 2 interaction regions, 2
RF regions and 4 injection regions.

 Among them, two off-axis injection regions are for Higgs,
W and Z modes

* The two on-axis injection regions are used only for Higgs
mode

RF

ARC

ARC

S5TR

5TR

ARC

ARC

C=100 km

ARC

ARC

STR

STR

ARC

RF

ARC
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name
MTMP
DRCM1IRU.1
QCMA4IRU
DRCMOIRU.1
DRCMOIRU.2
QCMB3IRU
DRCMIRU.1
DBMCIRU
DRCM1IRU.2
QCM2IRU
DRCMIRU.2
BMC1IRU
DRCM1IRU.3
QCM1IRU
DRCMOAIRU
DSADDHIRU.1
MCRABIRU
DSADDHIRU.2
DRHOAIRU
QFHH8IRU
DRH1IRU.1

DRH1IRU.2
QDH4IRU
DRH1IRU.3
BMHO4IRU
DRH1IRU.4
QFHH7IRU
DRHSIRU.1
HSC2IRU.1
DRHSIRU.2
HS2IRU
DRHSIRU.3
HSC2IRU.2
DRHSIRU.4
QFHH6IRU
DRH1IRU.5
BMH4IRU
DRH1IRU.6
QDH3IRU
DRH1IRU.7
$$%

Length[m]

0.5

0.5012
0.5012

8.3192
0.5
0.5

8.3192
0.5
0.5

04511
0.05

0.05

0.5
0.5

0.5

0.5
44.95
0.5
0.5
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.5
0.5
44.95
0.5

0.5

X[m]

0.5

3.5
4.0012
4.5023
7.5023
15.8216
16.3216
16.8216
19.8216
28.1408
28.6408
29.1408
32.1408
32.5919
32.6419
32.6419
32.6919
33.6919
34.1919
34.6919
79.6419
80.1419
81.1419
81.6419
126.5918
127.0918
127.5918
127.8918
128.1918
128.4918
128.7918
129.0918
129.3918
129.6918
130.1918
130.6918
175.6418
176.1418
177.1418
177.6418

ecNeoNololNoNoNolNoNolNolelolNololNololNololNolollo]

(@]

-0.0218
-0.0223
-0.0233
-0.0237
-0.0674
-0.0678
-0.0683
-0.0686
-0.0689
-0.0692
-0.0695
-0.0698
-0.0701
-0.0704
-0.0708
-0.0713
-0.1149
-0.1154
-0.1164
-0.1169

theta[mrad]

el~NololoNoNololNoNeNelNo

-1.00E-04
-1.00E-04
-1.00E-04
-1.00E-04
-1.00E-04
-1.00E-04
-1.00E-04
-1.00E-04
-1.00E-04
-1.00E-04

-0.9701
-0.9701
-0.9701
-0.9701
-0.9701
-0.9701
-0.9701
-0.9701
-0.9701
-0.9701
-0.9701
-0.9701
-0.9701
-0.9701
-0.9701
-0.9701
-0.9701
-0.9701
-0.9701

sigmax[mm]

0.1051
0.1051
0.1069
0.1113

0.111
0.1107
0.1022
0.0624
0.0602

0.058
0.0543
0.0742
0.0756

0.077
0.0814
0.0814
0.0814
0.0814
0.0814
0.0814
0.0812
0.0806
0.1031

0.104
0.1074
0.1098
0.3405
0.3431
0.3444
0.3444
0.3444
0.3444
0.3444
0.3444
0.3444
0.3444
0.3431
0.3405
0.1098
0.1074

0.104
0.1031

sigmay[mm]

0.0046
0.0046
0.0045

0.004

0.004

0.004
0.0044
0.0074
0.0076
0.0078
0.0079
0.0049
0.0048
0.0046
0.0042
0.0042
0.0042
0.0042
0.0042
0.0042
0.0042
0.0043
0.0193
0.0195
0.0196
0.0195
0.0109
0.0108
0.0107
0.0107
0.0107
0.0107
0.0107
0.0107
0.0107
0.0107
0.0108
0.0109
0.0195
0.0196
0.0195
0.0193

bx[m]

62.6063
62.6063
64.7419
70.1981
69.7914
69.393
59.1342
22.0521
20.5182
19.0632
16.6895
31.1607
32.3735
33.6252
37.5532
37.5466
37.5465
37.5465
37.5466
37.5759
37.3277
36.8131
60.2582
61.2945
65.3081
68.3553
656.76
666.803
671.8557
671.8549
671.8543
671.854
671.854
671.8543
671.8548
671.8556
666.8029
656.7599
68.3545
65.3073
61.2937
60.2575

by[m]

13.6096
13.6096
12.746
10.152
10.1091
10.116
12.5528
35.2602
37.2089
39.2238
39.539
15.4631
14,5533
13.7045
11.2117
11.1894
11.1892
11.1892
11.1894
11.2877
11.4898
11.8249
236.9926
241.6668
243.8295
241.2804
75.2698
74.1256
73.5518
73.5444
73.5395
73.5371
73.5371
73.5396
73.5445
73.5518
74.1257
75.2699
241.2842
243.8333
241.6706
236.9964

Ref : E3%1F
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Compton polarimeter: Laser

» The luminosity for pulsed laser

Parameters meaning value

Nd:YAG laser operation mode: pulsed

A Wavelength 1064nm
Pulsed repetition frequency 10 laser pulses are emitted in one second. 1Hz
P, Peak power = Laser energy / pulsed width 0.1GW
Ejqser Laser energy 2.8mJ
Pulsed width duration of one laser pulse per shot or the duration of one laser pulse 28ps
ay Rms beam size o, = 100um

For a pulsed laser, the ye luminosity is given by:
cos(a/2) 1

2
T JCt o) G0kt ot deost () + (o + atsint (3)

N, — number of electrons per bunch, N, — number of photons per laser pulse

f — number of bunch crossing per second, a — cross angle of laser and electron (2.35mrad)
g, and g, is the horizontal size of electron and laser

L = N,N,f




Luminosity comparisons

» Compare the continuous wave(CW) laser and pulsed laser

1+cosa 1
Lpulse = NeNyf o
\/(aéy + aﬁy)\/(aﬁ,x +02,)(1 + cos a)?+ (0}, + 02,)sin?(a)
(1+ cosa) I, PLA 1 1
LCW == - 2 .
N2 e hc ) , Sina
Oey T Oyy
x 1033
) ' Compare Luminosity with the CW laser and pulsed laser:
3.5

continuous laser « Peak Power: For CW laser, the average power is relative low. A

3r pulsed laser 1 pulsed laser has high peak power that require more protection

(for mirror system or coating process).
Ppuisea  Peak power = Laser energy / pulsed width ~ 0.1GW  « For the beam disturbance: scattered events per collision for CW
Average power = single pulse energy * laser is less than for pulsed laser, which corresponding to the

N
o

luminosity [m'23'1]
N

Few repetition frequency el relative large beam disturbance.
ik » For timing system: The requirement of timing of the laser pulse
and electron bunch is high for pulsed laser, but for CW laser
1r 1 don’t need to consider.
” \
% 2 3 4 5 & 71 8 9 1

cross angle [mrad] 19



Compton polarimeter: Laser

» The luminosity for continuous wave(CW) laser

Electron parameter(Z-pole)
Beam energy

E =455 GeV
Bunch current 461mA
electrons number/bunch 8 x 101°
Bunch number 12000
Bunch length o, 8.5mm (28ps)
Laser-electron IP

B, = 16.6895[m]
B function By = 39.539[m]

L aser-electron IP oy = 0.0543 [mm]
Beam size

g, = 0.0079 [mm]

laser parameter

Operated on continuous wave mode
Average power

5 [W]
wavelength 1064[nm]
Waist size oo = 300 [um]
2
Rayleigh length 9%

Zp =

= 26.5 [cm]

o_[mm]

-0.15

electron beam x-size[mm]
T T

0.05

X

o_[mm]

Waist size
005

Waist siz

e &
0.05

011

-0.2

_\

Fig. 8 Laser and electron beams size (+0) in horizontal plane
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Simulation of scattered electrons

» The spatial distribution of scattered electron in the detector
Epeam = 45.5GeV, &, = 1064nm

laser

L, = 62.475m
L, = 96.95m

* The laser of left/right helicity will
cause the contrary asymmetry.

* The more polarization, the more
asymmetry

E,eom = 45.5GeV, A

laser

= 1064nm

heb

. Mean y

Enfries. 1.9588652+07
Mean x 1991
—0.02441

| St Devx 1221
Sad Dev y 0.2381

heb pix
Entries: 1.9601052407
Mean 2005
Mean y 002487
Sad Dev 1512

Std Devy

0.23%4

45
Xa[mm]

$
4

Velmm]

-0.01

-0.02

-0.03

-0.04

-0.05

< -0.06

Is laser circular polarization
Is electron beam transverse polarization
E,eon = 45.5GeV, &, = 1064nm
he5 pfx
Enlries 1.859865a+07
I /
Std Dev 15.18
Std Dev y 0.2385

Er\CJ_ = +1

WII|IIII|IIII|IIII|IIII|IIIII

I N S N AV RN NN A N AN A B I A B A A A N A
5 10 15 0 35 40 45

=

X [mm]
Epeam = 45.5GeV, 2 = 1064nm
. heb_pfx
E - Entries. 1.858005807
E D.DS_— Mean 19.87
L Mean y [ FkS
- Sid Dav 1547
0.025 — Sid Dev y 02384
0.02f—
0.015—
0.01—
0.005—
ok
TII||||||||I|II|IIIIIII||||||||||II|IIIIIIIII|IIII
i}
X.[mm]

Fig. 10 The Profile X of scattered electrons with different polarization



Discussion about the beam loss

Before Compton scattering ’. Detector design in polarimeter: )
Beam energy 45.5GeV _
Active area: X*Y = 40mm*1.5mm:;
Laser wavelength 1064nm Pixel size: 400pm*25um
(pixel Y is important !!)
After Compton scattering \ /
Maximum of Scattered 20.39GeV
energy of photons
Minimum Scattered energy 25 11GeV
of electrons

» Considering the gap between the electron beam and scattered electrons is 10mm, that are not
be accepted by the detector, which corresponding to E € [39GeV,45.5GeV/].

« Meanwhile, energy loss is large than +0.5%(0.2275GeV), these particles will be lost from the
beam and might hit the vacuum chamber.

« Considering the Si detector acceptance, E € [25.11GeV/,45.2725GeV | belong to the beam loss,
which have a clear energy spectrum distribution should be considered as the background and
evaluated later.

* Meanwhile, the effect on the detector performance will be done with full simulation.
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The vacuum chamber design

* The first diode vacuum box In the first 28-meter diode vacuum
box

* The first meter diode vacuum box remains unchanged

* The second meter diode v
150mm

EMWRE, m=okRE ERSF Bl









Vacuum piping In dipole iron and
requwements for side ends of the Iron




