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Motivation of CEPC Z-pole polarized beam program

a A

O Transversely polarized beams in the ARC

* beam energy calibration via the resonant depolarization technique(Accuracy 10~°)
 Essential for precision measurements of Z mass
» Obtain momentum compaction factor
« Monitor machine stability

« CP violation
* study extra dimensions in indirect searches for massive gravitons
« At least 5% ~ 10% transverse polarization

o /

Zhe Duan, CEPC Z-pole Polarization Study Status, CEPC Day Feb 25, 2021. https://indico.ihep.ac.cn/event/13810/ 3



https://indico.ihep.ac.cn/event/13810/

Electron Polarimetry Techniques

Some techniques for measuring electron beam polarization

Touscheck lifetime measurement
- Based on measuring the lifetime of polarized electron beams and non-polarized electron beams
- The Touschek effect is not the most paramount contribution to the lifetime in CEPC
- Large than 300 hours on Z pole, the increase of beam lifetime based on beam polarization is too slow to
measure
Mott scattering: € + Z - e
- The system is relatively simple but operate restricted below 10MeV beam energy
- only for transverse polarization measurement
Moller scattering: e +¢e > e + e
- Transverse polarization and longitudinal polarization of electron/positron beams can be measured
- Invasive measurements by using the solid target
- Low current electron are limited to avoid depolarization effect due to the target heat.
Compton scattering::€+y e+ y
- applied for polarimetry at high-energy colliders involves HERA, LEP, ILC, FCC and so on
- determine polarization of electron beam are mainly measuring the asymmetry of scattering particles




» Polarization is measured by the

Compton polarimeter

position/energy asymmetry of the scattered

electrons or scattered photons
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Compton Polarimeter for CEPC(Z pole)

A Compton Polarimeter

I CEPC ARC
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Prospects for the Compton polarimeter system:

Our device is in straight sections on the ring.
The last dipole in the ARC can be used as our bending magnet of

Compton polarimeter.,

CEPC Z pole:

Laser :

Dipole parameter(CDR) {

Beam vacuum tube

Drift distance

Beam angle
(at IP of laser and
electron beam)(E£%1%)

E = 45.5 GeV

w = 1.24eV; E;qor = 2.8mJ;
pulse length = 28ps

B =70.7904Gs

| = 28.686m — 0y = 0.0013389rad

31mm(Outer radius)

o, = 1.2197 [urad]
oy = 0.5164 [urad]



Physics of Compton Polarimeter

» The differential cross section depends on electron polarization(f) and laser polarization(§)

[T - dO_O rez N u
. unpolarized = 1+ (1+uw)—4-(1+u)
................................. dxdy (1+u)3\/1_x2_y2 K
___________________________________________________ | do_" EDCDreZ u
Lon itudinal polarization ' = u(u+2)(1-2-
......... 9 _._._._._._._._.p._._._._._._._._._._._.' dxdy K(l + u)?’\/l — xz — yz ( K)
___________________________________________________ do‘ rz
" Transverse polarlzatlon S Sudue wy
"""""""""""""""""""""""""""""""" dxdy (1+ u)3\/1 — x?% —y?

Ref: Nickolai Muchnoi, “FCC-ee polarimeter,” arXiv e-prints , arXiv.1803.09595 (2018).



The measurement method

» The MC samples

2D distribution of scattered electrons > The distribution of Y mean(Y) vs X
E = 45.5GeV 1.24eV
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The design of detector: « X*Y =5cm*2cm; < Pixel size: 50um*25um  * resolution:14.434um*7.217um
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The distribution of scattered electrons

Projection Y of 2D distribution of

scattered electrons
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v The transverse polarization is sensitive to the distribution of scattered electrons, especially in the Y axis. 9



The measurement method

» The fit method

Ye | Xe — Pl H (Xe) analyZing power: H (Xe) %1072 T'he distribution of lI(Xg)

4 ' Ve

* P =80,
« &_ is laser circular polarization
* (, iselectron beam transverse polarization

* Yelx, is 1d distribution of scattered

(TI(X,),u = u* (WER)
N(X,),u =u~ (YEMR)

A

) _ut+u
electrons the mean of Y per X bin nX,),u=4=———
« TI(X,) is analyzing power: its value for \ 2
100% polarization 05
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Physics of Compton Polarimeter

Summary of the relationship between (u,y) and (X,,Y,)

_ energy of scattered photons
~ energy of scattered electrons

v is azimuthal in the detector; (X, Y,) is the position of scattered electrons in the detector

Case 1:Compton scattering process

E=455GeV, o = 1.24eV

E, — 45,566V E, =1.24eV laser ue [0, E]
electron beam (\/\/\/\/\/\ u G[E K]
R = pe[0,27] ?
Emin = 24.406GeV K
L\ﬂ% ue[=, k| 2T
Wmax = 21.094GeV 2 )
Case 2: Compton scattering &Magnetic process
I‘i CEPC ARC R I%{ralghtﬂ)’nsl T TT
pel=3.5

uel0, k]
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v" The 2d distribution of scattered electrons in detector (X,, Y,) correspond to (u™, ¢™) or (u™, ¢ ")



The fit result(polarization is 10%)
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The fit result(polarization is 10%)
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The fit result(polarization is 10%)
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X ‘10'6
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The fit result(polarization
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ROOT fit result

MATLAB fit result

The fit result(polarization is 10%)

Fit function Fit result

MnX,),u=ut P, = 0.101508 + 0.0020788
Pol6-fit

Mnx,),u=u" P, = 0.101825 + 0.002091

M(X,),u=1u P, = 0.1015222 + 0.002057

Fit function Fit result

nex,),u = ut P, = 0.0980 + 0.0017
M(X,),u=u" P, = 0.0990 + 0.0017
Mn(x,),u=1u P, = 0.0980 + 0.0017

i 1.7%
p = 1.7%
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The statistical error

T =

» The luminosity of Compton polarimeter
The luminosity for pulsed lasers

beeNy

1 o
27wxyayy\/1 + (500 GLy’)’/)z

Par. Unit Physics meaning CEPC(Z pole)
v Number of bunch crossing per second 1(12000)
N, Number of electrons per bunch 8 x 1010
P W=J/s power of the laser 0.1GW
A m Wavelength of laser 1.002um(1.24eV)
Eqser Laser energy 2.8mJ
Bunch length 28ps
N, Number of photons per laser pulse 1.4 x 1016
Oxyl0yy m Rms beam size o, = 160um
T cm~%s~1  luminosity 6.9676 X 1033m=2 . s71
c barn Cross section 393.5mb
Max. rate st Compton scattering event rate 2.742 x 10°pulse?!

The laser is 1HZ. Compton rate = 2.742 x 10°s~1

17



The statistic error

» The statistical error vs measurement time

error

5% _1%3 l ' 10% pollarized electr?n beam I l
N\
entries time error
\
16
L% 18255630 665 0.0017
\
% 36510648 133s 0.00125
1:5: \
%% 54762225 200s 0.00111
.\\
\
14 \
\
\
\
N\
\
13 \\
\
* = ~
121 o~
11 1 1 1 1 1 1 \*
60 80 100 120 140 160 180 200
time/s
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The systematic uncertainty

AP, AY,
(=GO HE?
e
Systematic
_ . OH(X) n GH(X) n OI(X,) « Ny
Nbinsx ZIRIENAR, 81 ap, _anm 2 LN 000 L0l X ROl
per X bin EEAEE Z% P, 1O H T H I
. . AP
Sources of systematic uncertainties A 7 %
Dipole strength(B = 70.7904Gs5s) 7.07904 x 10~’T 0.00239%
L1=60m (Ip to detector) Imm 0.01653%
L2=40m (Dipole to detector) 1mm 0.017929%
Total 0.036849%
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The systematic uncertainty

Table 2: The systematic uncertainty of Compton polarimeter

Sources of systematic uncertainties

A

AP

P%

Dipole strength(B = 70.7904Gs)
L1=60m (Ip to detector)
L2=40m (Dipole to detector)
Aa deviation of the detector
AP deviation of the detector
Detector placement

Total

7.07904 x 1077T

Imm
1mm
lurad

1 prad

0.00239%
0.01653%
0.017929%
ignored
ignored
ignored

0.036849%
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Summary & Outlook

Summary

« Transverse polarization play an important role in beam energy calibration by RDP.
« Compton Polarimeter is the clear technique of choice for electron polarization at CEPC

« measure the position asymmetry of scattered electrons

« 2% statistical error has been achieved in 66s time

* 0.036849% systematic uncertainty are obtained

« Detector linear effect or electronic noise are not considered

Outlook

 longitudinal polarized beam is a powerful ingredient of determining the anomalous couplings in the
electroweak physics and suppressing background in new physics searches.
« The measurement of longitudinal is essential.

21
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Additional slides



Physics

* Compton Polarimeter involves two physics process: Compton scattering and magnetic deflection

Case 2:
Case 1: Compton scattering process

Compton scattering process &
Magnetic deflection

The relationship between scattered energy & detector azimuthal angle (u,)
and the position distribution of scattered electrons (X,, Ye)

(X,, Y,) L (u*, @) and (U™, @)

BN



E, =1.24eV laser
Eb = 455G€V

electron beam {\/\/\/\/\/\

Emin = 24.406GeV

Wmax = 21.094GeV

w 4E F
u=—; uc€]jox] K= yzb
£ m

u is ratio of scattered energy of photons
to electrons

Case 1. Compton scattering process

« Scattering angle of electron 6,
Whenu = =: 6, = 0 max =

» Detector is perpendicular to the beam

Physics

1k
Y 2

0, = i,/u(K— u)

(¢ is the detector’s azimuthal angle):

scattering angle( f!e)

@
5]

w
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N
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N
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o
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%108

The scattering angle of electrons
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Ye[m]

Physics

Case 2: Compton scattering process + Magnetic deflection

dipole
IP ) )
v" Gathering two physical process together:
—
28m 0, = 6,cosp + ub,
0y = B.sing
ub, is the magnetic deflection angle caused by energy loss
in Compton back-scattering process.
v" The position of scattered electrons in detector plane is:
o L | e (=TT el
L v €75l UuelK
| X, = L16,cos@ + ub,ylL, < @ 23 2
. - T o1
3000 Ye = LleeSln(p (pE[E,T] , uE[O, K]
2500 k
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cov b e b e b e b b b v b
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m
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Table 4.3.3.5: Parameters of the dual aperture dipole.

Higgs mode
Beam center separation [mm] 350 The magnetic strength of the
Magnetic length [m] 28.686 dipole located in last is %B =
Magnetic strength [Gs] 3734 373.4Gs = 0.01867T
Gap [mm] 70
Z pole
120GeV  373.4Gs
— O ZF &
1556V " B, o L wERSFTRCA l
bending angle: 01 = 02 = R
1 - 0.‘.
B, ena = EBZ_Cente,, =70.7904Gs i O wf#FEx:R?> = L* + (R — x)*?

O Bqv = mv?/R

: E=mc*>mc=E/c
;R—X R P muv? -mv_ E
: "~ Bqu Be Bec

06 = é = 0.001338%ad
02




luminosity
» The luminosity of pulsed laser and electron bunch

: NN
» 1 pulse laser with 1 electron bunch = °V
270y Oyy
« N, (Number of electrons per bunch) = 8 x 101°
* About N,
Elgser
e N, = ——
14 Wphoton
electron bunch length =8.5mm);
Pulse electron bunch = electron bunch length /c = 85% = 28ps
3x10°m/s

Considering the not destroy the mirrow: the laser power is 0.1GW
Ejgser = P*t=0.1GW % 28ps = 2.8 X 1073] = 2.8mJ

The number of 1 pulsed laser is:

Eigser 2.8 X 10_3]

N, = = = 1.4 x 10
V' wphoton 1.24 X 1.6 X 10719
« The luminosity of 1 pulse laser with 1 electron bunch:
NN 8 x 101% x 1.4 x 1016
T=r—TL = = 6.967 x 1033m™2 . 571

B 2100y Ty 21 x (160pum x 160um)



luminosity

» The maximum rate of pulsed laser and electron bunch
« The luminosity of 1 pulse laser with 1 electron bunch:

NN, 8 x 100 x 1.4 x 10'° a3 91
20y 0y, 21 X (160um X 160um)

e The ICS cross section is ;

2112 4 8 1 1 8
O'(K) = » [(1—E—F>log(1+1<)+§< m) —] = 393.5mb
« Compton scattering event rate:
____________________________ N =To =6.967 x 10¥*m™? - 57! X 393.5mb = 2.742 x 10° pulse™*
' Note that: The laser is 1HZ.
: IP: 1bunch1secondv = %ﬁ{m/s = 30002k

1s/A electron 2£%512000(CEPC CDR bunch nember)*3000/\ﬁl 2i3IPE, {HEELaser AL EC IR A S BTN, i
& laser E’]yﬁ__%\—_jleZ M) 1sA XX %& A& —>K pulsed laser collider with 1 electron bunch i
> timing system TJ [ Z5laser— & & pItrigger, {Riutlaser[@45E B9—bunch#g & {£H, timing system EEH i
£/ ~bunchp i 8] & i
> IE&EIERT, polarization SB{IL AR BIREE/NN U E, EEZR /0B, Iminp R/ ILZ2RE, R |
AEFTHIRRIRMAELE, JUXN—MEEREA, FFfE— Kdepolarizerfy3iix, Bl {7—>Kresonant i
depolarization run, X/EMNE— TmZFEff&MEE’\J'I%R, T EEFAEdepolarizersiR a5, ZREARMLE |
FRxETh, FRONEIEFIRMLETL |



B function
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10.) p
S i

[I(x) =
(x) ; doy _
dxdy
T T
we usethey = /1 — x?sinf,0 € [_E E]
i 4 ur i y? (1 — x®)ur? (1 — x®)ur?

dO-J_
d =J uy?d =—f —d ——f sinf%dy =
fyd“W ity T 0w g Ty 0 G+w? R TC PR E

m (1+ A+ -4 (1+ WA - )

Vi—x2 , U u
(1+ 1+uw _4E(1+u)(1_E)) dy = (1+u)3

r2

day p j
y =
dxdy iz (1 +u)3/1—x2 — y?

A2
. M(x) = (1 xu)u _
2(1+(1+u)2—4z(1+u)(1—z))
(Xe=0xL1)—360Lz
T —oxLy) — 90L2
5 |24 602 279722 \ u(xe)
Lyt J E1y24+0)1,)?
I M(Xe) =
y2 2 = -
Z(Xe—O','CLl)QOL2+K(L—1)2 y (1 + (1 + U)2—4E (1 + u)(l — E))
« u(Xe) =

2((—)2+(90Lz) )
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Polarization = 10%
MATLAB fit result

Original 0.096 0.098 0.099 0.100 0.102
ft value 0.094 0.096 0.098 0.099 0.1 0.102 0.104
. (0.09061, 0.09739) (0.09262, 0.09938) (0.09462, 0.1014)  (0.09562, 0.1024)  (0.09662, 0.1034)  (0.09861, 0.1054)  (0.1006, 0.1074)
u
ggp . L7714228667161 1763747313612 1760820891526 1.7611371001032 17626411931903 1.7692106257743 1.7805283869045
min 64e-09 80e-09 75e-09 27e-09 49e-09 02e-09 34e-09
it value 0.094 0.096 0.098 0.099 0.1 0.102 0.104
(0.09058, 0.09742) (0.09259, 0.09941)  (0.0946,0.1014)  (0.0956,0.1024)  (0.0966, 0.1034)  (0.09859, 0.1054)  (0.1006, 0.1074)
-
¢gp . L7775050062540 17687843478085 1.7647621417696 17645132957901 17654392878673 1.7708157861914 1.7808916367421
min 446-09 92e-09 81e-09 78e-09 10e-09 80e-09 90e-09
it value 0.094 0.096 0.098 0.099 0.1 0.102 0.104
B (0.0906,0.0974)  (0.0926,0.0994)  (0.09461,0.1014) (0.09561,0.1024) (0.09661,0.1034)  (0.0986,0.1054)  (0.1006, 0.1074)
u
ogp . L7742816988742 17660894521276 1.7626214705078 17626500792892 1763877542847 1769853031885 1.7805631173090
min 71e-09 55e-09 246-09 02e-09 77e-09 16e-09 38e-09

» Coefficients (with 95% confidence bounds)
* SSE =Y w;(yi — %)?
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Nbinsx &2 BB E N, Al

per X bin EEAEE Z%

The systematic uncertainty(1)

AP,

AY,

— 2 _ 2N2
G = G +HE)
Systematic
OH(X) n oI(X n OI(X,) « Ny
sp, an ETgalTiiten STGrOTReL 1 e v el
P, I1 H I I1
Sources of systematic AP
P A %
uncertainties P
Dipole strength 7.07904 x 1077T 0.00239%
L1 (Ip to detector) 1mm 0.01653%
L2 (Dipole to detector) 1mm 0.017929%
all 0.036849%
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The systematic uncertainty(2)

Detector deviation

X, = L10,cosp +ubylL,
Y, = L,0,sing

X, = X,/cosa
Y, =Y,/cosp

X, (V) Xe'(Ye')

* The design of detector
X*Y = 5cm*2cm,;
Pixel size: S0um*25um
resolution: 14.434um*7.217um

Aa deviation of the detector Ao=0.1°

AX, =X, — X, = 1.5215 X 107X,

Detector resolution x =50//12 =14.43um

AP deviation of the detector AB=0.1°

AY, =Y, — Y, = 1.5215 x 107°Y,

Detector resolution y = 25/+/12 =7.22um

* The systematic error by deviation of detector can be ignored.
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The systematic uncertainty(3)

Detector placement

2(1)0
X4 = L16,cos¢p +ubyL, 0 = = 4.853 X 10~°rad

emax m
e

Xg = LitanBcosp + ulL,tanb = k6, = 0.00116rad

Homax

tan(0.00116) = 0.001160000520299

* The systematic error by detector placement can be ignored.
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discussion

/A Compton Polarimeter

I . CEPC ARC "’I CEPC straight sections I

“
i

CEPC FRE 4M1E = 31mm
FB&SETH 6, = 0.0013389rad
Ax = L x 0

31mm
= 23.15m

L= 0.0013389rad

1 LMFRBRER? BEpHi? R EB%
AL FR?

Bk A Iy
EE SR TERNE AT

X, = L16,cos@ +ubyl,
Y, = L10,sin@

A HE 3= radius of tubelE?

A~ H
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