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O 1.1 Polarized lepton beams

Magnetic
A Field

Sokolov-Ternov effect drives the spontaneous buildup of vertical .
polarization in electron storage rings (Dokl. Akad. Nauk SSSR 153(5), 1052-1054 (1963)) $ f

Polarization degree: P = ——

n+ny
Applications of polarized lepton beams clctton spin Tips with unequal probabilic
* Vertical polarization: for up—down versus down—up transitions.
* Precision energy calibration via resonant depolarization
technique (VEPP-4MZ ~10 _6) (Blinov:Nuclear and Particle Physics
e L ongitudinal P olarization: Proceedings 273-275, 210-218 (2016) d

* Longitudinally polarized colliding beams help enhance the ] )_., & ¢ () )
physics reach (CLENDENIN19941,Moortgat-Pick:2008,PhysRevD.110.014035) : R e

v

: : .. : |
Require high precision polarimeter ! Longitudinal polarized lepton beam collision

Achieved: SLC, HERA
Planning: CEPC, CCF, SuperTC, EIC,

SuperKEKB
(CCF study report, CEPC TDR, EIC design report)
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O 1.2 Compton polarimeter

Segmented

* Compton polarimeter are commonly used in electron % clecron
. detector
storage rings with GeV beam energies because of their Scattered elctrons

advantages of accurate and nondestructive measurement.

Electron beam

Real-time polarization measurement is required by WJ\/Y\/V
polarized beam applications Dipole Photon detector

Laser system

5%

CERN LEP
(R. Assmann:CERN SL/93-02 (Bl))

HERA LPOL

(hep/ex 1201.2894)

HERA TPOL

(hep/ex 1201.2894)

SLD @ SLAC

(PhysRevLett.84.5945)

CREX@ JLAB Hall A

(PhysRevC.109.024323)
JLAB Hall C Longitudinal : 0.6%

Vertical
Longitudinal 2.0%
Vertical 1.9%
Longitudinal : 0.5%

Longitudinal 0.36%
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O 1.3 The principle of laser Compton polarimeter

The differential cross section (ginzburg_colliding_1984, SLAC-PUB-4656)
d?o — ( d’o Vo
dxdp  “dxdep’"P

For a circularly polarized laser and transversely polarized electron beam,

1+ f(S1,S52,¢) — S3[P,A, + P,A;cos ¢])

d d
(1) = (Dunp(N[1 = 5354, (V)]

Degree of vertical polarization of electron

_Ni—NR ..' Analyzing power
Asymmetry NL+Ng (¥) |S3|Py y(Y) Can be calculated
Degree of circular
Polarization of laser
~100%
Can be measured

Asymmetry

E,=2.35 GeV, A |5er=532 nm

o J0.02

_-]0.08

10.06

10.04

\
\
0

— Asymmetry

0

-0.01¢

-0.02}

-0.03}

400

-0015 -0.010 _ -0.005

Y(m)

0.005

0.010

0.015

Analyzing power
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O 2.1 Introduction to BEPCII

* Beijing Electron Positron Collider IT (BEPCII), a double-ring electron positron collider operating in the
tau-charm energy range.
Driven by increasing particle physics research interests at higher beam energies, it is undergoing an
upgrade, BEPCII-U, to achieve a threefold increase in the luminosity at 2.35GeV and a higher beam
energy up to 2.8 GeV. (Yu: 7th International Particle Accelerator Conference, p.01 (2016))
The polarization build-up time is about 72.5 min at 2.35 GeV for BEPCII storage rings, and the electron

beams are injected normally every 1.5 hour. . o o
Vertical polarization 1 hour after injection

aYo
3.50 4.00 4.50 5.00

e-transport line . -~ 2 —— seed1,Ay,ms=2.8mm,e,=2.9nm

- seed2,Ayms=1.6mm,g,=1.4nm

D
o

—— seed3,Ayms=1.1mm,€,=0.4nm

—— bare, w/ solenoid+anti—solenoid

W
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T
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electron gun ull energy linac T

positron
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O 2.2 A Compton polarimeter at BEPCII

* 4W2, a wiggler-based X-ray beamline of BEPCII has retired from operation under the upgrade
*  We propose to modify the front end and the hutch to set up a Compton polarimeter.

Close to head-on collision

/ 532nm laser
I 4.5kHz, 2mJ

Polarization Unit Focus Unit Movable BEPC" eIeCtron Storage rlng

=== Reflector

Detector Converter

189 *e :
38 Jf Experimental hutch

£

laser targets

4\»’2;{??‘“/‘/ D= 18 m

\ “l,gg 3B1 w«ﬁ"{;“’"
ANEEES

3 e, R FE
TSR0 4 rase sust— T e

LOOK HERE!
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O 2.3 The luminosity of laser Compton polarimeter

For electron beam bunches and pulsed lasers, the collision luminosity 1s

= NN cos(a/Z)Z

Y 2r

Vet ot/

The laser frequency and single pulse energy,
need to adjust the time synchronization between the laser and the electron beam.

N e(N laserflaser]

2 2
27-[\/ Ox,e + O-x,lasero-y,laser

L =~

collision frequency F = fi cer
cross angle: a = 0

Uy,laser >> O-y,e
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O 2.4 Design parameters and MC simulation

h12p5x12p5

Tab.1 Electron and laser beam parameters and the calculated luminosity and y-yield rate.

Parameters Electron Laser

Energy(eV) 1.84x10° 2.33 (532nm)
Pulse energy(mJ) - 2

1

- [Guangyi Tang]

.. X 4.5 (Internal trigger mode)
Repetit te(kH 1.26x103__280 ;
epetition rate(kHz) > 4.508 (External trigger mode ) Laser can be synchronized with an arbitrary

Pulse length(ps) 50 1277 bunch by the timing system

Asymmetry of a simulation of 10® gamma

Rms emittances(nm-rad) -
Rms beam size(mm) 2/2

Assume 50% vertical polarization

>
] ; # » 2
: + I} % « 100x100mm
50x50mm?

+ 25x25mm?

Vertical crossing angle (mrad) 0.5
Luminosity (barn=1s~1) 2.2 x 109

v-yield per crossing 310
v-yield rate(kHz) 1400
Statistical uncertainty ~0.9%, 2.5min

measured Polarization (%)

I
!

4 6 8 10 12 14
Thickness of lead (mm)
[Guangyi Tang]
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O 2.5 Detection system

The TaichuPix-3 silicon detector, a CMOS pixel sensor prototype for the CEPC vertex detector with a
sensitive area of 15.9 X 25.7mm? and a pixel size of 25 X 25um?.
Since the lepton detection efficiency is higher than that of y photons for such a detector, a lead converter
with a thickness of a few millimeters, subject to optimization, is placed just in front of the detector to
convert y photons into leptons.
Detector readout active pixels with a time resolution of 50ns

¥

Signal on Taichu-Pix 3

TaichuPix-3
Pixel size: 25 ym X 25 ym
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O 3.1 Overall progress

* Physics design reviewed * Beamline vacuum recovered * Second phase
* Task force established * Synchrotron radiation observed beamline modification
* Laser system commissioning

s ) e D mese D mr D mses)

* First laser-beam collision
* First conceptual * First phase beamline * Replacement of diamond window
proposal modification finished

Visible light part of synchrotron
radiation from the reflector
mirror

~ preshower + scint?ilatdr + PMT
Laser optics
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O 3.2 Modification of the photon beamline

photon absorbers

photon absorbers

,ff"”"/;NiggIer\\“\“ a

~

mask 1

vacuum

gauge 2
fast ;
valve valve lead | safety

valve !
shielding” shutter

=|-|§-

vacuum mask
gauge 1 283

sh utter

XBPM

(a) Layout of the original X-ray beamline.

vacuum
fast gauge 2
valve valve lead | safety

I
maskl I vave shielding+ shutter

Iaser

vacuum
target 2

shutter

auge 1
gaue target 1

vacuum
gauge 3

e e

shielding walls

valve Be
window

slits

carbon photon
filter shutter

vacuum

shielding walls gauge 3

valve

laser-vacuum

shutter insertion

(b) Layout of the modified beamline for transmission of laser & y beams.




SPIN2025 Design and Preliminary Implementation of a Laser Compton Polarimeter for BEPCI|

O 3.3 Laser optics tuning

53ZnmlLaser-Plused

Screen

A/2 Wave Plate \ "
Pockels Cell
ockels Cell (= - Remo’rel\j Cdntrolled

- . I I /| : (o) Neﬂec’ror(S Znm) |
1
]

(620-800nm pass)
A/4 Wave Plate

To ensure a specific
circular polarization Polarization Unit [ wall |
state at the IP.

Silica
Window
]

Laser targets

e_

Photon

Detector = N ' ' .'
Reflector 2 / Interaction

(Grold coated copper) Pomf(lp)

| Teblo2
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O 3.3 Laser optics tuning

53ZnmlLaser-Plused

Screen

\
A/Z Wave Plate Pockels Cell |

-

A/4 Wave Plate

" otely Cantrolled
B ‘b ector(58Znm) |
! -800nm pass)
|

-

» Focus Unit

Polarization Unit |:|

Silica
Window
1

. Laser targets
To adjust the e-
: Photon
spot size at IP betector = NS ' ' +_
The evolution of laser transmission Reflector 2 / Interaction

(Grold coated copper) Pomf(lp)

Reflector 2 Interaction Point

Target1 Target2 | I
jﬂj
1

j

1500 1750 i 10000 15000 20000
Distance (mm) Distance (mm)

RMS Spot Size (mm)
RMS Spot Size (mm)




SPIN2025 Design and Preliminary Implementation of a Laser Compton Polarimeter for BEPCI|

Here we can see the visual part

o 3 -3 Laser o) pt |CS tun I n Q of synchrotron radiation light

53ZnmlLaser-Plused /
4

Screen

A/2 Wave Plate \ "
Pockels Cell
ockels Cell (= - Remo’rel\j Cdntrolled

- . I I /| : (o) Neﬂec’ror(S Znm) |
1
]

(620-800nm pass)
A/4 Wave Plate

Polarization Unit |:|

Silica
Window
]

Laser targets

e_

Photon

Detector = N ' ' "
Reflector 2 / Inferaction

(Grold coated copper) Pomf(lp)

| Teblo2
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O 3.3 Laser optics tuning

53ZnmlLaser-Plused

Screen

otely Cantrolled
ector(5$2Znm) |
-800nm pass)

Camera with lens g Movable target

Polarization Unit I:l Xy Quartz window
LED lighting

Laser ‘mrgefs

—
Photon
Detector = N ' '
Reflector 2 / ln’remchon
(Grold coated copper) 4 Point(IP)

532nm laser
:l 1 The spot on target /aiamond window

Beamline vacuum chamber

Surface damage of the reflector deteriorate the N € —
|aser Spot Size' event rate Signiﬁcantly |ower in-air reflector Sychrotron radiation, bremstahlung,

backscattered gamma

Laser Gaussian Distribution Laser Distribution{pixel)

8

Employ a single crystal diamond window

I with water cooling to seal the vacuum

Vain
a 8 N 8 e & 3
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© 3.4 Beam commissioning < Alignment of detector & electron beam based on background

53ZnmlLaser—Plused — T

Screen / \
A/Z Wave Plate Pockels Cell

' / Remptely Cantrolled . g
() ' ‘ ‘ - 1 f 0 Neﬂec’ror(s 2nm) | ~ 1 OO COIlIdIng
i Wave Plate -V B U, ris §(620-800nm pass) bu nCheS in

storage ring
Polarization Unit [ wall |
Silica \
Window
i Laser ’rarge’r\s\ /
| e_
N\ ' r $ f|—/6'nline adjustment of the electron position at

Photon
petector = , the IP by the local bump of the storage orbit.
Reflector 2 Interaction

(Grold coated copper) POinf('P)

BLM Reading - BPMO08_H-Bump BLM Reading - BPM08_V-Bump

BLM Reading(Hz/mA)
sy
8

Connected to an oscilloscope

4 6 8 -35 -3 -25 -2 -15 -1 -05 O 05 15 2

Nsmm lead + glass SClntﬂlatOI' (NS X 5 sz )+ PMT Horizontal bump height @ R4OBPMO08(mm) Vertical bump height @ RAOBPMO8(mm) 20
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O 3.4 Beam commissioning -« Scan the position of laser to find the collision signal

532nm Laser-Plused Online adjustment of the laser position at _— —
the IP by rotating along pitch and yaw axes. / \

Screen
———

\
Pockels Cell
oces HEl Il — s e S Remptely Cantrolled

() ' ‘ . 1 f | : o] Neﬂec’ror(s 2nm) | ~1OO COIlIdIng
/i Wave Plate 1 ) Iris |1 (620-800ni pass) bu nCheS |n

» Focus Unit

Polarization Unit |:|

Silica
Window
| 1 |

A/Z Wave Plate

storage ring

\

Laser Targe’r\s\

| e_

Photon $ -l_/

Detector = S\ ' r :
Reflector 2 / Interaction

(Grold coated copper) POinf('P)

The laser 1s configured in internal trigger mode (4.5 kHz) ,
asynchronized with the ring RF frequency, the straight

section 1s 5m long, the laser pulse is likely to coincide
with up to 3 bunches

: - =» We can disregard the longitudinal matching here
Connected to an oscilloscope

~5mm lead + glass scintillator (~5X5cm?)+ PMT




SPIN2025 Design and Preliminary Implementation of a Laser Compton Polarimeter for BEPCI|

O 3.4 Beam commissioning

[—

B aserqout
Causality between laser and AR A ogl - 'internal trigger at 4.5kHz

S

backscattered y signal Y S Mirror Box™
Event rate increases with laser power < B
in a narrow temporal window A= a 600ns-window

Connected to an oscilloscope

Detected signal increases with laser power Temporal distribution of detected peaks of 1000
triggered waveforms

w
o

N
wv

80

N
o

60.
40_

Event rate(Hz)

20

o 4
Laser power(W) zoql'i me(ns )400
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O 3.4 Beam commissioning

* Timing system sends 4.508kHz trigger to laser, in synchronization with ring RF frequency
* Laser is now synchronized with one pilot bunch

;ﬁMt
I

Bar Charu o7 "?5ns Delay Data

Bar Chart of Ons Delay Data

cé:ielay ol _ | delay + 485nfs

: . . 1 . 1 0 T T T T T T T } 0 T T T T T T T | 0 T T 4 T T T T T |
13100 13120 13140 13160 13180 13200 13130 13135 13140 13145 13150 13155 13160 13165 13170 13130 13135 13140 13145 13150 13155 13160 13165 13170 13130 13135 13140 13145 13150 13155 13160 13165 13170 ) 3
Time(ns) Time(ns) Time(ns) Time(ns) -
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Single bunch collision via BLM

O 3.5 Detector commissioning

Bar Chart of 495ns Delay Data

120 A

100 4

We have observed the gamma signals via Taichu-Pix 3.

.
£ ol
g

40

The next step is to distinguish the collision signals from
the background

20 4

Il 1
T T + T T T r T +
13130 13135 13140 13145 13150 13155 13160 13165 13170
Time(ns)

Taichu-Pix 3 detection system Signal on Taichu-Pix 3

»
i

Event timestamp
Time resolution = 50ns
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O 4 Summary

* A laser Compton polarimeter has been designed and implemented 1n the electron
storage ring of BEPCII, for vertical polarization measurement via detection of the
vertical asymmetry of the back-scattered .

First laser-beam collision has been observed (BLM), commissioning 1s underway
to detect electron beam polarization (TaichuPix-3).

Such a polarimeter can enable tests of resonant depolarization and study radiative
depolarization mechanism, and contribute to spin physics research at BESIII
experiments.
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Segmented
electron
. detector
7
Scattered electrons s

7
e

AV AR VARV

Photon detector

Electron bh
A\M\

Laser system

Transverse

Calorimeter or pixelized detector Pixelized detector
Longitudinal

Accelerator ;
implementation ~100m drift for spectrometer

Background SR & bremstrahlung ©

Limited resolution for calorimeter

Intrinsic i
trinsic issues Sys. error due to converter for PD

only measure 2 components
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O Backup

Pre-shower

Glass plate

AARENRITNZRESIRERARNEER Y

- HUREE3mMm, WE#E20s RIHRE~1% ||

- R FAXRERELSES _ / Si sensor
EEafgammaz=fl=R12.8MHz, BEIZiRiN%~180MeV peampipe

Figure 3: The sketch of the Geant4 model. The vacuum pipe
with a one-mm-glass end cap is located on the left. The lead
pre-shower and silicon sensor are located on the right.

50

Location beamline and experimental hall of 4W2 wiggler
Laser 532nm, 4.5 kHz, 2 mJ, 1 ns, flippable circular £ Pl

o 45 L
[ 50x50mm?

polarization .

Observable | Vertical asymmetry of backscattered y (up to 180 8
MeV)

Detector lead preshower + silicon pixel detector

Figure 4: The measured polarization as a function of the

I o~ thickness of the lead pre-shower and the area of the sensor.
Slgnal baCkscattered y ZOkHZ/mA/W The areas of the sensor are 100 x 100 mm?, 50 x 50 mm?
and 25 x 25 mm?. The red line indicates the true value of

Background | bremsstruhlung vy ~ 1kHz/mA beam polarization,
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