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Introduction

Compton scattering:
Cross section
Longitudinal and transverse polarimetry

Integration aspects of Compton polarimeter (laser system and interaction region)

Concept of photon detector

Sensitivity studies of a photon detector
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Compton back-scattering

laser (E;) scattered

photons (E,) ) ! s ’
S .

NNNNN
e beam E, S Y

* Initial electron energy (7 GeV)

* Initial photon energy (2.4eV at 515nm)
e Crossing angle of beams

* Emitted photon energy
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Compton back-scattering

X = + cos 0 y ==
m? E,
The Compton cross-section averaged over scattered particles spins:
055"
] erent'\o\ o Transverse laser polarisation: nuisance parameter to Transverse electron beam polarisation: intervenes as an
D‘ﬁ Sect'\on minimize and keep under control \ asymmetry in the transverse plane

do do : do .
d_;(x’ y) + d__‘; (x' y) COS(Z(q’obs - (plas) :Pllérsl T d_y" (x, y)“Plizl (PTfT (x» y) COS(Qoobs - (pelec) PZfL (x: y))

Electron beam polarization independent Electron beam polarization dependent
For the Laser: _ For the electron beam:
Circular pol.: PS¢ Longitudinal pol.: P,
Linear pol: :Pllclz? Transverse pol.: Pr
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Transverse distribution of photons

I 1 1 1 I 1 1 1
—515nm
— 1030 nm -

Conical emission:
e 98% of photons within 730urad

1 1 1 1 1 I i :&_I_-
0 200 400 600 3800
0 [urad]
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do doy
—(x y) = —(1 + P,AALR)

Longitudinal Compton polarlmetry

Polarization dependent term generates a left-right asymmetry function of E,,
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Using a 515nm laser provides higher sensitivity
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do doy
( ) Y) = —(1 + PrAdAyp)

Transverse Compton polarimetry

Polarization dependent term generates an up-down asymmetry function of E,,

E_ [GeV]

E_ [GeV]

The asymmetry is smaller, requires excellent transverse alignement (and or resolution for electron detection)
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Transverse polarimetry at HERA

X 103:

- 2500

E_Eup+Edown ’

n_ Eup_Edown i E

1500 F

Eup+Edown
1000

500 -
Tungston-scintillator sampling 0 ™08 =0p tos iz o o o o
calorimeter 12x1.6 X spatial coordinate

Two optically isolated halves,
read-out on four sides

" Energy asymmetry n fit
AL L LR B T . T (R LA LR LT L L

| 3 |
Calorimeter centre i

Exactly the operation that was done at HERA
TPOL a long time ago.

{ Silicon + calorimeter data
(table scan June 2007)
— Model fit to data

Energy asymmetry n
)
[

Notoriously a difficult task but ‘do-able’
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- Requires detailed simulations Eoot £ ' & ' ' e

= Bt gt g 0'9.‘3. .|'m Y LR e
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Can be eased by implementing a nicely S0 s 0 s 10 15
. S — Sili -position (mm)
vertically segmented electron detector. USSR, con v




Location

Best candidate location to install polarimeter is before BLA2LE
Beam sizes and spin projection in z:

BLA2LE BLX2LE.2 BLY1LE.1/2

140 T T
ol 99% of .
thelpsz 85%Of
the IP Sz
100 -
] 55% of
- 80

the IP Sz

20

X

Using Yuhao data, https://indico.belle2.org/event/5306/
o [0.01mm] oy[O 01mm],|S_ [x100]
\ 5 8
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BLA2LE/BLX2LE.2
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Mechanical system integration

910 mm

Cross Angle Horizontal : 10 deg
Cross Angle Vertical : 4 deg

09/02/2023 Update of the sensitivities studies of the SuperKEKB Compton polarimeter




Zhou, Ishibashi

Beam impedance (longitudinal)

Preliminary results of impedance calculation

* Impedance calculation by T. Ishibashi
- Longitudinal wake with 6 mm Gaussian bunch is very weak.
- The calculated loss factor, resistance and inductance are 4.4e-5 V/pC, 3.1e-3 Ohm, and 8.0e-4 nH, respectively.
- Comparing with Table 1 of Ref. [1], these values are very small.

Table 1: Impedance budget for the SuperKEKB main rings.
Summarised are the contributions to the loss factor k|
[V/pC], the fitted resistance R [Q] and inductance L [nH] for
each type of components. The resistances and inductances
are calculated at the nominal bunch lengths of o-,=5 and 4.9

mm for LER and HER, respectively. . w w m m == ===
1

LER ' HER
0.0004 - '
Componen ky| R L :k|| R L
1
ARES cavity 89 524 - "33 190 '
0.0002 SC cavity - ) - 178 454 -
Collimator 1.1 624 130 y53 309 1081}
o Res. wall 39 231 57 v59 340 82,

1

£ 0.0000 — Bellows 27 159 51 146 265 160%
< Flange 02 137 41 ,06 341 193!
= Pump.port 0.0 00 00 106 341 66 ,
SR mask 00 00 00 '04 214 07
g ] IR duct 00 22 05,00 22 05°"
BPM 01 82 06 100 00 00,
FB kicker 04 263 00 105 262 00,
-0.0004 FB BPM 00 11 00 '00 11 001
Long. kicker 18 105 12 , - - :
- B S e w ®ou g & B ¢ on % Groove pipe 0.1 38 05 n - -
-0.05 0.00 0.05 0.10 Electrode 0.0 0.7 57 : . = = of
s (m) Total 192 1137 364 ,290 1677 621!

[1] D. Zhou et al., Impedance
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Zhou, Ishibashi

Beam impedance (vertical)

Preliminary results of impedance calculation

* Impedance calculation by T. Ishibashi
- Vertical dipole and quadrupole wakes with 6 mm Gaussian bunch are weak.

- The dipole and quadrupole kick factors weighted by beta function ﬂy=1 00 m are ﬂyxy=-0.89 V/pC and -0.88 V/pC,
respectively. These values are very small, concerning the total ,Byxy of HER in the order of 104 V/pC.
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SuperKEKB laser concept

Insertable mirror for polarization
calibration

PD
HBS

=%

L—
= Telescope
=3

e Laser placed in accelerator bay below beam line

* Pulsed 250MHz green laser with a couple of Watts

e Automatic beam alignment and stabilization

* Currently working on real-time laser polarimetry based on
photo-elastic modulation (on-going at IJCLab)

e Laser must be sync-ed to accelerator RF

CCD

Wollaston

balanced PDs
® ©

Box with rough temperature control

g Interaction region ?

Or immediately downstream (after quad) ?
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Insertable mirror
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Pb

(or other?) PVt

BaF, Crystal

Basic idea of detector

Basic elements
* a VERY FAST radhard scintillating crystal > BaF2
* Need to filter out the slow component = UV optical filters
* Interesting: Y doping reduces the slow component, but R&D stage
* a PMT with low transit time dispersion = commercially available (hamamatsu for instance)
e Associated electronics
* Next step: validate detection scheme

Imm 10cm

Electronics

18th International Conference on Calorimetry in Particle Physics (CALOR2018) 1OP Publishing
10P Conf. Series: Journal of Physics: Conf. Series 1162 (2019) 012022  doi:10.1088/1742-6596/1162/1/012022

70

i ] i
BaF, 610410 mn’ cylinder (sn; BGRI:U)
BaF; 10410 mn)’ oy

Ultrafast and Radiation Hard Inorganic Scintillators

100 for Future HEP Experiments
Ren-Yuan Zhu
California Institute of Technology, Pasadena, CA 91125, USA
50 . E-mail: zhu@hep.caltech.edu
—_
o Abstract. Future HEP experiments at the energy and intensity frontiers require fast and ultrafast
_— o inorganic scintillators with excellent radiation hardness to face the challenges of unprecedented
> - event rate and severe radiation environment. This paper reports recent progresses in fast and
E 40 S— (@] ultrafast inorganic scintillators, such as LYSO:Ce crystals and LuAG:Ce ceramics for an
inorganic scintillator based shashlik sampling calorimeter and yttrium doped BaF; crystals for
-1 0
S s the proposed Mu2e-1I experiment. Applications of ultrafast inorganic scintillators in Gigahertz
® 8 [ ] Cng (A=300 nrg) hard X-ray imaging will also be discussed.
i I 33x32x191 mm
i N (mcMms PWO (1=424
S 2=022+005 . S PWO (1
= 30 — 1. Introduction
° Y © «© 28.5°x30°x220 mm hue ; ey : i
o ganic scintillators have been used widely in high energy and nuclear physics experiments,
> t,=050+0.05ns E A géSZBSGgo Aﬂ-:‘ﬂ?? nm) medical instruments and homeland security applications. In high energy physics (HEP) and nuclear
g - VI TV o X physics experi total i i i made of inorganic crystals are
pr LONIIC BGO (l=4§0 nm) known for their superb energy resolution and detection efficiency for photon and electron measurements
FWHM =092 +007 ns. 25%25x200 mm [1]. An inorganic crystal calorimeter is thus the choice for those experiments where precision
20 e—— YLYSOILFS ()'435 nm) measurements of photons and electrons are crucial for their physics missions.
20 | Among all existing crystal calorimeters, the CMS lead tungstate (PbWO4 or PWO) crystal
25"25’51 80 mm calorimeter, consisting of 75,848 crystals of 11 m’, is the largest. Because of its superb energy resolution
OBaF, (»=220 nna) and detection efficiency, the CMS PWO calorimeter has played an important role for the discovery of
30)(30)(200 mm the Higgs boson by the CMS experiment [2]. Crystal calorimeters currently under construction are: an
10 — ACsl (=310 nm) undoped CsI calorimeter for the Mu2e experiment at Fermilab, a PWO calorimeter for PANDA at FAIR,
- 2 > 3 aLYSO calorimeter for COMET at JPARC and a PbF: calorimeter the g-2 experiment at Fermilab.
e T, » 0 ul Wi Future HEP calorimeters will be operated under unprecedented luminosity. An important issue
= - 't - 0 10° 1 03 10° 10° 10° 10 7 103 is thus the decay time of scintillation light. Table 1 lists the optical and scintillation properties for fast
w inorganic crystal scintillators with a scintillation decay time ranged from sub-nanosecond to a few tens
M o - i S Integ rated Dose (rad) nanosecond, and compared to plastic scintillator [1]. Among the fast crystals listed in Table | the mass-
0 s Pt A Dt A s " A A e

Time (ns)

production cost of barium fluoride (BaF) and undoped Csl crystals is significantly lower than others
because of their low raw material cost and low melting point.

Crystal calorimeters for future HEP experiments at the energy frontier face a challenge of severe
radiation environment. Significant losses of light output have been observed in the CMS PWO crystals
at large rapidity in situ at the LHC caused by both ionization dose and hadrons [3]. Controlling oxygen
contamination in halide crystals, e.g. CsI: T1, or oxygen vacancies in oxide crystals, e.g. PWO, was found
effective [4]. Co-doping with yttrium and lanthanum was also found effective for CMS PWO crystals
[5]. For experiments to be operated at the HL-LHC with 3,000 fb, crystals should survive an
environment with an absorbed dose of 100 Mrad, charged hadron fluence of 6x10'* p cm™ and fast
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Basic idea of detector

Basic elements
* a VERY FAST radhard scintillating crystal = BaF2, the only solution ?

® Need to filter out the slow component = UV optical filters
© Interesting: Y doping reduces the slow component, but R&D stage
a PMT with low transit time dispersion = commercially available (hamamatsu

for instance)

[ ]
* Associated electronics )
« Next step: validate detection scheme z ,K ”””3 .
£ BCP M=ttger  (20=2%cp
. w 104

2500 bunches = 2500 histograms |
About 1000 bins each (or less ?) . {
12 bits dynamics ? 4

I 30Mb (3.75MB) to transfer every minute I

Two options
(laser also needs it) and bunch identification
Deported electronics ‘a 1a’ lumi with diamonds sensors ? (expensive high BW
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BCP N=Mee  (22%pop
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SRP

T2 e,

() 1@

5 10 15 20 25 30 35 40 45
E, (GeV)

Embarked ADC and data processing in the accelerator bay w/transfer link to storage, requires clock

cables)



Polarization extraction

Offline: fitter
* Not immediate but can be very precise
* Account for every detail of the experiment = | start by implementing this step by step

% TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT TTTT T
= BCP (1= Mgep  (2)=27acr
'-'EJ | 3 I T T T T

10f BGP (3)=1gep (4)=21pgp (5)=31gep £

| BCP+BGP  (B)=1Ygep*1¥gep  (1)=1Vecpr*2Yacp - 1888 5 "
800 | %R
10 ’ o 700 Nt
Sum (8) A 600 |
neR

400

300

10
200 r
1
| M i@ . 100
10 - 1 111 | L 111 | 181 | 111 I"l L 111 | 1111 | 111 | | | | Inl-'P-I._‘I.b
0 5 10 15 20 25 30 3a 40 45
E, (GeV)

Online: fast approximate/biased extraction
* To beinvestigated based on HERA work by C. Pascaud et al. (Orsay group)
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Toy-MC sensitivity studies

We simulate e-/laser interaction — extract P,

For the fit:

Fixed parameters: e- beam energy and spread, Pr, PLL¢,

lin
las

Free parameters: P,, miscalibration scale, relative scale of each contribution (1 or 2
Compton photons), detector energy resolution

Electron beam parameters Variable Value We focus on photon detection here
mean energy E. 7GeV
relative energy spread | oe/Ee | 6.3 x 107 Laser beam parameters Variable Value
bunch charge Qe 10nC energy of each initial photon E, 2.4eV
number Of eleCtrOl'lS per bunch Ne 625 X 10]_0 laserpowerp .................... 5W
longitudinal polarization | A N 0.7 . repetition frequency Frep 250MHz
transverse polarization | Bl g... circular polarization Prire -1
horizontal beam size ..L..... 2T 660pm . | T inear polarization | A 0"
.JYertical beam size | A TZ N I Topm | horizontal beam size | ox | 500m
revolution period Trev 10us . vertical beam size oy, 500um
numl.)e.r .Of turns Nturns 6 x 1.0 Interaction parameters Variable Value
acquisition time T 25min - =
Emittance parameters oy -8.7163 crlo SSng a:ngle 02 3 97 9
Emittance parameters B 96.4621m uminosity 8.66 x 107'm
Emittance parameters € 4.49 x 10~9m.rad | Detector (BaF; crystal) parameters | Variable Value
Emittance parameters Ne -0.08333 distance to Compton IP L 13m
Emittance parameters oy 9.4502 size S 2.5cm
Emittance parameters By 127.0947m detector energy resolution ~ AVE 0.1y/E[GeV]
Emittance parameters €y 4.5 x 107 'm.rad miscalibration scale m.s. 1.1
Emittance parameters Ny —1.1x107°

09/02/2023

Update of the sensitivities studies of the SuperKEKB Compton polarimeter




Statistical sensitivity

25
20 -
< 15 For 1 min, there’s 2.2%
S error on the extraction of P,
10 4
05 1 For 25 min, there’s 0.5%
error on the extraction of P,
0.0 T ) L Ll I L
0 5 10 15 20 5

Acquistion time (min)
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(Signal-only) Toy-MC sensitivity studies

We do 1000 toys of the interaction using several configurations and study the
sensitivity on the P, extraction

gen gen gen gen gen gen gen gen gen gen
type Pz A m.s. dx dy dz P, P P, dE

A 0.7 0.1 1.1 0 0 0 0 0 -1 0
C 0.7 0.03 1.1 0 0 0 0 0 -1 0
F’ 0.7 0.1 1.0 0 0 0 0 0 -1 0
G’ 0.7 0.03 1.0 0 0 0 0 0 -1 0
H 0.7 0.1 1.1 1mm 0 0 0 0 -1 0
I 0.7 0.1 1.1 2mm 0 0 0 0 -1 0
J 0.7 0.1 1.1 0 1lmm 0 0 0 -1 0
K 0.7 0.1 1.1 0 0 0 0.3 0 -1 0
L 0.7 0.1 1.1 0 0 0 0 -0.05 -0.95 0
M 0.7 0.1 1.1 0 0 1lmm 0 0 -1 0
N 0.7 0.1 1.1 0 0 10mm 0 0 -1 0
O 0.7 0.1 1.1 0 0 0 0 0 -1 100,

Misalignment

dx

Detector Top view
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Toy-MC sensitivity studies

Entries 1000

. Mean -0.1575+0.03212

fgen — fflt Std Dev 1.016 £0.02271

Pull(f) — ¥ / ndf 74.23 /97
fit 50 Constant 39.29+1.52

(e} Mean -0.1569 +£0.0321

Sigma 1.015+0.023

Ideally, pull =0 and opy; = 1

40

Pull(P,) for the ‘basic’ configuration (A): .
0.08% bias on P,

IIII|IIIIIIIIIIIIIIIIIIIIIIII

20
10
. . y !:._
By improving the energy
resolution from 10% to 3% —— .
: Mean —0.006847 + 0.03145
- Std Dev 0.9946 + 0.02224
50— ’ 2/ ndf 40.69 /97
B Constant 40.09+1.55
| Mean —0.0067 £ 0.0315
- Sigma 0.9952 +0.0223
40_—
Pull(P,) for the configuration (C) 30—
Bias disappears (0.002%) -
20_
10:—
:. ' ' '
-5 -4 -3 -2 -1 0 1 2 3 4 5
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Toy-MC sensitivity studies

type < Pz> op,  pha opsl <m.s.> Oms s Ohs. < Bresols%] > 05, (%] i ot P
A 0.6992 0.0049-0.1569 1.0150 1.1  0.0001 0.0022 1.011 9.9994 0.0152 -0.0455 1.0040 171.7
C 0.7000 0.0041-0.0067 0.9952 1.1  6.7e-5 0.0825 1.017 3.0025 0.0081  0.2945 0.9799 150.5
F’ 0.6992 0.0049 -0.1519 1.0060 1 0.0001 0.0035 1.004 9.9994 0.0153 -0.0422 1.001 155.4
G’ 0.7000 0.0042-0.0068 0.9947 0.9999 6.2e-5 0.0856 1.020 3.0025 0.0081 0.3022 0.9845 135.6
H 0.6992 0.0049-0.15971.0130 1.1  0.0001 0.0022 1.009 9.9993 0.0152 -0.0356 1.003 171.6
I 0.6992 0.0049-0.15591.0150 1.1  0.0001 0.0047 1.013 9.9993 0.0152 -0.0399 0.9968 171.6
J 0.6992 0.0049 -0.1554 1.0130 1.1  0.0001 0.0022 1.011 9.9993 0.0152 -0.0522 0.9988 171.6
K 0.6992 0.0049 -0.15711.0150 1.1  0.0001 0.0058 1.018 9.9994 0.0153 -0.0361 1.012 171.6
L 0.6991 0.0053-0.17181.0230 1.1  0.0001 -0.0033 1.022 9.9992 0.0154 -0.0534 1.029 171.7
M 0.6992 0.0049 -0.15711.0100 1.1  0.0001 0.0026 0.9967 9.9993 0.0152 -0.0431 0.9971 171.7
N 0.6992 0.0049-0.1561 1.0100 1.1  0.0001 0.0019 0.9984 9.9993 0.0152 -0.0438 0.0019 171.7
O 0.7006 0.0057 0.1232 1.0240 1.1125 0.0004 7.1970 1.0240 9.9412 0.0364 -3.9280 0.9998 198.5

We have a fit that can extract the longitudinal electron polarization, the miscalibration
energy scale, the energy resolution and the scales for the Compton contributions
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Following e-mail exchange with Oide-san.
Any mistake reflects our misunderstanding.

Beam jitters at injection

Injection of fresh electrons affects the beam dynamics in two ways:

laser
beam

electron
beam
Shift of the center of gravity of e bunch: Emittance growth:
Damped by the feedback in ~100turns Damped by radiation in ~10000turns

dyg

Goal: study the jitters and their impact on the sensitivity of the polarimetry
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Center of gravity shift

Displacement of electron beam:
Proposed model of dxg, dyg the center of gravity shift:

—turn

dig(t) =3 0g;e N1 ;(i=x,y) N;=100

Luminosity formula with the center of gravity shift:

L(dxg,dyg) = L(0,0)ex l— Wi - oy ]
B OB = e T 6,2+ 0,7) 2002 + 042 + (0.2 + 0.2 tan0)

fBN.N;cos¢p
21/ 02 + 0y? /(0.2 + 047)cos?p + (0.2 + 0,7)sin?¢

with: £(0,0) =
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emittance X as function of turn number

Emittance growth

Emittance growth on the x-y plane: :Z:

Proposed model: :::

—turn 105_

Ei(t) = €p; T+ 4 €0 € N2 (i:X,Y) N2=10000 85_

This leads to a change in the e- beam size and the ::
luminosity O5——fabos " bososoton " datos " Batos oot

turn number

Pullp_for basic configuration (A) including jitter effects — no additional bias on P,

Entries 1000

: Mean -0.1567 £0.03197
B Std Dev 1.011 £0.02261
sol- ¥ I ndf 72.4 /97
» Constant 39.46 +1.53
- Mean -0.1556 £0.0320
[~ Sigma 1.011 £0.023
40—
30 —
20 —
10—
I_I L1l I L
0
-5
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Effect on energy spectrum

For configuration A, including the jitter effects:

160 %10 Entries 9133530
0 Mean 8.377e+08 + 1.768e+05
1
C Std Dev  5.344e+08 + 1.25e+05
120 —
100—
80—
60—
40—
20 no effect
COG+Emittance effects
0 .-r.!.---llnlllllllx106
0 500 1000 1500 2000 2500 3000 3500 4000

No effect except for statistical fluctuations for a few bins
So the shifts on the electron beam and the emittance do not affect the energy spectrum
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IIII| | IIIIIII| 1 1111

BCP (1= aep  (272¥gcp
BGP B 1eee (2%  (O)3Vaep

BCP+BGP  (6)=1Ygcp*1¥aae  (7)=1Vscr*2Yace

Entries

Backgrounds

List of background contributions:

* Bremsstrahlung radiation 107§ \a\\’:\’\P‘ ;
* Synchrotron radiation ‘ i
— 10 _:
* Compton on blackbody radiation
1 i
10_1:||||||||||||||||||'-||||||||||||||||||||‘|.|.'|"';:|.._"|"
0 5 10 15 20 25 30 35 40 45

E.(GeV)

T

v

Main Contribution ?

Just as at HERA, we suppose bremsstrahlung radiation is one of the dominant contributions

We try to make a first rough estimate here
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Synchrotron radiation

3 ,cC
“Critical energy” of synchrotron radiation: E. = EVSE ~ S5keV
p: radius of curvature ~ 146 m
100 g =
E Q
Total number of synchrotron radiation o E §
photons Ej : s F @
: 0.1 %
377: 1 EO L %;" 001 = g
Niot sync(Ex = Ep) = | ayl(5, )5 2
ync\~X = ~0 )4 ’ 20001 2,
2 2 E. 2mp 2«5;‘104 - g
E L E m
E,~200keV «— 1g cm™2 o [ i 2
O Y RV EUTY RPN . SOV RO RN T T T B -
. _ 3 10eV 100 eV 1keV 10keV 100 keV PLh:IeV 10MeV 100 MeV  1GeV 10 GeV 100 GeV §
Density of lead: 11.34g cm i )

Solution: put a ¥1 mm (or more) lead plate in front of the detector to get rid of synchrotron
radiation
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Bremstrahlung

Bremsstrahlung radiation :

Z: mean atomic number of the residual gas

nucleus , taken as 2.2 or 7 e+g —»e+gty

=
— 9
-
— (g}
° =
M o
£ >
N M
© 3
o ~+
3 3
3 c
S Th . . I . . Ey g
2 e cross section averaged over scattered particles spins : y = T >
© . 2
3 3
%) do 4-(11% 2 4 4 2 -1/3 -2/3 1 2 2
s ——=—{(y* -5y +35) (Z°In(184.1527/3) + ZIn(1194Z7*F)) + 2 (Z* + 1)(1 = y)} &
= 07 :
E 101 — 2z=22[A=10%] | &
e —— z=7 [A=10%] =
@ gl | ‘ . | |—Z=22 2
= S &
2 v 6 3
c . 3 A
E Detector energy resolution has g =
S no effect except for small energies ;a 4 =
= >
& 2- 2
a 0 9
£ 0 1 2 3 4 5 6 7 8
- E/(GeV)
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Following e-mail exchange with Andrii Natochi.
Any mistake reflects our misunderstanding.

Bremstrahlung luminosity

@ Luminosity of collision between the electron bunch and the gas particles in the beam
() .
S pipe of length L:
§ HER CCG, Lc = 3016.3147 [m]
H 10?
N EDA1--"D12--D11---"D10---D09- D08} D07--D06 D05 D04 D03 D02 v L=30m
o 7 IP : . INJ g IP —7
E £ Approximate location L P<10™'Pa
< = 1,2020: | = 348/368 [mA]
moe i / I T=300K
o ¢ : /)
5 * l AV/ I III 1 IN May9.2020 (1):1, = 507/499 [mA] Ne = 1 O n C
(7] f wen
5 A 0 A o AL A TMUW . i
= 0 500 1000 1500 2000 2500 3000
<C Sml
g
< o P - Z=1
& e- bunch _ < 00251 | j | | j | |
< : . 2 0020 { » - |
2 gas particles umformly L : Eulrggir of photons for
= distributed in the beam pipe, 2% | - 4
having pressure P 0.010 1
L P 0.005 1
Lbrem = ﬁ Ne k 0.000 4 * ———————
B L] L Ll Ll Ll L Ll L\l
0 1 2 3 - 5 6 7

E,(GeV)
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Signal+background Toy-MC

x10° Entries 1000
[ - Mean 1.084 £0.03194
160 — 60 — Std Dev  1.009 +0.02258
L x2 / ndf 67.84 /97
C Constant 39.37+1.53
140 50}— Mean +0.032
- Sigma % 0.023
120 a0~ |
100 [~ 30—
80 — 20—
60— C
- 10[—
40— -
— G 11 1 1 I 11 1 1 I 1 |+ L.l 1 I 1.1 1 1 I 11 1 1 I 11 11 I 11 1 1 l Il 1
— -5 -4 -3 -2 -1 0 1 2 3 4 5
20—
0 _| 1 1 1 1 L 1 I L L L L I L L L L I 1 1 1 L l L L L L I 1 L L L I 1 1 5
0 1000 2000 3000 4000 5000 6000 7000 8000 10
104
10°
102
10
1 ' ’
L1 1 1 I L1 1 1 I 1 1 1 I L1 1 | I | I I 1 1 11 I 11 1 1 I L1 1 11 11 1 | X1 06
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
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Table of systematics

Source Variable | Value | Uncertainty on P,(%)
Fit procedure n/a n/a 0.08
Transverse misalignment dz, dy 1mm negligible (< 0.08)
Longitudinal misalignment dz 10mm negligible (< 0.08)
Angular misalignment 0z, 0, | 100urad | negligible (< 0.08)
Beam energy E. 100, 0.07
Transverse electron beam polarisation | P7™" 0.3 negligible (< 0.08)
Backgrounds n/a n/a 0.45
Total n/a n/a 0.46
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Summary and next steps

* Transverse polarimetry is a difficult subject (at least for a photon detector)

* Location for the polarimeter in existing ring is proposed with minimal impact on beam and current design

* Proposal for a photon detector is made

* Extensive studies based on toy MC have been made

First systematic uncertainties have been estimated

Next steps:
*  Populate CDR document + JINST publication
* R&D BaF, detector + realistic GEANT simulation < French funding applied (hardware + manpower)

* Laser R&D setup has been prepared and progressing well (see presentation by Aurelien): more
progresses expected in the following months

09/02/2023 Update of the sensitivities studies of the SuperKEKB Compton polarimeter




Backup
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Basic idea of detector
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Photocathode
BaF, Crystal PMT

e+

Dynodes

I Y

Signal
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Compton on blackbody

The beam pipe emits photons through blackbody

radiation, these photons scatter on the electron The blackbody energy .
beam and the scattered photons contribute in the spectrum: dn(Ex) _ /’iaT

. B _
background effects and have an impact on the dEj  e”4 1

energy spectrum.
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Center of gravity shiftz_
=
Displacement of electron beam: S oa
Proposed model of dxg, dyg the center of gravity shift:
—turn
dig(t) =3 0g;e N1 (i=x,y) N;=100 .

0.1

Luminosity formula with the center of gravity shift:
dy,

dx as function of turn number

IIIlIIIII|IIII|IIII|II’1,I'|"III

‘\‘.‘Nﬁ.u
ISR S IR Y ST SO TN DRI e e e P PG WO PO W BT

o

100 200 300 400 500

turn number

L(dxg,dyg) = L(0,0)exp| —

luminosity factor as function of turn number

da? ]

20,2+ 0,7)  2(0.2+ 0,7+ (0.2 +0.7)tan?9)

fBN.N;cos¢

5 [
[$}
8 11— , a——
> — )
gL /s
£ L &
E o8 ¢
N :
B H L ( 0, 0) -
06— ¢
0.4—
0.2—
— I I 1 I 1 1 L | 1 1 L |
0 200 400 600 800 1000
turn number

21\ 02 + 0y21/ (0.2 + 0.7)cos2p + (0.2 + 0,7)sin?¢

Update of the sensitivities studies of the SuperKEKB Compton polarimeter




Emittance growth

Emittance growth on the x-y plane:
Proposed model:

€x (t) =

€y (t) =

—turn
€Eox T 4 €9y € N2
—turn

€oy T 4 €y € N2

N,=10000

emitX (nm)

24
22
20
18
16
14
12
10

N A OO @

II]IIII|III|III|]II,IIIlIIIlIIIl]IIlIII

emittance X as function of turn number

oO

10000 20000 30000 40000 50000 60000

turn number

This leads to a change in the e- beam size and the Ium@sity !

sigma x as function of turn number

sigma x(mm)
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Effect on energy spectrum

35000

30000

I*I||||II’IJII|II|€|_;‘?EI?‘III|I

Entries 2203192
Mean 9.258e+08 + 3.939e+05
Std Dev 5.847e+08 + 2.785e+05

25000 .
wﬁ 1
20000 1
15000
10000 without any effect | .
1
5000 center of gravity shift+emittance effect h
O_ | | | | | | | | | | | | | | | | | | | | | | | I%TL'T-&-LTJ; | | | | | | | | X106
0 500 1000 1500 2000 2500 3000 3500 4000
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Basic Alighment of detector

Deposited energy in the detector with misalignment :

Etot{GeV)

09/02/2023

E

tot as function of dy

0.3399

0.33985

0.3398

0.33975 ;

R

0.3397
0.33965
0.3396
0.33955
0.3395

0.33945

.................................................

..............................................................
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Jitter issues

Misalighment of the e beam: (w/o emittance growth)

dy as function of turn number

0.018

dy(mm)

0.016

0.014

-

0.012

0.01

0.008
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0.004

0.002
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.

1 1 1 1 I 1 1 1 1 I 1 1 1 1 ..I “I“l“mh“mhm_'_
300 400 500

turn number

o
—
o
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Jitter issues

Taking into consideration misalignment on e- beam + Emittance growth :

emittance X as function of turn number emittanceX as function of turn number
£ EF
x 22 51
E S 16
@ 20: x
18 5 14
16— 121
1aF- 10
12 B:_
10 E
= 61—
8 E
= 4
6 £
E 2
4= F
Evvv v b by by Ly Ly B Ly 1y | b
0 10000 20000 30000 40000 50000 0 10000 20000 30000 40000 50000
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. . mittanceY i
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= 0.6
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06— 0'4}
0.4 02—
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Jitter issues

Taking into consideration misalignment on e- beam + Emittance growth :

sigma x as function of turn number sigma y as function of turn number
£ 036 E F
£ L 2 13
g 0.34 1% g m
3 032 2 12
0.3 1=
0.28 -
= 10—
0.26— -
0.24F o=
0.22 8
0.2 :— - :_
0.18F -
- 61—
016t—= v v+ + I v v vy oy by sy by | —
10000 20000 30000 40000 50000 Coooo oy oy oy ey by ey by
turn number 0 10000 20000 30000 40000 50000

turn number
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Jitter issues

Taking into consideration misalignment on e- beam + Emittance growth :

xpos as function of turn number

xpos and ypos are the positions of electrons
inside the bunch on the x and y axis

-0.001}f

ypos as function of turn number
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Jitter issues

Comparison:

luminosity
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Jitter issues

Taking into consideration misalignment on e- beam + Emittance growth :
Xpos: the positions of electrons inside the
bunch on the x axis

xpos as function of turn number

Xpos
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Misalignments on the detector

Perfectly aligned beam -

Misalignment

dxi
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— Entries 2302571
70000 — J || without brem. radiation

E A‘ [ ] 27 Mean 1.052e+09 * 5.062e+05
6 I [ ]z=22 Std Dev  7.676e+08 + 3.579e+05

T

At low energy: we see an increase of the number
of photons emitted with bremsstrahlung
radiation for a beam gas of effective z=7
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50000 — I e ey B I G RRTTTI i S A BTN BRI, 11
= 1000 2 3000 4000 5000 6000
40000 :_ | without brem. radiation
- z=7
L [ Jz=22
30000 — Entries 2302571
r Mean  1.269e+08 + 1.1986+05
20000 — Std Dev  6.879e+07 + 8.471e+04
10000 —
O Ll e L e L 1 e — Entries 2302571
0 20 40 60 80 100 120 140 160 180 200 220 240

Mean 1.737e+09 * 6.772e+05

10* — Std Dev  6.625e+08 + 4.788e+05
—
%Lin
10° s
L%::Q%ﬂ
g
102 '

At high energy, we see photons emitted
with bremsstrahlung radiation for a 10
beam gas of effective z=7

without brem. radiation YT ‘
z=7 ‘ ‘* Hrﬁ
[ lz=22 H ‘

L ! | ! L L | ! L | ! ! \ L I \ ‘ ><106
2000 3000 4000 7000

HHH| I\HHH‘ \HHHI‘ HHHH‘ I\HHH‘ HH\H
i

09/02/2023 Update of the sensitivities studies of the SuperKEKB Compton polarimeter




Touschek lifetime as a (transverse) polarimeter
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A quick history

A
* Touschek described the lifetime of electrons [* T
in AdA (‘accumulation ring’) in 1963 —
(Bernardini et al., Phys. Rev. Lett 10 (1963) Lae
407)
e Baier & Khoze, pointed out that Touschek o

lifetime is sensitive to polarization (At.
Energ' 25 (1968) 440) 6000 12000 18000 L (cex)

* |t was then used in the VEPP-2M ring to U -

measure depolarization (and thus beam
energy): Derbenev Part. Acc. 8 (1978) 115
FIGURE 5 The jump in the counting rate during depolariza-

* Measuring the counting rate of scattered tion versus time from the beginning of a polarization cycle.
electrons

Mon Feb 25 13:02:192002  PNT6
17

e Ex: Allowed first precision mass of '+ ;
measurement of J/Psi (3096.93+-0.09 MeV) i bt
then superseded in 1993 (E760) ) I{ 1o

. ContinousI%/ im6proved at VEPP-4M (KEDRat 7 )
VEPP-4M: 3096.900 + 0.002 + 0.006 MeV): g .
Phys. Lett 96B (1980) 214; Blinov et al., proc. <" i tssssssssesrsesis

of EPAC (2002) 1954

E = (1547.649+-0.001)MeV Fd = (419458.6+-1.6)Hz

Figure 6: The jump AS during the scan of the depolarizer
frequency. Abscissa is the time in seconds.
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A slightly more modern use

e Used at :

« HIgS (DUKE): NIMA 614 (2010) 339
SOLEIL, NIMA 697 (2013) 1
Diamond Light Source, PRAB22 (2019) 122801
Based on expressions given in NIMA 554 (2005) 85
Also proposed for FCCee: arXiv1909.12245

316 k 1,=537h
0.8 |

= 31.5 * 1 u 1 u

o = _

c < Cle)=¢ —<(=)==In(=)-1}e ¥ du

2 06l = e u?l\e/ 2 €

i § 314 € 1. s

3 3 Feo=5[ —In (—) e " du

o £ 2J) u €

C 04 F 31.3

g 04 b (1) = Pol1-exp(-(t+1o)T)] 3

g T=60+9 (min) 7=5.2610.1h =521h

o o 6J1=2%

8 P, =0.85+0.03 312 f

02 ty =55 (min) ~
™.
.,
311 H H H ; H
oL L A A . . ; 0 50 100 150 200 250
0 50 100 150 200 250 300 Time (sec) 2
Time t (min) Fig. 4. lllustration of beam lifetime determination around the current of 31 mA of A
the first run. pm pO

Fig. 6. The build-up process of the electron beam polarization P(t). The solid line is E —_— _—
the exponential fit of the data. The fitting model as well as the fit results are also ’y 0' p
shown in the plot. X

A~ I0uP) ~ (ac©> ~ 13V0 (AP /Po)

PO~ \/1 I(t)t(P)—Io7(0) 4 _ <GF©)> ) JRer?
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For SuperKEKB

11— — —— .
F(<e)IC(<e>) |
—— <aF(¢)>/<aC(e)>

1.08

~

S 1.06
Sl

~~
P

[l
= 1.04
-

1.02

—

o
RN

0.2 0.4 0.6 0.8

* |tis ~4% effect assuming (overall) momentum acceptance of 0.6%, and using her_2021-06-
09 231636.388_MeasOpt

* Needs some detailed evaluations if this is observable in SuperKEKB

* May need to inject both polarized and unpolarized beams and measure bunch/bunch intensity
with time to minimize systematics

* Maybe F/C factor could be calibrated by comparing measurements with various momentum
acceptances ? (linked to RF voltage ?)
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