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Compton scattering

Fig. 1. Tree diagrams for e~y — e~y
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The Compton cross-section averaged over scattered particles spins:
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Transverse laser polarisation: nuisance parameter to Transverse electron beam polarisation: intervenes as an
minimize and keep under control asymmetry in the transverse plane

Electron beam polarization independent Electron beam polarization dependent

] =551+ BRA)
A\ But small opening angle of scattered particles:

* Transverse polarimetry is more difficult to implement wrt longitudinal polarimetry
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Integration

1. For spin rotators at current B2E location of SuperKEKB

- a nice place before BLA2LE where polarization is longitudinal and enough free space

-> polarimeter data is representative of polarization at Belle Il IP (up to magnet mislalignments)
2.  For spin rotators at about 80m from Belle Il IP

- no solution found to measure longitudinal polarization

—> use same location but measure transverse polarization (no detailed study at this stage of this)
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Mechanical system integration

910 mm

Crossing Angle Horizontal : 8 deg
Crossing Angle Vertical : 4 deg
+ some neutron + lead shielding around electronics to be located below the table

+ some lead shielding around the table to protect the laser
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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 ,By=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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Laser system

IP

HBS

°PD
Q\HBS ,j QWP /<

CCD
Wollaston
b bal d PD
) alance S
® ©

[Box with rough temperature control

== Telescope
| |

Rough design based on past experience
300um beam size shall not be a problem (Rayleigh range of 1m)
Elliptic beam can be delivered with cylindrical lenses/mirrors

Key aspect: remote operation of the system that will be located in the tunnel

Possibility to synchronize the laser on the RF clock of the accelerator using the
WhiteRabbit+IDROGEN technology under experimental investigation at 1JCLab
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Photon detector integration

‘minor’ modifications of BLA2LE region
- no modification of magnet required
- NEG pumping on the ‘wrong’ side
Requires modification of a pipe to let photon beam out
-> proposed pipe modification (validated by T. Ishibashi and D. Zhou)

ooooo

116
110 110
39 8 63

/1 @
T
[ C

s R9

92
80

&

Pumping port side need to be changed.

ay out : 210 prad
=~ J6 mm at 14,5 meters

BreadBoard
450x450 mm?
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Integration in accelerator

Beam pipe at ~1m from ground
Electronics can be located and shielded on ground below
scintillator +PMT
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Single channel photon detector

Basic elements
* a VERY FAST radhard scintillating crystal > BaF2
* Need to filter out the slow component = UV optical filters

* a PMT with low transit time dispersion = commercially available (hamamatsu for instance)
* Bunch/bunch measurement
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Funding request to ANR submitted (answer feb-June 24)
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Conceptual acquisition chain

Optical filter

2500 histograms

E 4 i
very 4ns Fast treatment: fit

"\/—

Reduced data
To online monitoring

To remote storage (10MB/min)
Update program, constants

clock 1rst Bunch identifier

Accelerator RF Trigger to identify 1rst bunch
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Expected performance
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Monte Carlo data
Fit

1 Compton photon
2 Compton photons

3 Compton photons

1 Beam-gas photon
1 Beam-gas photon + 1 Compton photon
1 Beam-gas photon + 2 Compton photons

Table 4. Systematic uncertainties on the extraction of P, see text for details. Background modeling and

absolute knowledge of the laser polarization dominates.

Source Uncertainty on P,(%)
Laser beam polarization 0.30
Backgrounds 0.16
Fit procedure 0.080
Beam energy 0.050
Spatial misalignment 0.015
Angular misalignment 0.015
Longitudinal misalignment 0.015
Transverse electron beam polarization 0.015
Total 0.35

Statistical precision: 1%/bunch every 5min
NB: fit can be performed in 1min for the 2500 bunches assuming few
nuisance parameters known and fixed (calibration can occur from

time to time)

Systematic uncertainty related to beam transport from Compton IP to
Belle 2 IP need to be evaluated = misalignements in beam transport
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Conclusion & Prospects

A summary of the conceptual studies performed for
the laser system and the scattered photon detector
has been published recently in JINST

A summary of this paper is inserted in the current
CDR draft

Further progress on detector relies on success of
funding

Synchronisation scheme for laser to be validated in
2024

Currently investigating possibility of a concept of a
transverse polarimeter using converter + pixels
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Conceptual study of a Compton polarimeter for the
upgrade of the SuperKEKB collider with a polarized
electron beam
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AsstrAcT: The physics scope of the Belle II experiment currently acquiring data at the SuperKEKB
collider will expand with a polarized electron beam upgrade, as recently proposed. Among the
required elements for this upgrade, a real time diagnosis of the polarization is necessary to ensure it is
large for all bunches in the accelerator during its regular operation. This will be realized by inserting
a Compton polarimeter in the accelerator. Its conceptual design is described and no show-stopper
for its integration has been identified. An estimation of the sensitivity of the polarimeter is made by
means of toy Monte-Carlo studies. The proposed design accounts for the constraint to preserve the
performance of the SuperKEKB accelerator and to cope with the short time separation of successive
bunches. We show that the polarimeter will measure for each bunch the polarization within five
minutes with a statistical precision below 1% and systematic uncertainties below 0.5%. It has the
capability of providing this information online on a similar timescale. This work paves the way
towards future implementation of real-time Compton polarimetry in several future projects.

Keyworbps: Accelerator Subsystems and Technologies; Beam-line instrumentation (beam position
and profile monitors, beam-intensity monitors, bunch length monitors); Instrumentation for particle
accelerators and storage rings - high energy (linear accelerators, synchrotrons)
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Polarization dependent term generates a left-right asymmetry function of E,,
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onceptual design
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required elements for this upgrade, a real time diagnosis of the polarization is necessary to ensure it is
large for all bunches in the accelerator during its regular operation. This will be realized by inserting
a Compton polarimeter in the accelerator. Its conceptual design is described and no show-stopper
for its integration has been identified. An estimation of the sensitivity of the polarimeter is made by
means of toy Monte-Carlo studies. The proposed design accounts for the constraint to preserve the
performance of the SuperKEKB accelerator and to cope with the short time separation of successive
bunches. We show that the polarimeter will measure for each bunch the polarization within five
minutes with a statistical precision below 1% and systematic uncertainties below 0.5%. It has the
capability of providing this information online on a similar timescale. This work paves the way
towards future implementation of real-time Compton polarimetry in several future projects.

Keyworbs: Accelerator Subsystems and Technologies; Beam-line instrumentation (beam position
and profile monitors, beam-intensity monitors, bunch length monitors); Instrumentation for particle
accelerators and storage rings - high energy (linear accelerators, synchrotrons)

Figure 4. Drawing of the modified beam pipe for the insertion of the photon calorimeter in the SuperKEKB ring.

*Corresponding author.
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Using Y. Peng data, https://indico.belle2.org/event/5306/
Beam sizes and spin projection in z
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E=Eup+Edown
n= Eup_Edown
Eup+Edown

Tungston-scintillator sampling
calorimeter 12x1.6 X

Two optically isolated halves,
read-out on four sides

Exactly the operation that was done at HERA
TPOL a long time ago.
Notoriously a difficult task but ‘do-able’

- Requires detailed simulations
- Requires some transverse sampling (not
easy for photons)

Eased by implementing a nicely vertically
segmented electron detector.

N
ae}
o
o
B
"
LN
o
(o))
o
o
o
~
I~
i
LN
0
ol
g
S~~~
o
—l
o
o
—
LN
o
S~
(%)
i)
3
()
3
3
(S
©
]
T
~
00
~
i
O
<
o
LN
S~
(%)
=
o
5
>
0
-
pras)
c
(o}
O
~
O
O
(o)]
—
(c0]
i
—i
S~
iy
=
(]
>
ClJ
S
-3
e
=
=
(0}
P
o
=
©
<
=
(%)
B
b}
3

11/12/2023

Transverse polarimetry at HERA
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Choice of scintillating material

Basic elements
* a VERY FAST radhard scintillating crystal = BaF2, the only solution ?
* Filter for the slow component
* a PMT with low transit time dispersion (AND solar blind ?) - commercially available ?
e Associated electronics

Table 35.4: Properties of several inorganic crystals. Most of the notation
is defined in Sec. 6 of this Review.

Parameter: p MP Xo* Ry* dE/dx* Ar* Tdecay Amax n'  Relative Hygro- d(LY)/dT
output!  scopic?

Units: g/ecm® °C em cm MeVem c¢cm  ns  nm %,/°CS
Nal(TI) 3.67 651 2.59 4.13 4.8 429 245 410 1.85 100 yes -0.2
BGO 7.13 1050 1.12 2.23 9.0 22.8 300 480 2.15 21 no -0.9
BaF, 4.89 1280 2.03 3.10 6.5 30.7 650° 300° 1.50 36° no -1.9%
<0.6/ 220/ 4.1f 0.1/
CsI(T1) 4.51 621 1.86 3.57 5.6 39.3 1220 550 1.79 165 slight 0.4
CsI(Na) 4.51 621 1.86 3.57 5.6 39.3 690 420 1.84 88 yes 0.4
Csl(pure) 4.51 621 1.86 3.57 5.6 39.3  30° 310 1.95 367 slight — —1.4
6/ 1.1/
PbWO,4 8.30 1123 0.89 2.00 10.1  20.7 30° 425° 2.20 0:3° no —-2.5
10/ 420/ 0.077/
LSO(Ce) 7.40 2050 1.14 2.07 9.6 20.9 40 402 1.82 85 no -0.2
PbF, 777 824 0.93 2.21 9.4 21.0 - - - Cherenkov no -
CeF3 6.16 1460 1.70 2.41 842 232 30 340 1.62 7.3 no 0
LaBr3(Ce) 5.29 783 1.88 2.85 6.90 304 20 356 1.9 180 yes 0.2
CeBrs 523 722 196 297 665 31.5 17 371 1.9 165 yes -0.1
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Slow component filtering

1.0 BaF,

0.8 /\ slow From Saint-Gobain datasheet.

0.6

0.4 \ Long tail = pile-up

o2 I \tv \\\ Requires subtraction (in average), but

0.0 fast T~ —— fluctuations remain = spoil resolution
150 200 250 300 350 400 450

Solar blind photocathodes (CsTe)
only reduce the. Slow component
such that is amounts about 50% of
the final light yield

Stefan Diehl et al 2015 J. Phys.: Conf. Ser.
587 012044 . Actual Transmission
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PMT

* Main requirements: fast (low rise time, low transfer
time spread) and not blind to UV.

PHOTON IS OUR BUSINESS

PHOTOMULTIPLIER TUBES

R2083, R3377

Figure 1: Typical spectral response
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» @ 3 QUANTUM __\ \ ¥ SPECIFICATIONS
5 w EFFICIENCY Z 1% GENERAL
s ‘. '| Parameter Description / Value Unit
=1 A Spectral R2083 300 to 650 nm
Q | pe R3377 16010 650 nm
o g . Wavelength of maximum re’:gons«i B4I2'2!J nm
T laterial ialkali —
g 2 . Hhotocehode ini effective area 946 mm
. il —
O o 0.1 Window material R2083 Borosilicate glass
- = R3377 Silica glass -
= Dynode Structure Linear focused -
< " m Number of stages 8 o
(6] 1\ Operating ambient temperature -30 to +50 °C
Storage temperature -30 to +50 °C
Base 19-pin glass base with SMA output connector -
" Suitable socket E678-19J (supplied) -
i
0.01 MAXIMUM RATINGS (Absolute maximum values)
100 200 300 400 500 600 700 800 Parameter Value Unit
Supply voltage Between anode and cathode 3500 v
PP 9 Between anode and last dynode 1000 \
WAVELENGTH (nm) Average anode current 0.2 mA
CHARACTERISTICS (at 25 °C)
Parameter Min. Typ- Max. Unit
Luminous (2856 K) 60 80 = PA/Im
Cathode sensitivity L R2083 — 10.0 — —
Blue sensitivity Index R3377 — 95 — —
Anode sensitivity Luminous (2856 K) 50 200 — Alm
Gain - 2.5 x 10° et et
Anode dark current (after 30 min storage in darkness; - 100 800 nA
Anode pulse rise time - 0.8 - ns
Time response Electron transit time — 16 — ns
Transit time spread (FWHM; - 0.37 - ns
Pulse linearity at 2 % deviation = 100 = mA
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