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2024 Prospects
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• A summary of our activity has been presented at the workshop organized at Victoria in December.
§ Will not repeat again here à backup.

• Open questions: detector design for photons
§ Further progress on detector relies on success of funding à expected answer in February (1rst stage), 

June (2nd stage)

• Critical aspect is the synchronisation of the laser to the RF clock
§ Discussions held in Oct.’23 with H. Kaji-san and T. Kobayashi-san
§ Scheme would consist in providing the synchronized clock using the WhiteRabbit technology (CERN) and 

the IDROGEN board (designed at IJCLab)
§ Synchronisation tests are being performed at IJCLab and at KEK starting from this week.
§ Joint IJCLab/KEK tests planned for June’24 during B2GM

• Baseline for the Compton polarimeter is to measure longitudinal polarization
§ Valid if the spin rotators are inserted around B2E
§ if not transverse polarization has to be measured
§ Manitoba group investigates the possibility of measuring scattered electrons (not easy)
§ Current investigation at IJCLab of transverse polarimeter using scattered photons with converter and pixel 

sensor profiting from the angular spread larger for photons compared to electrons but photons need to 
be converted, detected, etc. Investigation made in the context of a small collaboration with IHEP for BEPC.



Backup

29/01/2024 Compton polarimetry at IJCLab -- B2GM 3



Be
re

st
sk

ii
&

 L
fs

hi
tz

Q
ED

 te
xt

bo
ok

 Compton scattering

29/01/2024 Compton polarimetry at IJCLab -- B2GM 4

The Compton cross-section averaged over scattered particles spins:
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Transverse laser polarisation: nuisance parameter to 
minimize and keep under control 

Transverse electron beam polarisation: intervenes as an 
asymmetry in the transverse plane

⚠ But small opening angle of sca1ered par4cles:
• Transverse polarimetry is more difficult to implement wrt longitudinal polarimetry
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Integra7on
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“yellow fence”

BLA2LE

Laser/e-beam
interaction 
point

Photon 
detec8on

Electron 
detection ?

1. For spin rotators at current B2E loca^on of SuperKEKB
à a nice place before BLA2LE where polariza^on is longitudinal and enough free space
à polarimeter data is representa^ve of polariza^on at Belle II IP (up to magnet mislalignments)

2.      For spin rotators at about 80m from Belle II IP 
à no solu^on found to measure longitudinal polariza^on
à use same loca^on but measure transverse polariza^on (no detailed study at this stage of this)



Mechanical system integration
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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



Beam impedance (longitudinal)
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Zhou, Ishibashi



Beam impedance (ver7cal)
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Zhou, Ishibashi



Box with rough temperature control

Box with rough temperature control

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

Possibility to synchronize the laser on the RF clock of the accelerator using the 
WhiteRabbit+IDROGEN technology under experimental investigation at IJCLab

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



Photon detector integration
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‘minor’ modifica^ons of BLA2LE region
à no modifica^on of magnet required
à NEG pumping on the ‘wrong’ side

Requires modifica^on of a pipe to let photon beam out
à proposed pipe modifica^on  (validated by T. Ishibashi and D. Zhou)

Pumping port side need to be changed.

BreadBoard
450x450 mm2

Xray out : 210 µrad
≈ Ø6 mm at 14,5 meters



Integration in accelerator
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Beam pipe at ~1m from ground
Electronics can be located and shielded on ground below 
scin8llator +PMT



Single channel photon detector
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Basic elements
• a VERY FAST radhard scintillating crystal à BaF2

• Need to filter out the slow component à UV optical filters
• a PMT with low transit time dispersion à commercially available (hamamatsu for instance)
• Bunch/bunch measurement

Energy measurement

Funding request to ANR submitted (answer feb-June ‘24)

…

2500 histrograms



Conceptual acquisition chain
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BaF2 PMT

Optical filter 

FPGA
Analog 

Front-end
+ ADC 

(>=10bits)

Every 4ns
2500 histograms
Fast treatment: fit

clock

Synchro card 
(WhiteRabbit ?)

Accelerator RF Trigger to identify 1rst bunch

1rst Bunch identifierreset

To remote storage (10MB/min)

Reduced data
To online monitoring

clock

Update program, constants



Expected performance
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• Systematic uncertainty related to beam transport from Compton IP 
to Belle 2 IP need to be evaluated à misalignements in beam 
transport

• 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) 



Compton polarimetry
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Polarization dependent term generates a left-right asymmetry function of 𝐸!
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Use green (~515nm) laser
Postpone transverse polarimetry to a later stage



Conceptual design
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• A summary of the conceptual studies performed for 
the laser system and the scattered photon detector 
has been published recently

• A summary of the results is inserted in the current 
CDR draft



Beam sizes and spin projection in z
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BLA2LE BLX2LE.2 BLY1LE.1/2

55% of the IP Sz

99% of the IP Sz

85% of the IP Sz

Using Y. Peng data, hfps://indico.belle2.org/event/5306/



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

Notoriously a difficult task but ‘do-able’

Eased by implementing a nicely vertically 
segmented electron detector.

à Requires detailed simula8ons
à Requires some transverse sampling (not 

easy for photons) 
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Choice of scin7lla7ng material
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Basic elements
• a VERY FAST radhard scintillating crystal à BaF2, the only solution ?
• Filter for the slow component 
• a PMT with low transit time dispersion (AND solar blind ?) à commercially available ?
• Associated electronics



Slow component filtering
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From Saint-Gobain datasheet.

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

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

Long tail à pile-up

Requires subtraction (in average), but 
fluctuations remain à spoil resolution

Use UV op8cal filters insteadàcommercial products
exist for instace at 185nm +- 20nm (FWHM)
Y doped BaF2 being investigated



PMT
• Main requirements: fast (low rise time, low transfer

time spread) and not blind to UV.
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