Novel Approach for Measuring ISR Photons at
BESII!

Frederic Stieler!, Achim Denig!, Peter Drexler?, Leonard Koch?, Wolfgang Kiihn?,
Werner Lauth?!, Max Lellmann?, Jan Muskallal, Saskia Plura?, Christoph Florian Redmer?,
Yasemin Schelhaas?!, Hang Zhou'

ljohannes Gutenberg Universitit Mainz
2Justus-Liebig-Universitit GieRen

F Deutsche Meson 2026
D Forschungsgemeinschaft th . . I=I9) g;?'ggﬁée[)seiggt%lrs
o e o 18" International Workshop on Meson Physics

26.06.2026, Krakéw Poland
sof BCSII




Measuring Hadronic Cross-Sections at ee* - colliders

* Measure at different beam energies

* Recalibration when changing beam
parameters

* Range of energies depend on accelerator

)




Measuring Hadronic Cross-Sections at e*e” - colliders

° Measure at different beam energies ¢ ISR phOton reduces effECtive Center Of

_ _ . mass energy
e Recalibration when changing beam

parameters « Cover energy range: 2m,, < Vs’ <+/s

* Collect high statistics data set at one beam

* Range of energies depend on accelerator energy
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Initial State Radiation - Methods

polar angle distribution of ISR photons (MC)

Most ISR photons emitted at small angles 10°
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ISR Methods:

 Reconstruct photon from E — p
conservation (untagged)
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BEPCI| — Belijing Electron-Positron Collider

e Design luminosity of
1.0 X 1033 cm2s?

e Center-of-mass-energy of
1.8 -5.0 GeV
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BESIII — Beljing Spectrometer |l

e Design luminosity of
1.0 X 1033 cm2s1

e Center-of-mass-energy of
1.8 -5.0 GeV

* Polar angle acceptance up to
|cos(8)| < 0.93 = 21°

=>» Most ISR photons are lost
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BESIII — Beljing Spectrometer |l

RPC: 9 _ RPC: 8
: . layers = Calorimeter ayers
e Design luminosity of
1.0 X 1033 cm2s1
SC
e Center-of-mass-energy of Solenoid .
1.8 5.0 GeV — %,
ToF S S
* Polar angle acceptance up to x4 % &
Nndca
|cos(8)| < 0.93 = 21° e AR % 2
i\
=>» Most ISR photons are lost sC =
Quadrupole @
=»Place crystal Zero Degree "y — _ oD
Detector (CZDD) at small Muon Chambers Superconducting Solenoid
angles Electromagnetic Calorimeter Time-of-Flight System
Tracker NIM A614 (2010) 345
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Location of cZDD
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Challenges:

* Constrained space between beam pipes

* High background rates




cZDD as Luminosity Monitor
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crystal Zero Degree Detector (cZDD)

4x3 SiPMs
e Two arrays of 4x3 crystals with
polar angle acceptance of
0.1°<0<0.7° k =

* 1 cm gap due to
Bremsstrahlung at small angles Y e y

* SiPMs collect light output

7 cm
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e ¢ZDD signal sent to luminosity
module and ISR online feature

extraction module
-~ L —
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Lutetium-yttrium oxyorthosilicate (LYSO) Crystals

High density (= 7.2 g/cm?)

Moliere radius (= 2.1 cm)

Fast decay time (= 42 ns)
Radiation hardness (> 102 rad)

Maximal emission wavelength of
420 nm

High light output

Epic-Crystal, "LYSO(ce)", http://www.epic-crystal.com/oxide-scintillators/lyso-ce-scintillator.html, 27.08.2021



J-Series Silicon Photomultiplier

* Onsemi J-Series 60035

* Photon Detection Efficiency > 50 % at e B
420 nm T
* RC charging time constant of 50 ns CopiL @ PMZ

PMS = Li SPM6
7 :;|

* Total of 22,292 pixels on active area of i
(6 X 6) mm? |

e Dark count rate temperature
dependent (~ MHz)
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cZDD Mounting

Entry for cooling airflow

T/Front end electronics

Vertical stage

+3 mm | — Exitfor hot air
402 mm
Visr Plate to mount detector
/ at BESI||
Crystal boxes
165 mm

56 mm\



Testbeam at Mainz Mictroctron (MAMI)
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* Electron beam energy of
= 180 MeV to 855 MeV at RTM3
= up to 1.6 GeV at HDSM

 Maximal cw current of = 100 pA

ExH MESA 3

ExH MESA 4

* Small beam with high intensity = =




MAMI Testbeam — Position and Energy Resolution

2D-Integral Position Histogram for Crystal 6
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MAMI Testbeam — Position and Energy Resolution

2D-Integral Position Histogram for Crystal 6
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Energy Resolution
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MAMI Testbeam — Deadtime

Analog Sum of 12 SiPMs: 855 MeV

—— Deadtime Fit /
2.5 1
* ¢ZDD compared to reference + Data (arrors x 100)

Cherenkov detector /
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cZDD Installation at BESII|
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cZDD Installation at BESII|

e  Beamline

et Beamline
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Finding Best Position for cZDD
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Commissioning

Luminosity Comparison

* Luminosity monitor i ¢ZDD
A . BUUDDU—: —— BLM
* Competitive with BLM ;
performance on west side 250000 1
. |
* SiPMs turned off during 200000 -
beam preparation Z !
£ 150000 -
=>» Cause temperature E |
difference of 10 degrees 1000005
=>» Stable operation in 50000 1
thermal equilibrium after % | I N AR ) R
three minutes ECT / O T . S

Time [hh:mm]
et and e "beams are

replenished
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Commissioning — Beam Stability
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Summary
Summary A\

 ¢ZDD as additional detector for BESIII
at small angles

* Detect ISR photons and measure
luminosity for beam tuning

e |nstallation at BESIII and first data
taken

* Improvement of detector electronics
=» Radiation hardness

* Development of an online feature
extraction for ISR measurement

Frederic Stieler crystal Zero Degree Detector 26.06.2026 18



Summary Thank you for your attention

 ¢ZDD as additional detector for BESIII
at small angles

* Detect ISR photons and measure
luminosity for beam tuning

e |nstallation at BESIII and first data
taken

* Improvement of detector electronics
=» Radiation hardness

* Development of an online feature
extraction for ISR measurement
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Appendix
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Data Acquisition — Luminosity and Slow Control
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* Slow control for configuring SiPM voltages and thresholds
* Temperature monitoring
* Preparation of the luminosity signal

=>» Using sum over signals of both SiPM arrays

* Implementation of luminosity measurement planned for this summer

crystal Zero Degree Detector 26.06.2026




Data Acquisition — SADC

* Adjust SiPM voltages and thresholds

* Temperature monitoring

e Preparation of the luminosity signal

Digitizes analog signal

* Sampling rate of 125 MHz

* 14 bit resolution > o

* Two FPGAs for online feature :it ¢
extraction
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Radiation Damage

* SiPMs and electronics stopped working
after few weeks of operation

* Measurement of background radiation
dose using gamma dosimeter

* Measurement period: 1 week

=» Place frontend electronics in safe location

=>» Transport light using light-guides
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