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Motivation
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* Requirement for the lumi-detector

* Fast feedback
* Large area

* Adantage of LGAD

* Fast signal pulse: ~2 ns
* Large area

* Rdiation hardness: 2 MGy

* |ow cost

Distribution of particles lost at DEMVO1IRD
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configuration of magnets in the ring / l

Positionl Position2 Position3
Distance from IP 10m 84m 90.5m
Average Number detected/collision 3.4(two sides) 3(one side) 3.2(one side)
Average Number detected/ms 2830 2500 2670
Expected Measured Precision 1.9% @1kHz 2.0% @1kHz § 1.9% @l1kHz
Average Energy of scattered electron 24GeV 70GeV 75.3GeV
Average Hitting Angle 1.7 x 10~ 4rad 7 x 10 %rad | 7 x 10~ %rad
Maximum Secondary Particle Position 88mm 104mm 105mm
Detection Area 5 x 20em? 3 x 15em? 3 x 15em?
Backgrounds SR Photons in 1 Side} - -
Beam-Beam Deflection Impact sensitive less sensitive | less sensitive
Detector Number 2 1 1

Detector Measurement Parameters
Detector Time Resolution
Detector technology possibility

Number of signals within 1ms

LGAD

600ns

, SiC, Diamond

2024M.Li et.alRDTM



https://link.springer.com/article/10.1007/s41605-024-00491-8

Motivation

 the difficulty in increasing the luminosity of Belle II:
* bunch-by-bunch information for beam loss diagnostics.

* Asthe accelerator collision interval is shortened (from 4 ns to 3 ns), the signal width of the
existing diamond detector (4 ns) .

SuperKEKB (Electron-Positron Collider)
C.M.S. Energy: Vs = 10.58 GeV
Luminosity: L-> 8x10* cm %t
(Luminosity Frontier Machine)

Achieved in 2024 : L=5.1 x 103* cm2s!

Electron | Positron

Energy (GeV) | 7 4

Current (A) 3.6 2.6




Propotype for CEPC fast luminosity detector

15 pixels 25 pixels

Beta source Test
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Performance of Large area LGAD
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Installation of LGAD at Belle 11
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Results of the LGAD

Large-area LGAD detector’s luminosity test data during beam operation at the SuperKEKB accelerator
shows a signal significantly higher than that of a diamond detector.
It can efficiently reflect the real-time bunch-by-bunch luminosity.
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Methodology

» Select 10-second time intervals, during which the luminosity measured by ECL detector remains relatively stable.
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A relatively stable time interval is defined as one in which the
- relative precision of the ECL luminosity falls within the lowest 5%.
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Relative Precision of differgnt“
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» The diamond sensor’s precision has better consistency with this assumption but much worse than LGAD’s. .



— e Study of the
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Study of the Sensitivity of LGAD

io.orr—mmmoHo—m—68#n-  —+5r 0 ——0/—"—7—T—— 77T T oo P—pmmm™m™Mm™pm——m———————7—— L e A I S S S R B
TIL CH2 TIL CH4
— fit: y=-5.257e-04x+3.351e+01 . _ — fit: y=-2.984e-04x+3.106e+01
80 : ] 80}
2 60f § % 60
= | =
pe b=
o3 4ot | B 4o}
20
ol L - L - . - 05 5000 10000 15000 20000 25000 30000
0 5000 10000 15000 20000 25000 30000

: : 30 -2.-1
ECL Luminosity [1()30 cm_Qs_l] ECL Luminosity [10°Y cm™*s™"]

All Data from Nov. 19th to Dec. 19th 12



Summary

» Using this method, the behavior of relative precision of LumiBelle2 with respect to
ECL luminosity is studied.

» LGAD has much better performance than diamond sensors at relative precision
aspect. Relative sensitivity is “2% during one month period



