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Outline

▪ Motivation

▪ Luminosity of the ATLAS at HL-LHC with IHEP-IME LGAD

▪ Design for CEPC fast luminosity measurement

▪ Summary
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▪ High luminosity Large Hadron Collider

– Instantaneous luminosity 7.5 × 1034𝑐𝑚−2𝑠−1

– The uncertainty decrease from <2% to <  1%(off line) (LHC is 2%) very challenging！

Motivation

▪ The importance of the luminosity measurement

– Affect the physics goals： precision measurement of the Higgs …

– fast feedback for the beam adjustment: efficient beam steering, machine 

optimization and fast checking of running conditions
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Challenges for luminosity measurement
▪ Experience we got from the LHC ?

– Linearity and stability is most important

– Several luminosity detectors work together to decrease the uncertainty to1%.

▪ LGAD to do the luminosity measurement (new technology)

– Fast time resolution, excellent radiation hardness
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Beam Monitor of ATLAS with LGAD 4
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The signal of the BMA with LGAD 5
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Efficiency vs integrated luminosity 6



Yunyun Fan

Linearity：µ dependence 7

✓ µ dependence: Any detector response systematic effect 
which will affect the linearity of the luminosity measurement

✓ The data points were fitted with straight line. (P1 is the 
slope) 

✓ The BMA DAQ (gain-corrected) has the lowest P1
Which means the highest linearity

• One order better than the LUCID 
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Calibration Strategy 9
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Self calibration using the pulse height spectra 10
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Detector calibration based on MPV 11

Most Probable Value
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Carbonated LGAD Performance at room temperature 12

• Carbonated LGAD before irradiation
• Trigger only on both trigger boar
• No significant performance decrease after long time 

operation 

Sr90 beta source

Trigger board

DUT
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Carbonated LGAD Performance 13
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• Carbonated LGAD after irradiation
• 8e14 neq/cm2

• Tested at room temperature (according to BMA requirement)
• Trigger on both trigger board and DUT

• Baseline noise reduced
• Still can see a separation between baseline and MIP

• No significant performance decrease after long time 
operation
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Design for CEPC fast luminosity measurement

▪ Fast luminosity measurement requirement

– ～ns signal shape （LGAD OK）

– 100 µs feedback time for the accelerator control （same as ATLAS L1 ）

– More to discuss…
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Methods to distinguish the signals for CEPC 

▪ Signal features（According to Haoyu）：

– signal and background are all GeV electrons (all larger than MIP), one side has 

some keV photon.

– the numbers of the signal is two orders of magnitude higher than that of the 

background。

– uniform distribution of the signal electron and the background electron along the 

circle of the beam tubes =  we can put our detector on random location and 1 

location could satisfy

– Signal has an special angle : 1mRad along the beam pipe

▪ Method： Using counts of the signal accorded by the LGAD to 

distinguish the signal and background
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▪ Requirement of the LGAD sensor

– Time resolution 30 ps

– Radiation hardness：TID 2MGy，NIEL 2.5e15？

– Linearity ： counts vs luminosity 

– LGAD is blind to the 30KeV background，no need to worry

– Occupancy ？ （the number of the signal electron/cm*2/s）

Area：easy to adjust due to application of the IHEP designed LGAD

▪ Requirement of the fast  electronics

– Fast readout electronics, on line precision

– Precision clock system

– for CEPC 23 ns gap per bunch (at Z pole)

LGAD for fast luminosity measurement 16
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Summary

▪ BMA with LGAD shows promising ability of the luminosity 

measurement at ATLAS

– Almost no µ dependence (good linearity)

– High S/N ratio

– Promising self calibration with the bias voltage adjustment 

• Run-3 showed that BMA with LGAD is a good candidate as an online 

and offline luminosity monitor @ HL-LHC, in addition to LUCID-3.

▪ CEPC fast luminosity measurement

– Count to separate the signal and the noise

– Fast time resolution (30 ps), fast readout electronics, feedback within 100us

– Radiaiton hardness and low signal decrease for signal long distance transfer
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Thank you for your 

attention！
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▪ Back up
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Luminosity test System with the LGAD

▪ Fast electronics

▪ Long distance of the signal transfer

– Radiation hardness and low signal loss cable

▪ Detector HV power supply et al.
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