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ØBackground effects:
• Detector: Total Ionizing Dose(TID), None Ionizing Energy Loss(NIEL), 

counting rate
• Accelerator: MDI design(beam pipe, collimator, shielding...)

ØComponents of background analyze
• Simulation
• Experiment
• MDI optimization

Introduction	to	background

experiment
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Background	mechanism
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ØTouschek effect:
• 𝑟𝑎𝑡𝑒 ∝ 𝑏𝑒𝑎𝑚	𝑠𝑖𝑧𝑒 $1, 𝐸3456$7

• Dominates total loss on 𝜏 − 𝑐 energy range
• ;<
;=
≈ 𝜂$@, 𝜂 = 𝐸 − 𝐸B

ØBeam-gas effect:
• 𝑟𝑎𝑡𝑒 ∝ vaccum	presure	𝑃
• Coulomb scattering: ;<

;M
≈ 𝜃$7

• Bremsstrahlung: ;<
;=
≈ 𝜂$1

Beam-induced	background
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ØRadiative Bhabha: 𝑒"𝑒$ → 𝑒"𝑒$𝛾
• Generated with BBBrem in small angle and 

babayaga in big angle
• 𝜎[B.YZ[°,]B°] ≈ 2.99𝑚𝑏!"""#$%&

ØTwo photon process: 𝑒"𝑒$ → 𝛾∗𝛾∗ → 𝑒"𝑒$𝑒"𝑒$

• Generated with DIAG 36
• 𝜎 = 5.15𝑚𝑏@𝐸3456 = 2.0𝐺𝑒𝑉

Luminosity	related	background

𝑬 ↓

𝑬 ↓

𝑬 ↓
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MDI	structure	of	STCF

• Beam pipe:
Inner pipe: 𝑟hii4j = 30𝑚𝑚
Separation pipe:𝑒± beams separates at z=0.5m，with 
crossing angle of 2×30mrad
Outer pipe：𝑟hii4j = 14𝑚𝑚,limited by QD0 aperture

• Magnets：
Final de-focusing magnet QD0：0.9m from IP
Final focusing magnet QF0：1.4m from IP
Anti-solenoid magnets: cancel magnetic field from 
detector 

• Cryostat：
Occupancy angle: 15°
Tungsten shield to inhibit background

Occupancy angle 15°
Minimum Aperture 𝑟 = 14𝑚𝑚
Crossing angle 2×30𝑚𝑟𝑎𝑑
Beam separate 𝑧 = 0.5𝑚
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• Simulated with SAD 
developed by KEK

• Step set:0.02m
• Record particles lost near IP

Transport	in	storage	ring

Parameter	set	 BEPCII STCF

Beam	current 0.91A 2A

Emit X/Y 144/2.2 6/0.06

radius	of	min aperture 28.5mm 14mm

bunch	Number 93 225

Beam direction

BEPCII STCF

Loss rate Touschek Coulomb Bremsstrahlu
ng

BESIII 82.2MHz 18.2MHz 1.6MHz

STCF 1124.7MHz 208.7MHz 2.1MHz
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Detector	simulation	on	STCF

• Simulated by Geant4
• Secondary particles are considered
• Physical list: QGSP_BERT_HP

TID dominated by beam-gas effect in inner sub-
detectors and by Rbhabha in outer sub-detecors

TID distribution:
Pixel division: 1𝑐𝑚7

Each pixel is the mean of the whole ring
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Background	simulation	results	on	STCF

Detector Inner-1 Inner-2 Inner-3 MDC PID-B PID-E ECAL-B ECAL-E MUC-B-
RPC

MUC-B-
PS

MUC-E-
RPC

MUC-B-
PS

TID (Gy/year) 1170.6 243.0 64.9 11.0 2.96 1.34 0.35 0.32 0.028 0.040 0.017 0.027

NIEL damage 
(×109 n/cm2/y) 8.67 4.65 14.10 7.26 389.0 186.0

Total Counting 
rate (MHz) 3.90×108 3.59×108 2.92×108 4.36×109 2.30×108 1.42×108 2.64×109 9.38×108 5.58×106 1.06×107 3.53×106 1.22×107

NIEL Counting rate2021/11/17 10



• Simulated with BOSS(Geant4 based)
• MDI structure extended(±0.2𝑚 → ±4𝑚)

• Need background experiment to verify the result

Simulation	results	on	BEPCII/BESIII

Luminosity-related

BOSS MDI New MDI

Beam-induced

2021/11/17 11



Background	experiment	on	BEPCII/BESIII

𝑂 = 𝑆q r 𝐷 𝜎tu r vwrvx
yzy{y|

+ 𝑆~ r 𝐼q r 𝑃 𝐼q + 𝑆�;       𝑂q�q5� = 𝑂4� + 𝑂4� + 𝑂ℒ

• 𝑶: observation, counting rate on MDC and EMC
Step1: No beam and measure constant background 𝑺𝑪𝒐𝒏𝒔𝒕
Step2: Benchmark measurement: 𝐼q = 450𝑚𝐴,𝑁3�i�� = 75	𝑒$	𝑏𝑒𝑎𝑚
Step3: Keep 𝑰𝒕 stable and change 𝑰𝒃, fit 𝑶− 𝑰𝒃with linear function to separate Touschek
background
Step4: Step2&3 with 𝑒"	beams
Step5: Collision mode

N	
bunch 118 113 100 90 82 69 64 60 56

𝐼3/mA 3.8 4.0 4.5 5.0 5.5 6.5 7.0 7.5 8.0

~5h 𝑒$ ~4h 𝑒"
~2h collision

Background experiment in Jul.2021

Parameters setting for Touschek experiment
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Data	Analyze

Touschek fit @ MDC layer1 Single beam background 
components at MDC layer1

𝒆"𝒆$

Counting rate to MDC radius 

Touschek fit: 𝑂�3 = 𝑘 r 𝐼3 + 𝑏~5� + 𝑏��i�q

Component estimation at 450 mA, 75 bunches:
1. Touschek: k ∗ 6
2. Constant: 𝑏��i�q from Cosmic ray

experiment
3. beam-gas: 𝑏�hq − 𝑏��i�q

Applied on all MDC beams
• Dominated by Touschek effect
• Beam-gas so small that is merged by 

electric noise and error

benchmark line
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Blow	up	in	collision	experiment

ØSum of single beam 𝑒+&𝑒− is larger than 
collision beam

ØDominated by Touschek → large blow up 
effect on background 

ØBlow up factor is changing with time
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Data-MC	compare

Touschek:
Data/MC = 0.054 at layer 1

Beam-gas(Coulomb dominated):
Data/MC = 0.027 at layer 1

Further improvement:
• Collimator
• MDI structure > 4m
• Vacuum estimation
…
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ØSimulation of background on STCF and BESIII based on 
generators+SAD+Geant4

ØBackground experiment to verify simulation

ØOptimization of simulations are going on parallel for STCF and 
BEPCII/BESIII

ØMDI upgrade: collimator 

Summary
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Back	up
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TID,	NIEL	on	electronic	sub-systems
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Compare	of	inner	radius	and	occupancy	angle	for	MDI

Ø v1: current version
Ø v2: narrower occupancy and smaller inner pipe 

radius

Ø Detector acceptance: tracking effiecncy
• 𝑣1: 20°, 165° : 	v2: [15°, 160°]

• v2 slightly improve tracking efficiency: 
1.6%(𝜋),2.6%(p)

Ø Inner radius：reconstruction of low momentum 
tracks

• v1: 30mm; v2: 15mm

• Low momentum tracks: precision improved 
(D0:14%,Z0:4% at pt=0.1GeV)

• High momentum tracks: no effect

Track eff. for pion Track eff. for proton

In Process	𝐽/𝜓 → ΛΛ¡:
Tracking efficiency：
𝜋±: 80.0%，81.3%
𝑝±: 89.4%，91.7%

v1
v2

𝑐𝑜𝑠𝜃 𝑐𝑜𝑠𝜃

Compare of 
reconstruction 
precision of D0(left) 
and Z0(right) to 𝜇
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