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Overview

 Introduction
* Background simulation

* Background experiment on BEPCII/BESIII

* Summary



Introduction to background

»Background effects:

* Detector: Total Ionizing Dose(TID), None Ionizing Energy Loss(NIEL),
counting rate

* Accelerator: MDI design(beam pipe, collimator, shielding...)

»Components of background analyze
* Stmulation

* Experiment

* MDI optimization experiment




Background mechanism

Synchrotron
Radiation

{ Generator J gas, Inject
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Beam-induced background

» Touschek effect:

e rate x (beam size) 1, E; > . 4_.—1
* Dominates total loss on T — ¢ energy range Touschek
dN
dn

~n~*n=E—E,

»Beam-gas effect:
* rate X vaccum presure P

. dN _
* Coulomb scattering: 5~ 63

dN
* Bremsstrahlung: oy =

-1

Bremsstrahlung
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Luminosity related background

»Radiative Bhabha: ete™ - ete ™y

* Generated with BBBrem 1n small angle and
babayaga in big angle

¢ 0-[0.2560,900] ~ 299mb (bbbrem)

> Two photon process: ete™ - y*y* > ete ete™ ¢ et |E!
* Generated with DIAG 36 Y ot
* 0 = 5.15mb@Epeqm = 2.0GeV ST

e e El




MDI structure of STCF

Occupancy angle:15°/0.262rad, « e Beam plpe

Inner pipe: 7jpner = 30mm
Separation pipe:e® beams separates at z=0.5m, with
crossing angle of 2x30mrad
Outer pipe : Tipner = 14mm,limited by QDO aperture

* Magnets :

Final de-focusing magnet QDO : 0.9m from IP
Final focusing magnet QFO : 1.4m from IP
Anti-solenoid magnets: cancel magnetic field from
detector

* Cryostat :

220mm

633mm Anti Sol FFQuad QDO Corr FFQuad QF1 Tungsten Occupancy angle: 15°
1660mm Tungsten shield to inhibit background
IP chamber
7 Y chamber .
e ——— Cryostat with magnets OCCU.p ancy angle 15°
- 0 0 1
Minimum Aperture r = 14mm
Crossing angle 2x30mrad
Beam separate z =0.5m
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Transport in storage ring

ng

Beam current 0.91A
Emit X/Y 144/2.2 6/0.06 BESIII 82.2MHz 18.2MHz 1.6MHz
: : 1124. : :
radius of min aperture 28.5mm 14mm STCF S NS 2.1MHz
bunch Number 93 225
» 20p10" 01 g » 100’2‘0 01 g
% 18 B rouschek —_—r, 0.09.§ % 90;— I Touschek —_ 0 09-§
Z 16 I coviomd r, 0.085 2 sof- [ couomd fy 0.085 . .
S P . |90 T P ; bos  * Simulated with SAD
12 Foos™ sof Foos developed by KEK
BERE STCF ped by
Foos wof- I Foos * Step set:0.02m
o.03 30 o .
ooz 2 _Z:: * Record particles lost near IP
—o.ot 10~ J I —o.ot
gt T IS R e e s S
Z position /m Z position /m
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Detector simulation on STCF

* Simulated by Geant4 10°
* Secondary particles are considered 10*
* Physical list: QGSP_BERT HP 10°
102

TID dominated by beam-gas effect in inner sub- { 10

detectors and by Rbhabha in outer sub-detecors 1

] 107
Contributions on TID 102
107
10
107
10°

B Beam-related background AN
I Two Photon process . . .
B Radiative Bhabha TID distribution:

I I I I l Pixel division: 1¢m?
Each pixel is the mean of the whole ring

Z axis (cm)

Contribution proportion of background sources

- Innertracker -- MDC PID-B PID-E ECAL-B ECAL-E MUD-B MUD-E
Detector system
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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 MILSEAS | ICAE- | NI E | AR

RPC PS RPC 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
(x10° n/cm2/y) 8.67 4.65 14.10 7.26 389.0 186.0
Total Counting

rate (MHz)  3.90x10% 3.59x10% 2.92x10% 4.36x10° 2.30x10° 1.42x10% 2.64x10° 9.38x10® 5.58x10° 1.06x107 3.53x10° 1.22x10’

1 MeV neutron/cm?/y : 10°
1 014

107

1013
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10°
10*
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2021/11/17 NIEL Counting rate
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Simulation results on BEPCII/BESII|

e Simulated with BOSS(Geant4 based) 9 N
. +0. + Q =~
MDI structure extended(4+0.2m — +4m) B% SS MD|

~ New MDI

c4
* Need background experiment to verify the result

o 5000 o
{ E 14
54500 - Touschek (@]
X
4000 - Coulomb N 12
- Bremsstrahlung I
~ 10 Two Photon
[0}
e
©
o 8 . Radiative Bhabha
o
S s
C
-}
8 4
Beam-induced Luminosity-related
2
R R R R B 0 ! [ N
400 500 600 700 100 200 300 400 500 600 700

Radius/mm Radius / mm
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Background experiment on BEPCII/BESII|

I Iy
0x0y 0y

OZSt.D(O-x’). +Sg.It.P(It)+ , OtOtal=0€++0€_+0L

* 0: observation, counting rate on MDC and EMC
Stepl: No beam and measure background
Step2: Benchmark measurement: I; = 450mA, Nyyncn = 75 €~ beam

Step3: Keep I, stable and change 7, fit O — I, with linear function to separate Touschek
background

Step4: Step2&3 with et beams
Step5S: Collision mode

Parameters setting for Touschek experiment

I,/mA 38 40 45
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Data Analyze

Touschek fit: Oy, = k - Ip + bgas + beonst

Component estimation at 450 mA, 75 bunches:
1. Touschek: k * 6

2. Constant: b.yps from Cosmic ray
experiment
3. beam-gas: brit — beonst

Applied on all MDC beams

* Dominated by Touschek effect

* Beam-gas so small that 1s merged by
electric noise and error

2021/11/117

(] [ 0
S0k 4 clectron data g I benchmark line
% - *  positron data %' -
e

1000{— -

800 :_

soof— E

400 :_

200:—

Ibunch/mA . Ibunch/mA
Touschek fit @ MDC layer Single beam background
components at MDC layerl

o 1000

§ 5

z zQOO - Touschek

é % 800 - Beam-gas

o

g 15:’700 - Const
8 3

L ol
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Counting rate to MDC radius
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Blow up in collision experiment

O F
000—
%2 o + data
©1800— [ e tous
s F I © gas
S1600— [ e* tous
- I e’ gas

1400 [ const BKG

500 1000 1500 2000 2500 3000 3500
time/s
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> Sum of single beam et &e ™ is larger than
collision beam

» Dominated by Touschek — large blow up
effect on background

» Blow up factor is changing with time

14



Data-MC compare

) 1035
= —
« -
¥ r *  touschek
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e * 5 F % T
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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

15



»Simulation of background on STCF and BESIII based on
generators+SAD+Geant4

»Background experiment to verify simulation

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

»MDI upgrade: collimator
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TID, NIEL on electronic sub-systems

Electronic 1D NIEL damage F—Iigpest TID value shargnTgS; EIslizel
value (Gy/y) (1 MeV neutron/cm?/y) in pixel (Gy/y) (1 MeV neutron/cm? )

inner-1-electronic 1414.8 5.09 x 10'Y 1456.5 5.94 x 101
inner-2-electronic 238.4 2.22 x 1010 249.5 2.35 x 1010
inner-3-electronic 95.9 2.95 x 1010 97.2 3.24 x 1010
MDC-electronic 5.2 6.44 x 10° 7.4 2.20 x 1010
PID-Barrel-electronic 2.45 6.87 x 10° 2.95 8.37 x 10°
PID-Endcap-electronic 1.02 2.70 x 10° 6.81 3.96 x 10°
ECAL-Barrel-electronic ~ 0.046 1.51 x 10° 1.03 3.88 x 10°
ECAL-Endcap-electronic  0.67 9.44 x 108 60.5 1.78 x 1019
MUC-Barrel-electronic ~ 0.020 1.45 x 108 0.065 3.42 x 10!

MUC-Endcap-electronic ~ 0.28 1.87 x 108 3.56 1.79 x 10°
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Compare of inner radius and occupancy angle for MDI

> v1: current version

» v2: narrower occupancy and smaller inner pipe

| ]
|

radius ose ; {3 ; _
o7f — =3 ost 3 InProcess ]/ - AA
g:: Track eff. for ion:E gzngrack eff. for proton : Tracking efficiency:
» Detector acceptance: tracking effiecncy 3;: OrP b3 ' \?1 3 :80.0%, 81.3%
E E 2 3 +.
+ v1:[20°165°]: v2:[15°160°] 2 S V2 S pT894%, 91.7%
» v2 slightly improve tracking efficiency: TOTORTo0T0AT0R 00 B 04 00 ZZ 516',0 o 00 00 os co 519'0
1.6%(1),2.6%(p)
c0s6=0 114 cos6=0
» Inner radius : reconstruction of low momentun
tracks . f
Eo.s- Eo.a— Ompare O
* vI:30mm; v2: 15Smm "] 5] reconstruction
« Low momentum tracks: precision improved N 0s precision of DO(left)
(D0:14%,70:4% at pt=0.1GeV) 5 o and Z0(right) to u

T T T T T T T T T ]
00 02 04 06 08 10 12 14 16 18
pt (GeV)

* High momentum tracks: no effect

pt (GeV)
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