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Overview

»BEPCII and BESIII

»Background simulation
* background sources

e simulation results

»Background experiment
* Bunch number scan studies

e Collimator studies

» Summary
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BEPCII and BESII|

» BEPCII is the only running e™ — e~ collider in China and in
T — C energy

> MDC is the most inner sub-detector of BESIII

» Study of background on BEPCII/BESIII can guide the design
of BEPCII-U and simulation in future colliders (CEPC, STCF)

. BESIII
Designed parameters of BEPCII

Beam energy (optimized) 1-2.1(1.89) GeV Solenoid
Circumference 237.53 m Barrel
Luminosity 1.0x1033 cm~1s71
Emittance 144/2.2 nm - rad
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Machine-detector interface of BEPCII

BESIII ‘

» MDI setting:

* Symmetry for e* /e” ring except two collimators

e Symmetry for upstream and downstream except for ISPB
* ISPB: bending magnet at downstream

» Aperture:
 Satisfy the beam clear range: R > 150 + 2mm
* circular beam pipe near IP: Ry = Ry
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BEPCII Collimators

» Common collimators:

€ Horizontal:

+ 1 movable (OCHO02), 3 fixed (OCH08, OCH14, ICHOS)
@ Vertical:

* 4 fixed (OCV02,0CV15,0CV16,ICV09)

» Two additional in electron ring:
* 2 movable horizontal (OCHO04,ICHO04)
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OCHO2

OCHO4(¢")
ICHO4(e)

OCHO8
OCHI14
ICHO8
OCVO02

OCV15
OCV16
ICV09

-8.2
-11
+11
-27
-46.8
+27.5
-7.6
-50.1
-64.8
+28.5

Collimator setting(+:downstream; —:upstream)

Name position/m Inner
radius/mm

T, = 35
Ty =35
T, =35
7, = 31
T = 26
1, = 30
r, = 28
r, =15
rn, =14
ry, =15



History of background analyze at BEPCII

Generator
Accelerator MDI and Detector
beam luminosity

: Sampling by theoretical
Jin dapeng formula babayaga Decay turtle Geant3

Yue teng Sampling BBBrem/Guinea-pig SAD BOSS

This work Sampling BBBrem/Guinea-pig SAD BOSS(update MDI)

» Jin:

 simulate background during update of BEPC to BEPCII, experiment on BEPC
* need to be renewed now

> Yue:

* build simulation framework for BEPCII and CEPC

* not enough experimental verification

» This work:

* updated simulation and more experiment
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Flow chart of main backgrounds at BEPCII

Synchrotron
Radiation

{ Generator J gas, Inject

Two-photon

Radiative Bhabh
Touschek, Beam-

Unstable Beam Particles

\4
Transport in the

storage ring

[ Accelerator J

[ Detector J Machine Interact at IP
& Detector Response
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Beam related background

» Touschek effect:

* rate « (beam size, bunch particle)™, ~E; > o L._,
* Dominates total loss on T — ¢ energy range 4-.‘1

. 217\7’ ~ 77—4'77 =FE —E, Touschek

»Beam-gas effect:

* rate X vaccum presure P

dN

» Coulomb scattering: — ~ 63

d _
* Bremsstrahlung: % ~n1

» Tracked in the storage ring after generation

Bremsstrahlung
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Luminosity related background

»Radiative Bhabha: ete™ » ete™y

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

¢ 0-[0.2560,900] ~ 299mb(bbbrem)

»Two photon process: eTe™ - y*y* - ete ete”
* Generated with DIAG 36 e’
e 0 = 5.15mb@E, m = 2.0GeV

» Input to Geant4 directly at IP _
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Lost of beam related background in simulation

» Tracking of unstable beam particle in

SAD SrooE-
woF-

» Lost distribution: . :5_ | |
* Touschek background lost at min R, /o, g =
* Coulomb background lost at vertical 005 | ‘

collimator .

o

s e — e compare
 almost same lifetime BBl
* N,+/N,- ~ 1.5, e~ has two additional I

collimators
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Hit rate in MDC in simulation

» BOSS: Geant4 based BESIII software framework

* Add MDI geometry:

» MDC hit rate:

* Beam related background much higher than
luminosity related background

¢« et/e” =15

» Luminosity related background has been well

studied

» Beam related background need experimental

verification

2022/10/28

, magnets,

MDI geometry
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Background experiment on BEPCII/BESII|

I Iy
0x0y 0y

0 =St'D(O-x’)'

+ Sg . It . P(It) + , Ototal — 0€+ + 03— + OL

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

Step3: Decay I; to 450mA and change I, fit O — I, with linear function to separate
Touschek background

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

Parameters setting for bunch number scan

I,/mA 38 40 45
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Data analyze of bunch number scan

Touschek fit: Opp =k - Ip + bgas + [ . weoecrn 3| benchmark line
b x - « data positron f’;ooo:_
const 1:,1000 - — fit electron -
E 800 — fit positron -
3] -
. . o L
Component estimation at 450 mA, 75 = :
Q L
bunches: © :

1. Touschek: k * 6

2. C on St a nt: bcongt fr om Cosmic ray Bunch Current / mA ° Si‘rlglezbea;n b;ckg;oun; Tounchima
: Touschek fit @ MDC layerl
experiment components at MDC layerl
3 . Beam_gas: bfit - bconst 2700 I vouschex §900 Bl rouschex
g - Beam-gas éSOO - Beam-gas
E’ 600 B corst E,m B const
Applied on all MDC layers

* Dominated by Touschek effect
* Beam-gas very small in outer layers
 hitrate:e™ > et o |
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Lifetime and calibration

Lifetime 1n experiment and simulation

- 08F
© osk- * positron data
£ F — lectron fit data Touschek 2.29 2.25
F osf-
= | positonfit MC Touschek 11.0 11.8
Sk data beam-gas 13.5 14.8
@ o3f
S 02 MC beam-gas(P = 25.6 25.6
- 0.1 10_7P Cl)

| S

» Scale factor to calibrate generation:
e Touschek: S=4.8 for e-, 5.2 for e+
* Beam-gas: S=2.8 for e-, 2.5 for e+

2022/10/28 2022 International Workshop on CEPC 14



Data/MC ratio after calibration

s
o

o '°F .
» Meaning of scale factor: © [ — Touscheke
. . o | hek
e On generation level, difference of bunch Q ousene e
i ) ] ) < 1| —— Beam-gase
size, vacuum pressure... in simulation and £ E Beam-gas e
real data © b
107 =
> Data/MC ratio after calibration: i
* On tracking level, SAD tracking, MDI 107
material. .. - |
. Tpuschek: MC 1s .1~2 order of magnitude ] S S S W S U U S
higher than experiment MDC Layer

* Beam-gas: fluctuation is caused by small
rate and indirect measurement
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Blow up in collision experiment

O C
%0005_ + data . n .
greoE Ry » Sum of single beam e™ &e ™ is larger than
Ste00— [ e tous ..
: - o gas collision beam

» Dominated by Touschek — blow up effect in
collision mode

» Blow up effect need more experiment to study

500 1000 1500 2000 2500 3000 3500
time/s
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Background paper

Beam Background Simulation and Experiment at BEPCII

H. C. Shi***, B. Wang®"*, H. Y. Shi¢, C. H. Yu"“, M. Y. Dong“, H. P. Peng*®

» Experiment:

* study of bunch number scan

* separation of beam related backgrounds
* Touschek background is dominate

» Simulation:

* simulation framework and results

« calibration and data/MC ratio
 discussion of difference and future updates

Submission in arXiv:2210.11871, planned to
be submitted to NIMA

Any comments and questions are welcome!
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Abstract

High level of beam background is a crucial difficulty in the future upgrade of BEPCII collider. We report on single beam background
components at BEPCII collider and BESIII detector with a background experiment. Touschek is the dominate source of background

in the inner detector, which is diffi from previ under
of back d count rate b experi

P & P

Keywords: Beam background, Beam experiment, Simulation

g. We also describe the simulati

of beam backg; d and

and simulation.

1. Introduction

Currently, the upgraded Beijing Electron-Positron Collider
(BEPCII) [1] is the only one running machine in the T-charm
energy range in the world. BEPCII is a double ring machine
with the design of a beam energy coverage from 1.0 to 2.1 GeV
(reached 2.45 GeV in practical), and a peaking luminosity of
1 x 10%cm™25~! optimized at beam energy of 1.89 GeV, which
has been achieved with the beam currents 849 mA x 852 mA
on April, 2016. The Beijing spectrometer (BESIII) is a gen-
eral purpose and only one detector operating on the BEPCII
storage ring. BEPCII has operated successfully for more than
10 years, and has delivered more than 5.0 fb™! with different
center-of-mass energy. Based on these data samples, the BE-
SIII experiment have published several significant physics re-
sults including the di y of the fidate of quark state
Zc(3900) [2], etc.

As time going on, the aging problem of the BEPCII be-
comes more and more serious. Meanwhile, the physics re-
searches in this field is asking for more data in this energy re-
gion, especially for the region with center-of-mass energy large
than 4 GeV. Therefore, a project for the upgrade of BEPCII, re-
ferred as BEPCII upgrade thereafter, have been proposed, and

The BEPCII upgrade will be of higher beam current and
smaller bunch size, as the consequence, the beam instability and
background will become severely due to the collective effects,
which really challenge the design of bean storage, especially
around the beam interaction point (IP) region and the radiation
tolerance of the detector. Therefore, the detail studies and pre-
diction of beam background is really essential and necessary
for the BEPCII upgrade projects, as well as for the project with
even much higher peaking luminosity, such as Super Tau Charm
Facility (STCF).

The dominant beam background for the electron positron
collider at the GeV energy region can be classified into two
categories, i.e., beam related background and luminosity re-
lated background. The beam related background is induced by
the lost of beam particles in the ring, while the luminosity re-
lated background is generated by beam-beam interaction and
is d 1 by physical p: with high cross section in
the el and posi ihilation. G lly, the physical
processes with high cross section have been studied, therefore,
the luminosity related background can be well predicted. How-
ever, the beam related background, which is highly related with
beam parameters and storage ring, have more questions and un-

been approved by the Chinese Academy of Sciences (CAS) re-
cently. The BEPCII upgrade project aimed to extend the beam
energy up to 2.8 GeV by adding a RF cavity for the electron
and positron ring, respectively, and improve the peaking lumi-
nosity by a factor of 3 (£ = 1.1 x 10%em™2s7") with beam
energy at 2.35 GeV by increasing the beam current and slightly
compressing the size of bunch. The detail lattice design for the
BEPCII upgrade can be found in Ref. [3].

*Corresponding authorl
**Corresponding author2
Email addresses: shihc@mail.ustc.edu.cn (H. C. Shi),
vangbindihep.ac.cn (B. Wang)

, therefore, need more careful studies.

In the last few years, the commission of SuperKEKB
and Belle-II is very successful, and the beam backgrounds
are studied with real experiment and MC simulation dedi-
catedly. In SuperKEKB/Belle-II experiment, the beam back-
ground is simulated with the framework based on the program
SAD [4] for particle tracking in the accelerator, and the program
GEANTH4 [5,/6] 7] for the interaction and response of particle
in detector [8, 9]. In these studies, the two dominate source of
beam-related background, Touschek and Beam-gas effects are

P d by changing the beam p The ratios of back-
ground rate between the real experiments and MC simulation,
named “data/MC” ratio, shows the difference is within an order
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Collimator studies

» Aperture scan of 3 movable collimators in Collimator radius setting
electron ring:
* collimator OCHO2 1s most sensitive to 35(default) 35(default) 35(default)
background 32 30 28
* Hit rate increase with narrower aperture —» 25 20 25

too close to IP

&) F (6] E () -
Q - Q Q L
r = C = -
7= MDC count rate e [ e s
Stso0f— 8 500 § S00F
= E @ layer1 =S > F
Sie00F 5 C g F
1600 — C 500 —
- 400— -
1400— = -
1200 C 400~
C 300 — C
1000 = : 300 :_
800— - C
C 200— C
C — B — 200— —_—
S0 =-8.2m : z=+11m : z=-11m
00 100 100}
200(— - -
E PR T S SN S NN SN ST SR S S TR A SR NN SR ST S B ' T T T R T T S T R T T T T R T T T C PR S T S N NN ST ST ST S AN SO SR S SR A S S S
95 20 25 30 35 40 95 20 25 30 35 40 qs 20 25 30 35 40
RCollimator RCollimator RCollimator
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Angular distribution in collimator study

» MDC ¢ angle distribution:
e Collimator at z=+11m: similar distribution

* Collimator at z=-8.2m(OCHO02): more hit near ¢ = 0

» OCHO2 changed the particle lost distribution

MDC phi MDC phi MDC phi MDC phi
44000 24000}
24000} 90000f— 42000f— s
- as000f- 40000} 22000}
22000 - ) 38000
! soo0of- seo00 20000}/
20000 5000k - _
- 34000 -
i . - 18000
18000 70000 1 32000f i
- so0ok j =_8 2m 30000} 16000} = 11rn
16000 DefaUIt 650 O: . - - Z +
i s 28000} i
—_— 60000 —_ - L —_ mm
14000} r_35| nm g r_30| nm 26000 140001 r_30
ST TN SN P S I I 55000 0 Loy w by by b e ) UM I P I P TR P IS R I [T PP BT ST IR T
-150 -100 50 3] 50 100 150 -150 -100 -50 5] 50 100 150 -150 -100 - 150 100 50 4] 50 100 150
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» Simulation of beam background at BEPCII/BESIII with
SAD+Geant4

» Separate beam related background by scanning bunch number,
Touschek is dominate

» Background paper in arXiv:2210.11871

» Future targets:
 Reduce the difference of data/MC

* More experiment on collimator Th@m k y@@] Q
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