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Introduction CEP

* MDI stands for “Machine Detector Interface”
* Interaction Region and other components

* 21Ps
* 33mrad Crossing angle

Off-axis injection

RF Station

Plasma injector (alternative)

Booster

Damping ring

* Flexible optics design
« Common Layout in IR for all energies

e High Luminosity, low background impact, low
error

 Stable and easy to install, replace/repair

Dump line

On-axis injection

Muon+Yoke Solenoid Magnet (3T / 2T )

Particle Flow PEA HCal Between HCAL & ECAL 4th Detector
Approach ) / f concept
( ILD-like ) |
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Backeround Estimation ezl

A. Natochii
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/ . = - Injected
| => /gj / beam
= \Beamstrahlung _

242 bunches < 9 ‘I

Revolution frequency: 2997Hz
1.5%x10"* particles/Bunch
L: 3x103*cm 2571

SR A. Natochii

ocE?

Beam-Thermal photon

Beam Lost Particles
et e Energy Loss > 1.5%
\/ E (energy acceptance)

Pair Pfoduction

Z

Benchmark il (_-- :
i L Machine
é/\e_ Radiativem Scattering aperture
* One Beam Photon BG Beam Loss BG Injection BG

* Simulate each background

separately

o Whole—Ring generation for single Synchrotron Radiation BDSIim BDSim/Geant4
beam BGs Beamstrahlung/Pair Production Guinea-Pig++
e Multi-turn tracking(SO turns) Beam-Thermal Photon PyBTH[Ref T a—
* Using built-in LOSSMAP Beam-Gas Bremsstrahlung PyBGB|[Ref] SAD
* SR emitting/RF on Beam-Gas Coulomb BGCin SAD
* Radtaper on o
Radiative Bhabha BBBREM

* No detector solenoid yet
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https://twiki.ph.rhul.ac.uk/twiki/bin/view/PP/JAI/BdSim
https://twiki.ph.rhul.ac.uk/twiki/bin/view/PP/JAI/BdSim
https://geant4.web.cern.ch/
https://ilcsoft.desy.de/portal/software_packages/mokka/
https://github.com/cepc/CEPCSW
https://accelconf.web.cern.ch/p07/PAPERS/THPMN010.PDF
https://acc-physics.kek.jp/SAD/
https://github.com/shyshi/cepc_bkg/blob/master/Source/BTH/CEPC_BTH.py
https://cds.cern.ch/record/703373/files/thermal.pdf
https://github.com/shyshi/cepc_bkg/blob/master/Source/BGS2/CEPC_BG2.py
http://ir.ihep.ac.cn/handle/311005/253688?mode=full&submit_simple=Show+full+item+record
https://acc-physics.kek.jp/SAD/
https://www.sciencedirect.com/science/article/pii/001046559490085X?via%3Dihub
https://indico.ihep.ac.cn/event/11444/session/11/contribution/213/material/slides/0.pdf
https://indico.ihep.ac.cn/event/11444/session/11/contribution/213/material/slides/0.pdf

CDR
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SR BG & Mitigation cerl

* The SR must be dealt with high priority when designing the circular machine. At the CEPC, there
would be no SR photons hitting the central beam pipe directly in normal conditions
* However, some secondaries generated within QD would hit the detector beampipe, even the

beryllium part. Therefore, the mitigation methods must be studied. We compared several
methods based on CDR.

R_mmm‘ it Y. Sun
zom . Be(N)
g 002 : , : ; 1.21-mask-Cu 1736.0
1.21-mask-W 1698.0
2.2-mask-Cu 1147.0
cons-no mask-Cu 257364.0
cons-no mask-W 148030.0
7Y 1.21-mask-Cu-5umAu 216.0
_JM"'“"’I‘ nomask 39400.0
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Revised Beamgige Design el

Y-Shape
. Vacuum
Beampipe Cryostat Chamber
PP Connector Chamber
Paraffin Cooling Al Water Cooling No Forced Cooling Water Cooling
Be RF Bellows Cu
H. Wang
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Lost distribution

* The loss power due to beam loss background is low.
e <1w/10cm

* The loss in guads must be taken special care of.

1e4 Beam Lost Particle Distribution -- With Collimator

Off Energy Beam Particles Energy Distribution

1 RBB_Higgs
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* SR Hit Number on Be beam pipe per bunch crossing.

| Hgs W

~28 <1

Hit Number

* Preliminary results on 15t layer of vertex. Safety factor of 10 applied.

Background

Higgs w

Pair
production L =2
Beam Gas 0.4 0.4
Total 2.17 1.6
Total_oCDR 2.4 23

e Take Mask into Account(Higgs):

Background Hit Density(cm ™2 - BX™1) TID(Mrad - yr—1)

Beam Gas 0.4

Hit Density(cm =2 - BX 1)

Z
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TDR
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Parameters on TDR Phase(30MW C

Higgs ‘ Z ‘ \W4 ‘ ttbar

Number of IPs 2

Circumference (km) 100.0

SR power per beam (MW) 30

Half crossing angle at IP (mrad) 16.5

Bending radius (km) 10.7

Energy (GeV) 120 45.5 80 180

Energy loss per turn (GeV) 1.8 0.037 0.357 9.1

Bunch number 268 11934 1297 35

Bunch spacing (ns) 591 (53% gap) 23 (18% gap) 257 4524 (53% gap)

Bunch population (10'") 1.3 1.4 1.35 2.0

Beam current (mA) 16.7 803.5 84.1 33

Beta functions at IP 8,/ ,” (m/mm) 0.3/1 0.13/0.9 0.21/1 1.04/2.7

Emittance &/&, (nm/pm) 0.64/1.3 0.27/1.4 0.87/1.7 1.4/4.7

Beam size at IP o, /0, (um/nm) 14/36 6/35 13/42 39/113

Bunch length (natural/total) (mm) 2.3/4.1 2.5/8.7 2.5/4.9 2.2/2.9

Energy spread (natural/total) (%) 0.10/0.17 0.04/0.13 0.07/0.14 0.15/0.20

Energy acceptance (DA/RF) (%) 1.6/2.2 1.3/1.7 1.2/2.5 2.0/2.6

Beam-beam parameters &, /&, 0.015/0.11 0.004/0.127 0.012/0.113 0.071/0.1

Beam lifetime (bhabha/beamstrahlung) (min) 39/40 80/18000 60/700 81/23

Beam lifetime (min) 20 80 55 18

Hour glass Factor 0.9 0.97 0.9 0.89

Luminosity per IP (10°*/cm?/s) 5.0 115 16 0.5
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MDI Parameter Table

Minimal
P.eak Ce.ntral Bending Beam stay clear SR Inner Outer i) i) SR power SR power
uL:C L angle region L) diameter diameter energy energy (Horizontal) (Vertical)
in coil gradient € g two (Horizontal) (Vertical)
aperture
L* 0~1.9m 1.9m
Crossing angle 33mrad
MDI length +7m
Detector requirement of
accelerator components 8.11°
in opening angle
QDa/QDb 3.2/2.8 141/84.7T/ 1.21m 15.2/17.9mm 62.71/105.28 48mm 59mm 724.7/663.1ke 396.3/263k 212.2/239.23 99.9/42.8
T m mm \Y eV W W
QF1 3.3T 94.8T/m 1.5m 24.14mm 155.11mm 56mm 69mm 675.2keV 499.4keV 472.9W 135.1W
Lumical 0.95~1.11m 0.16m 57mm 200mm
Anti-solenoid before QDO 8.2T 1.1m 120mm 390mm
Anti-solenoid QDO 3T 2.5m 120mm 390mm
Anti-solenoid QF1 3T 1.5m 120mm 390mm
Beryllium pipe +120mm 28mm
Last B upstream 64.97~153.5m 0.77mrad 88.5m 33.3keV
First B downstream 44.4~102m 1.17mrad 57.6m 77.9keV
Beampipe within QDa/QDb 1.21m 1.19/1.31W
Beampipe within QF1 1.5m 2.39W
Beampipe between QD0O/QF1 0.3m 26.5W
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The length of Interaction Region is -7m~7m at TDR Phase

U

dated IR

* Interaction Region Layout/Parameters
e L* =1.9m / Detector Acceptance = 0.99
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"~ New Beampipe Design — Half Detector pipe (=&

I I ]
1 1 I I L]
| | I
40 | | | |
Central I Extended I Extended I Extendgd
Beampipe | Beampipe | Beampipe I Beampipe
20t | | |-
| | I
i i I
£ | | I
£ 0— , |
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] ] '
! ! a
—20r | | / I ]
Be I Al I Al Al
Cylindrical I Cylindrical I Racetrack Cone / IRacetra(:k
Inner Diameter Inner Diameter Inner Diameter at Y Axis: 20mm linner Dipmeter at Y
—40 -20mm I 20mm I Inner Diameter at X Axis: 20-35mm 20mm
Thickness I I Inner Dipmeter at X
0.2%Xq I : . . 1+20mm —>—35minm
0.0 20mm 0.4 0.5 | 0.7
| | I
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> Photon Backgrounds NG

* Synchrotron Radiation: * Pair Production(Beamstrahlung) may lead to two
* The study based on TDR is ongoing. different impacts:
* Currently, the masks adopted to TDR « The impacts on detector, caused by the
designs works. electrons/positrons produced by photons

 The impacts on accelerator components outside of
the IR, caused by the photons directly.

S. Bai W. Xu

o5 107 1072 107" 1
0 (rad)
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Photon Absorber? CEP )

* The huge deposited power due to the photons(mainly from BS, plus others) might
be harmful to the machine, found by FCC.

e At higgs mode, roughly 93.1 kW@30MW
* The photons are very hard, contains multi-MeV or even few-GeV photons.

* The study on this issue has been started.

108 > 10"
1 BGB ] i @45GeV - 1390mA
1 BTH o =
106 1 RBB S 10*
) 1 BS @
2 4o \, Beamstrahlung
101 T
. - ~546kW
CEPC@Higgs & A FCC@Z
3 1024 SYnNnenrowron \
T ] 10" Radiation ‘u‘
Thermal
10°7 T Lk 10'° Photons
\ Beam Gas (x109)
1o-2 10° Radiative | (x109) y N
Bhabhas | 5 ;
PETTT! B m e
T T L T o T 6 5 - 3 . -
10° 10! 102 10 10 10 10 10# 10" Bhoton Eddrgy [GeVf”

Photons Energy[GeV]
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S. Bai

Requirements:
* Beam stay clear region: 18 6,+3mm, 22 ¢, +3mm
* Impedance requirement: slope angle of collimator < 0.1

4 sets of collimators were implemented per IP per Ring(16 in total)
* 2 sets are horizontal(4mm radius), 2 sets are vertical(3mm radius).
One more upstream horizontal collimator were implemented to mitigate

the Beam-Gas background

More Collimators for Machine Protection is ongoing, they should also be

benefit for BG mitigation.

APTX1 D11.785
APTX2 D11.788
APTY1 D11.791
APTY2 D11.794
APTX3 D10.5
APTX4 D10.8
APTY3 D10.10
APTY4 D10.14
APTXS Bgnsvm IR
2/14/2023

Distance to

IP/m

44611

44680

44745

44817

1729.66

1798.24

1832.52

1901.1

56.3

Horizontal
Dispersion BSC/2/m
Im

Beta
function/m

20.7 0.12 164.00 0.006
20.7 0.12 164.25 0.006
105.37 0.12 165.18 0.0036
113.83 0.12 165.43 0.0036
20.7 0.06 6.85 0.00182
20.7 0.12 7.10 0.00182
20.7 0.25 7.22 0.00182
20.7 0.25 7.47 0.00182
196.59 0 362.86 0.01178
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Range of
half width
allowed/m

0.156~3.6

0.156~3.6
1~6
1~6

0.069~3.3

0.069~3.3

2.9~11.78

Loss Rate/MHz

0.16 A

0.14 4

0.12 A

0.10 A

0.08 A1

0.06 -

0.04

0.02 -

0.00

I\/Iitigation of the BG - Collimator

H. Wang, P. Zhang

Beam Lost Particle Distribution

—

[ BGB_Higgs
[ BGB_Higgs_TDR_4Co
[ BGB_Higgs_TDR_5Co

T

-2

T

0

N

2 4

Position in Interaction Region/meter
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Loss Distribution CEP

* Errors implemented , _1
+ High order error for magnets Loss Rate — Loss Number _ Bunch number * Particles per Bunch * (1 —e™")

* Beam-beam effect Loss Time Beam Lifetime
e 2 IR considered(sum)

Beam Lost Particle Distribution

Beam Lost Particle Distribution

Hi . 1 BGB_Higgs_TDR i
@Higgs [ BGB_Higgs_TDR - T e @Higgs
204 1 BTH_Higgs_TDR . £ B Higas TOR +ttbar
1 RBB_Higgs_TDR ' [ BTH_Z_TDR +7
. . 1 BGC_Z_TDR
[ BGC_Higgs_TDR BGB._ttbar TDR
[ BTH_ttarb_TDR
BGC_ttbar_TDR
N 15 7 0.3
T
= T
3 :
T s
o 0
v 10 1 802
o
—
5 1 0.1
N I L | I e e v e e o=
6 4 =2 0 2 4 6
-6 -4 -2 0 2 4 6

Position in Interaction Region/meter
Position in Interaction Region/meter
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" TDR Estimation — with safety factor of 10« &

* For fast estimation, we try to perform some scaling based on CDR results according to Luminosity.

e The full-detector TDR simulation has been started.
* We are updating the tools.

* We plan to have double check on detector simulation(Mokka/CEPCSW/FLUKA)

Scaling Results on 1t layer of vertex detector W. Xu

| R |  TDREOMW)
Higgs (3T) 2.93 5.00 3.00
Z (2T) 32.1 115.0 184.0

_ Hit Density(cm =2 - BX™ 1) TID(krad - yr—1 NIEL(n.,x10'% - ¢

Vertex 5360 120.4
TPC 2.59%-2 387.09 42.503
Ecal Barrel 1.16e-3 31.56 8.002
Ecal EndCup 1.36e-3 14.175 6.128
Hcal Barrel 2.78e-5 1.450 0.9326
Hcal EndCup 1.32e-3 26.31 6.351
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) Benchmark — Exgeriments C

* Important to validate the modellings and Monte Carlo Simulation codes for
the I(._iEPIOCI beam background simulation with real data where they are
applicable.

» BEPC II/BES Ill, SuperKEKB/Belle Il, LEP I/II...

* Basic Principles — Key Parameters & Distinguish

* Single beam mode: three dominant contributions from Touschek, beam-gas and
electronics noise & cosmic rays.

* OSingle = Otous T Ogas + 0n0ise+u I=
t " 1b
St * D(O-x’) )
* Double beam mode: additional contributions from luminosity related backgrounds,
mainly radiative Bhabha scattering
i OtOtCll = 0€+ —+ 06_ ~+ OL(Ideal)

+ Sy It - P(It) + Se
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Benchmark — Experiments CEP)

* BG experiments on BEPCII/BESIII has been done twice.

* The experiment in 2021 separate the single beam BG sources, the data/MC ratio has
been reduced.

10

—— Touschek electron
—»— Touschek positron
—«— Beam-gas electron

1.00E+04 1.00§+04

- touschek
- beam-gas
|:| const BKG

o
1S3
1S3
I

1.00E+03

LayOrate_MDC

data/MC ratio

1.00E+02

—— Beam-gas positron

1.00E+01 tous SR

1.00E+00

1.00E-01 V1

1.00E-02

1.00E-03

0 1 2 3 4 5 6 7 8
Ibunch/mA

Radius / mm

BG separation on 1%t layer MDC Data/MC radio improvements on 15t [ayer MDC Data/MC radio in MDC

. Thedexgeriment in 2022 was focused on collimators, and more data/experiments are
needed.
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Summary & Outlook CER

We are moving our study to TDR phase.
* Layout & Physics design has been updated.
* We are trying to finish the aperture modal and the collimator settings.
* The tracking methods has been updated. New tools/toolkits are underdevelopment.
* More detailed study is on going, and the full detector simulation on TDR is about to start.

The optimization and validation of current design is always needed.

* The BESIII backgrounds experiment was done last/this summer. We plan to do more in the
following years, containing the study on Collimators.

* Validate our BG simulation codes using BEPCIl and SuperKEKB.
List & Study on different beam loss scenarios.

Collaboration are welcomed.

Thank You
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Backup
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Pair Production Cer )

* Pair Production(Beamstrahlung) is one of the dominant background process at
the CEPC.
250 190 45.5 45.5 80 80 120 120 180

Particles per

N[1e10] 3.7 2 14 243 135 29.1 13 20.4 20 23.7
bunch
S 11934 10000 1297 880 268 248 35 40
Number
S slgma_z 03 0.07 8.7 145 4.9 8.01 4.1 6.0 2.9 2.75
Length [mm]
Collision N Y X N R LI 6/35 8/34 13/42 21/66 14/36 14/36 39/113 39/69
Beam Size [um/nm]
epsilon_x,y
e le4/3.5e4  0.95e3/3e4  027/14  071/1.42  087/1.7  2.17/434  0.64/1.3  0.64/1.29 1.4/4.7 1.49/2.98
?;j?;’r‘n‘]' 0.011/0.48 0.0082/0.1  0.13/0.9 0.1/0.8 0.21/1 0.2/1 0.3/1 0.3/1 1.04/2.7 1/1.6
m [le-4] 612.7 6304.6 2.14 17 3.0 2.4 48 5.2 5.6 7.10
1.9 434 1.0 136 0.45 0.59 0.4 0.64 0.22 0.26
Relative loss [pygre 193 0.0041 0.0092 0.0067 0.0072 0.0096 0.0161 0.0062 0.0093
per particle
P [W]
SR Relative %/turn 13
loss
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Pair Production

* Pair Production(Beamstrahlung) may lead to two different impacts:
* The impacts on detector, caused by the electrons/positrons produced by photons
* The impacts on accelerator components outside of the IR, caused by the photons directly.

W. Xu
1
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— 2
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3 10 o
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~ Aperture Model — With Collimator e

* The diameter of the beampipe in all regions except the IR and collimator is 56mm, with the length
of the components itself.

e The drift chambers and dipoles in the IR and 200m before the IR are sliced into 10cm, with
aperture set properly.

* Since the beam-gas coulomb scattering has not been well studied yet, only X apertures is presented.

Aperture in X 1e6 BGB Loss Map - Position 1
3.0 1
0.025 A
2.5
0.020 -
_ » 207
E )
E 2
% 0.015 S 154
0.010 1 1.0
0.5 A
0.005 A | | I | |
T T T T T T 0.0 -
0 20000 40000 60000 80000 100000 0 20000 40000 60000 80000 100000
Position in SAD Position/m
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Loss Distribution — With Collimators CEP )

 The loss in first turn dominants.

BGB  1e6 Loss By Turn RBB
: — 150
[ First Turn E -
5 1 Second Turn ) —
[ Third Turn 100__
[ Other Turn ~
47 -
50—
3 B
0—
2 - N
=501 | i
1 , ~100{—
I = )
0 Ffﬁ“ﬂ‘lﬁ .ﬂ T ,“—‘ﬂ,;', _150_||1||l|1|||||||||||||||1|||
-6 -4 - 0 2 4 6 -6 -4 -2 0 2 4 6
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Particle Position Optimization ozl

* We learnt than the position outputted by SAD might not be true. SAD Aperture

* In our previous study, we used the position “1” as the loss position /

* To do so, we have to perform the simulation twice.

. . . . 2
* However, SAD is a monte carlo simulation program. When the twice
simulation performed, the position “1” might be changed.
* Therefore, the position ”3” should be used with changing the
position of X/Y.
1e6 BGB Loss Map - Position 1 1e6 BGB Loss Map - Position 3
3.0 A 3.0
2.5 2.5
" 2.0 2.0
5 1.5 § 1.5
1.0 4 1.0
0.5 0.5 -
0.0 __WMMMJ» 0.0 _m . .
0 20000 40000 60000 80000 100000 0 20000 40000 60000 80000 100000
Position/m Position/m
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Where these Qeaks come from? G

* The diameter of the beampipe in all regions except the IR and collimator is 56mm, with the length
of the components itself.

e The drift chambers and dipoles in the IR and 200m before the IR are sliced to 10cm, with aperture
set properly.
* Since the beam-gas coulomb scattering has not been well studied yet, only X apertures is presented.

Beta X

1e6 BGB Loss Map - Position 3
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Beam Loss Particles Ci

Loss Number  Bunch number x Particles per Bunch * (1 — e

Loss Rate = , = P
Loss Time Beam Lifetime
Beam Lost Particle Distribution 1e—7 Beam Lost Particle Distribution
[ 10*BGB_Higgs_TDR 1'41 ﬂ [ 10*BGB_Higgs TDR
20 4 1 10*BTH_Higgs_TDR L T T
1 RBB_Higgs_TDR Beam Lost Particle Distribution
1 BGB_Higgs TDR
15 | BTH_Higgs TDR
N 0.4 .
< 1 BGC_Higgs_TDR
) [ BGB_ttbar TDR
g Lo 1 BTH_ttarb TDR
8 0.3 - 1 BGC_ttbar TDR
N .
T
=
5 5
o
9 0.2 -
S
0 T -'-rl-‘-.--II{h T T T T T
-6 —4 -2 0 2 4 6
Position in Interaction Region/meter
0.1 -
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* Quads would be one of the hot-spot, shielding might be 0.0 Moo L . . [
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Beam Loss Particles

Loss Number  Bunch number x Particles per Bunch * (1 — e

Loss Rate = : = I
Loss Time Beam Lifetime
Beam Lost Particle Distribution
[ BGB_Higgs_TDR
1 BTH_Higgs_TDR
0.4 7 1 BGC_Higgs TDR
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e Upstream Loss Rate is higher than downstream, loss power isn’t
* Quads would be one of the hot-spot, shielding might be needed.
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* A preliminary study on the injection backgrounds has been performed:

350

RBB is taken into account in all cases

A simplified model of top-up injection beam
Tails from imperfectly corrected X-Y coupling after the injection point
Some tolerances to imperfect beams from the booster (e.g. too large emittances)

non-Gaussian distributions existing/building up in the booster and being injected into the main rings
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300

250

200

counts

150

100

50 |

0

600

counts

-6

-4 2 0 2 4 6 0
position(m)

Large emittance ~10times

counts

2/14/2023

counts

Injection beam

500

300 |

200

100

6000

5000

4000

3000

2000

1000 |

Large emittance ~1000times

position(m)

counts

counts

350

300

250

200

150

100

50 |

350

300

250

200

150

100

50

Injection Backerounds

Gaussian beam with 3sigma

Double gaussian beam

position(m)

IAS HEP 2023, MDI Session, H.Shi(shihy@ihep.ac.cn), Hong Kong

counts

S. Bai

Gaussian beam with 40sigma

150

00

‘50

‘00

50

00

50

0

-6 -4 -2 0 2 4 6
position(m)

Uniform beam

position(m)

32



3  Beam Pipe Simulation -- FLUKA CZR

* The initial version of shielding of the quads has been performed using FLUKA.

* Pure tungsten IR beam pipe with 4mm thickness without cooling taken into account, simulate the
Absorbed Dose on Coil (Region)

* Only Beam-Gas beam loss is taken into account, calculated based on loss distribution from SAD:
* ~0.00166 Gy/s(0.166rad/s)

» Safe for Higgs. Other sources on going.

YOI

White: Vacuum
Gray: Tungsten Pipe
Light Green: Helium

Heavy Green: Stainless Steel Vassel
Pink: Coil
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Detector Simulation -- FLUKA

* The initial version of detector simulation has been performed using FLUKA.
* The Endcup/Lumical must be taken care of.

* We plan to improve the accuracy of the model and make comparison.

Sample Model TID(Sample)
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