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CEPC Beam Induced Background Study

Haoyu SHI(IHEP, CAS)
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Study Contents of CEPC MDI C

* The Layout of the MDI Region

* The Key Components
* Beampipe
* Final Focusing system and
supporting modules
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* Detectors
e LumiCal LU —
* Fast Luminosity Monitor
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* Beam Induced Backgrounds
The length of MDI Region is -7m~7m at TDR Phase
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| Updated MDI Region for CEPC Cep)

* Interaction Region Layout/Parameters
e L* =1.9m / Detector Acceptance = 0.99
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Mechanical Design of the detector beam pipe

1400

el — 170(Oute‘r Be pipe)
Outer Be Layer: 0.15mm Q[ e  —,——— f
HI | pe = ] =
Gap: 0.35mm, Coolant Ce——
‘ N
Inner Be Layer: 0.2mm S
H .~ 374 X
Thickness: ~0.2%X, \§
BPM LumiCal Vertex LumiCal BPM

Q. Ji, H. Wang
1mm Be

window

Temperature[C]
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G
N oo
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tnax Of €xpending AL: 26.8°C

Bellow

Flange

* Water or Paraffin could be used as the coolant

* Preliminary analysis shows that the dynamic
temperature/pressure could meet the
requirements.

~110w in total

. : i —
tmax Of inner Be: 35.6°C t.., of transition AL: 34.3°C

03/05/2025 eeFACT2025, Tsukuba, H.Shi(shihy@ihep.ac.cn) 4



Beam Induced Background Cl

Table 3.4: Parameters of the CEPC 50MW design

* Reasonable Estimation of Beam-induced background levels — — e
* Based on the 50-MW design of CEPC Accelerator TDR s
99.955
* Keep updating with the Ref-TDR detector Half crossing angle at IP (mrad 16.5
10.7
o : ; ; 50 12.1
Estimation of the Noise on Detector = = =
. . . . . . 18 0.037 0.037
* Estimation of the Radiation Environment: contributions from 416 13104 3978
277.0 23.1 69.2
Backgrounds 12 ! 3
crs 63 9 9
* Mitigation Methods 13 21 17
Beam current (mA 27.8 1345.2 325.0
Beta functionsat IPb /b, 0.3/1 0.2/1.0 0.13/1.0
_ m/mm
\ | 0.64/1.3 0.27/5.1 0.27/5.1
\ RRmaE: aREaa 445/445 317/317 317/317
3. — ’ 14/36 6/72 6/72
oo g g 1 Bunch length (natural/total) (mm 2.3/4.1 2.6/9.8 2.5/8.8
S s & Energy spread (natural/total) (% 0.10/0.17 0.04/0.15 0.04/0.13
8 1.6/2.2 1.211.7 1.0/1.7
0.015/0.11 0.0046/0.074  0.0053/0.082
Beam lifetime
Bhabha/beamstrahlung) (min 40/40 120/280 150/180
""""""""""""""""""" eam lifetime requirement (min 20 81 68
i uminosity per IP (1034 cm—=2 st 8.3 95.2 26
_1340_[_1315_ | 2900
300/ |

Figure 14.4: MDI Interface Dimension 5
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Background Estimation

e

Single Beam

Touschek Scattering
Beam Gas Scattering(Elastic/inelastic)
Beam Thermal Photon Scattering

<§éih;§§>

* Synchrotron Radiation
Luminosity Related

 Beamstrahlung

* Radiative Bhabha Scattering
Injection(Not Considered yet)

SR
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m
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A. Natochii
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Beam-Thermal photon
Scattering

Beam Lost Particles

Energy Loss > 1.6%

(energy acceptance @Higgs)

Pair Pfoduction

—
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Photon BG

<

Radiative Bhabha
Scattering

Beam Loss BG

268 bunches
Revolution frequency: 2997Hz
1.3x1011 particles/Bunch
L: 5x103*cm2s~1

Synchrotron Radiation
Beamstrahlung/Pair Production
Beam-Thermal Photon
Beam-Gas Bremsstrahlung
Beam-Gas Coulomb
Radiative Bhabha

Touschek

BDSim/Geant4

Guinea-Pig++
PyBTH[Ref]
PyBGB[Ref
BGC in SAD

BBBREM

TSC in SAD

BDSim/Geant4

SAD

CEPCSW

/FLUKA

CEeP

A. Natochii

e'e Pairs
. (O

Beamstrahlung

Injected

/ beam
-7

@ . “.’wwz) @Y » k - - .
e Machine
Scattering aperm?ﬂe
Injection BG

One Beam Simulated
Simulate each background separately
Whole-Ring generation for single beam
BGs
Multi-turn tracking(200 turns)

* Using built-in LOSSMAP

* SR emitting/RF on

* Radtaper on
* No detector solenoid yet


https://twiki.ph.rhul.ac.uk/twiki/bin/view/PP/JAI/BdSim
https://geant4.web.cern.ch/
https://twiki.ph.rhul.ac.uk/twiki/bin/view/PP/JAI/BdSim
https://geant4.web.cern.ch/
https://github.com/cepc/CEPCSW
https://fluka.cern/
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://acc-physics.kek.jp/SAD/
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

SR BG & Mitigation P,

* The central beam pipe was carefully designed to avoid the direct hitting of the SR
photons

* The masks are implemented to further mitigate the secondaries, the design is still
on going.
» Several ways has been attempted, including the shrinking of the incoming beam pipe and
different position/material/design of the mask.

: photon number of hitting on
lem
i \ I Belh)
-2.2m | -121m -0.805m
" P

1.21-mask-Cu 1736.0
0.10
/ T — , " 1.21-mask-W 1698.0
;0.015; \ / 50
0-09 oot 2.2-mask-Cu 1147.0
0,005~ 490
oF Z % cons-no mask-Cu 257364.0
s 2 -o.oos? = %
e - cons-no mask-W 148030.0
—0.015?
- o D L R N R 1.21-mask-Cu-5{mAu 216.0
% oo o nomask 39400.0
/ pﬁ‘.\: =

~0.15 ) ] ,, 7



Pair Production(Beamstrahlun CER

* Luminosity related backgrounds

* One of the dominant backgrounds at the CEPC, 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.

* Hard to mitigate

Symbol ILC-500 CLIC-380 CEPC-Z FCC-Z CEPC-W FCC-W | CEPC-Higgs| FCC-Higgs | CEPC-top | FCC-top
250 190 45.5 80 80 120 120 180

Energy E[GeV] 455 182.5

Particles  EENTIRT 3.7 2 14 243 135 29.1 13 20.4 20 23.7
per bunch

11934 10000 1297 880 268 248 35 40
Number
Bunch 03 0.07 8.7 145 4.9 8.01 4.1 6.0 2.9 2.75
Length [mm]

(o) |[HEIIS  sigma_x,y
[um/nm] 0.474/5.9 0.149/2.9 6/35 8/34 13/42 21/66 14/36 14/36 39/113 39/69

107"

102

me{ﬂ%ﬁiy le4/3.5e4 0.95e3/3e4 0.27/1.4 0.71/1.42 0.87/1.7 2.17/434 0.64/1.3 0.64/1.29 14/47  1.49/2.98

—3 —2 —1
CDSBUEER betaxy 011048 00082/01 0.43/09  0.1/0.8 0.21/1 0.2/1 0.3/1 0.3/1 1.04/2.7 1/16 10 10 10 1
on [m/mm] 0 (rad)
[ Factor [ETEY 612.7 6304.6 214 17 3.0 24 4.8 5.2 56 7.10
Relative
EE  %/BX 19.3 00041 00092 00067 00072 0009 00161 00062  0.0093 . / = =
o Pairs/BX 2200 850



Beamstrahlung — Photon Dum e

* We have completed the preliminary study on the photon dump and
have already developed a reference design for it.

* The extraction line and the modification of the magnets have not yet been
incorporated into the design. The whole system design is on going.

* The ambient equivalent dose constraint has been met, with a value of less
than 5.5 mSv/h.

3m o

0cm}_ Lead

3m

Crossing Angle : 33 mrad

110 cm



I\/Iitigation of the Backgrounds

Q. Ji

Collimators were implemented to reduce IR loss caused by single beam.
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19 sets of collimators dedicated design for MDI 10cm Paraffin

e

12 sets of collimators were installed for passive machine protection and will also \ f
contribute to mitigating beam background.

Collimator design Requirements:

* Beam stay clear region: 18 ¢, +3mm, 22 o, +3mm B —— .
* Impedance requirement: slope angle of collimator < 0.1 |

With the implementation of collimators, multi-turn beamstrahlung and radiative

}
Bhabha loss particles have been effectively shielded outside the interaction region. |
* Shielding has been implemented at both ends of the yoke using the 10 cm of s
paraffin, and also 10mm W outside of the LumiCal-LYSO. The shell of cryo-module
also used as shielding.
15mm Stainless Steel Shell and Shielding
Y.Zhu, X.Zhang, X.Yang
10mm Tungsten _
Insulation Thermal Qla alb Q2 AS
vacuum \\ shield \ E GN2 out
_________ 7 — GHe out
wml | ceeeee———m————nn 7 = & [ LN2in
LHe in
/ / \ \ j , -
. Eﬁ:rr:ber Liqﬁid helium tank Qla Q1b QJZ Aé \Inner thermal shield
S. Bai, Y. Wang, X. Cui 1o



Loss Distribution CEP )

* Errors implemented _
Loss Number _ Bunch number * Particles per Bunch * (1 — e 1)

* High order error for magnets Loss Rate = _ = —
Loss Time Beam Lifetime
e Beam-beam effect

* Detector Solenoid not yet considered in multi-turn tracking

. Beam Lost Particle Distribution @Low-Lumi-Z
@nggs 0.012 - Beam Lost Particle Distribution

[ BGC_rTDR_Higgs

> [ BGC_ITDR_LZ_New

") BGB_ITDR_LZ_New
] BTH_ITDR_LZ_New
[ TSC_rTDR_LZ_New

| BTH_rTDR_Higgs

()
b I e 1 BGB_rTDR_Higgs 0.4

[ TSC rTDR_Higgs

>
Q
(@)
®
e 9
&

£
8 € 0.3
— 2
N N
% T
=
g 0.006 2
= E 0.2 |
i 2
S 0.004 9

0.1 A

_::: - e o0 %{Hz ajfﬂﬁ} :

—6 —4 —2 0 2 4 6 o ) )
Beam Way Position in Interaction Region/meter Position in Interaction Region/meter
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Estimation on Impacts in the IR cepll

* Noise on Detector(Backgrounds)

* Occupancy
e Estimating using the same tool with Physics simulation

e Radiation Environment(Backgrounds + Signal)

* Radiation Damage of the Material(Detector, Accelerator, Electronics, etc...)

* Estimating using the same tool with physics simulation including the dose calculation
e Or FLUKA

e Effects of Radiation on Human Health and the Environment

* Estimating using the same tool with physics simulation including the dose calculation
* Or FLUKA

* The detector simulation for Reference Detector is ongoing.
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» __ BG Level at Higgs/Z with mitigation CER

* We have obtained a preliminary estimate of the beam-induced background levels in all 3 mode
* The VXD results taken the SR into account.

Table 3.13: The BG Level with Shielding

Sub-Detectors Ave. Hit Rate Max. Hit Rate Max. Occupancy Per BX(%)

Higgs Low-Lumi-Z High-Lumi-Z Higgs Low-Lumi-Z High-Lumi-Z Higgs Low-Lumi-Z High-Lumi-Z

VXD(MHz/cm?) 2.2 8.8 27.0 95 17 53 0.002 0.002 0.002

ITK-
BIEKHz/CT?) 0.63/2.8 1.0/4.0 3.8/14 1.0/13 2.8/20 15/72 3.8¢6-5 7.66-6 6.26-6
TPC(kHz/cm?) 3.4 3.7 ; 11 13 ; 0.066 0.078 ;

ol 0.68/0.93 1.2/1.6 7.6/8.9 1.1/4.1 1.9/6.6 1021 3.7e-3/37e-2 7.80-6/6.2¢-3 8.06-6/6.6¢-5
B/E(kHz/cm?)

ECal- 0.012/0.045 0.011/0.046  0.034/0.144  0.43/2.9 0.28/4.2 0.82/13 0.54/2.3 0.14/0.57 0.15/0.48
B/E(MHz/bar)

hical 0.17/5.3 0.70/5.1 1.9/16 5.2/2.262 8.7/1.262 26/4.1e2  4.6e-6/0.013 1.8e-6/2.5¢-5 9.0e-7/2.66-5
B/E(kHz/gs cell)

Jen- 1.4 18 5.9 29 10 30 0.20 0.08 0.09

E(Hz/cm?)
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* The radiation map has been simulated @Higgs using FLUKA

Dose [MGy/y]

Highest: ~0.2MGy/yr

400

-400

-600 -400 -200 0 200 400
Z [em]

Figure 3.21: The TID distribution caused by Pair Production at the MDI Region, the higest TID is roughly 0.2MGy per Figure 3.22: The NIEL distribution caused by Pair Production at the MDI Region, the highest number of the 1 MeV

year.
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silicon equivalent fluence is at the level of 103 per year.
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Possible Collaboration Gzl

A

* Generation/Generator of the Beam Induced Background
* Physics Impact Estimation

* Radiation Level Estimation

* And much more

Thank You
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Design of the LumiCal ce ll

* The Latest LumiCal Design: T
* Two parts, one before Flange, and one after aqmm
* LumiCal before flange:

6 mm

£ 7{27mrr 39 mm
* 560~700mm £ T
~ 12 mm:}'/"'m 54.7 mm )
 Two Si-wafers, 2X, LYSO R e
\ | I O T = I G Y Y I W AR g
* LumiCal after bellow: R
L : : 1)
- 800~950mm =T _ DNGidRE 24 plitiiiing
80 60 40 20 0 20 40 60 80 '
¢ ~13X,LYSO ’ < rom) x (mm) .
= XY Distribution
T _hileD
1400 g lEl"r.‘l;:sx 5123:
- - > Meany 1.04
Dutelr Be pipe) Lumica[,vo[umg Flange +8e|l6w - ¢ Sadey 208
r | Sweter =730 “
| - 1] = il ——
— —— - LYSO 23 mm
Inner Be pipe) S = _— =2 xo
374 .

X (mm)
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Intra-bunch Coulomb scattering E&.Jr,,.

Beam particles =

Rate o< (beam size) ! E~3

Lifetime estimation: 1 NrZc (1
T n3

>D(€)

- 2
8ma, 0,0,y

Should not have huge impact on High Energy colliders like CEPC

* Also exists on linear colliders

BEPCII 5.21h
SuperKEKB — HER — Phase 1 ~3.1h
SuperKEKB — LER - Phase 1 ~3.3h
LEP 1

CEPC — Higgs 119h
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Beam Gas Scatterin

* Coulomb scattering with residual gas
* Beam Particles(with orbit changing)
e Ratex P,Z, T"1,E~1 R™?, related to beta function

192:8516’771619( 1

47?12 1 47?12
Omatt = ]/2 02 + 912 —

min

|4 192yR?% + ,legmowczz/3

e Should also not have huge impacts on high energy colliders like CEPC,

but decay slope slowly than touschek.
* Also exists at linear colliders

* The small size of pipe radius will cause higher rates.

BEPCII 56.1h
SuperKEKB — HER — Phase 1 ~5.4h
SuperKEKB — LER — Phase 1 ~14.4h
LEP 1 430h
CEPC — Higgs 27.99h

= . — = 0PyqsC = 0C——=
T gas

- elastic

P
kpT

: Cgﬂ“e

Coulomb

IR1

Loss Pos @ CEPC-

Higgs
IR: 2.6%

More

Fifth
Forth

Loss turn @ CEPC-
Higgs
19



Beam Gas Scattering - inelastic CEP )

* Bremsstrahlung between beam particles and residual gas Bre”:‘:
* Beam particles(mainly) and photons O‘o‘f .\13;
e Ratex P, T~ 1 relatedtoZ v
5 4 1 5 1 1 1 _ P
Oprem = 4arg [g (lnﬁ - g) F(Z) + §Z(Z + 1)(ln5 - 1)] ~ = 0pgasC = 0C T

ARC1

* Not depends on E, therefore, would be significant at high energy colliders
like CEPC

* Also exists at linear colliders

Machine Name Beam Gas Brems Lifetime Loss Pos@ CEPC-Higgs

IR1

BEPCI| 50.7h e L6
SuperKEKB — HER - Phase 1 ~3.2h

SuperKEKB — LER — Phase 1 ~ 3.9h

LEP 1 &
CEPC — Higgs 248.90h

Loss turn @ CEPC-
Higgs 20



Beam Thermal Photon RCer )

* Compton scattering between beam particles and thermal photons
* Beam particles(mainly) and photons
e Rateox T3,f; f related ton~ 1, E~1

eXx —1 3
* Not depends on E(besides f), therefore would be significant at high energy
colliders like CEPC
* Also exists at linear colliders

* For T=24°C, p, = 5.329 x 10'*m™3, <e>=0.07eV, p, cor is about 26.2h, fis the loss .,
ratio which determined by experiment(or simulation)

1 ; x? 8m
——pycan 87‘[( )j dx-c-—71rs-f

ARC1

IR3

ARC4

Loss Pos@ CEPC-Higgs

 The energy of E would be increased as y?2, <e> is ~550 MeV@Z, 3.86 GeV@Higgs, 8.7 IR:3.1%
GeV@ttbar
—_m_
0.51718 0.37238 0.5471725 0.47443 )
IR
Beam Lifetime  50.66h 70.19h 47.88h 55.22h

Third

Loss turn @ CEPC-
Higgs 1
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