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I Motivation—Collimation for CEPC

» CEPC is ete- collider designed for 4 beam operation modes
» The energy stored in the machine is very high, compared to other lepton colliders

» Such beam is highly destructive

* Machine Protection

» Global equipment protection

» Reduce the background near IP

v’ Active protection (beam dump)
v' CEPC active machine protection system can only work for the beam failure of time scale larger than 1ms

v’ passive protection(collimators, shielding...)
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Table 1: Parameters for the CEPC machine protection

Beam Energy (GeV) 120 80 45.5
Bunch Population/1010 13 21.4 135 20
Number of Bunches 446 13104 2162 58
Total Energy (MJ) 11 20 3.7 0.33
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Methods for Simulation studies

« Designing the collimation system requires:
» The particle tracking studies
» Beam-mater interaction studies

Collider Method (tracking) | Beam-matter interaction

SuperKEKB [1] SAD FLUKA
LHC [2] SixTrack FLUKA
FCC-hh [3] SixTrack FLUKA
SixTrack FLUKA
FCC-ee [4,5] Xsuit [7] BDSIM(Geant4) [6]
pyAT/ MAD-X
CEPC SAD FLUKA

[1] doi:10.18429/JACoW-IPAC2021-WEPAB358

[2] Chiara Bracco , Commissioning scenarios and tests for the LHC
collimation system, CERN-THESIS-2009-031, 2009

[3] doi: 10.18429/JACoW-IPAC2019-MOPRB048

[4] https://indico.ihep.ac.cn/event/19316/contributions/143168
[5] doi: 10.18429/JACoW-IPAC2022-WEPQOST016

[6] https://www.pp.rhul.ac.uk/bdsim/manual/ 4
[7] https://xsuite.readthedocs.io/en/latest/index.html

® BDSIM is a code to make 3D models of particle
accelerators using Geant4.

® Xsuite is a collection python packages for the
simulation of the beam dynamics in particle



https://www.pp.rhul.ac.uk/bdsim/manual/
https://www.pp.rhul.ac.uk/bdsim/manual/

Simulation studies

SAD simulations — beam loss map
Different scenarios

Optimum/acceptable/particular operating conditions:

Beam halo/tails, Top-up injection
Change of optics, tuning, collimator aperture
setting, etc
Fast beam loss
Standard equipment failure, fast equipment,
other accident beam loss, etc
Injection failure, SuperKEK fast beam loss
(should be understand if possible)
Different operation modes
Higgs, Z, W, tthar

e FLUKA simulations
e Beam-matter interactionl
* Workflow
Lattice, Aperture ::) Particle
model tracking
. f Particle&
Different
scenarios :

Structural Definitions of
Beam Line & Component
Since 1986

SAD

RY RCAN
lrategic Accelerator DeS'S

=
—T

FLUKA

Record beam loss

J Particles

Collimator model
Particle-matter interaction
Record secondary particles

— SAD

FLUKA




Current studies

Scenarios of the fast equipment failures (Four modes)

In current simulation, different starting points (LS1,L.S2,L.S3,L.S4 and arc regions)
are considered to provide a comprehensive analysis

. . T~ 773 us J.Y Zhai
» Critical RF failures

 Quenches of superconducting quadrupole magnets ~ 7: 10~100 ms  Y.s Zhu
» Powering failure of normal magnets 7: 10~100 ms
* bending magnets
 quadrupole magnets
* sextupole magnets

Fallure model: ¢ =gge-t/~

B. Chen

Single passage for CEPC ~ 331 us
T = 10 ms for the magnet failures



Preliminary arrangement of the global
collimators

Arrangement:

e 24 collimators near LS1, LS2, LS3, LS4 and RF stations

® Type: two parallel plates
® H:Vv=12:12

e 16 collimators near IP1 and IP3
® Type: cylindrical pipe (8) & two parallel plates (8)

e 16 MDI collimators (reduce background) near IP1 and IP3

® Type: two parallel plates
® H:V=8:8
® Half gap: 4 mm (H), 3mm (V)

Layout of the CEPC accelerator complex




SAD + FLUKA coupling
Example: Higgs mode

v" SAD tracking: beam loss map for equipment failures
—>Beam losses in few turns
—>No enough time to trigger active machine protection
—>Passive machine protection becomes essential
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v Optimization of gap for the impedance consideration (CEPC2023)
—>In the Collider, the beam-stay-clear (BSC) region is defined as BSC(x) =
and BSC(y) ==x (220y + 3 mm) for the horizontal and vertical planes respectlvely (CEPC TDR)
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SAD + FLUKA coupling
Example: Higgs mode

FLUKA simulation: beam-matter interaction
—>Different kind of materials are considered (Length: 4 cm)

SAD Transfer beam loss in collimator, FLUKA Transfer secondary particles (elecl trons) SAD
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Heat deposition & Background

« Two geometry: H.J Wang

—>HEPS-collimator type: metal/alloy + Carbon with carbon layer
--The temperature distribution 1011 °C/lost particle

—> Metal/alloy without carbon layer
--The temperature distribution: 10~° °C/lost particle

« Beam induced background H.Y Shi
Beam Lost Particle Distribution
1.2 4 n [ BGB_MDICo
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—>Beam-Gas Coulomb 1] ) Bec huco
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Impedance

Impedances of collimators have been preliminarily optimized compared with the
Impedances shown in CEPE2023 [1].

Impedance evaluation of the preliminary design of the Vertical d|p0|al-" Impedance [2’3]
collimators for the machine protection - Three different materials

— 18 horizontal+12 vertical extra collimators

— Rough estimation take the same impedance model as for —re
the IR region (with collimator jaw gap of 4.4mm)

7, (Ohm)-Al

O Their contributions to the transverse -
broadband impedance is the main 100
concern — Comparable to the total TDR 10!
transverse impedance budget — further i)

j-- optimizations are required. ol o 107

— Re

—Im

“ " O Their contributions to the longitudinal
impedance budget are trivial.

2, (Chmim)-Cu
2
=X

Re-New result

Im-New result
----- Re-Old result
————— Im-Old result

2, (Ohmjm)-CusC

0.1 100 108 108 101 0.1 100 105 108 1011
f (Hz) f(Hz)

[1] https://indico.ihep.ac.cn/event/19316/sessions/11549/#20231023 Conductivity

[2] DOI: 10.1016/j.nima.2022.166928
[3] https://github.com/amorimd/ClonelW2D Cu Al Carbon

58 MS/m 35MS/m 0.9 MS/m

11




Problems

More simulation scenarios in SAD are required for
completeness

IP regions need the more detailed tracking simulations

Z mode requires more optimization to balance the
cleaning efficiency and impedance budget

Auto-simulation iIs required to enhance the this work

12



I Auto-simulation

» Considering more scenarios should be simulated, auto-simulation becomes important to
enhance the efficiency

» Auto-simulation will be achieved by python (Coded by Guangyi T and Yuting W)

» The final results need to be discussed to balance the cleaning efficiency and performance

Lattice Collimator

design

SAD

tracking

Beam-matter

interacting

Other beam Beam losses on Secondary
losses the collimators particles




I Work Plan

v' Complete the preliminary optimization for four operation modes, especially

for Z mode
Jan 31, 2024
l Complete all the auto-simulation script
v" Add more starting components in SAD simulation
Mar 1, 2024
v" Add more simulation scenarios, such as beam halo
v Improve SAD aperture model
v More feasible scheme to balance the impedance and collimator performance
June 1, 2024 v Cross check between different simulation tools

Il
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A tentative scheme for the longitudinal
polarization (measurement)

15
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Compton polarimeter in colliders

Techniques | Storage Ring

Parameters

Results

Polarization

NIKHEF
HERA
Energy of scattered
photons
SLC
Super KEKB
HERA
Energy of scattered
electrons
ILC
LEP
Vertical position of
scattered photons
SPEAR
FCC-ee
Spatial position of
scattered electrons
EIC

Epeam = 440 Mev

Ey =241eV
Epeam = 27.5 GeV
Ey =233eV
Epeam = 45.6 GeV
Ey =234eV
Epeam = 7 GeV
Ey =241eV

Epeam = 27.5 GeV
Ey =117 eV

Epeam = 250GeV
Ey =233eV

Ebeam = 55 GeV
E, = 233 eV

Epeam = 3.7 GeV
Ey = 2.41eV

Epeam = 45.5 GeV
Ey=233eV

Epeam = 5GeV /10GeV
/15GeV
E,=117eV

P, = 61.6% + 1.4%(statistical)

AP, = 1%~2%(statistical)
2%(System uncertainty)

AP; = 1%(statistical)

AP, = 1%(statistical)

AP; = 1%~2%(statistical)
2% (System uncertainty)

AP, ~0.5%(statistical)

AP; = 1%(statistical)

AP; = 5%(statistical)

AP, = 1%(statistical)
AP = 1%(statistical)
Need photon detector

AP, = 1%(statistical)
AP = 1%(statistical)
Need photon detector

Longitudinal

Longitudinal

Longitudinal

Longitudinal

Vertical

Longitudinal

Vertical

Vertical

Longitudinal
Transverse

Longitudinal
Transverse



A tentative scheme

-

Electron beam
Interaction region

S,
e
Laser system H
Electran detector
_;'
\} ory

AL E 7R

Measurement

Scattered

Scattered
electrons

photons

In ref.[2] for CEPC,
Vertical polarization measurement
Energy measurement

Challenge for CEPC:
High energy

Requirement (Z mode):

Longitudinal polarization
Radial polarization

Is it possible to measure both longitudinal & radial beam polarizations via scattered

electrons?
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[1] S.H. Chen et al., A toy monte carlo simulation for the transverse polarization of high-energy electron beams. Journal of

Instrumentation, 2022.

Rix
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Summary for polarimeter

e 7 E R EEFIER R RR AR 2

XJF &l B EAR A0 R R R, %XDIPOE
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‘
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Your comments and suggestions are highly appreciated!

Thanks
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Emittance growth

Emittance growth

(B,0,—2B,0, B}
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Polarimeter for FCC - Layout of ICS

] 4
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® interaction point o .
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Figure 2. Detection plane. 2D pixel detectors for photons and electrons are represented by dotted rectangles.

Figure 1. Layout of ICS experiment.

[1] N.Yu. Muchnoi, Electron beam polarimeter and energy spectrometer, JINST 17 (2022) 10, P10014, DOI: 10.1088/1748-
26

0221/17/10/P10014
I e



SAD aperture mode

An aperture. Only valid in tracking. A particle with

(x —DX)2  (y —DY)?

AX? AY?
&& min(DX1,DX2) < x < max(DX1,DX2)
&& min(DY1,DY2) < y < max(DY1,DY2)

<1

(87)

can pass through the aperture, otherwise it is lost and a message
is printed out. If AX or AY is

zero (default), they are interpreted as infinity. If AX <=> 0 &&
AY <=> 0 and (DX1 == DXZ or DY1l

== DY2) then the aperture is only determined by AX and AY.

https://acc-physics.kek.jp/SAD/
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FIG. 9. Distribution of collimated beam particles at the LER
DO6H1 horizontal collimator. The red, dashed ellipse shows
the original SAD collimator. The two black, dot-dashed rect-
angles show the newly implemented, more realistic collimator
edge. The relative particle flux is shown in color. The bin
size is 0.2mm = 0.2 mm.

doi: https://doi.org/10.1103/PhysRevAccelBeams.24.081001
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