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® Introduction to beam abort
® Collimator design

® Summary



Introduction to beam abort

® Machine protection of the CEPC becomes extremely challenging due to unprecedented energies
stored in the magnets and circulating beams.

® Machine protection: powering failures of normal conducting magnets, quenches of the
superconducting magnets, critical RF failures ...

Table 1: Parameters for CEPC beam dump

—m——

Beam Energy [GeV] 45.5
Bunch Population/1010 13 21.4 13.5 20
Number of bunches 446 13104 2162 58
Total Energy [MJ] 1.1 3.7 20 0.33

Beam life time [min] 20 80 55 18



Introduction to beam abort

® The priority consideration of machine protection:
> IP regions, RF region, superconducting magnet...

Beam life time Scenario
Strategy
20 min (Higgs) Operating conditions  Collimators must be sufficient
and absorb most of the beam
energy
~ms

Fast beam loss
Fast equipment failure

Detect the failure or beam loss.

Beam dump response as fast as possible
Active protection

(multi-turns)

~ us Several-passages Passive protection relies on

beam loss collimators
(~ turns) Passive protection




Collimator design

_  mB
Constraints on collimator design ’
v" The half width of a collimator should be small enough )
to shield the particles that may reach the IR (+10 m i A \/ _
from IP). S e

B Fig 1: B functions in IP

dC < TR <

ﬁIR 0.014 , , , : In...,
(s, Bx) = (£6.2,374.601)  (s,B,) = (£3.2,6547.64) so0o|

v" Limit from the collective beam instabilities -

v" Injection requirement
Fig 2: Collimators radius



Layout of the global collimators

Collimators locate at the regions with large B functions or large dispersion functions

16 collimators for MDI
Total number of collimators: 54
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Fig 1: Layout of the global collimators
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Serious beam loss

J.Y Zhai

® In the condition of critical RF failures, the most serious beam loss occurs.

V =V,et/"

where Vo = 4.01 x 107 is the voltage of the RF cavity , T = 773 pus.

1.0

0.8

Fig.1 Voltage decays as n varies

Single passage at CEPC ~ 331 us



Simulation

® Simulation tool: SAD

® Beam distribution: Gaussian distribution, start from
Injection point

® Parameters of collimators:
» 24 horizontal collimators with radius 3 mm
» 12 vertical collimators with radius 3 mm
» 2 horizontal collimators with radius 18 mm
» 16 collimators for MDI(Horizontal radius with 4 mm
and vertical radius with 3 mm)

Parameters

Values

synchrotron radiation Acceleration by CAVI
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Loss Mumber

Loss Number
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LLoss number turn by turn (Only 16 collimators for MDI)
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Without additional  collimators,
beam loss rapidly when the quench
of RF occurs. Meanwhile, the a
large amount particles are lost near
IP and RF region.



Beam loss distribution

Simulation result shows that the beam losses rapidly, even that beam dump system hasn’t
enough time to response.
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Lossn

Beam loss In condition of critical RF failure

Simulation result suggest:

In condition of MDI collimator, particles will loss near IP region and RF region (20000 particles

in simulation)
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L_oss distribution in different collimators

» There are 99.28 % beam loss in all collimators

> Less than 0.1% beam loss in collimators for MDI

» For now, collimators upstream IP1 absorb most of the beam loss
> Residual beam loss near collimators and upstream IP1
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Detalled beam loss In collimators

EBeam Loss

Beam Loss
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Fig.1 Beam loss distribution in 16 collimators for MDI

Small amount of beam loss in
collimators region

8 collimators upstream IP
contribute less to beam abort
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Eeam Loss

Beam Loss

Detalled beam loss In collimators
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Fig.1 Beam loss distribution in 38 collimators

> Most of

loss iIn
injection

beam
collimators near
region and RF region

Though these collimators can
sufficiently absorb beam loss,
some collimators maybe
damage due to high energy

More particles loss in
horizontal collimators rather
than vertical collimators
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Beam loss 1n two directions

Change the radius of the collimators in RF region and injection region
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Simulation results indicate:
» Beam loss in horizontal collimator is more sensitive to the radius of horizontal collimator
» Small gap of vertical collimator causes more beam loss in vertical direction



Summary

The global collimators arrangement are studied

« All the collimator could protect IP region and RF region in the disaster condition

 For now, collimators near RF and injection region absorb most of the beam loss

« 2 collimators near IP1 and IP3 are expect to absorb the beam in case of beam loss near IP
region

« Beam loss in horizontal collimator is more sensitive to the radius of horizontal collimator

Problems:

Collimators in MINJO.1, RF.1 and MINJI.1 face high pressure due to large amount of beam loss
Preliminary arrangement of the collimators doesn’t match the impedance budget
More conditions should be included:

Powering failures of normal conducting magnet
»  Quenches of superconducting magnets

»  Potential damage of equipment
»  Powering failures of kicker



Backup



Introduction to Machine Protection

* Process of active machine protection

Fault detection

X.H Cul

Beam interlock » Dumping » Dumping

system system complete

80 us 300 ps 300 ps 300 ps
>1ms

CEPC active machine protection system can only work for beam failure of time scale
larger than 1 ms

18



Operation

Active
protection

Passive
operation

Ref: Y. Nie, TUPVAO012, IPAC17, FCCee CDR

Table 1: Beam Losses and Protection Strategies for Different Operation and Failure Scenarios

Beam Power into Envi-

g::l:] Life- ronment Scenario Strategy & Remark
LHC FCC
100 h 1 kW 23 kW Optimum operating conditions (Possible) upgrade of the collima-
tion system after some years of
operating experience
10 h 10 kW 236 kW Acceptable operating conditions Operation acceptable, collimators
(expected during early operation) must absorb large fraction of
beam energy
12 min 500 kW 11806 KW  Particular operating conditions (dur- Operation only possible for short
ing change of optics, tuning, collima-  time (~10 seconds), collimators
tor aperture setting, etc) must be very efficient
ls 362 MW 8500 MW | Fast beam loss (standard equipment Detection of failure, beam must
failures) be dumped rapidly
A few ms ~100 GW ~TW Very fast beam loss (fast equipment Detection of failure or beam
(multi-turns) failures, e.g., magnet powering fail- losses, beam dump as fast as
ures or quenches) possible
1 turn 4TW 26 TW Single-passage beam loss (failures at ~ Beam dump not possible, passive

injection or during beam dump. po-
tential damage of equipment)

protection relies on collimators,
absorbers (sacrificial materials)
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