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Outline

Introduction to the ground motion study

Requirements on the ground motion of the CEPC accelerator complex
— Collider ring

— Booster ring

— Injector Linac
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T CEPC requirements on ground motion (preliminary)

e Uniform distribution of the ground motion spectrum
* Amplification factor from ground to magnetis 1
* All magnets vibrate independently (worst case)
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Collider ring

The beam jitter shifts the beams centroids and thus the colliding beams do not

fully overlap at the interaction point.

The relative luminosity reduction with small jitter can be estimated with
AL (Ay/oy)?

L~ 4
— note the horizontal beam size is much larger than vertical one at the IP

If constraint luminosity reduction less than 1% (A LML M
By Bin Wang —

— Vertical beam jitter at the IP (Ay,ps/06));ms<0.2
* 0,=60nm, amplification factor ~3,

* Require the ground motion less than 4nm s km)



G Booster ring

* Beamjitter will induce the emittanc growth and thus the reduction of injection efficiency
* If constraint reduction of injection efficiency less than 1%
— orbit stability of the whole ring less than 30um
* Amplification factor ~300(H)/200(V)

* Require the ground motion less than 100nm/150nm
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<> Injector linac

* Beam jitter will induce single-bunch and multi-bunch emittance growth (bunch

repetition rate is higher than frequency of ground motion)

* If constraint total emittance growth less than 30% (DR to Booster: 30nm to

40nm )
— single-bunch emittance growth < 10%
— multi-bunch emittance growth < 20%

* Require the orbit stability less than 10% of beam size, i.e. 0.1mm
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= Single-bunch emittance growth and orbit stability

Assuming
Independent
magnet

Orbit jitter of X (um)

Emittance growth X (%)

102

N
A

-
o
=)

N
<

o
S

N

460nm

10° 10’ 10 10°
Vibration (nm)
10°
102 |
10" b
650nm |
107" - :
10° 10" 102 10°

Vibration (nm)

10°

102
=——Rms.
£ 10’ By Cai Meng
>
<
3
5 10° ¢
3
C
8
E 107
640nm
1072 :
10° 10’ 102
Vibration (nm)

10°

102
E
g
>
; 10"
)
o

100 760nm

107" - -

10° 10! 102 10°

Vibration (nm)

)

Q)
(.
Lt
X\



= Single-bunch emittance growth and orbit stability

Assuming
common girder
for magnets of
triplet cell
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CEPC requirements on the ground motion (preliminary) =

Constraint Requirements on

ground motion

Collider ring luminosity reduction < 1% <-/4nm
Booster ring injection efficiency reduction < 1% < 150/100nm

Injector linac  total emittance growth < 30% <460/560nm

Seismic Station Moxa
Salt Mine Asse
CERN LHC Tunnel
Spring-8 Harima
FNAL Batavia
LAPP Annecy
SLAC Menlo Park
IHEP Beijing
APS Argonne
ALBA Cerdanyola
DESY TESLA
DESY XFEL Osdorf
DESY Zeuthen
DESY XFEL Schenefeld
DESY HERA |
ESRF Grenoble |
BESSY Berlin |

KEK Tsukuba
SSRF Shanghai | 292 nm
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Vibration in various sites
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Summary

Preliminary requirements on the ground motion were got for the CEPC
collider ring, booster ring and injector linac.

More detailed simulation should be carried out to check the results.

— The estimation of luminosity reduction should be checked with beam-
beam simulation.

— Simulation with realistic power spectrum of ground motion

— Very low frequency of ground motion with large amplitude should be
considered as CEPC is a large machine.
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