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Synchrotron Radiation Effects

S.R. Power deposition on cryogenic system
Photon stimulated outgassing -> dynamic pressure increase

Photoelectron production -> electron cloud effect
— Power dissipation from beam
— Beam Induced Multipacting (secondary electron coefficient)
— Electron stimulated outgassing

Beneficial effects of S.R. are :

— Gradual cleaning of the vacuum system (beam cleaning)

~ Reduction of secondary electron coefficient by photons/electrons
— For.a VLHC : Radiation damping -> Increase of Luminosity

O. Grébner CERN-LHC/VAC, SR2000, BINP, 17-21 July 2000



Beam screen inside a Cryo-magnet cold bore

COOLING TUBES

S

MOLECULES

BEAM SCREEN
5-20K

1.9K

O. Grobner CERN-LHC/VAC, SR2000, BINP, 17-21 July 2000
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O. Grobner CERN-LHC/VAC, SR2000, BINP, 17-21 July 2000
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Effect of 'scrubbing' and of a 'saw-tooth' surface

B Electron Cloud

O Image Currents

B Synchrotron Radiation
W Heat Inleaks

Average heat load
per aperture (W/m)
w

Initial Final Initial Final
Without With
Sawtooth Sawtooth

%
O. Grobner CERN-LHC/VAC VLHC Magnet Workshop 24-26 May 2000
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TW chamber experimental setup

loads

J scope
Blg

* Pressure rapidly increases

* Current at the pick-up

Multipacting depends strongly on the

RF pulse parameters

|
" M.Pivi
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Analytical expression for Secondary emission yield [H.Seiler, J.Appl. Phys
54 (11), (1983)] oy Ep
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New data about SEY dependence on the incidence angle of the impinging electron, from — -

recent measurements by R. Kirby, see "Secondary electron Emission Yields from PEP II
Accelerator Materials”, SLAC 2000.

LHC / Vocuum _ M. Pivi



LHC: photoemission from synchrotron radiation

5 hot
- N, =—=ay _P__‘Z_:?_”_S —  3510° photoelectrons
o 2J3 radian magnet bunch
Critical photon energy: E_, 32hc vy} ~ 45¢V
b'b
o) %,%
20 ns

uropean Laboratory tor RPartcle Physics

M / Vacuum



Possible Remedies against the
electron cloud build-up

* Suppressed multipacting with a solenoid magnetic
field - 5 Gauss, estimation for LHC (> 15 Gauss)

* Experimented a novel plasma RF discharge treatment
using Freonl11, is a promising way to suppress
multipacting

* Activated TiZrV-coating in the TW chamber
.—— multipacting absent, quite permanent effect

* Analyzed bake-out of the system (desorption)

N N L e LT . —
A A o . o =
e e R R e M “v‘
LHC /7 Vacuum ‘ .



Tune

Tune shift/charge density (1/(mA/rf bucket))
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if) Threshold intensity of the blow-up K R - R

Vertical beam blowup in LER e‘!' BEA”

Without permanent magnet
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*Threshold intensity is determined by the charge
density of the beam. This fact suggests the
blow-up starts at a critical density of the cloud.
But why the threshold is not dependent on the
bunch intensity is an open question.



ii)

Vertical beam size(micron)

Beam size of each bunch

If the blow-up is caused by the electron cloud, we
expect the beam size increases along the train
because the density of the cloud also increases
along the train.

a) Average beam size
*Beam size was measured by the interferometer
by adding the bunch one by one to the train.
* The data shows that the average beam size
increases as the length of the train increases.

Bunch current : 0.5mA
5 pr———T 71—

4.5 H{ bunches in a train/bunch spacing |
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Electron Cloud : an Analytic View

L. Vos SL/AP

Keywords : electron cloud

Summary

Electron cloud activity has been observed in some positron storage rings but not in others. It is
a major concern for the LHC. In this paper the electron cloud problematics is treated purely
analytically. The equilibrium electron cloud density. is derived from the standard photon
production rate, taking into account the photo-electric yield and the process of secondary
emission. A fundamental ingredient in the derivation is the Kollath[2] energy spectrum of the
secondary emission. The phenomenon of space charge is discussed as well. The transverse
acceleration of the electrons by the bunches is used to introduce the concept of clo
sparsely bunched beams. There is a fundamental difference between them, especially from the
ma deposition. Expressions for an equivalent transverse impedance and
imaginary tune shift are derived. Finally the analysis is confronted with electron cloud
observations in existing positron machines (DA®NE, PF;, BEPC) before it is applied to the
LHC. It comes out rather clearly that the nominal 25 ns bunch spacing in the LHC does not
offer enough safety margin in terms of power deposition in the beam screen and that the
alternative of 50 ns deserves serious consideration.

1 Introductiqn

The aim of this report is to study the effects related to an electron cloud created by
the synchrotron radiation of a positively charged particle beam. It can be considered
complementary to earlier papers (4,5]. The analysis is applied to the LHC but also
extended to other machines. The build-up of the electron cloud is a two-stage process. It
starts with the production of a photo-electron which then can trigger one or several
secondary emissions. The creation and recombination of electrons will reach an
equilibrium. The effects of the cloud on the beam and its environment can be derived
from the equilibrium state.

2 Photo-electron production rate

A single particle circulating in a machine with revolution period T and relativistic
factor ¥ will produce photons per unit length at the following rate [1] :
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Madel calculations of electron cloud parameters
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Parameter
E, GeV

Y

C. km
p,m

Ny

Ny

S,, CM
ton. NSEC
I A

fo, A
IM.NIlA

b, cm
phetons/m-sec
E. eV
<E>v, eV
P’ W/m
g

<AE>, eV
AE(b), eV
torster
far(2tos)
Matl

KTse(eV)
N'ee, &/m
N'ec.sc. €/M
P'ye, Wim
P'ec.ac: WM

KEK-LER
35
6.85E+03
3.02
16.3
3.30E+10
4950
0.4
1.97
2.60E+00
2.68E+00
107.75
47
2.52E+18
5.85E+03
1.80E+03
7.25E+02
3.54E+00
2.83E+01
3.99E+00
2.49E-02
1.68E-01

Cu
1
0
0.2

21
a5
1,32E+10
3.65E+09
8,88E-01
2.45E-01

PEPII-LER
31
6.07E+03
2.2
13.76
5.90E+10
1658
1
42
2.13E+00
2.25E+00
6.71
25
2.56E+16
4.82E+03
1.48E+01
6.08E-02
2.16E+00
1.95E+02
4.51E+01
3.36E-01
5.78E-01

Al(TiN)

1
0
0.2
1.1
3.5
4.10E+07
3.65E+09

4 T4E-03

LHC
7.00E+03
7.46E+03
26.66
2.78E+03
1.05E+11
2835
7.7
24.95
5.36E-01
6.73E-01
9.85E-02
1.8
7.79E+16
4.43E+01
1.36E+01
1.70E-01
5.22E-01
2.88E+02
2. 76E+02
6.85E+00
2.61E+00

Cu(cond.)
0.66
0
0.2

1.1
35
1.03E+09
3.65E+09
1.90E+00
6.74E+00

L 1ED -FREE REC(IONS
SsC VLHC-HF VLHC-LF
2.00E+04 5.00E+04 5.00E+04
2.13E+04 5.33E+04 5.33E+04
87.12 104.00 646.00
1.02E+04 13214.28571 9.25E+04
7.50E+09 5.00E+09 9.40E+09
17333 20690 128594
7 1.42 1.42
16.67 16.67 16.67
7.16E-02 4.77E-02 8.98E-02
7.20E-02 4 80E-02 8.02E-02
1.74E-01 1.85E-01 6.81E-02
16 1.65 1
7.28E+15 1.02E+16 3.08E+15
2.81E+02 3J.40E+03 4.85E+02
8.65E+01 1.05E+03 1.49E+02
1.01E-01 1.70E400 7.36E-02
1.77E+00 2.80E+00 1.99E+00
6.31E+00 4 17E+Q0 2.84E+01
1.78E+00 7.44E-01 7.16E+00
4. 14E-01 2.59E-01 1.33E+00
6.42E-01 5.08E-01 1.15E+00
Cu Cu Al (warm)
1 1 0.9
0 0 0
0.2 0.2 0.2
21 2.1 3.5
35 35 35
7.94E407 1.40E+08 -
3.65E+09 3.65E+09 3.65E+09
2.57E-03 3.59E-03 -
- 9.96E-01

RHIC
1.00E+02
1.07E+02

3.83
2.38E+02
7.90E+10

60

10

228.4
5.94E-02
5.94E-02
4.45E-03
35

1.51E-03

1.20E+00

9.89E+01

4 13E+01

1.25E+01

3.65E+00
38

0.1

0

0.2

27
3.5

3.65E+08

2.63E-01

RD
RHGI:‘IT—

120

114.2
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5.06E-01
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My N'i e/m <AE>eV P, W/m
5.00E+09 1.40E+08 4.14E+00 3.59E-03
6.50E+09 1.60E+08 6.72 4.66E-03

1.00E+10 1.88E+08 14.6 7.18E-03
1.93E+10 1.17E+10 47.2 5.28
3.,00E+10 1.81E+10 102 17.8

4.00E+10 2.42E+10 168 38.9
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Beam Induced Electron Clouds at RHIC

Kirsten A. Drees

Abstract

The development of a beam induced electron cloud in the vacuum
pipe of RHIC depends mainly on three parameters: the radius of the
beam pipe, the secondary emission yield of the vacuum chamber material
and’ the time gap between two consecutive bunches. A simple model
estimates the mean survival probability of electrons in the beam pipe,
the effective yield and the dissipated power in the chamber wall due to the
electron cloud. Calculations are made taking into account two different
operation schemes with 60 and 120 bunches respectively. No effect is
expected for an operation with 60 bunches while the potential RHIC
upgrade with 120 bunches runs the risk to produce an unacceptable heat
load in the chamber wall.

March 13, 1998
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