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Introduction to the Electron Cloud
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Electron clouds are an important phenomenon to study Iin
circular particle accelerators such as the LHC, the Cornell
3 synchrotron, and the damping ring for the ILC.

Low energy background electrons are normally present in
high energy accelerators

'-"

i "f
ki

e

| f‘

R

f

y

4 I

{ Ll
<
,

. The generation and amplification of the electron cloud is
caused by ionization of residual gas in the vacuum
chamber and irradiation of the vacuum chamber by
synchrotron radiation.




Effects of e- Cloud on the Beam
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. These clouds can have many detrimental effects on the

beam performance, including beam degradation and tune

Proton and positron beams are more vulnerable to cloud
effects than electron beams because of Coulomb
attraction due to opposite charge.
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. The cloud can be mitigated by changing vacuum chamber
surface roughness such as a sawtooth pattern on the

chamber wall, coating the chamber with materials such as
titanium nitride as used in this study, or by applying a




Three Types of Secondary Electrons

Secondary energy spectrum
St. St., Eg=300 eV

normal incidence

true secondaries
(area[0,50]=1.17)

When electrons collide with the
vacuum chamber wall, they either:

backscattered i
(area[295,305]=0.12)

rediffused —
(area[50,295]=0.75)
— \a e
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1) scatter back elastically (the elastic
secondaries) 0.00

2) Interact with atoms inside the wall

material and are reflected back out 'y
(the rediffused secondaries) \ / / !
3)interact through complex processes \ 7
with the chamber wall (the true |

secondary electrons ' \".‘ :



Measurements
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. This study focuses on a 1.1 m custom vacuum chamber coated in TiN &
In the west of the storage ring. '

. Cloud development in the custom chambers is studied using time- J
Integrating retarding field analyzers (RFA), and shielded-pickup 5
a ’ 1 b
detectors. The latter have given a wide range of time-resolved '*
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Volts ( 10mV/div )
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Withess Bunches

Witness bunch scans use one leading bunch, and then one

witness bunch at various delay times to study cloud decay over !
a period of time. b

This study focused on electron and positron beams of 2.1 and gé

5.3 GeV beam energy, a bunch spacing of 14 ns, and a bias
\/n“'a(]e ﬂf +50 \/ Electron Cloud Decay Time 15W (Aluminum)

Using 2 Positron Bunches at 3amA ( 2.085GeV )
Two Positron Bunches at 3mA ( 2.085GeV )
Spacing 36ns (Aluminum Chamber)
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ECLOUD Simulations

Job 26742: Electron Energies (eV) Averaged Over 68.704 ns

. The program ECLOUD was gggm' “
used in this study to simulate o O
electron cloud build up over the 7 . {

course of a bunch train, and
can be set to either positron or
electron bunches.

. ECLOUD generates photoelectrons, performs the
time sliced kinematics for cloud electrons, including
beam kicks, space-charge forces, and magnetic fields

If present. It also creates a detailed model of
secondary electron production processes on the
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Example of ECLOUD Diagnostic

5.3 GeV

Job 26742 Cloud Density (e/m') Averaged Over 68.704 ns
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Job 26742: Electron Energies (e V) Averaged Over 68,704 nx
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o The main end results of thls summer
| were:
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"y . 1) Successtully matching simulations to
-3 data with the 2.1 GeV and 5.3 GeV 5
mA/bunch witness scans.

. 2) Optimizing the modeled secondary
electron energy distribution using the 2.1
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Best Simulation Matches to 2.1 and 5.3 GeV
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Wmess bunch study: 2.085 GeV 4.9 mA/bunch e+ 15SW TiN
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Changes 1n Secondary rgy
ECLOUD 51mulateﬁ§15 prioyr.to this Work have used the

distributions introduc ﬂz@ﬁ]lf)bbﬂﬂ]ﬁé@ﬂbased on Phil.J.Res. 50
(1996), 375:

/SEMAX)?2/2 ), with SEMAX=1.8 eV

Sec

f(E..) ~ exp( —-In(E

Use of a distribution attributed to Miguel Furman improved the
comparison to data:

/SEMAX ), with SEMAX=0.8 eV

Sec

Sec

f(Ege) ~ E

SecC sec

exp (-E

As the next two slides will show, Noel's distribution has too many
high energy e—, giving a broad late signal after the leadmg bunch

o a.

FOCLOUD - Kinematics for Secondary Electrons FOCLOUD - Kinematics for Secondary Electrons
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Original

vs. Optimized
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Witness bunch study: 5.3 GeV 5.1 mA/bunch e+ 15W TIN

-0.05

-0.1

015 : it
=0, ‘
v
* -
3 3
F ' s 6/18 Trace 1011
02— H P ECLOUD job 26779 ]
E E 6/18 Trace 1023
3 F : ECLOUD job 26780 1
025 P 6/18 Trace 1040 |
e P ECLOUD job 26781
L]
L £ . 6118 Trace 1064 i
.’- ECLOUD job 26782
»
03 1. |
-
L
- * i
t- 6/18 Trace 1112
! ECLOUD job 26784
035 — _
‘ | 1 | 1 1 ‘ 1 1 Il | Il 1
0 20 40 60 80 100 120
Time (ns)

Witness bunch study: 5.3 GeV 5.1 mA/bunch e+ I5W TiN

£.05

0.1

8 i
B 015 E
& 1
A 1 g
o T } 6/18 Trace 1011
8 oz i 1 ECLOUD job 26742 i
K 3 : 6/18 Trace 1023
- : 5} ECLOUD job26743 1
025 H 6/18 Trace 1040 |
- ECLOUD job 26744
L 2 6/18 Trace 1064 i
M :| ECLOUD job 26745
03 .. _
-
-
" 6/18 Trace 1112 T
ECLOUD job26747
.35 — —
1 1 | L 1 1 | 1 1 1 ‘ 1 1 1 | 1 1 L | L 1 1
& 20 40 &0 S 108 120
Time (ns)



Why Miguel's Distribution is Used

SEMAX Comparison: 5.3 GeV e+ ISWTIN
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Button Signal (V)

Button Signal (V)

SEMAX Comparison: 5.3 GeV e+ 15W TiN
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Sensitivity to SEMAX Parameter (Miguel's function)
(Note the late simulation peak at SEMAX>0.8 eV that is not present in the data)
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Where does late peak come from?
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Job 26724 Signal Energies and Azimuth For 40 < T < 70 ns
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The azimuthal angle is defined to be O degrees at the outside wall of the
beam pipe (the primary point of synchrotron radiation incidence)
and increases counter clockwise around the beam pipe.
the upper left plot shows most electrons that cause the signal are originally
produced at the top of the beam pipe (0 to 180 degrees) from direct photons.




Lower bound on SEMAX obtained from
14-ns witness bunch signal shape
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Conclusions
after ~ 1 terabyte of simulation data...
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2) The best SEMAX value is around 0.8 eV. Above 1.0 eV an
unphysical, late, broad peak appears in the simulation. Below 0.8
eV, the 14-ns witness bunch signal shape simulation is poor.
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3) The sensitivity to SEMAX appears to be about 0.2 eV!

4) Miguel's exponential distribution gives a better match than the
Phil.J.Res. parabolic log function.
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