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Electron cloud generated heat load
in the LHC beam screen
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Key parameters

‘Synchrotron radiation intensity, Y
Y(E,p) photoelectric yield
S(E,d) secondary electron yield, E_,, O,

Energy distribution of secondary electrons
Photon reflectivity (magnetic field)

Beam screen shape and diameter

Bunch intensity and spacing

External fields (magnetic, electric, space charge)

Gas load
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Dipole beam screen for String2



Effect of the magnetic field in a
dipole

B

-
iAveraged over 2T, the projection of the kick in

the direction of the magnetic field gives an
‘lenergy transfer to the electrons which is 1/2 of
the value in a field free region

The energy transfer perpendicular to the
magnetic field is negligible -> the electron
makes about 60 cyclotron periods during a
bunch passage




LHC vacuum with synchrotron radiation.

Synchrotron radiation
photons desorb strong-
ly bound gas molecules
which are cryosorbed
and gradually accu-
mulate on the cold
beam screen.

Scattered/reflected
photons re-desorb these
molecules at a rate in-
creasing with coverage,
leading in turn to an
increasing gas density
(pressure).

The increase in
pressure due to
‘recycling’ of molec-
ules increases the
probability for gas to
escape. through the
pumping slots and to
be permanently cryo-
sorbed on the 1.9K
cold bore. This effect
stabilises the gas
density in the beam
pipe to a safe value.

Without pumping
holes, the beam screen
~would have to be
warmed-up periodi-
cally to pump-out
condensed gas.
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Test run at INP in Novosibirsk, scaled
to LHC parameters and for initial
operation at ~1/10 of the nominal
beam current illustrating the effect of
recycling of gas and warming-up of
the beam screen.



see PAC_ 97
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Some basic equations

eN
Er)= A with | A=_b
TE, T cT
the momentum transfer
e2 N
Ap=eE 1= b
27r80 cr
hence independent of the bunch length Beam pipe r,

The velocity due to this momentum transfer is

2

e N N

Av=Ap= b _=2cr b
m 27r£0mcr € r

introducing the classical electron radius

2
r=—=>5——=2810-15m
4me,me

The transit time condition requires

.2_rE_ =1
% bb
and introducing the distance between successive bunches
Lyp=ctpy
gives a very simple relation
2
Ny=rh— (g o)
b r P Lb b 37 {
The energy resulting from the kick of a bunch is
Ap2
AW =21
2m

2 N
or AW =2 mec re2 {-TbJ (eV)



Critical value of maximum SEY 8., vS bunch population N,
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Figure 2: Set-up for measurements of the photon reflectivity and azimuthal photoelectron
distribution in a magnetic fleld.
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Figure 3: ample configuration for experiments of the photon reflectivity and azimuthal
photoelectron distribution in a magnetic field.

Critical | Forward Scattered |  Diffuse Photon Y
Sample Energy R, (I:);ﬂectli?o: By Reflectivity | Adsorption Ry, (electron/
E. (eV) current) | power) Rur R, R, +R, photon)
Smooth 20 0.67 — 0.04 0.29 0.13 0.03
surface
Saw-tooth 49 0.035 — 0.22 0.74 0.23 0.049
surface 246 0.026 0.03 0.185 0.79 0.19 0.063
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Yield, [e/ph]

Exu. 2.2. Photoelectron emission \

from copper laminated stainless
steel sample in magnetic field
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Figure 1. The experimental-set-up on the synchrotron radiation beam line. F is the cryostat, 7 is the
isolating vacuum, V is the experimental volume which can be separated from the beam line with the
valve A shown in the closed position. The membrane gauge MG measures the gas pressure in the
volume G which is injected via the pipe B and condensed onto the substrate S at cryogenic
temperature. C; and C; are the insulated collector electrodes.
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| Photoemission from condensed gases
on the stainless steel substrate
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EPA photoelectrons Compilation

au 28/11/97
/4 L
Y [e.photon *]= 4 3 Hit
: TF Collimator (]_ - R) Collected
308 MeV 500 MeV
Date Tube status R (%) | Y(e/ph) | R (%) | Y(e/Ph)
217197 Gu roll bonded Unbaked 80.9 0.114 77 0.318
28/8/97 Cu electroplated Unbaked 5 0.084 6.9 0.078
17/9/97 | Cu roll bonded air baked Unbaked 21.7 0.096 18.2 0.180
13/11/97 Curibbed Unbaked 1.8 0.053 . -
14/11/97 150, 9 hours 1.8 0.053 1.2 0.052
17/11/97 150, 24 hours 1.3 0.040 1.2 0.040
181197 T Zr Unbaked 20.3 0.055 174 0.078
19/11/97 120, 12 hours 19.5 0.048 16.7 0.072
20/11/97 250, 9 hours 19.9 0.026 17.4 0.040
2511197 350, 10 hours 20.6 0.015 16.9 0.028
: 350, 10 h after
28/11/97 saturation with| 20.7 0.016 -
5E15 CO/cm2
| photoyield current [A]
q = 1.602E-19C
[ [photons.s *]1=1.0029 10% I, [mA] E,__ [GeV]

FColumuu

R = reflection

=46 % at 308 MeV
= 65 % at 500 MeV

L, = 3414
L coteces =0.500 m (computed)

m




RIBBED COPPER SURFACE FOR LHC BEAM SCREEN
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Photoelectron Yield per absorbed photon for a sawtooth chamber
EPA critical energy 194 eV, Wire polarised at + 1kV
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SEY vs photon dose at EPA
Critical energy 194 eV
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Beam scrubbing time for the LHC arc

séaled from EPA test

Sample
indirectly exposed

ribbed surface

S.R. hits the copper test chamber along a ribbed surface

SEY as a function of the zp‘,_hoton dose (indirectly exposed
sample with bias) ' :

Scrubbing effect scales with the specific surface area :
factor ~ 2 less for the beam screen. '

The sample bias simulates the average electron energy
for the cloud. However, the biased sample may collect
more photo-electrons than a grounded surface.

At 350 V bias the clean-up is ~5 times faster as
compared to 100 V.

10?2 photons/m in EPA equivalent to ~ 7 Ah in LHC.



installation in EPA (11" of october 19%9)
Movable sample holder {remotly conirolled by labview)
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SEY vs photon dose at EPA
Critical energy 194 eV, Sample polarised at + 100 V
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Estimated nominal and ultimate heat loads due
to electron cloud on the dipole beam screen

(Simulations by F. Zimmermann)

Without With Sawtooth
Saw-tooth
Parameter | Initial | Final Initial Final
Reflectivity, R 10 1.0 0.1 0.1
Photoelectron 0.2 0.1 0.05 0.025
yield, ¥
Secondary 2.3 1.1 2.3 1.1
electron vyield
maximum, O
Emax (€V) 300 450 300 450
Nominal Heat| 5.0 15 5.0 0.045
load, P (W/m)
Ultimate Heat| 7.6 3.4 7.6 0.120
load, P (W/m)
P =R-P (5 ) Y
final o\"m
foro<o .
Ccrit
Ian Collins LHC/VAC LHCMAC #8




Esfi'ma'red'hea loads per aper'ﬂjr'e at 4.6-20K

or nominal operati on (0.56A)

Installed cooling capacity = 1.17 W/m

Electron Cloud

Image Currents
Synchrotron Radiation
Heat inleaks

BHEON

Average heat load
per aperture (W/m)

Initial Final Initial Final

Without With
Sawtooth Sawtooth

Tan Collins LHC/VAC LHCMAC #8



Es’ri’ma’red heat loads per aperfur‘e at 4.6-20K
for ultimate operation (0.85A)

Installed cooling capacity = 1.17 W/m

B Electron Cloud
O Image Currents
B Synchrotron Radiation
B Heat Inleaks '

Average heat load
per aperture (W/m)

Initial Final Initial Final
Without With
Sawtooth Sawtooth

Tan Collins LHC/VAC LHCMAC #8
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Electron energy and secondary electron yield vrs.
radial position at nominal LHC conditions
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‘Electron Cloud Scrubbing in LHC

Linear power density: 0.5 W/m

eta

Electron stimulated desorption yield vrs. scrubbing time (s)
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LHC Beam Screen Scrubbing Scenario

I  Photon scrubbing
First year operation at’ 7 TeV with ~ 1/5 1 ..., and
below the cooling power limit.
compatible with dynamic vacuum pressure.
scrubbing time => 70 h
Subsequent years : with nominal beam current use
gaps in bunch trains to avoid multipacting and to
stay within the cooling power limit.

. scrubbing time => reduced prop. with beam current

I1  Electron scrubbing
Beam current limited by cooling power (0.5 W/m).
scrubbing dose ~ 10 C/mm?’ within < 1 hour
dynamic pressure rise remains below the lifetime

limit and well below the magnet quench limit.

-> Electron scrubbing can be used to recondition a
limited part of the machine in a shortest time. It may be

done at injection energy but requires control of the beam.



CONCLUSIONS/SUMMARY

LHC will depend'on beam conditioning to operate »with

-

nminal he
11111131 UUN

dynamic pressure due to photon induced desorption

(1/10 to 1/5 of nominal currents during first year)

e-Cloud effects (heat load) -> ~1/3 of nominal current
during ~ 7Ah to reduce SEY < critical value of 1.3
Budget for beam screen cooling ~1W/m (two beams) is
adequate for conditioning

Final heat load proportional to PEY -> suppression by
dipole/quadrupole magnetic field : straight sections
dominate

perp. photon incidence by saw tooth structure -> low
reflectivity, PEY

Special surface coating/treatment to reduce conditioning
time without 'photons in long straights/experimental

vacuum chambers.
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Future validations
1) Photon scrubbing with a cryogenic system : ->
COLDEX with EPA beams and in the SPS

2) SPS provides LHC type beams (but without
synchrotron radiation)'for multipacting studies (beam

blow up, bunch trains, electron-conditioning, ...)

3) Special coatings/surface treatments to reduce

conditioning time (dose, memory effect, ...)

4) Comparison between different machines which have

shown/not shown e-Cloud effects

5) Fine tune, bench mark existing simulation codes

beam pipe radius, pumping slots in beam screen



