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Abstract 2 SIMULATION MODEL

The following work summarises simulation results ob\Ve assume a Gaussian longitudinal bunch distribution and
tained at CERN for the beam-induced electron cloud anglit the bunch into 50 slices. During the bunch passages
looks at possible cures for the heat load in the LHC beame generate new photoelectrons. For protons at 7 TeV the
screen. The synchrotron radiation in the LHC creates tatal number of photoelectrons with energies larger than
continuous flow of photoelectrons. These electrons are ag-eV (the work function of Cu) is approximateNy,.c» -
celerated by the electric field of the bunch and hit the vag“ . 0.17 photons per bunch, wheré, .., is the number of
uum chamber on the opposite side of the beam pipe wheseotons per bunch arid the photoelectron yield [3]. For all
they create secondary electrons which are again acceleragegtulations we assumed a Gaussian energy distribution of
by the next bunch. For a large secondary emission yiettie photoelectrons around 7 eV and a widtlrpf = 5 V.

the above mechanism leads to an exponential growth of The electrons are modelled by macro-particles. We gen-
the electron cloud which is limited by space charge forcegrate a total of 1000 macro particles per bunch and the
The simulations use a two-dimensional mesh for the spag@mber of macro-particles generated per beam slice is pro-
charge calculations and include the effect of image charggsrtional to the number of protons inside the slice. For
on the vacuum chamber wall. Depending on the quantugach slice we first generate the new photoelectrons and then
yield for the production of photoelectrons, the secondargvaluate the force of the beam slice (including the beam im-
emission yield and the reflectivity, the heat load can vargige charges on the vacuum chamber wall) on the electrons.

from 0.1 W/m to more than 15 W/m. The gap between two bunches is again divided into 50
steps, allowing a proper modelling of the particle motion
1 INTRODUCTION under the influence of space charge and detecting the elec-

tron losses at the proper positions. In all cases we calculate
The energy deposition due to the electron cloud on the vage space charge on a two dimensiozialx 25 mesh and
uum chamber walls can give an important contribution tghclude the contributions from image charges on the vac-
the total heat load on the LHC liner. The current budyum chamber wall (the calculation of the image charges is
get of the LHC cryogenic system is based on an electrashsed on an elliptical boundary).
cloud induced heat load d? ~ 0.2 W/m and cannot tol-  Once an electron reaches the boundary of the vacuum
erate a heat load of more thdh 6 .5 W/m. Thus, the chamber the program calculates the secondary emission
design of the beam screen must assure a heat load whigB|d of the incident electron as a function of its energy
is smaller than this amount. However, numerical simulaand incident angle with respect to the surface normal. The
tions of the electron dynamics inside the vacuum Cham};harge of the emitted macro partide is given by the prod_
ber showed that the heat load can reach values as large@s of the initial charge and the secondary emission yield

P =15 W/m or more. Currently there are two differents (£ ¢ ). For the secondary emission yield we assume [5]
programs which are used for estimating the heat load in the

LHC beam screen due to photoelectrons: one code from M. 5 (EH) = Smag - 1.11- ( L ) o % 1)
Furman which was developed at LBL [1] and one based on Eraax

a program by F. Zimmermann [2] which was further devel- B\ L35

oped at CERN in order to study the heat load in the beam(l — exp [—2.3- ( ) ) /maz (cos6,0.2),
screen [3]. The availability of two independent simulation Emaz

programs for the heat load generation in the beam screameref is the angle of the incident electron with respect to
has proven to be extremely useful. A continuous comparthe surface normal, E the electron enetfjy,.. the energy
son of the results generated by the two programs indicatéor which the secondary emission yield has a maximum
several weak points in the algorithms and finally led to aandé,,,,.. the maximum secondary emission yield for nor-
improvement of both programs. While the results initiallymal incidence of the electron. In the following we assume
disagreed by more then a factor of two, they now differ by,,,,. =300 €V for all simulations and limit the value of
less ther20%, giving us good confidence in the results.  cos 6 to values larger then 0.2.

The following work summarises the simulation results The energy distribution of the secondary electrons is
obtained at CERN and looks at possible cures for the hemiodelled by a half Gaussian centered at 0 eV and with an
load in the beam screen. The work is part of a crash proms width betweemw,, =3 eV ando,. 20 V. The
gram at CERN which aims to identify the key parametersalue ofo,. determines how many secondary electrons re-
which determine the net heat load in the liner and to meanain inside the vacuum chamber before the next bunch ar-
sure the relevant parameters of the vacuum chamber [4].rives.
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All results presented here are based on the nominal LHC
beam parameters [6].

3 SECONDARY EMISSION YIELD

In this section we look for the maximum secondary yield
c_oefﬂment&mam for which we do not observe an exponen- O Width of energy distribution [ev] | 20
tial growth of the electron cloud. If the secondary emission

coefficient of the vacuum chamber is much smaller thal'E‘igure 1: Heat load versus the width of the initial energy
this critical value §EY..;;), the heat loss will be approx- gigtinution of the secondary electrons fot = 0.2 and

imately proportional to th_e numbgr of synchrotron lightg _ 8.4 T. TOP:6may = 1.8. BOOM:3,,0, = 1.066.

photons and the photon yield. If it is larger th&#'Y,,.;;,

the heat loss will be determined by the valuejgf,, and

even a single electron, e.g. from residual gas ionisatiofields are relevant for electron energies less than 1 eV or
is sufficient to trigger the build up of an electron cloud.10 eV [3] depending on whether the secondary emission
Clearly, when designing a beam screen for the LHC vagdeld is larger or smaller thaSEY,,;;. Fig.1 illustrates
uum chamber it is necessary to achieve a secondary emisis effect with simulation data for two different values of
sion coefficient which is smaller tha®iE£Y,,;; and it be- the secondary emission yield and the case of an 8.4 T dipole
comes important to understand h&#¥Y..;; depends on field.

the beam parameters and the vacuum chamber geometry.
In order to determiné EY..,.;;, we neglect the space charge No Field | Dipole | Quadrupole
effects and generate photoelectrons only for the firstbunch. | 0ma. | 1.3 1.8]13]18] 1.3 | 1.8
Looking at the evolution of the number of electrons perunit | P[W/m] | 2.4 | 6.2 1.5| 5.2 | 0.06 | 0.06
length over 60 bunch passages, the electron density will de- _ o _
crease if the secondary emission yield is smaller then tH@Ple 2: Heat loss for different magnetic field configura-
critical value. If the secondary emission yield is larger, th§0nS and secondary emission yields for a uniform distribu-
electron density will grow exponentially. Table 1 showgion of photoelectrons along the azimuthal direction of the
the SEY,,;; for two different values ofr,.. In all cases, vacuum chamber (R=1.0): Y =0.&,. =5 eV.

SEY,..; is smaller than the secondary emission yield of

copper §,... ~ 2.0), the proposed surface material for the 4 HIGH REFLECTIVITY

LHC liner. The larger the value af,. the more secondary ) o )
In case of high reflectivity the photoelectrons are approxi-

Hezt Loss [Wini
ORNWAMUONO®

Field No Field Dipole | Quadrupole mately uniformly distributed over the surface of the beam
o [€V] | 3.0] 10.0[ 3.0] 10.0| 3.0] 10.0 screen. Table 2 gives the corresponding heat load in the
SEY..; | 14| 1.7 | 12| 1.4 | 13| 14 liner for three magnetic field configurations and two dif-

ferent secondary emission yields (the secondary emission
Table 1: Critical secondary emission yieldSEY,,;;) for  yields are taken from [7]). In all cases we assumed nomi-
different magnetic field configurations and energy distribunal LHC beam parameters and a photon yield’of= 0.1.
tions for the secondary electrons,(). The largest heat deposition occurs in the field free region
and the lowest in the quadrupole field. In the case of strong
electrons reach the opposite side of the vacuum chambiagnetic field lines, the electrons are effectively acceler-
before the next bunch arrives. Because these are all low efted only along the field lines. Hence, they experience only
ergetic electronsi << E,,..) they are absorbed by the a fraction of the full kick when a bunch passes by. Because
vacuum chamber without generating new secondary elegre heat loss in the liner is proportional to the average en-
trons and the critical secondary emission yi€lY.,;; in-  ergy of the electrons the heat loss decreases with decreas-
creases with increasing,.. For the cases with magnetic ing kick strength. The net kick in the quadrupole field is
field, the particles move effectively only along the fieldsmaller than the kick in the dipole field or the field free
lines and only the velocity component parallel to the fielgegion.
lines determines the transit time of the electrons from one
side of the vacuum chamber to the other. This reduces the 5 LOW REFLECTIVITY
number of electrons which are lost before the next bunch
arrives andS E'Y,,.;; is smaller for the cases with magneticFor small reflectivity, the photoelectrons are mainly gener-
field than in the case without field lines. ated within the horizontal plane of the beam screen. Thus,
The above results suggest a particularly high heat load the presence of strong vertical magnetic field lines the
for small values ob,.. However, electrons with small en- electrons experience only a small effective kick when a
ergies are also more strongly affected by their own spad®inch passes by and the heat loss is smaller than in the case
charge field. Depending on the secondary emission yieldf high reflectivity. Table 3 illustrates this effect for three
one finds that for the LHC parameters that space chardédferent magnetic field configurations and three different

333



secondary emission yields. In all cases we assumed theGenerating the photoelectrons mainly in the horizontal
nominal beam parameters and a photon yield'of 0.1. plane of the beam screen (low surface reflectivity) reduces
In order to account for a small reflectivity, we genei@i the heat losses in regions with strong magnetic field lines.
of the synchrotron light photons with a Gaussian angulakssuming, for example, a Gaussian angular distribution of
distribution witho, = 22.5° at one side of the vacuum the photoelectrons with, = 22.5° at one side of the vac-
chamber. 10% of the photoelectrons are still uniformly uum chamber reduces the heat losses in the dipole magnets
distributed in the transverse plane (R = 0.1). The hedtom 5.2 W/m to 0.2 W/m. However, this method is only
loss inside the dipole magnets decreases from 1.5 W/m ¢dficient if the secondary emission yield is smaller than
0.15 W/m foré,,,... = 1.2. However, in case the secondarySEY,..;;. FOré, .. > SEY,..;; the heat loss is determined
emission yield is larger thaiEY..,.;; the heat loss is deter- by §,,,, and even a small fraction of the photoelectrons
mined byd,,.. and the fact that0% of the photoelectrons which are generated above or below the passing beam lead
are still uniformly distributed along the azimuthal directionto a heat loss larger thafy .
leads to the same heat load as in the case of high reflec+or the LHC, this indicates two steps for reducing the
tivity. For example, fol,,,.. = 1.3 which is just slightly heat loss inside the dipole magnets. First, the secondary
larger thanSEY,,.;;(csc = 5 eV) the heat loss takes the emission coefficient of the surface material must be smaller
same value as for the case with high surface reflectivity. thanSFEY,,;;. This can be done by coating the inner sur-
face of the liner with TiN or TiZr. Second, the reflectivity

Field No Field Dipole Quadrupole|  of the liner should be as small as possible where the syn-
Omaz 13|18| 1.2 13|18 13| 1.8 chrotron light hits the liner. One possibility is to construct
P[W/m]| 24| 6.2|015| 15| 5.0| 0.02| 0.02 a ribbed vacuum chamber where the synchrotron light hits

the surface of the liner parallel to the surface normal. Both
Table 3: Heat loss for different magnetic field configura-strategies are analysed at CERN. Alternatively, one can
tions and secondary emission yields: Y = Gr, = 5 eV.  generate an electrostatic potential across the vacuum cham-
90% of the synchrotron light photons are generated at onger. However, it is not clear if such a solution is feasible
side of the vacuum chambé&f % of the photoelectrons are from the hardware and aperture point of view.
uniformly distributed in the azimuthal direction. Inside the field free region, where the heat losses are the
largest, the surface reflectivity has no influence on the heat
losses due to the electron cloud. Here, the electron cloud

6 EXTERNAL FIELDS
It has been proposed to reduce the electron build up in rcej?nSlty must be reduced by external fields. For example,

. : L ) .é)ne can utilise a weak solenoid field (50 Gauss) for this
gions without magnetic field lines by an external solenoi urpose

field of 50 Gauss. The solenoid field bends the electro% In all cases analysed, the heat loss inside the quadrupole

trajectory back into the vacuum chamber and the phOt(r)'f_llagnets is smaller than the limit imposed by the cryogenic
electrons are re-absorbed before they are accelerated by g €tem

next passing bunch. However, this solution only works litd '
the field free regions of the LHC. In the presence of strong
vertical magnetic field lines the electrons can essentially 8 REFERENCES
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