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Abstract

Beam-beam background is one of the main issues of the
CLIC MDI at 3 TeV CM. The background level has a sig-
nificant impact on the interaction region design. This paper
presents a study of the background expected rates and lu-
minosity according to different beam parameters and con-
sidering different machine conditions, using an integrated
simulation of the Main LINAC and BDS sub-systems.

INTRODUCTION

Because of the high energy and high luminosity fore-
seen at CLIC the beam-beam background rates are ex-
pected to be high. These backgrounds need to be care-
fully investigated in order to verify that the experimental
conditions are acceptable. In order to use realistic bunch
shapes at the interaction point we simulate the full trans-
port through the Main Linac (ML) and the Beam Deliv-
ery System (BDS) using the tracking code PLACET [1].
The beam are brought into collision using the GUINEA-
PIG code [2] to calculate luminosity and background rates.
The relevant processes are: the emission of beamstrahlung
photons, the coherent pair production, the incoherent pair
production and vy — hadrons events. A detailed descrip-
tion of these processes as well as the cross sections imple-
mented in GUINEA-PIG can be found in Reference [3].
Here we remind that incoherent pair and hadrons can be
produce with a considerable momentum in the transverse
plane, thus they can reach the detector forward as well as
central region. In Table 1 the CLIC nominal main parame-
ters at 3 TeV and the calculated background rates per bunch
crossing are reported. The emittance values include the
budgets for imperfections. The actual values depend on
the single machine and change during operation.

Table 1: Nominal main parameters of CLIC at E.,, = 3
TeV. All background are per bunch crossing.

Luminosity L [103*cm™2s7 1) 5.9
repetition frequency fr [Hz] 50
bunches per train N, 312
distance between bunches A, [ns] 0.5
particles per bunch N [10%0] 0.372
bunch length o, [pem] 44
emittances yez/vey [nm]/[nm] 660/20
beam sizes o, /0, [nm]/[nm] 45/1
beamstr. phot./particle n. 2.1
incoherent pairs Npairs [10%] 330
coherent pairs Neop [107] 33
hadronic events Ny 2.8

In this paper we investigate the luminosity and back-
ground rates correlation and fluctuations according to dif-
ferent beam parameters and in presence of machine imper-
fections.

BEAM-BEAM JITTER

Most of the imperfections, like ground motion or mis-
alignments of the magnets, lead to an offset of two beams
at the interactions point. In order to estimate the effect of
beam-beam offsets on luminosity and background we have
calculated the last two using the bunch shapes after tracking
trough perfect ML and BDS and scanning the relative off-
sets of the two beams in the vertical and horizontal plane.
A perfect head on collision in the plane that is not scanned
is considered.
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Figure 1: Luminosity and backgrounds relative rates as a
function of the vertical(top) and horizontal(bottom) relative
beam-beam offset.

The results are shown in Fig. 1 for the vertical offset
and for the horizontal one. Each point is the average of
20 bunches with different initial random distributions. The
incoherent pairs and hadronic event rates follow the lumi-
nosity curves fairly well in the case of a horizontal offset,
while more background with respect to luminosity is pro-
duced when the relative beam-beam offset reaches 2 o of
the vertical beam distribution.
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BEAM CHARGE AND EMITTANCE

During the tune-up of the machine bunches with reduced
intensity are used. Figure 2 shows the relative luminosity
and relative background rates according to different num-
ber of particles in the bunch. All the background rates fall
to zero faster than luminosity, except for the number of
photons that show a linear decrease with the number of par-
ticles in the bunch. One of the most important effect that
machine imperfections induce on the beams is the beam
size increase. In order to have an indication of this effect
we have tracked beams with different horizontal and ver-
tical emittance values through perfect ML and BDS sys-
tems. Figure 3 shows the dependence of background on
the horizontal and vertical emittance. The curve of emit-
ted beamstrahlung photons per particle describe very well
the peak luminosity curve according to the horizontal emit-
tance change, while it is insensitive to the vertical emit-
tance variation. More relative luminosity than incoherent
pair and hadronic events are expected for very low vertical
emittances and for bigger horizontal emittances. The op-
posite behavior is expected for bigger vertical emittances
and very low horizontal emittances. These studies indicate
that the measurement of beamstrahlung photons is useful
during machine set-up to tune the intensity of the beam
and the horizontal beam size. At the same time the in-
coherent pair and hadronic events are the only two pro-
cesses useful for the fine tuning of the vertical beam size
and the relative beam-beam offsets. So far beamstrahlung
photons and incoherent and coherent pairs have been con-
sidered as potential signal for luminosity tuning [4]. From
this study it follows that hadronic events should be con-
sidered as well, even if further studies are needed. In the
following we study the correlation between luminosity and
hadronic event rates inducing imperfections in the ML and
considering perfect BDS, which nevertheless include the
non-linearities and emission of incoherent synchrotron ra-
diation in all the magnets. The main beam parameters and
the imperfections used in the simulation of the ML are re-
ported in Table 2.
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Figure 2: Luminosity and background relative rates for the
nominal CLIC parameters as a function of the charge in the
bunch.
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Figure 3: Luminosity and background relative rates for the
nominal CLIC parameters as a function of the horizontal
(top) and vertical (bottom) emittances.

Table 2: Values of the imperfections and beam parameters
used in the main LINAC simulations.

imperfections dim. value
BPM vert. offset pm 14
BPM resolution pm 0.1
accelerating structure vert. offset pm 7
accelerating structure vert. tilt prad 142
quadrupole vert. offset pm 17
quadrupole vert. roll prad 100
beam parameters dim. value
Bunch charge N particles | 3.72e+09
Bunch length o, pm 44
hor. emittance ye, nm 660
vert. emittance yey nm 10
MACHINE IMPERFECTIONS

The listed imperfections are enough to bring the verti-
cal emittance of the nominal beams to growth up to several
order of magnitude if no correction scheme is applied to
the machine. When the Beam-Based-Alignment (BBA),
described in [5], is applied to the machine the resulting av-
erage emittance growth at the end of the ML stays well be-
low 5 nm. We have steered the beams coming from the
corrected ML into the BDS and tracked them to the in-
teraction point in a perfectly aligned BDS. The resulting
bunch shapes are used to compute luminosity and back-
ground rates again.

Figure 4 shows the correlation between total and peak
luminosity vs the number of hadronic events. The cases of
perfect machines and scaled beam emittances, as in Fig. 3
are compared with the cases of corrected machines and ini-
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Figure 4: Total L(top) and Peak L o1 (bottom) Luminos-
ity vs number of vy — hadrons events, normalized to the
nominal values, for perfect machines with different vertical
emittance values and for corrected machines.

tial nominal beam parameters. The correlation in any case
is linear but the fluctuations of luminosity and expected
hadronic events are bigger for the corrected machines (on
the average ~5% instead of <1%), indicating that different
emittance values are reached by the different machines af-
ter the linac BBA correction. The mean luminosity value
is about 30% higher than the nominal case, and 25% more
background with respect to the nominal value is expected.
Finally we have studied the stability of the corrected ma-
chines with time, since the BBA described before cannot
be applied train by train. We apply different time values
of ground motion, modeled according to the ATL low [6]
with a value of A =0.5x107% (um)2/(ms), to the corrected
ML machines and then we steer the beams trough ML and
track them trough perfect BDS.

Figure 5 shows the correlation of the luminosity and
hadronic event rates resulting from these simulations.
The corrected machines after 10°s of ground motion
still present a linear correlation between luminosity and
hadronic events rate and they show a very small spread
around the values obtained with perfect machine and in-
creased beam emittance values. When 10°s of ground mo-
tion is applied to the machine the luminosity and back-
ground rates start to fluctuate more around the linear be-
havior (the fluctuations of the hadronic event rates are >
15%). The majority of the machines have a relative low lu-
minosity while still a significant number of hadronic events
are produced.
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Figure 5: Total L(top) and Peak L ¢1(bottom) Luminos-
ity vs number of 7y — hadrons events, normalized to the
nominal values, for perfect machines with different vertical
emittance values and for corrected machines, after several
time values of ground motion followed by simple steering
trough the magnets are applied to the linac.

CONCLUSION

We have compared the hadronic background for nomi-
nal collisions with realistic conditions. During operation
the luminosity may be larger than nominal if emittance is
smaller than the budget. In this case, background levels can
be up to 40% larger than nominal. Detectors should thus be
able to handle this level not to have to artificially reduce the
luminosity in order to reduce background.

Imperfections will lead to a reduction of the luminosity
compared to this increased level. They also result in re-
duced background levels, even if the ratio of background
to luminosity may increase somewhat.

The behavior of luminosity and the relevant beam-beam
background processes shows that, besides beamstrahlung
photons, coherent and incoherent pairs, the hadronic events
may provide a signal for luminosity tuning.
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