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HIGH ENERGY BEAM-BEAM EFFECTS IN CLIC

D. Schulte, CERN, 1211 Geneva 23, Switzerland

Abstract wherehw is the photon energyy the electron masd3 the
. . N ._magnetic field and3. = m?2c?/(eh). The coherent pair
In order to achieve high luminosity, the Compact I"n'production is thus small it <« 1 as it is the case for the

ear Collider (CLIC) has 1o be aperated in the high'coIIidersatcentre—of—massenergiesl(‘ﬂ’evorbelow. The

beamstrahlung regime at centre-of—mqss energies in the f?l mber of coherent pairs is given in Table 1. Itis negligible
TeV range. Beam-beam effects for this case are simulate ‘., = 0.5TeV. At B, = 1 TeV itis a possible source

The dependence of luminosity, luminosity spectrum an

. . f background, while at centre-of-mass energieg of, >
background conditions on the different beam parametersy, it plays a very important role, since > 1
is investigated. In particular the effect of beam size, waist The number of particles is, in tr;e latter ca.se not only

shift and offsets are considered, as well as the backgrounﬂéfortam as a background but is not negligible even com-

E;Er?n?cea:gigsagéing and secondary eleciro-magnetic %] ed to the number of beam particles. The simulation code
P ' had thus to be modified to also include the contribution of
these particles to the beam fields.
1 INTRODUCTION Since the two particles in the pair have opposite charge
and fly in the same direction their electro-magnetic fields
The beams in future linear colliders must have very smafleutralise immediately after production. If the particles
transverse dimensions at the interaction point. This leadsove in the direction of the electron beam they will not
to strong transverse electro-magnetic beam fields. In th&perience a significant force from the electron beam since
case of electron positron collision, the field of each beafte electric and magnetic forces cancel. The electron is
focuses the other beam. Therefore the luminosity is emowever focused by the oncoming positron beam while the
hanced. The bending of the trajectories causes the beg@sitron is deflected to the outside. The different charges
particles to emit photons, the beamstrahlung. This effegjill thus separate. The equivalent is true for a pair mov-
is comparable to synchrotron radiation and is described kg in the direction of the positron beam. Effectively the
the beamstrahlung parameter= 2/3- E./ E, whereE. is  charges of the bunch centres are thus increased.
the average critical energy of the emitted photon spectrumThe effect on the other background sources is not
andE is the beam energy. The CLIC parameters for differstraightforward. While the total luminosity and number of
ent centre-of-mass energies are shown in Table 1. The M@RAotons is increased the number of high-energy photons is

focus of the paper is on the version with a centre-of-masfecreased since these have a larger probability of turning
energyEcm,0 = 3 TeV. The designs witlEc,,0 < 1TeV  into pairs.

haveY « 1, while for higher energie¥ > 1 is used in

order to achieve the required luminosity. As a result, the av- 3 RESULTS

erage energy lossof a beam particle due to beamstrahlung

varies from a small correctioB ¢ % at E.,, o = 0.5 TeV)  The luminosity spectra for the different parameters in Ta-

to a strong effect42 % at E., 0 = 5 TeV). ble 1 are shown in Fig. 1. As expected the higher relative
With large Y the background due to the coherent paienergy loss at higher centre-of-mass energies leads to more

production process is also drastically increased. The addiegraded spectra, but evenmt,, = 5TeV the fraction of

tional charge due to this process starts to affect the beatihe luminosity withE,,,, > 0.99E.,, o remains significant.

beam interaction itself. This process has therefore beenim-The spectrum of produced coherent pair particles is

plemented into the programu@NEA-PIG [4]. shown in Fig. 2 and their angular distribution after the col-

lision in Fig. 3. The particles are concentrated in small

angles, so they would enter a mask that covers the fi-

2 COHERENT PAIRS nal quadrupoles at the two ends of the detector. How-

In a strong external field a photon can turn into an electrorVe": if they hit material inside these masks—like the final
positron pair [1]. This coherent pair creation is stronghfit@drupoles—they would produce secondaries, especially

suppressed for small values photons and neutrons that could penetrate the mask. Due
to the enormous flux of particles this could lead to unac-
hw B hw ceptable background. It is therefore necessary to have an
k= mc? B, = ET exit hole of aboutl0 mrad so that the particles can leave
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Table 1: The beam parameters of CLIC at different centre-of-mass energies. All background numbers are per bunch
crossing. The values fdt.,,, > 3 TeV differ from previous ones in [4] due to the inclusion of coherent pair production.

centre-of-mass energy E.. [TeV] 0.5 1 3 5
repetition frequency frep [Hz] 200 100 75 50
bunches per train Ny 150 150 150 150
particles per bunch N [109] 4 4 4 4
emittances Yez/VEy [pm] 1.88/0.1 | 1.48/0.07| 0.6/0.01 | 0.58/0.01
transverse beam sizes oy/oy [nm)] 196/4.52 | 123/2.7 | 40.4/0.58| 26.7/0.45
bunch length o [m] 50 50 30 25
beamstrahlung parameter T 0.18 0.56 8.7 26.4
luminosity(wo/w coh. pairs) L [10%3cm 257 1] 6.3 13.6 133/146 | 186/246
luminosity(E.., > 0.99FE ¢, o) L1 [1033ecm 2571 4.5 5.1 40 44.5
average energy loss ) [%)] 3.6 9.2 32 42
photons prod. per beam particle Ty 0.8 1.1 2.5 4.4
coherent pairs Neon 3.4 2-10° 8108 2.9-10Y
pairp. @ > 0.15,p; >20MeV/c) | Ny 2.9 8.0 135 314
hadronic eventsH.,, > 5 GeV) Ny 0.022 0.15 7.8 24
minijet pairs p; > 10 GeV/c) Narg 2.3-107° | 3.9.1074 0.13 0.75
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0.8 0.85 0.9 0.95 1 Figure 3: Total energy of the coherent pair particles of one
Eem/2Eo beam with an angle of more thép.

Figure 1: Normalised luminosity spectra for the different
centre-of-mass energies.
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Figure 2: Spectrum of the produced coherent pairs (sum f

%rigure 4: Number of particles that hit a vertex detector for
both beams).

different radii and magnetic fields. The angular coverage
was kept constant abs 6 = 0.98.

the detector.

4 INCOHERENT PAIR BACKGROUND cessey — e+ete” and the Landau-Lifshitz process
ee — ee+eTe”. The photons are the ones from the

Electron positron pairs can also be produced via incddeamstrahlung. The last two processes can be calculated
herent processes. The main contributions are the Breiteplacing the beam particte" with an equivalent spectrum
Wheeler processyy — eTe™, the Bethe-Heitler pro- of virtual photons which are treated as being real.
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The energy of the resulting pair particles is lower than 1
those from the coherent process. While they are deflected
the same way by the beam fields, they can have large initial
angles. Therefore they can hit a vertex detector and com- 08|
plicate the reconstruction of the trajectories from physics o o7t
events. Figure 4 shows the number of particles that hit theS
inner layer of a vertex detector with an opening angle of
200 mrad. Since the crossing angle is not optimised its 05 ¢ N
small effect on the necessary radius is ignored. 04t
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Two photon collisions can also result in the production of

hadrons. Except for the direct procegs — qq, also the Figure 5: Relative luminosity for different offset nor-
one once resolved and twice resolved processes are pogsalised to the beam size. The curves correspond to total
ble. In these one or both of the photons interact as hadrongminosity, luminosity of collision withZ..,, > 0.95E .., 0

The ansatz for the total cross section follows reference [3ndE,,,, > 0.99E.,, o.

s 0.0808 s —0.4525
UH:211nb-< ) +o (—) 25 ‘ ‘ ‘ ‘ a ‘
GeV2 2 GeV2 fZOng ,,,,,,,,,,,
2 | f=0.99 - ]
Here,oo = 215nb is expected andy, = 297 nb the most geometric

pessimistic value, which is normally used for the calcula- 15+
tion of the number of hadronic events comparing different §°
colliders [4]. The calculated number of events per bunch 1f T
crossing for the eV design is 7.8.

An estimate of the hard transverse hadronic background 0.5 |
can be found by calculating the number of minijet pairs

i 0 ‘ ‘ ‘ ‘ ‘ ‘
with a transvgrse momentum. > 10GeV/c. .For the 06 08 1 12 14 16 18
reference design 0.13 events per bunch crossing are found, 0,00,
see Table 1. ’
Figure 6: Luminosity for different horizontal spot sizes.
6 VARIATION OF THE BEAM The curves correspond to total luminosity, luminosity of

PARAMETERS collision with E.,,, > 0.95E.,, 0 andE.,, > 0.99E,,, o.

] ] ] ) - ) For comparison the variation of the geometric luminosity
Without disruption, the optimal positions of the waists ofig 5150 shown.

the beam lay in the symmetry plane of the collision=

0. With strong disruption, it is advantageous to have the ) .
vertical waists of the two beams before this plane [2]. It Nominal energy. In contrast to lower energy machines,

the case of CLIC this effect is visible, but the difference if’® coherent pair production plays an important role and
luminosity is very small. not only as a background source. It also begins to af-

Changing the horizontal spot size has a significant in{_ect the dynamics of the beam-beam interaction itself. An

pact on the average energy loss of the beam particles duriﬂﬁalySis of the impact the calculated electro-magnetic and

collision. Figure 6 shows the luminosities with a centren@dronic background have on the detector components and

of-mass energy larger than a fractign= 0,0.95,0.99 of ~©" PhYSICS experiments remains to be done.

the nominal one. While the luminosity in the high-energy
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