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ABSTRACT rise to energy-dependent electron-electron and electron-photon
quninosities, which represent a background to the photon-
p%oton luminosity. These three luminosity distributions are
l?icfzgt determined by simulations, such as those presented at this
workshop[3].

The main concern here is the electron-electron luminosity and
the disposal of the spent electron beam. If nothing is done, the
| INTRODUCTION e~ e~ luminosity is already reduced by a factor of about 5, as

High-energy collisions of photons with photons, photons qu_l;e energy-degraded spent electron beam shows a larger disrup-

electrons, and electrons with electrons at a second interacfig- To reduce the~e™ luminosity further, several schemes
region (IR) of a Next Linear Collider (NLC) provide interestind12v€ been studied, among them introducing a small offset in y
physics complementary to that of electron-positron collisiorétween the electron beams [4], or installation of a sweeping
Here, the photon beams are produced by Compton scatterin§@N€t[5][6]; even the installation of a plasma lens to overfo-
an intense laser beam off an electron beam at a short distari the spent electron beam has been proposed[7]. Itis clear
from the interaction point. While most backgrounds are corf1at the latter two schemes might produce backgrounds of their
mon to bothete— and~yy / =~ / e~ collisions, the pres- OWN from rescattering of synchrotron radiation or the disrupted

ence of the spent or disrupted electron beam in the latter c§%Ftron beam on the matter introduced close to the beam in the
presents a particular challenge for the design of the interactfsnter of a detector.

region. Other differences arise from different beam parameterd €7e luminosity is possibly comparable to the luminos-
and IR design. ity if nothing is done to deflect the spent electron beam, as there
In the following sections the problems posed by the spefit© disruption, but it will be reduced if the e~ luminosity is

electron beam and other background sources are outlined!¢guced by one of the schemes mentioned above. Anyway, the
well as the requirements for a generic detector. degradation in energy of that fraction of electrons which scat-

tered at the CP will reduce the center-of-mass energy of most
_ _ _ e~ ~ events at the IP.
Il vy, ¢7y, AND e”e™ LUMINOSITIES Higher-order multiple Compton scattering at the CP also pro-

The design of theyy interaction region forsees that veryduces some thousand electrons of 2-3% of the beam energy,
intense laser beams are focused on the high-energy electiyich are deflected at an angle of up to about 8 mr due to colli-
beams on both sides at conversion points (CPs) about 5 r8i@h with the opposing electron beam[2]. These particles would
away from a common interaction point (IP). The backscatterggesent a background source, if allowed to hit the face of the
high-energy photons then follow approximately the electron @it quadrupole; to avoid this problem, the crossing angle of the
bit to the IP, where they collide. The energies of the scatterel@ctron beams in the design now considered will be increased
photons depend on their angle relative to the incident electrofs30 mr (from 20 mrin the* ¢~ IR design) and the acceptance
with the lowest-energy photons scattering at the highest anghéghe exit quadrupole increased to 10 mr (from 3mr).

(of still only about a fewurad), and the forward-scattered pho- Finally, while the simultaneous occurence f,e~~, and

tons having up to about 81% of the electron beam energy (fore~ collisions might appear disconcerting, it might be pos-
an electron beam energy of 250 GeV and laser wave lengttsiifle to sort out the origin of any given event from its detector
about 1;:m). Polarization of the electron and laser beam allovgignals, and thus study all three types of collisions simultane-
one to adjust the photon energy distribution; it is rather flat fously, as has been first discussed at this workshop[8]. In that
collisions of like-handed electrons and laser photons, and peaise the problems associated with a sweeping magnet may be
near the maximal energy in collisions of opposite-handed el@yoided.

trons and laser photons[1]. The exact energy-dependent photoir any case, for any disposal option for the spent electron
photon luminosity distribution depends sensitively on the dibeam, further simulations both of the electron and photon spec-
tance to the conversion point and the electron beam parametetsn in the IR and its interaction with any structures in it are

In addition, the spent electron beam colliding with its countefequired.
part and with high-energy photons from the opposite side gives

Some of the sources of backgrounds important for studies
~v, e~5, ande~ e~ collisions at a next linear collider are re-
viewed and generic detector requirements for such studies
listed.
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are also some differences. In particular, no full-energy chargedre consistent with a flat 1% beam tail. Based on this expe-
beams collide in the~ ande~+ case. Also, the beam param+ience, the NLC studies also used a 1% flat beam tail. In fact,
eters will be different; the very flat beams used to attain highcent measurements by SLD indicate that when SLC is operat-
luminosity at the=* e~ next linear collider are not needed hereng well, a 1% beam tail is an overestimate (and backgrounds in
as there are no beam-beam effectgjrecollisions. Thus there is the liquid-Argon calorimetry of SLD are then consistent with a
also no beamstrahlung (except from the disrupted spent electilantail of only 0.1%).[10] For a conservative estimate, | use in

beams), which produces electron-positron pairstin~ colli- the following a nominal beam with a flat tail containing 1% of
sions from the Breit-Wheelerf — e*e¢~) and Bethe-Heitler the total charge.
(ey — eeTe™) reactions. For a first study of the direct SR in they /e~ ~v/e~ e inter-

Instead,ete~ pairs can be produced (and high-energy phaction region, | used the program QSRAD[11], which divides
tons lost) by the Breit-Wheeler process in the laser focus, whe-dimensional gaussian beam into 10,000 rays, follows these
high-energy photons collide with an unscattered laser phottimough the magnets, generates fans of synchrotron radiation,

This might become a problem if the parameter X, traces these andlli@s the spectrum at prescribed sasés.
A magnet lattice for the final transformer was kindly provided
4w, £, Wo by A. Zholents [12]. The RMS spot sizes at the IP ae71.5
= m2 ~ 15.3 (ﬁ/) (W) ' @ nm, ands,=9.04 nm; the number of electrons per bunch is

N, = 0.65 - 10'°. The beam tail with 1%V, particles was
becomes larger than 4.8; however, a value of 4.8 can be attaigggumed to be distributed in the transverse coordinates x and y
for a beam energy:,=250 GeV and a laser photon enetgy over7¢,= 500.5 nm and5s,= 316.4 nm to reflect the colli-
corresponding to the Nd:Glass laser wavelength of .86 mation used. The synchrotron radiation flux from this tail at the
Even then, one expects on the order of ten thousand pairs @g¥rance of the exit quad, 2 meters from the interaction point, as

bunch crossing, which might radiate and backscatter into figction of the radius from the:{ ) beam axis, is shown in the
detector. Simulations of the similar number of pairs producégures below.

from beamstrahlung iate~ collisions indicate that the back-
ground thusly induced iacceptable[9].

The backgrounds from muons produced in upstream colli- 30 |
mators are presumably the same as in the well-studfed s 1
case[9], with differences due to different beam parameters and i 7
collimation, and present here no more of a problem than there. I

Hadronic backgrounds from so-called minijets are, if hard, a 20— - — ] —
QCD signal. With a total hadronic cross section4ncollisions g i
of no more than 400 nb, and a luminosity b#3/cm/s, one I o
gets 400 such events per second, or 2-3 events per 90 beam L
crossings, which should be quite manageable. - 10— - - —

IV. SYNCHROTRON RADIATION : — .

Backgrounds from synchrotron radiation (SR) are generated 0, !3 !3 o 12
by the same mechanisms as inthfie = case. The beam passing Radius [mm]
through bends and quadrupoles generates SR, which then might
rescatter in the final focus quadrupole magnets, off any struqf
ture in the interaction region (e.g. mirrors for laser focussing),
and off the face of the exit quadrupole. This rescatterd radiation
might then end up in the detector, unless intercepted by a clevFigure 1 shows the flux in number of photons per mm bin in
erly installed mask. Synchrotron radiation from far-away magadius, the solid line includes all photons, the dot-dashed line
nets can be reduced by collimators. Thus only that producedbimly those of energy above 10 keV. Figure 2 shows the total
the final focus needs to be studied. The SR in quadrupole magergy deposited per mm radius bin.
nets is mainly produced by beam tails, as the on-axis particle®ne sees that the exit quadrupole aperture should have a ra-
do not see any appreciable magnetic field. The nominal bedius of at least 11 mm so as to let the synchrotron radiation co-
makes only small contributions in bending magnets, which amgving with the electron beam pass through (rather than rescat-
far away from the IP and whose contribution can be collimateer at its face). Most likely the size of the aperture of the exit
out. Hence the SR produced by beam tails in final-transformgradrupole will be set by the requirement to let pass through the
and final-focus quadrupoles is the dominant contribution to Sfsrupted electron beam, and might be as large as 2 cm in radius
in the interaction region. Of course, the size of such beam tdils that reason, as said in section Il above. Hence synchrotron
is not well known. radiation is not a problem here.

Past measurements of the backgrounds in the Central Drifitor they~ collider, the interaction region will also contain the
Chamber of the SLD detector at the Stanford Linear Collidetirrors which focus the laser beam on the electron beam; they

igure 1: SR photon number flux at face of exit quadrupole.
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ciency, one again gets about 75,000 such events per 10 inverse
femtobarn.
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- VI. CONCLUSION

1 In conclusion, the backgrounds at aya/e~ /e~ e~ inter-
I action region are not worse than in thee~ case. However,

1 more detailed Monte Carlo studies are needed. The detector
should be of the same quality as that proposed for the NLC [14];
here, too, more simulations are needed. The interested groupsin
the U.S., Europe, and Japan will certainly continue to study the
challenges posed by the physics, detector, and machine aspects
of vv,e~~, ande™ e~ collisions.
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