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Hadronic backgrounds through gamma-gamma collisions
in a 5 TeV ete™ linear collider

T. Ohgaki and M. Xie
Lawrence Berkeley National Laboratory, Berkeley, California 94720
(May 1999)

We have estimated the hadronic backgrounds by 77 collisions in an ete™ linear collider at a

center-of-mass energy of 5 TeV. We introduce a simple ansatz, that is, a ¥y minijets cross section of
Gjets’ = Tsot —0oyMD shall be saturated by minijet production, whose rate is controlled by pemin(V/3).
We present that the background yields are small and the energy deposits are tinier than the collision
energy of the initial electron and positron beams by a simulation.

I. INTRODUCTION

A combination of beamstrahlung and ‘strong’ QCD interactions of the photon can induce hadronic backgrounds
at future ete™ linear colliders. An operation of the e*e™ linear collider at a center-of-mass energy of 5 TeV beyond
the Large Hadron Collider and the 500 GeV ete~ linear collider requires a luminosity of 103*cm~25~! for a study
of particle physics. In order to achieve the required luminosity in several TeV colliders, we need to more strongly
focus the electron and positron beams at the interaction point. In the circumstance, a large number of beamstrahlung
photons are radiated due to the collective electromagnetic field of the oncoming beam bunch. Some of collisions
between them convert to ete™ pairs and others generate hadrons.

At high energy, we can consider that the photon consists of the partons which are quarks and gluons, and the
interactions among the partons in two-photon collisions can be calculated using perturbative QCD. The experiments
at TRISTAN, first indicated that the jet production in two-photon interactions was dominated by the resolved
processes [1,2]. Drees and Godbole called attention to the minijet backgrounds for future ete™ linear colliders [3],
because the cross section of minijets, by the calculation method of the parton-parton scattering, rises very fast with
energy. Recently, two measurements of yy collisions at the CERN ete™ collider LEP exhibit the rising of the total
cross section for vy — hadrons with energy [4,5]. The minijet cross sections for description of hadronic events have
uncertainties at several TeV energy, related to the cutoff of transverse momentum of the jet, p; min, such as a free
parameter. Below p; min, the perturbative QCD calculations fail altogether and the transition region between hard
and soft processes is not well defined. In addition, the parton density functions of the photon for the minijet cross
section are parameterized according to the experimental data at low energies. In consequence, we can not simply
estimate the number of hadronic events in 5 TeV ete™ linear colliders by using these cross sections [6,7].

In general, 77 interactions are similar to hadron-hadron interactions at high energy. The total cross sections for pp
and vp collisions have been measured at several TeV and hundred GeV, which are more larger than vy experimental
data, respectively [8] and are well described by the Regge theorem [9]. Therefore, we propose the simple model
by taking a phenomenological approach. First, the cross section for vector meson dominance (VMD) parts in vy
collisions, oymp, is applied by the additive quark model [10] and the factorization theorem [1 1-14], and we estimate -
the number of hadronic events at a 5 TeV ete™ linear collider. Next, the simple ansatz, that the total cross section
of 47 minijets is supposed as 0jets = Oyt — OVMD, Where oot is the total hadronic cross sections for vy collisions,
is applied-and we compute the spatial distribution for 4y minijets. The detailed_information of the minijets from
realistic simulations is used to remove the hadronic backgrounds effectively.

Until now the hadron production in 7y collisions as a backgrounds for ete~ linear colliders at /s,+,-=0.5 and
1.0 TeV has been studied [1,11,15]. Recently the design study for 5 TeV linear colliders in the deep quantum
beamstrahlung regime, for example, the laser driven et e~ linear colliders, has been started and it presents that the
effects of quantum suppression of beamstrahlung due to the very short bunch length are effective [16,17]. In Sec. II,
we calculate the luminosity distribution of vy collisions at a 5 TeV eTe™ linear collider in the deep quantum regime.
In Sec. III, we describe the factorization theorem about the cross section for v collisions and the simple ansatz of vy
minijets. In Sec. IV, we estimate hadronic backgrounds in 7 collisions by a simulation.

II. LUMINOSITY DISTRIBUTION

In this section, we will describe the spectrum .of the photon-photon luminosity in a 5 TeV ete™ linear collider.
There are two processes for 7y collisions in ete™ colliders. Beamstrahlung is a synchrotron radiation induced by



the collective fields of the oncoming colliding beams. The average Upsilon parameter in a linear collider [18], which
expresses the dependence of the beamstrahlung spectrum, is

5 Neriy
6 aemaz(ax + U'y)

T= (1)

where &, is the fine structure constant, N, the number of particles per bunch, r. the classical electron radius, v the
Lorentz factor of the beam, ¢, the rms bunch length, and o, 0, the transverse and vertical sizes of the bunch at the
interaction point. In this paper, we use the beamstrahlung spectrum in the deep quantum beamstrahlung regime Y >
1, taking advantage of effects of quantum suppression of beamstrahlung [16,17]. The spectra of beamstrahlung photons
in the high T regime were calculated by the numerical computation [19]. In order to perform more realistic calculation
including disruption, multiple beamstrahlung, and pair creation, we have simulated the luminosity distribution by
using the CAIN code, which is a Monte Carlo program of the beam-beam interactions in future linear colliders [20].

Virtual photons are emitted by the collisions of individual particles. The spectrum of the virtual photons from
electron beams is given by the well-known equivalent photon approximation [15]

n (1) = aem <1+(1y~y)2 [(1— Y) max] ~2(1~y))’ ‘ )
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where y and P2, denote the energy fraction taken by the photon from the electron and the maximum photon
virtuality and m, the electron mass. In this article, the photon virtuality was restricted to P2,, = 0.01 GeV? [15].

The beam parameters of an et e~ linear collider w1th the laser drive at \/_ Sp4e~ = O TeV are listed in Table I. The
Y parameter of the laser-driven ete~ collider is some hundreds, because ¢, is much smaller than that of conventional
microwaves due to the typical wavelength of accelerating wakeﬁeld for laser wakefield acceleration, which is about 160
pm.

Figure 1 shows the luminosity distribution of a 5 TeV linear collider with T = 631. The luminosity distribution of
the ete™, ey, and 7y collisions in Fig. 1 have been calculated by using the CAIN code. The maximum energy of the
collisions between beamstrahlung photons reaches near \/s = 5 TeV due to the large T parameter. The luminosity of
the v*4* collisions (7* denotes virtual photons.} was calculated by

L»,‘.,.(\/E) = Lee/; /0 ny (Y1) (y2)6 (5 - 4y1y2E'(2,) dydys, (3)

where Ej is the energy of initial electrons and L., the total luminosity of the ete™ collisions, using the analytic
formula of Eq.(2). The collisions between virtual photons over \/s > 1 TeV is negligible in comparison with other
collisions. It is needless to say that we will have to consider the superposition of the beamstrahlung and virtual photon
spectrums.

The total luminosity of an e*e™ linear collider with the laser drive at v/5,4,- = 5 TeV are listed in Table II. There
is about a half of the total luminosity of the e*e™ collisions with /s > 4.975 TeV and it presents a narrow width for
precision study. .

III. THE CROSS SECTION OF yy MINIJETS
A. The total cross section of yy collisions
1. The total cross section

In general, yy interactions are similar to hadron-hadron interactions at high energy. The total cross sections for pp
and yp collisions are well described by the Regge parameterization [8,9]

Opp = prse + 1/1;7;;5_r71 + szps_n2 mb, _ (4)

Oyp = Xyps® + Yiyps™ ™ mb, ‘ (5)

where s is the square of the center-of-mass energ;' of the interaction and is given in (GeV)?2. The exponents ¢ = 0.095,
m = 0.34, and 72 = 0.55 are independent of the particles [8]. The factors X, = 18.304, Yipp = 60.12, Yo,, = 32.84,



Xyp = 0.0579, and Yi,, = 0.1170 were fitted to the experimental data [8]. The first, second, and third terms
in Egs. (4) and (5) correspond to the Pomeron, and lower-lying C-even and C-odd exchanges, respectively. The
Pomeron exchange gives the asymptotic rise of the cross section and the another terms represent the behavior of it
at low energies. Due to the only C-even Reggeon exchange between the photon and the proton, the cross section for
vp collisions has only two terms.

The fitting total cross section for vy collisions is similarly described as [8]

oot = 1565° + 3205~ nb. (6)

The experimental data of the total cross section of ¥¥ collisions [4,5,21] are shown in Fig 2. The observed energy
dependence of the cross section of the L3 and OPAL measurements is similar, but the OPAL values are about 20%
higher [5]. The oto¢ in Eq. (6) is derived from fitting these data except for the OPAL [8] and the oo at higher energies -
suits to the L3 values. : A

The experimental data of pp collisions have been measured over /5 = 1 TeV and the HERA measurements at DESY
ep collider have accumulated the +yp collisions at near /s = 200 GeV. The formulas in Egs. (4) and (5) accommodate
with these data. Here we introduce thé cross section for yy collisions by the following factorization theorem [12]

_ (Xp)? ‘
X77 - pr ) (7)
(Y14p)
Yigy = 2222 . g
vy Ylpp ) ( )

and we can derive the factorized total cross section for yv collisions as
Oiotr = 1835 + 2285~ ™ nb. 9)

The experimental data are compared to the Teot and the oy in Fig. 2 and the. gy, is about 10% larger than the
oot Since the difference between the oo and the oo i1s small, we use the oo as the total cross section for vy
collisions in the paper.

2. The VMD parts

According to the vector dominance model, the photon fluctuates into a vector meson (such as the p, w, or ¢)
Y=V, (10)

and this vector meson in turn couples to other hadrons. The total VMD cross sections of meson-proton interactions
are in good agreement with experiments. Here we present the VMD cross section for 4+ collisions using the additive
quark model [10] and the factorization theorem.

The pp, wp, and ¢p cross sections are obtained by the additive quark model and the measurements in 7p and Kp
collisions (8,10,12]

Opp = Ouwp = ﬂ;ifﬂ = 11.594s + 27.525™"* mb, (11)

Ogp = Ok+p + Ox—p — Tn=p = 9.1125° + 4.145™™ — 5.535772 mb. (12)
More heavier mesons such as J/¢ are not included in this analysis, because the elastic photoproduction cross section
of yp — J/1p [22] is smaller than that of yp — pp [23] by two order, and we take account of contributions from the

three light vector mesons, p, w, and ¢.
The total cross section for two vector mesons is given by the factorization theorem

XVlPXVBvae + YV:PYVSP S_’“, ) : (13)
XPP Ylpp

avi\v, =

where V; = p, w, ¢ and the total VMD cross section may be written by

’ 47 oem AT 0em .
OyMD = [A'AZY : (14)
RN AR A



where the y-meson coupling pararneters f2/47r = 2.20, f2/4r = 23.6, and f¢/47r =18.4 [24].
Finally, the total VMD cross section is given by

ovMmp = 1145+ 171s™™ nb. v (15)

From this assumption, we can predict that the ratio ovmp/otot & 0.73 when /5 > 200 GeV and the VMD parts
dominate clearly.

8. The vy minijets

A real photon has a complicated nature, and 4 events are divided into several event classes by the combinations
of the nature of the two incoming photons [12]. The total cross section for 7y collisions is divided by

: e dajets
Otot = Osoft + Ojets = Osoft + _d—;t—— dp:, (16)

Pt,min

where 0j¢:4 1s the total cross section of vy minijets. In lowest order, the minijet events consist of the ‘direct’ process
9y — qq, the ‘l-resolved’ processes 7y¢ — qg and vg — ¢g, and the ‘2-resolved’ processes q¢' — q¢’, ¢@’ — 47,
7 — ¢'T, 9§ — g8, 9g — qg, g8 — 44, and gg — gg. In general, the minijet cross section is infrared divergent and
requires a cutoff at low transverse momentum. oy is the total cross section of the soft vector meson dominance
events which are the elastic, diffractive, and low-p; events at p; < Pi,min. At higher energies, the minijet events are
increasing and the vy minijet events with high p, dominate in yy hadronic backgrounds.

In order to estimate the number of yy minijet events with high p;, we propose the following relation

Otot = OVMD + Tjets’, (17)

where ety is the minijet cross section with high p;. In this assumption, we separate the non-perturbative part
(ovmp) and the perturbative QCD part (0jetsr) from vy events.
The minijet cross section with high p; is given by

Ojets! = Otot — OVMD

= 425° + 14957, (18)

and the fraction ojets /0ot = 0.27 when /s > 200 GeV. Figure 3 shows the total, VMD, and minijet cross sections
in vy collisions.

B. The differential cross section of yy minijets

We simply summarize the cross section of the yy minijets [3,25,26]. In leading order (LO), the differential cross '
section for vy minijets of two (partonic) jets with transverse momentum p; and (pseudo) rapidities 71,72 can be
written as [26]

dcr,]_.k; (s i u)
di

dsamjets(77 — JIJZX)
dpidmdna

=2piziT2 Z f:h(zl)fjl‘r("’?)

i,k

; (19)

where i or j is a photon, quark or gluon, and k or ! is a quark or gluon. Here fj|, is the parton density function of
the photon If ¢ = 4 (direct contribution), the function f;}, is unity. z is the fraction of the jet energy carried by the
parton in the photon. The subprocess cross sections & for the direct and resolved photon contributions depend on the
Mandelstam variables describing the hard partonic scattering, with § = £,2,5 and t is described as [26]

N 4pt2' .
t_—20i 1-=). (20)

In order to grasp the behavior of the total cross section of 4y minijets at higher energies, we have computed several
cross sections by the PDFLIB 7.09 {27] and PYTHIA 5.7 [28] codes. These total cross sections can be calculated
including higher order effects by using the Monte Carlo codes. Figure 4 shows the cross sections of vy minijets. The



parton density functions DG-G {29], LAC-1 [30], GS-G [31], AFG-G [32], and SaS-G 2M [33] have been calculated
with p; ;min=2 GeV except for the function GRV-G [34] with p; ;min=3 GeV. The cross sections are compared to Chen’s
model [11] with P, min=3.2 GeV. The results of this figure show that the total cross sections of minijets almost rise
very fast and are large at 5 TeV collision energy. .It is known as the saturation problem of the photon density function
at higher energies [6], and its problem does not depend on the parameterizations of the. photon density function.
Moreover the differences between the cross sections at higher energies greatly depend on the choice of p; s, such as
a free parameter. Therefore we do not simply accept these minijet cross sections.

In order to evaluate the spatial distribution from minijet events, we must define the differential cross section of
77 minijets. Now we can not rely on the total cross sections of 4y minijets calculated by the present parton density
functions of the photon at higher energies. Therefore we consider ¢j.:,+ in Eq.(18) as the upper bound of the minijet
cross section. We obey this simple ansatz and the total cross section of vy minijets is defined by

Um'ets(pt,min(\/';)) :/
. ’ Pl,min(\/;) dpt

00 .
do'mjet.y

dpt = Ojets'- (21)

To satisfy the equality in Eq.(21), we ’change the parameter p; min(1/s) according to each parton density function of
the photon. The minimum of the transverse momentum py min is defined as

pt,min(\/g) =aln \/S/_b> (22)

where a and b are the fitting coefficients given in GeV and (GeV)?.

Table III lists the fitting coefficients a and b of the minimum of the transverse momentum p; min, which depends on
each parton density function of the photon. The p; min of the GS-G parameterization is similar to that of SaS-G 2M
in the table. The minimum of the transverse momentum Pt,min Which depends on the parton density function of the
photon are presented in Fig. 5. The LAC-1 parameterization is larger than others and about 17 GeV at 1/s=5 TeV.
In the later section, we use the p; min for estimation of hadronic backgrounds.

IV. TOTAL NUMBER OF EVENTS OF HADRONIC PRODUCTION IN yy COLLISIONS

In this section, we consider the number of the vy — hadrons events taking account of the luminosity distribution
in 7 collisions. Figure 6 shows the events of vy — hadrons per bunch crossing. Number of events of vy — hadrons,
VMD, and minijets per bunch crossing are listed in Table IV. From the figure and the table, the hadronic backgrounds
from virtual photons are small at TeV energy as compared with those from beamstrahlung photons with T = 631.
Here we consider that the probability to have an event without background is Peieqn = e~ <77, where < n > is'the
average number of background events. When < n >= 1.6 x 10~2 from collisions between beamstrahlung photons in
the range 1 TeV < /s < 5 TeV in the table, P.jeqn = 0.984. It presents that the number of hadronic backgrounds
with the energy 1 TeV < /s < 5 TeV per bunch crossing is small so that it will not affect the performance of the
detection in a study of particle physics. The number of events per bunch is inversely proportional to the collision
frequency, because the luminosity per bunch is Lyynch = Liotai/fe. In this paper, the collision frequency of 5 TeV
et e~ linear collider with the laser drive is 156 kHz and is higher than the frequency 120 x 225 Hz with 34 GHz normal
conducting RF [35]. Until now the bunch scheme of the laser-driven linear collider is not well studied. We further
need to estimate the number of hadronic backgrounds taking account of the bunch scheme of the laser-driven linear
colliders.

V. RESULTS OF SIMULATION

In the previous section, we have estimated the number of minijet backgrounds per bunch crossing, but the number
relies on the fitting formula in Eq.(6) and the bunch scheme of the laser-driven linear colliders is not well-known. If
we grasp the spatial distribution of yy minijets, we can remove the hadronic backgrounds effectively. By the detailed
information of the visible energy and the transverse momentum, and so on of the jets from realistic simulations, we
can reach near the probability P.jeqn = 1 which means that there are no hadronic backgrounds. To generate hadronic
backgrounds, first we have calculated the realistic luminosity distribution of vy collisions from beamstrahlung photons
by a Monte Carlo simulation program CAIN. The luminosity distribution is described by two dimension of normalized
cms energy z = /5/(2Eq) and rapidity 7 = In \/w; /w2 in order to take account of collisions between photons of
unequal energy. Here w; and w, are the energies of left- and right-moving photons.



“To represent the spatial distribution from minijet events, we use the parton distribution function of Drees and

Grassie (DG-G) [29] for the photon by way of example. Because the saturation problem does not depend on the

" parameterizations of the photon density function as seen in the previous section. Here a cutoff p; min for the DG- G
parameterization in the previous section have been taken as

, _ f 2.9In/5/12000 GeV /5 > 366 GeV
Pemin(V/5) = { 3.5 GeV V5 < 366 GeV (23)

where s is given in (GeV)?. Here the minimum of p; min is assumed as 3.5 GeV, because we keep away from p; min < 0
and get the calm transition.

The subprocess cross sections in Eq.(19) have been calculated by using the PYTHIA 5.7 code. Subsequent hadroniza-
tions of minijets are simulated by the parton shower picture with the JETSET 7.3. In this analysis, the JLC-I detector
simulator [36] is applied for selection performances in the JLC-I detector which has the acceptance |cos8] < 0.95 [36].
The main components used in this simulator are the central drift chamber and calorimeters.

Figure 7 shows the distribution of the visible energy and the transverse momentum of- the tracking detector and
calorimeters. The number of generated events is 50000 and the event number in the histogram of Fig. 7 corresponds
to an integrated luminosity of 0.1 pb™*. The 27% of all generated events are missed in the detector as shown by the
peak. The deposits of the visible energy of the calorimeters are nearly below 200 GeV and the transverse momentum
of the tracking detector above 40 GeV almost never has been seen.

The average visible energy and transverse momentum of the tracking detector and calorimeters per event are listed
in Table V. The energy deposits per event are more smaller than the 5 TeV collision energy of initial electron and
positron beams. The simulation results on hadronic backgrounds at the 0.5 and 1 TeV Next Linear Collider [11]
presented small energy depositions which are similar to our results. Since the particles from minijets will deposit
most of their energy inside the mask. According to the table, it is shown that the selection by applying the cut of the
visible energy and the transverse momentum greatly reduces the hadronic backgrounds.

V1. SUMMARY AND CONCLUSIONS

We have estimated the hadronic backgrounds by 7 collisions in an e*e™ collider at a center-of-mass energy of 5
TeV. The ete™ linear collider based on the laser driven acceleration is adopted taking advantage of effects of quantum
suppression of beamstrahlung. The assumption that the behavior of the total cross section of v collisions is similar
to that of hadronic interactions at high energy is applied, because the assumption gives a reasonable description of
the total cross section for vy collisions as compared with experimental data. The number of hadronic backgrounds
per bunch crossing is small so that it will not affect the performance of the detection in a study of elementary particle
physics. Further we need to estimate the number of hadronic backgrounds taking account of the bunch scheme of the
laser-driven linear colliders.

We have calculated the total cross sections of vy minijets depended on the parton density function of the photon
with the fixed minimum of transverse momentum and the results show the ambiguities on minijet cross sections at
higher energy, related to the cutoff of transverse momentum. Therefore we propose the simple model for minijets by
taking a phenomenological approach. _

First, the simple ansatz that the total cross section of ¥y minijets is supposed as ¢jet;” = Geor — OyMD, is applied
as the upper bound of the minijet cross section. In order to evaluate the spatial distribution from minijet events, first
we have calculated the fitting functions of the minimum transverse momentum, p; min(y/s), which are depended on
the photon parton distributions DG-G, LAC-1, GS-G, GRV-G, AFG G, and SaS 2M by the PDFLIB 7.09 code on
-the assumption of the ansatz.

By using the fitting function of the minimum transverse momentum on the DG-G parameterization, we have
performed the detector simulation. The detailed information of the minijets from realistic simulations is used to
remove the hadronic backgrounds effectively. The Monte Carlo programs CAIN, PYTHIA 5.7, JETSET 7.3, and
JLC-I detector simulator are applied for a 2-dimensional luminosity distribution of vy collisions, the cross section
of vy minijets, hadronizations, and selection performances in the detector, respectively. The results show that the
energy deposits per event are more smaller than the 5 TeV collision energy of the initial electron and positron beams.
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TABLE I. Beam parameters of an e*e™ linear collider with the laser drive at /3,%,. =5 TeV [16].

T Py (MW) Ne(10%) fo (kHz) . es/€y (nm) B=/By(pm) 0z/0y (nm) o (pm)
631 20 1.6 156. 25/25 62/62 0.56/0.56 1

TABLE II. Total luminosity of an ete™ linear collider with the laser drive at /5 4,— =5 TeV (Unit 10**cm™2s™1).

Lee Lee (/3 > 4.975 TeV) Lev Loy Lysye (/3 >1 GeV)
Total 1.3 : 061 - 0.49 0.21 0.34

TABLE III. The fitting coefficients a and b of the minimum of the transverse momentum p; min which depends on the parton
density function of the photon. There are the sets of leading order (LO) and next-to-leading logarithmic (NLL) evolutions.

Parton Density Function ‘ Order of a; a (GeV) b (GeV)?
DG-G Set 1 LO 2.9 12000
LAC-G Set 1 LO 4.6 11000
GS-G-96 HO : NLL 1.9 6400

GRV-G LO 2.4 6500
AFG-G Set HO NLL 1.6 2600
SaS-G 2M : LO 1.9 6800

TABLE IV. Number of events of vy — hadrons per bunch crossing in the cms energy regions of (a) 1 GeV< /s <5 TeV
" and (b) 1 TeV< /3 <5 TeV.

Beamstrahlung Virtual photons
() (b) (2) (b)
Total 6.5x10~° 1.6x1077 1.1x1077 9.7x10™*
VMD 4.5x1072 1.2x1072 7.0x1072 7.1x107*
Minijet 2.0x1072 4.3x1073 - 4.3x107? 2.6x10~*

TABLE V. The average visible energy and transverse momentum per event.

Tracking Detector Calorimeters
Eyi. (GeV) P, (GeV) Evis (GeV) - P (GeV)
10 6.0 50 19
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FIG. 1. Luminosity distribution of a 5 TeV ete™ linear collider with T = 631. The vertical axis is normalized by the total
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