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ABSTRACT

iVe investigate the capability of an cy collider to unravel the hadronic con-

t e of the photon. The experimental problem for probing the gluonic structure

of \.ie photon is that small-x triggers overwhelmingly select soft photons rather

thK;. soft gluons in hard photons. We shew that the problem can be finessed

in experiments where laser back-scattering is used to prepare a source of very

hard photons. We :llus-;ate '«heir power for studying the parton distributions

of the photon and, specifically, for separating the quark and gluon components

in events where dijets, jet-7 pairs, and heavy quark pairs are produced.



I. INTRODUCTION

The hadronic interactions of very high energy photons are dominated by their

gluon structure. The precise knowledge of the quark-gluon content of the photon is

not only of interest to particle physics as a test of QCD [1], but it is also crucial to some

aspects of particle astrophysics [2]. The outstanding problem in the dete ;nation of

the hadronic structure of the photon is the isolation of its gluon component. It is also

a challenging problem: the gluonic structure has to be studied in small-x events and

small-a: triggers isolate soft photons rather than soft gluons inside hard photons. At

IIERA one possible solution is to tag the energy of radiated photons by measuring

the recoil energy of the electron in the luminosity monitor [3]. We here point out that

an intense high energy photon beam, generated by backward Compton scattering of

laser photons off a beam of linac electrons [4], constitutes an ideal tool to probe the

gluonic structure of the photon with a precision unlikely to be achieved at HERA.

Laser back-scattering transforms an e+e~ into an e-y collider with essentially the

same luminosity and center-of-mass energy. This set up provides us with a rich source

of 77 interactions when the hard back-scattered photon interacts with photons radi-

ated by the electrons in the other beam. We will show how one ran not only measure

the quark and gluon content of the photon with high precision in such events, but

also clearly separate the two components. This separation is naturally implemented

in the e-f collider as a result of the hardness of the back-scattered photon spectrum. It

is moreover possible to obtain a beam of polarized back-scattered photons by polariz-

ing either the electron and/or the laser. In this way one can also study the polarized

structure function of the photon, which are very hard to obtain in e+e~ or ep colliders.

In order to illustrate our proposal we will study the hadron content of the photon

in 77 events with dijets, a 7-jet pairs and heavy quark pairs (c,6) in the final state.

We envisage an ef collider derived from laser back-scattering on a 500 GeV e+e~



collider.

Our main results can be summarized as follows. We will show how the total dijet

yield is actually dominated by the production of gluons inside the hard back-scattered

photon in the fax region of rapidity facing the opposite electron beam. Because of

the small x-value of the gluon the center of mass is boosted in the direction opposite

the resolved back-scattered photon and, most importantly, the low rapidity along the

back-scattered photon finds its origin in the small-z of the gluon rather than in the low

energy fur the parent photon. The parent photon spectrum is hard by construction.

We expect a total sample of dijet events of order 106 per year and roughly half

originate from the interaction of a photon resolved into a gluon on a photon resolved

into a quark. Anticipating that the quark structure of the photon will be well-known

this event sample will allow a precise determination of the gluon structure function

down to x-values of order 10~2. We will subsequently show that x-values smaller by

a factor 10 can be probed in events with -y-jet final states. The advantage is that this

final state can, to leading order, be produced by resolved photons only. Although

the event sample is 100 times smaller, the statistics is still very good. The power

of our suggestions is most obvious when studying heavy quark final states identified

by electron-muon final states. Plotting the sum of the rapidities of the leptons the

region where the back-scattered photon is resolved into a gluon appears as a peak in

the rapidity distribution. The gluon structure function can be directly measured, no

analysis is required. We here still anticipate about 1000 events per year.

The power of a linear collider to resolve the gluon content of the photon is unlikely

to be matched by other means. The conventional way to look for the hadronic parton

distributions of the photon is through cj deep inelastic scattering (DIS7) processes in

e+e~ colliders. This enables the measurement of the photon structure function {Fj)

in low energy photon-photon interactions [5], providing important information on the ,



quark structure function at x > 0.05. These experiments, however, provide essentially

no information on the quark distributions at low x or, the gluon distribution for

any value of x. As a result widely varying parametrizations for the gluon structure

function of the photon are consistent with the data [6,7]. Electron-proton collisions

at HERA will provide valuable information on the hadronic content of the photon

[8,3]. As a matter of fact, the first results on the observation of hard scattering in

dijet photoproduction have been recently reported by ZEUS [9] and Hi collaborations

[10]. As previously remarked, it is difficult to isolate the effect of the gluon and quark

distribution due to the soft photon spectrum. In order to obtain information on

the gluon content of the photon one must study very low center-of-mass energies

where the cross section is unfortunately dominated by the direct contribution of

soft photons. One possibility [3] for separating the soft photon processes from soft

interaction related to soft giuons inside hard photons is to measure the recoil electron

energy with the luminosity monitor. This way kinematics isolates hard photons for

which the gluon content can be scrutinized. However event statistics suffers by over

one order of magnitude.

II. JETS

To leading order, dijets are produced in an e*f collider by the interaction of back-

scattered photons (7/a«er) with conventional bremsstrahlung photons radiated by the

other electron beam(7(n.em(). Production takes place via three classes of processes [11]:

direct 77 production, where the two photons couple directly to the final state quark

pair (7 + 7 —t q + q), once resolved processes where one of the photons is resolved

into its hadronic constituents while the other is not

7 + [s]7 -• 9 + 9 .

1 + [i(g)]7 -* 9 + 9(9) ,
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where [»]-, denotes the par ton (p = q,g) content of the photon, and, finally, twice

resolved processes

l*(*)l, + fe(«)l7 -»«(*) + «(«),

«($).

In order to illustrate our results we require that each jet is produced with a min-

imum pr > 10 GeV and an angle 5° < 6j < 175° with respect to the beam axis (0°

is the back-scattered photon direction). The distribution of back-scattered photons

can be found in Ref. [4], while the distribution of bremsstrahlung photons is calcu-

lated using the Weizsácker-Williams approximation with characteristic scale pj. This

choice results in a distribution of photons from the incoming electron proportional

to lug(p]-/ni^). The laser back-scattered photons carry a large fraction of the parent

electron energy (~ 80%), whereas the bremsstrahlung spectrum is dominated by soft

photons.

The most suitable variable to analyze this kind of process is the sum of the

(pseudo)rapidities (j/i +3/2) of the two jets[3]. In our convention positive rapidity

corresponds to the direction of the incoming back-scattered photon. Figure (1) shows

the (j/i + yz) distribution for the different contributions to dijet production assuming

that the hadronic content of the photon is described by the parametrization of Drees

and Grassie [6], which is characterized by a relatively soft gluon spectrum. Notice

that the cross section is dominated Sy twice resolved events for most values of (yt +

yj). The;/ are responsible for 70% of the events. In particular, ~ 40% of the cross

section is; due to the initial state [y]7 + [<j(9)b- Direct processes, as well as once
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resolved processes, where the bremsstrahlung photon is probed, populate the positive

rapidity region. Moreover, as expected, once resolved processes with gluons from

back-scattered photons ([g]-,la,,r) are kinematically separated at negative values of

[y\ + y*)- The once resolved process 76r«n. + l ib . . . , actually dominates for (yi+Jft) <

—5. The contribution of this process can be further increased by requiring higher pr

jets. E.g., if we demand pr > 20 GeV this process dominates the total dijet rate for

(ifi + !/2) < - 4 .

In Fig. (2) we compare the (yt + y2) distribution for three different parametriza-

tions of the photon structure functions: Sets I and III of Ref. [7], and the one of Drees

and Grassie [6]. The upper (lower) curves were obtained for pp > 10 (20) GeV. For

an integrated luminosity of 10"1"5 pb"1 per year we anticipate roughly 106~7 (10s~6)

dijets events with pr > 10 (20) GeV. This should allow a precise determination of the

photon structure function for momentum fractions larger than ~ 10"2. Increasing

the cut on pr increases the sensitivity to the gluon structure function at low values

°f 2/i + yi- The number of events is, however, reduced and the background contribu-

tion of direct events increases. In the end the discrimination between the different

parametrization is not improved by tighter cuts.

III. 7-JET PRODUCTION

In an cy collider the hadronic content of the photon can also be studied via the

production of a hard photon whose momentum is balanced by a jet. The advantage of

this process is that, to leading order, its final state can only be generated by resolved

photons via the reactions



Figure (3) exhibits the (y-, + yJcl) distribution for the different channels con-

tributing to the production of a 7 and a jet. We again assume the parametrization of

Drees and Grassie [6]. We required both the jet and the photon to be produced with

pr > 5 GeV and within an angle of 5° < 0 < 175° with respect to the beam pipe.

The once resolved process 7 + [q{q)\-, accounts for ~ 50% of the cross section while

the twice resolved (<?]-, + (9(9)^ represents ~ 40%. In Fig. (4) we compare the predic-

tions of three representative parametrizations of the quark-gluon distributions of the

photon. It is clear that ,with these cuts, this reaction will allow a good determination

of the parton distributions for momentum fractions x > 10~3. For a luminosity of

IO4"5 pb~* per year we anticipate 104~5 7-jet events per year. Although the cross

section is reduced relative to dijet production, the reaction can also be studied with

good statistics. The measurements are complementary as the 7-jet final state is more

sensitive to the quark distribution, while the dijet one is more sensitive to the gluonic

content of the photon.

IV. HEAVY QUARKS

Heavy quark pairs (cc or 66) production in an e~f collider is particularly suited

for the measurement of the gluon structure function of the photon. Unlike for HERA

experiments, here once resolved processes dominate the total cross section. The once

resolved events are actually dominated by the gluon contribution making this process

extremely sensitive to the gluon component of the photon.

This process is characterized by a very clean signature, i.e. two jets associated

with two prompt leptons. Experimentally one should be able to reconstruct heavy

quarks with p? a* low as 5 GeV, thus, for illustration, we required pr > 2 GeV for

the prompt leptons. We again imposed the angular cut 5° < 0 < 175°. We assumed

a reconstruction efficiency of 70% after imposing these cuts. In order to exclude all



background, one can specialize to an electron-muon trigger which occurs in two charge

modes. In thU way all potential l+l~ background pairs can be avoided, e.g. from the

Bethe-Heitler process. Efficiency and leptonic branching ratios imply a reduction of

the heavy quark event rates by a factor of 200 which has been consistently included

in our results.

In Fig. (5) we show the (y/, +?/,) distribution for the different subprocesses, where

yfi is the (pseudo)rapidity of the lepton (/i,z = e*,fiT) from the heavy quark decay.

We used the Drees-Grassie parametrizations and added the contributions from charm

and bottom. The kinematical separation is now complete. For ytl +yi7 < —1, the

only important process is the interaction of the back-scattered photon, resolved into

a gluon ([tf]-,u,,P) with the direct bremsstrahlung photon from the electron (7trent.)-

We thus identified a large kinematical window where one can exclusively study the

gluon structure function. The cross section in this region is of the order of 4 x 10~2

pb yielding 400-4000 reconstructed events per year, for a luminosity of 104"5 pb~'.

In Fig. (6) we again compare the predictions of three parametrizations for the

hadronic content of the photon. We conclude that, after performing the simple kine-

matical cut described above, we are left with enough events for the precise determi-

nation of the gluon structure function of the photon.

V. CONCLUSIONS

We have shown that an ej collider obtained from the conversion of an e+e" linear

collider with a center-of-mass energy of 500 GeV with a luminosity of 10*"* pb"1 per

year provides us with an excellent opportunity for probing the hadronic structure

of the photon with high statistics. In particular, we verified that the study of jet

pairs and 7-jet pairs can enable us to obtain very precise measurement of the quark-

gluon content of the photon. Moreover, the production of heavy quarks (c,6) is the

8



ideal place for measuring the gluon structure function since one can identify a large

kinematic window where the gluon content of the photon is exclusively responsible

for their production.
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FIGURES

FIG. 1. Cross section as a function of the sum of the rapidities of the jets for the

different processes that yield a dijet final state. We required that each jet is produced

with a minimum pr > 10 GeV and an angle 5° < & < 175°. Line A represents the 6um

of all contributions. The results for the twice resolved and direct contributions are

represented by lines B and C, respectively. The once resolved contributions are given

by lines D, E, F, and G which represent b]-T,..,,76rem«, [skP.m.7J«er, [9(9)]7,...,76rem.,

and (9(9)]-r6rtm.7<(uer respectively. We used the parametrization from Ref. [6] for the

hadronic content of the photon.

FIG. 2. Cross section as a function of the sum of the rapidities of the jets for

three different parametrizations of the photon structure function: the upper (lower)

solid line was obtained using Set I of Ref. [7] for pr > 10 (20) GeV; for the upper

(lower) dotted line we used Set III of Ref. [7] for pr > 10 (20) GeV; the upper (lower)

dot-dashed line was obtained using the parametrization of Ref. [6] for pr > 10 (20)

GeV.

FIG. 3. Cross section as a function of the sum of the rapidities of the pho-

ton and jet for the different processes that lead to a 7-jet Anal state. We imposed

the cut pr > 5 GeV and an angular cut 5° < 0 < 175°, and used the parton dis-

tributions of the photon from Ref. [6]. Line A represents the total distribution.

Lines B, C, D, and E represent the contribution from the processes [<}{<i)}-rla..r~ibrem,,

l?(9)Ur....7iM«M M7,.,.«,M9)k,.m., and \g]ibr.m.[q{q)]llmm respectively. The contribu-
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tioa from [«C»)J-»i«..-.I«í«)l-». i s 8 i v e n

F1C. 4. Cross section as a function of the sum of the rapidities of the photon

and jet for three representative parametrizations of the photon structure function:

Set I (solid line) and Set III (dotted line) of Ref. [7], and the parametrization of Ref.

[6j (dot-dashed). We imposed pi > Ò GeV for the jet and 7.

FIG. 5. Cross section as a function of the sum of the rapidities of an electron and

muon from the decay of a pair of heavy quarks. We used the parametrization of Ref.

[6J for the distribution functions of the photon and imposed the cuts p-n > 2 GeV and

5° < 8 < 175° on both leptous. We summed the contributions from charm and beauty

assuming mc = 1.35 GeV and nib = 4.5 GeV. Line A is the total dilepton yield. Line

fi corresponds to direct production 7iu«r7i>rei»«- Lines C and D are the distributions

for once resolved processes [<7]-ill,,,,7brera» and [s]7àr.m.7io.er respectively. Lines E and

F correspond to the distributions for twice resolved processes [s]-ju,,P[i/l1tr,m, and

h. . . r respectively.

FIG. 6. Cross section as a function of the sum of the rapidities of the electron

and muon from the decay of a pair of heavy quarks for three different parametrizations

of the photon structure function: Set I (solid line) and Set III (dotted line) of Ref.

[7J, and the paranietrizatioii of Kef. [6J (dot-dashed line). Cuts as in Fig. 5.
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