INCLUSIVE JET MEASUREMENTS IN γγ COLLISIONS

AT TRIST AN AND ESTIMA TION OF MINIJETS FOR FUTURE LINEAR COLLIDERS

TOSHIAKI TAUCHI

National Laboratory for High Energy Physics, KEK

1-1 Oho, Tsukuba-shi, Ibaraki, 305, Japan and HISAKI HAYASHII

Department of physics, Nara women’s University, Nara 630, Japan

Abstract

We have measured the inclusive jet production cross sections in e_+ e_− → (ee) jets at √ s =58GeV using the TOPAZ detector at TRISTAN. We clearly observed the contribution of resolved photon processes. By taking account of this result, we estimated the minijet yields for future linear colliders at √ s =0.5T eV.

1. Intro duction

The purpose of measuring the inclusive jets in a two-photon reaction, socalled minijets, is to probe the hadronic structure of the photon, which has been discussed in order to explain the excess of high-p^t hadronic events in γγ collisions from the expectation of the quark parton model or a direct process[1]. The resolved photon processeshave been introduced for this excess[2]. Since the photon behaves like a vector meson in the low-p^t region, which is well described by the vector meson dominance model, it may have hadronic (quark and gluon) components during its hard scattering. The idea of a hadronic structure can be realized in terms of resolved processes. The first experimental evidence was reported by the AMY group at TRISTAN[3]. Subsequently, for additional evidence, the ZEUS[4] and the H1[5] groups published results concerning inclusive jet production and the total cross section in the γp interaction at HERA, respectively. There are still ambiguities concerning the value of p^{t,min} as well as the quark/gluon density functions. Therefore, more quantitativ e understandings are highly necessary, especially for estimating minijet events in future linear colliders.

We present measurements of the differential cross section on inclusive jet production in γγ collisionsas a function of the transverse momentum of an unfolded jet, that is a quark/gluon, in order to make a direct comparison with theoretical models. At this workshop we have reported the preliminary results. Recently, a paper concering the final results was accepted for publication[6]. Although the main conclusions have not changed, further evidence concerning the resolved processes

are shown as the energy flow in the very forward/bac kward angular region, which results from remnant jets. Therefore, we briefly discuss here the event selection, analysis method and final results based on the new observation. Finally, we present an estimation of minijet yields for future linear colliders based on our improved knowledge concerning the resolved processes.

2. Event Selection

Data were collected at √ s=58GeV for an integrated luminosity of 89.3pb_{− 1}.

Detailed descriptions of the TOPAZ detector can be found elsewhere[7]. A timeprojection chamber measures the momenta of charged particles as well as their dE/dX’s, which was used for the identification of protons in this analysis in order to effectively reject any beam-induced(gas) background. The energies of the electrons and photons were measured in electromagnetic calorimeters covering hermetically the polar angular region |cosθ| < 0.9984 (θ^{min} =3.2_∘).

The event selection was made for hadronic events in two-photon reactions with no tag condition, that is: (1)a minimum number of charged tracks must be 4 and the total net charge should be ≤ 3, (2) the maximum energy of electromagnetic energy cluster should be ≤ 0.25E^{beam} , the criteria of which correspond to Q_2 ≤ 2.6

GeV_2, and (3) the invariant mass of an event (W^{vis} ) should be 2 < W^{vis} <15 GeV.

As mentioned before, the beam-gas events are rejected by the requirement of (4) no proton contamination in an event, except for one with an anti-proton and (5) the event vertex position should be r^{vtx} < 2 cm and z^{vtx} < 4 cm. Based on these criteria,

36935 two-photon events were selected in total.

3. Analysis Metho d

3.1. Identification of a jet

We define a jet as a cluster comprising particles inside a unit circle, whose center is the particle having the highest transverse momentum among them on the pseudorapidit y (η ≡ − lntan(θ/2)) − azimuthal angle(ϕ) plane[8]. This jet clustering method has been used for experiments in hadron colliders, and is also suitable for this case, since a high-p^t jet can be well separated from any remnant jets originating from spectator quarks in the photon on the η− ϕ plane. For the jet clustering we used only particles in the angular region |cosθ| <0.83 or |η| <1.2 , where the transverse momentum of a charged particle and the energy of a neutral (electromagnetic) particle should be greater than 0.15 and 0.3 GeV, respectively. The angular region of the jet axis is further constrained within |η^{j et} | < 0.7 in order to assure a jet fully contained inside of a well-defined fiducial region. We also required that the transverse energy of the jet be greater than 2.5GeV. We thus selected 2553 one-jet,

344 two-jet and 1 three jet events. To compare unambiguously two-jet events with the theoretical expectations we required that the opening angle between two jets in the rϕ plane be greater than 150_∘. Finally, 273 two-jet events remained.

The background of the beam-gas events has been estimated to be 2.5%

(0.6% ) for one-jet (two-jet) events based on the event vertex distributions. The other backgrounds from various processes were calculated to be 15.2%(7.5%) of

e_+ e_− → qq̄(γ), 1.5%(4.1%) of e_+ e_− → (ee)τ_+ τ_− and negligibly small of e_+ e_− → τ_+ τ_−

by Monte-Carlo simulations. These backgrounds were subtracted in the measured distributions on a bin-by-bin basis.

3.2. Monte Carlo Simulation

The direct and resolved processes were generated according to the formulae given by M. Drees and R.M. Godbole[2]. For the quark and gluon distribution functions inside a photon we used the parametrizations ofDrees and Grassie(DG)[9] as well as those of Levy, Abramowicz and Charchula (LAC1,2,3)[10]. The energy scale in these parametrizations was set to be the square ofthe transverse momentum of the generated parton. Another parameter of p^{t,min} was determined to be 2.0± 0.2

GeV for the DG parametrization (p^{t,min} =2.4GeV for LAC1) by comparing various observed distributions with the simulated ones. The value of p^{t,min} is rather sensitive to the contribution from the soft scattering process, which has been well described by the vector-meson dominance model(VMD); it also depends slightly on various hadronization parameters. For the total γγ cross section due to the VMD, we used σ^{γγ} (W) = 240+ 270/W (nb) with the transverse momentum distribution of the quark/gluon being e_{− 4p2t} . The hadronization was made by the JETSET6.3 stringfragmentation scheme[8] with σ^q =0.4GeV, a=1.0 and b=0.7 GeV_{− 2}.

4. Results

4.1. Inclusive Jet Cross Sections

In order to compare our experimental results directly with the theoretical expectations, we unfolded the data when deriving the cross sections at the parton level. Thus, the jet can be identified as being a quark/gluon. Therefore, the variables of jets are hereafter considered to be those of quarks or gluons. A detail description of the unfolding method can be found in our paper[6]. Integrating over the fiducial acceptance, the differential cross section of the inclusive jet production is expressed by dσ_{(j ets )} dp^t ≡ ∫^{0.7} − 0.7 dη^1 ∫ |η^2|> 0.7 dη^2 dσ dη^1dη^2dp^t + 2·

∫^{0.7} − 0.7 dη^1 ∫^{0.7} − 0.7 dσ dη^1dη^2dp^t , (1)

where η^1 and η^2 are the pseudorapidities of the measured and ”unobserved” jets, respectively, and the jets in two-jet events are doubly counted. The cross section for the two-jet events is given by dσ_{(tw o− j et )} dp^t ≡ ∫^{0.7} − 0.7 dη^1 ∫^{0.7} − 0.7 dσ dη^1dη^2dp^t . (2)

The results of the inclusive jets and two-jet measurements are shown in Fig.1

(a) and (b),respectively, as a function ofthe jet transverse momentum together with various theoretical expectations. The errors include both statistical and systematic uncertainties added in quadrature. The total systematic error was estimated to be

0.110100

d s

/dp t

(pb/GeV)

876543pt (GeV)

(b)(b)DGDirectDO+VMD

LAC3

DG(no gluon)

LAC1/2

124102410024

d s

/dp t

(pb/GeV)

(a)DGDirect

DO+VMD

Figure 1: Inclusive (a) jet and (b) two-jet cross sections as a function ofthe jet transverse momentum for |ηj et | <0.7. The error bars include both the statistical and systematical uncertainties. The dashed line is the expectation of the direct process only. The sum of the direct and the resolved processes based on DG, LAC1/2/3 and DO+VMD parametrizations are also plotted.

16 and 10% for inclusive jets and two-jet cross sections, respectively, where the uncertainties of p^{t,min} , the VMD contribution, hadronization effect, momentum/energy scale of particles, integrated luminosity and acceptance corrections were considered. As can be clearly seen in Figs.1 (a) and (b) resolved processes are definitely necessary to reproduce the observed cross section, where the direct process only contributes about 1/3 ∼ 1/2 and the VMD is only a few %. The QCD correction to the direct process cannot explain this deficit, since the magnitude of the QCD correction must be O(α^s ), where there should be no such large k-factor as that of hadron interactions(k ∼ 2), since only a quark-antiquark pair exists in the final state.

The data are consistent with the calculations of DG and LAC1/2 while the data disagree with those of LAC3 and DO+VMD of Duke and Owens[11], which have a larger gluon distribution in the large x(>0.1) region. In order to see the gluon contribution in the inclusive jet production, we also plotted the DG calculation with no gluon content by a dotted line in the same figures. Clearly, the gluon effect is only

1 ∼ 1.5 σ in our measurements, while it becomes extremely important in estimating minijets for future linear colliders as mentioned in the subsequent section.

4.2. Further Evidence for Resolved Processes

One of the distinct features of resolved processes is the existence of remnant jets( spectator quarks/gluons) along the beam axis. We can thus expect the observation of significant energy flows in very forward/bac kward angular regions from the resolved processes. Figure 2 shows the neutral energy flow per event as a function of the polar(θ) angle for the 2898inclusive jets events. We can see large energy flows at θ = 3∼ 11_∘ and θ = 169 ∼ 177_∘, where the background at the 10% level was estimated by random-triggered events during the same experimental period, as well as the flat energy distribution in the barrel region. The observed energy flows in the forward/bac kward region were reproduced only by a Monte-Carlo simulation with the resolved processes, as indicated by the solid line in Fig.2. We can conclude that the resolved process was directly verified by this experiment.

5. Estimation of minijets for Future Linear Colliders

5.1. General Properties of Minijets

For future e_+ e_− linear colliders at the TeV energy region, real photons produced by a beamstrahlung effect[12] become major sources in γγ → minijets. There has been much work regarding the minijets background for these colliders[13][14], where the resolved process dominates the direct one. We present some features of minijet production by using the DG parametrizations in the resolved process, since they are consistent with the experiment at TRISTAN. We used the calculation scheme described in ref.[14], which includes an analytic expression of the beamstrahlung photon spectrum.

The angular distributions of the minijets shown in Fig.3 were calculated for JLC-I( √ s=300 and 500GeV)[15] and TRISTAN(58GeV). In a detector region of

|η| <2.3 (|cosθ| < 0.98), the distribution is approximately flat; it drops rapidly outside

0.100.080.060.040.020.00

Energy flow (GeV/deg./event)

150100500polar angle (

q/ deg.)

Figure 2: Measured neutral energy flow per event as a function of the polar angle (θ) together with the Monte-Carlo simulations, where the solid histogram shows the sum of the resolved and direct processes (DG with p^{t,min} = 2.0GeV) and the dash one is for only the direct process. The background is also shown by the dotted line, which was estimated by random triggered events, and were already subtracted in the measured distribution.

of this region. The cross section integrated over the full angular region should be sufficien tly good for the estimation. However, the calculated cross sections depend on p^{t,min} , which has been set to 2.0 GeV for DG. We can estimate the cross section of p^t (minijets) > p_∘^t for any value of p_∘^t based on the known p^t distribution of p_{− 4.7}^t .

To give greater detail in the calculations, we show the minijet cross sections for

3 < p^t < 4 GeV as a function of x of the quark and the gluon distribution functions

in Fig.4(a) and (b), respectively. As pointed out in the previous section, the gluon contributions at TRISTAN can only be seen as 1∼ 1.5 σ effect, while they far exceed the quark contributions at JLC-I. However, since the calculation strongly depends on the gluon distribution in a very small x region (x<< 0.1) where almost no gluon participates at TRISTAN (see in Fig.4(a)), the experimental verification is poor.

We should keep in mind that our calculation may have a large uncertainty.

5.2. The Cross Sections for Future Colliders

The cross sections and yields of minijets per bunch crossing were calculated for various 0.5 TeV linear colliders whose parameters were presented at LC92 and they are listed in Tab.1. The magnitude of the cross sections ranges from 0.03μb to 0.13μb among the colliders because of their different beamstrahlung photon intensities indicated by n^γ in Tab.1. The calculations of the LAC1 parametrizations are also listed in Tab.1, since the LAC1 (p^{t,min} =2.4GeV) was also consistent with the experiment. Although the LAC1 has a slightly larger p^{t,min} than the DG, it has cross sections that are a few times larger. This difference results from an un-

10100100010000100000

d

s

(minijets)/d

h

(pb)

-4-2024pseudorapidity (h)TRISTAN (58GeV)JLC-I (500GeV)JLC-I (300GeV)10100100010000

d

s

/dx (pb)

(a) quark

TRISTAN (58GeV)

JLC-I (500GeV)

JLC-I (300GeV)

10410210010-2

d

s

/dx (pb)

1.00.80.60.40.20.0x of quark / gluon (b) gluon TRISTAN (58GeV) JLC-I (500GeV) JLC-I (300GeV)

Figure 3: Angular distributions of minijets for JLC-I(300 and 500GeV) and TRISTAN(58GeV) calculated with the DG parametrizations( p

=2.0GeV) as a function of the pseudorapidit y( η ) of a quark/gluon.

Figure 4: Cross sections of the minijets production (3 < p

< 4GeV) for JLC-I(300 and 500GeV) and TRISTAN(58GeV) calculated with the DG parametrizations( p

=2.0GeV) as a function of x of the quark/gluon distribution functions.

Table 1: Estimation of minijets for 0.5 TeV Linear Colliders at LC92 together with the collider’s parameters, where the luminosities are given along with the enhancement factors.

Linear Colliders CLIC DLC JLC NLC TESLA VLEPP

L (10_{33}cm_{− 2}sec_{− 1}) 8.85 6.55 10.0 8.2 11.1 15.1

L (μb_{− 1}bunch_{− 1}) 1.3 0.76 0.93 0.51 1.4 50.3 f^{rep} Hz 1700 50 150 180 10 300 n^b 4 172 72 90 800 1

bunch separation 58.8μs 10.7ns 2.8ns 1.4ns 1μs 6.67ms

n^γ 4.6 3.1 1.0 0.84 5.8 5.1

minijets

DG(p^{t,min} =2.0GeV): σ^{j et} μb 0.11 0.038 0.066 0.028 0.044 0.10

N^{j et} /bunc h 0.14 0.029 0.061 0.014 0.062 5.03

LAC1(p^{t,min} =2.4GeV): σ^{j et} μb 0.28 0.092 0.21 0.086 0.094 0.20

N^{j et} /bunc h 0.36 0.070 0.20 0.044 0.13 10.1

certainty in the gluon distribution function at the small-x region. Even if we take the values of the LAC1, the minijet yields per bunch crossing are less than one except for VLEPP, which may have a problem. Also minijet yields drop rapidly with increasing p^t ; for example, the yield for p^t >3GeV is about 1/5 of the listed values. Therefore, no serious problem is expected for these colliders.

6. Conclusions

We have measured the inclusive jet cross sections in the two-photon reaction as a function ofthe unfolded jet transverse momentum at √ s=58GeV. The existence of a resolved process was clearly verified to explain the 2 or 3 times larger cross sections than those ofthe direct processonly, and also the observation ofa large energy flow in the very forward/bac kward angular region by this experiment. Further, we obtained consistent quark/gluon distribution functions inside a photon, that is the

DG parametrizations with p^{t,min} =2.0GeV and the LAC1/2 ones with p^{t,min} =2.4GeV.

However, there is still a large uncertainty of the gluon distribution in the small x

(<0.1) region.

With this new knowledge we calculated the minijet cross sections for future

e_+ e_− linear colliders. Although the estimations suffer from the above-mensioned

uncertainty, we can conclude that there is no serious background problem due to the minijets, at least for 0.5 TeV linear colliders.

Ackno wledgemen ts

The authors are grateful to the collaborators of the TOPAZ group and the

JLC working group for very useful discussions. They especially thank A. Miyamoto

for providing his programs to calculate the minijet cross sections.

References

1. W. Bartel et al., Phys. Lett. B107 (1991)163; Ch. Berger et al., Z. Phys. C29 (1985)499

and Z. Phys. C33 (1987)351; H. Aihara et al., Phys. Rev. D41 (1990)2667; H.-J. Behrend et al., Z. Phys. C51 (1991)365.

2. M.Drees and R.M. Godbole, Nucl. Phys. B339 (1990)355.

3. R. Tanaka et al., Phys. Lett. B277 (1992)215.

4. M. Derrick et al., Phys. Lett. B297 (1992)404.

5. T. Ahmed et al., Phys. Lett. B297 (1992)205.

6. H. Hayashii et al., to be published in Physics Letters B and also KEK preprint 93-47.

7. [TPC] T. Kamae et al., Nucl. Instr. and Meth. A252 (1986)423and A. Shirahashi et al., IEEE

Trans. on Nucl. Sci. NS-35 (1988) 414; [TOF] T. Kishida et al., Nucl. Instr. and Meth.

A254 (1987)367; [BCL] S. Kawabata et al., Nucl. Instr. and Meth. A270 (1988)11; [ECL] K.

Fujii et al., Nucl. Instr. and Meth. A236 (1985)55 and J. Fujimoto et al., Nucl. Instr. and

Meth. A256 (1987)449; [FCL] H. Hayashii et al., Nucl. Instr. and Meth. A316 (1992)202.

8. T. Sjöstrand, Comp. Phys. Comm. 39(1986)347 and T. Sjöstrand and M. Bengtsson, Comp.

Phys. Comm. 43(1987)367.

9. M. Drees and K. Grassie, Z. Phys. C28 (1985)451.

10. H. Abramowicz, K. Charchula and A. Levy, Phys. Lett. B269 (1991)458.

11. D.W. Duke and J.F. Owens, Phys. Rev. 26(1982)1600.

12. K. Yokoya, Nucl. Instr. and Meth. B251 (1986)1; K. Yokoya and P. Chen, Lecture notes in

Physics400, Frontiers of Particle Beams: Intensity Limitations , Springer Verlag, pp. 415-445,

KEK Preprint 91-2, April 1991.

13. M. Drees and R.M. Godbole, DESY 91-013, March 1991, and also DESY 92-123B, August

1992, of the proceedings of the workshop of e_+ e_− collisions at 500GeV:The physics potential ,

February 4 to September 3, 1991; M. Drees, DESY 92-065to appear in the proceedings of the

9th International Workshop on Photon-Photon Collisions , San Diego, March 1992; P Chen,

T.L. Barklow and M.E. Peskin, SLAC-PUB-5873, April 1993.

14. A. Miyamoto, KEK proceedings 92-13, December, 1992, of the proceedings of the third workshop on Japan linear collider , KEK, February 1992.

15. JLC group, “JLC-I”, KEK Report 92-16, December 1992. In this paper we took the parameters of the c-band accelerator for the JLC-I.