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Abstract

Litvin V.A_, Slabospitsky S.R., Shvorob A.V. Anomalcus di-photon production at LEP: pos-
sible conrequsnces at FNAL hadron collider - IHEP Preprint 91-69. - Protv 0, 1994 - p. 9,
refs.: 13.

The hypothetic R-resonance production (anomalous "Hyy" events at LEP) with 60 GeV
mass at FNAL hadron collider has been considered. The cross-section of this R-resonance
production with the consequent decay # -~ 7~ is obiained. Various distributions of leptons
and photons in the process pp — W R(— 77) X are calculated.

AHHOTAROEA

Jlxremn B.A., Cnubocnunxui C.P., lIsopof A.B. ABoManbune npyxhoTOMHBI: OHITNE HA
LEP: moanoxnaxe nposmienny Ha anponioM koitiafizepe FNAL.: llpenpwnr MG 3 94-69 -
Oporexno, 19%4. - 9 c., 6ubirworp : 13.

B pafoTe paccMoTpeHO 0GpA3CBAMKT THIOTETHHECKOro pesonaca R (amomanvHue "ilyy”
cobuTs B8 LEP) ¢ uaccok oxano 60 TaB sa anpornom xonmaitnepe FNAL Monyseno ceenne
OBpASOBARER 3TOIO pPeIOHANCA € NOCJIERYIOUIHM PACUANOM U0 Xanany R -+ 7. Buamcnenw
PAMINYHEE PACKpENc/IcHNR NENITOHOB ¥ $OTOHOB B Mpouecce pp -+ IR (-~ yy) X
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INTRODUCTION

Nine unusual events of the type ete~ — ffyy with the invariant mass of
the two photons near 60 GeV were found from the statistics collected by the
four LEP experiments [1,2,3,4] {2 - in ete vy, 5 - in p*p~vy, 1 - in g¢yy,
1 - in viyy channels, respectively [11]).

Recent calculations {5,6,7,8] have shown that the Standard Model processes
are unlikely to explain the observed accumulation of the events in a narrow
M, band near 60 GeV. Other feasible models (including some common exien-
sions of the Standard Model) also experience considerable difficulties in giving
a plausible interpretation of these events (see, fcr example, [9])

In [10,11] an attempt to account for these events was made by assuming
the existence of 2 scalar (pseudoscalar) resonance R, coupling photons and
Z%-bosons only, with its mass close to 60 GeV. In these papers such a model
was shown not to provide a neat explanation of the (possibly observed) phe-.
nomenon, its free parameters being effectively restricted by the requirement
of the consistency of the model with other experimental data. Nevertheless,
presently available low statistics doesn’t let us dismiss it confidently and from
the phenomenological point of view it appears interesting to find out if other
experiments can add something to the limits obtained at LEP. Before the ad-
vent of new machines (LEP 209, LHC, NLC, etc.) the hadron collider at FNAL
is the most suitable place for such investigations.

In this paper we analyse the implications of the existence of the hypothetical
resonance for the physics accessible for center-of-mass energy and luminosity at
the FNAL hadron collider. The present-day CDF and DO detectors {13] aliow
one to collect some evidence for or against the existence of such resonance.

The paper is organized as follows. Section 1 describes the phenomenological
model of resonance interactions with photons and Z-bosous. In Section 2 we



discuss possible marifestations of the resonance in pp collisions and present
calculations results. The results obtained are summarised in Conclusion.

1. THE PHENOMENOLOGICAL MODEL

Ac has been already mentioned in Introduction we assume the existence of a
narrow scalar (pseudoscalar) rescnance R with mass of about 60 GeV, coupling

photons and Z° bosons only.
Proceeding from the requirement of the Lorentz and gauge invariance, the
most general form of the Ryy, RyZ and RZZ vertices will read as follows:

R*yy : g—n;:}(g“”(knkz)—"f"f)e"‘eg’

Ry - %E“”"k‘{kz” efes

Ri9Z . T (k) - KRV + T PRV,

Mz
REZZ : guMzpeghVEVy + B2 pepeypyy 4 L8 qwapppr oyl
Mg Mg

where R*(R™) denotes scalar (pseudoscalar) resonance; k; and k; arc momenta
of two photons (photon and Z-beson); ¥ (V*) is photon (Z°-boson) polariza-
tion vector. The facter 1/Mp is introduced to render the coupling constants
dimensinnless.

In (10,11] a number of experiments has been analysed, in which hypothetic
resonance R can decay into yy. As a consequence the following bounds on the
couplings (in fact, on the values g - /Br¥({R — 77), see [10,11]) are obtained:

Grr < (292£21)-1073,9,,; < (3.0468)-1073,g,,, ~ 0.+ 0.02,

a1 < 0220101, Iguz, < 0571 £1.1, gy ~ 01 1.6. (1)

The processes of R production followed by the photon pair decay are con-
sidered. Thus all cross-sections will also depend on the couplings, multiplied

by VBRR= 7).



2. CROSS-SECTION OF THE R-RESONANCE
PRODUCTION

In this Section we consider the R-resonance production in tke pp-collisicns
at the FNAL hadron collider (/s = 1.8 TeV). In the frames of the consid-

Fig.1.The Feynman diagrams
for the process ¢¢ — U R
(— ¥7) are presented.

ered model (see Section 2), the R-resonance production takes place due to 4§
annihilation to the virtual 7* or Z* (see Fig.1):

9§ — 1°(2°) = HR(~ 7). (2)

We concentrate our attention cn the decays Z* {or 7*) to the lepton pair
(Il = e*e™, ptu~, vi) in the final state. It is obvious, that Z* (or +*) decay
to the gg-pair (i.e. process ¢§ — 7"(Z*) — g R(— 7)) will be deminant.
However, the existing QCD background in this channel essentially exceeds the
signal. Thus we limit ourselves to considering that kind of processes:

P — PrRX - My X, (3)
P~ v RX — viyy X, (4)

In the framework of the parton model the cross-section of processes (2) and
(3) has the following form:

olpp — P (vdyyX) =
Y [dzidee [fy(z1, @) folz2, Q) + fol1, @) fi(z2, Q)] x

e=wds,c
6(qq — I*I"(vo)R)Br(R — 77) - N, (8)



where f(z,Q?) are quark structure functions from {12}, the evolution parameter
@Q? is chusen to be equal o the parton center-of-mass energy squared § = z,z,s,
and N; = 1(8) for I*1~ (vi).

Here we must note that the phenomenologica! model introduced in the previ-
ous Section, being an effective one, eventually violates unitarity, but the smali-
ness of the couplings (and, probably, the greatness of the scale of the new
physics possibly involved) pushes up the unitary limit to energies as high as
tens of TeV. Thus, the model is still working at the FNAL collider energies.

Table 1. The cuts used in the calculations.
[ Cw  Ji2[3]tls;el7]
PLE) Gev/e [ — 15T 1551015

}Jt"mim GeV/C e 10

77 mas __L_”_ 3.0

1.5

—

Furthermore, to ensure good experimental efficiency we require that the
photons be detected in the central 17 interval and that they have sufficient P,
which compensates for the lepton pair. The seL of cuts on the phase space
of final particles, that we applied integrating (4), is summarized in Table 1
(naturally, only the final photons cuts were used in the viryy analysis).

The total cross-sections of processes (2) and (3) (kinematical cuts from Table
1 are taken into account) are presented in Table 2.

Table 2. The cross sections of process (2).
[ Cut T [ 2] 3T 45167
a(pp — I*I"7y X), pb [ 0.076 | 0.068 ] 0.067 | 0.065 | 0.062 [ 0.061 | 0.060
olpp — viyy X), pb | 0.42 1

039 0.35

One can expect about 10 events in process (2) and about 40 events in process
(3) for the total integrated luminosity J £Ldt = 100 pb~'.

The distributions over the various variables for final leptons and photons
from processes {2) and (3) are presented on Fig.2 and 3. As we can see from
Fig.2(c) and 2{d) the final leptons and photons are produced with rather large
transverse momenta (< py. >~ 50 GeV and < pf >~ 30 GeV). It is necessary



to note, that the final leptons and photons have a good separation from each
other (see Fig.3(d}). Thus, all the events of that kind rust cortain photons with
high transverse momenta pr and m,, = 60 GeV. This is the most characteristic
feature of these events.

Hence, a pronounced topology of the investigated events will allow the back-
ground of these events to be strongly suppressed and make their investigaticn
in the CDF and DO detectors quite a rel problem.

CONCLUSIONS

The limits that low energy e*e~ experiments set on the couplings of the
hypothetical (pseudo)scalar resonance R with photons and Z-bosons from the
LEP low energy experiments data, still offer an opportunity to investigate these
events at FNAL hadron collider energies. Tke processes of the R-resonance
production in

pp— 11" R X — I*I"yy X and
pp—ovie RX —Eryy X

modes have the cross-sections of 0.05 — 0.08 pb (depending on experimental
cuts} and 0.5 - 0.5 pb, respectively. The high luminosity (102 pb~!/year), sup-
posed to be available at Feriilab in the nearest future, will allow one to obtain
a noticeable number of events corresponding to these cross-sections. About
10 I*{~y~ and 40 viyy events could be observed under these experimental
conditions.

The processes under study possess pronounced features, which make obser-
vation of such events possible.

Thus, the FNAL hadron collider gives a good opportuaity to check inde-
pendently the model based on the LEP data. Ali data, which will be obtained
from CDF and DO detectors may increase the constraints, received from the
LEP data, and allow one to draw a final conclusion about the existence of that
kind of resozance.
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Fig.2. The differential cross-sections of processes (2) and (3): a) — the
invariance mass dilepton distribution; b) - the transverse momentum
distribution for resonance: ¢) - the transverse momentum distribution of final
leptons; d) ~ the transverse momentum distribution of final photons.
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Fig.3. The differential cross-sections of processes (2} and (3): a) - the
resorance rapidity distribution; b) - the maximum rapidity distribution from
the opes both final leptone; ¢) - the maximum rapidity distribution from the
ones both final photons; d) — the §R distribution between leptons and photons.
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