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We study lepton pair production in heavy jon collisions with emphasis in non-
stan:f'ar,d cdptﬁbuﬁons-to:the QED subprocess vy — I*I-. The existence of
compositeness of fermions and[oi' bosons can be tested in this reaction up to the
TeV: mass scale.. We show that for some processes thé capabilities of relativistic
heavy. ion colliders to disclose new physics supplant the possibilities of ete™
6: pp machines. In particular, the spin zero composite particles which couples
predominantly to two-photons, predicted .in‘ composite models, can be studied in
a broad range of masses, '

Non-Standard 4+ —.171~ Processes in Relativistic-

a powerful photon factory, and xt is :mportmt to. venfy what we can. lcam thmughf: .

1. INFRODUCTION
There are plans to operate the: proposed Large Hadron Collider (LHC) and: the
Superconducting, Super. Collider-(58@). with: beams. of heavy:ions with; the main:in-

terest in the search 0f_§ua.rk,—gluon. plasma. in central nuclear reactions.- _Bésideg:{t_]ﬁs_., g

' important feature of Heavy.lon Colliders; peripheral collisions may give: l;_iﬁg—.tq.,g:_l_l’_ﬁgc-'

luminosity o_f _photcm_é 'Which',oggns t_he._poasi_bﬂity- of studying & large :vi.r:it_:g‘y: of _.t_ym-:
photon processes which may: not: show up. iI};-_e*.'e' or: pp. machines. .'J.'.\‘l:l: pl:odu.ctxon
of new particles in:_he_a;vy. iom: collis_i.ona;g(a.g- .co_ngi_de:e&. in: Ref: [1] and: [2_]‘, a.nd the: :
possibilities éi stuﬂying- electroxhagnetié-'physics in such collisions: has been. worked at

length by Baur and Bertulani®*, I.rrpa.:hcula.r, the poss:bzht.y of sea.rch and: dlscqvety.
of an intermediate mass standa.rcl Higgs boson (Mz < My < 2Mz) in yy rea.ctmns, ,
mduced by i lOlI-lOD. colhswns has been &scusscd by: several authors! 24—%,

The advantage of . fusion: § in hea\r)s jor: COB,IEIDM is: tha.t p]mtons _m:e_ exmtted...__

coherenﬂy by the nudeus of charge _ ;_j a.dm& CTO8E: sechons wluch arp enhancgd'-_: .

d, . cony __uently, the chances to abserve a.,p__sﬂ:nle mtezmedmte mass standaxd
nggs boson. Mateover, to molate its: ngnal fnom the: ba,ckgmund is a.lso 2, chﬂicult .
task™, Actually, the backgmund prohiem wllk be solved only if t.hete xs an. cxccll 'nt.._,

above, we ca.nnot neglect the fact. t.ha;t in penphe:al xon-lon col.l.lsmns,' e do:

these rea.chons

One of 'Eh@._clmqttests_gi QED:is provided by the reaction e*e -’ 'ww!terethe '




lepton is exchanged in the ¢ and u channels. In this paper we study non-standard
contributions to the subprocess vy —+ [+~ (I = e, p,7) in heavy ion collisions in order
to explore new physics beyond the standard model, such as compositeness of fermions
and/or ‘bosons. We have chosen to study leptons in the final state in order to have
the-cleanest signal, since in heavy ion collisions, QCD processes produces a.enormous
background' to-strongly interacting final states.

The 'non-éta.nda.rd interactions that may contribute to the electromagnetic process
. — It will be introduced through effective Lagrangians involving operators of

’ different d.imensions_:‘
1 1 1
Leps = Laep + Kﬁs + FLG + }\_3['7 +--

where £gzp isithe standard QED-Lagrangian and L5 ,... bre of d.imeizsi_on 5, 6, elc and
respect. the U(1) g, gange invariance. This will give a.definite idea of how worth is
the use of 7y fusion in: relativistic: ]_:lgavf ion colliders to disclose new physics beyond
the sta.nda._rd..ﬁn:-gde.',l. 7

Tﬁg _co'nt,en:t'_of our paperis distributed as follows. Section II contains a {few remarks
on_thé-él_zot.on lﬁmiﬁosity in heavy ions. -In Section III, we exhibit the effective
Lagrangians.as well as their contributions to the cross section of yy — Itl-. We
discuss our results for ZZ ~» ZZ4y — ZZI*1™ in Section IV and, in Section V, we

draw: our: conclusions,

IL REMARKS- ON THE PHOTON DiSTRI‘BUTfON IN HEAVY tONS
Befor_e:sta.rt‘h;g the evaluation of specific processes, it is convenient to discuss the
expr.es;sions f;;r the twoiﬁhoton luminosities that can be found in the lterature. As
. pointed out by Cahn and Jackson® the correct determination of the photon-photon

luminosity is crudial to obtain a realisiic estimate of any peripheral 17 process.

The photon distribution in the heavy i.on can be détermined through the equivalent
photon or Welzsiicker-Williams approximation®. Denoting by F(z)dz the number of
photons carrying a fraction between r-and z + dr of the total momentum of a nucleus
of charge Ze, we can define the two-photon luminosity through

& [ Ereree),

where 7 = /s, and s (&) is the squa.ré of the cms eﬁerg}' of the ion-ion (photon-
photon) system. The total cross section Z2Z2 — ZZvyy — ZZI*]l™ can be written

as
o) = [ arloy, )
where (3) is the cross section of th’esubproces.s- 'yry= —-rrl"’i_ a.nl.i-.‘r,;n,-,,.._; 4m?-./s for a
produced lepton of mass m.
There remains orly to determine F{x). In the literature th‘ere_afe several approaches
for doing so and we summarize the main results bellow. Using the equivalent photon
a.pproﬁmatibﬁ in the classical approﬁmé.tion,_‘é the result for F (z) is

runte) = 222w (2 (2) -4 () - = G} @

" where Ky and K | are the modified: Bessel fanctions. zo = (bninM)™?, with M being

the nuclear mass, and b,,,, being the minimal value of thie impact parameter.

Drees, Ellis-and Zeppenfeld® {DEZ} obtained:the: photon. distribution by starting

_{rom the quantum amplitude for the processes and introducing the charge form factor

F(?) of the nuclens in order to get an expression for F{z).

Foms(e) = 22 [~ Zr@r)i- (%) 0

Assuming & Gaussian charge form factor for the nucleus




Fe = ee()s W

and a symmetric collisions of Pb*® nuclei at small @ we have that

—

b= Z2{[+ (22 ] (22)] - - (22}

where 2 ~ 55— 60MeV. It is interesting to notice that for small values of z the

above expressions can be approximated by®

P = Z2{ ]3] - o} - ®)

where € is a constant. In order to reproduce the classical distribution Eq.(2) folr ]

small z, we should take ' = 0.768, while C- = (.18 gives an approximation. for the

DEZ distribution Eq.(5). Setting C = 0 we obtain.the results of Papageorgiu', which |

assumes that, the two ions are non-overlapping black disks in impact parameter space.

Using Eq.{6), it is possible to obtain an analytic expression for the luminosity®

Czhn and Jackson®, using a prescription proposed by Baur'! which takes into ac-
count the requi_fement of =1.1tzri'p‘hu;-..m.l cé]]isions,-obta.ineél— a..photon" distribution which
is not fectorizable. However, they were able to giv_é a fit for the differential luminosity
which is quite useful in practical ca.lculations. .

dL 1

2 = cLg(eMRVT), , ®

dr T
where
1624
bo="gm
and
5

5)

&) =Y Aiexp(—Biz)

=1
with 4, = 1.909, 4, = 12.35,.4; = 46.28, .B1 = 2.566, B, = 4.948 and 33 = 15.21.

In Fig.(1) we present.the two-photon luminosities as-a function of 7 associated to
different prescriptions of the photon. distribution function: (Eq.(5), Eq.{6).for & =0~
and C = 0.18, and Eq.(S))_. It is important. to notice that the luminosity is peaked
at'small 7, meaning ihat the major part of the photons carry only a small fraction of
the lon energy. In this region all the prescriptions for the two-photon lﬁminosity give

approximately the same result,

III. ANOMALQUS. CONTRIBUTIONS TO Tr— LtL-

Our main aim in this paper is to-study possible. deviations from the standard. con-
tributions of QED to the s;1bprot_:ess. ¥ L I*[-, There are many reasons to-consider
anomalous: contributions: to this.-sﬁbprocess. One of the simplest. scenarios.we can
think of is the: existence of compositeness, i.e., fermions and/or bosons m.a.y.__bé com-

posite and, at short distances, this would imply: deviations. from QED. Some other

possibilities include the existence.of new particles that may appear as intermediate

state in.the above reaction. One way to search for new physics.is to work with ef-
fective Lagtang_ians and to:study their contributions to this process. We now discuss.
several effective. Lagrangians, and their respective contributions to the érqss section

of ..h -

A Ext_:.ited" Lepton.
The existence of excited states of leptons is: one. of the natural conseéiﬁenges;;sof
comp.osite models. A spin 1/2 excit;ad lepten gives an extra conuib_utic.u.x to: the -
reaction: vy — IT{~ through. its exchange in the ¢ and u cha.ﬁnels. The effective

Lagrangian: describing the magnetic coupling of an excited lepton to 2 photon and a

6




standard Jepton is given by a dimension five operator'?

Nll—‘

where the coupl'mg constants g5 are O(l/ A), with A being the scale of comp051teness
{mass parameter) and 4. is the fermionic field associated to the excited lepton.

The total cross section for the subpmcess qy — M s given by

F.(8) = &QED(E)'_+ 1rale2£, {(2 5)+ (1 — §)fln (5+ i)

e mis (D))

where we have assumed 3 3> m, the fial state lepton mass, and we have defined

(&F +(PF],  s=1+22%,
";4-0 —2 [35"-—12&2 §+35] A= l[2452—25—1]
35+ 1) o e ’

7 with'.M.' Being the excited lepton mass and &qup(5) being the well-known QED result

- L) 2]

' w]iere-ﬁi'_ié- the cms velocity of the final state lepton:

ﬁ’:l—éf—z.

As expected &.{5) has a bad high energy hehavior. Studying the unitarity bound

coming from a partial wave analysis we learn thai perturbation theory is reliable

within certain range of the. parameters. For instance, when V/§ < 250 GeV we must -

have {. €2 x 10~ GeV-2. These conditions are met in our numerical calculations.

¢3 F“"(y —igfys) + ke, )

B. Spin Zero Coxﬁposite Particle

Itis kn_own- that in the Standard Model there is at least one scalar Eoson remnant
from the gauge symmetry breaking. The possibility of this scalar boson being com-
posite has been considered by several authorsi®. In this case, the spin zere boson may
have anomalously large couplings te the photons, contranly to what is expecte& in
the Standard Model, and generates a s.channel contnbut:on toyy — l"'l‘; giving rise
to a peak in the invariant mass distribution. The lowest order effective Lagrangian
describing the couplings of a scalar and pseudoscalar boson to fermions and photons

can be written as,
m. - 1 w.','fri_ : T C-
[jrb = A_W‘ﬁs + ZS'_SFWF &5+ ZX“”bTS'S‘-'"#’P + Z_!-]’PFWF ¢P » (12)
where q&s(P] are the scalar (pscudoscalar) ficlds and gsp are O(l/Asp)

Takmg into account these new. couplings, the full cross sechon. of Y l+£ in the
limit & >» m? is given by -
: K 5 ML - H . N
56(8) = bano3) ~ dram?{ —’—J——[ln—_l]
58} = Gamol8) ~ dmam Y st 3y + MATE L 2

1 S—ME .
G o M2)=+M,%.r2]”m2}

T m 3

2.2 nz §2 .
2 {S(s M2)2+M'-’I‘2+€P(s M2)2+M2r2}

(13)

where Mg(p) and Fsipy are the mass and width. of the scalar (pseudosca.la;_),_ and

_ 8sim
€simy = A,

The value of the widths 's;py is 2 model dependent guantity since it depends on the
couplings of the composite (pseudo)scalar to all particles in the model. In our work

we assumed that the main decay mode of @y, is into two phofons, and we obtained

MS
Toppiory = stB) (14)
SRTTT 16 Adipy
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'We should notice that o4 s proportional to the lepton mass, and, therefore, the
observation of this kind of event in eTe™ - v is uﬂikeiy due to the smallness of
the el_ectmn.ma.ss. Furthermore, the photon luminosities in e*e™ and pp colliders can

barely be compared to the case-of heavy ions collisions. The above facts make the

‘heavy ion. co]]in_ieré the right place to look for compesite scalar bosons.

C. Spin -,One. Composite Particle
in the scenario of composite models we cannot discard the possibility of a composite

gange ‘boson:: In. particular, it-would be-very interesting if the Z° turns out to be

" composite orif there are other neuiral spin one composite particles resembling a gauge

b_us,o_n._ In this-work, we consider a spit one composite particle (Z%) exhibiting an

" anomalons; Z“‘rf couplmg 14 The effective La.gra.ngla.n describing the above coupling

is a.ssu.mecl to.be.

1 . .
L2 =60 Fa)F?, . (15)

where g, is. Of1/A?) and. F,, is.the dual of the electromagnetic tensor (F=9 =
e*fu=F. ). This interaction generates a contribution to vy — I*I~ through the ex-
change of spin one composite particle in the s-channel of the reaction. The coupling

of the Z° to the fermions:is assumed to be the Standard Model one. Considering this

contribution: the total cross section for the subprocess vy — 1~ is

‘l’l'(.'!2 m

o5(8) = Gopnls) + — g M.;fzﬂ ’ (16)

"where .

£z = 99z
o 4e? cos By ?
and:&qpp($) is given by Eq.(11).

CItds mterest.mg to notice that: Eq (18)- does Dot exhibit the Z° pole since it is

forbzdden by -Yang’s theoren:L15 Another interesting feature of tlus extra contribution

9

is that it is proportional to m*, the lepton mass. The search of a Z'+v+ interaction in

an electron-positron collider through the reaction ete~ — v is hopeless since it is

- suppressed by the same factor m* and the electron mass is negligible.

D. Contact Interactions
It is possible to construct several effective Lagrangia.nsl containing contact terms
{yy!*l") which are gauge invariant and differ just in their dimension. The lowest

order effective Lagrangians, describing these contact interactions, contain operators

* of dimension 6; 7 and 8:

L6 = Wy Dy )(geF* + G F*™), {17
L1 = JoELF™ + Sy Eu (18)
- ,

Ly = ‘TP'TH(.%; ke 11 M’(a F ) off 3 _ (19)

" where the. couplmg consta.nt.s ¢ are 0{1 /i A(' *}.and D, is the QED covariant deriva-

tive. These kmd of mtera.ctlons have been chscussed by several a.uthors in different
contexts and, m-pa.rtxcular they -were-studxed in the case of ete~ — 77 at LEP
energiesw'” Some. of the- a.bove I.agrang;a.ns may result in large ‘contributions to
the anomalous ‘magnetic moment of leptons.'* Nevertheless an appropriate choice of
the coupling. constants may (_:ope..thh.these problems. and it was considered in the
ﬁume[ical calculations.

The total cross section for the subprocess y7 — {*I~ when we take into account

the contribution of the operators of dimension 6, 7 and 8 are:

B(d) = daun(3) + Ta6esly + 1668%), (20)

w(a)—aqso(sn—efs, | e
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&3(3) = Gqen(3) + %Eamzéz ) o (22)

whe_re,_ )
2 fs 2 532 P2 AN2
EG = (gﬁ) :;(96) , 57 = (97 ) :;(g'f ) , 68 - (g:,i) , (23)

and .&,;-,ED(.'E) is given by Eq.(11). The effeci of the higher dimensional operators is
so_ﬁened- by the presence of many powers of 1/A in the cross section. These cross
sections, as expected, violate the unitarity bound at high energies. In the same way
as before we.can establish an upper limit for {57, in otdler to preserve unitarity in
the range of energy considered in this work. For example, for V'3 < 250 GeV we must

have:

_ 1 '
s <9x 108GV ™, £ <4x107VGeV e, f&< (;)24 x 1071°@eV5 .

(24)

It is interesting to note that the helicity nature of the interaction Eq.(19) causes
the appearance of the mass. dependence in Eq.(22), and, once again, it is hopeless to
detect such interaction, in e*e” anaihilation into two photons'. Here we have an-
other example where a relativistic heavy ion collider may prevail over other machines,
because of its higher photon luminosity and the fact that we can produce a heavy

lepton in the final state enhancing the cross section. .

IV. NUMERICAL RESULTS
In this section we present the results of the numerical evaluation of the cross sec-
tion ZZ — ZZ~y — ZZI*I" taking into account the contributions coming from the
effective interactions discussed in Sec. IIL. We chose the Cahn-Jackson® distribution
Eq.(8) in order to exhibit our numerical results. Different choices of the photon-

photon luminosity- (see Fig.{1)} give at most a factor of O(2) in the final result. We

il

" consider Pb-Pb collisions at the SSC with an energy of 8 TeV per nucleon, corre-

sponding to /& = 3200 TeV, and also discuss heavy ion collisions at the LHC with
3.2 TeV per nucleon (/s = 1400 TeV], both opesating with luminosity of 107 .C.D.'l_z

s,

Since we want to cbserve effects of new physics beyond the Standard Model, char-
acterized b-y a large mass scale (A), we should look at processes with lnge 3. Fur-
thermore, the QED background (coming from. the usual 1y — - contributions)
falls very fast with the increase of the. center of mass energy. In order to reduce

the background, we introduce a-cut in § (or, equivalently; a minimum: value of )

when computing the: total cross section (Eq.(1))- The higher is 7min the larger is-

the difference between the cross section of QED and the omes containing anomalous

contributions. After introducing this cut ‘we should still have z reasonable.number-of

events. We found out that. 8., = 100(200) GeV are good choices for the LHE (S5C) "

using the luminosity of 10% cm~? s._‘. If the luminosity is decreased {increased) we
should decrease (increase) the value of the cut.

In order to estimate of f:he excess of anomalous events over the Q;‘BD background,
we consider the quantity, .

A= Tror e g00 (%)
TqED .

where the total cross section {7;0r) is obtained, for each anomalous contribution of
Sec. 1II, introducing the subprocess cross section {&) into Eq.(1) and taking into
account the appropriated cuts, whereas oqzp stands for the total cross section due
to QED. We demand, as a criterion to identify non-standard conttibutions to lepton
pair production, a value of A larger than 10% with at least 100 events,/year above
the QED background. .

Let us start by analyzing the effect of excited leptons in the p*p~ prodiction. In

- 12
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s,

order to overcome the bounds on compositeness, coming from the experimental limit
of the anomalons magnetic moﬁent of the electron,’® one must have lg5] = lgP|.
Nevertheless, we should consicier tha.t the couplings of -excited leptons may not: be
equal for- different ﬂ;a.vors and, in this case, the constraints from g—2are lesslened for
#'s and 7's. In particular, we assumed that g = 9" = \/az/A in Eq.(10), wilere the
factor +/4r is the ad hoc norma.l.izatipn condition used in experimental bounds for A.

Figu_:é {2) contains the nuinerical resulis for A (Eq.(25)) as a function of the excited
lepton mass (M.) for A = M. -.a.nd 0.5, 1 and 2 TeV. The Figs.(2a) and (2b) were
obtained foi- the LHC energy with Binin = 50 GeV and Binin = 100 GeV respectively.
Figures (2c) and (2d) are for the S5C energy with the euts Sy, = 100 and 200 GeV.
We: verify that. if Iwe double 3miny A inereases at least ope order of magnitude. The
© values §p, = 100 and 200 GeV are reasonable cuts for the LHC and S5C since we
improve the signal.to background ratio for the anomalous’ events and we still ohtain
"+ alarge number of events. For insté.nce, requiring at least 160 anomalous events/year
.at,th'e:SS_.C',_ with the cut of 200‘GeV.a;nd the ;xcited lepton mass M, = 200 GeV, we
may test a compositeness mass scale A up to 3 TeV, ’

For the excited lepton contribution, there is no significative differences between e,
#-or 7-lepton production for the chosen values of the cut {3min). Taking into account
that, for 5.,;, = 100 (200) GeV for LHC {58C), we have %ecn = 37.4 (16.9) nb, we
can get the number of events of excited leptons with a given mass M, for A =1 TeV,
These results.are presented in Table {1). .

The existence of a spint zero compo;ite scalar may be one of the most suitabie
Processes to be investigated thréugh 77 fusion in heavy ion collisions. Since the
width of the spin zero composite is expeciéd to be small, the best way to vnrave] its

- existence is through the search of 8.narrow peak in the quantity

(da'/dmz)mr/(da/dmz)qsb .

i3

In order to estimate the signal to background ratio for the tomposite scalar (pseu-
doscalar), we computed A iniegrating over a bin of 2 GeV around the scalar peak.

A can be evaluated using the narrow resonance approximation to integrate over the

- bin around the Breit-Wigner peak, resulting in

1m? 1 dL = .
"X farke,,, & Ms/%)

where % is the photon-photon luminosity. Since Fep and & ape slowly varying

functions of 7 in the range of integration, we can take them as a constant to write

1 {m\® M 1
i (E) 2GeV] I (BZfm?) <1 - (26)

An interesting feature of the last expression is that A does not depend neither on the
considered machine (LHC or 58C), nor on the scale characterizing the {pseudo)scalar-
photons coupling. (Asimy).

In order. to. exhibit our results we must make a choice for Az, Initially, let ys
assume that the coupling. of the 8pin zero beson to the fermions is proportional to
their masses and inversely proportional to the scale of compositeness, e, A 5=
As(P) = A. Apparently, i.f A >, the Weinberg-Salam symmetry breaking scale, we
have a suppression of the process vy — $sp) — 11~ when compazed to the standard
model Higgs boson produciion!-8, Nevertheless, this Suppression is counterbalanced
by the coupling of the scalar {or pseudoscalar) to the photons, which is strongly
suppressed in the Standard Model.

In Fig.(3) we show A for -r-p&.ir production, obtained without the narow resonance
approximation, as a function of A for a scalar mass Mg = 75 and 160 GeV, We
assumed Iy given by Eq.(14). The contﬁbution of the pseudoscalar is similar to the
scalar one. For g scalar boson of mass Ms = 106 GeV at the LHC or S5C we can
reﬁch 2 A scale ﬁf 750 GeV when we require at least 100 aromalous events per yea.x.'

above the QED background and A > 10%.

14




We can also think of a scenario in which the coupling scalar-fermions is given by
the Standard "Model one (: e. Ay =v =246 GeV). In this ca.se, we obtain A ~ 100%
for Mg = 100 GeV and r+r~ production. It is interesting to notice that, in this
scenario, the-reach in Ms of the heavy ion colliders LHC and SSC are limited only
by statistics, &.e. by ihe total number of events expected for QED. -

The tF7~ ‘pair can be easily identified either in leptonic or hadronic decay modes'®.
Nevertheless, in this case we must also measure the invaziant mass of .t.he pair in
order to u.nra.vel the resonance peak of the (pséudo),scalar boson. This can be per-
formed looking for hig'h multiplicity decays of the 7 leptons®®. However, the inevitable
presence of —ne.utrinos introduces an uncertainty jun the invariant mass measurement,
which is minimum for nultiprong decays. In any case, the excess of + pairs, above the
QED prediction, can just be an indication of the presence of the {pseudo)scalar in the
reaction.. In order to measure the invariant mass distribution with higher precision,
we canrely on other deca.y channels like bb, as sugggested in Ref. iL5,6,7. In this

case, the signal to background ratio is larger than in the ™+

(27)

oy 1 2002y . 1
Ay = (m") log(M; fm) - 1 o

log(M2fmi)~1

my

Yor. Ms = 100 GeV we. have that Ap = 100 x Arie-- Certa.inly, this composite

paft_icle yields more bb pairs. than the tandard model Higgs boson. This large sample

of events enable us to make 2 good measurement of the boson mass.

Let us now analyze the results for the contribution of a composite Z° boson. As can
be seen ftom Eq.(16}, there s ‘no interferenc ? between the Q,l1 1) and composile vector
boson contributjon, as well as Lhe resonance peak is absent due to the suppression of

the process for the ZY on mass-shell's. Since the cross section 1s proportional to the

square of the lepton mass, this process will have a considerable signal over the QED

background only for r-lepton production as shown in Fig.(4). In this case the signal

15

consists only of an excess of 7 pairs ‘and there is 0o need fora precise’ mea.surement of -

the pair invariant-mass. However, even for T pairs, we ma.y test values of A not larger
than O(102 GeV). Despite the gloomy result we believe that any other experiment to
discover such kind of interaction {Z%yq) at larger mass scales will be quite difficult
to perform. . '

We now discuss processes generated by contact terms which are suppressed by
large powers of {1/1\) The results for the dsmensmn 6, 7 and 8 interactions ate
shown tespectively in Figs.(5), (6) and (7). Notice that the results of Fig.(7) were
obsained only for 7:lepton production, since for lighter leptons this cross section is
unobservable. Requiring the detection of 100 events/year ahove the QED background
(with A = 10%) the maximum values of A that can be probed for ea.éh- interaction-

are given in Tables (I1) for r+¢~ final states. The resnlts for muons are qmte similar

for dlmensmn 6 and 7 operators and neghgible for dimension 8: Our resuls.indicate

that these interactions can be tested only-at very small mass sca.les, hardly larger
than 1 TeV. However, in any other Kind of collisions, we would not be able to extract

any information about these interactions! - -

V. CONCLUSIONS

Our main aim in this work was to show that the photon-photon process in relativistic
heavy ion collision may open a window for investigating new physics beyond the
Standa._rd Model. We discussed the effects of\ the possible existence of excited leptons,
spin zero and one composite bosons as well as effective contact interactions. We found
out that non-standard contributions to the QED process vv.into 11~ can be studied
up to TeV scale.

At this point it is interesting to comment on the capability of the different kind

of machines (pp, eTe™, and ZZ) in exploring the existence of the new. interactions
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discussed in this paper. The ion-ion machines are more suitable to 'explore the reaction
~y — I*1~ then the pp one since the coherent nuclei interaction yields an enhancement
of the phcton-phot_on- luminosity by a factor of Z*.

. On the other ha.nci, in e*e” machines, the na.turai_process.to be studied is ete™ —
77, which possesses the same matrix element as the reverse reaction yy — ItI". It is
obvious that the ion-ion machines will be more suitable than the ete~ for searc]}ing
for interactions whose cross sect.ions._‘ate pmportional‘to the lepton mass since, in
the Jatter one, we are constrained to use electron as the initial stafe, whereas in the
ion-ion machines.these.cross sections. can be enhanced by studying the production of
heavy lepton pairs: For instance, (-pseuclo)sca.la.r-paxtic}es that interact strongly with
two—photons have in the relativisiic. hea.vy ion colliders the nght. pla.ce to be observed.

Another way to look for the enstence of these new interactions in through the study
of spin: effects.on: the angular. distribution of the events.®’ Although this procedure
is' more- sensitive: to the- existence:of & new physics, it i very hard to implement
experimentally.since it requir_ea-thg_r_neasuxement qf_tht; polarization of the produced

leptons.
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Figure Caption

" FIG. 1. Comparison of the luminosities reénlting from different ph&ton distributions.
We present the results of Eq.(8) (solid line), Eq.(7) with C = 0 (dotted line) and C = 0.768
{dot-dashed line), and the luminosity associated to the distribution Eq.(3} (dashed line).

FIG. 2. A for the production of p*pu~ as a funcfion of the excited lepton mass for
different values of A, i.e. A = M. (solid Line}, A = 0.5 TeV (dotted line), A = 1 TeV
(dashed line) and A = 2 TeV (dot-dashed line): (a) LHC with a cut in v/ of 50 'GeV, (b)
LHC with a cut of 200 GeV, {c) §8C with a cut of 100 GeV and {d) 55C with 2 cut of 200
GeV

FIG. 3. A for the production. of r"’r"with-Ms —1GeV<VES Ms+1GeVasa
funiction: of A for Ms = 75.GeV (dashed: line) and:- Mg =-100-GeV (solid. Ime), assuming
that Ag = A; (a) ‘LHC and (b} $SC.

FIG. 4. .5 for the prodiction of 7¥7~ as a function of A for the contribution of the

' composite 2% (a) LHC with v > 100 GeV and {b) 5SC-with v/ 2 200 GeV.

FIG. 5. A as a functior of A _tﬁng into account the contribution of the dimension 6
operator Eq.{17) for the production of p*p~ (solid line) and r+r~ (dotted line): (a) LHC

with V3 > 108 GeV, (b) S5C with v > 200 GeV.
2

FIG. 6. The same as Fig.(5) for the dimension 7 operator Eq-(18}
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FIG. 7. A for the production of 'r+'r' as a function of A taking into account the con- . 1015

. '—r"rrrrm} |1|lul‘ll T |ull'l|‘| T lul'l'l'll T T
tribution of the dimension § operator: Eg_(lQ) (a) LHC with +/3 > 100 GeV, (b) $8C with - - ’ ’ : o . .
V3 2 200 GeV. ) _ - . _ : -

TABLE L - Number of anomalous événts'ﬁer year above the QED background due to
excited:-leptons, for A = 1. TéV,and different values of its ass

M (GeV) * Coames 0 s00 1000
LHG - 1040 o0 70
sse.. . : 9900-- . 4800. 1700 -
°
~
TABEE. T Manmmn valne of A i GeV. access:ble for LHC (SSC} with cut in V3 of :é
100 {200): GeV- with: ++17 as: the final, siate
- Dimession. | . & 7 8
LHEC .. 330 ) 85 -
SSC

680 . He

10-12 1o-11" 19-10 19-8 10-8 1o-7
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