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We analyze the process e*e™ — ete~yy — efe™dL~ (L = ¢;p,r-leptons)

" considering several non-standard contributions in'order to search for new physics

‘beyond: the standard: modeli: We are ableto. test: compositeness.up to. the TeV-"

- -mass scale at. LEP. I and CLIC energjes. : -

I INTRODUCTION

The reaction ete™ — 77 is one of the cleanest ways to look for deviations of
the standard QED behavior. Recent measurements;1] of this reaction showed good
agreement with the QED prediction, but. anomalous effects may show up at higher
energies. Nevertheless, the reaction e*e™ — 47 is able to test just the electron
coupling to photons, but it does not yield any information about the interactions of
£’s and 7’s. )

The effects of lepton substructure can ‘manifest themselves in & different way
for each kind of lepton, and the process vy — £*£~ also acquires importance to
unravel deviations from QED. This process. is embodied in the two-photon reaction

efe” — eteTyy — ete 7. We should not forget the usual advantage of two-
photon processes due to an enhancement ny a factor In*(s/4m?), which is large for high
energy ete” colliders. Moreover, some cross sections of non-standard subprocesses
7Y — L ate proportional to the lepton mass, and the suppression of order of in
the total cross section is compensated through the observation of a heavy lepton. It
is clear that an anomaiou_s contribution -whose cross section isipropbz'tio'na.! fo the
lepton.ma_ss' will.hardly be observed in- e¥e~ — . The above aspects make the
stndy- of the reaction.e¥e™ — ete {~ -at least a complementary tool to discover
n_e\_f physics b.eyondi‘the-,Standa.x:d- Modél at. .very high energy collidess.

In this work we study several anomalous contributions to the sub_'pz_océ_ss ¥ =+

farad '(l.: =g, y,r); - The interactions that contribute to this electromagnetic pro-

 cess will be introduced through effective Lagrangians involving operators of different

dimensions, and the ful cross-section ete~ — ete £7£~ will be computed in the
equivalent-photon approximation [2). It is important to notice that we can isolate

experimentally the two-photon contribution by tagging the ete~ leptors st small an-

gles,.with respect the incident directions, in coincidence with the lepton pair produced

at-wide angles [3].

There are many reasons. to consider anomalous contributions to the reaction




e*e” — ete~¢+{~. One of the simplest scenarios we can think of is the existence of
compositeness, i.¢. fermions and/or bosons may be composite and, at short distances,
this would imply deviations from QED. Some othet possibilities include the existence
of new particles that may appear as intermediate state in the subprocess yy — £+£~.
For example, such intermediate state could be a spin zero composite. Actually the
Standard Model contains at least one scalar boson remnant from the gauge symmetry
breaking; and the possibility of this (or any other) scalar boson being composite has
been @nﬁdﬂed by several authors [4). In the scenaric of composite models we can-
not discard the possibility of"a.-_cdmpoaite.‘ geuge boson, 25 well as contact -interactioﬁs
respecting U(1) electromagnetic gauge invariance.

- The content of our paper is distributed as follows. Section II contains the de-
scription of the effective Lagrangians that we have considered and the cross sections
for the subprocess 4y — £+£~. We discuss our results in Section III, and conclude in
Section IV.

o EFFECTIVE LAGRANGIANS CONTRIBUTING TO vy — £H2-
One way to search for new physics is to wo:I'k with eflective Lagrangians, and to
study their contributions to the subprocess ¥y — ££". In the following we kst all
- the effective conplings between leptons and photons that we have considered, as well

as their respective contributions to the subprocess cross section.

The effective Lagrangian describing the coupling of an excited lepton to a photon

and a standard lepton is given by a dimension five operator [5]

t, = 12;.0'“,17"‘”(9_5 - igf"ys)y'i. + h.e., (1)

L
2 .
where the coupling constants g5 are O(1/A), with A being the scale of compositeness
and ¥ (3.) being the fermionic field associated to the (excited) lepton.
We shall also consider a spin zero composite boson which may have anomalously

large couplings o the photons, contrarily to what is expected for the Higgs boson in

the 5tandard Model. The lowest order effective Lagrangian describing the couplings

of a scalar and pscudoscelar boson to fermions and photons can be written as,
m - 1 ; .m - 1 Fua
c¢ = ——¢¢‘¢5 + -“gstqu¢s + ‘_¢75¢¢P +._gPFqu’u ¢P ) (2)
Af 4 Ay 4

where @iz are the scalar .(psc'udosca.lu) fields and gs» are O(1/As,).
In this work, we also study a spin one neutral composite particle (Z) exkibiting
an anomalous Z vy coupling [6]. The effective Lagrangian: describing this coupling is

assumed to be
L2 = 0. 26" Fug) P, @
where g; is O{1/A%}. The coupling of the Z to.the:fermions is assumed to be the
Standard Model one.
It. is aI.so_possible_ o construct several effective Lagrangians- containing. contact
terms involving pho_tons.-a.mi_ leptons which.: are gaﬁge invariant and- differ-in their
dimensions. The lowest order effective Lagrangians, describing these contact interac-

tions, contain operators of dimension 6, 7 and 8:

L6 = i1 Do $)gsF™ + Go ™) , )
L1 = JoiFbFLF™ + igiévs¢FwF” ; )
La= i%"(g; - 1 g0 (B, F ) Fug (€)

where the coupling constants g; are O(1/AU-4), D, is the QED covariant derivetive
and F,, is the dual of the electromagnetic tensor {F® = #¥F,,). These kind
of interactions have been discussed by several authors in different contexts and, in
particular, they were studied in the reaction ete™ — -y at LEP enezgies [7]. Some of
the above Lagrangians may result in large contributions to the anomalous magnetic
moment of leptons [8]. However, an appropriate choice of the coupling constants may

cope with this problem and it was considered in the numerical calculations.
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The above eflective Lagrangians give rise to add.itxonal contributions to the sub-
process yy — l"‘t For the sake of completeness we hst the subproccss cross sections
obtained using the: a.!:ove interactions {9). The excxtcd lepton contnbutlon to the pro-

Cess Y — t"’l

a‘.(a)—o'qsn(s)“}"ra {(2 6)+ (1 6l (5+:)

e rG) o

where we-have defined, - <

with M bemg the iepton mass: a.nd aqm(a) bemg the QED standard contribution:

A 4m=ﬁ il 2 ' 1 +3
where. ﬁ i the CMS ve]ocaty of the ﬁna.l sta.te lepton of mass M (,@2 4W)

Tak.\ng mto account the couphngs of_the (pseudo) scala.r the cross.section, in the

Inmt & >> m ,15 guren by

_‘_’é(.s)r_..,=.=a'e's.:@(" -4m’m { (8 aig_)iMstrz [m L 1].'
mzm {55( MZ;: Dy +ff’(a ,%;2+'n1§r29_}’ ©)
fs(P) e:‘f'

and: Ms(p) a.m:l I‘S(p) are the mass and width of the scalar (pseudoscalar). The tota.l_

wadf.hs Ts(py has been computed assummg that the main decay mode of the spin zero

boson is.into tw0 photons, resultmg in:

1 M
FS(P) = F(d’s(m - ')"T) = EA—zsﬁ .

(10
We should notice that &, is proportional to the lepton mass, and, therefore, the
observation of this kind of event in e¥e™ — ~v is unlikely due ¢ the smallness of the
electron mass,

The contribution of the 7 t.o the cross section of the subprocess vy — £+£ is

o2 mz _
0':(-‘-')'-%30(3)4_' 1 M“ 73%, (11)
_ﬁhere.
.E - 99z
43’(:058;1/

It is mterestmg to notice that Eq.{11) does not ex]:ub:t the Z pole since it is for-
bidden by Yang's theorem [10); Another_ interesting feature of this extra contribution
is that it is proportional to the square of the lepton mass.

The cross sections for the subprocess ¥t — £Y£" when we take into account the

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

'&s(é)=&qs._ﬂ(_s_)jA.~._wro=?ess-_(§;e;—g.e;;a?)__ S )
&7(5).=5’§sn()+—€7 S (13)
: ."n'.a.z .
6’5(5) —_ &an(ﬁ) + Tfamz.iz ,:. (14)
where,
fo= (95).2.:; O ;) ;SN 9 (15)
. e ) et

The effects of higher dimensional operators are weakened by the presence of larger
powers of 1/A in the cross section. It-is mterestmg to.note that the helicity nature

of the mteractmn Eq. ( ) causes the appearance of the; mass dependence in Eq.(14).
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IL: NUMERICAL RESULTS
The: total. eross sectlon for the process ete~ — ete L is related to the sub-
Pprocess: cross section (ar.,_,__,+ p(s}) through [1 1], .
L, ' -
0'(8) : dfd 1'1—-!"'1_(5) ’ ) o L . (16)

Tonin
where: - . _ .
‘;f _ 4151 og? (—"-) 1 [(2-+ ) Iog-.(f) Za(l-r)3 - 'r.)] o
w:th = s/ 2y and: §is the CMS | energy o{ the of photon-photon system and m is the
_ eIectron. Imass..

In the- follow:ng we: present the results of the. numencal eva.luat.ron of the CI0BS
section: e¥er . eter 5 ta.kmg mto a.ccount the contnbutxons com.mg from the

effective; mteractxons drscussed. in the previous section..

Our goal is: tm observe effects of 1 new physms beyond the Standard Model wlm:h

are. cha.racter:zed by large ‘mass scalé: {A) Tn ordér-to- do 50, ‘we look &t processes-

with Ia.rge subprocess CMS energy: (a) since the: standa.rd QED contnbutron falls
very fast with the increase of § 3, while any non-sfandard process descrlbed by & non-
: renorma.hza.ble effective lagrangmn, show an. snomalous behav:or at some Iugh energy
scale: Therefore, we introduce & cut i in3 (or eqmva.lently, xn 1} when computmg the

total cross section (Eq.(16)): The. hlgher i &y, the larger-is the difference betwoen

the-cross sectlon of:QED: and: the. ones. conta.tmng a.nomalous contributions. I we

demandthe. productlon of at"least; 1000' muons- and 2500 taus/year coming from
QED, we obtain the fo].l'owi.ng'_va.lnes ‘of Biain: 1)_35 ‘and 60 GeV for tau and muon
paif production at LEP II, and 2) 275 end- 450 GeV for tau and muon production at
CLIC. | - ' | |

“As remarked above, the Cross sectlon of the snoms.lous contribution grows vnth the )

'energy, and.at. energles of the otder of. the composlteness scale this growmg should be_ '

controlled by & {orm-factor determined. through the dynamics of the theory responsrble

by the composite state. Since we do not have any a priori knowledge of'the underlying

7

" composite theory we sa.turs.te the a.noma.lous contnbutlon fo the subprocess cross

sections, f.e. o(8) = o(A?) for V5> A,
In order to estimate the excess of nnomalous events over the QED background

we evaluate the qus.nhty,

Aﬂmxlog%, {18)
. %asn _ . S

where the total cross section (cr,-o-,) is obtamed for each anomalous contnbutlou of

Sec. 11, mtroducmg the subprocess cross sections (#) inte Eq.{16) and taking into
account the appropriated cuts, whereas o4z stands for the total cross section due
only to QED. We demand, as & criterion to identify non-standard contributions to
lepton pair production- a value of A larger than 10% with .at.lea.st 100 events/year
above the QED background

Let us start by a.na.lyzmg the effect of exctted leptons m the atp~ produchon In

order to overcome the bounds on compos1teness, coming from the expenmental Limit

of the anorna.lous magnetic moment of the .electron {8] one must have |g¥] = |¢F|. In

particular; we assumed that g, = g& \/4r/A in Eq (7), where the factor +/drr is
the ad hoc norma.hzat:on condltron us 43 in. expenmenta.l bounds for A

Figure. (1. cotitains the uumencal results for A (Eq (18)), as a function of the

excited lepton mass, (M ). for several va.lues of A a.nd. for muon pa.lr production at
LEPTI and CLIC. For the

between B or T pair productrou for the chosen valucs of the cut (8qin). Requiring

ff.ed lepton contnbut:on, there is no slgmﬁca.nt difference

that A js larger than 10% with 100 a.noma.lous events/yea.r and A'= 1 TeV, we verify
t_ha.t at LEP II it is possible to:test _t_he existence of an excited lepton with mass up
to 100 GeV, while at CLIC ssith A =5 TeV; we can probe excited lepton masses of
3 TeV. In Fig. {2) we present: the values of A as a function of A which shows that
compositeness. scales of O(10: TeV) can be-investigated at CLIC,

The existence of a spm zero compos1te sca.lar may be one of the most interesting
process to be mvestlgated through 1Y fusxon, because 1ts couplmg to " may devrate

substantially from the standard model pred.lchon for the H:ggs boson As descnbed

8.
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in Sec. II, we assume the coupliné of the ’spin zero boson to the fermions to be
proportional to'm/A;, where m is the fermion mass. Apparently, if A; > 250 GeV,
the Weinberg-Salam symmetry breaking scale, we have & suppression of the process
¥ - d:s(p) — &N when cox‘npé.red to the standard Higgs boﬁon: production. Nev-
pseudoscalaz}- to---th& phqtons, which: m--stmngly suppressed in the Standard Model.
When Ay is equal to the Wanberg—Salam symmetry breahng scale the ~anomalous
process mvolvmg the composite: aca.la.t boson is several orders of magnitude la.rger
than the one. with: the fundamental Higgs: boson.

In order to.estiinate the signal to: background ratio for the composite scalar {pseu-
doscalar), we computed A intég'i:_;tingfgp\_rex:.a'bin'. of 2 GeV around the scalar. peak.
Furthermore, we present the resultsf for the ﬁroduciion of 7 pﬁirs since the cross sec-
tiox_'i is. proportional to. the lepton mass squared and the sigaal to background ratio is
lazge,bnlf;f_q: tau-pair production. In Fig:(3.a) we show A as a function of A (=4Ay)
for scalar masses: M= 75, 100 and lsﬂ'i.GQV,'nnd at CLIC energies. Notice that for
a snia.lI-ﬁcoin'prositéstcale-itﬁe:c is a-zlflrg.é:';o_ntribut:i(;n f:tou.i._t.he_ _imomé.lnus- event, and
increasing: the statistics . we can'fést s.calés':éf t.l.le o.J:der of few TeV (thé contribution
of the pseudoscalm: is similar to the scalar.one). Fora scalar:boson of mass Mg = 100
GeV we can rea.ch 8 A scale of 750: GeV at the CLIC. when we. require.at: least, 100
a.uomalous events per yea.r above the QED background and A > 10%.

We. can.also think of a scenario in which the coupling scaia.r-fernuons is given by
the Sta.nda.rd Model one (i.c. Ay = v = 246 GeV) ‘We. can evaluate A usmg the

narrow: tesonance a.pproxxma.tmn to :ntegra.te over the bin around the Brelt-WJgner

peak: Assummg that oqr, and dL/dr are slowly varying, functlons of * in the range-

of. mtegra.tmn, we can take them as a constant to obtam

lm Ms L 1. -
A""‘EE(A;) 3GeV] (M) =1 (19)

An:interesting; feature:of the last expression- is'that A does not depend neither on’

the-.machiﬁe-(LEP'H or' CLIC), nor on the scale. characterizing the (pseudo)scalar-

9

photons coupling {As(p)). In this case, we obtain A ~ 100% for Mg o~ 100 GeV and
t¥r" production. It is interesting to notice that, in this scenario, the reach in Mg is
limited only by stati.stics, i.e. by the total number of events. .

It is important to stress that a measurement of the invariant mass distribution
is necessary only for the spin zero com.posite, and this task can be performed by
measurin“g tﬁe spectator e"'é“ peir. If en excess of taus, peaked at some invariant
mass, is found in a preliminary analysis, then we may look for other complementary
signals, ;._q_. pairs of bottom quarks or photons, which will l?e produced in & large
axﬁount..;ui&_' yleld a..nof.her deterlm.ir_mtioz_:-_ of the composite scalar mass. )

Figure (3.b) contains therr_esul.ts for the prédu;tion 4of_:t_§g—pairs_ for CLIC energy
including the effect of a composite spin one neutral p&rtlcle Due to.the dependence
of the cross section with the square of the lepton mass, this process. will have a. con-
siderable. signal ﬁver the QED background only for r;lepto_n production. However,
even.in, this,ca;se we may test values of A not larger than O(10? GeV).. Despite the
discouraging result we believe that.any other experiment to discover such kind of
interaction (Zvy) at larger mass scales will be quite difficuli to p_erfprﬁl_.._

Thé- analyse of processgs genéra.ted by contact terms, which are suppressed by
large powers of (1A}, indicates that.these interactions can be tested only at very small
mass scales ha.rdly larger f.ha.n 1 TeV. Notice that only the dmens;on 6 operator has
mter{erence with QED, end the dimension 8 contribution has a cross section similar to
one coming, from: the exchange of a spin one composite. The results for the dimension
6 and 7 interactions are shown in Figs. (4) for LEP II and CLIC energies, and for

muon and tau production. The dimension § operator gives a negligible signal.

IV. CONCLUSIONS _
In this-work we discussed how photon-photon processes in electron-positron colli-
sions may open a window for investigating new physics beyond the Standard Model.
Nanstandard contributions to the QED subprocess ¥y — £H¢ were studied through

the introduction of effective Lagrangians involving new interactions hetween fermions
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end photons. We studxed the effects of existence of excited leptons, scaIa.r and vector

composxte bosons as: well as: aome conta.ct mtexactmns In sp:te of the collision energy '

being lower for two—photon processes, wc ca.n a.nalyze events m\rolvmg hea.vy fermions

whick: enhances the: detection:. a.bzhtles of mteractmns that coupIe with the fermion

mass; wlm:h ca.nnot be: a.ccessed in fhe dztect chanuel e*’e - 77. Mo:eove:, the

a.nalysns of two-photon processes

'us' 0. study anoma.Ious mtetactmns, like BBTY

"a.nd T whick: Rave not: bee teste

"The ba.sm slgnal forr the non-

a.nomalous Iepton Ppair productzon In the: ca.ses where. the c:oss sectmns depend om,
the ‘mass:of: the: Ieptons we. should Iook for tau pmrs i the ﬁna.I state in order to
increase. the signal: to background ratm In the case: of a spm zero, compos:te, this
particie: appea.rs m the s channel a.nd tor reconstruct its s:gna.l and ma.ss we: must
measure: the: ﬁnal state lepton-pa.u- mvana.nt ‘miass. Howevex,, in. tlus case. there are
complementary slgnals tha.t we can Jook for e g hea.\ry qua.rk or photon paixs, w}:uch
.ca.n be: used to estabhsh the ex:stence of t],us composlte pa.l:tlcle These topu:s are

curreut!y unde:: study.

Notlce that tke s.nomslous eﬁ'ects tha.t we: dxscussed wﬂl also. appear when we

. study asymmetnes ,ngmated by spm eﬂ'ects [12} mth gome of the non—sta.nda.td

contnbutxons -gwmg ve:y pecuha.r ang a.r. fﬁs{:nbuhons Tl:us method may yxeld

f.he fa.ct thst such measurements are very
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FIG. 1. - A as & function of the excited lepton mass (M, } for the production of p*u~.
(a) LEP IE A =10.5 {dashed line), 1.0 (dotted line), 1.5 (dot-dashed line) TeV, snd A = M,
(solid:line).. (b} CLIC: A = 1.0-(dashed. hne), 30 (dotted ime), 5.0 (dot dashed line} TeV,

: aniA M, {uolzd lme)

:5:;-.- A _u.;s_ﬁiﬁctibn- of A. for tize— exﬁted-lépto:i contribution fdr the produotion of
300 (dotted line), 500 (solid line); and 800 (dashed line) GeV. (b)

FIG. 3 A as.8 flmctxon of .& for the ptoductmn of -r"’ 7~ at CLIC. {a) Contribution

of the composxte scala.t boson (A A _f) mtegrated in-a bin. of 2.GeV for Mg = 75 (dotted

N hne}, 100 (sohd hne), and 15& (da.slmd. lme) GeV (b) Contrlbunon of the composite vecter
: boson (Mz =92 GeV .,' ": ‘

FIGA - Aasa functxpn of A for;the: pruductmn of it u (sohct lme) and 'r+r (dashed

I ::.oE dlmens:on 6 operator at LEP I (a) and CLIC {b), and of
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