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Ab.iract 

We study the effects of anomalous four boson.t couplings in boson pair pro­

duction in high energy 17 collision.t. We consider two anomalous couplings 

which satisfy a global weak SU(2) symmetry and a local U(l)QED. We em­

phasize the importance of using polariza.tion Co disentangle the two anomalous 

operators and single out the Jz = 0 signal which test the "alar sector of the 

electroweak theory. 
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Introduction 

Within the standard description of weak interactions, the photon emerges as a combi­
nation of the hypercharge gauge boson and the neut ral component of the weak boson 
tnplet. The latter part connects directly to the as yet Ilntcsted genuine non abelian 
nature of the Standard Model (SM). These gauge couplings involve not only t he t ri ­
linear WWl couplings to which an extensive literature has been devoted l but also 
the quadri-linear couplings which have been Ilntil very recently ignored. This state of 
affairs is due principally to a phenomenological motivation spurred on by the study oC 
WW production at LEP-IP a.nd to a lesser extent by single W production at HERA) 
where only the trilinear couplings are involved. Nonetheless at tugher energies quartic 
couplings can be investigated either in triple vector boson production in e+e - and pp 
ma.crunes or in boson fusion at these colliders". ffigh-energy photon colliders appc!lU' 
almost as a unique tool to critically test the electroma.gnetic quartic couplings. 

The measurement of quartic couplings tha.t will become accessible to experimen ­
talists in the future will provide j ust as important a test of the gauge structure of 
the standard model as the measurement of the trilinear cou plings. Furthermore the 
origin of the two types of self-couplings could be different. For example, trilinear 
coupli ngs could be the result of integrating out heavy fields while quar tic coupling 
could represent the exchange or some heavy states In particular the effective contiicl 
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in t,eract ions involving vector bosons could correspond to a scalar exchange. In that 
sense the quartic couplings can indirectly lest the unknown scalar sec tor of the stan­
dard model. Moreover it should be pointed out t hat t here are models an d approaches 
that generate anomalous quartic couplings while not ~ffecting (or only slightly) the 
trilinea.r part. For example, new structures in quartic couplings appear in massive 
Higgs-less Yang-Mills theories5 

, in the non-linear realization of sy mmetry breaking6 

or in alternative models .of symmetry breilingT• Although the most drastic effects 
involve the massive gauge fields, two photons-two massive gauge bosons are also af­
fected. The la.tter being the most accessible experimentally. The scalar connection 
constitutes one of the st rongest theoretical motivations for studying the presence 
of anomalous quartic couplings and gives the pboton coUlder the Wedge" over other 
colliders since purely bosonic scatterings can be investigated. 

In the following analysis our strategy will be to assume that the triple gauge boson 
coupling is standard and study only anomalous quutic couplings. This will allow us 
to illustrate the effects of quartic couplings. In the event where anomalous trilinear 
couplings are also present they will presumably be seen in high energy e+e-macb.ines 
first. It would then be a simple task to incorporate these anomalous couplings in our 
analysis8 

• 

2 Anomalous couplings 

We are concerned with direct tes ts of the gauge and symmitry breaking struct ure 
of t he standud model and t he detection of possible deviations from it. We choose 
a phenomenological approach which does not refer to a specific model. The only 
condition imposed are a custodial global SU(2) symmetry and of course a U(l)em 
gauge symmetry since We are considering operators involving photons. 

The lowest dimension operators involving two photons are dim-6 operators There 
ue two such operators that are C and P conserving 

<> 1f'O (3 - - 1f'O - ­
L6 = - 4A2au FafJFCi (W,. .WI') and L~ = - 4A14c FCi,.FO"(WI' .W,,) (1) 

where W.. is t he SU(2 ) .. t riple t. In the physical basis we should replace 

1 - - + _ 1 
-(W,.. WI') --+ WI' W" + -2 2 Z)'Z" (2)
2 Cw 

where Cw =: cO~OIV and A is a scale which we will set to Mw when extracLing the 
bounds on au and ac• Note that the first operator ("neutral") can parametrize the 
exchange of a neutral scalar . These four-couplings operators are not related to the 
standardised parametrisation of the trilinear anomalous couplings P-r in t he usual 
nOla tion' which also genera te some anomalou5 quartic couplings. This opera lor is 
easily distinguished from L~c since it contnbuies to e f- e- --+ l'V+ W - and e r -+ vW 
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Figure 1: Angular distributions at 400GeV in Ubi - ZZ) due to the 4< eoupling 
for various polarizationll 

which involve only trilinear coupllngs9 
• Aho the operator"A" does oot imply a "nZZ 

coupling in stark contrast witb our case (see Eq. 2). 
We should mention that presently there are virtually no constraints on our op­

erators. Indeed, the SU(2) global symmetry impOfied on the Lagangian forbids any 
contribution to the p p&rameier. There ill only a very weak constraint coming from 
n~ 10 Furthermore the unitarity limits that could be set on qU&rtic couplings from 
partial-wa.ve analysis in "Ti - VV are orden of magnitude wea..lcer than the direct 
ones we will study below. 

The dimeoJ5ion-6 operatorl introduced above contribuie to both i'7 _ W+W­
a.nd ii -4 ZZ. The belieity amplitude. with the anomaloua quartic couplings can be 
written in a compact form. 1I For the "neutral" operator there ill only a Jz == 0 (~l == 
A2) amplitude 

A~,~,.ou a~(AI + A:!) h ---- 2) and A~i~"; ~]>" = a~· (A, + A:l)(~3 + A4) 

s 1. all (3)au 
\~. 1I'a(M;l,) Al a,l alj =~ and 1= M~ct.· 

where At, ~2 are the helicities of the photons and ~3,.A4 = ±1 are the transverse Z 
polarizations. The vector bosons produced here would be mostly longitudinal (see 
Fig. 1) and tlUs effect becomes morc important at high energies. 

The "charged" operator receivefi contribution from both the Jz = 2 and Jz = 0 
channels. The dominant helieity &mplitude for the longitudinal vector bosons is 

At~l;OO = a;' [(l + A,A'l) (2 ---- -r) + ~ (1 ---- AIAz)sin'lS] 

W
.! z a 

a;v = 1I'Q 8A'laC and Q,e = + (4)
civ 

Clearly the angular distribution for the two opera.tors is very different, the neutral 
giving a flat distribution and the charged one leading to most of the events in the 
central region. These charClcteristics suggest two possible ways of differentiating the 
anomalous operators. If polarization is available the different contribution to the 
Jz =2 channel will do Ute job, otherwise a. careful analysis of the a.ngular distribution 
of the out.going vector bosons is necessary. As seen in Fig.I, the Jz = 0 channel is by 
far the most sensitive one with a closs-section nearly five times larger. Of course the 
new physics could cont ribute to both operators. An interesting case is tbe one where 
ae = -2110 == an, if this happens the Jz = 0 contribution cancels out and we obtain 
only very weak constraints. 

3 Analysis 

3.1 Photon spectrum 

Since both ii --- W+W-and ZZ cross-sections increase with energy because of the 
presence of the quartic couplings, it is best to study these reaction at a.s rugh ii 
invariant masses as available without a loss in luminosity. The high-energy photon 
collider where the energetic photons are obtained through bac:.k.scattering of laser 
light off' initial electron beams 
are then the ideal TI sources. 
The energy spectrum of the pho­ 2.4 

tons in such a collider were dis­
12 13 I- 2cussed in previous talkS8 • • , we 

'D 
use the same luminosity functIons. "'­.....J 1.6 
To achieve a t>jgher degree of 1:) 

monochromaticity of the spectrum, ') 
I-

12 

polarization is essential. In Fig. N 

2, it is shown that when polar­ 0.8 

izing both the electron beam and 
the laser I a much larger [ractlon of 

0.4 

the photons have an energy near o 

xo=4.82 
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the maximum (r = ~/";3e.e--). o 0. 1 0.2 0 . .3 0.4 0.5 0.6 0.7 0.8 0.9 
VTThis is best achieved with the con­

figuration where lhl! circular polar- F'igllr~ 2: Spectrum of backscatlt!red photons 
ization of the laser (Pc) and the 
mean helicity of the electron (A/2) are opposite, for the 1 / collider this means APe .::=

).'P: == - 1 (' are for the opposite arm of the photon colliJer). Fig.2 shows the case 
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where both lasers are tuned to have a right-handed circular polarization ( Pc = P: ~ 
+1). T hjs h.a.s the a.dded advantage t hat the high·energy photons are produced mostly 
wi th the sa.me hd.icity t herefore giving a Jz = 0 doaunated environment. This channel 
can be isolated with & cut on the reduce energy .;:; > 0.7. The Jz = 2 component can 
also easily be singled out, by flipping both the electron and laser polarization of one 
of the arms only while maintaining APe = - 1 (for a maximum of monochromaticity). 
In lrus case, the Jz = 0 and Jz = 2 spectrum of Fig. 2 will be interchanged. For 
some processes, the invariant ma.ss of the final sta.te may not be reconstructed if for 
instance weakly interacting neutrals are produced. We propose to still integrate over 
the whole spectrum by studying the following observable which measures the ratio of 

. number of events (N) with opposite initial polarizations as 

R = N(>. = -Pc = - 1 i .\' = - P: = -1) 
(5)

N('\ = -Pc =1 j .\, = -P: = -1) 

For the processes at hand a. mea.surement of this ratio could distinguish between the 
two anomalous operators as will be shown in the following. 

3.2 ,,-+ ZZ 

In the SM, the amplitude for 1'7 -+ Z Z is exactly zero at tree-level. If we impose C 
conjugation on the anomalous couplings then only only ilnommalous quartic Z Z'I 
contribute to this reaction. Since global 5U(2) symmetry relates any deviation in 
W+W-n to that in ZZ,." this reaction is the ideal place to search for the 5U(2) 
symmetric anomalous quartic couplings because oC the absence of background from 
the SM. The most interesting a.sped of this process is the Higgs production in the 
s-channel with its subsequent decay into a. pair of Z's. One should rema.rk that the a.o 
operator is a good parametmation of this effect , apart from the resonant structure of 
the Hius exchange. Hence our a..nalysis of the Ilo operator can also serve as a guide 
for heavy Higgs (MH > 2Mz) studies in 1"'(' . 

TABLE 1. Limi~ on anomo.Jow coupling" from II - Z Z . 

Ideal case Pholon spectrum I 
~= 400GeV yf!J = 500GeV -/3 = lTeV 

unp. I Jz = 0 }z =2 unp. pol. pol. 
. 

1aol < 0.004 I 0.003 0.012 0.0067 0.0004 

lac l < 0.0Q.7J 0.006 0.01 0.02 0.018 0.0012 

In order to put limits on the anomalous couplings) we will consider both the ideal 
case where all photons have an energy corresponding to 80% of the C.M. energy 
of the electrons and a more realistic case where the whole energy spectrum of the 
backscaltered photons is mcluded. In all insta.nces we consider the possibility of 
polarizing the photons sInce it provides such an obvious way to distinguish the two 

operators a" and ar • T he bes t signal for Z pair product ion in " is the observaL ion 
of one-sided events where one Z decays hadronically while the other decays into 
neut rinos. Trus signature corresponds to a combined ZZ branching ratio of 28%. A 
cut of Icos 91 < 0.8 while not sensibly reducing the event sample allows to totally 
get rid of two-(light)-fermions production, notably the two-(hard)-jets cross-section . 
We have required the obserVCltion of 10 one-sided events with the above topology and 
cut to set limits on the couplings. The luminOSIty was assumed to be lOjb- l . The 
results are given in Table 1 for both the ideal case and the initial photon spectrum. 
Because of the greater sensitivity of the }z =0 channel, the bounds on GIQ are always 
smaller than those on ac or a... For this last operator with the polarized spectrum 
at SOOGeV, we get ja" , < 0.032. We also give the limits for";; = I TeV using a 
luminosity of 60jb- 1 and requiring 20 events. The limits are an order of ma.gnitude 
better tha.n at lower energies. 

In the two neutral gauge bosons production, the type of operator cha.racterising the 
new physics is easily identifi able. The ratio R defined in Eq. 5 , is independent of the 
value of the anomalous operators. With the cut& given above and at ..;; =500GeV, 
R is predicted to be 25.4,2.5 and .08 for /10,11" and 0." respectively. 

3.3 TY -+ W +l-V -

In contras t with the neutral bosons production, the reaction " - W+ W- receives 
an important contribution from both the standard trihnear and quartic couplings. At 
~ = o;lOOGeV, the total cross-section is about 80pb. Since most of the standard 
W's are produced close to the beam wl:tereas the anomalous are more central (the 
purely anomalol1s contribution to the distribution is given by that of Z Z production 
in Fig. I ), a cu t on the scattering angle eliminates a large fraction of standard model 
events thus enhancing possible signals from anomalous couplings. With a cut at 0.7, 
the cross-section i.s 17.6pb which still leaves a large Dumber of events. 

TABLE 2. Limll.3 on anomalo1L.9 coup/ing3 from iI - WW. 

Unp. - 0.06 < 0.0 < 0.03 -0.10 < ac < 0.035 
Ideal case Jz = 0 - 0.05 < 0.0 < 0.02 -0.10 < ac < 0.036 
~= 400GeV }z = 2 - 0. 02 < ac < 0.02 

Unp. - 0.16 < ao < 0.055 -0.12 < ac < 0 065 
Photon spectrum N­ - 0.07 < ao < 0.03 -0.04 < a,; < 0.057 
J3~ +e- =500GeV N+ -0.05 < a~ < 0.035 

R -0.07 < ao < 0.03 -0.055 < a c < 0.10 
Photon spectrum N - 0.0035 < ao < 0.003 -0.007 < ac < 0.0055 
Y'3.t e ­ = 1TeV N+ -0.014 < Ilc < 0.003 

R - 0.0035 < Cl{) < 0.003 -0 .004 < I1c < 0.006 

For t hJS process the ()'... :.la Istics is lIul ~ problem, the main SWUf(.C uj error come" 
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",'.S2 . CoO'j To interpret the limits just obtained, we can write ao.c = a/{~ where au is the:s 
2­ strength oC the new physics. If Cl-H ~ 1, as would be the case if the quartic coupling 

residual effect of strongly interacting W', at high scale, t.he limits obtained at~ 

~ 500GeV imply that one is sensitive to a scale A a.round lTeV. On the other hand 
i for a weak coupling, all ~ aw, one is sensitive to a. scale less than 200GeV in which 
>­
;-.. case our parametrization for the exchange of a hea.vy scalae is obviously not valid . \;' AP, = )"P,s-1 


AP.=.l.XP.= -1 
 lBowever a scalar with such a ID.lLSS would proba.bly be seen as a prominent resonance 
r/and produced directly in t.he e+ e-mode. 

To conclude, the process 1"'1 - Z Z offers the best test on qua.rtic couplings. The 
' ts we have obtained in Table 1 are almost two orders of magnitude better than the 

-0. 1 ~ -0. I -O.O~ 0 0.05 0.\ 0.15 
es that could be obtained from e+e - ..... W+W-.., at the same energy4. Polarization 

Figure 3: Cross-section for "'11 - i~essential since it allows to isolate the Jz = 0 and }z = 2 contributions, giving the 
p saibility of disentangling 110 from ac • The process ..,.., - W+ W - does not give quite 
as. good limits but can provide valuable informiltion on the sign of ao and (Ie' 

o. 

from the systematics. To get umits on the anomalous couplings, we have assum 
.. same precision on the cross-section in the Jz 
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When including the p~o,ton spectrum a comparison between the limits obtained 
from the' un polarized cross-section or from the polarized one (s« Fig. 3) clearly \ 
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