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ABSTRACT 

It is emphasised that all anomalous three-gauge-boson couplings can be made SU(2)xU(1) 
gauge invariant provided no restriction is imposed on the dimensions of the operators used, 
which are presumably induced by the New Physics (NP) beyond the Standard Model. On the 
contrary, if the dimension of the allowed operators is not larger than six, then only a few 
specific combinations of the anomalous couplings satisfy the SU(2)xU(1) gauge symmetry. An 
interesting particular situation arises if it is assumed that NP satisfies also an exact global 
custodial SU(2) symmetry. In this case enhanced cross sections possibly due to strong 
interactions, may be realized at high energies, involving either the longitudinal or the 
transverse gauge bosons, or both. 
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One of the most important problems of particle physics at present is to understand the 

mechanism responsible for the spontaneous breaking of the SU(2)xU(1) electroweak gauge 

symmetry, and the mechanism inducing the breaking of the flavour symmetry. To day we know 

very little about these mechanisms and their relation. In this respect, the present era of 
particle physics is reminiscent of the Ginzburg-Landau era for superconductivity. This gives 

us hope that the BCS epoch may also come some day, when New Physics (NP) hidden under 

the Higgs field will be revealed. If this is true, then the gauge boson self-interactions should 

carefully be studied, since they offer a prime candidate where something on the electroweak 

breaking mechanism may be learnt from. Such a study will in fact acquire a unique 

importance, if the possible new particles associated with NP are almost invisible or too heavy 

to be seen directly. 

In general there are seven independent ZWW couplings and another seven yWW ones, 

provided the photon is taken off-shell. Six of these couplings violate the CP symmetry, while 

the remaining respect itl). A modern representation of them may be found in Ref.2. 

After the impressive successes of the Standard Model (SM), the first question to be 

investigated nowadays concerning these couplings, is whether they are compatible with 

SU(2)xU(1) gauge invariance. To this aim, we assume the standard group classification for 

all particles, including the usual Higgs doublet. On the basis of these, it has been found that 

every one of the three-gauge-boson couplings can be made SU(2)xU(1) gauge invariant by 

adding to it interactions involving in the unitary gauge more vector bosons and/or the 

physical Higgs field3,4). In order to achieve this though, we need to combine operators of 

dimension up to 12 using a relative scale similar to the electroweak breaking scale4) 

(1) 

The same result is also valid for any n-vertex involving only the usual fermions and gauge 

bosons. Again, any such vertex can be made SU(2)xU(1) gauge invariant by adding to it 

vertices involving (in the unitary gauge) more such particles and/or the physical Higgs. In all 

cases, we need to combine operators of different dimensions using a relative scale similar to 

v given in (1). Of course, this is natural only if the scale where NP is generated is also v. 

We conclude therefore that if the scale where NP is generated is v, and if 

renormalizability is given up, then the predictive power of an SU(2)xU(1) spontaneously 

broken gauge symmetry is reduced to the predictive power of just electromagnetic gauge 
invariance. In other words, the spontaneous breaking of the SU(2)xU(1) gauge invariance is 
so strong in this case, that the original symmetry is completely forgotten and only 

electromagnetic gauge invariance is still remembered3,4). 

On the other hand, if the scale where NP is generated is much higher than v, then the 

dimensions of the NP induced operators are restricted, so that the electroweak theory retains 

a predictive power stronger than that of the simple electromagnetic gauge invariance. In the 

remaining of this talk, I focus on this more realistic case, always remaining within the 
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philosophy of the spontaneously broken SU(2)xU(t) gauge symmetry. As we go along, I 

progressively introduce additional assumptions, thereby producing specific examples of how 

NP may look like. 

We next turn to the possibility that the NP induced three-gauge-boson interactions 

violateS) CP.1t is impossible to observe such interactions at LEPt, since the observables there 

depend only quadraticaly on the relevant couplings. On the contrary, at LEP2 there exist 

observables depending linearly on the CP violating interactions. These LEP2 observables are 

constructed by looking at e + e-""W+W- considering the case where W- decays to leptons, while 

W+ goes to jets. From these data we need to determine the imaginary part of the off-diagonal 

W- density matrix elements in the helicity basis. These elements receive contributions not only 

from CP violating forces though, but also from phases induced by loops involving standard CP 

conserving amplitudes6). We do not need to calculate these later effects though; since they can 

be completely eliminated from the data by looking also at the corresponding W + density 

matrix, using the events where W+ decays to leptons and W- to quarks. Thus CP violation may 

be studied by measuring the quantitiesS) 

(2) 

where e is the angle of the produced W- with respect to the e- beam. A non-vanishing value 

of any of the quantities in (2) in any angular region, gives an unambiguous signal of CP 

violation. Since the standard CP violation due to the CKM matrix gives a negligible two-loop 

contribution in (2), we conclude that any observation of CP violation there should be due to 

an anomalous gauge boson self interaction. The possible existence of such a phenomenon 

seems less remote, if we note that two of the CP violating and SU(2)xU(t) gauge invariant 

operators have dimension = 6, which is the lowest possible for any operator contributing to an 

anomalous boson interaction4). Thus, the plausible assumption that the NP scale is high, 

cannot be used as an argument against CP violation. 

Having finished with this, we now consider the case that NP respects the CP as well 

as the SU(2)xU(t) gauge symmetry. Furthermore, we assume that the scale where NP is 

generated is so high, that only interactions described by dimension =6 operators should be 

taken into account in NP. Such operators have been extensively studied recently, and the 

universal conclusion is that the constrains from the LEPl measurements are so strong, that 

only operators not contributing to the measured quantities at tree level are still allowed7,S). 

These allowed operators can only have small contributions through loops, and following the 

current jargon, we call them "blind,,7). There exist 3 "blind" operators containing three-gauge

boson vertices7), as well as additional ones involving vertices of the form HWW, HZZ, HyZ 

etc. 

Of course, this is not enough to justify the effort looking for "blind" interactions at the 

new colliders. Unless a physical principle is found which indicates that at least some of the 

"blind" interactions are rather special, it would be natural to assume that all dim = 6 operators 
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(blind and non-blind) are on the same footing and thus negligible. In the remaining of this talk 

I show that the assumption that NP satisfies also global custodial SU(2)c invariance, may offer 

such a principle9,4. Other arguments emphasising "blind" operators have also appearedlO). 

SU(2)c was introduced long ago in order to provide a justification for the SM result 

thatH ) Q= 1. It is a kind of hidden symmetry arising in SM if the fermions are discarded and 

the Bj.1 coupling satisfies g' =0. The field VIj.1 is invariant under SU(2)c . Only the Higgs field 

U =v'2/v-($,<I» transforms non-trivially, where <I> denotes the usual Higgs doublet, $=i~<I>· and 

v is given in (1). Using this notation, the SM lagrangian is written as 

2M21 " H (1 )2 1 ,,2 (3)Sf = --<W WilY> --- -<UUt>-l --B Bllv+-<D'lUD Ut> +fi-ermions 
SM 2 IlV 8 2 4 IlV 4 Il ' 

where <A> = trA and W j.1V =VIj.1Vt is the usual non abelian field strength. We observe that only 

the first two terms in (3) respect SU(2)c ' while the remaining violate it. 

As already stated, we assume that the effective lagrangian induced by NP is invariant 

under the gauge SU(2)xU(1) and the global SU(2)c and CP transformations. Thus, NP can 

involve neither the Bj.1 nor the fermion fields. In fact, as far as the gauge boson pair production 

at LEP2 and SSC/LHC is concerned, the relevant NP effective lagrangian is given by9) 

(4) 

where 

(5) 

and operators with dim>6 have been neglected. Thus, the SU(2)c invariance of NP implies 

that SfNp is dominated by two blind operators. Non-blind operators are excluded because they 

violate the assumed symmetries of SfNp' The effects of the operator 0uw, which gives only 

Higgs exchange contributions to the vector boson pair production at SSC/LHC, have not been 

fully studied yetl2). In the remaining we will concentrate on9) Ow. This operator has also been 

encountered before in a somewhat different contextl3). 

At this point it is interesting to compare Ow with the operator « UUt > /2 _1)2 

appearing in the second term of (3). Both these operators respect SU(2)c' The second one has 

attracted considerable interest for some time by now, since it was noticed that it induces 

strong interactions among the longitudinal gauge bosons at high energies in casel4) MH> 1 TeV. 

The operator Ow on the other hand, enhances the production of transverse gauge bosons at 

high energies. Thus, on the basis of SU(2)c we may have at high energies enhanced cross 

sections, or even strong interactions, either among the longitudinal or among the transverse 

gauge bosons. 
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LEPl precision measurements constrain AW through one-loop contributions which 

give7) IAW I < 1. Similar results are also derived from LEPl for the strength of other "blind" 

operators8). Studying e + e--+W+W- in higher leptonic colliders will be able to decrease the Ow 

upper bound to IAW I <0.1 from16) LEP2, and lAW' <.01 from2) ee500. In all cases, Ow 

contributes mainly to the transverse gauge boson production in this process. 

Important information on Ow may also be obtained by studying gauge boson pair 

production at9) SSC/LHC. The relevant process is PP-+V1V2... , where the available channels 

are W±Z, W±y, W+W-, W+W+, W-W-, ZZ and yy_ In all cases two production mechanisms 

are possible; namely quark annihilation qiqj-+V1V2 ' and vector boson fusion V 3V4-+VI V 2 . In 

the kinematical range of interest for SSC/LHC, both mechanisms give comparable 

Sl/2=40TeV , lyl<2 
solid line: SM, mH=O.lTeV 

1 broken line: A,,=O.Ol 
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Figure 1 Production cross sections for various channels. 

contributions for all possible channels. Adding the contributions from both mechanisms we 

give in9) Figl the production cross sections for the various channels at SSC. Solid lines 

describe the SM result, while the broken lines departing from them at M=:::0.75TeV give the 

corresponding results for AW=O.Ol. The pp energy and the cuts on the rapidity of each final 

boson are indicated in the figures. The additional cut PTy>0.15TeV has also been applied in 

channels involving a final photon15). 

5 

http:A,,=O.Ol


--

Sl/2=40TeV , lyl<2 
,,,.,.-solid line: SM, mH=O.lTeV 

10 line: "'w=O.O 1broken 
-.. 

N 

N 


A 
I 

C. 
C.-b 
"tj 


.........
.,..-.... 

~ [wz/zz
:> 1 
A 
I 

~ 

~
-b 

"d 

10 -1~__~__~__ ~__~__ 
o 

M (TeV) 

Figure 2 Ratios of production cross sections. 

We conclude from Figl that the channel WZ is the most sensitive to Ow 

contributions, while the channels Wy, ZZ and yy are the least sensitive ones. Thus, the ratio 

a(pp-+WZ,Aw=O.Ol)/o{pp-+WZ, SM) varies between 1.25 and 10 as M varies between 1 and 

2TeV; while the corresponding variation for e.g. a(Wy, AW= O.Ol)/a(Wy, SM) is only between 

1.03 and 1.7. It should therefore be advantageous to plot ratios of the production of channels 

like WZ/ZZ or WZ/yy where the parton distribution uncertainties cancel out. An example 

of such ratios9) is given in Fig.2. Similar results are also valid at LHC. On the basis of these 

we have concluded that an upper bound on IAW I of about 0.01 should be feasible at both SSC 

and LHC9). 

We should emphasize that in all cases, Ow affects mainly the transverse gauge bosons. 

Thus Ow tends to induce large corrections to SM, mainly by inducing strong production of 

transverse gauge bosons9). Its effects depend only on AW' and are independent of the Higgs 

mass MH. On the other hand if MH> 1TeV, then the Higgs self interaction in $iSM participates 

in NP by inducing strong interactions among the longitudinal gauge bosons14). Depending 

therefore on the values of (MH, AW)' the SU(2)c symmetry of NP anticipates new powerful 

interactions at the TeV scale among either the longitudinal or the transverse gauge bosons, 

or both. 

Finally, I should also emphasize that at the very least, the above treatment of the 

-L__~____~__~__~__-= 
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SU(2)c symmetry should be considered as an example indicating that it is always possible to 

postulate plausible principles which single out "blind" operators for the description of the 

gauge boson interactions induced by NP. Thus, the fact that the NP contributions from the 

non-blind operators vanish, should not hinder the study of the blind ones, in our attempt to 

discover hints for the New Physics beyond the Standard Model. 

I would like to thank Fernand M. Renard, Dieter Schildknecht and Misha Bilenky for 

the collaboration and discussions I enjoyed. 

References: 

1) K.J.F. Gaemers and G.J. Gounaris, Z.f.Phys.Cl (1979) 259; K. Hagiwara, R. Peccei, D. 

Zeppenfeld and K. Hikasa, Nucl. Phys. B282 (1987) 253. 

2) 	 G.J. Gounaris, J.L. Kneur, J. Layssac, G. Moultaka, F.M. Renard and D. Schildknecht 

in Proc. of the Workshop on e +e- Collisions at 500Ge V: The Physics Potential, 

DESY 92-123B, August 1992, p735, ed. P. Zerwas. 

3) C.P. Burgess and D. London, Preprints McGill-92/04, McGill-92/05, McGill-92/14, 

McGill-92/39. 

4) G.J. Gounaris and F.M. Renard, Montpellier Preprint PM/92-31 to appear in Z.f. 

Physik, Particles and Fields. 

5) G.J. Gounaris, D. Schildknecht and F.M. Renard, Phys. Letters B263 (1991) 29l. 

6) A. Bilal, E. Mass6, nad A. de Rujula, Nucl. Phys. B355 (1991) 549; A. de Rujula, M.B. 

Gavela, o. Pene and F.J. Vegas, Nucl. Phys. B357 (1991) 31l. 

7) A. de Rujula, M.B. Gavela, P. Hernandez and E. Mass6, Nucl. Phys. B384 (1992) 3. 

8) K.Hagiwara, S.lshihara, R.Szalapski and D.Zeppenfeld, Phys. Letters B283(1992) 353. 

P. Hernandez and F.J. Vegas, CERN-TH 6670 (1992). 

9) G.J. Gounaris and F.M. Renard, Montpellier Preprint PM/93-01 to appear in Z.f. 

Physik, Particles and Fields. 

10) J. Wudka, these proceedings; M.B. Einhorn and J. Wudka, Univ. Michingan preprint 

UM-TH-92-25. 

11) T. Appelquist, Gauge Theories and Experiments at High Energies, eds. K.C.Bowler and 

D.G.Sutherland, Scottish Universities Summer School in Physics, 1981, p.385. 

12) G.J. Gounaris and F.M. Renard, in preparation. 

13) M. Kuroda, F.M. Renard and D. Schildknecht, Phys. Letters B183 (1987) 366. 

14) B.W. Lee, C. Quigg and H.B. Thacker, Phys. Rev. D16 (1977) 1519; M.S. Chanowitz 

and M.K. Gaillard, B261 (1985) 379. 

15) E.Eichten, I. Hinchliffe, K. Lane and C. Quigg Rev. Mod. Phys. 56 (1984) 579. 

16) M. Bilenky, J.L. Kneur, F.M. Renard and D. Schildknecht, Preprint BI-TP 92/44, to be 

published. 

7 


http:Z.f.Phys.Cl

