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ABSTRACT 

We briefly review present bounds on extra gauge bosons. We also comment 
on new issues: (i) how to messure the mass of a new gauge boson at LEP, 

independently of its mixing with the ZO; (ii) the use of rare decays as diagnostics 
for Z' gauge couplings at hadron colliders; (iii) the possibility of a negative 
contribution to the p parameter due to a strongly interacting extra. U(l); and 
(iv) the effect of fennion mixing on Z' fits. 
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1. Introduction 

Although the standard model with only the top and Higgs masses as un
known parameters is in very good agreement with experiment 1, there is no deep 
understanding of why the electroweak group is SU(2)L x U(l)y or there are, for 
instance, three families. In fact there is no particular reason why there is not an 
extra U (1) symmetry at the TeV scale. If so it would provide a new handle on 
grand unification 2 and/or superstring compactification 3. In any case the new 
generation of large hadron colliders will test such a possibility. They will find or 
exclude new gauge bosons with masses up to 5 TeV, assuming they couple to 
quarks and leptons with gauge couplings of the usual size 4. 

In Section 2 we review the experimental limits on new gauge interactions 5-11 

and in Section 3 we comment on recent developments in Z' physics 12-15. For 
reviews on the subject see Ref. [16]. 

2. Present Limits on New Gauge Interactions 

At present there is no experimental evidence for a new Z' but only bounds 
on its interactions. These bounds come from accelerators (production or direct 
limits) and from precise electroweak data and astrophysics (indirect limits). They 
are model dependent, especially the latter. There are many gauge extensions of 
the standard model one can think of. We distinguish three types: models with 
universal couplings, models which couple differently to different families, and 
strong interacting models. In this Section we are only concerned with the first 
type. The Mz' bounds for non universal models are less stringent and very model 
dependent. For instance, an extra U(l) coupling only to the electron minus the 
tau lepton number may exist and the corresponding gauge boson to have a mass 
slightly over 100 GeV 17. New strong interactions are more uncertain. Of the 
universal type the E6 models are the most popular ones. To illustrate present 
bounds we consider the usual models Zx,t/J,f/,LR,X' (see Ref. [18] for definitions). 

2.1 Direct Limits 

In a recent analysis the CDF Collaboration has established a new limit for 
the integral e- e+ cross section above 200 GeV at Tevatron, 0-(200) < 1.31 pb, 
excluding a new Z' with the same couplings as the standard ZO and a mass 
< 387 GeV at 95% c.z. 19. This bounds the qij ---+ " Z, Z' ---+ e- e+ cross section 
for an arbitrary extra U(l) and translates into the Mz' limits given in the first 
column of Table 1 18. The next generation of hadron colliders can improve these 
bounds up to "-' 5 TeV 4. 
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Table 1. Bounds on the mass of new gauge bosons (in GeV). 

dired indired indired 

Zx 
Z,p 
ZfJ 

ZLR 

Zx' 

(unconstrained) (constrained) 

326 350 650 
330 290 620 
303 150 480 
346 380 920 
291 220 330 

2.2 Indirect Limits 

The limits from precise electroweak data on the mass of a new gauge boson are 
gathered in the second (third) column of Table 1 for unconstrained (constrained) 
models. Detailed analyses can be found in Refs. [5-9]. These limits bound the 
different ways a new Z' can contribute to low energy data. An extra gauge boson 
mixing with the standard ZO modifies the Z current 

(1) 

as well as the Z mass 

where 

(2) 


(3) 


M w is the W mass and Sw = sinBw with Bw the electroweak mixing angle and 
c~ = 1 - s~. The new contributions are then parametrized by the Z' ZO mixing, 
sinB3 , and by the Z' mass, Mz,. (The model fixes the new current JztO and 
the mixing parameter 'Y, and then sinB3 .) The extra Z' is also exchanged in 
low energy processes. These global fits include neutral current, Mw and LEP 
data 20-23. The unconstrained indirect limits in Table 1 correspond to 90% c.l. 
contours in the Mz, - sinB3 plane and are illustrative for they also depend on 
the top and Higgs masses, mt,H, and on the strong coupling constant, as. The 
constrained indirect limits are the intersection of the unconstrained contours with 
Eq. (3). This Table makes apparent the model dependence of these bounds. In 
any case no piece of data requires an extra U(I). This means that when the 
data are more precise all bounds on Mz, become more similar for they tend to 
a very large (decoupled) value. The constrained models are fitted with a definite 
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mixing angle (sinB3) dependence on Mz', which is as emphasized above fixed by 
the model. In the unconstrained models sinB3 is also a free parameter. LEP 
and atomic parity violating data imply typically IsinB3 1 ::; 0.01. HERA and 
eventually a large e- e+ collider will also provide new independent limits 10,11,24. 

Astrophysical bounds on Mz' are 2 - 3 TeV but rely on the existence of anf'V 

almost massless fermion, called generically neutrino right-handed 25. 

3. New Issues in Z' Physics 

In this Section we revise recent work on extra gauge bosons 12 -15. 

3.1 Z' Mass Limit at LEP 

LEP has taken data mainly at the Z peak, measuring Mz and r z, r~h, as 
well as several asymmetries and the T polarization 1. These high precision mea
surements provide indirect bounds on a new Z' 5-9. As discussed in Section 2, 
these translate into strong constraints on the Z' ZO mixing angle but apparently 
not into an independent limit on Mz,. However, LEP can provide such an in
dependent (although eventually modest) limit 12. There is one observable (and 
only one), the transverse-normal spin correlation in TT production, which fully 
and independently of its mixing measures the Z' mass at the Z peak. For a 
precision comparable to the standard model contribution Mz, can be bounded 
typically up to 130 GeV, which is a modest but independent bound. Thef'V 

e-(kJ) + e+(k2)---+T-(Pl, Sl) + T+(p2' S2) cross section ~n (si, s2)' where sj(s2) is 
the spin in the T- (T+) rest frame, has only one contribution which is parity vio
lating and Todd 26. This gives the strongest constraint because we need a term 
knowing of the Z' for we want to bound Mz, and of the Z for it gives the dominant 

contribution at the Z peak. Moreover the term should be proportional to :if (a
z, 

real part) and to ¥: (an imaginary part), and then to an imaginary contribution. 
All this singles out the parity violating and T odd term of the differential cross 
section. It has the form 

(4) 

where s is the squared center of mass energy, the z axis is along the T- direction 
and B is the center of mass T- e- angle. In the presence of a new Z' (in obvious 
notation) 

G~ vanishes at tree level but it is non zero at one loop and its size is similar to 

the tree level G~z and G~z' contributions 26. A numerical analysis gives Mz, 
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bounds ranging from M Z to 2MZ depending on the model and for the usual 
gauge coupling normalization. This is assuming an experimental precision similar 
to the standard model contribution to G2 . These bounds (although independent) 
are not competitive with present production limits except for extra interactions 
coupling only to leptons. In particular, for a new Z' coupling only to the electron 
minus the tau lepton number, Le - L r , LEP could give the best limit, 

g'
Mz' < 133- GeV, (6) 

e 

where g' is the Ze-r gauge coupling and e the electric charge 17. 

3.2 Diagnostics for Z' Gauge Couplings at Hadron Colliders 

Large hadron colliders are the best place to look for a new gauge boson. As 
the standard Z was found at the SppS 27, a larger hadron collider will find or 
exclude a new Z' coupling to quarks and leptons with a mass Mz' up to near 
5 TeV, assuming gauge couplings of the usual size 4. If such extra interaction ex
ists, large hadron colliders should also distinguish among different models. A new 
Z' of the E6 type, for instance, should be uncovered observing an enhancement 
in the e- e+ (J-L- J-L+) invariant mass distribution near Mz'. Then the forward
backward asymmetry will help to discriminate among different models 28. Other 
decay channels could be eventually observed. The Z' -4 WW channel would 
measure the Z' ZO mixing angle. Other radiative decays Z' -4 f lv, V = w, Z 
could serve as a diagnostic test for Z' gauge couplings 13. These decays are pro

. f2 f2 f2 f2 f2 f2 .
portlonal to gLZgLZ' and to gLZgLZ' + gRzgRz', respectively, where 9 stands for 
the corresponding gauge coupling. Thus, measuring both decays and different 
fermion channels the Z' couplings could be disentangled 29. However these radia
tive decays can be very difficult to observe. Although for a large class of models 
and for Z' 1 TeV some f lw and f 1Z channels can have several hundreds ofrv 

events, the large backgrounds probably reduce the interesting modes to a very 
few. The samples are relatively large to start with, due to the logarithmic sin
gularity associated to the radiation by a fermionic line of an almost collinear W 
or Z. The possible signals are ZlZl, Zlvv, Zlqij, Zvqij, vvqij and qijqij, where Zstands 
for e and J-L, v for ve,/L,r and q for any quark. The last two final states are unob
servable due to the large backgrounds, mainly qijZ and qijqij, respectively. The 
Zlqij and Zvqij final states are populated and kinematically enhanced relative to 
the a priori large backgrounds qijZ and qijW for large and opposite transverse 
momenta of both leptons. Z[z[ and Z[vi) seem the most interesting signals. To 
build up the signals, however, the charged leptons must be identified in an event 
by event basis. This means that for Z[z[ the different subsamples can have only 
several events. Then, although M~ and Mz' can be reconstructed well, almost no 
statistics will be available. The llvv sample seems the most promising one. The 
number of events per year and per subsample (after cuts) can be several tenths, 
and comparing ejjvv with eevv(J-Ljjvv) the Z' -4 ZvW and ZlZ (and maybe vvZ) 
couplings can be disentangled. At any rate a detailed numerical analysis with a 
proper generator and real cuts seems necessary to make definite predictions 30. 
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3.3 Radiative Corrections to p Due to a Strong Extra U(l) 

At tree level and for a fixed electroweak mixing angle, an extra Z' nuxmg 
with the standard ZO lowers the Z mass predicted by the standard model 31. 

Generically, indirect bounds on extra interactions have been obtained using tree 
level expressions for the new effects. As discussed in Section 2, there is no evidence 
of (piece of data requiring) a new Z'. This, together with the fact that the effect of 
a heavy top is also to lower Mz, implies that a heavy top excludes a light Z' and 
viceversa. At one loop and depending of the relative size of the new contributions 
to the Wand Z self-energies, the effect of a new Z' can be a relative increase of 
the Z mass. In Ref. [14] such a one loop calculation is presented for a strongly 
interacting extra U(l). For a relatively large gauge coupling ('"'-' 27f) and for a 
relatively heavy Higgs ('"'-' 800 GeV) and Z' ('"'-' 8 TeV) the Z' contribution to the 
p parameter is negative. In such a case a top mass ~ 200 Ge V could be consistent 
with precise electroweak data. In specific models it is necessary, however, to check 
if other data pieces are consistent with a heavy top and a heavy but strongly 
interacting (and then effectively light) Z'. 

3.4 Z' Limits Versus Fermion Mixing 

Extra gauge interactions require new fermions if the theory has to be anomaly 
free 32. We assume universality and that the extra U (1) is not proportional to 
the standard model hypercharge. Hence any fit including new gauge interactions 
must also include extra fermions. Generically, all fits assume, often implicitly, that 
these fennions are relatively heavy and their mixing with the standard fermions 
zero. In this way they can be neglected because their oblique contributions are 
small 33. At present, as emphasized before, no piece of data seems to require an 
extra Z'. Fits to fermion mixing with extra vector-like or exotic fermions alone 
have been also performed. In all cases data put bounds on this mixing (;S 0.1) 
15,3\ except for the tau neutrino; in which case a non zero mixing with a sterile 
heavy neutrino is preferred ('"'-' 0.2), although it is not compelling 35. A global 
fit including with the extra gauge interactions the extra fermions would test the 
quality of previous fits. 

4. Conclusions 

Present Tevatron limits on Mz' vary from 300 to 400 GeV. The bounds on 
the mass of a new gauge boson are very model dependent, in particular those 
based on precise electroweak data (Mzl ;S 200 - 900 GeV). At present possible 
Z, effects are reduced to the size of experimental errors. LEP can bound the 
mass of an extra gauge boson couple to Le - LT up to '"'-' 130 GeV. If a new Z' 
below '"'-' 5 TeV exists, Z' physics if precise enough can be exciting at LHG and 
SSG. Radiative corrections as well as new fermions (matter) might be included 
in the fits to precise data and affect indirect limits on extra interactions. 
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