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The most severe constraints on quark-lepton four-fermion contact interactions come from the
agreement of atomic parity violation measurements with the standard model. In this Letter, | note that,
for contact interactions which arise in theories of composite quarks and leptons, approximate global
symmetries other than parity can eliminate the contribution of contact terms to atomic parity violation.
The most stringent tests of compositeness therefore come from the high energy collider experiments at
LEP 1l, HERA, and the Fermilab Tevatron. [S0031-9007(97)03304-8]
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Four-fermion contact terms between quarks and leptonsnply A = 10 TeV. Thus the bounds from atomic par-
may appear in a low energy effective theory from integratity violation on quark-lepton contact terms appear to be
ing out heavy bosons or from quark and lepton substrucmuch stronger than those from any collider experiments.
ture. Such terms are constrained both by high precisioreveral authors [4,5] have invoked a new parity conserv-
low energy experiments, such as measurements of atomiieg contact interaction in order to explain the HERA data
parity violation, as well as by results from high energywhile avoiding the APV constraint. They therefore as-
colliders. The two sources of constraints tend to be comsume that
plementary since the high precision measurements tend to

give much stronger constraints on the size of four-fermion AL _ LR

interactions but are sensitive only to certain linear combi- (A%,)? (AfR)2°

nations of operators, typically only to combinations which q q (4)
violate symmetries of the relevant interactions. In con- MRR _ _ _MLL

trast, high energy collider experiments can constrain arbi- (Akr)?* (Al

trary terms, whether or not they preserve any symmetrie
Recently, there has been great interest in four-fermio

contact interactions between quarks and leptons, as su : :
terms might account for the reported excess of high .(2)W gauge symm_etry_makes It necessary to mtroduce
events in the HERA experiments [L—7]. The eight term<® right handed neutrino in order to have parity invariant

which could produce such an excess are usually written iﬁmd gauge invariant contact terms |nvolv_|ng Ieptons.
the form One interesting class of models which will lead to

contact terms at low energies are theories of composite
quarks and leptons. In such theories there are new strong
confining dynamics at a scale. Unbroken approximate
q chiral global symmetries of the strong dynamics explain

wheren;; = 1. _ _ why the quark and lepton bound states are much lighter

Itis just possible to find such terms which can accountnan A [14]. Any contact terms produced by the strong
for the HERA excess while sitill satisfying the constraintsgynamics will respect its global symmetries. These
dfdﬂced from studies @f" ¢~ — hadrons [8] angp —  chiral symmetries may be explicitly broken by small
e"e X [9] for A ~ 3 TeV [3-3]. , _effects, e.g., by weak gauge interactions; however, small

Stronger limits on such contact terms arise from atomiGymmetry breaking terms do not affect the conclusions of
parity violation (APV) measurements [10—12]. A contactinis |etter.

he theoretical motivation for imposing the restrictions of
. (4) is unclear. An awkward feature of Eq. (4) is that

47777,?,- _ _
AL = q €iYuiq;v 4q;, (1)
- (A)Z
i,j=L,R;q=u,d Ly

interaction apparently shifts the nuclear weak chapge It is an easy matter to find plausible approximate
by an amount global symmetries, other than parity, which will ensure
AQw = —2[AC,(2Z + N) + AC14(2N + Z)], (2) cancellations in Eq. (3) [15]. For instance, consider an
where approximate global SU(12) acting on all left handed first
N LT nie generation quark states. The left chiral fields,
ACy, = < q X
Gr \(Agr)?>  (Arr)? (ur,dp,uz.dp), (5)
q q
nfR — nqLL ) (3)  transform as a 12-plet;. Note that approximate global

(Arg)*  (Azr)? SU(N) symmetries are typical of strongly coupled gauge

If no cancellations in Eq. (3) occur among the varioustheories, arising wheneveé¥ matter fields carry the same
terms, measurements of the weak charge of cesium [13}trong gauge charges.

0031-900797/78(22)/4159(2)$10.00  © 1997 The American Physical Society 4159



VOLUME 78, NUMBER 22 PHYSICAL REVIEW LETTERS 2UNE 1997

Assuming that the new strong dynamics respects sucWith SU(2) gauge invariance,

a symmetry, it could generate only an SU(12) singlet n% ni
comblngtlon of the operators in Eq. (1), which can be ALY ALy C)]
written in the form iL
(neglecting quark CKM mixing) and so only two indepen-
Z 47 n; ey neiliny i dent contact terms need to be considered.
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= véi?’,&i(fnyﬂﬂ — gry"qr). (6)
i=L,R;q=u,d ( 1)
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