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The most severe constraints on quark-lepton four-fermion contact interactions come from
agreement of atomic parity violation measurements with the standard model. In this Letter, I note
for contact interactions which arise in theories of composite quarks and leptons, approximate
symmetries other than parity can eliminate the contribution of contact terms to atomic parity viola
The most stringent tests of compositeness therefore come from the high energy collider experim
LEP II, HERA, and the Fermilab Tevatron. [S0031-9007(97)03304-8]
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Four-fermion contact terms between quarks and lepto
may appear in a low energy effective theory from integra
ing out heavy bosons or from quark and lepton substru
ture. Such terms are constrained both by high precisi
low energy experiments, such as measurements of ato
parity violation, as well as by results from high energ
colliders. The two sources of constraints tend to be co
plementary since the high precision measurements ten
give much stronger constraints on the size of four-fermi
interactions but are sensitive only to certain linear com
nations of operators, typically only to combinations whic
violate symmetries of the relevant interactions. In co
trast, high energy collider experiments can constrain ar
trary terms, whether or not they preserve any symmetri

Recently, there has been great interest in four-fermi
contact interactions between quarks and leptons, as s
terms might account for the reported excess of highQ2

events in the HERA experiments [1–7]. The eight term
which could produce such an excess are usually written
the form

DL ­
X

i,j­L,R;q­u,d

4ph
q
ij

sLq
ijd2

ēigmeiq̄jgmqj , (1)

whereh
q
ij ­ 61.

It is just possible to find such terms which can accou
for the HERA excess while still satisfying the constrain
deduced from studies ofe1e2 ! hadrons [8] andpp̄ !

e1e2X [9], for L , 3 TeV [3–5].
Stronger limits on such contact terms arise from atom

parity violation (APV) measurements [10–12]. A conta
interaction apparently shifts the nuclear weak chargeQW

by an amount
DQW ­ 22fDC1us2Z 1 Nd 1 DC1ds2N 1 Zdg , (2)

where

DC1q ­

p
2 p

GF

µ
h

q
RL

sLq
RLd2

2
h

q
LR

sLq
LRd2

1
h

q
RR

sLq
RRd2

2
h

q
LL

sLq
LLd2

∂
. (3)

If no cancellations in Eq. (3) occur among the variou
terms, measurements of the weak charge of cesium [
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imply L * 10 TeV . Thus the bounds from atomic par
ity violation on quark-lepton contact terms appear to b
much stronger than those from any collider experimen
Several authors [4,5] have invoked a new parity conse
ing contact interaction in order to explain the HERA da
while avoiding the APV constraint. They therefore as
sume that

h
q
RL

sLq
RLd2

­
h

q
LR

sLq
LRd2

,

h
q
RR

sLq
RRd2

­
h

q
LL

sLq
LLd2

.

(4)

The theoretical motivation for imposing the restrictions o
Eq. (4) is unclear. An awkward feature of Eq. (4) is tha
SUs2dW gauge symmetry makes it necessary to introdu
a right handed neutrino in order to have parity invaria
and gauge invariant contact terms involving leptons.

One interesting class of models which will lead t
contact terms at low energies are theories of compos
quarks and leptons. In such theories there are new str
confining dynamics at a scaleL. Unbroken approximate
chiral global symmetries of the strong dynamics expla
why the quark and lepton bound states are much ligh
than L [14]. Any contact terms produced by the stron
dynamics will respect its global symmetries. Thes
chiral symmetries may be explicitly broken by sma
effects, e.g., by weak gauge interactions; however, sm
symmetry breaking terms do not affect the conclusions
this Letter.

It is an easy matter to find plausible approxima
global symmetries, other than parity, which will ensur
cancellations in Eq. (3) [15]. For instance, consider a
approximate global SU(12) acting on all left handed fir
generation quark states. The left chiral fields,

suL, dL, uc
L, dc

Ld , (5)

transform as a 12-pletcL. Note that approximate global
SUsNd symmetries are typical of strongly coupled gaug
theories, arising wheneverN matter fields carry the same
strong gauge charges.
© 1997 The American Physical Society 4159
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Assuming that the new strong dynamics respects su
a symmetry, it could generate only an SU(12) single
combination of the operators in Eq. (1), which can b
written in the formX
i­L,R

4phi

sLid2
ēigmeic̄LgmcL

­
X

i­L,R;q­u,d

4phi

sLid2
ēigmeisq̄LgmqL 2 q̄RgmqRd . (6)

Thus the SU(12) symmetry guarantees that

h
q
iL

sLq
iLd2

­ 2
h

q
iR

sLq
iRd2

, (7)

and so there is a cancellation in the contribution toQW .
The SU(12) symmetry still allows for a nonzero con

tribution to the parity violating weak coefficientC2q [16];
however, the experimental constraints on this term are le
severe. In any case, an SU(3) symmetry acting on all t
left handed first generation leptons,

sne
L, eL, ec

Ld , (8)

would eliminate this contribution as well.
Much stronger constraints on contact terms can b

obtained by considering flavor changing neutral curre
decays and muon number violation. However, suc
constraints can be satisfied by contact terms which resp
a horizontal flavor symmetry, such as anSUs2d 3 SUs2d,
where one SU(2) acts on the first two quark generatio
and the other acts on the first two lepton generations.
the contact terms respect anSUs12d 3 SUs2d 3 SUs2d
symmetry, then contact terms betweennm and first
generation quarks are required. Deep inelastic scatter
experiments withnm beams will then place slightly
stronger constraints onL; L * 4 TeV [3,17].

In summary, I have shown that composite models o
quarks and leptons could naturally contain approxima
global symmetries, other than parity, which would preven
four fermion contact terms from contributing to atomic
parity violation. It would be interesting to reanalyze
the effects of contact terms on physics at the variou
colliders, assuming the relations of Eq. (7) are satisfie
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With SU(2) gauge invariance,

h
u
iL

sLu
iLd2

­
h

d
iL

sLd
iLd2

(9)

(neglecting quark CKM mixing) and so only two indepen
dent contact terms need to be considered.
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