
Perturbation-theory corrections to a,o, (e*e ----hadrons) in
supersymmetry quantum chromodynamics

A. L. Kataev and A. A. Pivovarov
Institute of Nuclear Research, Academy of Sciences of the U,SSR

(Submitted l"August 1983)
Pis'ma Zh. Eksp. Teor. Fiz. 38, No. 6, 309-311 (25 September 1983)

The cross section oro.(e+ e- -yr---+hadrons) is calculated at the two-loop level in
supersymmetry quantum chromodynamics. The threeJoop corrections for the
production of a gluon pair accompanied by two-jet quark-antiquark events are
given.
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There is increasing interest in the phenomenological predictions of supersym-
metry modelst in which quarks and gluons are put on an equal footing with their
supersymmetry partners: two multiplets of colored scalars of left-hand and right-hand
chirality (Z and R squarks) and an octet of Majorana gluinos 2 ". Analysis of the
PETRA experimental data rules out the existence of squarks with massest m5l6
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GeV. On the other hand, there is the real possibility of observing the thresholds for the
production of such squarks at the higher energies attainable on the LEP and SLC
e+e- colliders. It is thus definitely of interest to calculate the perturbation-theory
corrections to R (s) : oror(€*e*-7*---+hadronsl/le+e--trt*lt-l in supersymmetry
quantum chromodynamics.

We consider energies above the thresholds for the production of scalar particles
(we assume frL: frR>mt); at such energies, supersymmetry is etrectively restored,
and mass efects are inconsequential. The Lagrangian of the model isr

t = ! , e c D + i 1 1 6 r

+ (DuLf DuL + (DuR )'DrR (l)

+ igr /v( )qt r+7a4t+ IdRnl  T lq^ *e. f . l

I
- ; c z ( L *  T a  L  -  R *  T a  R ) 2

L

+ a term fixing the gauge

* a ghost term,
where q, - II * q (Q^ : II - ql are the quarks of left-hand (right-hand) chirality, and
I l t : ( t + y r l / 2 .

When the left-right symmetry of massless sup€rsymmetry (SUSY) QCD is taken
into account, we find that seven additional diagrams (beyond those in the QCD case)
contribute to the photon propagator which is coupled by unitarity with R (s) at the two-
loop level. Four ofthese additional diagrams are generated by the purely scalar part of
Lagrangian (l), and the other three are generated by its Yukawa term' The final two-

loop result in the MS model is

R / s i = R q g o * R s u s y

=>,e? 0-  +  + o(o l ) )  +

* t t  o?Q*+ -  o(4)) ,

(2 .1)

(2.21

where if" : 2 is the number of scalar multiplets, and the effective coupling constant
a"/n: fblnls/A 

'n,-]-t is expressed in terms of the first coefficient of thep function
of supersymmetry QCD, 6 : (ll - 2f /3 - 2 - N " f / 6l/4, in which the last two terms
correspond to the contributions of gluinos and squarks.

Supersymmetry in a theory generally presupposes a regtlanzation through a di-

mensional reduction2 ( DR l, which preserves this symmetry up to a certain order of

the perturbation theory.3 Repeating all the calculations in DR , we have found that
there is no change in results (2.1)and (2.2). This conclusion agrees with the assertion

that a transition can be made from MS to DR in the quark channei through the
substitution aYt : q?^(l - a!"/4r + ...)0.

370 JETP Lett. ,  Vol.38, No.6,25 Sopt€mb€r 1983 A. L. Kata€v and A. A. Pivovarov 370



It is interesting to compare (2.2) with the calculations of the corresponding cor-
rections in the realistic model of strong interactions with scalar quarks,s which is QCD
supplemented with a multiplet of fractional-charge colored scalar fields (see Ref. 6 for
a review):

R(s) = Reao +Rsquanxs 
,

R seu,q,Rxs = I
n

+'o1 a!) ' ) , (2.31

where /y', : 1. Result (2.2) ditrers from (2.3) in containing the contnbutions from the
three additional diagrams generated by the Yukawa term of Lagrangian (l). These
additional diagrams reduce the two-loop correction (2.3). At the three-loop level, the
number of additional diagrams is more than 50. Calculations presently being carried
out will show whether the terms specific to supersymmetry will significantly reduce
the large correction of Ref. 7, O (a2,1, to Rro,r^**r.

By using the replacementf---+f * 3 we can look in an independent way at how the
production of a pair of gluinos with a mass n,r ltnt:n^ affects the magnitude of
the correction O (a2"1to Rq,"o (Ref. 8). The result in the l|y'S model is

Re.o  =2e?F-1- (9 ' ( r .e86-0 ,ns / -o i4s l  .  (3 )
The transition to the DR case is made by means of this replacement.a Again in this
case, we might note, the supersymmetry increment improves the convergence of the
perturbation-theory series.

We wish to thank A. N. Tavkhelidze for constant support; V. A. Matveev, L. A.
Slepchenko, and M. E. Shaposhnikov for useful discussions; and the organizers of the
Second School on Cosmology and the Physics of Elementary Particles of the Institute
of Nuclear Physics, Academy of Sciences (Baksan, April 15-23, 1983), where this
work was begun.

After writing this paper, we received a preprint by Altarelli et al.,e in which two-
loop corrections to R...,." were calculated in the case with masses. In the massless
limit their result becornes the same as ours.
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