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CHIRAL TWO-LOOP-FINITE SUPERSYMMETRIC THEORIES *

Shahram HAMIDL, J. PATERA ' and John H. SCHWARZ
California Institute of Technology, Pesadens. CA 91125, USA

Received 2 April 1984

One of the less satisfying aspects of GUTs (“grand-
unified theories™) and super GUTs is that they con-
tain many arbitrary parameters. One principle that
vould serve to limit the number of psrameters is the
requirement of finiteness. This possibility has been
raised with the discovery that there are large classes
of supersymmetric gauge theories that are free from
ultraviolet divergences at al] orders of perturbation
theory *'. The theories for which thjs has been es.
tablished are all ¥ = 4 and some [2] ¥ =2 super
Yang—Mills theories. Finiteness ailows some param-
eters (o be introduced via mass and soft supersym-
metry-breaking terms, but it relates all the dimension-
c3s couplings. Unfortunately all N = 2 or ¥ = 4 the-
vies are nonchiral (*“vectordike ") and do not appear
wuited to the construction of a rea'istic model. Recent-
lv. the possibility has been raised that certain A = |
theories could also be finite [3,4]. A theory contain-
ing Yang—Mills and chiral superfields is ultraviolet
finite at loop provided that certain conditions (de-
wribed below) restricting the representations and
<ouplings of the chiral superficlds are satisfied. It has
reen proved by direct calculation [3} and by consid-
tations involving the chiral anomaly [4) that these
vwaditions ensure two-oop finiteness as well, with-
ut any additional restrictions. It is an open question

“ Work supported in part by the US. Depariment of Energy
under contract DEAC 03-81-ER40050.

' On lcave from Centre de recherches de mathématiques
appliquecs, Université dc Montréal, Montréal, Quidbec,
Canada.

' T'or 2 review see ref, [ 1],

370-2693/84/S 03 00 © Elsevier Scicnee Publishers BV,
Sorth-lolland Physics Publishing Division)

Any globally supersymmetric theory in four dimensions that is onsdoop finite is automatically (at least) two-doop
finite. We classify all such theories that are chiral and have 2 simple Jauge group.

whether any of the N = | theories of this class are fi-
nite beyond two loops. The purposs of this letter is
to kst all chiral solutions of the onedoop conditions
that are based on a simple gauge group.

Consider a globally supersymmetric & = | theory
in four dimensions with a simple Yang—Mills group G.
In addition to the gauge superfleld, it can contain
chiral superfields in 2 arbitrary representation R of
G with irreducible components R;:

R= 9 R, (1)
I

Our task is to find the possible choices of R and amo-
ciated couplings that ensure one-loop finiteness. We
only consider chiral theories (R % R). This restricis
G to those groups that have complex representations,
namely SU(n) with n > 3, SO(4k + 2)withk > 2,
and E¢. Cancellation of the gaugecurrent anomaly

A(R) = ‘EA(R,) =0 )

is also> imposed, since it isa necessary requirement
for a consistent quantum theory. The anomaly con-
dition is nontrivial only for SU{n).

There are two additionat conditions required by
one-oop finitz 1ess [3,4]. The first is the onzdoop
finiteness of the gauge-field self energy. The cer.di-
tion is

I(R) = ‘Z:I(R,-)= 305(G), (3)
where /(R;) is the “index" of R; {5] and Cy(G)is

149

A




1=

A i

Volume 1418, number 56

the eigenvalue of the sacond-order Casimnir opersior
(which coincides with the index of the adjoint repre-
sentation). Since indices are always positive (except
for singlets, which are excluded), eq. (3) slregdy lim-
its R to & finite number of possibilities for a given

group G.

The second condition is the one-doop finiteness of
the chirsl superfield self-energy. In terms of cosffi-
cients d describing the cubic self-coupling of the
chiral superfields in the superpotential, the condition

13

bzz, d:jr:-a:'/:c = 2825,,8;C2(R;) -
ik

The subscripts 2,b.¢ label components of the repre-

sentations Rf, R! ' Rk .

The only irreducible representations that can occul

Table 1
properties of relevant irreducible representations

5 July 1984

PHYSICS LETTERS

in R are ones whose indices do not exceed 3C2(G).
Singlets (with nonzeto couplings) are excluded by (4).
All relevant representations of the groups with com-
plex representations are listed in table 1.}t also gives
the indices and anomalies, normalized to be unity for
the fundamental represent:tion. Complex<onjugate
representations, which have the same index and op-
potite snomaly, are not shown.

In seeking solutions to ¢qs. (2)(4)it is convenient
1o consider first the trace of (4) given by summing
over a =’ snd the m, valuesof i = i’ for which R; =
R, . This results in conditions of the form
)
E |Cagyl? =Mal(Ra) )

Eq.(5) is weaker than (4),but it is useful for quk:kl-y
eliminating many candidates from the list of admis-
sible R's. Detailed examination of (4) then eliminates

sufn}
Iz I;
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Representohion —_

o B

m m B E

Dimension n nln-1)/2

1 ndex | n-2

Anomaly | n-4
O(4k+2)

Ma+l)/2 n2-1 nin-1n-21/6 nin-1}{n-2)n-31/24
n+g 2n (r-2¥n-3)/2 (n-Z)(n—B)(n--ﬂls

neé o (n-3Kn-6)/2 (n—3l(n-4)(n—01/6

“E{G)

i

ER

FST s S S

Representation ——

o) an =) 4
Dirmension 4k + 2 2lkelfdk+D) (ake2Nans1s2 28 27 T8
Lndex | ak+4 ak 23 4 )
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Table 2

[E—

Multiplicities s, ot the ureducibje componceats R, of R for frrep 5 3 10 10 13 15 2
all the solutions,
4% the solutions U 14 2 o 1 0 o
= - [ 14 0 1 1 0 [i]
Irrep 27 27 Comments s 7 4 2 o 0 0
- 5 10 5 0 0 O o
E(6) n 12 - Tens
" "<l Z s $ 4 1 0 o 9
7 ] 3 2 0 0 0
B 10 3 1 0 [+] 0
Irrep 10 4 45 18 1% Commenis 1 2 1 0 1 1 1
1 9 0 1 1 0 1
SO(10) 8 0 0 o 8-n S<nki 2 3 3 2 0 0 1
i I 10 E.. k| 5 3 1 0 0 1
— g 7 3 0 1] 0 1
12 - 2m 1 0 n m LN NN s 6 2 1 pt 0 1
- n>m 6 8 2 0 0 0 1
| § 9 1 0 0 0 1
3 4 1 0 0 0 2
Irrep 9 = = - Tt T Ad)
SUM) 2-4  Wed 0 1 1 0 o lrep 6 € 15 IS5 un 1 20 35
a7 n—4 n+4 0 i i 0 1
: (&) ¢ 16 3 0 1 0 L] 0
3!‘!”'—" 8 16 0o 1 1 o0 0 o
_ et L. 0 4 s 3 0 o o o
lerep L] 8 28 10 63 3 5 4 3 i} 0 0 0
0 12 6 0 0 0 0 0
Su(8) l 3 1 l 1 2 10 s 1 0 0 ¢ 0
4 8 4 2 0 [} 0 0
B 12 3 1 [} 0 0 0
Irrep 3 3 6 8 0 2 1 0 0 0 3 !
0 4 2 0 [4] 0 ? 1
SUH) 3 10 ] 0 k) 5 1 0 o 0 2 I
1 . ) Q 6 3 0 0 0 1 1
2 4 2 1 0 4] 1 1
3 7 2 0 0 0 1 1
= [ 8 i 0 0 0 | 1
Irrep -+ 4 4 15 6 10 1 3 1 0 1 1 0 1
2 10 0 1 - 0 0 1
SU4) 0 8 1 1 1 11 3 3 2 1] [4] 0 L
4 12 0 1 k 0 8 & ¢] 0 0 0 1
2 6 3 ] 0 0 0 1
3 9 k) 0 0 0 0 |
5 7 p) 1 0 0 1} 1
6 0 2 0 4] < 0 1
9 1 1 ) 0 0 0 1
4] 4 ? 0 0 0 0 2
3 5 1 0 [ 0 0 2
0 p) 1 0 0 i} 1 2

some {1 for SUS)and 11 for SU{6)] of the class al-
lowed by (2).(3). and (5). The complete list of com-
nlex representations satistying (23, (3) and (4) is given
i table 2. The conjugate representations, which are
Uso sofutions, are not tabulated. In most cases the

couplings are uniguely determined {up to a change
of basis), but in a few cases there are free parameters
or discrete zlternatives. Note :Lat there are no solu-
tions for SO{4k + 2} with k > 2.

Scanning the tables for potentially real.stic schemes,
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Mass Fit to the Tagged
Events |
. by
.W . o3 " owts r.rn
m ’ = o 1 weep
ol.s_i.l.ll-haﬂaa %

M, =176 +/- 8 +/- 10 GeV

Significance of mass peak (KS test): 0.02  commenmnioe

Mass Analysis Results

¢ Standard cuts - 11 of 14 events Gtted
¢ Loose cuts - 24 of 27 events fiteed

Events / 20 GeV/c?

6

* Resulis imsensitive to constraining the

background sormaliz. tion
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