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Figure 18: (a) The upper limit on the light scalar Higgs pole mass in the MSSM as a
function of the top quark mass for two values of tg3 = 1.5,30; the common squark mass
has been chosen as Mg =1 TeV. The full lines correspond to the case of mazimal mizing
[Ac = VBMs, Ay =p = 0] and the dashed lines to vanishing mizing. The pole masses of
the other Higgs bosons, H, A, H*, are shown as a function of the pseudoscalar mass in
(b=d) for two values of tg8 = 1.5,30, vanishing mizing and M; = 175 GeV.
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Any globally supersymmetric theory in four dimensions that is one-oop finite is automatically (at least) two-loop
finite. We classify all such theories that are chiral and have a simple gauge group.

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
could serve to limit the number of parameters 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 divergen=ss at all orders of perturbation
theory *'. The theories for which this has been es-
tablished are all V = 4 and some [2] V=2 super
Yang-Mills theories. Finiteness allows some param-
eters to be introduced via mass and soft supersym-
metry-breaking terms, but it relates all the dimension-
2ss couplings. Unfortunately, all N = 2 or N = 4 the.
ries are nenchiral (“vectordike™) and do not appear
-uited to the construction of a rea'istic model. Recent-
ly. the possibility has beer raised that certain N =
theories could also be finite [3,4]. A thecry contain-
ing Yang—Mills and chiral superfields is vltraviols:
finite at loop provided that certain conditions {de-
scribed below) restricting the representations and
couplings of the chiral superfialds are s tisfied. It has
reen proved by direct calcuiation [3] and by consid-

rations involving the chiral anomaly [4] that these
onditions ensure two-loop finiteness as well, with-

-out any additional restrictions. It is an open question

“ Work supportcd in part by the U.S, Department of Energy
under contract D47 03-81-ER40050.
On leave from Centre de recherches de mzthématiques
appliquées, Université de Montréal, Montréal, Québec,
Canada.

R : .
For a review see ref, [1].

370-2693/84/S 03.00 © Elsevier Science Publishers BV,

Sorth-Holland Physics Publishing Division)

whether any of the N = 1 theories of this class are fi-
nite beyond two loops. The purpose of this letter is
to list all chiral solutions of the one-loop conditions
that are based on a simple pauge group.

Consider a globally supersymmetric NV = | theory
in four dir ions with a simple Yang—N:illz group G.
In addition to the gauge superfield, it can contain
chiral superfields in aa arbitrary representation R of
G with irreducible components R;:

R=© 2. (1)

Our task is to find the possible ¢haices of R and asso-
ciated couplings that ensure on=-loop finiteness. We
only consider chiral theosies (R # R). This ressricts
G to those groups thai hav: complex reprezsrtations,
namely SU(n) wit'. . = 3, SOk + 2) with k= 2.
and Eg. Cancellatior. of the gauge-curren: anomaly

AR)= 23 AR} =0 (2)
]

is also imposed, sir.cs it ‘s a fscessary requirement
for a consistent quantum theory. The anomaly con-
di‘ion is nontriviel only for SU(n).

There are two additional conditions required by
one-loop finii21ess [3.4]. The first is the ons-icop
finiteness of the gavge-field self enzrgy. The ccr.di-
tion is

(R)= Zi(R) =325(G), @)
where /(R;) is the “index™ of R; [5] and €3(G) s

349
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the eigenvalue of the second-order Casimir operator
(which coincides with the index of the adjoint repre-
sentation). Since indices are always positive (except
for singlets, which are excluded), eq. (3) already lim-
its R to a finite number of possibilities for a given
group G.

The second condition is the one-loop finiteness of
the chiral superfield self<nergy. In terms of coeffi-
cients d deseribing the cubic self-coupling =" the
chiral superfields in the superpotential, the condition
is

xRk —
E e i = 287658 Co(R)) .
ik

(4)

The subscripts a, b, ¢ label components of the repre-
sentations R;, Ry, Ry.
The only irreducit i¢ representations that can oceur

PHYSICS LETTERS

5 July 1984

in R are ones whose indices do not exceed 3C5(G).
Singlets (with nonzero couplings) are excluded by (4).
All relevant representations of the groups with com-
plex representations are listed in table 1. It also gives
the indices and anomalies, normalized to be unity for
the fundamental representation, Complex-<conjugate
representations, which have the same index and op-
posite anomaly, are not shown.

In secking solutions to eqs. (2)—(4) it is convenient
to consider first the trace of (4) given by summing
overa =a’ and the m_ values of i =’ for which R, =
R,,. This results in conditions of the form
§ Capyl? =m, I(R,) . )
£4q.(5) is weaker than (4), but it is useful for quickly
eiiininating many can-idates from the list of admis-
sible .%'s. Cetailed examination of (4) then eliminates

Properies o efsvant istucie
SuC)
Ii [; z;
i 4 4

Represeniotion —

TN

o B

m m B

g

Dimension 0 nta-072 nln+1)/2 2=l Ai.-1a-2)/6 nin-1)n=2)(n-3)/24
Index [ n-2 ne2  2n oe2Me-3VE (=2)in-3)(n-4)/6
’ Anomaly | n-4 ne4 in=3)n-6)/2 2-3)n-4)(n-B}/E
0(4k+2) E{3)
| 2 o - S
e PR
Representafion j\o A & d%l | :
o O =! y
Dimension ak+2 2(k+iakel] (ak+2)4k+1)/2 224 27 78
oy Index | ak+4 ax 23 1 A —
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Table 2 - —
s Multiplicities i, of the irreducible components R, of R for e ) 2 0 Y 1y = =4
.)» all the solutions, sus) 3 12 3 0 1 P B
5% 6 14 0 1 1 0 0
2 3 9
5 Irrep 27 27 Comments 5 - 4 5 0 b 0
o = = § 10 5 0 0 0 0
| E(6) " 12 =n T<nsl2 T i 9 4 1 0 0 0
7 4 8 3 2 0 0 0
= 8 10 3 1 0 0 0
) Irrep 10 54 45 16 18 Comments 1 2 1 0 1 1 1
mt 1 9 0 1 0 1
So(1m 8 0 0 n 8-n 5<n<8 2 3 3 2 0 0 1
: 2 1 1 1 0 3 5 3 1 0 01
12-2m | 0 noom n+me 4, Iﬂ‘ ! 3 o 0 o 1
-} 6 i 1 1] 0 1
-2 n>m 6 8 2 0 0 0 1
5) 8 9 1 0 0 0 1
. 3 4 1 00 0 B
ly lirep 4 A . S = & Adj
b SUm) 21 -4 m+4 O 1 1 0 0 Irep 6 & I 1m0 9 200 3%
nw=1 -4 n+4 1] 1 1 0 1
- 2 ﬁ(s) 08 16 3 0 1 0 P W
Siboldl=>38 15 o 1 1 o o o
- — efsl. 0 4 5 3 0 o o @
Irrep 8 8 28 70 63 3 5 4 3 0 0 0 0
ko 6 12 6 0 0 0 o0 0
SU(8) 1 5 i 1 1 2 10 5 1 0 0 0 0
4 8 4 2 0 0 0 1]
. g LI 3 1 o0 06 o @
Irrep 3 3 6 8 0 2 1 0 o0 0o 3 |
e ol 0 £ 2 0 o o 2z 3
SU(3) 3 10 1 0 3 & 1 0 4 @ 7 W
¢ 4 | 1 0 [} 3 1] 0 a 1 1
e 3 4 2 1 0 0 1 1
3 7 2 0 0 0 1 1
= 6 8 1 a 0 0 1 1
lirep 4 4 15 6 10 1 % 1 o 1 I 0 1
2 id 0 1 1 4] 1] 1
SU4) 0 8 1 1 1 1 3 3 3 0 0 0 1
4 12 [ | 1 0 8 4 0 0 0 ] 1
2 6 3 1 0 0 0 1
3 9 3 0 0 0 0 1
5 T 2 1 0 0 0 1
] 10 2 [i] 1] < G 1
9 1t 1 4] 0 L] 0 1
0 4 z 0 G 0 ] 2
g 3 5 1 0o 0o o o 2
0 2 1 0 0 0 1 2
some [ ! for SU(5) and 11 for SU(6)] of the class al- coupiisg: are unigiely determined (up to a change
lowed by (2).(3), and (5). The cemplets list of com- of basis), but in a few cases t} =re are free parameters
plex representations satistying {2), (3) and (4) is given or discrete alternatives, Note ‘Lot there are no solu-
in table 2. The conjugate representations, which are tions for SO(4k + 2) with & > 2.
ilso solutions, are not tabulated. In most cases the Scanning the tables for potentially real stic schemes,
—
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M, [GeV] | a3ip(Mz) | tanB | Mgur [Ge My, (GeV] | M, [GeV] |
300 0.123 54.1 9. 250 10" 5.3 183
500 0.122 54.2 1:9'x 10" 5.3 183
10° 0.120 54.3 1.5 x 10'° 5.2 184

FUTA

M, _”Om(_u_ Qmﬁ@lﬁg.wv tan 3 | Mgur _”mm/\_ M, _ﬁmﬁ_ M, _ﬁm’é
800 0.120 48.2 L5 x 10™ 5.4 174
10° 0.119 482 | 1.4 x 10™ 5.4 174

1.2 x 10° 0.118 B2 [ 1.3 x 10™ 5.4 174

FUTB

M, _”0m<”_ anmmuﬁgmv tan 8 | Mgur gﬁ-._mé._ My, __”Am@/\_ M, _”mm/\“_
300 0.123 470 | 2.2 % 10™ 5.5 178
500 0.122 47.8 | 1.8 x 10™ 5.4 178
1000 0.119 7L WA T 5.4 178
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Model A

Similar behaviour holds for Model B too
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Table 3: A representative example of the predictions for the
s-spectrum for the model A.

my = my, (TeV) [0.22] _my, (TeV) | 1.06
My, (TeV) 0.41 || mz = ms (TeV) [ 0.33

My, (TeV) 0.93 mz, (TeV) 0.54
My, (TeV) 0.94 mg, (TeV) 0.41
mz (TeV) 0.41 my (TeV) 0.44

mz (TeV) 094 mys (TeV) |0.45
m; (TeV) 0.94 my (TeV) 0.44
mi, (TeV) | 109 my (TeV) | 0.12
mj, (TeV) 0.86

A

Table 4: A representative example of the predictions of the
s-spectrum for the model B.

my =my, (LeV) [044] m;, (TeV) [ 1.79
my, (TeV) | 0.84 | mz = my (TeV) | 0.47

my, (TeV) 1.38 ms, (TeV) 0.69
my, (TeV) 1.39 my, (TeV) 0.62
m,+ (TeV) 0.84 my (TeV) 0.74
m+ (TeV) 1.39 mp+ (TeV 0.75

my, (TeV) 1.60 my (TeV 0.74
mi, [TCV) 1.82 My (T?.V) 0.12 <
my, (TeV) 1.56
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