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Fig. 4. Bounds on the Higgs-boson mass that follow from requirements that the
electroweak theory be consistent up to the energy scale A. The upper bouid
follows from triviality conditions; the lower bound follows from the requiremeni
that V(v) < V(0). Also shown is the range of masses permitted at the 95%
confidence level by precision measurements.

whete v = (Grv2)=1/2 a 246 GeV is the vacuum expectation value of the
Higgs fleld times /2, we fiad that

4x2p?

For any givea Higgs-boson mass, there is a maximum A

seide A* at
which the theory ceases to make sense. The descriptias of the Higse hasan
as an elementary scalar is at best an effective theary, walid oser 2 fimibe
range of energies.

This perturbative analysis breaks dows whea the Higge-basan Rass ap-
proaches 1 TeV/c? and the interactions hecoiie stiaig- Laitice anadiaes ﬁ]
indicate that, for the theory to deserihe phyeics 10 al accufaey &f @ v
percent up to a few TeV, the made of the Higss basen can be 20 Wake Had
about 710 + 60 GeVie®. Ansider way of pudiing this jesidf i that. ¥ the
elementary Higgs basei takes ai the laseest miase allowed by Periirhaiiue

Mgg
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Figure 1: Higgs mass my as a function of the scale A where cancellation of guadeatic
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quadratie coprections Amp (¢f. Eq.(5)) cqual the physical mase iy .
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CHIRALTWO-LOOP-F INITE SUPERSYMMETRIC THEORIES *

Shahram HAMIDI, J. PATERA ! and John H.SCHWARZ
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Received 2 April 1984

Any globally supersymmetric theory in four dimensions that is one.

Joop 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 divergences at all orders of perturbation
theory *!. The theories for which ths has been es-
tablished are all N = 4 and some [2] N =2 super
Yang-Mills theories. Finiteness allows some param-
aters to be introduced via mass and soft supersym-
metry-breaking terms, but it relates all the dimension-
ess couplings. Unfortunately, all N = 2 or N = 4 the-
“ries are nonchiral (“vector-like™) and do not appear
>uited to the coastruction of a rea'istic model. Recent-
ly, the possibility hag been raised that certain A = |
theories could also be finite [3,4). A thecry contain-
ing Yang—Mills and chiral superfields is ultravio!»*
finite at loop provided that certain conditions {ce-
scribed below ) restricting the representations and
couplings of the chiral superfields are satisfied. It has
"een proved by direct calculation (3] and by consid-
‘ratioas tnvolving the chiral anomaly [4] that these
-onditions ensure two-loop finiteness as well, with-

-ut any additional restrictions. It is an open question

* Work supported in part by the U.S. Depariment of Energy

. under centract DZAT 0381 -ER40050.
On leavc from Centre de recherches de methématiquos
appliguees, Université de Montréal, Mentréal, Quéhec,
Canada.

' T'or 3 review see ref. [1].

+.370-2693/84/$ 03.00 © Elsevier Science Publishers B.V.
North-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-oop conditions
that are based on a simple gauge group,

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

R=@ 2. (1)

Our task is to find the possible choicos of R and asso-
ciated couplings that ensure oniz-loop finiteness. We
only consider chiral theories (R # R). This resiriets
G to those groups thet have complex represertations,
namely SU(n) wit’. . > 3,804k + 2) with k > 2,
and Eg. Cancellatior. of the gauge-curren* anomaly

AR =TAR)=0 @)

is also imposed, sirce it is 3 necessary requirement
for a consistent quantum theory. The anomaly con-
diion is nontriviz] only for SU(n).

There are two additional conditions recsired by
one-loop finitz1ess [3,4). The first is the 0NE-100p
finiteness of the gauge-fie!d self enzigy. The eexji-
tion is

I(R) = IEI(R,-)! 35,(G), @)
where /(R;) is the “index” of R; [5] and G3(G)is

349




Volume 141B, number 56

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 selfenergy. In terms of coeffi-
cients d describing the cubic selfcoupling <" the
chiral superfields in the superpotential, the condition

15
bEc b7 = 2828508 CoR) - O]
ik

The subscriptsa, b, ¢ label components of the repre-
sentations R;, R;, Ry
The only irredueitie representations tiat can occur

Table 1
Properties of relevant irreducible representations

 PHYSICS LETTERS

S 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 1.1t 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 seeking solutions to €qs. (2)—(4) it is convenient
to consider first the trace of (4) given by summing
over a =a' and the m valuesof i =i’ for which R; =
R, . This results in conditions of the form

BE'Y lCd51|2 =mal(Ra) . ()
£q.(5) is weaker than (4), but it is useful for quickly

elininating many caniidates from the list of admis-
sible :2’s. Detailed examination of (4) then eliminates

EmmsEn o . ———— A

e

PEVERY il

@E.E

-

n mla-1)72 slast)/z al=) nlo-ia-2)/8 aln=l)r=2)(n-3)/24
2n  {oo2MR=30E (r==;Xﬁ=3Kn=4)/§
6 (n-3)n-BM/2 (A=3)n-4)n=-8)/6

E(8)

Toi,

& Asu '
= 4

su()
| 2
o
6 & ¢
Representation —
o B O
Dirmensien
Index 1 a2 ne2
Anomaly 1 A=4 A*4
O(4k+2)
lg 2%
Represeniation & A
== 0l
Dimensien 4k +2 2(keiNak+l)
* Ingex I 4k +4

(ak+2)Xakel)/2 22* 27 78

ak e B
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lowed by (2), (3), and (5). The ccmplete list of com-
plex representations satistying (2), (3) and (4) is given
in table 2. The conjugate representations, which are
also solutions, are not tabulated. In most cases the

tions for SO(4k + 2) with &k > 2.

" Volume 141B, number 5,6 PHYSICS LETTERS 5 July 1984
Table 2 - —
Multiplicities my of the irreducible components Ry, of R for lrrep 3 3 10 10 15 15 4
all the solutions. : SUGS) 3 14 2 0 1 0 0

pre 6 14 0 1 1 0 0
Irrep 27 27 Comments 5 7 4 2 0 0 0
s 10 5 0 0 0 0
E(6) n 12 -n 7<n<12 1 —_— 6 9 4 1 0 0 0
7 8 3 2 0 0 0
8 10 3 1 0 0 0
Irrep 10 54 45 16 16 Comments 1 2 1 0 1 1 1
1 9 0 1 1 0 1
SO(10) 8 0 0 n 8-n S5<n<8 2 3 3 2 0 0 1
3 5 3 1 0 0 1
2 1 1 1 0 F
—— 4 7 3 0 0 0 1
12-2m 1 0 nooom n+m<4, 5 6 > 1 0 0 1
- 2n n>m 6 8 2 0 0 0 1
8 9 1 0 0 0 1
- 3 4 1 0 0 0 2
lrrep g 5 z = m T Adj
SUm) 21-4 22144 0 1 1 0 0 Iirep” " 6 6 15 1 21 21 20 35
nz1 n-4 n+4 0 1 1 0 1
. j)’(@ 0 16 3 0 1 0 0 0
Sibelol~>»s 16 0o 1 1 0o o o
_ efsd. 0 4 5 3 0 o o o
lrrep 8 8 28 70 63 3 5 4 3 0 0 0 0
0 12 6 0 0 0 0 0
SU(®) 1 S N 1 1 2 10 5 1 0 0 0 0
4 8 4 2 0 0 0 0
8 12 3 1 0 0 0 0
I 3 § 6 8 0 2 1 0 0 0 3 1
P 0 4 2 0 0 0 2 1
sUG3 3 10 1 0 3 s 032
@ 7 1 0 6 3 0 0 0 1 1
2 4 pa 1 0 0 1 1
3 7 2 0 0 0 1 1
= 6 8 1 0 0 0 1 1
Irrep 4 4 15 6 10 1 3 1 0 1 1 0 1
2 iQ 0 1 1 0 0 1
SU4) 0 8 1 1 1 ! 3 3 2 0 0 0 1
4 12 ¢ 1 1 0 8 4 0 0 0 0 1
2 6 3 1 0 0 0 1
3 9 3 0 0 0 0 1
5 7 2 1 0 0 0 1
6 10 2 0 0 . 0 1
9 11 1 0 0 ] 0 1
0 4 2 0 0 0 0 2
3 5 1 0 0 0 0 2
0 2 100 0 0 1 2
some . for SU(5) and 11 for SU(6)] of the class al- coupiings are unigue.y determined (up to a change

of basis), but in a few cases there are free parameters
or discrete alternatives. Note Lat there are no solu-

Scanning the tables for potentially realistic schemes
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Model A
M — 0.3 TeV
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The empty region yields a neutralino as LSP



A representative example of the predictions for the s-spectrum
for the finite model A with M = 1TeV, m5 = 0.7 TeV and
mip = 0.7 TeV. '

My = My, (TeV) | 0.44 my, ~ (TeV) | 1.66
mXL (TeV) 0.84 mz = My (TEV) - 0.53
My,  (TeV). | 1.46 mz  (TeV) [ 092
my, (TeV) | 1461 myz (TeV) | 0.90
m_+  (TeV) | 0.84 ma__ (TeV) | 041

1
m_+ TeV 1.46 my+  (TeV) 0.42
X9 _ H ,
mg, | (TeV) 1.67 mig (TeV) 0.41
mg, (TeV) | 1.82 mp (TeV) | 0.122
mg  (TeV) | 0.86 R

A representative example of the predictions of the s-spectrum for
the finite model B with M = 1 TeV and mj9 = 0.65 TeV.

my = my, (TeV) | 0.44 M, (TeV) | 1.79
‘Wlx_1 (TeV) 0.84 mz = Mz, (TeV) 0.47
my, (Tev) | 138 mz (Tev) | 069
my, (Tev) | 139 ms, (TeV) | 0.62
m & (Tev) | 0.84 my (Tev) | 0.74
m <+ (TeV) | 1.39 my+ (TeV) | 0.75

m;,  (Tev) (Tev) | 0.117
m;  (TeV) -

e (TeV) E CORELE
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