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CHIRAL TWO-LOOP-FINITE SUPERSYMMETRIC THEORIES *
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Any globally supersymmetric theory in four dimensions that is one-loop 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 beea
raised with the discovery that there are large classes
of sup~rsymmetric gauge theories that are free from
ultraviolet divergenc2s at all orders of perturbation
theory *' . The theories for which this has been es-
tablished are all ¥ = 4 and some [2] NV =2 super
Yang-Mills theories. Finiteness allows some param-
eters to be introduced via mass and soft superayra-
metry-breaking terms, but it relates all the dimension-
‘ess couplings. Unfortunately, all N = 2 or NV = 4 the-

ries are nenchiral (“vector-ike™) and do not appear
wuited to the construction of a rea'istic model. Recent-
ly. the possibility has beer raised that certain N = 1
theories could also be finite [3,4]. A thecry contain-
ing Yang—Mills and chiral superfields is vltraviol»:
finite at loop provided that certain conditions {ce-
scribed below) restricting the representations and
<ouplings of the chiral superfields ars = ‘isfied. It has
'een 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 supported in part by the U.S. Department of Energy
under contract D=4 7 03-81-ER40050.

' On leave from Centre de recherches de mathématiques
appliquées, Université de Montréal, Montréal, Québec,
Canada.

" For a review see ref. [1).

370-2693/84/S 03 .00 © FElsevier Science Publishers B.V.

North-Holland Physics Publishing Division)

whether any of the N = | 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 gauge group.

Consider a globally supersymmetric N = | theory
in four dimensions with a simple Yang—Vil: 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 choices of R and asso-
ciated couplings that ensure ons-!oc; finiteness. We
only consider chiral theosies (R # R). This rzstricts
G to those groups thzi havs complex repre.:s:.rations,
namely SU(n) wit'. .. > 3, SO{4k + 2) with k > A
and Eg. Cancellatior. of the gauge-curren: anomaly

AR)= D AR, = )
!

is also imposed, sirce it isa necessary requirasment
for a consistent quantum theory. The anomaly con-
¢iion is noniriviz: only for SU(%).

There are two additional conditions recuired by
one-loop finii2 1ess [3,4]. The first is the onc-ioop
finiteness of the gavuge-fie!d self enzigy. The ccr.ii-
tion is

I(R)= 221(R;) = 325(G) , )
!
where /(R;) is the “index” of R; [5] and C5(G) is

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-oop finiteness of
the chiral superfield self-energy. In terms of coeffi-
cients d describing the cubic self-coupling =" the
chiral superfields in the superpotential, (e condition
is
»Z.:' a7k = 262858 CoR) @)
ik
The subscripts a, b, ¢ label components of the repre-
sentations R;, R;, Ry

The only irreducitie representations that can occur

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. It also gives
the indices and anomalies, normalized to be unity for
the fundamental representation. Complex<onjugate
representations, which have the same index and op-
posite anomaly , are not shown.

In seeking solutions to egs. (2)—(4) it is convenient
to consider first the trace of (4) given by summing
over a =a’ and the m,, values of i = i' for which R; =
R, - This results in conditions of the form
E |C°B'1l2 =myl(Ry) - (5)
By
£q. (5) is weaker than (4),but it is useful for quickly
eininating many caniidates from the list of admis-
sible .2’s. Detailed examination of (4) then eliminates

Table 1
Properties of relevant irreducible representations
= e e ————T IR
SuU(1)
| 21 |
: : : : QL
4 & ) 18 » o
Representation —— s——
o8 mm H i E
Dimension n nla-72 nln+)/2 of=1 ni-iXa-2)/6 n{n-1:(n=-2)(n-3)/24
Index | n-2 n+2 2n  ee2Me=3)E | 1+-2)(n-3)(n-4)/6
Anomaly 1 n-4 n+4 0 in-3)An-6)/2 (n-3)n-4 )(n-8)/6
0(4k+2) E(G)
| 2 o ‘
| .
L T Y
TR R o
Representation - \
=) 1] 8 A
Dimension 4k +2 2(k+1)4@k+1) (4k+2)(4k+1)/2 2% 27 78
Index I ak+4 ak g™ a
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Table 2 - ==
Multiplicities m, of the irreducible components R, of R for oy S : 10 0 13 3 %
). all the solutions. SUG) 3 14 > 0 1 0 0
= 6 14 0 1 1 0 0
| Irrep 27 27 Comments 5 - 4 2 0 0 0
r . 5 10 5 0 0 0 0
E(6) n 12 -n 7<n<12 b il 9 3 1 0 0 0
7 8 3 2 0 0 0
8 10 3 1 0 0 0
i 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 S<n<8§ 2 3 3 2 0 0 1
2 1 1 1 0 3 5 3 1 0 0 1
12-2m 1 0 nm n+mc<4, F——.4 7 3 0 0 0 1
5 6 2 1 0 0 1
- 2n n>m 6 8 2 0 0 0 1
5) 8 9 1 o 0o o0 1
3 4 1 0 0 0 *
y Irep o 8 z S @™ T Adj
" SUM) 2 -4 221+4 0 | 1 0 0 Iirep 6 6 15 1 21 21 20 35
' n>1 n-4 n+4 0 1 R
: s N Y Y 1.6 & @
Sibeld=>»8 15 0 1 1 0o o o
- el 4. 0 4. 3 3.0 0 9o o
Irrep 8 8 28 70 63 3 5 4 3 0 0 0 0
ke 218 & -0 0 & 9 »
SU(8) 1 5 1 1 1 2 10 5 1 0 0 0 0
R 8 - 2 0 0 0 0
8 12 3 1 0 0 0 0
Irrep 3 3 6 8 0 2 1 0 0 0 3 1
0 4 2 0 0 0 2 1
SU(3) 3 10 1 0 3 $ 1. 0 o 3 2
e 7 | 1 0 6 J 0 0 0 1 1
2 B Z 1 0 0 1 1
3 7 2 0 0 0 1 1
= 6 8 1 0 0 0 1 1
lrrep 4 4 15 6 10 1 3 1 0 1 1 0 1
2 0 0 1 1 0 0 1
SU4) 0 8 1 1 1 1 3 3 2 0 0 0 1
- 12 ¢ 1 1 0 8 4 0 0 0 0 1
2 6 3 1 0 0 0 1
3 9 3 0 C 0 0 1
5 7 2 1 0 0 0 1
6 10 2 0 C c 0 1
9 11 1 0 0 5 0 1
0 4 2 0 c 0 0 2
3 5 1 0 0 0 0 2
0 2 : 0 0 0 1 2
some |- for SU(5) and 11 for SU(6)] of the class al- coupiings are unique.y determined (up to a change
lowed by (2), (3), and (5). The comp'ets list of com- of basis), but in a few cases t} sre are free parameters
plex representations satistying {2), (3) and (4) is given or discrete alternatives. Note “Lat there are no solu-
in table 2. The conjugate represen:ations, which are tions for SO(4k + 2) with k > 2.
also solutions, are not tabulated. In most cases the Scanning the tables for potentially rea! stic schemes,
— .
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M, [GeV] a3(5f)(Mz) tan 3 | Mgur [GeV] | M, |GeV] | M; |GeV|
300 0.123 54.1 2.2 % 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, [GeV] | asen(Mz) | tan B | Mgur [GeV] [ M, [GeV] | M, [GeV]
800 0.120 48.2 1.5 x 10™° 5.4 174
10° 0.119 48.2 1.4 x 10™° 5.4 174

1.2 x 10° 0.118 48.2 1.3 % 10™ 5.4 174

FUTB

M, [GEV] a3(5f)(MZ) tan 3 | Mgur [GeV] M, [GEV] M, [GeV]
300 0.123 47.9 2.2 x 10*° 5.5 178
500 0.122 47.8 1.8 x 10™° 5.4 178
1000 0.119 47.7 1.5 x 10'° 5.4 178

MIN SU(5)

The predictions for the three models for different M,

M€4 -r_‘/wreﬁ'uo-g covreci7ors M/ ceyqcev-foryCres 8
~ Y

Mc= 17238625 Gev (780193 GV

CDE + Do
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Model A

Similar behaviour holds for Model B too
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M ~and m, for the universal choice of soft scalar masses



Model A
M= 0.3 TeV
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3D) Predictions for the light Higgs boson

l” ) l LA ] 1 l .71 l

126 —

M, [GeV]

120 -~

' A J A l L l

" G SN [ — - ——

118

M [GeV]
green: consistent with B physics constraints
red: agreement with (loose) CDM bound

118 GeV < M;, < 129 GeV (incl. theor. unc.)

= “easy” to find for LHC (but “only” SM-like ...)

Sven Heinemeyer, LPT /Orsay particle physics seminar, 26.02.2008



Typical mass spectrum for FUTB-

mi 172 Wb(MZ) 4
tang = | 46 Qs 0.116
™50 796 msz, 1268
mgo | 1462 | my, | 1575
M50 2048 I -2046
m<o 2052 B 4722
Xa
mes | 1462 | My 870
mer | 2052 Mpys | 875
mz'l 2478 MH 869
mg, | 2804 My 124
my | 2513 M; | 796
1
my, | 2783 | M | 1467
ms 798 Ms | 3655

Sven Heinemeyer, LPT /Orsay particle physics seminar, 26.02.2008




M1

M2

Mgluino 2754 GeV
Stopl 1876 GeV

| Stop2 2146 GeV
ot 1849 GeV

Sbhot2 2117 GeV
Mstaul 635 GeV
Mstau2 867 GeV
Charl 1072 GeV
Char2 1597 GeV
' Neul 579 GeV
' Neu2 1072 GeV
"Neu3 1591 GeV
' Neud 1596 GeV
Mh 123.1 GeV
MH 679 GeV
MA 680 GeV
MH=* 685 GeV
Mtop 172.2 GeV
‘Mbot(Mz) [2.71 GeV

FUTB, p < 0
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95% CL Limit on n
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It is where the SM predicts it should be

T T TT | T T 1T | T 1T T 1T T 1T | T 1T | T 1T | LI
ATLAS 2012 Data
= —0bs. \s=8TeV: [Ldt=5.8591f" 3
: === EXp. :
- Etio H-yy, HHOWW-liviv, H-ZZ- Il
- [+ i

CLs Limits
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My =125.3 £ 0.4 (stat.) £ 0.5 (syst.) GeV



m, , [GeV]

ATLAS-CONF-2012-109

Squark-gluino-neutralino model, m(i?) =0 GeV

<2800 L T T L L — L — L L —

Jets+MET results 5 F 77 " afascemmay -
§2400 i_ ' 8 TeV fl_ dt=5.815", ys=8 TeV _i

« Exclusions in the squark- £2°F e, oty ]
gluino mass plane for a U AN it cto
S]mpl]f'led SUSY model o00 E_ ,/' Observed Iimit(4.7fb’1,7TeV)_E
1400 f— =

1200 —

1000 f— 7 TeV —f

S B R N R B | I

800
800 1000 1200 1400 1600 1800 2000 2200 2400
MSUGRA/CMSSM: tan = 10, A =0, u>0 gluino mass [GeV]
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E ATLAS Preliminary— [ Lat=5815', /58 Tev Limits stable up to ~200 GeV mass LSP
g \\\ \\\ 0-}thon combi\qed —‘-\ -----
700 et RN s\ 8000 Gey) |\ L Observed limit (1105123)
- 3 . \ T e
650 :_ N \\ \\ ‘\ ---~- Expected limit (:1oexp) —-
600 f: —— ;_\\\ a“)’{ \ \\ Observed limit (4.7 tb”, 7 TeV)
= \\\ \ S - Non-convergent RGE
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Corfu 2012 Pippa Wells, CERN 55



No SUSY (so far).!

CMS Preliminary L _ =4.98 fb",\'s =7 TeV

2 tan(p)=10

= |A,=0GeV
u>0

m, = 173.2 GeV

|:| LEP2 "
. LEP2 % 1‘

IllIlIII

Multi-Lepton

: Y‘°e
100 cnAn PEAM A
500 1000 1500 2000 2500 3000
m, [GeV]

At least within constrained MSS models.

G. Tonelli, CERN/INFN/UNIPI CORFU2012 September 14 2012 31



LHeR Search for NP in By g~

o Highly suppressed in SM - FCNC 0,
plus helicity (m /Mg)? - and well - o N

predicted N
0 BR(B,—>u*)= 3.2£0.03 10 . =

o BR(B,—u*u’)= 0.1120.01 10
m A.J.Buras et al: arXiv: 1208.0934

o Sensitive to NP
o Could be strongly enhanced in SUSY

o In MSSM scales like ~tanp > ; NPE
B mr’<
. ¢ = u

o Limit or measurement of B, j—uu™  \ )

will strongly constraint parameter
space



% Bsg—uwu: summary of exp results

DO D06 fb”
PLB 653 (2010) 53§
-1
® T
www-c fral goviphysics/newbottom:120208 bmumu 10f o "I .
ATLAS 2.4 fb” <8 ATLAS/CMS/LHCb combined @95%CL
‘c'::‘s‘":‘"; o . o BR(B.— p*u) <4.210°
- JHEP 1204 i .éﬁ m Slight excess of events over
4 }3?3‘123%1 - iﬁﬁﬁ b_ackgroynfj, compatible with a SM
'—f LHC average (2.4+4.9+1 fb") signal within 10
0 20 40 o BR(B,— p*u’) < 8.1 1010

BF(B,—'w)x 10° @ 95% CL

LHCb-CONF-2012-017, also as CMS-PAS-BPH, ATLAS-CONF
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