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® Light Higgs X The hierarchy problem
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Il. SUSY GUTS

Standard particles SUSY particles

Gouvr X G o X (N =1SUSY)

Supermultiplets
S0O(10): V,5 Vector +3 @y chiral + Hy, chiral +...
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TeV scale supersymmetry
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model: MSSM
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Unification with gravity?
SUSY gauge coupling unification ¢
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Gauge unification - Heterotic String
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.string threshold corrections, Al. ?
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=Tr|B, 2% + B,M - I%Tr(zz)

oP |
V(Z)=Z‘a§

[ap , 9P 15iTr(a—Pj, i,j=1.5, a=1..24]

aZa . azlj N N J aZ
(Z)=0 SUGRA
(X)=v,Diagonal(1,1,1,1,—4) } Degenerate

. Radiative

<Z> = V3Diagonal(2,2,2,—3,—3) corrections
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Spontaneous symmetry breaking
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Must forbid these terms by symmetry :
+ doublet- triplet splitting qm

D=5 proton decay amplitude
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Missing doublet mechanism No (1,2) component

«
0,5, =(8.2)+(6.3)+(6.1)+(3.2)+(3.1)+(1.1)

P, =bO> H +b'OX H,+MOO
<Z75> o< M breaks SU(5) to SM
P, O>bMO.H +b'MO:H, + MO0,

2

Triplets get mass Mﬁ (Still need to drive SSB - later)
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Doublet -triplet splitting

Higher dimensions (String unification)

Compactification: K=K,/H

AN

freely acting discrete group

Wilson line breaking: W : H c G v
\
embedding of H into gauge group 6 W =P exp —iJATaA,f1 dx"
Y

Massless states: H®H singlets

Breit, Ovrut, Segre

e-g. SU(S) H = Z3, E — Diag(a,a,a,l,l), o = 62i7z'/3

_ d*
(R®R): (1®§)+£ - ] (3,5)+(Ve ]@ d¢ | . Matter — (3,5+10)
H ) | a ]
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SUSY extensions of the Standard Model

W =h"LH ,E+h"QH ,D+h"QH U+ 1H H,

+ALLE+A'LOD+xLH,+A"UDD

e.g.(LHu )2
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SUSY extensions of the Standard Model

W =h"LH ,E+h"QH ,D+h"QH U+ 1H H,
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Discrete gauge symmetry
-anomaly free

Ibanez, GGR
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SUSY extensions of the Standard Model

W =h"LH ,E+h°QH ,D+h"QH U +

1
+ _ oo
— )
R-parity: Z, SUSY states odd
Baryon "parity”: Z, LSP unstable
Proton hexality: Z, =ZfxZ7" LSP stable
Zy R-symmetry N=4.6,8,12,24 LSP stable

1
—LLH H,
v, ,

Lee, Raby, Ratz, Ross, Schieren, Schmidt-Hoberg, Vaudrevange
Babu, Gogoladze,Wang
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MSSM spectrum

No perturbative p term
Commutes with SO(10)
Anomaly cancellation

Green Schwarz term
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A unique solution: Z; discrete R symmetry

MSSM spectrum
No perturbative p term N0 a | an |an |ay
Commutes with SO(10) T 1o o
Anomaly cancellation

- 1 1
D=5 operators —ODOL - LLH,H,

Weinberg operator

SUSY breaking

(W),(AL) R=2 non=perturbative breaking Z,p ™ Zf R — parity

ms,,
2
M

Domain walls safe u~my,, O QQOQOL)

Mhiggs ~ MSUSY

Y4



Nucleon decay outlook

® Nucleon decay D=6 oper'a‘ror's Operator renormalisation

i

M 471/35\2 (0.015 GeV3\? / 5 \?2
r(p — 1%*) = ( GUT ) ( /3) ( 5 Ge ) (i) 4.4 % 10% yr,

1016 GeV dagutT N AL

N

Hadronic matrix element

K 4
TSupef_ 0 > 1>< 103 yrs Giudice, Romanino

p—e'n

1/2 1/2 1/2

| aGUT aN Ar

M, > ( ) (—) 6 x 105 GeV
cut (1 /35) 0.015 GeV? 5 8 y

c.f .M, =(25+2).10°GeV



