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Motivation by string theory

heterotic string theory
Eg X Eé

compactification

Y

‘ EﬁXEé ’

decoupling

Y

‘ Ee + soft SUSY breaking ’

[F. del Aguila, G. A. Blair, M. Daniel, G. G. Ross, Nucl.Phys.B272 (1986)]
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Motivation by the p problem

MSSM superpotential:

Wussm = ptHgHy — hi{(Hu Qi)uf — h(HqgQi)df — hi(Hali)ef

e bilinear term puHyH, present before SUSY breaking
e model definition at unification scale Mx = u ~ Mx
e but EWSB conditions imply

1 5 m,2_,d — mﬁu tan? I5] )
—m — —
24 tan2 3 — 1 a

= [t~ mz to have v = 174 GeV

[D. J. H. Chung et Al. Phys.Rept.407 (2005)]
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Definition of the EgSSM — gauge structure

[S. F. King, S. Moretti, R. Nevzorov, Phys.Rev.D73:035009 (2006)]

Definition of the EgSSM

Supersymmetric gauge theory based on Es gauge group broken at
GUT scale

E(, — 5U(3)c X 5U(2)|_ X U(].)y X U(].)N

U(1)n broken above electroweak scale

SU(3)e x SU2)L x U(L)y x U(1)n
— 5U(3)c X 5U(2)|_ X U(l)y

v

Note: p problem solved, because pH;;Ho; forbidden by U(1)y
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Definition of the EgSSM — matter content

Matter content

o 3 complete fundamental 27 multiplets (27); of Eg
e 2 higgs-like doublets H’, H' from (27)', (27)

e Vector superfields in adjoint representation of
5U(3)c X 5U(2)|_ X U(l)y X U(l)N

Qi, uf, df, L;, ef, nf MSSM fields

1

S,' SU(3)C X SU(2)|_ X U(l)y
singlet

Hyi, Ho; higgs-like doublets

Xi, Xi exotic colored (Diquarks/
Leptoquarks)

H' H extra higgs-like doublets

Y W ya (N :
Vi, vrmovE v gauge bosons, gauginos
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EcSSM superpotential

Approximations of the general EgSSM superpotential:

o ZzB/L symmetry (analogous to R parity) and (approximate)
Z3! symmetry to avoid proton decay and FCNC

e integrate out nf, H', H'
e keep only dominant terms
=

Weessm ~ he(HuQ)t€ + hp(Hy Q)b + h-(HyL)T¢
+ \iS3(HiiHzi) + kiS3(Xi X))

Note: 1H;;H,; forbidden by U(1)y gauge symmetry = p problem
solved dynamically

A3(S3)

A3S3(HizH3) —  — (hizhas) 4 - -
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Constrained E¢SSM (cEgSSM)

[P. Athron, S. F. King, D. J. Miller, S. Moretti, R. Nevzorov, Phys.Rev.D80:035009 (2009)]
Constrained model defined by mass universality at Mx:

scalar masses = mg,
gaugino masses = My 5,

trilinear coupling = A
Input parameters for cEgSSM:

Ai(Mx), i(Mx), mo, My 2, A
< Ai(MX)7 Hi(MX)a v,tan j3, <S3>

Goal: more precise prediction of particle masses in cEgSSM
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What are threshold corrections?

input parameters »{

Aiv Kiy mo, My, A

GUT scale Mx ’

E6SSM RG running

\

E¢SSM ’ I

threshold corrections
EcSSM r-—--
giSM = f(gi ° )

SM RG running

\

SM parameters
g1s,'§/!3(MZ)

Standard model ’
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Threshold correction for the strong coupling

For example: g3 (most imortant, since 5§L°°p =0)

[J. L. Hall, Nucl.Phys.B178 (1981)]
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Matching scale de

Scan over SUSY threshold scale
tan 8 =10, A3 = —2.0, )\172 = 2.6, K1,23 = 2.5, s=5TeV
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Matching scale de

cE¢SSM particle spectrum

tan 8 =10, A\3 = 1.6, )\172 = 2.6, k3 = 2.5, K1,2 = 0.2, s=5TeV
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Conclusion and outlook

Conclusions:

(c)E6SSM is an interesting, well motivated model
first study of threshold effects in cEgSSM

e wide spectrum — threshold corrections important

threshold corrections reduce dependency of the particle
masses from the matching scale

Outlook:
Increase precision in prediction of the particle spectrum further:

e implement EgSSM yukawa coupling threshold corrections
e 2 loop RGEs for scalar masses

e Calculate shifts to pole masses
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Yukawa couplings

hﬁ,EsSSM — htree ( 5g2 5MW + 5& _ 655)
finite

PORESSSM _ prree (11 | 0g oMy N omg _ 0cp
d 82 M Md s finite

hil:lree _ &2my
V2Myss

h:;jree _ g2myf
\/§MWC5

5MW = ﬁe ZWW,T(MlZ/V)

1~
oms = > Re |y (Zfp(m?) + Zf5(m?)) + Ziz(m) + Ziz(m3)]
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