The Higgs Mass
Bound in Extensions
of the MSSM

PB., A Delgado, D.E. Kaplan & T.Tait
hep-ph/0309149
hep-ph/040425 |



The SM The MSSM

Anagram: Anagram:
“Tested Damn “Resilient Scam Amidst
Hard” (I,0) Theory-Madmen” (p,l,u,r,m)
® TIj0 < MZ

o for large m;
1y 0 S 130 GeV

-how much fine tuning?
- maximal mixing?
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Why is m0 < My ?

e the quartic, A, controls mjo

Vg D \NH*

Mo ~ \v*

e the SM does not constrain A

e the MSSM does! \ 92 + @

which is small, and so then is 7710



Alphabet Soup!?

-'“"_"‘_I :' ,- |

“MSSM+S”



How to increase A

1) “MSSM+S”--New Superpotential interactions

® requires new matter and couplings

\sSHH
A — A + >\S

® |imited by perturbativity

aNe S 200 GeV

(Espinosa & Quiros, |1998)



How to increase A

2) new D-terms (gauge interactions)

® substitute

N92_|_g/2 \ A92—|—g/2
3 3

e )

® an asymptotically-free contribution

e significantly larger A, and... 7710



Decoupling D-terms

H, H
“Guep-t-Guey

e the Superpotential gives (X) = u (

o SU(2), x SU(2)s — SU(2)p = SU(2);

o W', Z with m ~ v’ (g% + g%)
8

e no enhancement: )\ ~




Non-decoupling D-terms

Instead, break SUSY simultaneously with a large
soft-mass, m2|%|?

e The low-energy SU(2), ‘remembers’ m%

H\ s H HAN s H
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Non-decoupling D-terms

° AgQ characterizes the strength of the effect

o Limits
my, < (X)) — Ag® ~ g° no effect
ms > (X) — Ag” ~g;  big effect!

e if gy islarge, so then is myo



Asymptotic Freedom

H H | st Gen.
)3

3rd Gen. 2nd Gen.

“Topflavor™

e Yukawa Couplings?

e Unification?

e Fine-tuning?

e Precision Electroweak Constraints?



Yukawas

® add an extra pair of Higgs-like doublets

® include mixing terms in the Superpotential

W D /L/H/F + )\CQCEF + )\fHZF + )\fH/ZF

Large mass term SU(2)2 “Yukawa’ Feeding terms

® at low energies:
ArAe(2)
L

SU(2)w Yukawa’s with natural suppression

W > Q.cH

H.H H' H
5U(2) ) —=—(SU(2))

3rd Gen. |st & 2nd Gen.




Precision Corrections

e oblique corrections to My, M, ® non-oblique corrections to G
/
4 W’
ANNANAONANNAADANNNANNV
/7 N\ /7 N\

Z/
() ()
® non-universal 3rd Generation couplings!
HH s H' H'
SU(2), SU(2),

3rd Gen. |st & 2nd Gen.



Precision Corrections
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Fine-tuning

Recall, we require  myx > (X))
10 TeV | TeV

Two sources of fine-tuning;

e Below (X), a hard breaking of SUSY in the gauge sector from A

e UV sensitive logarithmic contributions of m% into m%{, m%

only enters at two-loops!

LoD (Tr (¥lo"s) + Hio"H — ﬁaaﬁ*)

H
Lo il 5
z 4 \
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Y | ok
\ 4
\ V4

x Tr c® =0 independent of ">



Unification

® Diagonal SU(5) Unification
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m, (GeV)

A New Mass Bound for SUSY
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Post LHC

® Confusing SUSY spectra, with heavy W’

® Non-SUSY Higgs potential

AZ—I— /2
VoA

® New Higgs mass relation from the top sector

mp = f(Mgz,cos B, mg, ..., A)

® gauginos which couple differently to the 3rd
generation

i,

SU(2), SU(2)s
3rd Gen. |st & 2nd Gen.



Recap

® How much parameter space remains for the
MSSM?

® D-term quartics:
Perturbative

Not fine-tuned
myo < ~ 350 GeV

Not Dicussed--Hybrids:

® Asymptotically-free “MSSM+S”; similar mass
bounds, novel spectra
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SUSY Higgs Bounds
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SUSY Higgs Bounds
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my, (GeV)
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“MSSM+S” Limits
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