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Summary

¢ LEP looked for a SM Higgs and didn’t find it.

© Both electroweak precision measurements and supersymmetric theories
prefer a Higgs mass lighter than the LEP bound.

 Non-standard decays of the Higgs severely weakens current bounds and
SUSY parameter space




Higgs: Direct Search

Dominant bound from LEP II

SM: My > 114.4 GeV




Decay modes of the Higgs




Decay modes of the Higgs
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sin“0'7(Q,,)
m,, [GeV]
Iy [GeV]
m, [GeV]

0.02758 + 0.00035 0.02768

91.1875 = 0.0021
2.4952 + 0.0023
41.540 = 0.037
20.767 = 0.025

91.1874
2.4962
41.479
20.741

0.01714 + 0.00095 0.01645

0.1465 + 0.0032

0.1481

0.21629 = 0.00066 0.21573

0.1721 = 0.0030
0.0992 = 0.0016
0.0707 = 0.0035
0.923 = 0.020
0.670 = 0.027
0.1513 = 0.0021
0.2324 = 0.0012
80.425 = 0.034
2.133 + 0.069
174.3 + 3.4

0.1723
0.1038
0.0742
0.935
0.668
0.1481
0.2314
80.383
2.092
175.1
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Strained Standard Model
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Abstract. We examine the fermion asymmetry measurements at LEP and SLC leading to ef-

fective weak mixing angle, sin® f,5. We notice very interesting regularity in these measurements.
All asymmetry measurements fall in two classes. Class A measurements where hadronisation
effects are not relevant for the final result and class B measurements where hadronisation effects
can not be avoided and can only be corrected with whatever understanding of these phenomena
we have. In each of these classes there is excellent agreement between LEP and SLC results.
However the two classes are distinetly apart by more than 3. We suggest that for precision
test of the standard model the class A measurements should be preferred.

During last few years the standard model has been subjected to wvery tight precision
tests through a variety of measurements at LEP and SLC on one hand and direct con-
firmation and further tests by another set of measurements at Tevatron on the other
[1, 2, 3]. An extremely important measurement at LEP/SLC has been the measurement
of the effective weak mixing angle parameier, sin®f.5'. Whereas in the case of LEP,
production of Z bosons takes place using unpolarised electron/positron beam, in the case
of SLC it happens using almost 80% polarised electron beam. For measuring sin® 6.4 the
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Higgs Mass Contributions

t
3
2 2 A2
L

Z.W




Softly Broken SUSY
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Corrections to the Higgs mass

m2Z T 0A ?)2 — mz%hys — 2,&2 -+ mgoft

S\ o i In(mz/my) grows as a log




State of mSUGRA




SUSY: Where to Look

“Sweet spots” 1n parameter space

Choi, et. al. (2004), Kitano and Nomura (2005)




Alternative phenomenology of
the Higgs

New couplings for the Higgs:




Alternative phenomenology of
the Higgs

New final states: \




Invisible Higgs

Ratio to SM rate
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Fermiophobic
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Only Searches so far...

Excludes:

h — invisible mp < 114 GeV
h— 99 my < 113 GeV
h— VV my, < 109.7 GeV




Non- sTandard nggs Decays

Limit on k

_ \/s =91, 183 :3.09 GeV

Observed
Expected
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Non-standard Higgs Decays

Most problematic decay:

h — N jets




Alternative phenomenology of
the Higgs

NMSSM (generalized):

Add a singlet superfield to the spectrum - helps add to the
Higgs mass and adds the possibility of
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Unified Gaugino Masses

M1 2429, ~ =
M, 3 % 2




Unified Gaugino Masses
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A Supersymmetric Standard
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Bounds on R-parity violation
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Smgle Stop Production
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Higgs decays with B-violation




Neutralino Decay




Neutralino Decay Length

)\// 100

107" |




Allowed Higgs Masses

Scanning My, Mo, p, tan 3




LEP I
Constraints
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R, 0.1721 +0.0030  0.1723
AYP 0.0992 = 0.0016  0.1038
AL 0.0707 = 0.0035  0.0742
A, 0.923 = 0.020 0.935
A, 0.670 = 0.027 0.668
A(SLD) 0.1513+0.0021  0.1481
sin’6°"(Q,) 0.2324 +0.0012  0.2314
m, [GeV] 80.425:0.034  80.383
r,[GeV]  2.133=0.069 2.092
m, [GeV] 174.3 £ 3.4 175.1
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Search for RPV SUSY (Delphi)

~ Excluded at 95%CL (UDD coupling)

R 10 tanfd




Search for RPV SUSY (Delphi)

~ DELPHI Vs = 192- 208 GeV

2 Excluded at 95%CL (UDD couphng)

' 1 10 tan|3




Search for RPV SUSY (Delphi)
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Squark Searches
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Squark Search with B-violation
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Squark Search with B-violation

DELPHI Vs = 192 to 208 GeV

—
stop (Z0 decoupling)

No sensitivity for
sbottoms
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Mixed to decouple from the Z boson




Light
Sbottoms
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Higgs to Light Sbottoms
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Higgs to Light Sbottoms
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Sbottom Mass Matrix

( m3 my(Ap + ptan 3) )

my(Ap + ptan B)x ms,




Slepton Bounds from
Neutralino Production

Vs = 206 GeV
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Lepton Number Violation




Typical Bounds on
Superpartners with B Violation

ER, iR, TR 04,85,70 (A)
88,65,65 (A)




R-parity preserving SUSY at
the LHC
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R-parity violating SUSY at the
LHC
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Conclusions

Did we miss the Higgs at LEP?

A Higgs which decays to a multi-jet final state happens in
SUSY parameter space and allows my, ~ mz.




