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j "ggs Beyond the Standard Model

J nlikely that only broken symmetry is Electroweak symmetry
= Even without new symmetries a new Higgs triplet is required to obtain

Majorana neutrinos

=SM Higgs searches at the Tevatron focus on a few scenarios
Supersymmetric Higgs particles (5 Higgs’s in MSSM)

liggs triplets inspired by see-saw and L-R symmetric theories
rmiophobic Higgs

Dromising signatures:

WIS HY — 1, bb(H? — bb), tt = W*bHTb
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Supersymmetric Higgs

8 MSSM requires two complex doublets
= One couples to up-type fermions, the other to down-type fermions
= Ratio of vacuum-expectation-values is “tanp” parameter

Hwight degrees of freedom
L Three go to * and Z° masses
Five physical scalars: three neutral (h’, H’, A%) and two charged (H*)

i ‘s_determined by pseudoscalar mass (m,) and tanf3

ically m, <m, <m, and m,, ~m,
anf ~ 1, light Higgs / is SM Higgs
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Higgs at High tanf3

= Down-type fermion processes enhanced by tan2f

= Tevatron cross sections can increase from O(pb) to O(100 pb) b

0]
02 =i
b R
b
2 SM
L 10} _
N gg+bb->H
10-1 M
el via top loop
10-3; bB"H
af 4
10 . . : 10 — . .
100 200 300 400 100 200 300 400
M, (GeV) M, (GeV)

April 9, 2008 - Chris Hays, DIS 2008 4



Higgs at High tanf3

Degeneracy occurs
at high tanf between
A and h (m <100 GeV)
or H(m 2100 GeV)

H -
Non-degenerate scalar
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€100 | 5 :
50 L tanp=2 h | High tanf3: Higgs decays
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Analysis hinges on tau reconstruction

L] ’au identification: Reduce dijet and W+jet backgrounds
- = No energy in region surrounding tau cone (isolation)

" Track counting and charge assignment

[au energy resolution: Maximize significance of mass peak
B Combine track momentum and EM calorimeter energy
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'CDF Search for Higgs — Tt
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@DF Search for Higgs — 1t

MSSM Higgs — tt Search, 95% CL Upper Limit 100 MSSM Higgs —tt Search, 95% CL Exclusion

T 20 | ©blF Run [l Preliminany 1.8 o
80
70
60
50
40
30
20
10 faax no mixing

100

CDF Run Il Preliminary, 1.8 fb'

L L L Lilll

= Observed

----- Expected

" 16 band
20 band

10

tan B

] |I|T|||I
L vl

100 120 140 160 180 200 220 240
m, (GeV/c?)
7] MSSM Higgs — 1t Search, 95% CL Exclusion

o(pp—~$+X)-BR($~17) (pb)

) IIIIIIIl

Lo 1

I BT I N | I [ (I ST T NI I .
100 120 140 160 180 200 220 240 S CDF Run Il Preliminary, 1.8 fb:
m, (GeV/c?)

0.1

no mixing

tan B
3

u>0 _

no mixing

100 120 140 160 180 200 220 240
m, (GeV/c?)

April 9, 2008 ris Hays, DIS 2008



e neural network for tau identification
arch for peaks in mass reconstructed from visible tau decay products

D@ Preliminary, 1.0 fb™!
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" DO Search for Higgs — Tt
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SecVix Tag Efficiency for Top b-Jets

. Less important at highest tanp3 due to intrinsic Higgs width

| *DF Search for bbH — bbbb

CDF Run Il Preliminary
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CDF Run Il Preliminary (1.9/fb)
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“;DQ Search tor bbH — bbbb
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Higgs Triplets

Higgs SU(2)y, triplet provides see-saw mechanism
'7 Occurs naturally in left-right symmetric models
= [0 has large vacuum-expectation-value (v, ~ 10! GeV) and couples to v,V
ass matrix has small Dirac term ~m, and eigenvalues ~m /v, m,
[T couples to [*v and A couples to [*/* 0 m,
Supersymmetric LRSM can have O(100 GeV) Higgs triplets

oly charged Higgs pair-produced at the Tevatron
gle production possible but highly suppressed
ature of mass peak in like-charge leptons has small background

const .aints: couplings <0.1 for my ~ 100 GeV
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C .éarch for Doubly Charged Higgs
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D® Search for Fermiophobic Higgs

H — yy enhanced in fermiophobic models

= DO searches for fermiophobic Higgs produced via gluon fusion, vector-boson
fusion, and associated production

n Use neural network for photon identification

Gluon fusion search: t B jwze
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DO Search for Fermiophobic Higgs

Vector boson fusion/associated production search:
require diphoton system to have p, > 35 GeV
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Summary

Higgs physics does not end with the SM Higgs boson
= Electroweak symmetry may not even be broken by SM Higgs!

eyatron exploring many possibilities for Higgs beyond the SM

Supersymmetric Higgs
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