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Outline

● Why we should expect a more complicated Higgs sector

● Tevatron searches: MSSM (h/H/A, H+-), NMSSM

● LHC prospects

● Conclusions
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Hierarchy Problem:
Radiative corrections to mH depend 
quadratically on new physics scale

Possible “solutions”:
1) New physics at TeV scale:
   SUSY, Technicolor, ...
-> More complicated Higgs sector!

2) Quantum gravity scale is ~TeV:
    Large extra dimensions

3) Oh well, we're just really lucky!
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MSSM Higgses
Two Higgs doublets: Hu and Hd

5 Higgses: h, H, A, H+/-

tanB -> ratio of Hu/Hd VEVs
– If large could explain mt/mb ~35

At large tanB, degenerate h/H and A (φ):
– Production cross-section goes like tan2B!
– BR(φ->bb)~90%,  BR(φ->ττ)~10%,  BR(φ->μμ)~0.03%

~tanB φ
τ

τ

  Tevatron:
● φ->ττ
● bφ->b(ττ)
● bφ->b(bb)

  LHC:
● φ->ττ
● bφ->b(ττ)
● φ->μμ
● bφ->b(μμ)
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Tevatron and LHC Data

2002

~7/fb

Run I lumi
100/pb

~90% data eff.
at D0 and CDF

Tevatron to deliver ~12/fb by 2011

Many BSM Higgs analyses only using 
first ~1/2 of data so far...

LHC has data!
~10/μb, mostly at .9 TeV 
and some at 2.36 TeV 

(Tevatron delivers ~100/μb 
each second !)
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Tevatron φ->ττ
Require at least one leptonic tau decay

Use visible mass :
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D0 bφ->b(ττ)
D0 has an orthogonal search requiring an additional b-jet

Requires one muonic tau decay

NN against tt, LH against multijet
Discriminant: D = NN x LH

Comparable sensitivity
to φ->ττ channel
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Tevatron bφ->b(bb)
At least 3 b-tagged jets
Large multijet background: 
  Estimate from 2 b-tagged data and MC
Composition: 
  Sec. vertex mass (CDF) 
  Fit to multiple b-tagging criteria (DØ)

Look for peak in dijet mass

Comparable
to φ->ττ
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MSSM Combination
Same machinery as for SM

Combine across D0 channels:     And for φ->ττ between D0/CDF:

Reaching interesting tanB~35 range
tanB limit ~ L1/4  (factor 2 more lumi lowers tanB by 1.2)
With full Tevatron lumi, sensitive down to tanB~20
Ruling out SM-like Higgs < ~135 GeV would be another constraint...
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LHC MSSM Prospects for φ->ττ
ATLAS and CMS consistent
7/10 TeV are 10% effects until high mass

ttbar background at high mass

Tevatron

100/pb? 2/fb?TeV

Signal
region
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Approx.
Tevatron

φ → ττ

ATLAS also studies φ → µµ
● BR to muons is 300 times smaller!
● 0 and 1 b-jet channels: b(φ) → b(µµ)

Comparable sensitivity to φ→ ττ
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ντ

τ+

Η+

Tevatron Charged Higgs Searches
Look for t->H+b decays
H+->τντ~100% instead of W+->τντ ~10%

CDF also has search for H+->cs (low tanB)
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LHC Charged Higgs Searches

t->H+b decays

LHC makes large
sensitivity improvements
with just 1/fb...

LHC is a top-factory!
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Going Beyond the MSSM...
“Little Hierarchy Problem”
MSSM prefers a light “h” ~ 95 GeV

... but LEP says mh>114.4 GeV !

Possible solutions:
1) Coupling to Z is reduced
    or BR(h->bb) is reduced
-> More complicated Higgs sector than MSSM...

2) We just happen to live in a world with large stop mixing!

b
b
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D0 Higgs Searches in NMSSM
New very light pseudo-scalar : “a”
h->aa decay dominates

2mμ < ma < 2mτ:
Search for h->aa->4μ

Two pairs of collinear muons
 (look for two mu+track pairs)
Backgrounds: Multijet, Z->μμ+jets

Limits: BR(a->μμ)<7%
Constrains ma range in NMSSM

MC signals
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D0 Higgs Searches in NMSSM
2mτ < ma < 2mb:
Search for h->aa->2μ2τ
 (lower BR than 4τ, but cleaner)

Backgrounds: Multijet, γ*+jets, ...
Look for peak in Mμμ

Exclude 1-2x expected cross-section
2 sigma excess at 4 GeV!
Tevatron could cover full ma range
LHC will be competitive with ~100/pb...

OPAL search for Zh(->4τ): mh>86 GeV
Recent preliminary ALEPH search extends to mh>~100 GeV

Mh=100 GeV
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Going Even Further Beyond...

● CP violating Higgs(es)
● Invisible Higgs
● Technicolor
● Higgsless models
● Little Higgs
● Hidden Valley
● ...

Leave no stone unturned!

Active LHC studies ongoing in all 
these areas and more...
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Conclusions

Hopefully the Higgs sector will be richer than the SM's...

Experiments mostly focused on SUSY Higgs so far
● Tevatron MSSM searches 

– exclude H/A down to tanB~30, for small masses
– some H+ at large tanB

● LHC will extend to much higher masses and lower tanB, 
starting with ~1/fb of data (2011?)

● D0 NMSSM searches start to exclude, LHC will be more sensitive

 And we're ready for the unexpected!

Non-SM Higgs discovery  –  a great start to a revolution!
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Backup
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Supersymmetry offers a beautiful solution 
to the hierarchy problem...

= 0

Gauge coupling unification: Radiative EWSB, Dark matter, ...
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CDF H+->cs Search
Low tanB search 
H+->cs dominates for mH<~130 GeV

Look at di-jet mass of jets from top decay
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Monte Carlo!Monte Carlo!
M_a=0.2143 GeVM_a=0.2143 GeV
M_h=100 GeVM_h=100 GeV

h aa 4μ→ →

Beamline

Muon detectors
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D0 Higgs Searches in NMSSM
New very light pseudo-scalar : “a”
h->aa decay dominates

2mτ < ma < 2mb:
Search for h->aa->2μ2τ
 (lower BR than 4τ, but cleaner)

Backgrounds: Multijet, Z/γ*+jets, ...
Look for peak in Mμμ

μ μ

ττ pair MET

Loose
electron

Few tracks
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CP Violating Higgses
MSSM, but now CP-even h/H can mix with A

Combine SM-like + non-SM searches
Should be able to cover full parameter space?

Tevatron LHC

arXiv:0911.0034
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What About Low  tanB ?
Very tough, only ~SM-like production cross-sections

● Some hope for gg->H->γγ/WW/ZZ ?  Needs study!
● Can we ever see φ->tt?  SLHC?

γγ
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