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8 Talks from Theorists, 
D0, CDF, CMS & 

ATLAS Experiments

• Good list of goals for whole workshop

• This week showed some progress

• A call to action

• Outlook



Program of Work

First draft of goals for  Higgs working group
During the lifetime of the workshop we would like to perform dedicated  studied that will allow us to answer the following questions:

• WH, ZH with H->bb: can we use what we have learned at  the Tevatron to make these modes more easily accessible at the LHC? 
• b-tagging: what have we learned at the Tevatron about tagging b’s and rejecting charm and light-quarks and gluons? 
• bb invariant mass resolution: how can we use our experience at the Tevatron to improve this at the LHC?
• Associated production of Higgs and ttbar: can we use our experience with top at the Tevatron to optimize this at the LHC? 
• Associated production of SUSY Higgs and b’s (at large tan beta): what have we learned from the Tevatron searches that can be applied to the LHC? 
• Vector-boson fusion: what have we learned about forward jets that can help us tag vector-boson-fusion processes at the LHC? 
• Higgs decay to two photons: what have we learned about photons at the Tevatron that can help us at the LHC?
• Higgs decay to WW-> leptons: can the Tevatron search  help us optimize this at the LHC? 
• Higgs decay to tau’s: what have we learned about taus at the Tevatron? 
• Advanced analysis techniques - how can our experience at  the Tevatron be used for Higgs at the LHC?
• Theory: what calculations can we do to improve our predictions  of signals and backgrounds at the Tevatron/LHC, as well as to improve our modeling? 
• Are there signals for standard model and non-standard Higgs that we have overlooked?

www-clued0.fnal.gov/~iashvili/TeV4LHC_higgs/higgs.html



Higgs Search Results 
from TeV + Outlook

• Gregorio Bernardi (reporting for both CDF 
& D0)

• Tevatron running very well now: better 
than design! D0 & CDF also running well.

• CDF & D0 have Higgs program under way

• Should have significant results by 2007
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Inclusive Production of 
H or Z with bb

• Fabio Maltoni and friends (T. McElmurry 
and S. Willenbrock)

• Higgs production in association with heavy 
flavor is important production mode for 
TeV and LHC, especially in MSSM

• Replace H with Z and measure this to get 
handle on Higgs production & background



Higgs production with bottom quarks

or

Keep the b massive and use the gg process for all three

studies. The b mass acts as an infrared cutoff and there

are no divergences. This is the 4 Flavor Scheme (4FS)  

This is the 5 flavor scheme.

One way: 

or the other:



Z       production with bottom quarks

or

Keep the b massive and use the gg process for all three

studies. The b mass acts as an infrared cutoff and there

are no divergences. This is the 4 Flavor Scheme (4FS)  

This is the 5 flavor scheme.

One way: 

or the other:

Z

Z
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b

b̄further complication



Z+1 b-jet: Tevatron



TEV4LHC project

Study heavy quark fractions in  Z inclusive production

theory: we can predict cross sections extremely well.

experiment: alternative approach, better sensitivity?
Why ?

theory:  NNLO calculation for  Z(QQ) is now 

available.

experiment: look at what CMS has done, compare 

with MC’s (Pythia, Herwig, SHERPA w/ CKKW), 

study feasibility at CDF and D0.

How ?



         at CDF

• Julien Donini (CDF)

• We want to use dijets of b to measure 
Higgs mass, but jet energy is complicated 
with presence of heavy flavor

• Need dijets of b with known mass to 
calibrate, hence 

• But very difficult to measure at TeV/LHC

Z → bb̄

Z → bb̄
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at ATLAS

• Bill Quayle (B. Mellado & Sau Lan Wu)

• Important channel for large range of 

• Introduced new discovery channel (+1j)

• Improved +0j channel

• Using TeV-style control regions

• Making good effort to be ready for ATLAS 
data coming from a real detector
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MSSM Higgs Search at 
D0: Results & Outlook
• Andy Haas

• First RunII result of direct MSSM Higgs 
search.  Sensitive to large tanβ due to 
enhanced bb-Higgs coupling

• Major progress on theoretical 
understanding of production mode this last 
year makes sensible experimental now 
results possible

• Still some 4f/5f concordance questions, but 
mostly solved
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Impact of Higgs width 
at high tanβ

• Marine Michaud (D0)

• Part of a very nice D0 MSSM Higgs search 
which is most sensitive at large values of 
tanβ

• The worry is that a wide Higgs at high tanβ 
will be more difficult to see at D0











SUSY Higgs: TeV4LHC?

• Sven Heinemeyer with friends (M Carena, 
C Wagner, G Weiglein)

• How can the TeV really help us with SUSY 
Higgs searches at the LHC?

• 1) Keep on truckin’ 2) Build on existing 
searches 3) Define new benchmarks         
4) Combine LEP+TEV SUSY Higgs limits



CPX Harder at TeVA’: However, one more thing . . .

Compare mt dependence:
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What the Tevatron can possibly do:
⇒ measure a small and accurate mt value

Sven Heinemeyer, Tev4LHC workshop, 29.04.2005 7



3. (A): b̄bφ, φ → b̄b/τ+τ−, φ = h, H, A

Latest result from D0 [hep-ex/0504018]
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Compare σ(bbφ) × BR(φ → b̄b) in mmax
h and no-mix scenario:

[M. Carena, S.H., C. Wagner, G. Weiglein ’99] [+ thanks to Fabio Maltoni!]
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Sven Heinemeyer, Tev4LHC workshop, 29.04.2005 13

Previous benchmarks had -μ which makes  
difference b/w “max” “min” at TeV

Change sign of μ in new benchmarks

Becomes



4. Conclusinos

• Idea I: Tevatron can cover “complicated” MSSM parameters

→ holes in CPX scenario with very light Higgs

⇒ very difficult for the Tevatron . . . W ∗ → H±h1 ??

(other issues: mt dependence, higher-order uncertainties, LEP/Tevatron

analysis . . . )

• Idea II: Define benchmarks ⇒ continuous Tevatron/LHC search

→ “optimistic”/”pessimistic” scenarios to show possible variation

in exclusion bounds

→ focus on Tevatron search channels

⇒ largest variation via ∆mb ∼ αs µ tanβ

⇒ large variation in exclusion bounds

→ b̄bφ → b̄b b̄b (also: t → H+b, gg → h, . . . )
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Call to Action
• Manpower/transition issues from TeV to 

LHC mean we can’t do everything we want

• Making good progress on (hopefully) most 
important issues, both theory & expt

• One more meeting, and then that’s the end 
of TeV4LHC workshop

• Start thinking about documented results 
now and start writing in Fall


