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Higgs Searches at the Tevatron

Higgs searches at the Tevatron collider are reaching maturity, both in the high 
mass as well as in the low mass region.

By the end of next year, the luminosity will be high enough to probe the 
existence of the Standard Model Higgs boson on a large range of masses.

The question is what is that range and what kind of sensitivity improvement will 
that demand

Moreover, what would that imply for well motivated models like the MSSM ?

The LHC will eventually surpass the Tevatron capabilities, but in the meantime, 
we should be able to make use of the available data and profit from the 
information we can extract from it.  

Also, the Tevatron is searching for the Higgs in bottom quark decays, something 
that the LHC may  be only able to do applying sophisticated methods.

This also raises the question : Is it worth to continue running the Tevatron after 
its planned shutdown at the end of 2011 ?

T. Plehn’s talk
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Interesting enough, if a Higgs were there, one would expect, in 
average                         .    However, observed distribution is 
very broad  and the statistical significance is 

Robs = Rexp + 1
2/Rexp

Conclusions 
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•! Great results in both low 
and high mass sectors!

•! SM Higgs exclusion in the 
range 160-170 GeV @95% CL!

•! Stay tuned for further 
Tevatron improvements in 
Higgs searches!

•! Better than 3xSM 
sensitivity at all masses 
below 190 GeV !

•! 2.4*SM @115 GeV!

Tevatron High Mass Combination 
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We exclude SM Higgs in mass range 160-170 GeV at 95% CL!
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CDF and D0 combination:!

•! Not just "2 factor, many systematics are correlated 
between experiments !

•! Combined using Bayesian and CLs methods – similar results!

Thank you everyone in TeV !
Higgs combination group! 

http://tevnphwg.fnal.gov/results/SM_Higgs_Winter_09/ 

Very recent news:

Tevatron sets the first
significant bounds on a heavy

Higgs boson

Higgs with SM properties, in mass range

160–170 GeV is excluded at 95% C.L.
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Current Tevatron Experimental Status
Tevatron already probing high mass region
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                        Run III at the Tevatron: Higgs Sensitivity

HIGGS SEARCH CHANNELS AT THE TEVATRON

7

http://www-cdf.fnal.gov/physics/exotic/r2a/20040722.lmetbj_wh_tc/

Multiple channels from CDF and 
DZero can be put together to give a 
combined sensitivity S in units of 
Gaussian standard deviations. 
Approximately add in quadrature.
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efficiency improvement of 50% in the bb̄ and W+W−
channels will be necessary to reach

the exclusion limit achieved with 10 fb
−1

and a 25% increase in efficiency. If only 25%

is gained in efficiency and 7 fb
−1

in luminosity, the same exclusions will apply at 90%

C.L.

We emphasize that our näıve combination leads to a conservative upper limit on

the R parameter, up to about 10% larger than that presented by the experimental

collaborations in some ranges of Higgs mass. Furthermore, it does not include the

possible effects of new search channels. For example, one channel not included in our

analysis is the h → γγ from D∅, which, from the results of Ref. [34], would improve the

näıve combined bound on R by up to 1.5% in the 120−140 GeV mass range. Therefore,

our improvement factors imply upper bounds on those required for large coverage of the

SM Higgs mass range.
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Figure 1: Individual channel and combined constraints on RSM at 95% C.L. from
CDF. The orange curve gives the näıve analytic combination.

It is clear from Figs. 1- 3 that Higgs masses near 125 GeV will be the most difficult to

probe. It is essential in this region to include constraints from both bb̄ and W+W−
decay

channels. As a test of the strength of the W+W−
limit in the low mass region, in Fig. 4

we plot the limit in the SM and in a modification of the SM where the Higgs coupling to

down-type fermions is highly suppressed, leading to an enhancement of the branching

ratio to W+W−
. This scenario arises in a certain window of MSSM parameters. We can

see from Fig. 4 that the bound is quite strong (R95 � 2 for 120GeV� mh � 170GeV)

even without any improvements in efficiency or luminosity.

6

Comparison of Simple Combination  of Channels
with CDF Results. Ratio R for exclusion

Applicable to new model in which all channels rescale in the same way.

P. Draper, T. Liu and C. Wagner’09
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Basic Numbers for 2011 Projections 

4

Additional improvements ongoing, eg. !! channels -> projections 
typically done with 50% improvements. 
CDF and D0 each have about 7 fb-1 of analyzable data at present, and 
are gaining data at >2fb-1/yr.  Expect to have about 10 fb-1 apiece by 
the end of 2011. 

Efficiency Improvements in the low Mass Region
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Figure 3: Combined constraints on RSM at 95% C.L. from CDF, D∅, and the com-
bination of the two. Also presented are projected limits after increasing
the luminosity to 10 fb−1 and including 25-50% efficiency improvements.

the bb̄ constraint. On the other hand, when the τ+τ− data is taken as a limit on the
gluon fusion production channel, the constraint from the CP-odd and nonstandard CP-
even Higgs bosons can be quite strong [25],[26]. These particles have tan2 β enhanced
production rates through loops of bottom quarks, and so the rescaling factor relative to
the SM can be significant if they are sufficiently light. In the following, when we refer
to the τ+τ− constraint, we mean this constraint coming from the nonstandard Higgs
search.

Our strategy will be as follows: we pick benchmark scenarios for all the MSSM
parameters except for tan β and mA, which are the dominant parameters affecting the
Higgs signal. We scan over the (mA, tan β) plane, calculating the spectrum and the scal-
ing factors σSM,iBrSM,i/(σMSSM,iBrMSSM,i) for all channels. The masses and branching
ratios are computed numerically using HDECAY [34], and in particular the numerator is
calculated at the Standard Model Higgs mass equal to the mass of the CP -even MSSM
Higgs in the intermediate state (we checked that similar results are obtained by using
CPsuperH [35]). Finally we read off the expected R

95
SM,i from the CDF and D∅ plots and

use Eqs. (4.13) and (3.12) to compute the value of R
95 at each point in the parameter

space.
As emphasized before, we will first present our results for the constraints from the

SM-like Higgs search channels and the gg → h, H → τ+τ− nonstandard search channel
separately. This will demonstrate the capabilities of the separate searches in covering
the MSSM parameter space. At the end we will combine the constraints to see the

8

Prospects for Higgs Searches at the Tevatron

P. Draper, T. Liu and C. Wagner’09

Running for two years more, the Tevatron should collect more than 10 fb−1

With expected detector/analysis performance, mH < 185 GeV may be probed.

Saturday, May 15, 2010



                        Run III at the Tevatron: Higgs Sensitivity

Prospects for SM Higgs Searches at the Tevatron

8
CDF+D0 multi-channel combination. WH->bb dominates 
at 115 GeV, gg->H->WW dominates at 160 GeV. Both contribute in 
intermediate range.
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Theory uncertainty
March 2009 mLimit = 163 GeV

Measurement Fit |Omeas−Ofit|/σmeas

0 1 2 3

0 1 2 3

∆αhad(mZ)∆α(5) 0.02758 ± 0.00035 0.02767
mZ [GeV]mZ [GeV] 91.1875 ± 0.0021 91.1874
ΓZ [GeV]ΓZ [GeV] 2.4952 ± 0.0023 2.4959
σhad [nb]σ0 41.540 ± 0.037 41.478
RlRl 20.767 ± 0.025 20.742
AfbA0,l 0.01714 ± 0.00095 0.01643
Al(Pτ)Al(Pτ) 0.1465 ± 0.0032 0.1480
RbRb 0.21629 ± 0.00066 0.21579
RcRc 0.1721 ± 0.0030 0.1723
AfbA0,b 0.0992 ± 0.0016 0.1038
AfbA0,c 0.0707 ± 0.0035 0.0742
AbAb 0.923 ± 0.020 0.935
AcAc 0.670 ± 0.027 0.668
Al(SLD)Al(SLD) 0.1513 ± 0.0021 0.1480
sin2θeffsin2θlept(Qfb) 0.2324 ± 0.0012 0.2314
mW [GeV]mW [GeV] 80.399 ± 0.025 80.378
ΓW [GeV]ΓW [GeV] 2.098 ± 0.048 2.092
mt [GeV]mt [GeV] 173.1 ± 1.3 173.2

March 2009

Tevatron testing the region preferred by SM Precision
Electroweak Data
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Tevatron also testing region of Higgs Masses 
consistent with SM extrapolation until high scales
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Supersymmetry
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Loop Corrections to Higgs boson massesLoop Corrections to Higgs boson masses

!! Most important corrections come from the stop sector,Most important corrections come from the stop sector,

     where the off-diagonal term depends on the stop-Higgs trilinear     where the off-diagonal term depends on the stop-Higgs trilinear

     couplings,     couplings,

!! For large CP-odd Higgs boson masses, and withFor large CP-odd Higgs boson masses, and with

     dominant one-loop corrections are given by,     dominant one-loop corrections are given by,

!! After two-loop corrections:After two-loop corrections:
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            Okada, Yamaguchi, Yanagida; Ellis et al, Haber et al. ’90

Carena, Espinosa, Quiros, C.W.’95; Haber and Hempling ’96; Heinemeyer, Hollik, Weiglein’98 

M m mS Q U= =

M.Carena, J.R. Espinosa, M. Quiros, C.W. ‘95
M. Carena, M. Quiros, C.W.’95

Mass of the SM-like Higgs h 
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Figure 2. Comparison of the diagrammatic two-loop O(m2
t h

2
t αs) result for mh, to leading order

in mt/MS [eqs. (46) and (47)] with the “mixed-scale” one-loop EFT result [eq. (49)]. Note that

the latter now includes the threshold corrections due to stop mixing in the evaluation of mt(MS) in

contrast to the EFT results depicted in fig. 1. “Mixed-scale” indicates that in the no-mixing and

mixing contributions to the one-loop Higgs mass, the running top quark mass is evaluated at different

scales according to eq. (48). See text for further details. The two graphs above are plotted for

MS = mA = (m2
g̃ + m2

t )
1/2 = 1 TeV for the cases of tan β = 1.6 and tanβ = 30, respectively.

16

Standard Model-like Higgs Mass

Carena, Haber, Heinemeyer, Hollik,Weiglein,C.W.’00

Xt = At − µ/ tanβ, Xt = 0 : No mixing; Xt =
√

6MS : Max. Mixing

Long list of two-loop computations:  Carena, Degrassi, Ellis, Espinosa, Haber, Harlander, Heinemeyer, 
Hempfling, Hoang, Hollik, Hahn, Martin, Pilaftsis, Quiros, Ridolfi, Rzehak, Slavich, C.W., Weiglein, Zhang, 
Zwirner
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Radiative Corrections to Flavor Conserving Higgs Couplings

• Couplings of down and up quark fermions to both Higgs fields arise 
after radiative corrections. 

 

• The radiatively induced coupling depends on ratios                                   
of  supersymmetry breaking parameters
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Figure 1: SUSY radiative corrections to the self-energies of the d-quarks

We show that the usual approach of calculating tanβ enhanced FCNC (Flavor Changing
Neutral Currents) effects in the Kaon sector does not agree with the exact results one finds
in the limit of flavor independent masses. Thus, we develop a perturbative approach that
leads to agreement with the exact result in this limit. Finally we study the effects of the
phases of M1, M2, M3 and µ on ∆Ms, BR(Bs → µ+µ−) and εK in the cases of uniform and
split squark spectra.

We shall emphasize the implications of the present bounds on BR(Bs → µ+µ−) for future
measurements at the Tevatron collider, both in Higgs as well as in B-physics. In particular,
we shall show that the present bound on BR(Bs → µ+µ−) leads to strong constraints
on possible corrections to both ∆Ms and the Kaon mixing parameters in minimal flavor
violating schemes. Moreover, we shall show that this bound, together with the constraint
implied by the measurement of BR(b → sγ) leads to limits on the possibility of measuring
light, non-standard Higgs bosons in the MSSM.

This article is organized as follows. In section 2, we define our theoretical setup, giving
the basic expressions necessary for the analysis of the flavor violating effects at large values
of tan β. In particular, we show how the first order perturbative expressions in the CKM
matrix elements are inappropriate to define the corrections in the Kaon sector where higher
order effects need to be considered. In section 3 we show the implications of the constraint
on BR(Bs → µ+µ−) for the mixing parameters of the Kaon and B sectors in the large tanβ
regime. In section 4, we explain the implications for Higgs searches at the Tevatron. We
reserve section 5 for our conclusions and some technical details for the appendices.

2 Theoretical Setup

2.1 The resummed effective Lagrangian and the sparticle spec-
trum

The importance of large tan β FCNC effects in supersymmetry has been known for sometime.
The finite pieces of the one-loop self energy diagrams lead to an effective lagrangian for the

2

tanβ =
v2

v1

Xt = At − µ/ tanβ � At ∆b = (Eg + Eth
2
t ) tan β
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g

g

b

b

H,A

g

g b

b

H,A

Non-Standard Higgs Production

Associated Production

Gluon Fusion

gAbb � gHbb �
mb tanβ

(1 + ∆b)v
, gAττ � gHττ �

mτ tanβ

v

QCD:  S. Dawson, C.B. Jackson, L. Reina, D. Wackeroth, hep-ph/0603112
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σ(bb̄A)×BR(A→ bb̄) � σ(bb̄A)SM
tan2 β

(1 + ∆b)
2 ×

9
(1 + ∆b)

2 + 9

σ(bb̄, gg → A)×BR(A→ ττ) � σ(bb̄, gg → A)SM
tan2 β

(1 + ∆b)
2 + 9

• Searches at the Tevatron and the LHC are induced by production 
channels associated with the large bottom Yukawa coupling.

• There may be a strong dependence on the parameters in the bb search 
channel, which is strongly reduced in the tau tau mode.

Searches for non-standard Higgs bosons
M. Carena, S. Heinemeyer, G.Weiglein,C.W, EJPC’06

Validity of this approximation confirmed by  NLO computation by 
D. North and M. Spira, arXiv:0808.0087
Further work by Mhulleitner, Rzehak and Spira, 0812.3815
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 CDF Higgs Search Results

Saturday, May 15, 2010



]2 [GeV/cAm
100 120 140 160 180 200

ta
n

10

20

30

40

50

60

70

80

90

100

Excluded by LEP
Observed limit
Expected limit

 1 !Expected limit 
 2 !Expected limit 

=+200 GeV"no mixing, 

 -1Tevatron Run II Preliminary, L= 1.8-2.2 fb

]2 [GeV/cAm
100 120 140 160 180 200

ta
n

10

20

30

40

50

60

70

80

90

100

Combination of  CDF and D0                                         
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Relevance of Combination of Channels

As we have seen, the Tevatron has the potential to probe the 
Standard Model in all the allowed region of the lightest MSSM      
CP-even  Higgs mass.

There are regions of parameter space, however, where this Higgs 
boson present significant departures from the SM behavior

In particular either the production cross section or the branching 
ratio into bottom quarks can be suppressed

When this happens, there tend to be other light Higgs bosons which 
can give significant signatures, or alternatively, additional decay 
channels of the same Higgs boson, like the 

In this talk, I will combine in quadrature the significance of different 
channels for the SM-like Higgs.  At some point, we will combine it 
also with non-standard sources,  even when coming from different 
Higgs boson sources. I show the relevance of these combinations.

ττ or W+W− modes

Saturday, May 15, 2010



                        Run III at the Tevatron: Higgs Sensitivity

Maximal Mixing Scenario (SM-like Higgs Searches)

13

h is still SM-like, 
lighter, and hbb 
enhanced

h is SM-like and 
heavy (decoupling)

2011 Run IIIEnd of 2011 End of 2014

Expected Sensitivity Maximal Mixing Scenario
P. Draper,  T. Liu and C.W. ’09  + M. Carena’10

Saturday, May 15, 2010



                        Run III at the Tevatron: Higgs Sensitivity

Maximal Mixing (Nonstandard + SM-like Higgs Combined Reach)

14

tan ! 
enhancement of 
gg->" through 
b-quark loop
and bb" 
associated 
production

For large mA, the 
production of the 
non-SM higgs is 
suppressed.

2011 Run III

Combination with Non-Standard Higgs channels

End of 2011 End of 2014

Maximal Mixing Scenario : More than two sigma sensitivity in all parameter 
space if running continues.  Three sigma obtain in large regions of parameters

Saturday, May 15, 2010
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Minimal Mixing Scenario (SM-like Higgs Searches)

15

relatively 
small SM-
like Higgs 
mass -> 
stronger 
constraints

2011 Run III

Minimal Mixing Scenario
P. Draper,  T. Liu and C.W. ’09  + M. Carena’10

2011
2014

Even with only SM channels and 2011 run, 2 sigma sensitivity is achieved in 
most parameter space. Evidence may be achieved with further running.  

Saturday, May 15, 2010



Combination with Non-Standard Higgs channels
P. Draper,  T. Liu and C.W. ‘09

                        Run III at the Tevatron: Higgs Sensitivity

Minimal Mixing (Nonstandard + SM-like Higgs Combined Reach)

16

For large mA, the 
production of the 
non-SM higgs is 
suppressed.

2011 Run III

2011

Combination enlarges the region where evidence may be
achieved in a considerable way 

2014

Saturday, May 15, 2010



Minimal Mixing Scenario
P. Draper,  T. Liu and C.W. ‘09

Somewhat weaker results in maximal 
mixing scenario. Fifty percent increase 
necessary for interesting coverage.

Interesting contribution from WW when 
bb coupling suppressed.

Interesting coverage
in minimal mixing scenario,
even for a reasonable 25 percent
increase in efficiencies in the low 
Higgs mass region.

Saturday, May 15, 2010



ArgM3 = 0◦, ArgAt,b,τ = 0◦

ArgM3 = 140◦, ArgAt,b,τ = 140◦

                        Run III at the Tevatron: Higgs Sensitivity

CPX Scenario

34

!  Three representative cases (M3 = soft mass of gluino): 
a.  

b.  

c.  

! CPX benchmark scenario (M. Carena et. al ’00):

ArgM3 = 90◦, ArgAt,b,τ = 90◦

MS = 500 GeV, |At| = 1 TeV,
µ = 2 TeV, M1,2 = 200 GeV,
Ab,τ = At, |M3| = 1 TeV.

P. Draper, T. Liu, C.W.’10

Saturday, May 15, 2010
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CPX Scenario: SM-like Higgs Searches

35

Weak due to the 
large tan ! loop 
suppression of 
the H2bb 
coupling. Large 
µ effect.

H1 NS, H2 CP-
odd, H3 SM-like. 
Weak due to the 
opening of 
H3-> H1H1

H1 SM-like, H2 
mostly CP-
odd, H3 mostly 
NS CP-even

H1 CP-odd, H2 
SM-like, H3 NS. 
phase effect.

P.D., T. Liu, C. Wagner,

arXiv: 0911.0034

2011

CPX Scenario SM channels
P. Draper, T. Liu, C.W. ’10

Similar to situations described in           
J. Gunion and R. Dermisek talks
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                        Run III at the Tevatron: Higgs Sensitivity

CPX Scenario: SM-like Higgs Searches

36

P.D., T. Liu, C. Wagner,

arXiv: 0911.0034

Run III

2014

CPX Scenario SM channels
P. Draper, T. Liu, C.W. ’10

Saturday, May 15, 2010
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CPX Scenario: Combined Sensitivity

37

b-mediated 
production 
suppressed, 
!! decay 
enhanced.
 -> effects 
cancel

2011 Run III

CPX Scenario. Combination of Channels
P. Draper, T. Liu, C.W. ’10
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Constraints on SUSY Breaking Models

M. Carena, P. Draper, T. Liu, C. Wagner and G. Weiglein, in preparation
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Behavior in specific models are governed, by the scale of squark 
masses, the relative values of                ,  as well as by the value of 

In the CMSSM, for instance

Closer to minimal than to maximal mixing unless A0 is large.

Here the top Yukawa factor refers to the ratio with respect to its IR 
fixed point, of order 2/3.  Additional bottom Yukawa factors appear 
at large           .   In addition,       is not small and         diminish for 
large values of 
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Constrained MSSM: Scan over GUT-scale values for common soft scalar 
mass m0, gaugino mass m1/2, trilinear coupling A0, and tan beta. 

Run to EW scale and look at Higgs sector reach.

Minimal Gauge Mediation: Scan over...
-messenger scale Mmess where SUSY-breaking is communicated to the MSSM  
-SUSY-breaking vev scale Λ~<F>/<S> (soft masses ~ !Λ/4")
-number of messengers Nmess in complete SU(5) 5+5 reps
-tan beta 
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CMSSM

Even for very large values of the squark masses, combining all Higgs 
search channels, the CMSSM  may be probed if Tevatron continues 
running. Evidence found in large regions of parameters

M. Carena, P. Draper, S. Heinemeyer,T. Liu, G. Weiglein, C.W. ’10
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Minimal Gauge Mediation

Results in Minimal Gauge Mediation similar to the case of the 
MSSM.  Complete coverage at the 2 sigma level for  the case of 
continuous Tevatron running. 

M. Carena, P. Draper, S. Heinemeyer,T. Liu, G. Weiglein, C.W. ’10
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I think this shows that the Tevatron can still add very interesting 
information on Higgs searches, both in SM as well as in non-standard 
channels.  

There is a clear complementarity with early LHC searches in both the  
high mass region as in non-standard Higgs boson searches. 

An extended run will further strengthen this capabilities, leading to 
possibilities of discoveries before the LHC developes its full potential.

I will therefore request in the same way as Higgs, in his recent visit to 

Fermilab demanded, supported in mass by the large audience, crowding 

the Fermilab auditorium

P. Draper, T. Liu, C.W. ’10
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Conclusions

Search for Higgs bosons in the low mass region will be very challenging, both 
at the Tevatron as well as the LHC

At the Tevatron, additional luminosity as well as efficiency improvements are 
necessary to fully probe the region of masses below 140 GeV

If expected efficiency improvements are implemented, Tevatron can probe the 
whole region consistent with SM precision electroweak measurements

Intermediate mass region around 130 GeV remains, however, challenging, and 
this translates to other well motivated models like the MSSM

An extended run will allow to test the whole mass range with relative 
comfort, as well as to ensure the necessary manpower to implement the 
necessary improvement in the analyses

These improvements will not only serve to probe this well motivated region, 
but could allow us to find evidence of the existence of a Higgs decaying into 
bottom quarks. Prospects for discovery, although still weak, are also enhanced.
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There is also the fact that you remain sensitive to 
many other search channels, beyond the Higgs 

As John Lennon once stated

Life is what happens to you when you are busy 
making other plans
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