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Abstract

Over the last years the Tevatron Run-II has extended several limits on Higgs
boson masses and coupling which were pioneered during the LEP accelerator
operation between 1989 and 2000. Higgs boson searches will also be at
the forefront of research at the LHC. This review concisely discusses the
experimental constraints set by the CDF and D collaborations in winter
2008/2009 at the beginning of the LHC era. Model-independent and model-
dependent limits on Higgs boson masses and couplings have been set and
interpretations are discussed both in the Standard Model and in extended
models. Recently, for the first time the Tevatron excludes a SM Higgs boson
mass range (160-170 GeV) beyond the LEP limit at 95% CL. The experimental
sensitivities are estimated for the completion of the Tevatron programme.

Further reading arXiv:0903.4312
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Figure 1. Left: Higgs boson mass prediction in the SM framework. The upper SM Higgs boson mass limit
at 95% CL is 154 GeV. Center: smaller ellipse including LEP-2 and Tevatron data (solid line) prefers a region
outside the SM Higgs boson mass band (myg = 114 to 1000 GeV). The combined results from LEP-1 and SLD
only are shown separately (dashed line). Right: overview of SM measurements by CDF and DO, and indication
of the expected cross-section for a 160 GeV SM Higgs boson.
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Figure 2. Left: integrated delivered Tevatron luminosity. Right: expectation for 2010 data-taking.
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LEP Limits

Table 1. Summary of Higgs boson mass limits at 95% CL. ‘LEP’ indicates a combination of the results from
ALEPH, DELPHI, L3 and OPAL. If results from the experiments are not (yet) combined, examples which

represent the different search areas from individual experiments are given. Details are given in Ref. [1].

Search experiment limit

Standard Model LEP mpp > 114.4 GeV
Reduced rate and SM decay £2 > 005 my > 85 GeV
- 2> 0.3 my > 110 GeV

Reduced rate and bb decay €2 > 0.04 : my > 80 GeV
€2 >0.25: my > 110 GeV

Reduced rate and 7777 decay € >02: mp > 113 GeV
Reduced rate and hadronic decay € =1:myg > 1129 GeV
£ >03:my > 97 GeV

ALEPH €2 > 0.04 1 my ~ 90 GeV

Anomalous couplings L3 d, dg, Ag?, Ak, exclusions
MSSM (no scalar top mixing) LEP almost entirely excluded
General MSSM scan DELPHI my > 87 GeV. my > 90 GeV
Larger top-quark mass LEP strongly reduced tan /3 limits
MSSM with CP-violating phases LEP strongly reduced mass Iimits
Visible/invisible Higgs decays DELPHI my > 111.8 GeV
Majoron model (max. mixing) mus > 112.1 GeV
Two-doublet Higgs model DELPHI hA — bbbb : my, +ma > 150 GeV
(for Trax) TITTT T sy, + ma > 160 GeV

(AA)A — 6b : my, +mp > 150 GeV

(AA)Z — 4b 7 my > 90 GeV

hA — qqqq : my, + ma > 110 GeV

Two-doublet model scan OPAL tan 3 > 1 :my & my > 85 GeV
Yukawa process DELPHI C > 40 mpa > 40 GeV
singly-charged Higgs bosons LEP myux > (3.6 GeV
W=*A decay mode DELPHI myp+ > 76.7 GeV
Doubly-charged Higgs bosons | DELPHI/OPAL my++ > 99 GeV
eTe™ — eTe™ L3 hee = 0.5 1 myg++ > 700 GeV
Fermiophobic H — WW._ 727, ~~ L3 mp > 108.3 GeV
H — ~~ LEP my > 109.7 GeV

Uniform and stealthy scenarios OPAL depending on model parameters
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Production and Decay

SM Higgs production
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Figure 3. Left: expected SM Higgs boson production cross-sections at the Tevatron (1.96 TeV). Right:
expected Higgs boson decay branching ratios for a SM Higgs boson masses. At the Tevatron, bb and WW
decays are dominant, in addition the 777~ decay mode has a significant contribution.
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B-Quark Tagging
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Figure 4. Left: CDF impact parameter resolution as a function of pp for tracks traversing passive material
in vertex detector, with (blue dots) and without (red triangles) use of L0O hits. Center: DO impact parameter
resolution after the installation of a new vertex detector layer (LO), which improved the resolution by 40%.
Right: DO b-quark tagging performance for Z — bb and Z — qg events. The error bars include statistical and
systematic uncertainties.
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Figure 5. DO example of b-tagged event. Left: reconstructed tracks near the interaction point. Right: jets
clearly visible in the calorimeter.
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Z—>bb
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Figure 6. Left: CDF Z — bb signal extracted in double-b-tagged data, relevant for H — bb searches. Center:
CDF invariant mass of tracks at the secondary vertex for positively tagged jets. Right: DO F; distribution for
b-tagged jets of Z + jets events.

A.Sopczak, July 2009 8



Gluon Fusion gg>H->WW
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Figure 7. Left: gg — H(H — WW) signal and background processes. Center: indication of spin correlations
between final state leptons and W pairs, which lead to different dilepton azimuthal angular (A®y;) distributions
for signal and background. Right: DO A®) distribution for data, and simulated signal and background. A®y
is predicted to be smaller for the signal.
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Gluon Fusion gg>H->WW
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Figure 8. DO gg — H(H — WW). Left: Neural network output. Right: limit at 95% CL.
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Figure 9. CDF gg — H(H — WW). Left: Neural network output. Right: limit at 95% CL.
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Associated Production WH(H%bb)
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Figure 10. CDF WH(H — bb). Matrix Element and Boosted Decision Tree Techniques (ME4+BDT). Left:

single b-tagging. Center:

network analysis results.
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Figure 11. DO WH(H — bb). Left: single b-tagging. Center: double b-tagging. Right: limit at 95% CL.
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Associated Production WH(H->WW)
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Figure 12. CDF WH(H — WW). Left: comparison of simulated background and observed number of events
(110 GeV Higgs boson selection) for the Boosted Decision Tree (BDT) output. Center: comparison of simulated
background and observed number of events (160 GeV Higgs boson selection). Right: limit at 95% CL.
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Associated Production ZH—>llb
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Figure 14. CDF ZH(Z — (¢)(H — bb). Left: Z — £*(~ neural network output (2-dimensional) projection.
Mostly Z+jets and tt background. Center: Z — ¢~ neural network output (2-dimensional) projection. Right:
limit at 95% CL.
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Associate
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SM Higgs Boson Summary

Table 2. Summary of observed and expected limits (where available) as factor compated to the SM expectation
at 95% CL from CDF and D@. The note numbers refer to CDF and D@ notes, respectively.

Channel experiment | mpy i limit factor Reference
(GeV) | (tb™1) | obs. | exp. note

H—WW—/viv CDF 160 3.6 1.5 1.5 9500 [19]
) D@ 160 4.2 1.7 | 1.8 | 5871 [1§]

WH — lvbb CDF 115 2.7 5.6 | 4.8 | 9596 [20]
DO 115 Dol 6.7 | 6.4 | 5828 [21]

WH — WWW CDF 160 ik 25 20 7307 [22]
DO 160 3.6 10 18 5873 [23]

7ZH — ¢¢bb CDF 115 2.7 7.1 0 9.9 9665 [24]
DO 115 4.2 9.1 | 8.0 | 5876 [25]

7ZH — visbb CDF 115 2.1 6.9 | 5.6 | 9642 [26]
DO 115 2.1 7.5 | 8.4 | 5586 [27]

W/ZH, VBF, ggH CDF 115 2.0 31 25 9248 [28]
(H—1%717) DO 115 1.0 27 28 H883 [29]
H — vy CDF — 3.0 — — | 9586 [30]
DO 1156 4.2 16 19 5858 [31]

ttH CDF — 0.3 — — | 9508 [32]
DO 115 2.1 64 45 5739 [33]
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Combined SM Higgs Limits and Outlook

Tevatron Run II Preliminary Tevatron Run || Prellmmary, L=0.9-4.2 fb™
: — — . —

T p [ EREZ
ZHowh g WHoWWW i LEP ExcluSion A Tevatf on
DO261TbY e g CDF: 194 pb: = T Evalusia

0 CDE:319pb! pb W : Exclusion

----- Expected
Observed
#1o Expected
+2

WH->WWW
DO: 363-384 pb-

”—}W“m—)h’l\
DO: 300-325 phel

X WH—evbb

95% CL Limit/SM
S
95% CL Limit/SM
=

6002 Y2IEen

r DO: 382 pb'!
10 =ZH-vvbb H-WWOslvlv E
- CDF:289 pb! CDF: 360 pb! ]
' Summer 2005 1 1 B em ol
1 ! ] e R R KUK, Maschs,2000 ]
100 0 140 160 180 200 100 110 120 130 140 150 160 170 180 190 200

m,, (GeV) my(GeV/c?)
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Beyond the SM: bbh, bbH, bbA
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Beyond the SM: bbh, bbH, bbA

CDF Run Il Preliminary (1.9/fb)

0 95¢% C.L. upper limits CDF Run Il Preliminary (1.9/fb)

" 95¢ C.L. upper limits COF Run Il Preliminary (1.9/fb)

0
50 100 150 200 240 300 350
m,, (Gevic)

-- expected limit

M fgband
no loop corrections [ 2 band
SM-like Higgs, width neglected —  observed limit

- al ol
“ [ bbb

0 e b c T

% 600 B b q 180 g 180
0 sk B beh

0 B bgp

ﬁ m B ms130

c

9 3

]

-~ expected limit

0 I 1oband
m," scenario, u =200 GeV B 2 band
20 Higgs width included —  observed limit

m 120 4 180 18 00
2
m, (GeVic’)

0
100 120 14 160 180 200
2
m, (GeVic)

Figure 27. CDF. bbA(A — bb). Left: invariant mass of the two most energetic jets ma = 150 GeV. Center:
limits on tan 3 in the gereral Two Higgs Doublet Model (THDM). Right: limits on tan 3 in the MSSM for the

mhmax scenario.

DO Prelim., L=1.61 fb"' — DO Data
—Exp. bkg

— Heavy flav.
— Higgs Signal

3 jets exclusive

1 Low-mass LH

b 01 02 03 04 05 06 07 08 09 1

D

0‘1HH""||||H‘HII‘H\I|IIH‘\ wwwwwwwwwwwwww TT
DO Prelim., [=1.61 fiy"' — D0 Data

0.09 . . — Exp. bkg

0088 3 jets exclusive — Heavy flav.

007 High-mass LH — Higgs Signal

0.1 02 03 04 05 06 07 08 09

D

1

™o w  w  w ® M m
M, [GeVic]

Figure 28. DO. bbA(A — bb). Left: discriminant variable output, low-mass. Center: discriminant variable
output. high-mass. Right: limit at 95% CL.

A.Sopczak, July 2009

21



Beyond the SM: h,H,A->1t
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Beyond the SM: H* %w ,CS)
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Beyond the SM: H* (= 1tv,CSs)
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Beyond the SM: H* (-c¢s) and (—tb)
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Beyond the SM: H—>vyy
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Conclusions

Run-Il Tevatron limits exceed some LEP limits.

SM Higgs: Gluon fusion with WW decays, associated
production WH with bb and WW decays and ZH-> vvbb.
More recently ZH->1lbb, H=>vyy and tt>ttH.

Beyond the SM: bbA, H*, H**, h>yvy,171.

Collaboration of phenomenologists and experimentalists
crucial to fully exploit potential of collected data.

Sensitivity increase significantly faster than from
increased statistics alone. By end of 2010 the full SM
mass range will be covered up to about 180 GeV by 2 to
3 sigma.
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