r/'

Searches for BSM Higgs at
the Tevatron

[Luca Scodellaro
Instituto de Fisica de Cantabria — CSIC

On behalf of the CDF and D@ Collaborations

FN XLIV:Rencontres de Moriend on
rs A —\@QeEbrandiHightEnergyilnteractions

'ﬂh/ Larfhuile (Italy)




Introduction and-Otitlinme

 CDF and D@ experiments e
finally sensitive to SM Higgs | |

S e : Exclusion
AXKX ' =wsss  Expected i i i
S, e Qbserved | : ‘
Ao [ f1o Expected :
SLL 420 Expected o

=
Q
£
=10
. |
(¥
2
n
(=2}

D March 5, 2009
100 110 120 130 140 150 160 170 180 190 200
m,(GeV/c?)

» Neutral Higgs bosons

» Charged Higgs bosons

» Higgs bosons in nMSSM
» Fermiophobic Higgs



Neutral Higgs Bosons
in the MISSM
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Eﬁ’e Higgs Sector in the MISSM

 MSSM requires two complex doublet fields:
> One couples to up-type fermions, the other to down-type ones
» Eight dof; three absorbed by W/Z masses > five physical fields
> Three neutral scalars (h, H; A), and two charged (H*)
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» Neutral Higgs couplings to b
and T (down-type) goes as tan[3

» At tanp~1, h becomes SM-like

» At high tan[, processes involving
b quarks enhanced (~tan?3)
» A becomes degenerate with h or H

 Dominant decays into bb (~90%)
and tt (~5-13%)
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Updated D@ analysis

Look for ®°b—=>bbb in triple-tagged events

to reduce background

Event selection based on dijet kinamatics

likelihood

Use M, to set upper limits on ®° production

Combination with analysis on earlier data:

&% > bbb

®°->bb too hard due to QCD processes
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limits on oxBR

D& Preliminary (1-2.2fb ")
—=— Combined Exp.

—=— Combined Obs.

ox BR(¢p—77) (pb)

—— Runlla Exp.

—— Runlla Obs.

P’ > Tt

» Lower BR, but higher cross section
* Inclusive decays: ¢°>1.T, T,T, THT,
» Challenge: hadronic tdecay ID
» EM clusters and tracks, NN enforced
> Three type: T > v, m-mlV, M m-V
e Visible mass M. (t,+t,+£1) to set
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mM, 1 = +200 GeV
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MS5SM Higgs — 17 Search, 95% CL Upper Limit

* CDF result from 2007 100

E CDF Run Il Preliminary, 1.8 fi!
e Hadronic t reconstruction: £ —obseres
> One or three tracks from m* } “T cone” 'Egng
» EM clusters from m° (3-10°) g
> Isolation cone 30° g
» M_fit to set limits on 6xBR " ol sh i 0

m, (GeV/c?)
MEEM Higgs — 77 Search, 95% CL Exclusion M53SM Higgs — tr Search, 35% CL Exclusion
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d’b > TTth

» Lower cross section, but smaller background
* Search in ¢°b > T, T},,4b channel
» Multivariate methods to discriminate main backgrounds

» Kinematic NN to separate signal from tt events
> Signal/Back. likelihood ratio against QCD multijet production

* No excess, limits on oxBR(p°>tr)
» Improvement expected from other decay channels

Limit o(pp—h/H/Ab)xBR(h/H/A—11) (pb)
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Charged Higgs Bosons




\ 4 Searches for-rH==

e Search for tt > bH*bW- > besbl-v

» Sensitive to MSSM production if
tanp < 1and M, = 130 GeV/c?

* Dijet mass to separate H*>cs from
W=>qgq and backgrounds

* No excess, limits on BR(t> H*b)
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Template Distribution

M(di-jet) [GeV/c?]
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http://www-cdf.fnal.gov/physics/new/top/2008/tprop/ChargedHiggs/fig/higgs_diagram.jpg
http://www-cdf.fnal.gov/physics/new/top/2008/tprop/ChargedHiggs/fig/template_dist.gif

== Searches for H=

 Compute effects of t>H*b on yields of tt decay channels
» tt>bbaqgl¥y, tt>bbl* K, tt>bblt¥; channels studied
» Considered two scenarios for H* decays
> Tauonic model: H*>tv (MSSM with tanf3>>1)
> Leptophobic model: H:>cs (MHDM, SUSY at tan3<<1)
e Compare to observed events to set limits on BR(t>H*b)
> Exclusion regions on My -tanf3iplane

D@ Run Il Preliminary
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Higgs Bosons in the nMSSM




® Higgs Bosons in the nMSSM

» Add a singlet superfield to MSSM:

> Dynamically generated p-term: pH, H,
> Simplest SUSY model in which EW scale originates from
SUSY breaking scale only

 Two additional Higgs bosons: CP-even s and CP-odd a

o Lightest Higgs in nMSSM can be the CP-odd one:
> LLightest SMElike Higosidominantdecay: h=Saa

» Avoid LEP limit on M, if M_<am; :

> INoMinestunngoiundamentaliparametersFnecessary,
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» Counting events in 2D mass windows:
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* Looking in dimuon mass windows:

o(pP—h) x BR(h—aa) Limit (pb)




Fermiophobic Higgs




Fermiophobic Higgs

 Coupling to fermions null (or highly suppressed)

* Benchmark fermiophobic model:

» Most promising channels:



b~ WH > WWW*

» Look for events with same sign leptons
> WH > FI12E+X

 Also some sensitive to SH Higgs

» More details on SM Higgs talks

 Set upper limits on cxBR
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» Search for di-photon mass peak:

> Better energy resolution than jets (~3%)

e Strong cut PYY>75GeV:

> Background shape from sidebands
» No excess observed in mass spectrum:
> Excluded M <106 GeV/c2 @95%ClL in the benchmark model
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H- VY

Search for di-photon mass peak:
> Mass resolution ~ 3 GeV/c?

* Looser selection P;Y¥>35GeV:
» Backgrounds from MC and data

 No excess observed:
» Excluded M <102.5 GeV/c2 @957 CL

Events/5 GeV
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e
= Summary

» CDF and D@ are looking actively for Higgs bosons in

the context of physics beyond the standard model:
> Well advanced techniques

> Several limits and exclusion regions have been set

> No signal for Higgs production yet
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Backup Material
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The Tevatron Collider—

Collider Run Il Integrated Luminosity

8000.00

Tevatron performing very well: expected
6-8 fb= delivered by the end of 2009
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*The CDF and DO Experiments

Multipurpose experiments collecting data at high efficiency

> Muon chambers, EM calorimeter and tracking for lepton ID
> Calorimeters for jet reconstruction
> Silicon detectors for b'quark tagging

Calorimeters > Muon chambers

Tracking system




B Tagging

» CDF: reconstruct displaced vertices

With CUt On LX-Y/G Displaced tracks
> Vertex mass separation %
: y vertex

Jet

e DA: use NN to combine vertex _—

properties and displaced track info = ’?
: . Prompt tracks /
» Tag in 1|>2 region . /

SecVitx Tag Efficiency for Top b-Jets
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Loose SecVix
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h-Jet Efficiency (%)

o
&3

o
b

Top MC scaled to match data
Only b-jets with E>15 GeV
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 CDF result from Moriond 2008 COF Run Il Preliminary (1.9/fb)

- B tagging: reconstruct secondary vertex
»Cuton L, /o
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- Signal to background discrimination:
> Invariant mass of two leading jets
> Vertex mass information

Nﬂ"‘u
9
:
Ly
-
=
4]
g
g
>
(']

- NO excess.: limits on GXBR 0 250 300 350
. . . . 2
> €XC1USIOH region in the mhma" scenario m,, (GeVi/c®)

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

expected limit
1o band
2o band
observed limit

o(pp—H+b,,)xBR(H—bb) (pb)

iy
=]

expected limit

1o band
m, ™" scenario, 1 = -200 GeV 25 band

Higgs width included

observed limit

180 200 9 180 200
m,, (GeV/c?) m, (GeV/c?)




Searches for H-

* Look for H* production in top decays:

M,.=160 GeV

H* decays to
w
—F
—tb
—W'h°
——W'A°

Branching ratio

28
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