Higgs review @ 7 TeV
(SM, MSSM, NMSSM,...)

Roberto Salerno (LLR)

OUTLINE:
—The SM Higgs World
—The BSM Higgs World

I’m sorry, 1 will show a no exhaustive list of biased topics

CEA, Saclay, 2nd April 2010, CMS France



As you know, we started ...



CMS statement for the 7 TeV collisions

Geneva, March 30t 2010.

At 12:58:34 the LHC Control Centre declared stable colliding beams: the
collisions were immediately detected in CMS. Moments later the full processing
power of the detector had analyzed the data and produced the first images of
particles created in the 7 TeV collisions traversing the CMS detector

CMS Experiment at LHC, CERN
Data recorded: Tue Mar 30 12:58:43 2010 CEST
< | Run/Event: 132440 / 2731900
\| Lumi section: 124
{ Orbit/Crossing: 32261678 / 1




...ahd we know what we have to look for,

at least in the standard way ...



HIGGS BOSON

The HIGGS BOSON s

the theoretical particle of

the Higgs mechanism,

which physicists believe
will reveal how

1 the

universe gets its

mass. Many
scientists hope that

the Large Hadron
Collider in Geneva,

Switzerland will detect

the elusive Higgs Boson
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SM: Production and cross sections

SM Higgs production
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SM: Branching ratio

(M, < 145 Geq

H — bb
Dominant mode ... but crippling QCD
background
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SM: Branching ratio
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SM: Branching ratio
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SM: Mass range...

...and if Standard we prefer it light

Restore
unitarity

Electroweak
precision measurements

Direct searches at
LEP and Tevatron
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CMS have plenty of SM Higgs published
~._ prospective studies... but at |4 TeV...
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SM: Extrapolating from [4TeV to 7TeV

My HOBRY: EXTRAFPOLATING

AS YOU CAN SEE, RY LATE
NEXT MONTH YOU'LL RAVE
OVER FOUR DOZEN HUSBANDS,
BETTERGET A
_ BULK RATE ON
WEDDING CAKE.

1\

NUMBER OF
HUSBANDS

— Use only published results

— Assume the same signal and background efficiencies for 14 TeV and 7 TeV
efficiencies are actually a bit larger at 7 TeV

— Scale signal and backgrounds by the cross-section ratio at 14TeV and 7 TeV

— Assume the same systematic uncertainties, take into account different background

composition

— Limits are computed using Modified Frequentist (CLs) method



Counting in a 4l-mass window

SM: H—ZZ/WW/yy

CMS Preliminary: projection for 7 TeV, 1 fb'

Mar 17 2010

H—ZZ [de, 4y, 262y]
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I 95% CL exclusion: 68% band
95% CL exclusion: 95% band

————— 95% CL exclu'lsion: mean (no sys)

200 400

Three sub-channels: 4e, 414, 2e24

I = Oggonct/Osm

Counting in a mass window
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Counting above a MVA-output cut :
Three sub-channels: 2e, 24, ep | Excluded range:
 150-185 GeV

Combing the 3 channels the CMS SM Higgs
expected excluded range is 145-190 GeV

We are going to competitive with TeVatron
but our main channel is based on a MVA-
analysis



... but if we will look for something
no standard that has
a standard topology ...



4th generation (l)

* Sequential 4™ generation of fermions
* Main constraints:
* Invisible Z width at LEPI: M, ,>50 GeV

e Direct searches at TeVatron: M ,>256 GeV
» LEP2 bounds for unstable v4 : M, ,>100 GeV

* Additional quarks enhance by x3 ggH coupling

H

* Higgs production cross sections:
*gg—H enhanced by ~x9!
*VH and VBF remain at SM rate

Branching Ratio

* Higgs decay BRs:
*H— gg significantly increased at low mass
*H—=WW dominant mode for m>135 GeV
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4th generation (ll)

=
* Reinterpretation of SM high mass searches: *
* Consider gg—=*H—=>WW signal only
* Extend mass range to 260 GeV
* Re-optimize analysis (relax A cuts, retrain NNs)
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* Assuming a 4" generation of fermions
masses beyond currently experimental
bounds:

§130<mH<21o GE\'/'N

is excluded at 95% CL

Ref: CDF Note 10101, D@ Note 6039



Fermiophobic Higgs

In Two Higgs-Doublet Models (2HDMs) two
complex scalar doublets are postulated and five
Higgs bosons are predicted

Assuming no Higgs couplings to fermions

In this case, the BR(h—YY ) is much bigger than the
SM one

Same coupling to W and Z bosons as in the SM case ~

but in the low mass region the BRs increase

The LEP/TeVatron YY results provide strong
limits on the production of a fermiophobic
Higgs

Ref: D@ Note 5880-CONF

Branching ratios for h®

1E = T
: wWH* HH
0.1F e
kel %1
E *ﬂ
o0 | 1\
£ 001 i E
= £ i\
Q Lo Al
c% N : \»\’\b
8 Vg i
/& § —
0.0001 i N L L
0 50 100 150 200 250 300
M[h°]
1i 1 . Y
- 9, 4.2 fb' preliminarys
107
~ C
o -
= B ‘
o L e -
m [ e —— Observed Limit
oL ™ --e-- Expected Limit
107 NLO prediction
- [ J Expected Limit + 10
B [ Expected Limit £+ 2 ¢
. 2 DG, 1.1 b’
v LEP
10.3”|‘ T RN raniriri RSN RS AR R A
80 90 100 110 120 130 140 150
M, (GeV)



NMSSM searches

In the altered Higgs sector two additional pseudo-scalar Higgs bosons (s and a) are added

h —aa dominates

If ma < 2m+y, dominant decay aa = PYPUH
If 2m+ < ma < 2my, look for: aa = PUTT
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Ref: Phys. Rev. Lett. 103, 061801 (2009)



... but if we will look for something
no standard that has
a standard topology but not quite ...



Neutral MSSM Higgs (41+MET)

o If sparticles (X,°) are light enough so that SUSY decays of Higgs become kinematically allowed

there are low tanP regions of mMSUGRA parameter space where A/H in 4lI+MET channel has a
sizable yield:

Focus on the decay of H/A in two next to lightest neutralinos (),°)

Consider neutralino decays in two leptons plus missing E (LSP ,°)
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| UEPér limits on the production cross-section can easily be established with | fb-! 7 TeV data'

Ref: C.Charlot, R.Salerno,Y. Sirois [J. Phys. G34 (2007) N|-N12]




Doubly charged Higgs (4| but charge)

* The analysis searches for doubly-charged
Higgs H** bosons occur in models that have
Higgs triplets

* The Higgs triplet(s) may couple to lepton
fields via Yukawa couplings which are not
constrained to be small since they are not
involved in the mass generation

* The analysis is looking for two pairs of SS
leptons or one pair of SS lepton and
another additional lepton

It is almost a background free analysis and no
evidence for a signal can been easily observed

;Ah upper limits on the pfoductirorn cross- |
@ section can be established with O(300pb-')
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... but if we will look for something
no standard that has a
no standard topology ...



Heavyish Higgs (2I/41+jets)

The model contains a 200—300 GeV Higgs boson h with Standard-Model like properties, and
heavy CP-even and CP-odd Higgs bosons H and A with masses in 500-800 GeV range

Discovery potential of H and A in the decay chains H—2hh—4V and A—Zh
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Hidden Higgs (lepton jets)

A Hidden Higgs is light and has been produced at LEP, but was missed because of
exotic decays
Appealing scenario:
* The precision electroweak fit favors a light Higgs
* A heavy Higgs leads to the SUSY fine tuning problem

Lepton jet

The Higgs can produce lots of leptons together
with missing energy, even in the simplest U(I)
model

Multilepton searches are not sensitive to lepton
jets because they demand well-isolated leptons

h — Lepton Jets

o
0

Lepton jets are much narrower than QCD jets
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Conclusions

For the SM Higgs boson @ 7TeV with Ifb"! of integrated luminosity CMS is
going to be competitive with Tevatron, putting experimental limits more
stringent than the actual ones

In the BSM Higgs world, looking for something with a standard/quite standard/
no standard topology will allow us to exclude(discovery) models

Very exciting time is just around the corner ...



... finger crossed that the following figures ...
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... might be very soon ...



Photon Pairs / 0.005 TeV
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Final states to search/exclude...

... a multilepton example
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