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Full detector simulation and event reconstruction
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Low luminosity £=2¢10%3 cm2s’!

(5 mini-bias events / bunch crossing,
in- and out-of-time pile-up)

J £=30-60 fb-!

Main MC event generator: Pythia

VERY FORWARD
CALORIMETER

=

Multi-parton final-states also with
CompHEP, MadGraph, Alpgen
tt production also with TopRex

Tau decays with Tauola —

Total Weight  : 14,500 t.
Overall diameter: 14.60

Large QCD multi-jet cross-section: I i
M Overall.length $2160m SUPERCONDUCTING CoIL

- generator level preselection Magncfed 4 Teska

- factorise efficiencies of independent selection cuts

- large samples with fast simulation

PDF: event generation with CTEQSL, systematics with CTEQ6.1M

3 NLO background cross-section (where available)
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5 Higgs bosons: h, H, A, H, H
Tree level parameters: m,, tanf}

Tree level masses: m2, =1/2-(m> + m2 Fl(m? + m2)> = 4-m? - m? - cos*(28)
m®, = m? + m?

Q9 QO 4 Q

...couplings:
hdd ~ - sina/cosf = sin(f—a)-tanB-cos(f—-a) huu ~ cosa/sin 3= sin(fS— o)+ cotf-cos(ff— o)
Hdd ~ cosa/cos B = cos(ff— a)+{tan B} sin(f — ) Huu ~ sina/sin = cos(f3 - a)—@:- sin(f— a)
Add ~[tan f8 Auu ~cot B
Hud ~m {tan B} (1+ y) + m -cot B-(1-y)

= H*tv enhanced for large tanf3

3 Decoupling limit (m, >>m, and |cos(B-a)l<1):
m, ~my ~m,. >>m,
huu ~ hdd ~1 (SM like)
Add ~ Hdd ~ tan
Auu ~—-Huu ~ cotf

= Enhancement of bbH/A and H/A—zt for large tanf3
3 Leading radiative corrections from (s)top and, at large tanf3, (s)bottom sector

3 Cross-sections, branching ratios calculated by FeynHiggs2.3.2
EPS HEP 2007 G. Pasztor: BSM Higgs @ CMS 3
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Production
m:<m,: from top quark decay [o(tt)y; ;=840 pb]
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3 Principal discovery channels for heavy MSSM Higgs at large tanf3:
3 H/A—tt in associated bbH/A production
7 H*—7v in tt or associated tbH* production

Light H*

Background:
j+1: QCD

: , « Background: tt, W+3j
1+j: tt, Z/y", bbZ/y", (Wt) _ _ g : J
e+u: tt, (Wt, Z/y") Background: tt, (W+3j)

No mass reconstruction
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O T-jet or lepton (e,u) trigger (isolation, p cut)

3 t-identification against hadronic jets (vertex reconstruction, impact parameter
measurement)

3 Single b-tag to suppress Drell-Yan, QCD multi-jets, WHjets processes
3 Central jet veto against tt background

3 W and top mass reconstruction (to veto leptons from W in tt—I1+jet, to
reconstruct the final state in H* search)

0 Missing E. reconstruction (neutrinos from Higgs or tau decay)
3 Higgs mass reconstruction (M™ or M, TET™")

A Systematics dominated searches: measure systematics from data
see e.g. bbZ—bbll [CMS Note 2006-099], Z—tt [CMS Note 2006-074]

3 Typical efficiency: <1%

EPS HEP 2007 G. Pasztor: BSM Higgs @ CMS 7



Higgs mass reconstruc

3 Assume T decay products collinearly emitted N%
3 E." from missing E; =
3 z-component from n of charged objects 3
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3 Typical mass resolution: 20% go@g-
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3 Studies with full detector simulation and event reconstruction of principal
discovery channels in MSSM at low luminosity:

3 bbH/A, H/A—vt with all possible Tt final states considered

3 Light H*—7v with lepton trigger

7 Heavy H*—7v in fully hadronic final state (almost background free)
A Discovery potential with 30 fb! established

3 bbH/A: reach extending down to m,=200 GeV, tan=13

0 H*: weakest potential m,=110 GeV at tanf=10
light and heavy H* search potential meet at m,=130 GeV and tanf3=28

3 SM Higgs searches reinterpreted in MSSM (h—yy, qgh/H—=qqtt) cover the low
and intermediate tanf3 region

3 More realistic (LO ME) simulations of tt+jets events and inclusion of b-tagging
systematics shows no sensitivity for heavy H*—tb with single lepton trigger

3 Searches systematics dominated, work ongoing on how to best use the first
data to understand the backgrounds and the systematics

EPS HEP 2007 G. Pasztor: BSM Higgs @ CMS 15



MSSM:

3 bbH/A, H/A — uu (CMS Physics TDR, vol. 2; CMS AN 2005/033)

3 bbH/A, H/A — bb (CMS Note 2006-080)

a3 Zh,Z — 1I, h = bb (CMS Note 2006-063)

3 H/A — x%x°% — 41 + E;mss (CMS Note 2006-125)

A Invisible Higgs decay in VBF (CMS AN 2006-060, CMS Note 2003/033)
3 h — bb in SUSY cascades (CMS Note 2006-090)

Randall-Sundrum extra dimensions:

3 Radion — hh — yybb, ttbb, bbbb (CMS Note 2005-007)

Double charged Higgs in Littlest Higgs model:

7 H"H~- — 4u (CMS Note 2006-081)

7 H"H~ — nu + (4-n)t, n=1-3 (CMS Physics TDR, vol. 2; CMS AN 2006-081)

EPS HEP 2007 G. Pasztor: BSM Higgs @ CMS 16
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3 Reconstruct t-jet by iterative cone algorithm in -
(AR=0.4) around calorimeter jet, E;>40-150 GeV

J Leading track in AR_=0.1 of t-jet, p>10-35 GeV
(p/E{%¢>>0.8 for heavy H* search)

3 Quality cuts on leading track (#hits, %2, [P:<0.3 mm)

3 Signal cone AR =0.04-0.07 around leading track
with 1 or 3 tracks

Tracker 1solation: no track with p>1 GeV between
AR, and AR;=0.4-0.5 cones

Tau direction from sum of track momenta

a

Energy correction using MC calibration (single t-jets)
Opposite charge for T candidates (for H/A — 1)

Electron rejection, e.g. E;m**(HCAL cell)>2 GeV,
0.2-0.35<EHCAL/pleading<] 1-1.5
(upper cut against g-jets rich in neutral hadrons)

9 4 g Q

EPS HEP 2007 G. Pasztor: BSM Higgs @ CMS

H/A — tt — etjet search:

Efficiency: 15-35%

Purity: 96-98%

Background suppression:
0.27% for QCD

Heavy H*—7tv search:

Efficiency: 12-24%

Purity: 98.5-99.8%

Background suppression:
1.65% for QCD

18
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Non-t-jets reconstructed with iterative cone algorithm (AR=0.5)
Energy correction using MC calibration (low lumi QCD multi-jets, y+jet)

bbH/A: soft b-jets in E; with flat distribution in n:
<40% signal events for m,=200 GeV have b-jet with E;:>20 GeV and |n|<2.4

Only single b-tag and veto events with additional central jets to suppress tt

Track counting: at least N(=2-3) tracks with (2D transverse or 3D) impact
parameter significance (>2)

efficiency (H/A—tt—Wj, m,=200-500 GeV ): 17-26% (purity: 95%)

67% for tt, 46% for Wt, mistag 1% for W+jet, 3% for Z/y*
Combined secondary vertex based algorithm: information from track impact
parameter significances, topological and kinematic vertex variables (charged
multiplicity, invariant masses, energy and rapidity of particles, 2ndary vertex
significance)

efficiency (H/A—tt—¢j, m,=130-500 GeV ): 30-37%

69% for tt, 59% for Wt, mistag 3% for W+jet, 2% for Z/y*

Heavy H*—tv search 7 Efficiency "] bfromt— bW | b from tbHE q from W — qq
Track counting 63.4% £0.40% 54.8% 24.4% 14.9%
Combined 2ndary vertex | 61.7%=+0.31% 60.9% 25.6% 8.4%

EPS HEP 2007 G. Pasztor: BSM Higgs @ CMS 19



CA

~ Higgs mass

3 Assume T decay products collinearly emitted
(for m,>200 GeV, y>m,/2*m_> 59

7 E;¥ from missing E;

3 z-component from m of charged objects
3 Ad(t,,T,)<I75 degree

J E >0 (large inefficiency)

A Typical mass resolution: 20%
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S0 discovery reach:
dependence on systematics
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bbH/A—bl

Offline tau: ) 1P 1

) ) g ! | bbH, m ,=500 GeV
O Iterative cone algorithm (AR=0.4) = oasl; | — 6BH, m, 200 Gev
3 Full tracker isolation el 1--- 24 m>120 Gev
7 1 or 3 tracks in tau cone s bb

S oalil Wi
O tau direction from sum of track momenta :

. . . . Tt
A Calorimeter energy with MC calibration 021 G we
Background rejection: 0563040608 1 12141618 2

cut on E”CAL/p"":f

0 Leading track p>10 (20) GeV for 1-(3-) prongs _ .
3 Opposite charge of tau leptons Background estimate from data, non-Z/y":
- : : e invert electron veto cut: f< 0.1
3 Single b.—tag. >2 tracks with S(IP;)>2 O N 2N <O (021 NT<O.1
3 Central jet veto (E;2*>20 GeV, n|<2.4) bkg™ Tobs
mis : , * ratio from MC or tt data
O mp(u-E;™%s)<60 GeV against W’s « systematics 12.4%:
3 Electron veto for 1-prongs 0.2<Eyca;/Ecading track<!-1 3% HCAL energy scale,
(upper cut against events rich in neutral hadrons) 12% shape of distribution
M_, reconstruction (assuming v’s collinearly emitted with t): - e
3 120 < O(py",EP®) < 175 deg e cross-section from DY 11 measurement
J E,>0,E >0 * 8% (15%) systematics for Tt (bbtr):
0 Mass window (159-241 GeV for M,=200 GeV) 6% (3% jet scale, 5% E™s5),

[Resolution: 21, 16% for M ,=200, 500 GeV] 5% b-mistag for T,

14% cross-section (bbll measurement)
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| 3 Production: gb—tH* (LO) or gg—tbH* (NLO)
issue: merging the two processes in full simulation

3 Final state: ttb(b)—=WWbbb(b) —qqlvbbb(b)

7 Signal: muon + 3 or 4 b-jets

3 Background from tt+jets including b-jets

3 Selection: 12000}
J muon with p>20 GeV, |n|<2.5 10000?—
3 5 or 6 jets with p;>25 GeV, n|<2.5 8°°°§— _
3 3 or 4 b-jets with P,>1.0 or 0.5 sooop |
3 kinematic fit (W and top mass constraint) converge ::Z: :
3 Selection of optimal jet association (based on kin. ok

fit, b-tagging, kinematics of b-jet from H)

— tH+/- Signal (x200) |
- .-t - ttb/ttj Background

0.10.20.30.405060.70809 1
Combined Likelihood Ratio

3 Likelihood ratio (b-tagging and for ttb case kin. fit,  ase0f

jet kinematics)

WL i Ui I IRRARE RARES
—— ‘tbH+/- Signal (x100) ]
TR tfjj__+ttbb Background ]

2000 —
7 No mass reconstruction 1500k
A Systematics: 1000k
O b-tagging efficiency: 5%, mis-tag: 5-10% ook
7 Theoretical uncertainties on tt+jets cross-section 00: )
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