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Introduction

Main channel of neutral MSSM
Higgs boson production at LHC

o b-quark radiation off: gb — b®
e | atest mass measurement . .
o gluon-gluon fuison: gg — bb®

my = 125.8 £ 0.4(stat.) £0.4(syst.) GeV o d=HhHA
e Consistent with a Higgs boson.
But which the Higgs boson have

e Discovery of a new Boson was
announced on the 4 of July

e tan?f3 enhanced cross section

we observed? e Light CP-even h Higgs boson as
o SM? MSSM? NMSSM? 'SM’ one at large Mu
¢ Higgs sector of MSSM e Degeneration of A, H states at
o 5 scalars: 2 CP-even (h/H); large Mx
1 CP-odd (A); 2 charged (H*) e The current analysis of
© @l N | L o all-hadronic and semileptonic
tanp = v/ va; Ma channels at
o /s =7 TeV data recorded in
2011 in CMS
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All-hadronic signature

All-hadronic channel

e Events with 3 leading (highest-pr) jets to be b-tagged

e Signal as a peak in invariant mass distribution of the two leading jets

(Mi2)
e Background mainly from multijet QCD composed of
o events with 3(2) b- jets and 1 mistagged c/u/d/s/g- jet

e Contributions from tt, Z + jets < 1%

) [(omw)  © Signalyield from 2D fit on M
[ e ] [ ] [ ] versus X123 *

btag
efficiency Templates
functions
Background - Signal
Model Templates
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All-hadronic trigger and event selection

All-hadronic trigger and event selection

Triggering events
e accept events with
o 2 leading jets with || < 2.6 and pr pr > 46,38(60,53) GeV accordingly
o b-tagging jets
o 2 Higgs boson mass scenarios: Low(Medium)
o recorded integrated luminosity 2.7fb~"(4.0fb~")
Selection of events

e at least 3 reconstructed jets with || < 2.2, pr > 46,38,20(60,53,20)
GeV

e with minimal separation AR > 1 between two leading jets

e 3(2) leading jets pass tight CombinedSecondaryVertex btagging
selection
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All-hadronic background

Background model

o 02m YR LA AR @ Modeling background in
2 212* — Low-Mass Scenario triple-btagged data sample
s e Bb)b E
£ oa4af :I | — Ecb;b E o take selected double-btagged
) i o r E data events
oosk | - bbX 3 o bbX, bXb , Xbb with untagged
o.oe? :i é X jet
22‘2': E o weight event-by-event by
R T TR = 2 b-tagging probability of the
50 100 150 200 250 300 350 400
My, [GeV] assumed X flavor
2 07T ‘C‘M‘Sj:)_ﬁa"dL;:ﬁjA:’;ﬁ:7TE§ o 2D templates My2 versus Xq23 to
206[ Low-Mass Scenario model background
% o5 . Egg;g 3 o Xq23 based on Mass of reco
= sk — (@b)b E Secondary Vertex ( SV ) to provide
e } { — bbB I - .
Osi | bbX E additional separation between b-, c-
TE :— E and udsg- jets
0.2 i = q
P = o 5 templates, after merging
E = E templates close in shape
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I
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Semileptonic signature

Semileptonic channel

e Search of MSSM Higgs Signal in events

o with 3 leading (highest-pr) jets to be b-identified

o with at least one non-isolated muon

o as a peak in invariant mass distribution of the two leading jets (M2)
e Background

o multijet QCD composed of events with 1 or 2 b-tagged jets

o contributions from tt,Z + jets < 1%

o data-driven estimation based on double/single-btag-data sample in

control region

CMS 2011, L = 4.8 fb*\S =7 TeV. CMS 2011, L = 4.8 b, VS = 7 TeV
3 o rCMS 201L, L = 48 NS ST Ty 3 4500 SEERAC
g 16001~ Semileptonic Analysis | S Semileptonic Analysis
- [ Low-Mass Scenario 1 <, 4000} Medium-Mass Scenario
2 1400 3 £
2 t o ] £ 3500
a a ] o
1200f 4
] 3000|
1000[~ 3
B 2500]
800E 3 2000|
600~ ! 1500
4001~ | 1000|
200 5 500
T Y IR RNTE SETTE A | bt (e R
50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
M, [GeV] M,, [GeV]
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Trlggenng events and event selection

Event selection in semileptonic channel

e Triggering requires

muon with pr > 12 GeV

either 1 or 2 jets with pr > 20(30) GeV and |n| < 2.6
1 or 2 leading jets online b-tagged

total recorded integrated luminosity 4.8fb™"

e Offline selection

[¢]

o

(¢]

(¢]

at least 3 reconstructed jets having
e |n| <26, pr>30,30,20 GeV
at least one muon with pr > 15 GeV. to be in one of 2 first leading jets
minimal separation AR > 1 for all pairs among 3 leading jets
b- identification of 2(3) leading jets
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Introduction

All-hadronic channel

Systematic uncertainties

e systematic uncertainties on the expected signal and background

I. Marfin

estimates

o affect the cross section estimation

Semileptonic channel

Systematic uncertainties

o consequently its interpretation within MSSM (*)

Results

Conclusions

Source [ All-hadronic  Semileptonic | Type
Trigger efficiency 10% 3-5% rate
Online b-tagging efficiency 32% - rate
Offline b-tagging efficiency 10-13%" 12% shape/rate
b-tagging efficiency dependence on topology 6% - rate
Jet energy scale 1.4-6.8% 3.1% shape/rate
Jet energy resolution 0.6-1.3% 1.9% shape/rate
Muon momentum scale and resolution - 1% rate
Signal Monte Carlo statistics 1.1-2.6% rate
Integrated luminosity 2.2% rate
PDF and o5 uncertainties 3-6%* 2.7-4.7%* rate
Factorization and renormalization QCD scale 6-28%"* rate
Underlying event and parton showering 4%* rate
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Results. Signal extraction

e All-hadronic channel

e Signal estimation from a fit of Ny (fig Tesig + X figy Thga)

® Tsig(bgd) - cOrresponded 2D templates in Mi2— and Xi23— space
e The fit results for low-mass scenario

CMS 2011, L =27 fb",Ns =7 TeV CMS 2011, L=27 fb" NS =7 TeV.

P T T P T e e @ 70000 T :
3 E All-Hadronic Analysis | s £ All-Hadronic Analysis
S 18000 (2 Low-Mass Scenario & £ Low-Mass Scenario
g F KNg = 12171111 3 60000~ ® N = 1211111
£ 16000 3 F
I E ] £
@ 14000 3 50000
2000~ 3 L
! E E 40000
10000~ - L
a000f- E 30000
6000 3 20000
40001~ | E
E ] 10000
2000 E
%50 100 150 200 250 300 350 400 450 500 o o 1 2 3 4 5

M,, [GeV] X,

No significant deviation from background
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Results. Upper level 95% CL limit on ¢ x Br

e combination of all-hadronic and semileptonic channels
o all-hadronic case: remove common to semileptonic events

e CL criterion to determine 95% CL limit on signal contribution
o using RooStat s package

Fit w/ Signal @ Mg, = 200 GeV

CMS 2011, L=2.7-4.8 fb", /5= 7 TeV

CMS 2011, L=2.7-4.8 fb, IS = 7 TeV
g =) 800f T T T = 103
21000k @ = = 95% CL upper bounds. = 95% CL upper bounds
< 8 700F —— Observed 4 28 —— Observed
z 1 —  Median expected 1 Median expected
12000 s s
2 §600 B 10 expected range & BN 10 expected range
10000f % 500 20 expected range z 10%E 2 20 expected range
8000 400
6000 300 10
200
40001
100
2000
okl |
o = 100 150 200 250 300 350 l100 150 200 2! 300 350
50 100 150 200 250 300 350 400 450 500 M, [GeV] M, [GeV]
My, [GeV]

e observed upper limit ranges from 312 pb at My = 90 GeV to 4 pb at
My = 350 GeV
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Results. MSSM interpretation

e MSSM mJ"® benchmark scenario.
o Msysy =1TeV, Xt(b) = 2Msysy, 4 = +200 GeV, Mz = 800 GeV, Mp, =
200 GeV, M3 = 800 GeV
e Results as functions of the MSSM parameters M4 and tanf3
O Combination of all-hadronic and semileptonic channels
e @ u=+200GeV
e @ u = —200 GeV with limits set by Tevatron and LEP
o The 95% CL bound on tanf varies from 18 to 42

CMS 2011, L=2.7-4.8 fb%, VS = 7 TeV. CMS 2011, L=2.7-4.8 fb%, /5 = 7 TeV

@ 70 @10
8 8 o
8
7
6
5
A
3
10 ™™ 2  MSSM ™ scenario
1= +200 Gev 10E | | msSH e 3
0 L L 0 Il L
T00 450 200 250 300 550 T00 150 200 250 300 350

M, [GeV] M, [GeV]

MSSM limits from the analysis supersede Tevatron results
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Summary and conclusions

e Search for a Higgs boson decaying into pair of b quarks produced in

association with one or more additional b-jets

o First time at LHC

o Highest sensitivity for MSSM bounds in (tanf3, Ma) space

Total integrated luminosity of 2.7 — 4.8 fb~! collected in 2011 at
\/s=7TeVin CMS

No observed signal above SM expectation

Upper level 95% CL limit on pp — b® + X, ® — bb ¢ x Br in 90-350
GeV range

MSSM interpretation in m™® scenario in terms of bound in the space
of My and tanf3

Excluding a region of parameter space previously unexplored for this
final state
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Backup slides

Backup slides
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Conclusions

Introduction All-hadronic channel Semileptonic channel Systematic uncertainties Results

Event reconstruction

e The CMS particle-flow event reconstruction
o optimized reconstruction and identification of particles in the event
e Reconstructed primary vertex
o the largest ¥ p% of associated tracks
Reconstructed jets
o anti- k7 algorithm with R = 0.5
o Pileup subtraction
Reconstructed muons

o a global track fit

o track-candidates from
e inner silicon tracker
e outer muon system

e |dentification of b- quark
o Combined secondary vertex (CSV) algorithm
o Likelihood discriminant based on track impact parameter and secondary

verices in a jet
e CSV>0.89
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Introduction

EventBtag

0.25,-EMS lenulano

All-hadronic channel

S=7TeV_ttevents
T T T

Semileptonic channel

B=0 |B=1
0.20F

%

i,

secondary

3 4 5

EventBTag =T12 + T3

T12=0ifB1+B2<2
TI12=1if2<sB1+B2<3
T12=2ifB1+B223

T3=0ifB3<2
T3=3ifB3=2

ertex mass [GeV/c?]

Systematic uncertainties Results Conclusions

e EventBtag

(¢]

o

based on Mass of reco
Secondary Vertex(SV)
provide additional separation
between b-, c- and udsg- jets

e SV distributions divided in 3
bins

(@]
[©]

MSV: [Oa 1 )1 [1 72)1 [2700)
Defined variables

o Typ for 15t and 2™ leading jets
o T; for 3™ leading jet
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Background estimation for semileptonic channel

e Background determination
o two data-driven methods: Matrix method and Nearest-neighbor

method on exlusive data regions
o requires control region (CR) of background enriched data obtained with

e two Likelihood discriminators in mass scenarios: Mg < 180 GeV and

Mgy > 180 GeV

e Matrix method e Nearest-neighbor method

® uses double-b-tag (bbj) ® uses single-b-tag (bjj) and triple-b-tag
control data-sample region (bbb) CR(train)/SR(test) of

® \eights My, event-by-event data-sample
with probability of 3 jet to be ® parametrizes event kinematics by
b-tagged: variables x; with probabilities w; to pass
Py=¢gp-fy+ec-foteq-(1—fp—1c) selection

® quark fractions f from the fit of ® weights Mj» event-by-event with
2 templates in CR Popp = N';’;@gz | DP = ¥ w2 (xfest — xtrain)2
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Results. Signal extraction in semileptonic channel

e Semileptonic channel
® Signal extracted as My = Mm% — mPg?

® The predicted background with an expacted signal for two Higgs boson masses Mg, = 120,180

GeV at tanf = 30 for medium-mass scenario

Low-mass scenario Medium-mass scenario
CMS 2011, L = 4.8 fb’. V5 = 7 TeV. CMS 2011, L =48 fb 5 =7 TeV_
3 TR o e R R e
£ Semiteptonic Analysis J @ 1500F Semileptonic Analysis
O . 4 O n ]
O 2500 Low-Mass Scenario oFr ,  Medumvass scenaro
had L + Data had 10001 « Data
£ 2000 #= Background 2 F == Background
5°°F = 5 r =
@ E [ M,=120 GeV S ok [ M,=200 Gev
(™) £ 7] M,=180 GeV w [ ] M,=300 GeV
1500~ (tan B=30) [ (tan B=30)
£ 600~ !
1000 L ]
L 400~ -
s00F- 2001 E
fi. M b
100~ 100~ —
0
-100 Data - Background -100- Data - Background, ]
50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500
M,; [GeV] M,; [GeV]

No significat deviation from background
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