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H-> bb: introduction

2012 - ATLAS & CMS: Observation of a new BEH-like particle with a

>

mass around 125 GeV decaying into a pair of bosons:

High resolution channels: H> ZZ, H>WW and H>yy

Test the compatibility with the SM

1]
BEH boson: §
» Look at fermionic decays: 2
» Largest BR for a bb decay: rf
4
»  BR(H—bB) =(57.7+1.9)% « 10
»  BR(H—t+t-) =(6.320.4)% 24
»  BR(H—cc) =(2.9+0.4)% =2
»  BR(H—p+u-) = (0.022+0.001)% 1021
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H-> bb: introduction

» 2012 > ATLAS & CMS: Observation of a new BEH-like particle with a
mass around 125 GeV decaying into a pair of bosons:

» High resolution channels: H> ZZ, H>WW and H->yy

» Test the compatibility with the SM
BEH boson:

» Look at fermionic decays:

» Largest BR for a bb decay:
»  BR(H—bb) =(57.7+1.9)%
»  BR(H—t+t-) =(6.320.4)%
»  BR(H—c¢c) =(2.9£0.4)%
»  BR(H—u+u-) = (0.022+0.001)%

» HUGE background coming
essentially from the high p;
b-jet production, and the
multi-jets production

Challenge: improve the analyses
strategies to get the best discrimination
between signal & BG

» 3 Nancy Tannoury 4/3/2013




ATLAS and CMS searches for the H=>bb

Associated production with a vector boson
P
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ATLAS and CMS searches for the H=>bb

Associated production with a pair of top quarks

e
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VH->Vbb: channels

» Profit from the best reconstructed objects: » ATLAS-CONF-2012-161
» CMS: particle flow reconstruction, PU jet discrimination
» ATLAS: improved b-jet energy

» Strategy: require boosted V, boosted H and 2 b-tags

» 5fbl @ 7 TeV & 13 fb'l @ 8TeV

» CMS-PAS-HIG-12-044
»  5fbl@7TeV&12fbl @ 8TeV

Final states with {0,1,2} leptons, b-tagged jets and missing E

3 channeyls depending on the numl%_er of leptons -

» Oleptons in the event b » 1lleptoninthe event » 2leptons inthe event b
>+ High Emss » + E Miss »  +low EqMiss
\ » CutontheZ mass
+ 2 b-tagged jets /
ATLAS : The MV1 tagger

CMS: The CSV tagger

6 Nancy Tannoury 4/3/2013



b-jet identification : Key ingredient

See talk by Y. Nagai See talk by C. Collard

{ MV1 tagger: s | CSV tagger:
Neural network built on outputs of : Combined Secondary Vertex algorithm->

advanced algorithms (IP and SV) SV + IP taggers
70% b-tagging efficiency working point 70% b-tagging efficiency working point
~0.7% mistag rate for Ilght jets ~ 2% mistag rate for light jets
C’]05:|I\I\IIII|I\II|IIII|\I T T 1CMSSimuIation,\J'§=TTeV
% Fr ATLAS Prellmlnary — 0 ; é‘ EI‘”}””!H”!””H””HH” IHI:;:f
@ A i o © -+ TCHE R
o 104:_-. JetFitterCombNN | © S TCHP R ..p d
o] E —— JefFitterCombNNC '8 . SSVHE i® /
= F =107 SSVHP i
z N U IP3D+SV1 Q‘ P ‘_;‘ &
% 103§ ’ o s SVO E g —+ JBP ‘;:
F E p Sl — =7
i 10 .
T ‘ \ Improved | 3 : /ﬁ
F RS H CITJ P u e“
: N b Jet -§10—3 "“v A‘i’;’j
— g = " _i_" f
10§ tt simulation,\Js=7 TeV energy e ; ..x;“.‘/
r pj:t715 Gelv, |njet||<2.5 | _‘ K . AJ _}x
03704 05 08 0Off 08 09 1 00 010203040506070808 1

b-jet efficiency b-jet efficiency
improved di-b-jets mass resolution

- > Regression techniques = new
> Adding soft lepton py correction for the b-jet energy
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VH->VDbb: Background treatment

» Main bkg processes:
W+jets, Z+jets, tt, single top
ATLAS+CMS: shape from simulation and normalization from data
ATLAS & CMS: normalization from data/MC scale factors from data control

Events/20 GeV

regions

ATLAS: multi-jets bkg estimated from data driven method
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VH->Vbb: Signal extraction

» Shape analysis discriminator:
» ATLAS: profile likelihood fit based on M,

» CMS: signal and bkg fit to the shape of the BDT
output

ATLAS| P‘reli'mi‘na‘ryl o -zu
WWH

_[ Ldt=13.016", (s =8TeV Multijet
0 Lepton 2 Jets, 120 < E™** < 160 GeV Top

Events/10 GeV

---Pre Fit
-#-Data 2012

» Improve the sensitivity of the analysis:
» Splitthe analysis into separate regions:

IIIIIIIIIIIIIIIILHL‘HIIIILHJHIIIIIIIIII

» ATLAS : 0O-leptons events = six categories in jet multiplicity

SR
(2 or 3jets) and in missing E;, 1 or 2 leptons: 5 categories in

60..

> L) S A I L LR L I
the p; of the vector boson & ATLAS Preliminary =
8 ILdt:l.‘i.o 5, (s = 8 TeV Multijet
» CMS : split each channel into low or high p;V,looser b- 2 0 Lepton 3 Jots, 120 < E7" < 160 GeV g
tagging requirement in the high p;V 2 A
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BDT output BDT output

9 Nancy Tannoury 4/3/2013



VH->VDbb: Systematic Uncertainties

CMS
Source Range
Luminosity 2.2-4.4%
Lepton efficiency and trigger (per lepton) 3%
Z(vv)H triggers 3%
Jet energy scale 2-3%
Jet energy resolution 3-6%
Missing transverse energy 3%
b-tagging 3-15%
Signal cross section (scale and PDF) 4%
Signal cross section (pt boost, EWK/QCD) 5-10% / 10%
Signal Monte Carlo statistics 1-5%
Backgrounds (data estimate) ~ 10%
Single-top (simulation estimate) 15-30%
Dibosons (simulation estimate) 30%

ATLAS

Uncertainty [%] | O lepton | 1 lepton | 2 leptons
b-tagging 6.5 6.0 6.9
c-tagging 7.3 6.4 3.6
light tagging 2.1 2.2 2.8
Jet/Pile-up/E+ 20 7.0 54
Lepton 0.0 2.1 1.8

Top modelling 2.7 4.1 0.5

W modelling 1.8 5.4 0.0

Z modelling 2.8 0.1 4.7
Diboson 0.8 0.3 0.5
Multijet 0.6 2.6 0.0
Luminosity 3.6 3.6 3.6
Statistical 8.3 3.6 6.6
Total 25 15 14
Uncertainty [%] 0 lepton I lepton | 2 leptons

ZH | WH WH ZH
b-tagging 89 | 9.0 8.8 8.6
Jet/Pile-up/E%PiSS 19 | 25 6.7 4.2
Lepton 0.0 | 0.0 2.1 1.8
H — bb BR 33| 33 3.3 3.3
VH pr-dependence | 5.3 | 8.1 7.6 5.0
VH theory PDF 35| 35 3.5 3.5
VH theory scale 1.6 | 04 0.4 1.6
Statistical 49| 18 4.1 2.6
Luminosity 3.6 | 3.6 3.6 3.6
Total 24 | 34 16 13
10
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» CMS & ATLAS main sources
of systematics:

b-tagging (ATLAS,CMS)
JES (ATLAS)

Signal cross section uncertainty
(CMS & ATLAS)
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VH=>Vbb: Results

t » Observed (expected) limit of

» Observed (expected) limit of
1.8 (1.9) x SM at 125 GeV

2.5 (1.2) x SM at 125 GeV
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» p=-0.4+0.7 (stat) = 0.8 (syst)™ [GeV] » p=1.3%7 ., 2.20(2.10) excess

Small excess compatible with a
SM Higgs
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VH=->VDbb: M, distribution cross check

M,, distributions after subtracting all the background except
the di-boson process and the SM Higgs from WH and ZH
assomated productlon
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VH->Vbb and ttH->ttbb

ATLAS and CMS searches for the H>bb:

Associated production with a vector boson
E_

» 13 Nancy Tannoury 4/3/2013



ttH=->ttbb : Introduction

» Directly probe top-Higgs Yukawa coupling
The largest coupling
Help understanding the EWSB
Direct measurement via tt+H

» top>Wb

» 3 decay channels depending on the W decay
» Lepton+jets (CMS & ATLAS)
» ttH->Wb Wb bb-2>Wvb jjb bb
» Di-lepton channel (CMS)
» ttH->Wb Wb bb-2lvb lvb bb

» All hadronic channel: (ongoing) » ATLAS: 5fb1@7TeV
» ttH>Wb Wb bb-=2jjb jjb bb » ATLAS-CONF-2012-135
» CMS: 5fbl@7TeV+ 5fb-1@8TeV
Busy channels, large combinatorial »  CMS-HIG-12-035 :
baCkground, huge tt baCkground CERN-PH-EP-2013-027

14 Nancy Tannoury 4/3/2013



ttH->ttbb: Analysis Strategy

Different categories depending on the jet

and b-tagged jet multiplicities

—

CJ+
[ v

[ Z+jets

4
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4
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] W+jets

[ Diboson

B Single top
B Muliijet
[ Tot bkg unc.

» 15 categories:
Njets (=4,=5,>=6)
nbtags(=0,=1,=2,=3,>=4)

» Shape discriminator:

M, for

njets>=6&nbtags>=3
H: =2 p+ jet for the rest of

the categories
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Artificial neural network for the |
signal and bkg discrimination:
» Separate ANN are used for

L tEHf
B i+ cc
B ii+bb

ft+V
B EVWK

—— ttH(125)

B Single t

~~ Bkg. Unc. =N .
tData B /
01 0z 02 04 05 06 07 08
ANN output

different jet and b-tagged jet
categories,

Input variables: object
kinematics, event shape,
discriminant output from the
b-tagging algorithm

Rilepton 5f7.@, 718V

Dilepon + 23 jets + 23 b-tags|
£H{125)x 20

Evarts

Cati/MC

Nancy Tannoury
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ttH->ttbb: Systematic uncertainties

C[\\/\\S | | Source Rate Uncertainty iH(125) 3
| | Luminosity (7 TeV) 2.2% Luminosity 1818  +1.8-1.8
=\ | Luminosity (3 TeV) e Lepton ID+reco+trigger +13£13  +1.3-13
- | | Lepton 1D/ Trig 4% . T A AL 175/ 10
Pileup 1% ’ y ,
R . Jet energy scale +9.6/-9.9 +13.5/-15.2
h\dg 1t11n_mtlI£>\11.n. 11113 F..Hl I. 15 Jet energy resolution +1.0/-1.0 +0.7/-0.7
Lt =ICLEY AeEo ution — b-tagging efficiency +30.4/-34.8  +22.9/-25.2
Jet Energy Scale 0 ;*1.” c-tagging efficiency +5.0/-50  +16.5-17.3
b-Tag SF (b/c) 0-33.6% Light jet-tagging efficiency ~ +1.3/-1.3  +11.4/-12.1
b-Tag SF (mistag) 0-23.5% & czoss section _ +9.9/-10.7
MO Statistics {iV cross section _ _
I:DI‘E (gﬁ) gft-;,w Single top cross section - -
[ DI"_ (qq) 4.2 :,:, " Diboson cross section - -
I’D_I" (L!??) 4.0 - V+jets normalisation - -
QCD Seale {ttH) 15% Multijet normalisation _ _
QCD Scale (tt) 2-12% _Wheavy flavour fractions - -
Qt’_ED E?L: ale (V) 1.2-1.3% tf modeling _ +15.8/-20.2
QCD Scale (VV) 3.5% ti+heavy-flavour fractions — +25.9/-25.9
Madgraph Scale (tt) 0=20"% itH modeTing +1.3/-1.5 —
Madgraph Scale (V) 20-60% Total +32.5/-36.7  +46.3/-50.1
tt 4 bb 50%
» Biggest experimental systematics for Big uncertainties on the tt
ATLAS & CMS: modeling and the heavy flavor
» JES fraction of the extra jets in the
- tt+extra jets
» b-tagging J

16 Nancy Tannoury 4/3/2013



ttH=->ttbb: Results

Lepton+jets channel ¢ Lepton+jets channel
+ di-lepton channel
-1 -1

- Lepton+Jets and Dilepton CMS {5=7TeV, L=50f"y5=8TeV, L=511f1"
bm : H H ': :' : % :\ | I T | 1 1 T 1 | I 1 I 1 | 1 1 1 1 | I T T I I I 1 I 1 I :
5 20" —— Observed ® 50— ATLAS Preliminary \eszyTeV,ILdt=4_7fb-1 -
‘E 5 B —e— Observed (CLs) i
= T L Expected (CLs) ttH (H — bb) ]
; i 40—~ [El+1o ]
& @) - [J+x2c 4
ag - —
A ]
@ 301 ~
20— —
10— -
: 1 L 1 I 1 1 1 I | I I i i ; i i i 1 I 1 1 1 1 | 1 L L i ; ;

q1[] 15 120 126 130 135 140 O P T A S S T SR Il St Sl T STt A St S Tt Ml e Sl St Ml |
my (GeV) 110 115 120 125 130 135 [1(;10\/]
e
» Observed (expected) limit of 5.8 (5.2) x » Observed (expected) limit of 13.1 "

SM at 125 GeV

(10.5) x SM at 125 GeV

No significant excess is

observed. ]
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Summary

4

>

Looking to fermionic decays is crucial to determine the true nature of the
newly discovered scalar boson!

VH->Vbb:
3 channels studied @LHC: Z(IDH, Z(vv)H, W(IV)H
ttH->ttbb
2 channels studied @LHC: lepton+jets and di-lepton
Associated ATLAS CMS
production Observed Expected Observed Expected
VH=>VDbb 5fbl@7TeV&13fht @ 8TeV 5fbl@7 TeV & 13fb! @ 8TeV
1.8xSM 1.9xSM 2.5xSM 1.2xSM
ttH=>ttbb 5fbl@ 7 TeV 5fbl@7TeV &5fb!@8TeV
13.1xSM 10.5xSM 5.8xSM 9.2XSM

No significant excess has been observed in any of the H-2bb studied channels.

CMS: 2.2 o excess in VH compatible with a SM Higgs

» All analysis are incorporating all 2012 @ 8 TeV dataset!

New MVA analysis, new updates and results soon, keep tuned!

Nancy Tannoury 4/3/2013
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VH=>Vbb: ATLAS event selection

Object 0-lepton | l-lepton | 2-lepton
Leptons 0 loose leptons 1 tlgh_t lepton | medlu_m lepton
+ 0 loose leptons| + 1 loose lepton
2 b-tags 2 b-tags 2 b-tags
Tets pl > 45 GeV pl > 45 Gev pl > 45 GeV
“ py > 20 GeV pt > 20 GeV pt > 20 GeV
+ < 1 extra jets + 0 extra jets -
MIss . 2 V _ Mmiss 1 V
Missing Ey ET™ > 120 Ge ET™ < 60 Ge

p!l'.‘i’*“ > 30 GeV
‘ﬁd)(E']llnss‘p?i“} < J'sz
Minlf_\.(h[E%"“.jEt}] = 1.5
AG(ETSS, bb) > 2.8

Vector Boson

my < 120 GeV [83 < mge < 99 GeV

Object and event
selection in the
three channels

Topological

cuts for the

three channels in

separate p;

regions

20
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O-lepton channel

ET (GeV)| 120-160 160-200  [>200
AR(b.b) | 0.7-1.9 0.7-1.7 <1.5
1-lepton channel
pY (GeV) |0-50[50-100[100-150[150-200[>200
AR(b. b) >().7 0.7-1.6]<1.4
ET™ (GeV) > 25 > 50

my (GeV) > 40 | ]
2-lepton channel
pZ(GeV) [0-50/50-100[100-150]150-200]>200
AR(b, b) >0.7 0.7-1.8]<1.6
4/3/2013



VH->Vbb: CMS BDT inputs

Variable

pr;: transverse momentum of each Higgs daughter
m(jj): dijet invariant mass

pr(jj): dijet transverse momentum

pr(V): vector boson transverse momentum (or Ef%)

CSVmax: value of CSV for the Higgs daughter with largest CSV value In P ut variables
CSVimin: value of CSV for the Higgs daughter with second largest CSV value

A¢(V,H): azimuthal angle between V (or EX%) and dijet used for the BDT
|A%(jj)|: difference in i between Higgs daughters trainin g

AR(jj): distance in y—¢ between Higgs daughters
Naj: number of additional jets

A¢p(Emiss jet): azimuthal angle between EX and the closest jet (only for Z(vv)H)
AB,q1: color pull angle [35]

Variable W(fv)H Z(E0OH Z(vv)H
Myp - [75 — 105] -
pr(j1) > 30 > 20 > 60
pr(j2) > 30 > 20 > 30
pr(jj) > 120 - > 130 Selection criteria
m(jj) < 250 [80 — 150] (< 250) < 250 ) _
pr(V) [120 — 170] (> 170)  [50 — 100] (> 100) - for the variables in
CSV man > 0.40 > 0.50 (> 0.244) > 0.679
CSV i > 0.40 > 0.244 > 0.244 the th_ree channels
CsVioose ~ (< 0.40) - — (< 0.244) used in the BDT
Na —0 - =0 .
Emiss > 45 (elec) - 130 — 170] (> 170) training
Ap(ET™, jet) — - > 0.5
N p((Emiss, pmiss(5)y - - <05
A¢(V,H) - - >20

21 Nancy Tannoury 4/3/2013



b-jet identification : Key ingredient

ATLAS-CONF-2012-100 CMS-BTV-12-001
ATLAS _| ATLAS-CONF-2012-097 C CMS-PAS-BTV-11-004

ATLAS-CONF-2012-043
ATLAS-CONF-2012-040 CMS-PAS-BTV-11-003

MV1 tagger: SV tagger:
N | network built touts of Combined Secondary Vertex
cura ieorie i ol DHPEe algorithm-> SV + IP taggers

advanced algorithms (IP and SV . o _
_g _ _( ) _ 70% b-tagging efficiency working
70% b-tagging efficiency working point point
~0.7% mistag rate for light jets ~ 2% mistag rate for light jets
5 1055 L L L L L L L B‘ 1 ECMSISImT”atIO!n \‘Is' TTeV TTTTTTTTT ""._‘.l'.') _-
§ E ATLAS Preliminary o pvi E ; o TCHE ,“‘.".,ﬁfé
D 10° 5; JetFitterCombNN ] _"é’ 1 L ;g::E “;‘ .".. / .
o] E — JetFiterCombNNG = 107 = . ssvhp 2
T L N N — IP3D+SV1 : E P £ K/
., o B
] 10°E ’ — VD E @ C +iE.;..P, T,
: T B2l g -
To°F ‘ \ : > o / ]
L ."'.‘. B 3 10_3 E ‘;;;j; 3
10? tt simulation,\s=7 TeV .'-_' ; ; ‘.'" o :‘// X.J'J ;
[ p'>15 GeV, if*|<2.5 S ] r ‘ , 7
||\T|\||||||w||||||| ol e 10—4_‘||\£'\‘||*||J‘(M|||\ NN NN RN
6_3 04 05 06 0Ol7 08 09 1 0 01020304 05 06 070..8.0.9 1
b-jet efficiency b-jet efficiency
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VH->VDbb: Categories

» Improve the sensitivity of the analysis:

» Split the analysis into separate regions:
» ATLAS:

» O-leptons events - six categories in jet multiplicity (2 or
3jets) and in missing E; (120<E;Mss<160 GeV, 160 < E;Mss<
200 GeV and E; m'SS>200 GeV)

» 1or 2leptons: 5 categories in the p; of the vector boson:
pTV <50 GeV, 50 < p;¥ <100 GeV, 100< prV <150 GeV, 150<
P+ <200 and P> 200GeV

» CMS : split each channel into low or high p;
» O-leptons events: 130 < p;Y< 170 GeV and p;¥> 170GeV
» 1-lepton events : 120 < p;V <170 GeV and p;V>170 GeV
» 2-leptons region : 50 < p;¥< 100 GeV and p;Y> 100 GeV

23 Nancy Tannoury 4/3/2013



VH->Vbb:

CMS :
observed and expected limits for different Higgs mass

ma(GeV) 110 115 120 125 130 135

Exp. 0.89 091 1.00 115 139 1.85
Obs. 099 1.60 1.64 245 340 4.19

5=7Tev L=50"{5=8TeV,L=121f"

CMS Preliminary my= 125 GeV

The most likely value of the production
cross section for a 125 GeV o
Higgs boson, relative to the standard 2R
model cross section, for each mode and
for all modes Z(vW)H(bbj
combined

W(lv)H(bb)

2 4 6
Best fit 6/c,,
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ATLAS: O-lepton Higgs candidate

The event contains two identified b-jets with transverse momenta of 193 GeV and
78 GeV, respectively, with an invariant mass of 123 GeV. The missing energy in
the transverse plane is 271 GeV.

@ATLAS

EXPERIMENT  *
http://atlas. ch'»\

Run: 204763
Event: 49333326
Date: 2012-06-09
Time: 16:08:25 CEST

25 Nancy Tannoury 4/3/2013



VH=>Vbb: Results
@,

Observed (expected) limit of » Observed (expected) limit of
1.8 (1.9) x SM at 125 GeV 2.5 (1.2) x SM at 125 GeV
> n=-0.4+0.7 (stat) + 0.8 (syst) » @=1.3%7 220 (2.10) excess

‘ C'Mé P}eliminalry' T
Vs=7TeV,L=51f"
Vs=8 TeV,L=12.1fh"

— ]
—e— CL  Observed ]
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ttH=->ttbb: Event Selection

Final states with leptons, missing E-, jets and b-tagged jets

» Trigger:
»  ATLAS: I+jets : single lepton trigger, e p;:>20 (22) GeV, u p>18 GeV

» CMS: I+jets: single lepton trigger: ppT > 24 GeV , e pt > 24 GeV and 3 jets pT > 30 GeV (2012) e pT > 27
GeV. veto on second loose lepton for lepton+jets. Dilepton : 2 lepton pT > 17 and 8 GeV(1 tight and 1
loose lepton)

»  Offline lepton:
» ATLAS: I+jets: exactly one isolated lepton (p:|n| < 2.5, tight pT > 20 GeV or e: |n| < 2.47 pT > 25 GeV)

» CMS: |+jets: exactly one isolated lepton(tight p: |n| < 2.1, tight pT > 30 GeV, or tight e: |n| < 2.5, tight pT
> 30 GeV) Dilepton: one tight p + one loose (Jn| < 2.4, pT > 10 GeV) or one tight e + 1 loose (loose pT >
10 GeV)

» Jets:
» CMS: anti-k; 0.5, |n] < 2.4,
L+jets: 23jets pT >40 GeV and 4 pT > 30,
Dilepton: 2 2 jets pT > 30 GeV
»  ATLAS: anti-k; 0.4,|n| <2.5
>= 4 jets with pT >25
» B-tagging:
» CMS: CSV :working point: 70% b-jet, 20% c-jet,~ 2% light jets
»  ATLAS: MV1: working point: 70% b-jet, 20% c-jet, <1% light jets
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