Search For H — bb at LHC

Recent LHC Results
VH; H = bb ArXiv:1207.0210 PAS HIG-12-025
5fb! (7 TeV) 10 tb! (7 & 8 TeV)
ttH; H = bb Conf-2012-135 PAS HIG-12-025
5 fb! (7 TeV) 5 fb! (7 TeV)

Vivek Sharma, UC San Diego



Digging For Gold Under a QCD Mountain

c_(E/* > 100 GeV)
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H - bb At LHC

oQ

(a) gg—H

No handle
against
overwhelming
background
from QCD b-jets

Production Mechanisms:

q 1
- H
q q
(b) VBF ©VH
L k
ess background Can use leptons/
but still fully :
. MET signature
hadronic final - :
and unique signal
state
topology

(d) rtH

Very low rate,
Large top
background



luminosity ratio
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A Word on LHC & Tevatron Comparision

Stirling et al

WJS 2010

ratios of parton luminosities
- at 7 TeV LHC and Tevatron
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For M, =125 GeV
Modest rise in gg cross section at
7/ TeV, pp =2 VH production only
x3 larger than at 2 TeV

W/Z

Major backgrounds are W/Z+bb & tt
which rises sharply due to rise in
gg cross section

= Small signal, worse S/N



Higgs Production in pp collisions: Vs = 8 TeV
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Higgs Branching Ratio At Low M,
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@ 128 CreV:
BR(h — bb) = 58%, BR(h — WW*) = 21.6%, BR(h — 7+77) = 6.4%,
BR(h — ZZ*) = 2.7%, BR(h — gg) = 8.5%, BR(h — 17) = 0.22%,

BR(h — &) = 2.7%
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[Cross section X Branching Ratio] Vs M,
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Significance of an observation depends on ability to restrict
background processes that mimic Higgs signature
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Cross Sections for Background SM Processes

Backgrounds up to 5 orders of magnitude larger than signal !
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Measurements Of Key Background Processes
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Good agreement between theory prediction and exptal measurements
Decades of precise theory effort comes to fruition !



CMS H- bb Search In a Nutshell

* H - bb production via gluon fusion and VBF are quite large but are buried (107) under QCD
production of b bbar pairs

» Most promising channel is H = bb produa:%ion associated with a Vector (V=W or Z) boson
> Uer——71 T T ]

o " CMS Simulation — VH(125)
30'18;\/E=7Tev —_ Vv ]
™~ Z H bE Z+bb
W/Z \0.16: (up)H(bb) e
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* Vreconstruction: W 2 1v,Z> v, Z > 1l ° 0100180 éZO[GerC
« H-> bb reconstructed as two b-tagged jets recoiling against a high P W/Z boson
— Large W/Z P; =» smaller background & better di-jet mass resolution
— Use b-jet energy regression =» improved H = bb mass resolution
« Events separated into categories , based on S/N ( 5 channels x 2 P(V) bins = 10)
« Use data control regions to constrain major backgrounds (V + jets, ttbar etc)

« Use MVA methods to discriminate between signal & background. 10



pp—~> VH; H = bb Triggers
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2011, 5 tb-1 @ 7 TeV

Mode Lepton Trigger Cross-Trigger (Jet, MET)

W (uv)H (Isolated) muon, 17-40 GeV -

Z(pp)H (Isolated) muon, 17-40 GeV -

W(ev)H Isolated electron, ID cuts, 17-32 GeV 2 jets (25-30 GeV) + MHT (15-25 GeV)

Z(ee)H Di-electron, 17-8 GeV -

Z(vo)H - MET (80-100 GeV) + 2 jets (20 GeV) OR MHT (150 GeV)

2012, 5 fb-1 @ 8 TeV
Mode Lepton Trigger Cross-Trigger (Jet, MET)

W(u)H (Isolated) muon, 24-40 GeV .
Z(pp)H (Isolated) muon, 24-40 GeV -
W(ev)H Isolated electron, ID cuts, 27 GeV -
Z(ee)H Di-electron, 17-8 GeV -

Z(vo)H i MET (80 GeV) + 2 jets (25-60 GeV), A¢ cuts OR MHT (150 GeV)

11



b-jet
P =46 GeV

Two clean b-jets
M., = 120 GeV
Pry, = 248 GeV

Recoiling against

7>
=>» Large MET

12



Backgrounds in H-> bb Search

Reducible backgrounds:
* QCD (strongly suppressed by lepton isolation

Ql

"

* V+udscg,V+bb @ low p; and mass
* W(v)W())
* ttbar and single top (=2 Wb)

Irreducible backgrounds:

* V+bb @ high p.. and mass
« ZZ(bb), W(lv)Z(bb)

Important discriminating variables

* Mass resolution (separation of VH from VV)
* b-tagging =» suppression of V+light quarks
* Back-to-back topology

* Additional jet activity in the event (ttbar)

~



pp—~> VH; H - bb Search

l=e,l | %

To distinguish events with different S/N
=>» further catagorization by the p of the associated Vector boson

Channel “Low “ py (V) “High” p; (V)
Z > 11+H-> bb 50 <p; <100 pr> 100
Z > vv+H-> bb 120 <p; <160 pr> 160
W-=>1v+H > bb 120 <p; <170 pr> 170

=>» Total of 10 catagories & 2 run periods 14



b-Jet Identification Crucial

b-hadron lifetime = 1.5ps, <Byct> = 1800& dd
igned decay

Tracks from b-hadron decay have large P

Average B-track multiplicity = 6

b-taggers based on

of B vertex
Secondary
, Vertex

— Large signed impact parameter significance

— Secondary vertex with large decay length

Mistag rate measured from “negative tags”

CMS, 501" at\s =7 TeV
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CMS 2011 simulation preliminary, (s = 7 TeV
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Improved b-Jet Energy Measurement

Mass resolution and bias improved using algorithm developed at CDF for
b-jet energy corrections http://arxiv.org/pdf/1107.3026.pdf

A Regression trained on VH signal events using several jet variables:

e raw pr — transverse momentum of the jet before corrections;

e pr —transverse momentum of the jet after corrections;

e Er - transverse energy of the jet after corrections (Z(/{)H uses E instead); | 2 03

L I UL { UL { UL { UL { T T { T .T T { T ]
« | CMS Simulation — Regredsion 1
e Mr - transverse mass of the jet after corrections; By o5 1$=7TeV, L =50 b E
_ ) S L Z(I'TH(bb) (m,, =125 GeV)
e 1 — pseudorapidity of the jet; a5 0
e ptLeadTrk — transverse momentum of the leading track in the jet; 0.2 12 GeV B
B (Ol (& ]
e vitx3dL - 3-d flight length of the jet secondary vertex; 0150 1
e vtx3deL — error on the 3-d flight length of the jet secondary vertex; :
e vitxMass — mass of the jet secondary vertex; 0.1; -
e vixPt - transverse momentum of the jet secondary vertex; 0.05F ]
e Chf - fraction of jet constituents that are charged; ;
O - l - l - l - l L1 1T e

: — ]
60 80 100 120 140 160M180 20C

e Nch — number of jet constituents that are charged; 2
bb

e Ntot - total number of jet constituents;

e 025 - energy density calculated within || < 2.5;

=» Improvements in M, mass resolution of about 20% for Z(11)H,
15% for W(lv)H and Z(vv) 16
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b-Jet Energy Regression Validation

Extensively validated on simulation and Data Control Regions

— check of data/MC agreement of variables input to the regression in all
control regions

— p; balance in Z(=>1l)+bb
— full reconstruction of top mass in ttbar and Single Top samples

 Vs=7TeV,L=5.01fb"
- Data Z(I'T")+bb

17T | 17T | 17T |
— Nominal
— Regression
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Background Estimate From Control Regions

Main backgrounds are the usual suspects:
— Reducible: W/Z + jets (light and heavy flavor jets) & ttbar

— Irreducible : WZ, ZZ and single top (taken from simulation)

Background yields determined from several signal-depleted control
regions (CR) using kinematic selection close to signal region (SR)

Scale factors (SF) for V+udscg, ttbar
V-+bb/cc determined simultaneously
in each mode from likelihood fits
in control regions
Renormalize background estimate

in signal region based on these SF
Bkgnd(SR) = SF(CR)*Bkgnd,,~(SR)

Example: Zee control region definition

A

~

Preselection )
4 L

s

g Z window }—)[Zmassveto}

[ Invert b-tag ]4—

- Remove
1 2 b-tag J o lihes:

[ Invert boost]

Invert mass
Z bb (13%)

T VHDPhi |

2

-
Mass window J
-
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Example Control Regions In Data: (Z = ee)+ H Mode
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M., Mass Distribution : All Channels Combined

Distribution of events that pass a selection optimized for M, variable
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Good agreement between data and background prediction .



Further Separating Signal From Backgrounds

* A multivariate (BDT) algorithm trained at each Higgs mass
hypothesis

« Several kinematic and topological variables used to separate Signal
from background

Variable

prj: transverse momentum of each Higgs daughter

m(jj): dijet invariant mass

pr(jj): dijet transverse momentum

pr(V): vector boson transverse momentum (or pfMET)

CSVmax: value of CSV for the b-tagged jet with largest CSV value
CSVin: value of CSV for the b-tagged jet with second largest CSV value
A¢(V,H): azimuthal angle between V (or EX***) and dijet

|An(jj)|; difference in i between Higgs daughters

AR(j1,j2); distance in 7—¢ between Higgs daughters (not for Z(/¢)H)
N,j: number of additional jets (pr > 30GeV, |17| < 4.5)

Ap(EXS, jet): azimuthal angle between EX'** and the closest jet (only for Z(vv)H)
ABpy1: color pull angle [62] (not for Z({()H)




Events/ 0.1

DataMC

Shapes of Signal & Background BDT Distributions

A Higgs signal in the mass range [110-135] GeV is searched for as an
excess in MVA classifier using predicted shapes for signal & bkgnd

LI | IR LI R N L L R RN NN BN EL I L L R B I L N rrr|yrrryrrr|rrr|rrr[rrr [ rrr [ rr
CMS Preliminary = Wiz S 10" g CMS Preliminary L -
10* (S=8TeV,L=5.01b = W +bb ® o |’§=8Tev,_L=5.0 fb I VH(125 GeV)
Z(vv)H(bB) é%’{;‘i‘w S 10" = Z(u"H(bb) %%;g‘gscg
3 7 H bl; E,S;i"gb?gp u>J 105 e Eg{mgle top
10 —>VW+H - mmgco Z=>uu+H —->bb =w
10° £ =
1 E_ _g ........
10" =
2F* N i e
15 3
E E
05E =
e S S T S S T S T S S SR SR PR 0—-2 5
BDT output -1 08 06 04 02 0 02 04 06 08 1
BDT output

No significant excess seen over predicted background yields
in these or other channels “



Systematic Uncertainties in VH Analysis

Source Range
Luminosity 2.2-4.4%
Lepton efficiency and trigger (per lepton) 3%
Z(vv)H triggers 2%
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%

Diboson and single-top (simulation estimate) 30%




CMS Limits: VH, H = bb Searches (10 fb!)

Limit based on S & B shape analysis of BDT output

6_' 1 1 1 I
- CMS
" {s=7+8TeV,L=5.0+ 5.1 fb"

5[ VH(bb), combined
—e— CL  Observed

--e-- CL  Expected
I CLg Expected £ 10
CL  Expected+ 20

95% CL Limit on o/cg,,

[ Y . I I |

NN T R T
110 115 120 125 130 135

Hiaas boson mass [GeV1

my(GeV) 110 115 120 125 130 135

Exp. 1.16 126 135 164 212 281
Obs. 1.39 182 224 211 420 3.39

Approaching SM Higgs Sensitivity 24



What Would A M;; = 125 GeV Signal Look Like

* Inject Signal pseudo-data corresponding to SM ¢ X Br

(0))

| | | | | | | | | | | | | | | | | | | | | |
CMS Preliminary

s=7+8TeV,L=5.0+ 5.1fb""

VH(bb), combined

—@— CL mH=125 signal injected

--@-- CL  Expected

- CL  Expected+ 1o

CL  Expected+2 ¢

95% CL Limit on o/cy,,
N

i

| | | | | | |
125 130 135
Higgs boson mass [GeV]

| | | | | |
115 120

25



p-Value Distribution: CMS

p-value: chance of background fluctuating as high as or higher than
what 1s observed 1n data at a particular mass

) 1gEr 1.~ 1T T
3 E }
C?U -1 T — -['o
T =T o
8 10-2 __ ------------------- __
— =
B he
10° =
- CMS Preliminary ]
10* \s=7+8TeV,L=5.0+5.1fb" =
= VH(bb), combined 3
10-5 = —@&— Observed =
E --@®-- Expected from SM Higgs E
10'6 | I | I I I I | I I I I | I I I ! | ! ! ! ! |
110 115 120 125 130 135
Higgs boson mass [GeV] 26




CMS Sensitivity With More Data & Improvements

* Further plans to improve sensitivity by = 10-30% :
— increase signal reconstruction efficiency, add V = 1 final states
— 1mprove M,, mass resolution when b decays semileptonically

— 1mproved characterization of backgrounds

6IIIIIIIIIII[IIIIIIIIII[IIIIIIIIII[
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— 2011
— 2012
[_] +10-30% improvement

median expected(@12
| Xp @125 3 /
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|IIII|II1—

IIII]IIIIIIII

lllllllll

95% exclusion on o/ogy,
S

Lo b |
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IIIIIIIIIIIIII
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1 — 2011

1 — 2012 .
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ATLAS Search For VH, H 2 bb (4.7 fb-! at 7 TeV)

, Mis§ing ET > 25 GeV
. M_>40 GeV
W pT(£)>25 GeV
2

W*
pT(b)>45 GeV

H\ N —
= b
b pT(b)>25 GeV

No additional jets with pT>20
GeV and |n|<4.

pT(£)>20 GeV

pT(2)>20 GeV
pT(b)>45 GeV

H\\ —
= b
b pT(b)>25 GeV

Missing E_< 50 GeV
Any number of additional jets.

Missing ET > 120 GeV|
v

pT(b)>45 GeV

a I/(b)>25 Ge\|

No additional jets with pT>25
GeV and |n|<2.5.

» FEach channel subdivided into bins in p(V) to take advantage of
varying S/B and background composition = 11 subchannels

 Cut based analysis =» look for an excess in M, distribution

* M,, shapes for signal and major backgrounds (V+jets, ttbar..) taken
from simulation, determine scale factors from signal-free control

regions 1n data

— scale factors 1n different CRs vary between 0.8 -2.4

— minor backgrounds (WZ, WW etc) taken from theory calc.

28



Signal & Control Regions

s [/ I- ‘lllol Ialallll = . — r'E I.Ibllllll__
$|\WH — (vbb| =il - 8 |ZH — (T bb |mswars -
2 B P -eee%frrzﬂ;lsa 3 o S — (m =120 GeV)’
Ay 3500 WH — Ivbb | wea— Efets E Ny - ZH — I'Tbb &&;Ptal BG E
£ oo SR Zim g oo 'SR -
o 250F | J— vuer tOPE 3 g ! | = Diboson ]
200- W+jets {® ° ttbar + 60t ]
150F single-top 40F =
100 : ]
soi— 201~ o
% 50 100 150 200 250 0(; 5('}““' 100 =5 00 0
- My [GeV] m [GeV]
> ZH — vvbb | - ¢ M(bb) shape from MC, normalization of
2O Py — msgas main backgrounds from data (excluding SR)
= - ZH > \vbb metEeen . 11 _
o 4or EM-rz0Gev] +SR I sweee 3 o |\WH — {vbb:|Top and W+ijet scale factors
& 0z +jets ¢ A\ I _E}ifs E from m(bb) sidebands + WH top control region
r m— DID0oson E /+ — — .
20 M\ L | tthar+ 3 o |ZH — ("¢ bl;l: Top and Z+jet scale factors
of T S'"Q'e'tOE’ from m(bb) sidebands + ZH top control region
o it . | o |ZH — vVbb|: take scale factors from other
° o [Gov channels, after cross-checking in dedicated
bb .
t+ resonant background from diboson control regions.
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Top Background Control Reglons

E T T T L T 3 : I I ]
> g0 ATLAS 4 Daaz0tt 1 9 1a00- ATLAS Tl
S = j dt= 47167 \s=7TeV -Slgna|><5G ] g - JLdt 4.7, \s=7TeV (m =120 GeV) ]
2 70 s 2SO = 12001 wh B N Toea 4
..\‘Q 60 control Region o Top = 2 4 000:_ Control Region ﬁi?;tss E
& 50 —Zdels 3 g B —Diboson ]
SR + iy, —Diboson I | 800 e Mt

40F | SN e - .
30- : Yy 3 600E :
202_ ‘ 400:— g
10 0 :
%50 700 150 200 250 B —""B0 100 150 200 250
m,; [GeV] m_ [GeV]
+ ZH top control region: + WH top control region:
*+  |m(2)-91GeV|>15 GeV * Require 3 instead of 2 jets

Very good agreement in m(bb) shape after simultanous fit to top and W+jet
backgound normalizations. Normalization for W+jet background in 3 jet bin
determined independently from W+jet in 2 jet bin.

30



ATLAS Search For WH, H - bb

5 2OEARAs T Lhmei ] 3 TAmasT T ke ]
C ignal x 5 .| E ignal x 5 —
g 2005 det=4.7fb",\E=7Tev (rr?,,=12069V) E o 160 | Lat=a7m" Ns=7Tev (rr?H=1206eV)é
= 180; WH — IvbB M Towee e 140F WH - 6B M Towee
; 160 pY <50 GeV —_ Zii’:ats E ; F so< p¥ <100 Gev —_— Zgi’:a(s i
c 140% T Wijets 7; E 120; T Wiiets =
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Events / 10 GeV

Events / 20 GeV

ATLAS Search For Z->vv + H,

45F ATLAS e Data2011
E_ J.Ldt=4.6 ' \Ns=7TeV B Signaix5 _E
40: ZH —>VVbB (mH=120 GeV) 5
35F 120 <E™** < 160 Gev %ig;a' BG S
302_ — Z+jets —z
= Wiets =
255 { === Diboson 3
15 R E
10t =
56 1 Y E

% 50 100 150 200 250
M [GeV]

@ 32
i"|'"|"'|"'|'"|"'|"'|"'|"'|"'I"'I":
SSE_ ATLAS e Data 2011 _E
o ILdt=4.6 ' Ns=7TeV [l Signalx5 3
185" ZH —, vubb (m =120 GeV)
16F ET™*> 200 Gev %%}al 6 3
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12 W-jets -
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8 E
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4= 3 S =
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(0 S | s S I B s S
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ATLAS Limits For VH, H = bb Searches (4.7 fb!)

% 12 B | I | | | | | | I | | | | | | I | | | | I |
9 - ATLAS .
g 10 B e— Observed (CLs) \s=7TeV, I Ldt = 4.6-4.7 fb ]
2 [ Expected (CLs)  vH(bb), combined i
é - [ t10 _
= 8 [ J+26 ]
-] = i
@ - i
X 6 -
[Q)

oF -
O i | 1 | 1 1 | 1 | 1 | | | 1 1 | l 1 | 1 | I ]
110 115 120 125 130

m,, [GeV]
Similar sensitivity as CMS cut based 7 TeV analysis
MYV based analysis with better M, resolution coming soon 33



tt +(H — bb)

8 [

b
-- H<
b

8 t

Simultaneously sensitive to Yukawa coupling between
Higgs and the top & H = bb branching ratio
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pp—2 ttH, H - bb Analysis Overview:

W+

1%

g

Ideally, search for events with : ~
o[t>bl'V+t 5b+W —=IV]+H—>bb

= (I"l")+ MET + 4bjets

o[t =>bl'v+t 5b+W —qq |+H —bb
= (I")+ MET + 4bjets + 2 jets

Reality=>» Efficiency, Mistag, misreco

Major background: pp — tt + X
— Irreducible background it +bb

Split events by type of top decay and
by # of reconstructed jets and the # of
tagged b-jets

Devise method to distinguish

tt from ttH
ATLAS & CMS search differently
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pp~2 ttH, H = bb Candidate Event

CMS.~ | CMS Experiment at LHC, CERN mass(jet2,jet6) = 83 GeV ~ Mig°
—_ %, | Data recorded: Fri Sep 16 17:26:46 2011 EDT : . . reco
< \| Run/Event: 176548 / 710121119 mass(jet0, jet2, jet6) = 172 GeV ~ Mj
——7_, | Lumi section: 400 .
2 mass(jeth, u,v) = 158 GeV ~ M;*°
jet 6, pT = 32 GeV | mass(jetl,jet3) = 141 GeV ~ M|
eta = 1.56, phi = 2.10

btagCSV = 0.08
jet 3, pT = 66 GeV
eta = 0.63, phi =1.73
btagCSV = 0.87

jet 5, pT =42 GeV
eta = 0.65, phi = 0.25
btagCSV = 1.00

jet 0, pT = 105 GeV
eta = -0.08, phi = 2.68
btagCSV = 0.84

/ Y, jet1, pT =99 GeV
jet2, pT =75 GeV ' W\ eta = -0.28, phi = 0.14
eta = 0.60, phi =-2.73 ‘ ] \ btagCSV = 0.75
btagCSV = 0.10

jet4, pT = 53 GeV
/ eta = 1.12, phi = -0.80
/ btagCSV = 0.12

muon, pT = 74 GeV
eta = 1.36, phi =-1.75
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ttH Search in 7 TeV Data: ATLAS Approach

e Target lepton+jet events with at least 4 reconstructed jets

« C(Catagorized into 9 topologies based on # of jets, # of tagged b-jets
* A single discriminant employed to distinguish between S & B

— Catagories with > 6 jets (>3 b-jets) have best S/N
» Kinematic fit to select 4/6 jets to ttbar decay in the event

* M,, of remaining two jets used to search for H = bb

— Catagories with < 6 jets (<3 b-jets) dominated by backgrounds

* use H [ =scaler sum of jet p

— H primarily sensitive to jet reconstruction & measurement
uncertainties & modeling of tt+jets backgrounds

* Perform simultaneous fit to background-dominated catagories and
those with signal to get improved background prediction with reduced
uncertainties =» better search sensitivity
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Too Many b-jets In Event=» A Combinetorial Problem

Reconstucted H = bb mass after kinematic fit in ttH simulation

Correct b-jet pair identified as coming from H = bb with a probability of
26% (> 4 tagged b-jets) & 20%( 3 tagged b-jets)

ﬂ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII ..(B IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
c C > 6 jets, 3 b- tags 7 € 03F > 6 jets, > 4 b- tags ]
2 05 Al - 2 T — .
> C Higgs particle matched (19.8%) 7] > - Higgs particle matched (26.4%) e
g L b-quarks from Higgs matched (13.3%) _| g 0 25“_ b-quarks from Higgs matched (20.2%)_]
s 0.4 I All partons matched (4.7%) T s T I All partons matched (7.5%) ]
< L - < C ]
L ATLAS Preliminary (Simulation) N 0.2 C ATLAS Preliminary (Simulation)
0.3 my = 125 GeV _ C my = 125 GeV .
- . 0.15 —
0.2 ] - .
C ] 0.1 ]
0.1 . 0.05F =
L I l bl L I Ll 1 1 l L Ll l | - 7 : L - :

O0 50 100 150 200 250 300 350 400 00 50 100 150 200 250 300 350 400
m,; [GeV] m, [GeV]

Leads to dilution in search sensitivity
38



Events / 20 GeV

Data / MC

lepton + = 6 jets (3 b-jets)

- ATLAS Preliminary  e+u >6 jets, 3 b tags
90:—'[ Ldt=47fb" —— Data (Vs=7TeV)
- [ ttH (125)
80— C_ it
- = v
70— [ W+jets
C [ Z+jets
60— [ Diboson
C [ Single top
50— B Multijet
C 2222 Tot bkg unc.
40[-
303—
20
=
0
R e stk L b
0.5F
0 50 100 150 200 250 300 350 400

ms [GeV]

Signal “Rich”

Events / 20 GeV

Data/MC

Catagories

lepton + > 6 jets (>4 b-jets)

14

12

10

-y

~ ATLAS Preliminary
- [Lot=47m"

IIIIIIIIIIIIIIIIIIIIII

AN aSATAT g avarayy 1
yyyyyyyyyyyy
aPe%"

..............................

e+l > 6 jets, >4 b tags
—— Data (Vs=7 TeV)
N tTH (125)

C it

1 v

[ W+jets

[ Z+jets ad
[ Diboson
[ Single top
I Multijet
Tot bkg unc.

m, 5 [GeV]
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Expected & Observed Limits From ttH Search

% :I | T T T I | T I T T I T T T T | T I T I | T T T T I I T T I I:
% 50—  ATLAS Preliminary \(§=7TeV,J-Ldt —47fb" —
= B —e— Observed (CLs) _
T L[ - Expected (CLs) fiH (H — bb) ]
= 40— [+1o ]
S 30 —
20— —
10— -“__“,,....-w""’""’w -
0 '11:o[ - '11|5' - '1210' - ]155' - '1§o' - '1::?,5' - '1<:10'
my [GeV]
mpy (GeV) | observed | -2s.d. -1s.d. median +1s.d. +2s.d. | stat only
110 7.0 3.2 4.3 6.0 8.5 11.8 3.5
115 8.7 3.7 5.0 6.9 9.7 13.6 4.0
120 10.4 4.6 6.2 8.5 12.0 16.7 4.9
5.7 7.6 10.5 14.7 20.6
130 16.4 7.0 94 13.0 18.3 25.5 7.8
140 33.0 12.5 16.7 23.2 32.7 45.5 14.2 40




CMS Approach : Think Different

In ttH events with H =>bb, presence of two additional b-quarks in the
event creates combinatoric issues that prevents the reconstruction of
a clear resonant peak. So don’t rely on it

Instead, employ host of kinematic variables that show separation
between the dominant ¢#7+jets background and the ##H signal

These variables fall in two catagories:

— those that discriminate between events containing four b-quarks
from those containing fewer

— those that distinguish between events containing top quark pairs
plus an additional heavy object versus those that do not contain an
additional heavy object

Although none of these variables individually 1s as powerful as M,
would be if the Higgs peak could be resolved, combining these
variables using a MV A technique can yield sufficient separation to
set sensitive limits 1n this channel Al



CMS Analysis : 5 fb'! at 7 TeV (2011)

« (atagorize dilepton or lepton+ jets events by multiplicity of jets & #
of b-tags = total of 9 exclusive catagories

| | b / tH R g > For
eptons JetS ‘tagS tt tt others ata MHZIZO GGV

1 4 3 / 35 \ 9816  60.1 1214

1. 4 >4 05 | 186 14 18

12 5 3 47 | 6373 296 736

12 5 >4 12 | 308 1.0 37

12 >6 2 63 |21603 954 2137

12 >6 3 44 | 3910 139 413

12 >6 >4 17 | 384 10 49

20 2 2 07 [ 33541 9519 4401

20 >3 >3 20/ 1643 277 192

e To further distinguish bet

weefl signal & bkgnd, use ANN with input

based on information in the entire event to separate S from B:

— kinematic info of leptons, jets, MET, event shape

— discriminant output from b-tag algorithm (average b-tag value)

— minimal angular seperation AR between 2 b-jets (tt+bb Vs ttH)

— Choice of variables optimized for each category
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Variable

aplana

ave CSV (tags)
ave AR{ Sgag)
ave mass{untag,untag)

ave mass(ta

best higgs mass

losest tagged dijet mass

P

dev from ave CSV (tags)

highest CSV (tags)
Hy, Hy, Has, Hy

1y (]l't.\.la'[,“lul'l.\,f\ll I

5
— i

jet1,2,3,

lepton p;
lowest CSV (tags)
mass(lepton,jet, MET)

mass(lepton,closest tag)

M3(1 tag)

MEHT

MET
min AR(lepton,jet)
min AR(lead lepton, jet)

second-highest CSV (tags)

sphernicity

lable 9: Event variables used in ANN

ANN Inputs

Description
Event shape variable equal to 3{Az3), where Az 1s the third

eigenvalue of the sphericity tensor as described in [15].

Average b-tag discriminant value for b-tagged jets
Average AR between b-tagged jets

Average of the invariant mass of all pairs of jets that are not

the invariant mass of all pairs of jets that are

A minimum-chi-squared fit to event kinematics is used to
select two b-tagged jets as top-decay products. Of the re-
maining b-tags, the invariant mass of the twwo with highest
E; 1s saved.

Fhe invariant mass of the two b-tagged jets that are closest
n AR

l'he square of the difference between the b-tag discriminant

value of a given b-tagged jet and the average b-tag discrim-

mant value among b-tagged jets, summed over b-tagged
jets

Highest b-tag discriminant value among b-tagged jets

T'he first few Fox-Wolfram moments [16] (event shape vari-
ables)

and MET

Fhe transverse momentum of a given jet, where the jet
numbers correspond to rank by py

Fhe sum of the pr of all jets, lepton

Fhe transverse momentum of the lepton (L] channel)

Lowest b-tag discriminant value among b-tagged je
Fhe invariant mass of the 4-vector sum of all je
and MET

Fhe invariant mass of the lepton and the closest b-tagged
jet in AR (L] channel)

The invariant mass of the 3-et system with the largest
transverse momentum where one jet 1s b-tagged and the

s, l\'?lut‘\-&,

other two are not.
Vector sum of transverse momentum for all jets with
pr > 20GeV/

Missing transverse energy

c

Fhe AR between the lepton and the ¢
l'he AR betw
(DIL channel)

e AR betwes
Second-h

jets

sest jet (L] channel)

» closest jet

en the highest pr lepton and

1 the two closest b-tagged jets

ed

hest b-tag discriminant value among b-tag

., where A; and A3

are the second and third eigenvalues of the sphericity ten-

Event shape variable equal to (A2 + A

sor as described 1n [15]

raining and their descrintions.
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ANN Distribution For Some Lepton+ Jets Catagories

CMS Preliminay. V= 7 TeV. L« 5.0 ft" neSjets+d cms NEuT7TeV.Lu508" _lepton+26jets+ 3tags  CMS Preliminary VG u 7TeV. Lw 5015
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; 3 e 1
8 8, "[" =3 8 . + S O oS 7 wilis =11 Pt
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ANN output ANN output ANN output
® lepton+ djets e 24tags  CMS Preliminary, V3w 7 TeV. L w 50 15 ® 1 lepon + Sjets 42 4tags  CMS Preliminary, 5w 7 TeV. L w 50 &' ° lepton + 26 jots + > 4tags  CMS Preliminary V5w 7 TeV. L« 5.0 15"
e I (154) Miscs(0s MHE (22 € r iR Mldec(r) ElE5(55) € 8F I i (265) W15 EHE5(08)
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CMS Limits From ttH Search

Simultaneous fit to NN output of 9 catagories to set limits on Higgs

production cross section
Lepton+Jets and Dilepfton CMS Preliminary,' Vs=7 TeV,_ L=5.0fb"

16

14

95% CL limit on o/og,
N

....................................................................................................

=~ Observed 95% CL Limits
S — e — St 7 ToV data
E—‘ ........................ ........................ ................ Mass Exp. Obs.

S O SES— ........................ ........................ 110 290 230

10|
N T N S 115 336 283
;] TR SO S—— e 120 3.83 3.09
125 4.61 3.82
P B 20 567 2
2 135 703 568
91;' - 111151 - 11%01 = l1$51 - '1:401 - '1:§51 a0 140 47 6.59
m,, (GeV)
« Search sensitivity dominated by lepton+jet mode,
« 5-10% improvement from di-lepton mode

No excess seen, expect 4.6 x o, at 125 GeV, observe 3.8 x o), 4



» Search for H = bb at LHC is not just an analysis but a full research
program. New ideas are adding drops in the sensitivity bucket

— rapid progress

« With > 25 fb! data each by end 0f 2012, ATLAS & CMS should be
sensitive to SM nggs in the VH channel

n . ‘_-— T T T
- LHC Dellvered 16 42 fb1

18 : —18
.| CMS Recorded: 15.29 fb' m
167 2

14
12
10+

Total Integrated Luminosity (fb )

o N £ » (=]
[TTTTT T[T T I T

Date

 First attempts at search for ttH, should reach = 2.5xc,, sensitivity
with 2012 data assuming background shapes can be kept under contraql



