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e Introduction
e ttH analysis in the lepton + jets channel
— Analysis steps
— Key points
« combinatorial background
* physics background shape

—ttjj backgrounds with different Monte Carlo generator
e Charged Higgs analysis in tbH channel (Mossadek Talby, Remi Zaidan)
e ttH(H—-WW) analysis (Feng Lu*, Emmanuel Monnier, Lian You Shan®,
Huaquio Zhang™) *IHEP Beijing/CPPM



o Preferred scenario by the
electroweak fit

— my = 76%33,, GeV/c?
e |eading disintegration:
— my < 135 GeV/c?
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Light Higgs boson in ATLAS

e H % bb ]0-] 500 1000
— my = 135 GeV/c?
e H 577 ’
= J L dat =30 fb™ - L s Bb
e H > WW® < coneow: & 8RR
e “light” Higgs discovery: 5 :

— Difficult situation 7
— Need to combine more than one channel I

e ttH — ttbb
e gg > H— vy i
¢ VBF ! oo o 140 1o im0 300
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— Challenging channel for the discovery of a
light Higgs boson at ATLAS

— Yukawa coupling
— Lepton + jets final state (BR=0.29)

* Cleanest signature
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The ttH(—bb) analysis

s

{1 [}

1 1solated lepton (electron or muon)

» Atleast 6 jets, at least 4 b jets
— need for large b-tagging efficiency (%)

* Missing energy from neutrino

ttbb QCD production —>

Data Cross section (pb) K-factor

t+tH 0.519 (LO) x 0,68 (H— bb)* 1.2
ttbb(QCD) 8.1 (LO) 1.2 212
ttbb(EW) 0,89 (LO) 1212
tt (+jets) 760 (NLO) -

*F =12 2
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e First Analysis Results based on pre-CSC (rel 11) samples
— combinatorial likelihood
e reduce combinatorial background, minimal impact on Higgs mass spectrum
— selection likelihood
o exploit kinematical distributions to discriminate against physics background
e Studies carried out on several different aspects
— Impact of combinatorial background on final results
— Signal extraction techniques
— Validation of mixed simulations for production of high statistics samples
— Comparison of generators for background simulations
— On-going:
e understanding differences in performances with CSC samples.
o collaboration with Genova Group for Trigger studies

ttH(H—bb) analysis status
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@ Semi-leptonic Analysis: pre-CSC
samples

e Reconstruction 11.0.41, ttH(bb) rootuple version 3.03

e Signal (tth): Samples 5340-5341
— Pythia 6.3 (New showering)
— 85100 events ~652 fb

e Background (ttbb — QCD): Sample 5855
— AcerMC + Pythia 6.3
— 45500 events ~17 fb!
e Background (ttbb — EW): Sample 5214
— AcerMC + Pythia 6.3
— 18848 events ~77 fb!
e Background (ttjj): Sample 5212
— MC@NLO + Herwig, filter to get 2 additional jets (15%)
— 1085855 (14% negative weight) events ~7 fb1
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Summary of pre-selection cuts
(1 lepton, > 6 jets, 4b)

Muon: Staco Collection (HightPt algorithm)
- pr>20GeV, |n| <2.5
—  x2/ndof < 20
— Isolation cone 0.20 < 15 GeV
— DO vertex < 0.05 mm

Electron: Electron collection
- pr>25GeV, |n| <25
— IsEM & Ox4ff
— Pixhits> 1
— Isolation cone 0.20 < 10 GeV

Soft muon: Staco Collection (HightPt & LowPt algorithm)
— Not passing muons cuts
- 4GeV<p;<100GeV, |n| <2.5
-  x%/ndof < 4
— Isolation cone 0.30 > 3 GeV
— Removing overlap in LowPt algorithm

Jets: Cone 0.4

— Correction of the 4-vector by adding soft muons (AR < 0.4)

— AtlFast calibration (for out-of-cone)

— Removing overlap with electrons (A R < 0.2 & Prejectron/ Prijet > 0-75)
b-tagging:

- SV1+IP3D >4
Neutrino p,

— Solve second degree equation

— Take A = 0 approximation when A< 0
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Reconstruction

e Cut-based analysis steps
1. Reconstruct hadronic W using all combinations of light jets pairs
e Mass window cut: |m; — m,| < 25 GeV/c?

2. Associate b tagged jets and W candidates to reconstruct leptonic and hadronic
top quarks

e Choose best combination by minimizing y2

) N2 Leptonic top Hadronic top
2 _ (m,,, —m,) : (m./.'fb m,) — —— )

( )2 ( )2 u::s 17340405 ,E;::,“ 1@4:;: r M:a: 17560405 ;T: 1.122::

my,y, m iy | Rus 15926404 RMS 1750404 3007 rus 1.8940404 RMS 1.6566+04

|- 22/ ndf 67.55/14 x* / ndf 221714 I x?/ndf 69.83/14 I ndf 1327114

I Constant 2057166 Constant 167.615.3 : Consfant 21554171 Constant 200.7+6.4

o Cut: [my, (Mypy) = M| <25GeV/C  [an w0 W20 | bl D22 ] 5 NI

. . i :tzkslihood o [ :tzkslihood »

o LI kel I h OOd Ste ps - f.k:m" ;:I;Bt:loor:bination 200 - tik::;:o::mtrb::a::r:binaﬁon
1. PDF's based on mass and angular | _
distributions reor

2. Choose combination with highest
likelihood output

3. Reject events with no
combination passing a likelihood
cut of 0.9

100

50

] o oy
50 100 150 200 250 300 50 100 150 200 250 300
mass (MeVic?) mass (MeVic?)
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Combinatorial Likelihood templates

E
£
]

- = True combination - '_
0.1 2 r
- 0.1 -
B = Bad combination C r
i 3 0.01f
o- 1<10° 0: 1 o
0 50 100 150 200 250 300 350 400 0 100 200 300 400 500 600 700 © 05 115 2 25 3 35445 5
MeVi/c? MeV/c?
M(lv b) angle (j,j)
0.1F - -
N 0.011 0.010
ok 10° 0- ) S T I I B ...
0 100 200 300 400 500 600 700 005115 2 253 354455 0 05 1 15 2 25 3 _35
MeVic? Rad
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% Likelihood vs cut-based
e Gain of efficiency vs purity . ‘ogsinmass rango: 30 GeVic’
e Same efficiency g 2
— Gain 8% purity 06 ~ Likelihood
e Same purity g
— Gain 22% efficiency 25
Q0.5
180:_ Entri 1721 E
160__ nEn:::nes 1_3732111): M:;:‘es 1.498e+05 0.45— Cut-based ) :
- RMS 6.594e+04 R’I\:sndf 7-?::;7: - an?rI‘y5|s working
140 i et taries R TTIN A A
- Mean  1156e+05:1114 Mean 11680405 : 1165 04005 01 015 02 025 03 035 04 045 05
12 0 :_ Sigma  2.175e+04 +1328  Sigma  2.241e+04 £ 1602 efficiency
1001 - : i
805 — e Likelihood analysis slightly
6o o p better for my,
40 e smaller tails
201 e more events in mass
C S I i T A R S Pl x10°
0y ~=50 100 150 200 250 300" 350 goom range

Higgs Mass (MeV/c?)
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Results for 30 fbl

Combinatorial + selection likelihood

tth ttbb ttbb (EW) ttjj (t1bb™) (S/NB) 300~

normalized | normalized | normalized | normalized (ttbb) 250" B tth

. Il itbb (QCD)
Cut-based 783 74 50 14 (35) 53 200 [ ttbb (EW)

analysis 33 132 20 61 (153) ' 150] I
Combinatorial | 1048 92 59 12 (45) I
likelihood 44 165 23 52 (184) ' S0

50 100 150 200 250 300 350 ,
m,, (MeVic?)

Combinatorial likelihood

200 e Selection Likelihood studies:
180 T — Kinematical and b-ta
160 B itbb (QCD) variables used to build a

selection likelihood
e Small increase in significance

140 B ttob (EW)

120 ttii Tidll
ok e Bias in the reconstructed
100 Higgs mass
%0 e No statistics to build pdf’s
60
40 tth | ttbb | ttbb (EW) | t1jj (5/8)
20 Selection
10° ol 66 | 252 32 140 3.2
0 50 100 150 200 250 300 30 Likelihood

m,, (MeVic?)

* .
12/09/2007 ttbb double counting removed 10



Studies for combinatorial background

It’s clear that if the reconstructed objects do not match to
truth we can not have the right combination

Matching after jets pre-selection and b-tagging

' Bpartonsmatch=34%  rig
' 4bpartons match=76%  rig
" higgs b partons match =85%  rig
" Wpartons match =47%  rig

ag = (]
ag = (]

ag = (]

ag = (s
60
/l leptonic
50 - top
M hadronic
40 - /
/ 4 top
30 - W higgs
0 mw
10 -
¥ no
0 match
leptonic  hadronic  higgs W
top top €—— Usedfor Matchto

12/09/2007

. 0 2jets
higgs match
M ljet
w match
[ I I
0 20 40 60
Big exchange of b jets

between Higgs and top
quarks

Lots of unmatched jets used
to reconstructed hadronic W

For more details:

http://indico.cern.ch/getFile.py/access?contribld=3
&amp:resld=0&amp:materialld=slides&amp:confld
=11888
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Control Samples

Strategies for Understanding Background Shapes with DATA:

ttjj: comb likelihood > 0.9

o Reference analysis: combinatorial o=
likelihood based preselection B
— Likelihood > 0.9

e Final working point of the fi e e
analysis involve a tight cuton b- o= - &
tag to suppress tt+jets o= |
background oo T
— b-tag weight > 4. A

30 fb™, 4 b-tagged jets

e Relaxing this cut means diluting "
the Signal ttbb (EW): comb likelihood > 0.9
e Shapes don't depend strongly on 017 4 tagged et
Weight Cut 0'2557 —e— w>0: num events = 293
— Can go at loose b-tag to check j +
background shapes : | o
015~ | *T* —*— w>3:num events = 131
— Loose dependence of b-tag EIN
shape modulation from weight H‘“
value = 1

12/09/2007

ttbb: comb likelihood > 0.9

0.35¢
0.3;
0.25;
0.2 f :’:
ot

01f

30 fb™, 4 b-tagged jets
—e— w>0: num events = 2203
w > 1: num events = 1571

—e— w>2:num events = 1183

- ‘
—§—*
i :izizi
0.05— e =
L ==
- S Tp=—g—
:§ ' 7!75‘55‘: 3
oLttt [ [ e L] Ix10
0 100 200 300 400 500
m(bb)

tth: comb likelihood > 0.9

o5L 30 fb™, 4 b-tagged jets
—*— w>0: num events = 250
0.4 o
r —o— w > 1: num events = 191
0.3 L —*— w>2:num events = 147
—*— w>3:num events = 120
02—
0.1 r -
==
S T 3
1 Ll Ll L T e e{x10
0 100 200 300 400 500

m(bb)
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Fast Calo Simulation:
Validation for ttH events

:gy i ?
N

nrer-pe

ginematical variables are used to identify b-jets coming from the Higgs boson
ecay.

— High combinatorial background content

= Similar shapes for signal and background

High statistics needed to correctly evaluate shapes

— Fast Calorimeter could be used to reduce simulation time

— Fully simulated inner detector: correlation between b-tagging and kinematical

distributions
For this study:

— used 18250 events from dataset:
trigl_misall_mc12_V1.005870.ttH_poslepnu_jj_bb.recon.ESD.v12000601

e Calorimeter re-simulated with S

reco matched to true electrons from W

FastCaloSim-00-03-12 - e ——

— full sim RMS  45.02 250 RmS 1.083

Reconstructed
electron

—=—fast calo

Fast Calorimeter Simulation Twiki ; ,
https://twiki.cern.ch/twiki/bin/view/Atlas/FastCaloSimttHHbb O e we as0 200 280 00 % = a e a2

Michael Duehrssen’s talk at Glasgow resenmeea e f81 resonetructedn
http://indico.cern.ch/getFile.py/access?contribld=33&amp;sessionld=26&amp;resld=2&amp; materialld=slides&amp;confld=12732
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Fast Calo: final objects

1" leading jet
[ ]

prob = 0.848

3" |eading jet

5" Jeading jet

Entries 7872
Mean 8.140e+04
RMS 3498e+04

7757
4.767e+04

prob = 0.208

1.8410+04

1.83%e+04

2" |eading jet

4™ leading jot

prob = 0.953

4.778e+04

6™ leading jet

prob =0.216

prob=0.4

Comb Likelihood Templates

Entries 4948
Mean 0.9988

W

0
0 o5 1 1§ 2 25§ 3 35

prob = 0.992

= full sim

\ - fast calo

Entries 4858
Mesn  0.9771
RMS  0.5471

ang(l)
Entries 3688
Mean 1774
RMS  0.7743
0.08-
1 prob = 0.879
s I l Entries 2590
) 1T Mean 1761
IT 1 RMS  0.7754
o.0e[ T
®
1l
oo & I
]
L [
0.02 + + .
')
0.011 f ‘
L}
[
003 115 225 335 4 43 3
AR@b)

0.14]

0.12

o1

0.08

0.04}

0.02|

prob=0

0.05

0.04|

0.03]

Y

¢

o
005 1 15 2 25 3 335 445 3

L g;
é
L @
o8
F e,
L]
L € 2
o 10"
0 50 100 150 200 250 300 350 400
M) MaV]
[Entries 8577
(Mean  1.613
RMS  0.7914
&
- prob = 0.999
N Entries 8622
(Moan 1.802
[~ + IRMS 0.734

AR(LD)

0.2

0.18

0.16]

0.14,

0.12

01

0.08

0.04,

0.02

0.09

0.07|

0.06/

0.05

0.04

0.03

0.02|

0.01

de Marseille

Ertries 3880

Moan 1763408

& 9= %" -ee-00-

0
0 100 200 300 400 500 600 700

RMS 25740404

prob = 0.332

Mean 17540105

RMs 28460104

10°

M) MeV]

Ertres 8477

Moan 1.7480+08

g WL T

O® o 900 .g.-0- -

c@mo 0. 000

0
0 100 200 300 400 500 600 700

RS 30820404

prob = 0.172

[Entrise

Maan  1.7310408

RMs  3.0760+04

x10°

M(1 v b) MeV]

Very good agreement, between the two simulations. Starting production of large ttjj
sample next.

12/09/2007

14



Systematic study of MC production
ALPGEN vs. MC@NLO

ner-p»

= Try to use Alpgen to get a second _ hardest b-jet pr softest b-jet pr
estimate of the ttjj background - — MCatNLO | "
» very loose cuts (VL) :p>15GeV/ic o — Alpgen wh
and AR; 2 0.4 3 L
> soft Higgs cuts (SO) :p;220GeV/ic
and AR..> 0.7 ot “ Rl
» hard SJ{JSY cuts (HO) : pr = 40 GeVi/c 0010_ B R I T 10-503"s‘n‘”‘ﬂ‘m"‘Hén"“z:‘]d“‘zéd”‘at‘ud”ééﬂ”ﬁn
and AR O 7 ax(p,) for b-jets (GeVic) min(p_ ) for bjets (GeVic)
v The fraction of events with 4 b-labelled o hardest light/e Jet pr pion
jets is similar in MCatNLO and Alpgen " 3
< 40% " _
v" VL and SO compatible o 7
—  90% and 80% of the selected events " i
are from the tt + > 3 jets sample ok 7 s
New ALPGEN Version has bug fix for this R I L I I

(p ) for Ight.‘ ] (G eV/c] ) lepton P, (GeVic)

sample cross section

MCatNLO™ | Alpgen™ | Alpgen™ | Alpgen™
5212 VL SO HO

~ 173 ~310 ~ 293 ~ 157

events in mass

window (30 fb1)
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The gg/gb—t(b)H* ; H* — tb channel:
> Cross section: 6 = 1.3 pb for m;;=250 GeV/c?
tanf=40
» Similar final state than the SM ttH channel:

»Same Backgrounds, similar analysis...
»High BR for heavy Charged Higgs boson.

Charged Higgs Boson

» Suffers from high SM background. b
.
.% 1 ? """" Itb T T v
E‘U 10 ! 7WA Wh° E
LR e A Concurrent channels:
OO a NN e Ts— Heavy Charged Higgs boson:
101 51% 125 150 175 200 225 250 ‘3(5“3200 >gg/gb — t(b)Hi : Hi —TV
* » Lower branching ratio
A MIXING » Cleaner channel with less background
. tang = 30 Light Charged Higgs boson:
10 \|\\ll‘;_l\ll,_\\|\‘;_\\ll\ll\l;_\\ll,_\l\\l;_\\l
100 125 150 175 200 225 250 mfIZJ(GeS{?)g >t — Hi b (Hi — |V, Hi — quar)
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Charged Higgs Boson analysis

Pre-selection: W TW;_S:: GeV
> 1 isolated lepton ok Signal
. . . E I ttbb
> at least 6 jet with 4 b tagged jets: - B
Reconstruction:
» Combinatorial Likelihood function ok
based On 8 kinema’tic Va’riables 005 100 200 300 400 500 600 700 800 900 i

m,. [GeV]

Challenging analysis:
»Huge combinatorial background:
» 500 possible combination per event
»25% purity for the Higgs boson!
» The signal shows no peak in the invariant

i \//x mass distribution:
i o —— =250 GeV . e .
L Mem SR »Shape analysis is very difficult

%= M, = 400 GeV

Significance
3
|

» Perfect understanding of the

B R EA R R sé:anﬁ background is crucial
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ttH(H—-WW) analysis

: —.

o ttH>2b4j212V, \ / =z,
> 6jets + 2samecharge lep. + MissEt ._’OC;—:

o Possilee BGs: 2P / \ }
t(11), tt(21), ttZ, ttW, ! - tb
tttt, ttWW, ttbb...

o ttH>2b2j313V, o:"
—>4jets + 3leptons + MissEt = }3 leptons

e Possible BGs: .—PO:'g
t(21),HZ, 1t W, tttt, Lt W W, ttbb / ] e

2 leptons

4 light jets

Normalized to 30 fb-! | o, (fb) 2L 3L
+tH160 Pythia 10.9 52.6%1.0 0.1x0.04 S/sqrt(S+B):
+H3I(160) Pythia 6.9 6.840.3 23.40.5 2L: 3.3

tbar 461000 0 63.3@ events) | 3. 1 g

HW+ng 235.7 | 88.9:3.4 22.8+1.8

HW 246 44.0:3.0 13.1+1.6 ?'9 Uncgr"ram‘ry
HZ 144 44 2:2 8 33.412.4 rom Ttbar

+bb 3091 | 13.2(8events) 0 (Lack of MC)
it 3.2 2.120.1 0.65:0.04
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o tth analysis:
— preliminary results with pre-CSC samples
— likelihood based analysis: S/VB ~3 for 30 fb-1
— finalizing the analysis using CSC data is in progress

— start addressing more subtle, even though not less critical,
issues (true as well for tbH analysis):
e limits on the understanding of our combinatorial background
e strategies for validating background simulations using early data
e signal extraction

e Other analysis related to ttH in progress

— tbH for the search of heavy charged Higgs decaying to top
and b quarks

— ttH(H—>WW) for higgs search, also interesting for Yukawa
coupling

nrer-pe

Conclusions
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¥ ttH(H—bb): CMS

e 3 final states considered

] ) Cms note 2006 119
_SemileptoniC tOP o voes

e ttH semileptonic: p¥a e
— Low energetic jets accepted if associa ,f Sgma _ 2088]  b-tagging
with tracks from PV ; : o
e 3 Likelihoods o E ‘;’ =_ 5642/0
e Constrained fit on W masses e 1 R =625
e Db-tagging used to associate b F 7 '
top and higgs e E
e Kinematic function discriminate hig oo, :

- - 0 50 0 150 200 250 300
energetic Higgs products Wragiey GEVIC
e Dilepton analysis —
. . Ly N
— counting experiment e
. 005 —
e 2 opposite charged leptons (e,u) F
e substantial missing energy (2 v's) o e
. 0.03
e All hadronic -
002 —
— minimize y2 mass :
2 2 2 2 aol— o
3 mws —myy My — —Mjj My —Mjjj My — M E H "-!
XM‘( ST *( ) +( o) *( ) B TEO IR o MRS IHN I s B

Contrality All Jot

— Using centrality variable

CMS summary

s-lep n

s-lep e

dilep

All had

S/\B

1.8

1.6

1.4

2.4
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