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e Introduction
e Higgs Phenomenology at the LHC
e Experimental Setting

e Light Higgs Searches

— Benchmark Analyses:
e VBF (H—1r)
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e ttH(H—bb)

e b-tagging calibration using first data
e Conclusions

most presented results come from a recent effort on
on re-evaluating ATLAS discovery potential (a.k.a. CSC)
soon to be published

ATLAS



SM Higgs at the TeV scale

ATLAS
- é:

Many theoretical arguments predict a Higgs mass at the

TeV scale:

WW scattering violates unitarity if only Z/y are exchanged
— For Higgs to be able to restore it at any s: Gem?, ~< O(1)

Triviality bound:
— Scalar sector is a ¢* theory

e Energy cut off Ac where
SM is not trivial >
= A~101%G)GeV = m;<200(1000) GeV O,

Vacuum stability bound: 5
— Fermionic contributions \

could led to negative
self coupling for too small A

e VVacuum not a minimum anymore
= A~10318GeV = m,, > 70 (130) GeV
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ATLAS

Why a SM Light Higgs

Gruenewald et. al

——
— LEP2 and Tevatron (prel.)

e Electroweak precision 80.57  Ert el
measurements =
)
—~ SM Higgs field contributes ;;8“
to radiative correctionsfor |
many EW observables 03, o _
~ Fits of SLC, LEP and Tevatron s s 200
EW measurements constrain my 3 m; [GeV]
e Latest results Winter 2007 '
1 | O . .
- m,=76%3,, GeV | o] |
— From EW fits only: Ml U )
m,<144 GeV @ 95% C.L. x 3 -
— Including LEP-2 direct searches o _

m, <182 GeV @ 95% C.L.
= Light Higgs favorite scenario

| Excluded \ / Preliminary |
30 100 300
m,, [GeV]

<2 ‘w/
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Current Experimental Limits

e LEP my>114.4 GeV @95% CL

e Tevatron Runll combined results:
- W(—=Ilv)H(—=bb,WW), Z(—Il,vv)H(—=bb), H=WW
— Update includes more final states
e H—yy, H—1t

— Best limit at 160 GeV Tevatron Run II Preliminary, L=1.0-2.4 fb"'

[a—
o
L

LETY FELTE . PRLON EELETLITE JRF T TTLFELPRL LIPS [P TR SR PR PR PR JRE SR PRLSN FRLERLAS AR

IA L I‘ L) 1» ' ) I ) L} -
L/hP Limit ., Tevatron Expected

Tevatron Observed
21 @i mmnba CDF Exp

Light Higgs challenging
even at the Tevatron

95% _L. Limit/SM

Tevatron limits............

SM Higgs cross section .....p

SM

March 10, 2008

110 120 130 140 150 160 170 180 190 200
m, (GeV/c?)







ATLAS

Gluon Gluon fusion:
— Dominant production mode

— NLO correction important
e K=1.7

g H 100 T
g .

e Main contribution is gluon radiation

NNLO cross section known
e Sig(NNLO)/Sig(NLO) = 1.3

Vector Boson Fusion:
small K factor ~ 1.1

many events with at least one jet

e Small jet multiplicity in finai state

No color exchange between

e large energetic jets at small p;

quarks

e Low hadronic activity in central

region from hard event

- a part from Higgs decay
Production with Gauge boson:

— Known NNLO for QCD and EW

corrections

Production with heavy quarks:

— More complicated final state

< TVITUT ™

— More than 10 diagrams, known at NLO

Higgs @ LHC: production

(A.Djouadi)

©

—
o
T

qu - Hqq
Lqqg— WH

[ gi— ZH
(L= ttH

o(pp = H + X) [pb]
Vs =14 TeV

MRST
my = 175 GeV

| 1 1

120 1RN 90N ann Rnn nn

mr

Typical uncertainties
on cross-sections

® gg 10-20 % (NNLO)
e VBF ~ 5%  (NLO)
e WH,ZH ~< 5% (NNLO)
o ttH 10-20 % (NLO)
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Higgs Decay

quht Higgs (110<m(GeV)<130)
Dominant mode is H—bb (75-50%)
- H—tt and cc with 3--7%  1p3m

— Higgs decay to yy through
loop of massive particle

~ few permil 01t
- H—=VV®™) rises close

to 130 GeV -
Intermediate Higgs Y
(130<m,(GeV)<180)

- H—=VV{®) most important oo
decay mode '
e H—>ZZ(™) decreases

when 2 on shell W

0.0001 ‘ K. S =
bosons can be produced 100 130 160 200 . Eg‘ﬂ v 500 700 1000
. 1o [GeV
Heavy Higgs (180<m,(GeV)<1000) !
- H-WV

- For m,;~400 GeV the decay in two top quarks also plays a role
All BR calculated at NLO, error within few %
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ATLAS

Electromagnetic Calorimeters

Forward Calorimeters

/ N\ Solenoid “Q‘

— Proton-Proton collisions @ 14 TeV 4
— First run in 2008 (10 TeV?)
— Luminosity:
e Low luminosity ~1033cm-2s-1
= ~ 30 fb1 between 2008 and
2010/2011
e High Luminosity ~1034cm-2s-1
= ~300 fb! by 2014/2015

— Pile-up: ATLAS

* Fhizgjr(ml?dvmli%?slir;:cy)/ilfoyg to 20 Powerful e/y/u/t/b identification

interactions ("minimum bias”) e Photon ID: eff~80%, R(jet)~10°

per bunch crossing e Electron ID: eff~80%, R(jet)~10°
(every 25 ns) e b ID: eff~60%, R(light jet)~100
- Trigger to go from 40 MHz e t—hadrons: eff~50% R(jet)~100
interaction rate to ~200Hz  Good energy measurement of e/y,u,jets
to disk for offline analysis e ~1-2% for pr(e)~25-50 GeV

e 5% initial JES scale uncert (aimed at
1% after in situ calibration) 9



It becomes more and more lmpossmle to see
the ATLAS detector as a whoIe in the cavern

It’s time for the Pixels for final cabling and testing
old picture, from last July, when the Pixels were
E installed...




Benchmark Analyses

e VBF (H—1r)
* H—yy
e ttH(H—bb)

ATLAS

11



VBF

e Signal:

- qqH—qqrr
- Forward tagging jets:
e energetic jets at high n
— No color flow between initial
partons
e No jet radiation
e Central Jet Veto

Backgrounds:
- QCD Z/y + jet
e Big cross section at LHC

e Central jet veto reduce this
background by 70%

— Veto can be checked in
Z—ee(uu) events (no signal)

- top quark:

e Presence of b-quark can mimic
signal even at LO

e In tracker fiducial region b-tag
veto

ATLAS
AN

Forward jets

¢

Higgs Decay M

Pseudorapidity of leading jet
0_1:IIIIIIIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII:

0.09;— pﬂe.’;’i-nA;isn ary < VBFH(20)5to =

0.08 ;_ ----- Z(—pp) +jets _;

0 075_ """" ti(—pp) +jets _E

0.06- ., -
:_ ¥-§'= "'"I_.-.. —]

0.05¢ v b

0.04f 3 !

12



ATLAS
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VBF: H—=tt

. Z 8 AR
e Analysis: S 7 [ my=120 GeV]
- 2 tagging jets F : = 7 jj E
- nggs decay productg in _central s ] (CWWEW-
region between tagging jets 3 E
e Jet veto 2 =
— Final states with two central t's 1 _ e
1. Dilepton decay 80 100 120 140 160 180
m_ (GeV)
2. lepton-hadron decay Probability of finding a central
3. Hadron-hadron decay Jet as a function of p; treshold
—  M(=t) reconstruction: For different luminosity
e Use missing transverse g” [ %
momentum + collinear s [ A b)
approximation of T decays 2 - =l Fake Veto Rote
© 20 |[— L W LlowLum. mI<1.5
e Resolution limited by missing = A toutim mi<zo
ET : f ® LowLum. mI<3.0
. . . = (m] HEghLum. m<1.5
e Low Luminosity Analysis o |- N F e
— Jet veto sensitive to pile-up i A T
- N Bg.
effects - e, i
° o] 20 40 60

P, Veto Threshold (GeV/c)
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VVBF: background estimation

12— + —o— Fullsim True Zstt

e Progress have been made on data ::_ + e Fullsin Scaled Zyp
driven background estimation . N ATLAS preliminary -

e Z-—str mass shape is fundamental in *f  + ¥, E
order to extract signal in the high- " ™ i E
side tail oo et E

- Mis-measurement of missing Lo h"‘*—___ﬂ__‘;
transverse energy Ol 300

e Correlated to effects due to
presence of high eta tagging jets Track density around t-candidates

- Extracted from Z—uu+jets events N Ay il s A Al s Lt ad g
e QCD background in lep-hadron - CrelhoodibasedTauec ]
channel 0.8: :J%Itectron
— QCD contribution for T-candidates 0.6 ]
extracted from track mUItlp“Clty E distance parameter>0.3;
* Global fit of M(vt) and background 04 ATLAS preliminary -
contributions oo :
— with no pile up indication of T
discovery with 30 fb-1in PPN IS i
mH 115'130 GeV # of tracks

14



* H—yy:

- Looking for a mass peak:

e two high p; photons g Y g Y .
e Low mass: intrinsic width negligible 8 © DIPHOX CTEQSM < 1y = m /2
) 2 9 i, DIPHOX : with gg@NLO ]
— Recovery of conversion £ a4 sBen CTROMM) w1 = 1, -

e ~60% conversion in the tracker:  PAdN2goe 8‘“;‘?
- possibly reconstructed Tevatron results = ?,1146“,5?“36“

. . T W™¥<09 &
e Irreducible background: |

— Diphoton background:

i I
80 90 100

m..(GeV/c)
e now computed at NLO q g g g q ;i
e Computation agrees with

Tevatron data

. Y /J e€ ' ? ad fllagmgﬁtatioﬁ functi?)n in quark and gluon jet
e Reducible Background: LU & S

— Large cross section o A e

e Isolation criteria: I R

. ngeilt(_;)oofj ftoe r::jection @ W

e 7% tend not to take all T o y&%%i% ]

parton energy +[..]jet/jet gluon

Jets in y/jet events initiated by quarks = higher fake rate > gl e




H—yy: photon ID

Photon identification cuts
— Isolated n°® main source of

background

- Among shower shapes
variables:

e transverse size in 1stEM layer
e Search for a second max in n
Photon reconstruction and
calibration
— Converted photon = bigger

cluster

e opening of the two electron
due to the magnetic field

— Two categories of converted

photons

e double track conversion
- reconstructed vertex
e Single track conversion :
- no innermost pixel layer hits s

e Efficiency for early

conversion of about 66%

Good anqgular resolution

Quark-jet rejection ~2700 (P> 25 GeV)

\

\[

ATLAS
A
&

7,
(-

<

Rejection

T T T AT
—
>

[ E;>25GeV

n=0

Strip Cal An=0.0031 -

Efficie

— Total conversions
D Double track
[ single track =

ES7E T S S8 RS T8 T 7S B TEraeaS srran W-
50 100 150 200 250 300 35 OX

Conversion radius (mm)
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H—yy analysis cateqgories

» Different analysis categories Diphoton invariant mass for 30 fb-1
e Inclusive analysis:

e Selection:
- p+(y)>40(25) GeV
- Inl<2.5

 Higgs + 1 jet production:
e radiation mechanism differs for

ATLAS

sig and bkgd
e Selection: s
- pr(y)>40(25) GeV i, Ppretiminanfr

- In|<2.5 el HReductiebig
- 1 jet pt>20 GeV, |n|<5 H4+17] ‘
- Mj; > 350 GeV

* Higgs + 2 jet production:
e main contribution from VBF
» Selection:
- pr(y)>50(25) GeV
- Inl<2.5 .
- 2 jets p;>20 GeV, |n|<5 in opposite H—+2-l
emispheres

- M, > 500 GeV
- vy Between jets in

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

ATLAS
’ rellmma

= Ireducible bkg

Reducible bkg

Signal

Events/GeV

17



Signal Significance

H—yy with 10 fb-1

Unbinned maximum likelihood fit
used to extract signal and
background

— 3 photon pseudorapidity regions

with different diphoton mass
resolution

— Events with different jet
multiplicity

- Kinematic quantities (cos6™,pry)

— Floating Higgs mass value

8EF ' T ' T ' T 3
Z_ —@— Combined, fit based with M, fixed _Z
7 C --44-- Combined, fit based with M, floated .
6 E —a&— Inclusive, fit based with M, fixed =
F JL =10 fb‘1 ===~ Inclusive, fit based with M, floated .
5 C_ == Inclusive, number counting -
4 E_ .__—________-——-—‘—'-‘—'_- u _E
- coemmmsmamezszos SILL Ll LLLE LD s ]
] - —
2 :_ A mmmmmmmmmm s mREETTY AL _:
S N
1 ATLAS preliminary 3
0 1 1 | , | | I
120 125 130 135 140

Higgs Mass (GeV)

Fitted diphoton resolution

2 g
€ 450

§ 400
5 350
<C
300
250
200
150
100

50
& 135 140
M.. (GeV)

Distribution of cos&”,p,,, for different

LN B B R L L I
Mean=(119.58+0.03) GeV 3

by
=
b Y
(7]
3
(0]
-
3
—y
b~
Q
ﬁ

6=(1.360.02) GeV

D At least 1 converted y

[III|IIII|IIIIIIIII|IIIIIIII[|IIII|IIII|II[I|II

IIIIIIIIIIIIIlIIIII|IIII|IIIIIIIIIIIIII|I

125

110

(=)

0 105 115 120 130

jet multiplicity

g 4505 T E soo:— T
400 5
S it < w0
£ oo g
2 2 g
150F
1m§ 100
¢ %6102 0304 68 0e 07 08 0
|cose’|
s fapren 3
g Tool 8 2000 ;
S S % background
! - 14005 E
g 400} £ 1200 3
% o] S prel 3
200 o0of E
R S ITR 20 20 a0 100 120 140

Pry (GeV) Pryy (GoV)

ATLAS
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ttH(H—bb)

o ttH(ebb) possible discovery and measure of top Yukawa coupling

— All hadronic final state has higher branching fraction:

e more difficult trigger

— Semileptonic final state 6:BR~100 fb (LO)

e isolated lepton
e Missing energy
e > 6 jets, > 4 jets b-tag

- need large b-tagging efficiency: signal a(s%,)

— In general high jet multiplicity:
e Large contribution of ISR/FSR
= difficult to simulate

= Reducible Background:
- tt 0~830 pb (NLO+NLL)
e Larger background

e b-tagging must be optimized to have

strong light jet rejection

e discriminated by reconstructing tt
pairs

= Irreducible background:

- ttbb (EW/QCD) o-BR~2500 fb (LO)

e slight differences in kinematic
properties w.r.t ttH

ATLAS

ttH(H—bb) semileptonic

0a

09

£ b g t

b 4 b

t b

Suzm

P31 1

- could be discriminated using likelihood functions

19
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ATLAS
—

b-tagging algorithms

Lifetime of B hadrons:

ct ~470 mm (mixture B+/B0/Bs), ~390 mm (Lb)
for E(B) ~50 GeV, flight length ~5 mm

Soft lepton

Impact parameter resolution: Jet axis
35um for p.(track) ~ 5 Gev,

10um for very energetic tracks

Secondary Verte

."mm‘jm 1P<0
Primary vertex (PV) @& .~
// ------
7 et
P 7 e
y PRt Transverse Impact Parameter (a,)
R
> ;""J Impact Parameter significance =1P/o,

20



Impact parameter and secondary 3®
vertices: IP3D+SV1 <!

L L L LR N R |

e IP3D: combination of transverse £ oEm s
and longitudinal normalized track § ppreliminary | J/\ .
impact parameter <102k

e SV1: secondary vertices quantities

used to discriminate light and heavy 10°
flavors i
10 ‘

2 RAALLARLE HARAE LARLE RARLE RARM | K 2 SR LRRL) RN REL) LAER) RS LR Lbl RLih) il 2 IS I R I . i‘HI .
S 10 — b-jets 5 s F — b-jets B F X T P R O BV BT TR
E — Light jets E swu — Light jets Signed transverse impact parameter (mm)
"E gw’ ’é
< < <

-

Q
£

T

10° (7> J = e | [Trrr [ rrrr[rrr T
10°F El = _i
10° : € 10'E aras pqehmmary b-jets
— biets 104H by > - C- Jets
E = o
| —- Light jets : - S £
anss prellmlnary 105K areas LI 1 5 £ R
H |||||1n| paa 1l el ol aal 1 H
0 1 2 3 4 6 7 8 9 10 R PR T A 0 5 0 15 20 25 30 ’<E
Secondary vertex mass (GeV) Secondary vertex charged energy fracticn Number of two-track vertices

e Combining all track and vertex
information a jet weight is obtained
— Different cuts on the weight allow
different working point in terms of =
b-tagging efﬁCienCy vs. Ilght Jet -z_ob:D irﬁ:)(ic'lt ;Leirgrr;elt;rllos:e;c;n;égry-v.e:r':zgIw;;glr:to
rejection

21



b-tagging SV1+IP3D performance

Performances heavily
dependent on jet prand n

- Need to know the dependency
in order to understand the
impact on shapes

For the ttH analysis b-tag

weight is rescaled in order to
give 30% less light jet

rejection

— take into account effect of
residual misalignment

— First estimate with real
alignment procedure!

prand n dependency for fixed cut

> 0.7 [T T T T T T T T > 0.7 T T T T T
2 - 2 f
%055—— — L 8
= . %0.65;_
3 08F —_ g | —
Eo.ss:—* B & 08p
0.5;‘ 0.555‘ —_—
0.455— :
E 0.5
0.4F r
: 0.45F
035 == N .
F anas Preliminary [ anss  Preliminary
0.311151011111&)11151%011112661112%01111300 0A40|1110.1511||.l|1|111.l511112|11|12.5
P, (Gev) b
8 TT T T [T T T T[T T T T[T T T T[T T T T[T T T T[T T T T [ TT T T [T TTTT
2 r $ ATLAS 1
[0) ’ ® iiH preliminary
0 10°F =
2 10E g B ttbb (QCD)
(0] - -
L F o A WHEW
L os
107 ﬁ. E
ool by s by sy by s bya s by by oy by
035 04 045 05 055 06 065 0.7 075 0.8

b-tag efficiency
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ttH(H—=Dbb) preselection

Three different analysis strategies share the
same pre-selection in order to isolate tt+jets events

Main difficulty of the analysis is to identify

b-jets coming from Higgs decay

high combinatorial background need for multivariate analysis

e Normally affected by large systematics

cut ttH (fb) ttbb EW (fb)
1 Lepton 56.9 141
+ 6 jets 36.2 76.7
+ 4 b-jets loose 16.2 23.4
+ 4 b-jets tight 3.76 4.2

First step: W boson reconstruction

Hadronic W candidates are formed with

non b-tagged jets

e many extra jets = large combinatorial bckgd
e Mass window cut applied
Leptonic W reconstruction:
e force M(lv) to W mass in order
to solve for the p,(v)

ttbb QCD (fb)

1356
665
198

29.6

0a

]

ttj) (fb)

63710

26214
2589
50.7

correct combinations shown in red

0.025-
0.02-
0.015-
001~

0.0051

0.03—

st *dﬂ‘? L

1 mean: 84.35 + 0.35 GeV ]

I

 prefiifiy

:10.34+ 0.36 GeV -

he |
L

G50

‘ NN
100 150 200 250

m(jj) [GeV]
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ATLAS

Cut-based analysis

. . Invariant mass after cut-based analysis
e Starting from W candidates and b- For 30 fb*

tagged jets in the event top quark

RRREN RRARE RARR RRARE RARANRARES
ATLAS -

; % 6} :

candidates are reconstructed S 1 Preliminary

- cuton M, - Myl < 25 GeV 5_ o :2285+163GeV ]

e Final combination minimizes y?: at ' E

, 2, 2 N :

Xz _ (’”jjb _mr()p> n (mlvh mrop) o t ++ E

O, .. O, b C |+ +1 .

”IJJb Miyi 1:_ I+Y +§—1: 5 f++++| + E

Eq ?l [ NI L«f T++M|+”'}’1 ot

e The two remaining b quarks are 7851601507405 555 500 3?283?0

used to reconstruct the Higgs @ e

candidates 8'1%% " preliminary

e Statistical significance calculated by B oo

after mass window cut 120¢ Citbb (EW)

— 30 GeV from nominal Higgs mass 100F = E
e S/VB=1.8 80p
e Problem of tt+jets statistics sor
— generated 1M fully simulated 405
events 201

:|_I_ 1 l S N I Ll I | 0 0 N | ' Lyl I ) I Ly I I_
%50 100 150 200 250 300 350 400
m(bb) [GeV] 24



Pairing Likelihood analysis

A_gzg,g comblnatl S shown in red

RRRARAN RARAN REARE RLEN LERAN LRALE I

.....

e Kinematic properties of tt system 7} | | prenminary
are used to isolate top quark R R
decay products e ]
- Higgs properties not used in vt fhe =Y AN _
order not to bias physics e e
background shape e e e

T T T T T T T T ™) T T T T T T T T T

e 6 mass and angular variables

ATLAS ] ,o0sh ATLAS ]
used to form a likelihood I
discriminant R

o S/-\/Bz 1 " 95 — oozf |

N __ i m“ "; AG ' .'-‘._J
Invariant mass after likelihood analysis for 30°fb1="2 2,3 ©osviszessssaars  bosinsaasssssins

) —IIIIIIIJ||\\II\IIIIIIIIIIIIII|IIII|IIII|I— _.@8""|""|""|""|""|""|""|""_

2200 . c OF -

5200 ATLAS: G | I rerTHAS

7180 preliminary- > o p Y

D I mean: 117.27+ 0.81 GeV 3

160t B ttH : 6 G :20.08+1.05GeV -

140F [Ittbb (QCD) 4 r ]

B [Cttbb (EW) ] 5F 1 -

1200 = [t E - B :

oo [ RN O :

801 ] E 33_ + i —f
60 [ = i Lo

40- ] o _

20F llz%—__ | S i"i :_: +++ .4 forns, E

L1 L | j O N N | j O 1 1N ) ’ Ll ’ L) l j N 10N 1N ) | ) N N 1N [ Ll =F :IO-‘I- C1L1 1 Ll Il"1+| gl Lot LI 14T 1 '. L ]

%50 100 150 200 250 300 350 400 05" 5606156500 2&'30 e

m(bb) [GeV] m(bb) [GeV] 25
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Constrained fit analysis

Invariant mass after constrained fit

e Fit constrained of the jet analysis for 30 fbrl

momentum and missing o 1 amas

o 1 preliminary -

transverse energy T N e

xz — Z : Jet I._’_”ll_n_al 4 (’nu/ — 870425)_ + (H'lr / —7175)'- L% 6_— :: g;asrr;f;gs\?v _
i=1 \ Ojer/ P Oy Of i

id i

o 2 likelihood used SIS 1§ _

.. . . i S A ]

— 1%t pairing likelihood used S A T _

XZ Of the flt and Other 14 00 50 :100 15(-)“ 200 25.0- .3.0-0"?35!0..400

kinematic variables SRS

e 3D likelihood used in order : preliminacy

to take into account the [lussioms

[ ]ttobEW: 68.0events ]

correlations

e Final selection likelihood :
used to separate signal ; =
and physics background E i

e S/VB=2.18 . o

B v e B e ! 0 0 O B O
50 200 250 300 350 400
M(bb) [GeV]

[ ] ttobacD: 416.3 events

[EEE signal: 74.4 events
------ Signal, 8.6 percent
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ATLAS
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Performance comparison

Comparison performance at the end
of the analysis chain
T T T I T T T T | T T T T | T T T T | T T T T

>0.65F e
Multivariate analysis increase S & pretitTEAS 5
Higgs candidates purity by Lgo.ssi—% Cut-based -
~50/4: 0.5E- E}j Likelihood 3
— Wide Signa| mass Spectrum 0.45;— E%JE}]E{H#E% A Constrained fit _;
_ - 0.4F £ =
No clear signal peak over g j%%ﬂ %%j@%@% | E
baCkgI‘OUﬂd - +(};({3 %#({)%é%@é /ity Bk =
— Combinatorial background 002'25_ E
dilute kinematic differences TR T 3
between ttH and ttbb 0% ~"0.005 001 0015 002 0025 003 0035

Efficiency

Cut-based Likelihood Constrained fit

Signal efficiency (%) 2.04 2.32 2.49

bb purity (%) 29.4 34.0 32.0

bb mass peak resolution (GeV) 22.8 20.1 22.3
s/b 0.110 0.103 0.123

s/sqrt(b) 1.82 1.95 2.18
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ATLAS

Systematic uncertainties

Background summary of major systematic uncertainties

Significance as a function of

Cut- ) ) Constrained background uncertainty

5 Likelihood ; R e ey
ased fit 5 o ATLAS
JES 5% 14% 8% g 1o preliminary
@ 16¢ cut-based e
Jet resolution 7% 5.5% 14% 814 P oo E
- i 1 .
b-tagging 20% 20% 20% i E
efficiency 0.6k E
q c 0.4 \‘\?
Light Jet 5% 3% 10% o2 T
rejection 0 005 01 0.15 0.2 025 0.3 035 0.4 045 05
All 22% 25% 28% ABE

e 5% uncert on JES, 5% on b-tag eff, Loose analysis depleted in signal

10% on light rejection.

ARRRN RARRN RN RARLE RARR) RARRN RARRNLAR SRR AR RARRN RARR RARRE RARRN RARRERAE
e Main effects come from jet related orof g loosebtag ATLASY  oar B tghtbiag  ATLAS
uncertainties 0'15 ] of _ Ep“ﬁehmmal_!y
- Straight propagation gives decrease in - oosh o ]
significance to ~0.5 i - - :
e Need for data driven background oo > = ]
shape estimation 004 004 l I
- Crucial for the analysis 0.02] 1 ool | '*_;i

— Indication of shape background of e i e

independent from b_tag Cut 0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350

m(bb) [MeV] m(bb) [MeV]

- Loose b-tag analysis depleted of signal
to constrain shapes and normalizations 28
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Systematic uncertainties

Background summary of major systematic uncertainties

Significance as a function of

Cut- L Constrained bacquound uncertainty
Likelihood ; D e
based fit § 2 ATLAS
JES 5% 14% 8% 5 i . ffE"'"'"a"V E
Jet resolution 7% 5.5% 14% g1 parng Wlhood 3
- i 13_ “f
o aigfel e 20% 20% 20% o8k 3
efficiency 0.6 E
q c 0.4 \
Light jet 5% 3% 10% 020
rejection 0005 0.1 015 02 025 03 035 04 045 05
All 22% 25% 28% A BB

e 5% uncert on JES, 5% on b-tag eff,

) ) ; Background shape does not depend upon
10% on light rejection.

B-tag cut
e Main effects come from jet related ey g4
uncerta!ntles | | oo |}| fijets sampe ATLASE I *Zi {iob (O,?Pé nmﬁ%ﬁ;_
— Straight propagation gives decrease in 007t T 4o~ tight b-tag : f —— tight b-tag
significance to ~0.5 006 | || -~ looseblag 4 “t 4 - toosebiag ]
. 0.05F 4L ] 0.08F - E
e Need for data driven background 0.04F 4 | I e R E
shape estimation 0.08f Tt T R ﬁ_l_ ]
- Crucial for the analysis 0.02F 1 T Bl ETE
. . 0.0t | "I-i- . 0.02r- ":“F:':__
- Indication of shape background 00"" R T 00 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1102
independent from b-tag cut 500 000 0 0 500 000 0 0

- Loose b-tag analysis depleted of signal
to constrain shapes and normalizations 29



towards first data:
b-tagging calibration

ATLAS
=
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b-tagging calibration: dijet

ATLAS
ANy
3@

Non-linear system (System8 a la D0):
— 2 samples

e Muon Jets (n)
e MJ] + other tag opposite jet Jet (p)

— 2 different b/l fractions: ny, p;
— 2 non-correlated taggers:

e Tracks (IP3D+SV1) b7
e Soft Muon (pTrel/pT likelihood): ¢SMT

= system can be solved analytically

n

p
,n_LT
LT
p

nSA[ T

_SMT

p
nboth

_both
p

a’s correlation parameters evaluated in MC:

= N+ Ng
Pb + Pei
g elj;“T ny + g Eng Nl
i’ py + €5l pa

SJ\IT SMT
Q5 € Ny + Qg€ " Ny

A
51 [Tp + GSI\ITpC

1 5 QO €£T 1?UT ny + o (g vy eLlT G?ZMT
= o €£T S]\[pr + g ELT S]\[Tpd

source of systematic uncertainties

A

=1 E E E E
TT T

=3
T

& &

P

Muo
j w w
Muon
jet
spatial
tagged
jet utjet axis
Py (e

u axis

rel

MJ sample p*(u) | Jet axis
P o) b-jet
B o) crjet

pl() light-jet

M ATLAS preliminary

2500 2000
PEe) (MeV)
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ATLAS

b-tagging calibration: dijet

Non-linear system (System8 a la D0): Muo P
— 2 samples ] v W
e Muon Jets (n)
e MJ] + other tag opposite jet Jet (p) Muon
— 2 different b/l fractions: ny, py jet
— 2 non-correlated taggers:
e Tracks (IP3D+SV1) b7 spatial
e Soft Muon (pTrel/pT likelihood): ¢SMT '_1339“'
: je
= system can be solved analytically
n = ny+ng Results using simulated moun jets
P = Dbt P | Tagger | Weight cut H Measured €, ‘ |A meas. truel |
LT LT, LT
n = Qg€ Np+ Qa€g Ng w >4 0.747 £ 0.036 0.002
pIT = T 4 LT g, [P3D + SVl | w>7 | 0611 %0032 0.012
AT AT ST w>10 | 0.441 + 0.037 0.043
n = Qz€, " NptQaz€g N IP2D w > 3 0.644 + 0.033 0.009
pSMT = SMT ), | SMT ), | w > 4 0.550 + 0.029 0.007
nt" = oy asag el M ny 4+ g a ay el My
pboth = o GII;JT S]\[pr + ao ELT S]\[T Del

a’s correlation parameters evaluated in MC:

source of systematic uncertainties 32



dijet: results for 100 pb-1

ATLAS

Dedicated trigger are necessary
in order to obtain the required
number of muon-jets

L1 muon+jets trigger used
although heavily prescaled
— for 1031 a trigger for p(u)>6 GeV

and p(jet)>10 GeV prescaled by
a factor 100

— Need to go low on p; for system 8
studies
Need to achieve high purity

— matching jet muon can be
implemented at L2

— muon jet purity ~ 80%
Combination of jet tresholds used
in order to have flat jet p;
spectrum
Folding trigger in system 8 results
allows to estimate achievable
error with 50 or 100 pb-! data

— order of 3-5% in bin of prand n

pT distributions of mu+jet

~triggeredevents T T T T
0.2 ATLAS preliminary-
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L T N T T N T T T Y SO S B | |
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Total efficiency error for (50) 100 pb-1
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|
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ATLAS

b-tag performances from tt

° tt at LHC ~800 pb Event selection for topological analysis
— Can be used as calibration sample

e tt provides a sample enriched on b-jets
— Different environment than di-jet studies W jets:

1. Event/tag counting method E;>40 GeV, 20

— Count events with different # of
tagged b-jets

- likelihood fit for ¢,, €. and oy
— Consider semileptonic and dilepton

i adronic side b-jet:
final sjtate | E->40 GV
2. Topological selection b-tag (weight>3)
- Very energetic events Lepton:
- One b-tagged jets Er>20 GeV

used to reconstruct hadronic top )

— Background on a 20% level needs to be “E¥niss>20 Gev -
subtracted using data (control samples) P sie bret
e combinatorial background: misassigned jets No tag requirement
e Physics background: W+heavy flavors
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Topological approach using my,,
distribution

e Select semileptonic ttbar events Results of the fit with full statistics

- Reconstruct my,;; on hadronic side 948 pb-L
from ‘raw’ jet energles cuts on My 3, pigne
and m, % W mscee

ATLAS

hadronic top big

e Require b-tag on b-jet, anti-b on W " 1\ | S:ski"
jets ,
e Use recon mass of leptonic top
(m,,,) to find region enhanced in
b-jets -
— No requirement on b-tag of this jet §:
e |eptonic top ensures jets are 2
b-flavour s ,
e Have to subtract background from = & =
mis-reconstructions
— Estimate shape from a control
sample where hadronic side

m,;;>200 GeV, and leptonic top jet
IS ant| b- tagged

— Estimate flavour composition from
signal sample where m,,, outside
Mo, = 20 (Mass 5|deband region)

everts /8 GeV

BRE K 3

- -
o oo o

80<E <120 GeV 120<E <160 GeV

e 200 2% soo"aso T
(09\0

events/8 GeV

TN
:‘:‘\;:_ﬁ 4 »



ATLAS
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Topological approach: results

Efficiency and uncerta/ntv for 200 Dbf

e AL S A A T = R | T3
. c 1 3 ATLAS { & - ATLAS E
. Th_|s met_hod allow tp select 2od o preliminary §0.04§ T minar W_,h.\w |
b-jets with a very high Zof iz f L
purity “ort i % ;
— compatible with 100% for 0BE . catouated effiiency : =/ L
pr>40 GeV 05F  — tiue efficiency 0.02¢ v
; 3 b
e In general good results for - : |
i .. 0.01F -
relatively energetic jets 03 : L
0.2 E H-
_pT>4OGeV 0.1t G-..I...I...I...I...;.
.. - i 0 010203040506070809 1 02 04 06 08 1
e Limited statistics at high b-tag weight cut o-tag efficiency
eneI;Igy could also be a Systematic Topological
propiem
Method tested on several o o
integ rated IuminOSity Jet energy scale 0.5
— converge for L>200pb! ’Qgﬁ:ﬁ:::ﬁs o
Relative statistical error of ISR/FSR 1
o W +jet background 28
6.4%. Single top background 1.2
Top quark mass -
Total systematic 34
Statistical (100 pb™*) )
Statistical (200 pb—1) 6.4
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Conclusions 2 3

ATLAS work of re-evaluation of Light Higgs sensitivity almost
completed

— New studies used realistic detector simulation
e more challenging
e possibility of developing data driven background estimation

Light Higgs boson remains the most difficult scenario
Three main channels can be used together to ensure discovery
- H—yy: most established analysis
- VBF: distinct signature
— ttH: most challenging needs data driven background estimation
For all this channels will be crucial the work coming in the next

months towards the understanding of the detector performance
and systematic uncertainties

— New calibration technique have been tested to be effective from early
data

e b-tagging calibration from di-jets and top quarks

ATLAS is finally entering a new phase concentrating on looking
and understanding the first collisions
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