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LHC and ATLAS

* |n 2010:
— Proton proton collisions

— ATLAS recorded 45 pb? of
integrated luminosity at Vs=7 TeV

— Depending on data quality = T .
selections, 35 pb or more usedin = ,p ATLAS Online Luminosity \s=7Tev -
analysis %‘ “F [ LHC Delivere ]

1.2 ATLAS R ded —
* In2011: O
. . . [ Total Delivered: 1.18 fb' =

— Running since early March with %' T R o -
Vs=7 TeV T 0.8F B

— >1fb! data has beenrecorded g ,.f E

[ =L .

— Hope for 4-5 fb of integrated = g E
luminosity before the end of the © 04¢ :
year 0.2 -

* Beyond: of— ]

_ LHC will run in 2012 28/02 29/03 28/04 28/05 27/06

Day in 2011
— Then, long shutdown and run at

higher energy.
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SM Higgs Boson - Production

44 Ha
n
w%———'ﬂ —————
9= Aa Vs=7TeV 7

VBF (less suppressed
at higher M,))

LHC HIGGS XS WG 2010

gluon-fusion
(dominant)

W NTTTTT
o
o

= — q W/Z :?E;\N
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M, [GeV] 4 h

1
200
H e
ttH (contrlbUte to Signal cross section and its uncertainties are given by .
|-|->W’ bb) “Handbook of LHC Higgs Cross sections: WH/ZH (ContrlbUte
1. Inclusive Observables” arXiv: 1101.0593(hep-ph) to H->W' bb)
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Decay modes:

e H->WW
— Dominant in intermediate and high mass
regions
e H->ZZ
* H->vyy
— Low BR

— Relevant in low mass region

— Clean signature
* H->bb (notin this talk)

— Dominant in low mass region

— Very challenging (high QCD background)
e H->11 (notin this talk)

— Low production rate

— High Z -> tt background

The Challenge:

<1 detectable Higgs boson per 10'?
collisions

Branching ratios
LHC HIGGS;S Wclzmla

200 300
M, [GeV]
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Decay modes:

e H->WW
— Dominant in intermediate and high mass
region
e H->ZZ
e H->vyy
— lowBR
— Important in low mass region
— Clean signature W=l
* H->bb (notin this talk) ‘ Zen
. . . " single t
— Dominant in low mass region WW v s

— Very challenging (high QCD bg) Hes WWes Iviv
 H->1t (hotin this talk) ’

— Low production rate

— High Z -> 11t background

100 110 120 130 1400 150 160 170 180 190 200

The Challenge: M, (Gev)

<1 detectable Higgs boson per 1012
collisions
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H -> yy (data 2011):
Mass range 110-140 GeV
Preselection cuts:

— 2 isolated photons with

pT > 25 GeV and |n| <2.37,

fulfilling tight shower shape
requirements

— 1y with pT > 40 GeV
— 100 < Myy < 150 GeV

L. Barak
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SM Higgs Boson

H -> vy (data 2011):

. loose y ID
* Main backgrounds:
— Reducible (y-jet and Jet-jet)
g I tight v ID
g AN » %
9 B*C
— Irreducible (yy and Drell-Yan) A= D isolated non isolated
q —P—WM’Y
g ———nnrnnny 5' 10°E — Observed Power Constrained Limit
. S - ----- Expected limit - 3
« Strategy to estimate: S [ m: TLT;“SEGTE'”W ]
i + 20 = P )
— Double sideband method 3 I 2 -
— Electron photon fake rate from E
/ —> ee &

e Limit: The observed excluded & |
ranges from 4.2 to 15.8 times the o), 11 :
at 95% CL (6-7 was expected) eI T P T S SR :

110 115 120 125 130 135 140

M, [GeV]
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H -> vy (data 2010):

ATLAS

= [ T
o L -
© - 5
= i . i
c det~35pb‘. s=7 TeV

= 10°F E
EE :
4 L —
3 i i
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PCL limits
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SM Higgs Boson

H->WW (data 2010):

oy ATLAS WW = evpv Candidate

1 Run 167576 Event 120642801
“' EXPERIMENT Time 2010-10-24 13:06:00 EDT
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SM Higgs Boson

H->WW"-> Ivlv (I=e,u):
Mass range 120-200 GeV
Most sensitive to M,;=2M,,

9 channels — (H+0j, 1j, 2j) * (ee, uu, ep)
— Jet pT>25GeVandlet [n| <4.5
Preselection cuts:

— 2 opposite-sign hard and isolated

leptons

— MET > 30 GeV
— M, >15GeV, |M-M,| > 10 GeV
(for ll=ee, pp)

Topological selection (optimized
according to mass regions and channels):

— bjetveto

— A, <1.3,1.8

— M, <50, 65,80 GeV and |P{'| >30 GeV

— Transverse mass 0.75*M,<M.,<M,

L. Barak
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SM Higgs Boson

H->WW"-> Ivlv (I=e,u):

Main backgrounds:

— Z+jets (ABCD - M, and MET)

e Data driven method

— Define control regions (sample enriched in
particular backgrounds)

— Subtract the contamination of other
backgrounds in control regions

— Top (jet veto, reverse the b jet veto) — Define “comparable” variables

— WH+jets (anti isolation)

W+jets

— Propagate estimation from control regions to
signal regions (using scales from data/MC)

Nuww % =y X (N, = B top “Niop K-..)

C.R.A(WW)

ww

Top <
Wjets e

C.RAWW)
Top

N
C.R.(Top) B =

o — T CR(Top)
i NT[n:p

Top

CRWW)
N

W +jels

W +jels C.R.(W +jets)

W +jets Wtjets

T T
|j W jets \JC.R.I W +jets)

Wjets
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SM Higgs Boson

Loy araarases span st RS AR AN

H -> WW* -> IVIV (I=e’u): - —— QObserved J-Ldt=35pb1
Exclusion limit

e A95% CL upper limit on

; ---- Expected -
- M+ Ns=7TeV
o x BR(H->WW*) : e
54 po @ |\/|H=120 GeV 120 130 140 150 160 170 180 190 200

j—y
o
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95% CL Limit on o, xB(H—> WW) [pb]
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\
|
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11 p 0 @ MH=16O Gev E"E’ 10° = ATLAS Prel|m|nary 7 | lLdt | 35 pb,1ll

© = ]
71 po @ M,=200 GeV § - ExpacaarL \E-7TeV -

E 107 B = fo —=— Observed CLs =

Q::) [ J+2c
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—
o

* 1.2 x o), excluded @
M, = 160 GeV (2.4 was |

Tevatron <L> = 59fb1 3
Tevatron 7

—=— QObserved CLs <4 m
d Expected CLs EXC|US|OI’1 .
-1 L P I L Ll
expECte ) 10 120 130 140 150 160 170 180 190 200
my [GeV]
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H->WW" -> Ivlv (I=e,u):

2

95% CL limit on o/og,

—
o

ATLAS

f L dt~35 pb” Ns=7 TeV

100 200 300 _ 400 500 600

my, [GeV]
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H->WW" -> lvqq (I=e,p): T

Mass range 220-600 GeV
Models: SM and 4t generation of fermions

2 channels — H+0j, 1j
— JetpT>30GeVandlJet |n| <4.5

Preselection cuts:
— 1 muon or electron (fullfill tight selection criteria) with pT > 30 GeV
— 0 additional muon or electron (fullfill medium selection criteria) with pT > 20 GeV

— MET > 30 GeV (against QCD)

— 2 or 3 jets with pT > 30 GeV and |n| <4.5

— 2jets with 71 < M; <91 GeV and
In| <2.8

— b jet veto (against top)

L. Barak LISHEP, 6 July 2011 ATLAS-CONF-2011-052 15



SM Higgs Boson

H->WW" -> lvqq (I=e,p):

* Main backgrounds:

o T L TT | T TTT | T TT | T T TT T T TT T TT | T TT ' TTT
— W/Z+ets (Data) S [ JLdt-3s5pp ATLAS Prehmmary_
- 8 100__\|'§ =7 TgV i gi&;:gsons B
— Multi-jet (Data) = }f o i
- W/Z+jets .
— TOp (MC) ; 80+ Multi—}eﬁ 7
. D N Signal (x30) 7
— Diboson (MC) é i ij:moeewfﬁ j
* Strategy to estimate: w60 N
: - H + 0j Search .
— Data driven method: a0l M -
* Estimation using a fit to E;™is i ]
distribution 20l -
* Shape from MC (W/Z+jets) or - .
from an anti isolated region i N | | i
(multi-jet) % 100 200 300 400 500 600 700 800
* Mass reconstruction My [GEV/c?]

— Using M,, = M,, constraint
— Smallest |P,"|

ATLAS-CONF-2011-052



SM Higgs Boson

H->WW" -> lvqq (l=e,p):
e Exclusion limit

* Exponential fit to the = T
background to set limits with %,.
a profile likelihood :
(systematic sources as
nuisance parameters)

[ ===== Expected PCL

- ATLAS Preliminary

* At M, =320 GeV, the 95% CL [ - F
upper limit is approximately 1o o s Ne=TTeV

95% C.L. limit on &

B il g:ﬂie;?;\:tifn (ggH only L dt=35 bﬁ1 E

7.13 X GSM (15.3 Was :| ITI | 1| | L1 1 1 ‘)I | — | L1 1 | | | IJvI | ‘ | \Fl)l | >_
250 300 350 400 450 500 550 600

expected) M, [GeV]

* For the SM4 prediction,
no value of M, is excluded.

ATLAS-CONF-2011-052



H->WW" -> lvqq (l=e,p):

ATLAS

= [ ]
(V5] - -
© - .
5 - . i
c det-aspb‘. s=7 TeV

< 10 E
£ = =
A -

&) [ LN e

a,?‘ __________

g 10

PCL limits

— Expected Obsarved Expected Obsarved -
: ........... —_— H_.,-n.- ______ —— H—= 77—l :
I —— H=WW—=hty s —_—f H—e= 27— |k|q _
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SM Higgs Boson

H -> ZZ (data 2010):

P EXPERIMENT Y1

Run 167776, Event 129360643
Time 2010-10-28 10:41:18 CET




H->2z" -> llll (I=e,p):
* Mass range 130-600 GeV
Fully reconstructed final state

* Preselection cuts:

— >1 quadruplet of 2 pairs of g - BNt
same-flavour opposite charge _g_ 1:_ | | EEZ )
leptons: {E; Oz oz

* >2 leptons in the quadruplet with oE | [ Lot =40 pb", (5= 7TeV
pT > 20 GeV 10 ATLAS Preliminary

* Z,, — the dilepton pair closest to
the Z boson mass
|M,;,-M,| < AM,, (12-15 GeV) 10?
* Zpy, —the sub leading 100 150 200 250 300 350 400 450 500 550 600
(M3, >15-60 GeV) M, (GeV)

« AR (L,I’) > 0.1 for all leptons

— Suppress leptons from b-hadrons
with impact parameter
significance requirements on the 2
least energetic leptons

L. Barak LISHEP, 6 July 2011 ATLAS-CONF-2011-048 20



H->2Z" -> llll (I=e,p):
 Backgrounds

— At M, > 180 GeV — 2 on shell Z 150

- ZZ (IrredUCIble) %4504_ & T T T | T T T T | T T T T | T T T T | T T T T
. (o) - —e— Observed
— Z+QQ (reducible) B 400F- .. Expcts H—ZZ-lll
. . g 3505_ |:|;20
* Limit: €L T Expecisdols
= 300
— At M, <130 GeV —too lowBR G . ATLAS Preliminary
50 1
2 - [Ldt=40 pb™,\'s=7TeV
— At M, ~ 160 GeV -2 on shell W 8 200E

— At M,, =200 GeV, the 95% CL "
upper limiton o is 50; | | g |
approximately 24 x ), (25 foo 200 500400 500 mH [228]

was expected)
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H->2Z" -> llll (I=e,p):

= = R R
© - ATLAS
o) -

&

< 10

E -

_l —

o -

32

0 10

PCL limits

f L dt~35pb " Ns=7 TeV

------
L.

-
-
........

Expected Observed

E ........... —_—k—Heyy  mmme= —— = 77— Il E
T —— HeWW— Tty  seesssee —%— H—=2Z—ligg _
------ —— H—=WW — lvagg | i M . rull Lsne? < “md Ls SEPEE SRR

100 200 300 400 500 600
my, [GeV]
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SM Higgs Boson

H->ZZ" -> llqq (I=e,p):
* Mass range 200-600 GeV
2 on shell Z - suppress background
* Preselection cuts:
— 2 same flavour leptons (muon
opposite sign)
— 76 <M, <106 GeV

ATLAS
H—llgq (mH=3OO GeV)

Events / 12.5 GeV

r 1
25 f— _ 1 _f

— MET <50 GeV - Jra=ssp ]
— 22 jets with 70 < Mjj < 105 GeV @ 2°F VS=TTV e E
— For M, 2 360 GeV: 15 [ Eé_;iets =
C IDOSON ]

* Jet pT > 50 GeV 105 [J Other =

* Ad; <m/2 and Ad, <m/2 - — Signal x20 ]

— Constraining the dijet to the Z mass St E

* Backgrounds:
— Diboson (irreducible — MC)

— Z+jets (MC — after verifying in control
region)

— Top pair (reverse MET and M, )
— Multijet (data)

0
100 200 300 400 500 600 700 800 900 1000
My [GeV]
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H->2Z" -> liqq (I=e,u):

= m T u
o n ATLAS -
B

B -1

5 o det~35 pb ,\'s=7 TeV .
= 10 = =
£ = . , x

: : i dﬁ-‘n p_-r' llllllllllll _"‘
o | N I.E“: _____ e N s - rig
w  10g q SR
(@)] E \-“ "'# o o - ] Mgt = E
B PCL limits 7
— Expected Observed Expected Observed -
[~ e —&— H-yy  =mm=es —— H—- 77—l 7
|| mmmma —p— H= W=k s —— H—= 27— ligg _
------ M —E—.H".W _'-I"'rqg 1 M M M Pl R -_*u_' H—'.ZZ.—' Jh'"'{ PR R R A T |

100 200 300 400 500 600

m,, [GeV]
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H->ZZ" -> llvy (I=e,p):
* Preselection cuts:
— bjetveto

6
— ForM, <280 GeV: g 18 ATLAS Preliminary o dta | Laoson’
e MET > 66 GeV g 104; H— eevv — ;otal MC
" AG <264 2 j0°k S ot 86 e
« A, >1(M, <260 GeV) g b
— For M, 2 280GeV: 10k
* MET > 82 GeV 1
« AP, <2.25 10’
— Looking for the transverse mass 10
« Backgrounds: 0% 05 1 15 2 25 3
— Top pair and WH+jets (control Ao [rad]
region)

* Significant contribution from
H->WW->lvlv , but orthogonal
selection, no overlapping events

L. Barak LISHEP, 6 July 2011 ATLAS-CONF-2011-026 25



H->2Z" -> ligg/llvv (I=e,n):

(% 160_I | T T T | T T T 1 ‘ T I. T I. ‘ T T T | T T T T T T T T T T T T T T 1 I_
L - ATLAS Preliminary ]
© 140 —
5 - —e— Observed (PCL) H—ZZlvv/llgq ]
= 120  ----- Expected (PCL) —
£ n I + 1o 1 -
i 100 [ 1+2c J-Ldt=35pb‘ ,Ns=7TeV -
O - §
32 80 —
2 :

60— —

40— —

20— —

:I L1 1 1 1 I L1 1 1 | I | | Ii

0 200 250 300 350 400 450 500 550 600

Upper limit on the ¢ of my, [GeV]

between 3.5 and 39.0 x o),

(6.5 — 25 was expected)
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H->2Z" -> ligg/llvv (I=e,n):

= T LI — T T T T T ]
o n ATLAS N
B L
-
5 J de1~35 pb™,\s=7 TeV
- 10 =
£ -
_I -
@) I %, Wy sl WL o= (T T
=2
o 10 —
(0)] — _]
B PCL limits |
gl = e A o e
— Expected Observed Expected Observed -
e ——ge=Hoyy  meaaa. —— H s ZZ 5 Il .
| mmmaa —8— H-WW-ohvv e —F— H—= 77— ligq _
 memmmemy e H WW — vgg momeey meem U ZZ 0w
100 200 300 400 500 600
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SM Higgs Boson

Combination (data 2010):

* The expected and observed cross
section limits, normalized to the
G, as a function of the Higgs
boson mass for the individual
search channels.

* The visually most apparent
difference between expected and
observed limit is in the
H->WW -> |lvqq channel, which
has a deficit approaching one ‘
sigma both at 320 and 480 GeV. | — p—

= Expected Observed
~ B S —— H ZZ

ATLAS

J L dt~ 35 pb ™' Vs=7 TeV

—
(]
k%)

95% CL limit on c/cgy,

-
o

PCL limits

------ —— H— WW=s vl o e Hes 775 llgg

* These results use the profile T T =T
likelihood method with a m,, [GeV]
power constraint (PCL).

 The theory uncertainties:
— Gluon-Fusion: 15-20%
— VBF: 3-9%

arXiv 1106.2748v2



Combination (data 2010):

* The expected and observed upper limits on the total o
divided by the expected SM Higgs boson .

* Highest sensitivity is in the mass range 160-170 GeV

= T T T T U [ — T T T T T T T T T T T T T T T T T ]
B’ — ATLAS —e— Observed, PCL .
B o I I L UL Expected, PCL
S 10° Ns=7 Tey I+ 10, PCL E
P — 4 [1+20,PCL ]
= - Ldt~35pb  _g Observed, CL,
- L. U R Expected, CLS
] L
®)
2 10 =
wn — -
(o] — ]
= =
— Tevatron exclusion -
- [ ] LEP exclusion ]
100 200 300 400 500 600

m,, [GeV]
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Combination (data 2010):

* The expected and observed upper limits on the total ¢ divided by the
expected 4SM Higgs boson G.

* Excluded for a Higgs mass in range 140 — 185 GeV
(135-210 GeV was expected)

ATLAS ]

4™ generation model
\s=7 TeV
Ldt~35pb”

—
o

|Excluded

95% CL Limit on o/c,,

Observed PCL
-------- Observed, hefore PCL
=m Expected PCL

[ + 15 PCL
[ +20PCL
=—fl— Observed Cls

1 - ExpectedCl__s
107 —— Tevatonenuson S
100 200 300 400 500 600
my [GeV]
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MSSM Higgs Bosons

e MSSM — Minimal
Supersymmetric Standard
Model

At tree level, MSSM Higgs sector
described by two parameters:

— M, = mass of CP odd Higgs

— tanP = ratio of the ‘vev’ of 2 Higgs
doublets

MSSM Higgs: h, H, A, Ht

— Neutral Higgs bosons — g
h (CP even), H (CP even),
A (CP odd)

— Charged Higgs bosons - H *

On top of the SM channels, one
could also observe:
— H-> pp,
— H*-> 1w, ¢cs (M +<M,)
- H'=>x )
Opssm ~ (tanB)? x agy
L. Barak LISHEP, 6 July 2011 31
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MSSM Higgs Bosons

H->1t -> vt (I=e,pn):
* Mass range 90-300 GeV

. > 90 —_I LI I LI I LU I L LI LI I_—
* Preselection cuts: IR R ™ channels ]
— N+N =1 o 80p —+— data :
e K = F eeeeeee A(120)/H/h—11, tanB=40 -
— pT.>20GeV, pT, > 15 GeV P 70 T Z(—t)+Jets(OS-SS) E
_ - - Others(OS-SS) .
— N, =1, pT,,;>20GeV ¢ 60 - Wiajets (OS-SS) .
— . =-1 L - Same Sign ]
Q. Qe/“ 50:_ : = syst. B
— MET > 20 GeV - :,@ .
- MT <30 GeV 405_ __: \s=7 TeV, J- Ldt = 36pb_1 _E
30F & § =
* Backgrounds | ATLAS Preliminary -
— Z-> 171 (Validate with Z->upu data by 20 ..i::%o.. E
embedding t's in the place of ) 10:_ : & E
— QCD and W+jets (same sign control F 4 29 ) n .
sample) 0;& \ 22 S P 22 -
0 50 100 150 200 250 300
— Z->ee,uu (MC) .
— Diboson (MC) m,, visible [GeV]

— Top (MCQ)

L. Barak LISHEP, 6 July 2011 ATLAS-CONF-2011-024 32



MSSM Higgs Bosons

H->717->eut+dv:
* Mass range 90-300 GeV
* Preselection cuts:

N.=1

N,=1

pTe > 20 GeV, pT* > 15 GeV
Q, Q.=-1

H; < 120 GeV (against TOP)

* Backgrounds

Z -> 11 (embedding method for
validation)

QCD (ABCD method)
W+jets (MC)

Z->ee, uu (MC)
Diboson (MC)

Top (MC)

L. Barak

Events/ 10 GeV

22
20
18
16
14
12
10

N B~

OO
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eu channel

e &

+

[T Diboson
I i & single-t

3 Z(—>11)+Jets

\s =7 TeV, Jldt - 36pb

ATLAS Preliminary

data
A(120)/H/h — 11, tanf=40

Others
Multi-Jet

syst.

150~ 200 250
m,, effective [GeV]
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H-> 171 -> lvt, 4 (I=€,1):
e Exclusion limit

. 8 0 s Vs A L A . L L
% E7727 Tevatron (1.8-2.2 fb')
e

* Low Higgs mass: 700 2 oo a
Z tan B ~ 30 60 ;E);F;ected (QS%CLl)
[ 1+2c
* High tan 3: 50
200 < M, <300 GeV 4

M, 10

30
20 -
10 \'s = 7TeV, ILdt:Spr'1 E
ATLAS Preliminary

0

100 150 200 250 300
m, [GeV]
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MSSM Higgs Bosons

Charged Higgs:
H*->tv (tan B > 1):
 1->vVlv (leptonic tau)
— W ->|v (di-lepton) or W -> qq
(single lepton)
— Discriminating variables:
* COS 0* and M;" / M,

2 2
H\2 2 l ; issy2 b ! miss |~
(my)” = (\/mmp + (P + Py + P = p,f.) - (p’_]. + ““)

L. Barak LISHEP, 6 July 2011

%;35_III|III|III|III|III|III|III|III|III|III_
C ATLAS Preliminary

O _ ® Data - ]
o 30 _.sm Liy=35pb’ -
@ . f ff (H*'W) ]
= 250 mmff(ww) ]
e r : ]
L ~-F ™= Single top B
20F s Z + jets :
15 ™= W + jets 7

- Di-boson | |7 ]

10F o+ 3
5F + i =

% 20 40 60 80 100120140160180200
m [GeV]

ATLAS-CONF-2011-018
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MSSM Higgs Bosons

Charged Higgs: g , B % jz_f'nz,&sssiéeﬁmm'aw'.'gi:;'
H*-> tv (tan B > 1): i;% i + =100
 1->vVlv (leptonic tau) | 22 :%n%%:p
— W ->lv (di-lepton) or W -> qq sdd Drboson
(single lepton) 10 | ;

— Discriminating variables: S E

)1-080.60.40.2 0 0.20.40.60.8 1
* COS 0* and M;" / M, cosh;, H' side

2
2mbl

2 _ 2
m my,

cos O = —1
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MSSM Higgs Bosons

* Fakes from muons

e o A5 e e
Cha rgEd nggS: o mz_f'n.c'lgss FFl:E_e1|ilminlaryl. Data
2" ¥ b —SM
+ _ . 2 3vp T (HW)
H*->tv (tan B > 1): a ot + SRR
. E mm Single top 3
 1->vlv (leptonic tau) 3 Zviets
20E W+ )els g
— W ->lv (di-lepton) or W -> qq sEr il Drboson
(single lepton) 10 ! ;
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Summary

* With ~36 pb, ATLAS excluded the
Higgs,.\, at 140 < M, < 185 GeV

* ATLAS also put an upper limit of 2.3xG,,
in 160-170 GeV

* With 1 fb! of data, ATLAS expects to
achieve a combined SM-like Higgs

boson exclusion sensitivity in the range
130< M, <460 GeV
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