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Update of Standard Model
Higgs searches in ATLAS
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Length : ~46 m
Radius : ~ 12 m
TIN Colollrimeier Liquid Arglon Calorimeter We|9h1' t A 7000 TOhS

Muon Detectors

~108 electronic channels

3-level trigger
= | 3000 km of cables

reducing the rate

from 40 MHz to
~200 Hz

kg | Inner Detector (|n|<2.5, B=2T):

"~~~ Si Pixels, Si strips, Transition

\ | Radiation detector (straws)
Precise tracking and vertexing,
e/n separation

Momentum resolution:

o/pt ~ 3.8x104 p; (GeV) @ 0.015

Toroid Magnets

Solenoid Magnet SCT Tragker Pixel Detector TRT Tracker

EM calorimeter: Pb-LAr Accordion \

e/y trigger, identification and measurement | HAD calorimetry (|n|<5): segmentation, hermeticity
E-resolution: 6/E ~ 10%/+E Fe/scintillator Tiles (central), Cu/W-LAr (fwd)

Trigger and measurement of jets and missing E+
E-resolution: o/E ~ 50%/VE @ 0.03

ATLAS: Update of SM Higgs searches, 13/12/2011



Peak luminosity
seen by ATLAS:
~ 3.6 x1033 cm? s

ATLAS Onllne Luminosity Ns=7TeV
|:| LHC Delivered
[ ] ATLAS Recorded

Total Delivered: 5.61 b .
Total Recorded: 5.25 fb™
5 fb- Many thanks to the

LHC team for such a
superb performance !

EPS, July
~12 fb
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Fraction of non-operational detector channels: few permil to 3.5%
(depends on the sub-detector)

Data-taking efficiency = (recorded lumi)/(delivered lumi): ~935%

Good-quality data fraction, used for analysis 90-96%

(depends on the analysis)
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Price to pay for the hlgh lummosu'ry: 2 10“§E ATLAS Online 2011, \s=7 TeV | Ldt=5.2fb"' 3;
larger-than-expected pile-up z 10°F = 10m,<pr= 116
é 102k — B*=15m,<p>= 63 4
Pile-up = number of interactions per crossing 3 10k =
Tails up to ~20 > comparable to design g L B
luminosity g8 O F -
D 10 . . . .
(50 ns operation; several machine parameters pushed © o Period A: Period B: E
beyond design) 10 up to end Sept-Oct [ 3
107 AUgUST
LHC figures used over the last 20 years: 0 2 4 6 8 10 12 14 16 18 20 22 24
~ 2 (20) CVCHTS/CFOSSing at L=1033 (1034) Mean Number of Interactions per Crossing

Event with 20

reconstructed vertices
(ellipses have 20 o size for
visibility reasons)

Challenging for trigger, computing resources, reconstruction of physics objects
(in particular E{™ss, soft jets, ..)
Precise modeling of both in-time and out-of-time pile-up in simulation is essential

ATLAS: Update of SM Higgs searches, 13/12/2011 4



Summary of main electroweak and top cross-section measurements

Inner error: statistical
Outer error: total

.~ ATLAS Preliminary

— I L dt =0.035- 1.04 b
| | |  \E=TTeV
Theory

‘= Data 2010 (=35 pb™)
o Data201

5 : O?fb1

1707

3 3Bl 0xBR(ZZ~> 4l) ~ 40 fb

10 Few fb in narrow mass
bin > comparable

to H>ZZ")-> 4|

Good agreement with SM expectations (within present uncertainties)

Experimental precision starts to challenge theory for e.g. 1 (background to most H searches)

Measuring cross-sections down to few pb (~ 40 fb including leptonic branching ratios)



Summary of main electroweak and top cross-section measurements

Q' Inner error: statistical
2 10° == ATLAS Pre“mmary Outer error: total
N -
¢ F S J.Ldt-0035 104fb
i | | | . \5=7TeV
10%
- == Theory
- | | = Data 2010 (~35pb™
9 ; ; ; ; ; "~ Data?2011

In our presen‘r da‘rase‘r (~ 5 fb- 1) we have (after selection cuts):

~ 30M W- pv,ev events

~3M Z->uy, ee events

~ 60000 top-pair events

> factor ~ 2 (W, Z) to 10 (top) more than total CDF and DO datasets
> will allow more and more precnse s’rudles of a Iar'ger' number' of (exclusive) processes %

10 Few fb in narrow mass
bin > comparable
w bz Twy Tozy 7o Tt Tww T owz \ zz JRINREIAAQE NN

Good agreement with SM expectations (within present uncertainties)

Experimental precision starts to challenge theory for e.g. 1 (background to most H searches)

Measuring cross-sections down to few pb (~ 40 fb including leptonic branching ratios)



SM Higgs production cross-section and decay modes

Experimentally most sensitive channels vs my,

\s=7TeV

LHC HIGGS XS WG 2011

WW — Fvqq

125-180
WW( > |viv L WW VI

XS WG 2010

\s=7TeV

~ 20 x Tevatron
for m,=120 GeV 300-600
] \ ZZ-> llvv

-k

125 300 Z2Z > 1I'vw

\ ZZ*)> Il
W ZZ — I

—
Q

10°¢ e
FWH — Fvbb ¢ V=V Vs
ZH — I'Tbb q= udscb

_4 I
10700 200 300 400 500
Higgs boson mass (GeV/c?)

—_
Q
[\+]
IIIIII

200 300 400 500

O Cross-sections computed to NNLO in most cases = theory uncertainties reduced to < 20%

O Huge progress also in the theoretical predictions of numerous and complex backgrounds

> Excellent achievements of the theory community; very fruitful discussions with the
experiments (e.g. through LHC Higgs Cross Section WG, LPCC, etc.)

ATLAS: Update of SM Higgs searches, 13/12/2011 7



Micro-summary of present Higgs searches in ATLAS

Channel

my range
(GeV)

Int. lumi
fb!

Main
backgrounds

Number of
signal events
after cuts

Expected
0/Ogp
sensitivity

H-> vy

110-150

49

Wf ij Jj

~70

1.6-2

H> Tt ll+v

H> 1T T,y

W/ZH - bbl(l)

110-140

100-150

110-130

1.1
1.1

1.1

Z-> TT, top
Z=> 1T

W/Z+jets, top

~0.8
~10

~6

30-60
10-25

15-25

H->WW0O-> |viv

H > ZzZ" > 4l

110-300

110-600

2.1

4.8

WW, top, Z+jet
ZZ*, top, Zbb

~20 (130 GeV)

~2.5 (130 GeV)

~0.3

~1.5

0.3-8

0.7-10

H> ZZ > Il w

H> ZZ > |l qq

H-> WW = Ivqq

200-600

200-600

240-600

2.1
2.1

1.1

ZZ, top, Z+jets

Z+jets, top

W+jets,top,jets

O Based on (conservative) cut-based selections
0 Large and sometimes not well-known backgrounds estimated mostly with data-driven
techniques using signal-free control regions

~20 (400 GeV)

2-20 (400 GeV

~0.3

) 0.05-0.5

~45 (400 GeV)

10-3

0.8-4

2-6




H > WWO S Iviv (evev, iy, evi)

O Most sensitive channel over ~ 125-180 GeV (o ~ 200 fb)
0 However: challenging: 2v > no mass reconstruction/peak - “counting channel”
O 2 isolated opposite-sign leptons, large E{™ss
0 Main backgrounds: WW, top, Z+jets, W+jets
- m; £ mg, b-jet veto, ...
- Topological cuts against “irreducible” WW background:
P11, My, APy (smaller for scalar Higgs), my (Il, E;™iss)

Crucial experimental aspects:
QO understanding of E{™ss (genuine and fake)
O excellent understanding of background in signal

region > use signal-free control regions in data After leptons, my and E;™< cuts
to constrain MC - use MC to extrapolate to

C .
the signal region I Diboson [ Top
Ns=7TeV, | Ldt=2.05f" Wl Z+ets I i H[150 GeV]
[ W+jets (data driven)

| T T T | T T T ] T T T

TLAS * Data

w
=
w
3
w -
@
@
L
|

H->WW-—lvlv

Control MC Observed
region expectation Iin data

WW 0-jet 296136 296
WW 1-jet 171+21 184
Top 1-jet 270£69 249

Njets with pr>25 GeV




TITIIITII[iI['Il[TIIIIITII[T]I'IIITTIITII

ATLA S ¢ Data == SM (sys @ stat)

[ Diboson [] Top
s=7 TeV,fL dt=2.05fo" [ Z+ets . H[150 GeV]
WW [] W+jets
—_— —=lV . . . .
" Z+jets > E{miss is mix

of fakes and real v's

Events / 4 GeV

top > EMmiss
from real v's

11|||IIJ
10°0°50""20 60 80 100 120 140 160 180 200

Err [GeV]

After all cuts (selection for m,=130 GeV)

Observed in data 94 events
10 ee, 42 ey, 42 up
76 (£11)

19 (+4)

Transverse mass spectrum
after all cuts (except M;)

Expected background
Expected signal m,=130 GeV

E;miss spectrum in data for inclusive events
with p*u- pair well described (over

5 orders of magnitude) by the various
background components.

Dominated by real E;™ss from v's starting
at E{miss ~ 50 GeV

- little tails from detector effects

E,miss spectrum and resolution very sensitive
to pile-up > we will include Period-B data
when understanding at similar level

as Period A

=T | T T T | L L 1 | 1 T T I 1 L Ll | 1

CATLAS Preliminary © Daa 22 SM(sys®sta)]
- Diboson [ ti/ Single Top
[Ns=7TeV, [ Ldt=2.05fb" Wl Z/v +ets {_7i H[130,150 GeV]]

— ] W+jets (data driven)
- H>WW-—lvlv + 0 jets

>
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—
c
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m,=150 GeV

HL'_F
0 240

/
mr = V;' (EH EIIUHH) (PH’ + PIIUHH)




After all cuts (selection for m, =130 GeV)

Observed in data 94 events
10 ee, 42 ey, 42 up

Expected background 76 (+11)
Expected signal m ;=130 GeV | 19 (z4)

Consistency of the data with the
background-only expectation

(=}

3 [ anas | |

U RN L DL L DL DL LN DL L
ATLAS H—-WW" = H-WW" v

—— Observed

---- Expected Ldt = 2.05 fb”

[(J+1o s =7TeV _ : Expected from
M=x20 ‘ / SM Higgs at
given my

2
T T IIIIIIL
1 1 IIlIII-r
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1 IIIIIIII

---- Expected

1 Vertical lines indicate f v
Eﬁ;nr:rgse\;vher'e selection f| ; '-,‘I det =205 fb-1
(s =7 TeV

I Covl ceowd vl ol el ool |||||u1,|_|__1
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- 1 1 1 1 | 1 1 1 1 I L 1 1
120 140 160 180 200 220 240 260 280 300 150 200
m, [GeV]

O Excluded (95% CL): 145 < m < 206 GeV (expected: 134-200 GeV)
[ Observed limit within 20 of expected: max deviation 1.9 o for my ~ 130 GeV




i t ATLAS Preliminary

—+— Data

|:| MC m, =130 GeV, 1xSM

H-> VY 110 < my; < 150 GeV

Events / 1 GeV

D Total background (Fit)

Small cross-section: o ~ 40 fb

Simple final state: two high-p+ isolated photons

E+ (v, v,) > 40, 25 GeV

Main background: yy continuum (irreducible, smooth, ..)

Events divided into 9 categories based on n-photon (e.g. central, rest, ...),
converted/unconverted, ptY¥ perpendicular o yy thrust axis

~70 signal events expected in 4.9 fb-! after all selections for m,=125 GeV
~ 3000 background events in signal mass window > S/B ~ 0.02

ATLAS
LA EXPERIMENT
Crucial experimental aspects:
O excellent yy mass resolution to observe narrow
signal peak above irreducible background
O powerful y/jet separation to suppress yj and jj
background with jet > 10 faking single y




After all cuts: 22489 events with 100 <« m,, < 160 GeVobserved in the data

Sample composition estimated from data using control samples

@ 20000¢ .
E’ — —&— Data-driven estimations ~ —
L - L e vy expected =
g T e vj expected ]
£ 140001 B jj expected E Number of events | Fraction
310000 DY oxpocted 1| [yy [ 16000 + 1120 71 45 %
10000 ATLAS Preliminary - YJ 5230 + 890 23 +4 7
8000 113 1130 + 600 5 +3 %
60005_ det=4_gfb" E DY/Z 165 + 8 0.7 +0.1 %
4000 =
20001 =
o ——— _ .
YY Yi jj DY

Yj + jj << vy irreducible (purity ~ 70%)

Photon identification efficiency: ~ 85+5% from MC, cross-checked with data
{ (Z> ee, Z> eey, uuy)

NTLAO:. UPUUIC Ul om ruyya QEUINTCIES, 107147 cVUll




After all selections: kinematic cuts, y identification and isolation

O 22489 events with 100 < m,, < 160 GeV observed in the data
Q expected signal efficiency: ~ 35% for m,=125 GeV

Inclusive diphoton sample
L] Data 2011
Background model
-+ SM Higgs boson m_ = 120 GeV (MC)

Events /1 GeV

m,, spectrum fit with exponential function for
background plus Crystal Ball + Gaussian for signal
- background determined directly from data

Vs=7TeV, f Ldt=4.9fb"
#
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ATLAS Preliminary

IIII|IIII|IIII|IIIIIIIII|IIII|IIII

Systematic uncertainties on
signal expectation

Event yield

co} E

I ll.l.i"lH.Jil T I | T T | I
E T T T T T T T 7T T T T 7T T T T T T T T T T T T 7T
o0
g §||||£4+£| ST RSN S SUUOR T SO
0

2 H t
m

= . MR PR PR PRI RS Tt
«©
(1]
(]

4t

L | L e Photon reconstruction and identification £11%
110 120 130 140 150 Effect of pileup on photon identification +4%
Isolation cut efficiency +5%
m,, [GeV] Trigger efficiency +1%

Higgs boson cross section +15%/ — 11%
Higgs boson pp modeling +1%

Main systematic uncertainties Luminosity 13.9%

Mass resolution

n
o
III|II

a.,"ull'
(=]

N

o
33
=)

° Calorimeter energy resolution +12%
~ 20 /o Photon energy calibration +6%

Expected signal yield

. . o Effect of pileup on energy resolution +3%
H9 YV mass r'eSOh-”-'on . 14/0 Photon angularrcsolutimf +1%
H-> yy pt modeling :~ 8% | Migration
Background modeling : +0.1-5.6 events Conmersion reconstretion ia5%




= u U B LA S UL AL I q
& C — Observed CL limit .
B 7 — Expected CL_limit H—yy =
5 - + 1o ATLAS Preliminary 1 B Excluded (95% CL):
£ 6F + 20 Data 2011, \'s = 7 TeV E
= - ) 1 1 114 < m, < 115 GeV, 135 < m < 136 GeV
3 5F det=4.9fb‘ :
2 - :
8 E :
3t .
of :
N e e~
Hov v by b b by b by by H
110 115 120 125 130 135 140 145 150

my [GeV]

T [ B BN BN LN BN §
_— Observed - |

Consistency of the data with the 108 SereaR, Data 2011, \'s =7 TeV E
background-only expectation 1 - -weee SMH = yy expected p, det _aof’
— —_

Maximum deviation from background-only - QQ.'.-.‘.'.‘.'.'.'.'.-.'.-.‘.-.‘.-.‘.-.I.-.I.l.-.l.-.l.-l.-l..‘.-.‘.-.‘.-.‘.-.‘.-.‘.-.‘.-‘.-.‘.-.'.'.'.'.‘.'.'.'-' ~~~~~ -E
expectation observed for m,~126 GeV: S R v ) E
O local py-value: 0.27% or 2.80 1025 Efpe;zd :‘vr:r:nmSM -
A expected from SM Higgs: ~ 1.4¢ local oo el A E
Q global py-value: includes probability for 18 T riAs T -
such an excess to appear anywhere in - reminay 3
the investigated mass range (110-150 GeV) L P VIET I T VoY Ty Ty T T
0 115 120 125 130 135 140 145 150

("Look-Elsewhere-Effect"): ~7% (1.50) . [GoV]

H




H > ZZ0) > A4l (4e, 4y, 2¢2y)

Q o~2-5fb
O However:

-- mass can be fully reconstructed - events would cluster in a (narrow) peak
-- pure: S/B ~ 1

Q 4 leptons: p;1234520,20,7,7 GeV; my, = my = 15 GeV; m3, > 15-60 GeV (depending on my,)
O Main backgrounds:

-- ZZ®) (irreducible)

-- my < 2my: Zbb, Z+jets, 1t with two leptons from b/q-jets > |
—> Suppressed with isolation and impact parameter cuts on two softest leptons
O Signal acceptance x efficiency: ~ 15 % for my~ 125 GeV

Crucial experimental aspects:
O High lepton reconstruction and identification efficiency down to lowest p+
O Good lepton energy/momentum resolution
0 Good control of reducible backgrounds (Zbb, Z+jets, t1) in low-mass region:
- cannot rely on MC alone (theoretical uncertainties, b/q-jet - | modeling, ..)
- need to compare MC to data in background-enriched control regions (but: low statistics ..)
- Conservative/stringent pr and m(ll) cuts used at this stage



After all selections: kinematic cuts, isolation, impact parameter

Full mass range
Observed: 71 events: 24 4u + 30 2e2u + 17 4e
Expecfed from background 6249

ATLAS F"rellmlnaryr Z

® DATA i
I Background .
[ Signal {mH 150 GeV) A
[ Signal {m =190 GeV)
B Signal (m —360 GeV) A

Events/10 GeV
o N
T T | T T T | T T
l

H—2Z" -4l
[Ldt=4.8 10
Vs =7TeV

m(4l) < 180 GeV
Observed: 8 events: 3 4u+ 3 2e2u+ 2 4e
Expected from background: 9.3+1.5

—— T .
~ mmoaoeroung ATLAS Preliminary ]
- [ Signal (m =125 GeV)
- [] Signal (m =150 GeV) 4
N Signal (m =190 GeV) -

Events/5 GeV
w3

H-zZ" -4l
6 ([Ldt=4381b"
\s=7TeV

In the region my < 141 GeV (not already excluded at 95% C.L.) 3 events are observed:
two 2e2y events (m=123.6 GeV, m=124.3 GeV) and one 4 event (m=124.6 GeV)

In the region 117< my <128 GeV

(containing ~90% of a m=125 GeV signal):

Q similar contributions expected from signal and
background: ~ 1.5 events each

Q S/B~2(4p), ~1(2e2p), ~0.3 (4e)
O Background dominated by ZZ* (4p and 2e2p),
ZZ* and Z+jets (4e)

Main systematic uncertainties

Higgs cross-section : ~15%
Electron efficiency i~ 2-8%
ZZ* background : ~15%

Zbb, +jets backgrounds : ~ 40%

17



4y candidate with my = 124.6 GeV

pr (0, W, u*, )= 61.2, 33.1,17.8, 11.6 GeV
mqo= 89.7 GeV, M34= 24.6 GeV

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 189280
B Event: 143576946
2011-09-14 12:37:11 CEST




2e2y candidate with my,, = 124.3 GeV

pr (e, e, -, w)= 415, 265,24.7,18.3 GeV
m(e*e’)= 76.8 GeV, m(u*y) = 45.7 GeV

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 182796
Event: 745606644
2011-@5-30 @7:54:29 CEST

19



From fit of signal and background expectations to 4|l mass spectrum

M,
<

SM
o
i)

IIII|IIII|I||||I1||||||||||||||||| _I|II|||III||IIII||||I|I||||IIII||III|I|II

1111

ATLAS Preliminary — Observed CL
H-s 22" 4l .. Expected CL_

[Ldt= 48" W+ 1o
Ns=7 TeV (+2¢

ATLAS Preliminary — Observed CL
H— 22" 4l Expected CL_

[Ldt = 4.8 b B+1o
Js=7 TeV [(J+2¢

1 11
1 11

—
o

95% CL limit on o/c
95% CL limit on o/Gg
T T T TTTT |

R |

IIII|IIII|IIII|IJII|IIIIIIIII|IIII I|IIII|IIIIIIIII|IIII|IIII|IIIIIIIII|IIII

110 120 130 140 150 160 170 180 200 250 300 350 400 450 500 550 600
my [GeV] my [GeV]

Excluded (95% CL): 135 < m < 156 GeV and 181 < m, < 415 GeV (except 234-255 GeV)
Expected (95% CL): 137 < my, < 158 GeV and 185 < m, < 400 GeV




Putting all channels together > combined constraints

—
o

ATLAS Preliminary 2011 Data

e e f Ldt = 1.0-4.9 fb

==l (s=7TeV

95% CL Limit on ochM
95% CL Limit on o!chM

CLs Limits

Excluded at 95% CL 112.7 < m< 115.5 GeV
131 <my, < 453 GeV, except 237-251 GeV

110 115 120 125 130 135 140 145 150

H>vy, H> 17

H> WWO Ivlv

H> ZZ®) > 4], H> ZZ > llw
H> ZZ - llgq, H> WW=-Ivqq
W/ZH-> Ibb+X not included

ATLAS+CMS []
L Pl’e|]mlnal’y Combination

M, [GeV]

Expected if no signal @ 124.6-520 GeV

Excluded at 99% CL 133 <m < 230 GeV, 260 < m, < 437 GeV



Consistency of the data with the background-only expectation

2011 Data

Local P-Value

Local P-Value

s i N Expected from
" —Observed M 126 GeV
--- Expected - SM Higgs

J’ Ldt=1.0-4.9 fo" " 40 ATLAS Preliminary

= 5| --Exp. Comb. ---- Exp. H—1yy

\s=7TeV 3

E —Obs. Comb. —Obs. H—yy

F o Exp. H— 4l Exp. H— v 2011 Data
-6 —Obs H—-4I Obs. H— Ivhv del 205-491M"
Ll Ll Ll Ll

110 115 120 125 130 135 140 145 150

Maximum deviation from background-only M, [GeV]
expectation observed for m ~126 GeV

Local po-value: 1.9 104

- local significance of the excess: 3.60
~2.80 H> vy, 2.1cd H> 4|, 1.46 H~> Iviv

Expected from SM Higgs: ~2.40 local (~1.40 per channel)

Global py-value : 0.6% >2.50 LEE over 110-146 GeV
Global py-value : 1.4% >2.20 LEE over 110-600 GeV




What an extraordinary time |
g : R

Sy
! .\..k. ‘

o

AW
\\' e
Argentina Morocco 1 <

: o
Armenia Netherlands —%_

Australia MNorway &,tﬂr -
Austria Poland » .

Azerbaijan Portugal ‘

Belarus . Romania '

Brazil Russia Y
Canada Serbia

Chile Slovakia 5
China Slovenia
Colombia South Africa j

Czech Republic  Spain AN

Denmark Sweden
France Switzerland

!ouabbrgﬂon




	Diapositive numéro 1
	Diapositive numéro 2
	Diapositive numéro 3
	Diapositive numéro 4
	Diapositive numéro 5
	Diapositive numéro 6
	Diapositive numéro 7
	Diapositive numéro 8
	Diapositive numéro 9
	Diapositive numéro 10
	Diapositive numéro 11
	Diapositive numéro 12
	Diapositive numéro 13
	Diapositive numéro 14
	Diapositive numéro 15
	Diapositive numéro 16
	Diapositive numéro 17
	Diapositive numéro 18
	Diapositive numéro 19
	Diapositive numéro 20
	Diapositive numéro 21
	Diapositive numéro 22
	Diapositive numéro 23

