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Search for the Standard Model Higgs Boson with the ATLAS detector

\‘T‘ The ATLAS detector

L

A
S
Trigger:
3 levels, rate reduction 40MHz = <500Hz

Inner detector:
Pixel + SCT: [n|<2.5

TRT: |n|<2
Opt/pT=3,8- 10 pT @ % |

25m
Tile calorimeters
; \ LAr hadronic end-cap and
---------- A | forward calorimeters
"""""""""" Toroid magnets LAr eleciromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiatfion tracker
Semiconductor fracker
Calorimetry:
LAr + Tile: [n|<3.2 Muons:
FCAL: [n|<4.9 RPC +TGC (trigger): |n|<2.4
EM: o/E = 10%/+/E ® 0.7% MDT + CSC:|n|<2.7
Hadronic: 6/E = 50%//E ® 3% momentum resolution <10% up to | TeV
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Search for the Standard Model Higgs Boson with the ATLAS detector
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- Atlas data taking in 201 |

LﬂLfi

e Excellent LHC performance
» integrated luminosity: 5.6 fb"!
» peak luminosity: 3.6 1033 cm2s"!
= high pile-up

e Excellent ATLAS performance
» high data taking efficiency (>93%)
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Search for the Standard Model Higgs Boson with the ATLAS detector

Higgs production at the LHC

nrer-y»

LHC Higgs Cross Section Working Group, arXiV:1101.0593 & arXiv:1201.3084
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Typical size of uncertainties (exact values depend on Mgy):

9 t

ggF VBF WH/ ZH tEH Associated production
] +12% 3% with top pair
QCD scale: b +1% +1% "o
PDF + as: +8% | +4% +4% +8%
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| N .
/! Higgs boson decays
A
S
7)) 1_ — T T T T T I, = E 10}. . v - - =
= EA\bb s S | \s=7TeVv sSM s
i 13 o F 13
o - 8 o : |3
5 107 ‘ WW — vy
m i 10E N = TvI¥ -
N S "'\ : ZZ — 'Tqq
10°F . ZZ — [TV
10° E /A —~——
. i / A\ [\H— 't -
- o ZZ — II1 )
§ E / WA \BFMett I=e,pn
. [ MWH — F'vbp\ ™. » V =VeVVe
3 | L ZH—Tob| \ " N\' q = udscb
107700 200 300 500 1000 10750 oo 800 400 B0O
M, [GeV] M, [GeV]
oeMu < I35 GeV

» H—=TT, H—=bb dominate, H=> WW®, H—=ZZ* and H— Yy (small branching ratio
but clean signature) are the most sensitive

oMy > 135 GeV
» H=>WW and H—ZZ dominates (H—ZZ—IIVV most sensitive)
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A

Higgs boson search strategies

nr»r-

Summary of ATLAS search analyses:
* cut based strategies
* background estimates relies on data-driven techniques using control regions

Sensitivity
(Osm)

mH range

*)
(GeV) Reference

Channel Background Z{bhH| sb

Low-my - good mass resolution

H—yy 110-150 vV, Vi, Jj 4.9 0.02 1.6-2.6 arXiv:1202.1414
H—ZZ(*—4¢ 110-600 2707, Z+jets, tt 4.8 1.5 0.6-9 arXiv:1202.1415
Low-m4 - limited mass resolution
H—-WW(*)—¢v¢v | 110-600 Www 4.7 0.3 0.2-8 CONF-2012-012
H—tt 100-150 Z—1T, It 4.7 0.02 3-12 CONF-2012-014
VH, H—bb 110-130 W/Z+jets, tt 47 |5103 2.5-5 CONF-2012-015
High-mny

H—ZZ—ffvv 200-600 diboson, tt, Z+jet 0.3 0.5-2.5 CONF-2012-016

H—ZZ—{{jj 200-600  Z+jets, tt, diboson 0.5 0.9-9 CONF-2012-017
H—WW—$vijj 300-600 WHjets, tt, multi-jets 103 1.8-5 CONF-2012-018

(Mainly focusing on the low-mn region)
%) CONF-2012-XXX= ATLAS-CONF-2012-XXX
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/! Higgs searches in the high mass region

The three channels sensitive to a high mp are: H—=ZZ— vy, H—= ZZ— llj, H=> WW— Vjj
(WW=IVjj in M. Biglietti’s talk)

H—ZZ—INV:
most sensitive channel at high mn

Limit extraction based on mt

H—ZZ—ljj:
Limit extraction based on myj;

= A LN RSN LRI B ILBLEU LN EUR LI ILELELILE B = I L A A A B AL
%) = . = Z = -
o as ATLAS Preliminary Observed 2 5% 1ol ATLAS Preliminary ~ —— Qbserved .
4 HoZZolw 0 T Expected 3 ¢ [ H—2ZZ-liqq — +’§pe° © I
b - + 10 1 = " [Ldt=4.7fb", Vs=7 TeV a2 1
E 3501 [Ldt=4.7fb", {s=7TeV + 56 4 E 8 ’ i} E
3 - - - -l - -
o 3F 4 © - -
o - ] S 6 —
o 25 I8 7 :
2 — B —
- = 41— —
1.5 = B _
e E ob wee A -
0.5 : i D )
:l [ | I - I L1 : | l L1 11 I | - I | I - I | I - I | - I L1 11 I l: B N
0 [ P P P T
200 250 300 350 400 450 500 550 600 00 300 200 500 500
m, [GeV] my [GeV]
Exclusion Limit: Exclusion Limit:
260-460 GeV (Expected) 360-400 GeV (Expected)
320-560 GeV(Observed) 300-310; 360-400 GeV (Observed)
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H=>WW &)=lviv

(more in M. Biglietti’s talk)

nrer-y»

Most sensitive channel |25<my <180 GeV ® 100_' A Dol b Data %% SM (sys© sat)
S : ATLAS Preliminary o \w ZW.M’WY i
e Selection criteria (function of n-jet) = [ Vs=7TeV, fLdt=47f" Lld EJSndetop
~ @ 801 H>WW —shviv + 1 jet e o ooy
> 2lep. pr>25(15)GeV, Erm>>45GeV, mi<50(80)GeV, ¢ . [OHR0Gev)
> - .
AD<|.8,pr'>45(30)GeV, pri<30GeV, b-tag veto @i [ + -
e Background i J@ 7 _
. 40_ oV VB | N
»WW s Ad,sidebands : 4 i
IS i i - W i
ptop "» no tagging requirement 20 & -
»Z/W+jet m control sample . -
Z peak / reverted lepton ID " ma ASDUE—-
=102 L | 50 100 150 200 250 300
g"’ E ATLAS Prellmlnary H—>WW—>IvIv § m. [GeV]
< - *(E)bser\t/eg det 4.7 fb 7 my=125 GeV O-jet ee O-Jet pup O-Jet eu
= [ - EXpecte ] Total bKg. 58+5 | 114+10 | 257+13
E oL Cl+1o s =7TeV _ Signal 3.84+0.1 | 9.04+0.1 | 2540.2
— VE L+20 ] Observed 52 138 237
5 F . mp=125 GeV || 1-jet ee | 1-jet up | 1-Jet e
0 i ] Total bkg. 2143 37+5 7616
S . Signal 1.140.1 | 2.3+0.1 | 6.040.1
o 1 _ Observed 19 36 90
= ] (Statistical uncertainties only.)
i ] Exclusion Limit:
1ok | 1 1 | e 127-234 GeV (Expected)
100 200 300 400 500 600 130-260 GeV(Observed)

m,, [GeV]
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! H=ZZ)=4]

A
S

The golden channel

e High mass resolution m4l)£1243G€V o114
»|.5-2% @ |30 GeV Mai=74.6,45.7 GeV

» natural width
dominates above 350 GeV

e High lepton performances

» high lepton efficiency
down to prt of 7 GeV

»independent of pile-up
»0.2-2% uncertainty on
signal yield

»0.6% uncertainty on
M4e scale

»lepton performance
well modeled by sim.
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A
' H=ZZ(%)=4]
: .
Selection
»4leptons, pt!264>20(7) GeV;|Ne|<2.47 and |nu|<2.7; track and calorimeter isolation
» mi2< mzzx |15 GeV m34> 15-60 GeV (depending mn)
» selection efficiency at mp=130 (360) GeV:27(60)% 4; 18(52)% 22e; 14(45)% 4e
Background
»ZZ() m simulation (QCD: 5%; PDF+xs: 4-8%, 10% on gg—Z7Z)
» Z+jets " control region without charge, isolation, and impact parameter criteria on
the second lepton pair (40-45% uncertainty)
ptop " e*U¥ pair consistent with mz, and 2 additional same-flavor leptons
> L T e A - >40 ) LAY RN LALLS RAALN LAY RALLE LARAN RALLE LR LY
S [ zouwule'e B Z+light jets o35 o B Z+light jets
5. F Zonnlee +up B Zbb o= Z-p'u/e’e +ee B 7bh
€40 [Ldt=4.8fb" = £3077 [Ldt=4.8fb" W
Zbb contro|> i \s=7TeV 7 Syst.Unc. L%) / \s 7 TeV ///,g/zst.Unc.
region \ 30 Zjet control ’

20
7 oy
! 115 .

|
Vo +

et - e L e ememem——

20 30 40 50 60 70

— e ——— ————  _
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W H=2ZZ)=4l: results

Observed 2.10 220 2.10

A
5
number of events in the full mass range
> - 1 I | 1 I I I | | I —
S, .f ATLAS - 4 2e2 4e
o 12 e DATA —
~ [ @ Background ’ Slaca i [8.612.8
2,00 mm Signal (M_360 GeV)
(1C> 1 O-_ = Slgnal (mH_520 GeV) 4 Observed 24
TR * 7z Syst.unc.
8 Hos77" 4] Local significance of excess
6: det — 4.8 fb™’ 125 GeV = 244 GeV = 500 GeV
: \s=7TeV Expected .30 3.00 .50

lIlIllIIIllIlllIlI

®
2 31 02 :I I T I L | I L | LI I LI I LI I LI I LI l:
2 I ATLAS — Observed CL, -
0 200 200 s s [ HozZ'sa Expected CL,
2 L = 3 . ]
m, [GeV] - JLat=48f" [Ht1o
= \s=7 TeV IEFX
O 10 3 —
S :
o) - A
m -

Expected exclusion limit: |
137-157, 184-400 GeV _——

|

o
-----
-------------------

Observed exclusion limit:

134-156, 182-233,256-265,268-415 GeV T

200 250 300 350 400 450 500 550 600
my [GeV]
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! H=2ZZF)=41: results

A
S

number of events in the full mass range

> B 1 bA_II_A 1 ] 1 1 1 || ] 1 1 1 T B
8 10_ é Background ATLAS 1 4u 2e2 4e
o | B Snifras ey - v
@ | E Signal (m'-190 GeV) | S oel=al [8.6+2.8
§ 8__ 7y, Syst.unc. - Observed 24
L N (*) -
6_ H—-ZZ —>4|1 . Local significance of excess
L _ - L ] —
~ qJlat=481b - 125 GeV. | 244 GeV. | 500 GeV.
: \s=7TeV -
i | Expected .30 3.00 .50
4 1 Observed 210 2.20 210
i | =10 T T T T T
ol 2 & ATLAS — Observed CL, 1
: c HozZ' a1 Expected CL, 1
I £ [Ldt=481" M+i1c
0 = \s=7 TeV [ 1+20
100 150 200 250 O 10k
L0
(o)

Expected exclusion limit:
137-157, 184-400 GeV

Observed exclusion limit;
|34-156, 182-233, 256-265,268-415 GeV

110 120 130 140 150 160 170 180
my [GeV]
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WATLAS

-lEXPERIMENT

Run Number: 191190, Event Number: 19448322

. 2 Photons s ‘ . Date: 2011-10-16 16:11:14 CEST

MET(Y1) > 40 GeV
MET(Y2) > 25 GeV

e Powerful y-jet separation

» N-strips (4mm)
=Y vs TTV—2 vy

e High mass resolution:

» excellent energy resolution

»long. segmentation =

- YY angular separation
- z-vertex determination
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A
A
/i H=YY
S
P. prY
. . . y t A v | ’
9 categories: Ny ® conversion status ® pPTthrust’¥ DTZ\ P p:
= >
P

@ 20000 -

.. § 18000 —4— Data-driven estimations ~ —

e Background composition tested on data e Yy expected E

o A A i ]

» inverted photon isolation and ID criteria § 14000 - =

pfraction of true YY = (7115)% 3 12000 s DY expected E

10000 =

N : ATLAS Prelimi -

e Background normalization from fit to myy spectrum 8000 ey S

» simultaneous fit to the 9 categories oo — |aasn’ 3

» Exponential function (free slope and norm.) 2000 . =

0_ ----------------- Py —

Y Yi i DY
0.12

T 1T I 1T l 1T I T
ATLAS Preliminary
(Simulation)

e signal myy mass modeling

>

Q

)

(o)

o

\>- gg— H-vyy, mH=120 GeV

» sum of crystal ball (core) £ 0.08

O

Z

©

<

» Gaussian function (tails)

» Oce(mH=120 GeV) = 1.4-2.3GeV (category dep.)

» FWHM (mny=120 GeV) = 3.3-5.9GeV (category dep.)  **
» mass scale uncertainty: 0.7 GeV (mn=120 GeV) 0.02

IllIlIllIIIIIIIIIIIIlIl

- +-u>12

lllllllllllllllllllllll
910 112 114 116 118 120 122 124 126 128 130

m,, [GeV]
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! H=YY: results

A
S

os/b = 2% @ mn=125GeV
»H—YY yield = 70 events
» ~3000 observed events
e Main systematics uncertainties:
» Expected signal yield: =20%
» H—YY mass resolution: = 4%
»H—YY prmodeling: ~8%
» background modeling: 0.1-7.9 events

s SprroprTOoIpeTTTITEITIT T
o . — Observed CL_ limit .
© 7 — Expected CL, limit H—yy ]
S - _ E ATLAS :
= 3 + 20 Data 2011, \s = 7 TeV E
s 5F ILdt -491f"
\O - -
&) 4;_ .
) ,

LR

1

130

| H

145 150
m, [GeV]

1»—-—-.
o 1 ’

110 115 120

- I
125 135 140
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> 900 v L4 T Al I T Bl v L ] Al v v Ll ‘ T Al v v I v L4 T v T v v . v
8 800 Selected diphoton sample
P e  Data2011
S 700 Background model
IR = o N SM Higgs boson m = 120 GeV (MC)
600
500 \s=7 TeV.j Ldt=49f"
400 #
300
200
(=)
4
(a9
|
©
o .
100 & [PPSR RS SR —

100

110 120 130 140 150 160

Observed exclusion limit:
| 13-115, 134.5-136 GeV

Unable to exclude the Higgs over the full range
due to an excess of events observed at |26 GeV

* |ocal significance: 2.80 (expected ~1.30)
* global | |0<mn<I150GeV: |.50
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A

| W/ZH=(ll,lv,vV)bb

nr»r

| | categories: (I,IV) ® 4 pr¥-bin ® VvV ® 3 Ef™s-bin
High p1” better s/b ratio

Limit extraction based on invariant mass mp, shape (my = mw)

ZH—Vvvbb
3 1OFATLASPrimitay | < pawaony | p 4O0FATLABPreimitary T Llommn 1 % "L ATLAS Preiminay | .
(O f L dt=4.7 fb", N5 =7 TeV B Signalx5 ] G 400F f L dt=4.7 ", N5 =7 TeV moi206ev) 4 O 3 ’ , B
o 100+ _ (m =120 GeV)H o - _ 0 Teool B . o 501 .LL dt =4.6 fb"' \s=7 TeV B Signalx5 .
: E ZH — libb P To't-'al BG ] : 350;_ WH—NWbb ;g;t _E : E ’,;lls: vwbb %i.:tflsg GeV) E
2 8o £ st VWH—|Vbb Wees 4 B 40 Fro>Teeel T
o r () = - === DibosoN E o C — Z+jets ]
L 60 o 290E - Multijet : TR Wiets E
E 200 ¥ — E === Diboson E
40 150F- 20 -
i 100E- ] ; ]
20 - . : [ .
5 sob i . 10} :
- S T T oo SN 15 o LT .
00 00 50 100 150 200 250 00 50 10 150 200 250
m; [GeV] m - [GeV]
(% [ I I 1 1 1 I 1 1 1 1 I I 1 1 1 [ I 1 I 1 l |
. . © 14 ATLAS Preliminary L
e Selection Ciriteria © ~  —e— Observed (CLs) 's=7TeV, _[ Lt =4.6-4.71b "
. o 12— ... Expected (CLs)  VH(bb), combined ]
»2(1)lep., ET™sS, my (m1), AD), at least(exactly) 2 £ L o ]
. = 10f -
jets; exactly 2 b-tags 5 p ]
O gb ]
t - -
e Background o A: ]
»top " shape: sim.; norm.: fit myp>150 GeV - ]
. . 41— -
»W/Z+jet ™ shape: sim.; norm.: fit mpp<85 GeV : ]
» multijet " reversed lepton ID; A®(Er™ss,prmss) 2r B
0 B | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | ]
110 115 120 125 130
m,, [GeV]
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nrer-y»

H=T1T1=(l14V, IThad3V,2Thad2V)

|2 categories: decay channel (ll4V, [Thad3V, 2Thad2V) and jet mult. (O-,

Limit extraction based on invariant mass m+r shape (thanks to the collinearity of the T decay products)
2Thad H+ I]et

14v; H+2jet

|||||||||||||||||||||||||||||||||

IThad, H+2]et

LJNLENLINL L L L L L L LB

IFAE 12 April, 2012

|-, 2-jet VH, 2-jet VBF)

rr[rrrryrrrrjrrrrprrrio

>
E 140: ee+eu+uu A jet VH n E 451 erhad+u-c Ha2- -jet VBF E 8 1001~ thadthad H+1 /j/et _
Q r —— Dat o  40F Y —— Data = = i —¢— Data
3 120: rrrrrrrrrrrrrr 3(?xaH(120)—>1;-; ] S F Z """" 5x H(120)—»tt ] ; 80~ T 5 x H(120)—>tt
e I . Zow £ 3 B 777 (0S-SS) T L
g 1000 g Z-eequ S 50 7 Others (0S-SS) 1 g | Muliet
C - T Was i ] ~ Others
- 80f -wxr\ﬁ;/tzozp 7 ’ 255— 7 g:fféﬁf > 3 60 777 Bkg. uncert.
i Fake leptons 1 - 77 BKg. uncert. ; i JLat=471" 1
60r - 777 Bkg.uncert. - 201 f Ldt=47f" 40— s=7TeV .
s frat=a7e" 1 155 (s=7TeV = [ ATLAS Preliminary |
40 Vs=7TeV 7] s ATLAS Preliminary 7 -
i ATLAS Preliminary ] 10 E 201 i
20 . ] 5:_ B 3 )
- ST gial.s Lo % "“?g‘ “100 '156 5500
0 50 100 150 200 250 300 350 400 b 50" 100 150 200 250 300 350 400 .
Collinear mass m_, [GeV] MMC mass m_, [GeV] - 25 Collinear mass m,, [GeV]
= &
. . ) g . Hot ATLAS Preliminary
e Selection criteria € o —e— ObservedCL,
. . S b —— ExpectedCL. j Ldt=4.7 b
»2,1,0lep.+0, 1,2 Thad, E7™S, my (m1), APy, jet mult. 0, 1,2 z R
- 15 — o \s=7TeV -
. B o ]
e Background > T ;
32
»Z—TT " norm from theory; shape from Z—pp 3 0l
» fake leptons and T-jets: |
» l14v: reversed lepton isolation 5/
| Thad3V: same-sign charge
P [ ThadThad2V: track multiplicity gl
prcity 0700 110 120 130 140 150
my, [GeV]
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‘ A [ [
</ Combination
) A
S
H=1T1
W/ZH=(lllv,vv)bb /
= —_— _r
H-yyExp.(49") = ceeees H— WW - Ivqq Exp. (4.7 1b")
HottExp. 4710 = eeeees H- ZZ- Il Exp. (4.8 1b™) -
H- bb Exp. (4.6-4.71b") H— ZZ— liqq Exp. (4.7 fb™) n
H— WW- Iviv Exp. (4.7 fb") H— ZZ— Iivv Exp.(4.7 fb") n
------ Combination Exp. (4.6-491b™) -
J L dt ~ 4.6-4.9 fb , \s=7 TeV ]
L E
50 -
! et i TALIIC Ly e N —]
. ‘e eenme™? e Wi -* E
.:““’... :
A4S 2011 Preliminary \CLs limits ~ —
yf . \ -

500 600
my, [GeV]

200 | 300 400\

HoZZ®s  H-oZZ- vy

H=oWW () siviv
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: A (] [ [ ®
</ Combined exclusion limit
5
= O e L B L L B B L ) B = 7 FY T > " " " [ T T T T T I " T " "1 "9
o, ATLAS Preliminary 2011 Data - d il ATLAS Preliminary 2011 Data
5 I . ]
5 | (E)fs.' I Ldt = 4.6-4.9 fb” 1 ol Sf:' j Ldt=4.6-49f" — -
= | W+ B | SR T .S e d 95%
g L1+2¢ \s=7TeV. 1 F 8 \s=7TeV ..... - 1 999
_| N
QD 1 — =
D\0 - ] 1
0 : : X
> . :
1 »
10 = 3
- ClsLimits ~~ Excluded o )
1 PR S T P T | PR T S| P T P T il | PR BT T T T S T S
100 200 300 400 500 600 400 50 600
my, [GeV] my, [GeV]

Expected exclusion limit at 95% CL: 120<mp<555 GeV
Observed exclusion limit at 95% CL: | 10<mp<I17.5 GeV
| 18.5<mp<122.5 GeV

|29<mn<539 GeV

Observed exclusion limit at 99% CL.: | 30<mp<486 GeV

Andrea Messina page 19/25



Search for the Standard Model Higgs Boson with the ATLAS detector IFAE 12 April, 2012

 Combined exclusion limit: low my region
=
Zoom in the low mass region
1111111111111111111111111111111111 ) - LA Pl vy VYT Y v
b% - ATLAS Preliminary '2011Data 1| @ n ATLAS Preliminary 12011 Data )
g 10 — Obs. 14 E 5
6 [ --Exp. Ldt=4.6-49fb 1 o .
€ [ Etio . 100 : -
E - [()42¢6 \s=7TeV 2 =W\ N S 1 95%
g [ d 102 3N N e — | 99%
3 - +—Obs. :
MR N ol S E 10°% -+-Exp. -
| [ orp Jpamasade ;
- . - I:\s =7TeV ., -
| Clskimits = [ 10%E ! : \ —
1072990 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 150
m,, [GeV] my, [GeV]

Expected exclusion limit at 95% CL: 120<mp<555 GeV
Observed exclusion limit at 95% CL: | 10<mp<I17.5 GeV
| 18.5<mp<122.5 GeV

|29<mn<539 GeV

Observed exclusion limit at 99% CL: | 30<mp<486 GeV
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Combined p-value

nrer-y»

Under the background-only hypothesis
probability to observe such or a higher
fluctuation than the observed one

T ] T T T T I T Y. 14 .Y T T 1 4 ! T
ATLAS Preliminary

2011 Data

5 :; ':" - -
107E — Obs j Ldt=46-49fb"
Ne - Exp. .
107 E \s=7TeV k=
T T R PP R PP PPTPTES - 50
10-7 l 1 a4 l | W T 1 Al i 1 A A 1 1 l 1 [ | l [—
100 200 300 400 500 600
my, [GeV]
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Signal strength

O
= I -

IIIII]IIII]ITITITITI 71 ITT
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ITT T]'I

|l

IATTL)\é TPrveliminary
—— Best fit
L ]-2InA(un) < 1

T ]

2011 Data.
f Ldt=4.6-49fb"

Lovaal

\s=7TeV

11111111L1111111;111L1 111 lLl

N PR
100 200 300

| ST ST T TN SN ST N S S N
400 500 600

[o)
®
=

My

page 21/25




Sgarch for the Standard Model Higgs Boson with the ATLAS detector IFAE 12 April, 2012

: Combined p-value: low my region

nxe»r-p»

Zoom in the low mass region

Under the background-only hypothesis Best fit signal strength U=0/0'sm
probability to observe such or a higher
fluctuation than the observed one

E-o YYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYYY % 2.5 ATLAS Preliminrary 2011 Data ;
© Q :« . o ) -
e b TTTTT™\ [N & of ——Destit I Ldt = 4.6-4.9 fb"
............................................. > -2 In Afw) <

Expected from &8 5 1'5h \s=7TeV .
126 GeV SM Higgs @1 =
-3 = = .
10 ? —~ Obs i 0.5E E
10 é Exp __1; 0:__ _:
e i 40 0.5F .
S - - .
107E JLdt =4.6-491fb" E ) -
10} \s =7 TeV . ) -
E ST e ] ! 5o s E

107 516920125130 135 140 145 150" 110 115 120 125 130 135 140 145 150
my, [GeV] m,, [GeV]

Observed local significance for my = 126 GeV is 2.50 (expected 2.80)
Best-fit signal strength at mp = 126 GeV is 4 =0.9*% 93

Global probability to observe such a fluctuation over | 10-600 GeV (110-146
GeV not excluded at 99% CL by LHC) is 30% (10%)
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A
 Anatomy of the observed excess
y A
S
|nc|ud|ng EnergyScaleSystematlcs on e & Y
Q_O E | ] LI l | i E
= [ ATLAS 2011/ :
@) - =
- = S lerEie., .
b~ L L L L I L L [ L I L L L LB LB R PP -
o | ATLAS Prellmlnary 2011 Data 1 -
© . —Obs. 1 [0 PP W | LAY/ S =
s 10 JLdt=4.6-4.9 fo - Exp. E = 5o =
E [ \s=7TeV 120 § L 7 7S XA e .
S — Obs. VIv+1tt+bb 20= )= WV j - L
o Exp. Mv+tt4bb - 10°E o JLdt~a649f7
Lg - g —-—Obs YY+4 - = ‘ g Z
32 \ - Exp. yy+4l C 30 7 \s=7 TeV :
(e)) 1:_ ______________________________ _: _3__ ........ /..‘ \ 8 =
- NS VTl X - 10 = H=YY comb: .. 5
NN : C o Obs. Comb. (ESS) .
i . 1 0'4 = ----Exp. Comb. ---- Exp. H—>yy‘ - Exp. H— bb —§
§ LC/—SL’m’tSlllll lllllll - —Obs.Comb. —Obs.H->yy —0Obs.H— bb .
107996115120 125 130 135 140 145 150 s B Ho4 - Exp HoWv - Exp Ho o -
my, [GeV] 10°F —obs.H>4l —Obs.Ho v —Obs.Hotr = =
:llllllllllllllIlllllllllllllllllllllll:

110 115 120 125 130 135 140 145 150

e An excess is observed in the two high resolution channels:
»H-YVY (2.8[1.4]0)and H=>ZZ*)—41(2.1[1.4]0) combined = 3.40 local significance

e No such an excess in H2WW &) —=|vlv (0.20(1.60]), H=>TT,H—bb
» All channels combined: observed 2.5[ expected 2.9]0 local significance
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r 2012 perspectives
s
0.105 -®- 10fb‘\l_s-7!’TeV -
- = RO B -
E 7l
e ATLAS expected sensitivity with 7o
5fb' @7TeVis 30 “ Y
T
® 2timesATLAS (ATLAS+CMS _—" Z V.
with 5 fb-! @ 7TeV) is 40 £ .........................
900 1 20 1 50 200 3(30 480 5(30
® @ain in sensitivity from 7—8 TeV Excluded ™, [GeV]
is 10% in significance by Tevatron
ival 20% in | . . 12r Sy ATLAS Preliminary (Simulation) -
(equivalent to 20% in luminosity) -+ oo TV 0 S0OpNEms T | -
oo “E3 80 58 TeV- 71 30 Optis=8 TeV |
—&—95% CL\s=8 Te\l : ]
o

Need about 12 fb'' @ 8TeV fora -~~~

50 discovery per experiment
(after analysis optimization)

Integrated Luminksity, fb™’

my [GeV]
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! Conclusions

A
n -

® ATLAS has performed great in 201 |

® thanks to the excellent performance of LHC, ATLAS has collected 5.3fb"! of
data

® ATLAS has confined the possible presence of a SM Higgs boson to small
regions: |17.5<mp<I18.5 GeV or 122.5<mu<129 GeV at 95% CL

® An excess is seen around 126 GeV with a (local) significance of 2.50,
however both signal and background only hypothesis are still alive

® More data are needed for a conclusive statement
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Additional material
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H=YY: myy in the 9 categories
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A °
°
' H=YY: background modeling
A
S
j""l""l"'11""I"“]"“I"‘Tl""t Q_o j‘TTI”"""‘I""I'"'l""I"“I""f_—
10 L—— Observed P, Data 2011,\s=7TeV  _| = 10— Observed P, Data 2011,\s=7TeV  _|
8 E 3] 3 E
- - (@] - -
[ eeeas SM H — yy expected p ) N - AP SM H — yy expected p ) ]
,L ° Ldt=49f"  _ ,L ° Ldt=49f"
10_15_ dhanasacnuu."."; .““”"Ai‘;“;“oaiiiiiiiiibiﬁ“ — 10-15__ '-‘“--aua.».ua,.._.",_ I "_,"...-s--‘au.; ====== .,‘:: | -
20 e o 20 e
10_2 - w— Obs. P, (no bkg. uncertainty) — 10.2 - «.« Obs, po(Bernstein) —
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:30- «sss EXp. SM P (no bkg. uncertainty) N :30- N
1 2 e et e e e i e et JGO S e eere e e e e e e e e e e e e e v -]
; ATLAS Exp. SM p, (bkg uncertainty x2) ; ; ATLAS ;
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| H=2ZZ*)=4l: mass distributions

s
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A
TH=ETT
\ A
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A ()
r H=>WW=lvjj)
S
6 categories (e, M)®(0-, |-, 2-jet VBF)
Limit extraction based on invariant mass my; shape (my = mw)
ITTIYTTIITTT1]1]I1] TTTTTTTT TTTT]IIII]1‘I11] oo
E [Tlaar o ATLAS Preliminary e Background modeled from fit to IVjj mass spectrum
107 —e— Data = : .
= E : 1? T:V Gt T o a6y T e Main systematics
~ B , A— ev Wijets . ! : o,
: e j qq — s : bjet energy scaloe and resolution (10-20%)
f= Dibosons »pileup (10-15%)
c 102 ” Multi-jet -
L - ’ "” Top = 5
- . "§’ DSMSIgnaI(m 400 GeV/]] /\10 = LA LA L N N B S B B B N L N BN B N ) LB B B
o ** e — * — = ~ .
: : i %) sEECTTTTE Expected ]
1ok { - . \8 . [+1o ’
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H=>2ZZ=1lvy

nrer-y»

Most sensitive channel in high Higgs mass range, 4 categories (ee, hHU)®(low, high-pileup)
Limit extraction based on transverse mass mr shape = dependent on pile- up due to EfMss

% 50__ AS’LAS Prellmmary \s=7TeV I LI J:
O T H>2ZZ > livy 4
N . e Data|lLdt=23fb A
§ 40f- Low pile-up data TotaILG ]
» - Top .
= I e ZZ WZ,WW ]
o 30 ZW ]
w i - Signal (m =400 GeV) .
20F =
- low-pileup dataset 1
101 <u>=6.3 ]
ATE T e, S TS

200 300 "400 500 600 700
my [GeV]

e Different selection for My<280 GeV &My>280 GeV

» cuts on: E7™ss my, ADy and AP(prms,p7!) (boost),
AD(prmss preY) background rejection

e Background

»ZZ m simulation (| 1% norm. uncertainty)

»WLZ = 3-lepton events

ptop "» el events & my sidebands

»W/Z+jet m ee, el same-sign & low AD(pr™sspr)

Exclusion Limit: 260-460 GeV (Expected)
320-560 GeV(Observed)
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A °0
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S °
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Sighal strength in individual channels
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Signal strength
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/! Detector related systematic uncertainties

nr»r-

Physics object Source Uncertainty Most affected
on signal yield channels
luminosity 3.9%
Photon efficiency 11% Yy
Electron efficiency <3% 44
energy scale <1%
enerqgy resolution <0.5%
Muon efficiency <1% 44
momentum resolution <1%
Jet energy scale up to 12% | 77, bb, bijj, lvjj
resolution up to 20% lvjj
b-tagging efficiency up to 15% bb
T-jet efficiency up to 8% TT
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