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Higgs Production at the LHC

—h
o
LHC HIGGS XS WG 2010

=gg-Fusion dominating at LHC

*VBF, VH, ttH easier to trigger
=Reach up to masses of 1TeV

*Here concentrating on low values
Slopes slightly different at Vvs=8TeV

=General picture remains unchanged
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Higgs Decay Modes

5 'F ER
Em" :§
*Several decay modes accessible 5T
«iImportance depends on my 107}
At low Higgs masses
"H-bb dominating 10° =306~ 720 140 160 180 . 200
At higher masses HlGe
“WW and ZZ have higher BR O o 7Tev  sm

=To find experimental importance
*Combine crosssection and BR -
"Take final states into account 1017
=Analyse background processes -
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The ATLAS Detector

*General Info *Magnets
*Length ~46m =Solenoid: 2T
Diameter ~25m =Toroid (barrel): 0.5T
=\Weight ~7000t =Toroid (endcap): 1T
‘Under ground  ~92m =Tracker
«o(p7)/PT=0.05% p70 1%
Muon Detectors Tile Calorimeter Liquid Argon Calorimeter 'E C AL

«o(E)/E=10% / VE 0 0.7%
HCAL

«o(E)/E =50% / VE 0 3%
*Muon Spectrometer

o(p7)/PT= 2% @ 50GeV

«o(p1)/PT=10% @ 1TeV

=Trigger
=3 Levels: 40MHz —» 200Hz

Toroid Magnets  Solenoid Magnet  SCT Tracker Pixel Detector TRT Tracker

ATLAS Collaboration JINST 3 (2008) S08003
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Higgs Searches in ATLAS

Summary of latest results in all channels

e —— et ) o m

SM H combination ATLAS-COMF-2012-170 49+13.0

SMHto ZZ(*) to 4 OMF-2012-169  4.8+13.0

SM H to diphoton ATLAS-COMF-2012-168 49+130
LFV Charged Higgs - 47
"Many analy
a n a n a Ses SM H couplings ATLAS-COMNF-2012-127 49+59
.TOO m u C h to SM H combination ATLAS-CONF-2012-162 4 9+13.0
SM H to diphoton S-COp ) 49+5.9
present today M1 22010 &
.Al | | | I SM H to WW to Ivlv 47+13.0
resu tS On Ine SM H to WW to vl (MWA) 47
*Some examples SMWH, H o WW 7
SM H to tautau 47+13.0
presented nOW SMWH, H to bb 47+130
SM ttH, H to bb 4.7
SMHto Z7 to llww 47
SM Hto ZZ to llgg 4.7
SMHto Z7 to llgg Low Mas 47
SM H to WW to lvgqg ATLAS-COMNF-2012-018 47
Higgs in SM with ATLAS-CONF-2011-135 1.0-2.3

4th fermion generation

Fermiophobic INF-2012-013 4.9

H to diphoton

MSSM neutral H 47
MSSM H+ to taunu 47
MSSM H+ to cshar 0.035
MMSSM al to mumu 0.037
MMSSM H to a0a0 to 4photons 49

Dec 2012
Dec 2012
Dec 2012
Dec 2012
Sep 2012
MNow 2012
Jul 2012

Jul 2012

Mow 2012
Jun 2012

Jul 2012

MNow 2012
MNow 2012
Sep 2012
Mar 2012
Mar 2012
Mow 2012
Mar 2012
Aug 2011

Mar 2012

Jul 2012
Mar 2012
Jul 2011
Mar 2011
Jul 2012

49459
4.9

0.036
46

Feb 2012
Feb 2012
Feb 2012
Jul 2012

Feb 2012
Feb 2012
Jun 2012

Jun 2012
Jun 2012

May 2012
Jun 2012

Jun 2012

May 2012

Jul 2011
Apr 2012

https://twiki.cern.ch/twiki/bin/vieW/AtIasPubIic/HiggsPuincResuIts
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H - bb

sHighest branching ratio at low masses my

»Associated production ttH and VH
=Lower cross section than ggF, but easier to reject backgrounds
*\VVery challenging jet backgrounds
=Several orders of magnitude bigger
=Biggest contributions from top, W+jets and Z+jets
Event selection (Focusing on VH analysis)
"Three categories based on number of leptons
=0 leptons: ZH - vvbb
=1 lepton: WH - lvbb
=2 leptons: ZH - llbb
*No additional leptons
=Some missing energy in case of v in final state
"Two b-tags: 70% efficiency per tag (mistag ~1%)
=Categories further split
*Depending on vector boson momentum and number of jets
=Data presented here
2011 Js=T7TeV JLdt = 4.7fb?
2012 Js=8TeV JLdt = 13fb*!
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QATLAS -

EXPERIMENT
http://atlas.ch e

Run: 209787
Event: 144100666
Date: 2012-09-05

electron Time: ©3:57:49 UTC

electron




H - bb
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o L B i - ]
S |ATLAS Preliminary VH (bb) % [ ATLAS Preliminary \s=7TeV, _[ Ldt=4.7f" 1
—— Obs. a 4 — —e—Ob d (CL _
_____ Exp. _[Ldr:::.?fb ,\'s:?TeV,_[ Ldi=13.07b",\s=8 TeV S 5_ Ex::cr:‘t’:d ((CLsS)) Vs =8TeV, J Ldt = 13.0 f5" ]
1 :_ ......................................................................... ._|= : _ ] :
- c RS VH(bb), combined ]
- = A [+2 o
C T Oc — L -
B @) N 7
2 3C .
(T b Tg] - i
""""""""" 1o o B 5
o' T 21~ -
T 1+ ]
1 | 1 I 1 1 ‘ 1 1 1 | | 1 I 1 1 ‘ 1 1 1 1 | 1 1 [~ T
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mH [GeV] 0 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
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=Consistency of observed data with background-only hypothesis
slocal pg(mp=125GeV) = 0.64 (corresponding to 1o )

=Exclusion limits
«SM Higgs excluded at 95%CL for my=110 GeV
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a N

*Three decay modes exclusively defined by number of leptons
H - 1,1, (~12%)
*H - 1,1, (~46%)
H - 1,7, (~42%)

*Many exclusively defined categories
=Based on jet multiplicity, kinematics and H production mode

=Signature Eonf  Fowseen
% . i R —¢— Z-pp Embedded 7:
*T-pair from resonance - A L
: . < of. ® rat=130m" |
.MISSIng ET 0'08; 9@ ;&jrzfs-ri’\r/eliminary:
*Poor mass resolution N i
. . 0.04p - ]
Background understanding crutial ooel ]
"The most important irreducible Background is Z-11 Go"mzo'so'lé';;sg[eeav'o]

*Modelled using real Z-pp events and replacing p by simulated T

=Data presented here
2011 Js=T7TeV JLdt = 4.6fb™?
2012 JVs=8TeV JLdt = 13fb™!
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1 EXPERIMENT

Run Number: 209381, Event Number: 72873013
Date: 2012-08-28 04:17:16 CEST

forward jet

1 ]

11



Local p
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- ATLAS Preliminary [ Ldt
- [Ldt=13.0fb" \s=8TeV

[ — Observed H — 1t

10E
0 - --- Expected for SM Higgs Boson

S Expected for SM Higgs Boson at m, =125 GeV

95% CL Limit on o/c,,

L
J
=
-

L L A N
L Ho1r ATLAS Preliminary 1
— —e—Observed CL, [ Ldt=4.61b"\s=7TeV
--- Expected CL, | L dt=13.0 fo", Vs = 8 TeV ]
— [ Jt2c
ER

E\l\\|||\|\\|\|||‘\|\|‘|\\||T
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=Consistency of observed data with background-only hypothesis
slocal po(mp=125GeV) = 13.5% (corresponding to 1.10)

=Exclusion limits
No range of SM Higgs masses excluded at 95%CL



H- vyy

=\Very small branching ratio (~0.2%)
=But clean signature
=Full reconstruction of H decay
*Good mass resolution ~1.5% at best
=Sighature 3
=Two energetic isolated photons 3
-Peak in diphoton mass spectrum sonf-
sLarge background, but smoothly varying -

7000
Selected diphoton sample

e  Data2011+2012
Sig+Bkg Fit (m,=126.5 GeV)

6000

5000 — TNgg e Bkg (4th order polynomial)

ATLAS Preliminary

Events / 2 GeV

-
an
-

«Determined from sidebands

Vs=7TeV, ILdt -48fb"

. . 1000~ ys =8 TeV, |Ldt=13.01b"
=Composition measured in data -
L
.GOOd phOton dlreCtlon :zo?ogo 110 téo 130 140 150

*Good mass resolution requires y J\W E
. ibrati CEbb e Lb b
Good photon energy calibration ﬂ SiPa it +$+TH—§

*Good understanding of y-conversion

sIncreased sensitivity by dividing events into categories
=Based on signal-to-background ratio and mass resolution
=Data presented here
2011 JVs=T7TeV JLdt = 4.8fb?
2012 JVs=8TeV JLdt = 13fb™!
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I lA S Run Number: 204769, Event Number: 24947130 o
Date: 2012-06-10 08:17:12 UTC

) EXPERIMENT




H- vyy

o 3 II\|\\Ill\l\III\\I‘III\‘IIIIII\IIlIII\ E 6_' T III\.\II‘\\II\\IIl\\IIlIIIIlIIIII_
= 182 —-SMH - vy expected p_ ATLAS Preliminary; 5 :AT’-AS Preliminary —— Observed -
8 oL—— Observedp 2 s Hey L Expected I
- S " [Ldt=4.8fb ", \s=7TeV i 5

= B o - ]

% . J Ldt=13fb"!, 1s=8TeV + 26 E

O N ]

5 o -
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) Y S W ]
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=Consistency of observed data with background-only hypothesis
Excess observed around my=126.5 GeV

slocal pg = 4.4 x 101° (corresponding to 6.10 ) single channel discovery!
=global pg = 2.8 x 108 (corresponding to 5.4¢)

=Exclusion limits
*SM Higgs excluded at 95%CL in ranges 110-122.5 GeV and 129.5-144.5 GeV
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H-> WW* - 2vlv

sLarge branching ratio which peaks around 2My < my < 2M>»
Provides information about production rate and H coupling to W
=Dominated by gg-Fusion production mode
=To enhance different production modes use jet multiplicity
=Contains 2 neutrinos
=Poor mass resolution
=Look for excess above background
=Signal
=2 isolated high pt leptons with opposite charge + missing ET
=Use different flavour leptons to reduce background
=Correlated W spins £14000 471 a8 Pretminary & o & Bema -
*Leptons go preferentially in same direction ©izooof is-s%ev [wai-1301' D1 st ]

B Z+jets [ W+ets

- Howw Sevpvipvey CJHM25Gey]

Background depends on jet multiplicity 10000 -
Reducible: tt, diboson, W+jets, Drell-Yan 8000 .
*lrreducible: WW 60005 =

Data presented here 1000 E
2012 Js=8TeV [Ldt = 13fb? -
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1A EXPERIMENT

Run Number: 204026, Event Number: 33133446
Date: 2012-05-28 07:23:47 CEST

| electron

17



H-> WW* - 2vlv

o 1 r T T 1 T T T T T T T L rTrrrrrr T T T T T T T

E T
o
§ 103 H—Ww! )eevuv/uvev (0/1 jets) 2 - Howw! )ﬁevuv/uvev (0/1 jets) -+TE ]
102 \s=8TeV: [Ldt = 13 b 2 | \s=8TeV: [Ldt = 13 b 26 |
10 ~Obs. BES Y E
10 --Exp. m_ =125GeV [J+2¢ - 10
o
X
T}
D

107, | | |

| | 1 1 1 I 1 1 1 ‘ | | 1 I 1 1 1 '1 1 L 1 1 I L1 1 | | | 1 1 1 | 1 1 1 1 | 1 1 L1 I 1 1 1 1 ‘ 1 L1 1 I
100 120 140 160 180 10445 120 125 130 135 140 145 150
m, [GeV] m, [GeV]

=Consistency of observed data with background-only hypothesis
slocal pg(my=125GeV) = 4 x 103 (corresponding to 2.60 )

=Exclusion limits
SM Higgs excluded at 95%CL in ranges 139-200 GeV
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H - ZZ* —» 2000

» Golden Channel”

Small branching ratio, but high S/B
=Full reconstruction... good mass resolution

» o/m = 1-2% at low masses

=Clean signature

=Two 28 pairs forming Z (one maybe off-shell)

Energetic, isolated leptons
=Leptons from primary vertex

Background

Reducible: Z+jets, Zbb, tt
"Irreducible: ZZ
Requirements

35~ e Data
- [l Background zz"
= [ Background Z+ets, tf
C D Signal (mH=125 GeV)
- % Syst.Unc.

Events/5 GeV

N
[

*Hs =7 TeV: |Ldt = 4.6 fb!

154

10F

100 150

=Good single lepton reconstruction and trigger efficiency: egp~¢p*

=\Well understood Lepton energy resolution

=Data presented here

2011
2012
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Js=T7TeV
Js=8TeV

JLdt = 4.8fb"!
JLdt = 13fb!

ATLAS Preliminary

 [Ldt = 13.0 fo!

H-zz" -4l

200 250
m, [GeV]



Run Number: 204769
Event Number: 82599793
Date: 2012-06-10, 13:12:52 CET

EtCut>0.4 GeV
PtCut>1.0 GeV

Muon: blue
Cells: Tiles, EMC

Currently ~10 signal candidates for H - 42
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=Consistency of observed data with background-only hypothesis
sExcess observed around my=123.5 GeV

sjocal pg = 2.1 x 10~ (corresponding to 4.1¢)

=Exclusion limits
*SM Higgs excluded at 95%CL in ranges 128-168 GeV and 174-580 GeV

Q_O 2_|\|\||||\|||\\ \I\I‘\I\I‘I\IIII‘I\I\_ 2102:||||||||||||||||||| ||||||||||||||:
c_g 10 E %?S 22(())1122 ATLAS(*)Prellmmary E - ATLAS Preliminary — Observed CL,
& [ —— Obs 2011 H— 27" 4l - i Oa e Expected CL, |
= 10 Exp 2011 Vs=7 TeV:[Ldt =4.6 fb™= H> 22 >4

- —— QObs Combinatjon 3 " \s27 TeV:det _46 b D ERE -

[ - Exp Combination {58 TeV:|Ldt =13.0 it

[ J+20

Vs=8 TeV: [Ldt =13.0 fb!

1o

95% CL limit on o/c
o
IIII|

20

30

AT IR R TTTY| BN e et MR

10 f
i 4o
105 “‘ ‘\I\I‘”I\II‘ \" 10-1 1 | | |IIII|IIII| L1 I III|IIII
110 120 130 140 150 160 170 180 110 120 130 140 150 160 170 180
my [GeV] my [GeV]
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Combination

=Consistency of observed data with background-only hypothesis
sExcess observed at my=125.2 £0.3(stat) £0.6(sys) GeV

slocal pg = 10!? (corresponding to 7.00 )

sSignal strength
i(mp=125) = 1.35+0.19 (stat)+0.15(sys)

| | I I
() 5 T T I T | T T T T I T T T T I T T T L] L] : _
Q -~ ATLAS Preliminar i m =125 GeV
10°E o b'ned gbserved ATLAS Preliminary y -
10° |T erved [ _ W,Z H— bb ;
i 1= 7TeV, Ldi=46-4.810 oy e
—_— 1 H
10 -- Com ?ned gxpected Is = 8TeV, —[Ldt =13fo H- 1t

Vs =7TeV: |Ldt= 46 b e

10-1 \s svaLdt 13fb
H— WW — viv .
3 Vs =8 TeV: [Ldt = 13 fb™ :
10 ——
H— :
10_5 \s 7T’\¥'¥Ldt 48’ P e
Vs =8 TeV: Ldt 130" :
107 H-zz" - al ;
\s=7TeV: [Ldt= 4.6 1" e
10_9 Vs =8TeV:|Ldt= 13 fb" ;
Combined n=135+0.24 :
1 0-11 \s=7TeV: [Ldt=46-48" | e
\s =8TeV: [Ldt= 13 1b"
10-13 PR TR S U T SR S NN S SRS S N AT S S R | | | | I |
115 120 125 130 135 -1 0 +1

Signal strength (u)

Julius-Maximilian:
UNIVERSITAT 22
WURZBURG



Analysis of Spin and Parity

H-vyy H- 48
__g3000, *|*'JP\';'S|M'hw'*h'\_*'*|H'\"*|['j\'*', gos:‘\“"w”'w”w' T
i~ : — P=0 (SW) VP¢->t esis ATLAS Preliminary - % BT ATLAS Preliminary _ Data .
'% 2500 —— J"=2" hypothesis J Ldt=13 fb_1 i w 0.7;* H— ZZ(’) — 4l Signal hypothesis 7;
E - observed J . 060 o= 7TeV:[Lat =48 (m~125GeV) |
¢ 2000 \s=8TeV T vs=8Tev:[Ldt=13.0f" P oo ]
3 - B LogP o ™ _
) C ] 0.5 J° - MELA . ]
_§ 15001 E 0.4F :1' o =2m ]
g N : . I_'|

% 1000}~ - 0.3 ‘N =
u 7 0.2+ . &' -
500 - - F RY ]
: . 0.1 IR 3
ot ] 0: % 5

-il0o 8 6 -4 -2 0 2 4 6 8 10 -10 -5 0 5 10
-In(L(0)/L(2)) log(L(H )/L(H))

: : H- 48
Spin 2+ hypothesis A e
. £ 0.4 ATLAS Preliminary —Data
.EXC|Uded at 91% CL In H_)W LIJO 35; H—)ZZ()%4| Signal hypothesis E
. TUF \s=7TeV:[lat-461" (m,=125 GeV) ]
'EXC|Ud€d at 85% CL N H_)42 0.3F s=8TeV:[Ldt=13.0fb" _JE -0
. ) . 0.o5f- BDT analysis ]
=Spin 0- hypothesis =

*Excluded at 99% CL in H—4¢ 015
=Spin 0 hypothesis o1
*Observation fully compatible 0.05

log(L(H )/L(H))

Julius-Maximilians-
UNIVERSITAT 23
WURZBURG



Conclusions & Outlook

=The ATLAS detector has now collected following pp-data
2011: at Vs=7TeV JLdt = 4.8fb?
2012: at Vs=8TeV fLdt = 21.7fb?
Results presented here
=Used all 2011 data and 13fb! of the 2012 data
*Updated results confirm earlier observations based on lower statistics
sExcess observed at my=125.2 +0.3(stat) £0.6(sys) GeV

slocal pg = 1012 (corresponding to 7.0c )

=Further updates using the full 2011+2012 datasets expected soon
Observation of ,Higgs-like” particle done
=Measurements of the couplings become more interesting
Beginning of 2013 the LHC will continue with heavy ion collisions
=Afterwards a long shutdown of about two years
=Accelerator and experiments will prepare for 14 TeV

Julius-Maximilians-
UNIVERSITAT 24
WURZBURG



Additional Slides

o e
ek L OME PR

; 25



Introduction

*Higgs is missing keystone in the Standard Model
*Higgs mechanism predicts boson, but not it's mass
Results of direct searches before LHC:
«LEP: excluded (@95%CL) mpy<114GeV
=fevatron: excluded(@95%CL) 160<mp<170GeV

*Higgs discovery is one of the main goals for the LHC B gimy
*Not the only one, but that's a different story... 20130 MOS0 10 T v
Observation of a new particle with a mass of about 125 GeV
=ATLAS and CMS announced a discovery
=, Higgs-like particle”... is it the Higgs?
*Change in the analyses
=Away from purely discovery search
*Towards measurements of properties ik | oL Limits -

1 16 150 200 300 400 500

*pp-collision mode stopped at LHC for upgrade m, 1GeV]
=All analyses will be updated using the full statistics avilable
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The ATLAS Data

=Results presented here correspond to

_ ; 35 ATLAS Online Luminosity =

2011 data taking 2 30- mOmNe Ty E
= Centre-of-mass energy Vs = 7TeV Eoos TR =

» Integrated luminosity ~4.8fb? 3 200 E

= Pileup <p>=9 % 15 E

2012 data taking 10- E
= Centre-of-mass energy Vs = 8TeV 5 =

= Integrated luminosity up to 13fb! o-
. Saﬂ |>\Q‘ 5\,\\ Oc,\
= Plleup <p>= 20 Month in Year
More to come

2012 data taking A
- Integrated luminosity up tp 21.7fb? g %P B V5= 8oV, [Lat=208 16" <uo= 207 -

: ; > 140 0 Vs=7Tev, [Lat=521" su>= 9.1 —

=|n preparation for Moriond conference % 120l E
§ 100 =

3 sof E

g oo 3

€ a0f =
%5 10 15 20 25 30 35 40 45

Mean Number of Interactions per Crossing
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High Pile-up
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H - bb

LA L T T ] r T LA L T T T . C T L A A B L
% 1a0F- ATLAS Preliminary S22 % 1600[— ATLAS Preliminary a0tz % E ATLAS Preliminary —-Data2012 J
© = 1 [ Multijet . o C a1 [ Multijet = G 600 — P [l Signal —
o 120~ Ldt=13.0fb ,\Ns=8TeV %Dibcsun s O {1400 Ldt=13.0fb ,\Ns=8TeV %Dibcsun - o C Ldt=13.0fb ,\Ns=8TeV [ Multijet ]
- - [l ] - - [l . : - f .
E = 0 Lepton, 2 Tags, 2Jets, F, > 120 GeV %l t . E 1200 1Lepton, 2 Tags, 2 Jets, p:"> [1] %l t = a 500~ 2 Leptons, 2 Tags, >=2 Jets % glboson 3
c 100~ = w-cl — S - 0/ w=al 3 S C Ot 3
s — P = 1o00F- — e Dzd ]
L 80— 1 z4 ] L - EI 74 - - I Z+c .
oF = . 8001~ —e = 300 B Z:b =
o 7 600 — E .
- m o 7 200~ —
e E 400 = : g
201~ — 200/ ek = 100|—
o 2 - 0 0
=S s = s =S s
o D = o D = o D =
g . - - + ;
o 1 * "““'_+: #:#_#_&H $+ """""""""""" — o 1 %.#:_&*‘-#——t:*:"***"“} “*:*_} ;ﬂ##'ﬁ o 1 %fﬁ*'ﬂ'*“tj:—'&'#*‘ﬁ'*‘*‘ $_§:"_;_#{¥
0.55 : : : : ] 0.55 : : : : ] 0.55 : : : : ]
50 100 150 200 250 50 100 150 200 250 50 100 150 200 250
m,; [GeV] m,; [GeV] m,; [GeV]

sExamples of the my, distributions for the 0, 1 and 2-lepton category

=Overall good description of data by MC
Background composition depends on category

=Description uses combination of MC and data-driven estimate
=Multijet purely data-driven estimation
=Diboson purely MC based
=All others take shape from MC and normalisation from data
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Boosted H - 11

=T T 1T T 7T L L T 17T (. T T T T T T T T T T T L 400_| T T T T T T T T T T T T T T T T T T T -
%J 4505 | ee +| eu + Mll Boosteld %J - | Ut + ét Boostled A %J - | | T.T | H+1 -jetIBoosted ]
O C O] 1200_ had had | ) C had“had 7
o 400- —e— Data S —+— Data 1 o« 390¢ 4 D
~ 350E — 2x H(125)>11 ~ 1000 — 5x H(125)>tt - > c - Z:m( Joe 2
2 - Bl 2t 2 - Bl Z—17 (0S-8S) - = 300t 2 B Mulijet E
© 300 Il Z—eepp o B B Others (0S-SS) 1 > - B Others .
xe E Il (i+single-top w 800 0 Same Sign Data — 250:_ 7777 Bkg. uncert.
2501 WW/WZ/ZZ i 777 Bkg. uncert. i 000" [Ldt=13.0m"
- W Fake leptons r Ldt=13.0f" _ - s E
200: 777/ Bkg. uncert. 600 I 1 . Is=8TeV 2
- J' Ldt=13.01f5" i \s=8TeV ] 150 ATLAS Preliminary—
150F ' 400~ ATLAS Preliminary —| C ]
u , \s=8TeV i ] 100 -
1005_ @l ATLAS Preliminary 2005 . C ]
50 .o - - 50F -

50 100 150 200 250 300 0750 100 150 200 % 100 150 200 250
MMC m, [GeV] MMC mass m_, [GeV] MMC mass m_, [GeV]

Example showing boosted Higgs analysis in the three 11 decay channels

*General agreement between data and MC good
*Note: the signal contribution in MC has been scaled for visibility

*MMC mass = missing mass calculator to reconstruct mq;

=Efficiency > 99%
*Mass resolution 13-20%
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Mass Measurements

4_5 I I I I I | | I I I I I | I I I |
4 ATLAS Preliminary 2011 + 2012 Data
Vs=7TeV: [Ldt=4.6-4.8f"  — combined
Vs =8TeV: [Ldt=13.0 fb" —H-yr
—H- 77" 5 a4

------
-------

Signal strength (u)
w
(&)

Individual measurements

2 Results in agreement with 2.7c
15 _ assuming Gaussian pdfs for
lgsef/t ‘;';L systematic uncertainties
L S More conservative treatment of
0.5F withoutMss T~ uncertainties yields 2.30
in lighter colors T
0— '150' ' '152' ' '12'4' | 156| | |158| | Mass scale systematic (MSS)
uncertainties
my[GeV] e Energy scale from Z—ee
Best fit signal strength Material upstream from EM calo
u(mpy=125) = 1.351£0.19 (stat)+0.15(sys) Energy scale of presampler

Combined mass measurement
my=125.2 +0.3(stat) +0.6(sys) GeV
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Spin Analysis in H-yy

*Using inclusive analysis
*Sensitive variable is diphoton cos 6* distribution P,
=Use events within 1.50 of the peak (my=126.5 GeV) \

T

1
= t = — s
A ‘

2

Spin hypotheses Py, Collins-Soper Frame
*Expected sensitivity: exclusion of spin 2* hypothesis at the 97% CL
*Observed exclusion of spin 2* hypothesis at the 91% CL

*Observation fully compatible with spin 0 (within 0.50)

0 I B B I R I I RS AR c 3000 T T T T T T T
g 80_—JP=0*(SM) pdf e Background-subtracted data _ f C JP=0* (SM) hypothesis ATLAS Preliminary .
& | —gg, J° = 2}, pdf Background uncertainty i _.g 2500~ —— JP=2* hypothesis Ldt<13 fb_1 _
= - ] o B = ]
9 60 ] £ B observed ]
- B . 'S 2000F \s=8 TeV ]
40 J 7 5 - 1

= ] S 1500f

B —— h o -

205 | [ 17 + +1 g f

| ~ T ':—':+= 2 1000

0

ool T | ] 500f

- ATLAS Preliminary JL dt=13fb", Vs =8TeV ] .
o b by by by M b s b L C y
0 01 02 03 04 05 06 07 08 09 1 910 8 6 4 -2 0 2 4 6 8 10

lcose”| In(L(0)/L(2))
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Spin Analysis in H-4¢

=Two methods using distribution of 5 production and decay angles
Boosted decision tree (BDT) in a multivariate analysis
=Matrix element based likelihood ratio (MELA)

*Spin hypotheses
*Expected sensitivity: exclusion of spin 2* hypothesis at the 80% CL
*Observed exclusion of spin 2* hypothesis at the 85% CL

*Observation fully compatible with spin 0 (within 0.180)

17> S L B A AL L B I I 7}
24 ° Data o ATLASPreliminary] 2 0.8F L =
£ [ [l Background ZZ o 1 E - ATLAS Preliminary —Data 1
w 12;-Backgr0und Z-+jets, tt HoZZ -4l 1 Yo7 Ho ZZ()% 4] Signal hypothesis |
| Sional(m, =125 GeV) | 4] 0.6F 1s=7TeV:Lai-a8 " (m=125GeV) 1
10 Jp=0+ \s=rTeVijldt=4.61" T vs=8Tev:[Ldt=13.0fb" P oo |
P2 1s=8 TeV:/Ldt = 13.0 fo”" 7 05 J - MELA —dy,=0" 1
- ] T : AN
0.4F bR meTm
g N E
0.3 N =
B ‘N
0.2- N -
. RN ]
N
0.1 Y =
: AV :
i i ot ..m\\\_ﬁa e
0 02 04 06 08 1 -10 -5 0 5 10

JP-MELA Discriminant log(L(H )/L(H))
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Parity Analysis in H-42¢

=Two methods using distribution of 5 production and decay angles
Boosted decision tree (BDT) in a multivariate analysis
=Matrix element based likelihood ratio (MELA)

=Parity hypotheses
*Expected sensitivity: exclusion of the 0- hypothesis at the 96% CL

Observed exclusion of the 0- hypothesis at the 99% CL
*Observation fully compatible with spln O (within O. 50)

(D16__ll‘Dt T T T T ‘IJ_ UJ
= ala " ATLAS Prellmlnary o

€ 14 Il Background 27 ( 1 E o4 " ATLAS Prel|m|nary —Data -
WL Bl Background Z+jets, t H—=ZZ =4l w F . .

1 F H— ZZ — 4l Signal hypothesis ]

12‘_ Signal (m, =125 GeV) i 0.35 7 TeV:[Ldt - 45 " 105 Gov) ]

F—F-0 {s=7 TeV:|Ldt = 46 b | 0t s e " (= . V]

r - g F \s= : = Y +

10f JP:O 1s=8 TeV:Ldt = 13.0 fo | B 1s-8Tev:[Ldt- 13,0 —Jp = 0"

0_25i BDT analysis

__J&:O' ’

-1 08060402 0 02040608 1
BDT Discriminant Iog(L(HO)/L(H1))
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SM Higgs Searches in ATLAS
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Universitat Wirzburg
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sIntroduction
*SM Higgs at the LHC
*The ATLAS Detector
*Higgs Decay Channels discussed here
*H - bb
H - 11
H -y
H - WW
H - 77
*Conclusion and outlook
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Higgs Production at the

\s=7 TeV

o
LHC HIGGSXSWG 2010

*gg-Fusion dominating at LHC

*VBF, VH, ttH easier to trigger
*Reach up to masses of 1TeV

*Here concentrating on low values
Slopes slightly different at vs=8TeV

*General picture remains unchanged

6(pp — H+X) [pb]

10"

!
100 200 300 400 500

1000
M, [GeV]

gg-Fusion VBF VH ttH

oo IFTEREE
UNIVERSITAT 3
WURZBURG



Higgs Decay Modes

I Ly
THC HIGGS X5 WG 201

Higgs BR + Total Uncert
<,

*Several decay modes accessible "
siImportance depends on my 102}
*At low Higgs masses ;
*H-bb dominating

. 100 120 140 160 18?\/| [Ge\Z/?O
*At higher masses o )
*\WW and ZZ have higher BR L \s=7TeV  sm

=To find experimental importance
=*Combine crosssection and BR B
*Take final states into account 1076
*Analyse background processes ;

6 x BR [pb]

10°2F

10°¢

104 07 4o

100 200 300 400 500
M, [GeV]
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The ATLAS Detector

*General Info *Magnets
*Length ~46m =Solenoid: 2T
Diameter ~25m =Toroid (barrel):  0.5T
*Weight ~7000t *Toroid (endcap): 1T
=Under ground ~92m =Tracker

«o(pT1)/pT=0.05% pt 0 1%

Moonogtcis Tl Cormeter s o Colorelr ECAL

»o(E)/E=10% / VE 0 0.7%
HCAL

«o(E)/E =50% / VE 0 3%
*Muon Spectrometer

o(pT)/PT= 2% @ 50GeV

«o(p7)/PT = 10% @ 1TeV
=Trigger

=3 Levels: 40MHz - 200Hz

N
/3 i ¥ N\ N
Toroid Magnets ~ Solenoid Magnet  SCT Tracker Pixel Detector TRT Tracker

ATLAS Collaboration JINST 3 (2008) S08003
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Higgs Searches in ATLAS

*Many analyses

*Too much to
present today

=All results online
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Some examples
presented now

Summary of latest results in all channels

[cramnel [ conferencencte |, Josie [ publication |y [oxte |
arkiv:

SM H combination
SM Hto 22(") to 41
SM Hto dipheton
LFV Charged Higgs
SM H couplings

S H combination
S Hto dipheton
SM Hto ZZ(*) to 4l

SV H to WW to viv
S H to WW to Iviy (MVA)

SIMWH, H to WW
SM H to tautau

SMVH, H to bb

S tiH, H to bb

SMHto ZZto I

SMHto ZZ tollgg

SM Hto 2Z to llgq Low Mas
SM H to WW to hvqg

Higgs in SM with
4th fermion generation

Fermiophobic
H to diphoton

MSSM neutral H
MSSM H+ to taunu
MSSM H+ to csbar
NMSSM al to mumu

NMSSM H to a0a0 to 4photons

\F-2012-170

IF-2012-018
IF-2011-135

\F-2012-013

NF-2012-094
NF-2012-011
IF-2011-094

4.9+13.0 Dec 2012
48+130 Dec 2012
4.9+130 Dec 2012
a7 Dec 2012
49459 Sep2012
4.9+130 Nov2012
49+59 Jul2012

48468 Jul2012

474130 Nov2012
a7 Jun 2012
47 Jul 2012

474130 Nov2012
47+130 Nov2012
47 Sep 2012
4.7 Mar 2012
4.7 Mar 2012
a7 Now 2012
a7 Mar 2012
1023  Aug2011
4.9 Mar 2012
47 Jul2012

47 Mar 2012
0.035 Jul 2011

0.037 Mar 2011
4.9 Jul2012

2021415
arxiv:1202 1414

arxivi1207 7214

arxivi1202 1414

arxiv:1206.5971

arkiv;12

arxiv:1205 6744
arxiv:1206 2443

arXiv:1206 6074

rXiv:1208.0701

2

arXiv:1107 5003
arxiv:1204.2760

Xiv:1207.7214 4.9+6.9 Jul2012
1

48 Feb 2012
43 Feb 2012
46 Feb 2012
49459 Jul2012
43 Feb 2012
Feb 2012
Jun 2012
a7 Jun 2012
47 Jun 2012
47 May 2012
47 Jun 2012
47 Jun 2012
49 May 2012
0.036  Jul2011
46 Apr 2012

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults



H - bb

«Highest branching ratio at low masses my

*Associated production ttH and VH
sLower cross section than ggF, but easier to reject backgrounds
*Very challenging jet backgrounds
=Several orders of magnitude bigger
*Biggest contributions from top, W+jets and Z+jets
*Event selection (Focusing on VH analysis)
“Three categories based on number of leptons
=0 leptons: ZH - vvbb
=1 lepton: WH - lvbb
=2 leptons: ZH - llbb
*No additional leptons
=Some missing energy in case of v in final state
*Two b-tags: 70% efficiency per tag (mistag ~1%)
=Categories further split
*Depending on vector boson momentum and number of jets
*Data presented here
2011 Vs=T7TeV JLdt = 4.7fb?
2012 Vs=8TeV JLdt = 13fb?
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@ATL S
EXPERIMENT

http://uatlas.ch

b

Run: 209787
Event: 144100666
Date:  2012-29-05

electron electron Time: ©3:57:49 UTC

Currently ~50 signal candidates for VH(bb)
L IRKReNE RS RO /A
WURZBURG




H - bb

s 6 T BELEN A
o o r . = 1
< | ATLAS Preliminary VH (bb) L T ATLAS Preliminary (s =7Tev, I Ldt=471"
—— Obs. J.Ldt—a 715", \s=7 Te ijdr-naIb" \s=8TeV' c 5L —e— Observed (CLs) q -
..... Exp. =471 Vs=7 Tol, | L di=13.015", 1528 Te S Eo (s=8TeV, | Ldt=13015"
e P P P = F Expected (CLs) _ . .
r c L 1 VH(bb), combined ]
C = 40 iz =
I R Oc F ]
O C ]
3 E
ISP Yo} - J
-------- AT e © L ]
e e 2 =
S 1~ .
P S R R B F E
110 115 120 125 130 C ]
my [GeV] 0 | | L [ | |
10 115 120 125 130
my, [GeV]

*Consistency of observed data with background-only hypothesis
slocal pg(my=125GeV) = 0.64 (corresponding to 1o)

*Exclusion limits
«SM Higgs excluded at 95%CL for my=110 GeV
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H- 11

*Three decay modes exclusively defined by number of leptons
H - 1,1, (~12%)
H - 1,1, (~46%)
H- 11, (~42%)

*Many exclusively defined categories
*Based on jet multiplicity, kinematics and H production mode

=Signature § o ;
*T-pair from resonance R 1 7
Missing Et oo

=Poor mass resolution s T
Background understanding crutial i3 ]
*The most important irreducible Background is Z-1t 1020 e*o"Z‘B';;sg[GesV%

*Modelled using real Z-pu events and replacing p by simulated t

=Data presented here
2011 Vs=T7TeV JLdt = 4.6fb?
=2012 Vs=8TeV JLdt = 13fb?
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u
0

A EXPERIMENT

Run Number: 209381, Event Number: 72873013
Date: 2012-08-2¢ 7:16 CEST

gt

forward
2 Electron

Currently ~330 signal candidates for H - tt
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H- 11

6 e ey s 8rr T
o EATLAS Preliminary [Ldt=461",is=7TeV J o [ How ATLAS Preliminary
5] r JLdt=13.01b", 1s =8 TeV1 ® 7 —e-ObservedcL, [Ldt=461t"Vs=7TeV
g 1oL — Observed H - tt ] 5 [ --- Expected CL, [Ldt=13.01b" \s=8 TeV |
E --- Expected for SM Higgs Boson E = 6 [Jt2s |

i ) - ] E [ W+ ]

[ pected for SM Higgs Boson at mH_1 25 GeV ] | 5; B

2 5 ]

1 E [$] F 1

i 200 R4 E

L Yol E 4

e T 1o [=2] r |

107 - E 3? 1

: oo 2 E

1021 E La E
S R BT IR AR [ R I N I

100 110 120 130 140 150 0100 110 120 130 140 150

my, [GeV] my [GeV]

*Consistency of observed data with background-only hypothesis
slocal pg(mp=125GeV) = 13.5% (corresponding to 1.10)

*Exclusion limits
*No range of SM Higgs masses excluded at 95%CL
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H- vy

*Very small branching ratio (~0.2%)
*But clean signature
*Full reconstruction of H decay
*Good mass resolution ~1.5% at best
=Signature 3
=Two energetic isolated photons E
Peak in diphoton mass spectrum E
*Large background, but smoothly varying -

T T T
Selected diphoton sample

e Data2011+2012
Sig+Bkg Fit (m =126.5 GeV)

--------- Bkg (4th order polynomial)
ATLAS Preliminary

Events / 2 GeV

-Determined from Sidebands Ys:?TeV,JLdt=4_Bib'

Vs=8TeV, |Ldt=13.01"

Composition measured in data

*Good mass resolution requires g u 4
*Good photon energy calibration d ,mfﬂ.“““ \ +++M++H+ e
.GOOd phOton dlreCtlon 720950 110 t?ﬂ 130 140 150 1
*Good understanding of y-conversion MrlGet]

sIncreased sensitivity by dividing events into categories
*Based on signal-to-background ratio and mass resolution
*Data presented here
2011 Vs=T7TeV JLdt = 4.8fb!
2012 Vs=8TeV JLdt = 13fb*?
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Run Number: 204769, Event Number: 24947130
Date: 2012-06-10 08:17:12 UTC

Currently ~330 signal candidates for H - yy
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H- vy

- T A AR A R R s Brgmy T R e
i: 182  —-SMH— vy expected p,  ATLAS Preliminary A :ATLAS Préliminary — Observed ]
8 10§_Observed P, 2 s Hyy Expected 3
- L S C [Lt=4.8fb", \s=7TeV i ]

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ E L a4y N 3]
_____ % . 7[Ldt=13fb , Ys=8TeV +2g =
o C ]
""" o | -
5 sf =
| o r 1
= Obs. 201 T\ T T
- Exp. 2011
= Obs. 2012 =~ V| Baia 36131 T B Tay " So ?
¥ - Data 2012 ts =8 TeV
g >— - Exp. 2012 JLd ! B Y SR W 1
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ =130 6o - ]
BT ) R S ISP A I O SIS S R . D D P
110 115 120 125 130 135 140 145 150 110 115 120 125 130 135 140 145 150

m,, [GeV] m[GeV]

*Consistency of observed data with background-only hypothesis
sExcess observed around my=126.5 GeV
slocal pg = 4.4 x 10%° (corresponding to 6.10 ) single channel discovery!

=global pg = 2.8 x 10® (corresponding to 5.4¢ )

*Exclusion limits
*SM Higgs excluded at 95%CL in ranges 110-122.5 GeV and 129.5-144.5 GeV
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H - WW* - 2y8y

sLarge branching ratio which peaks around 2My < my < 2Mz
*Provides information about production rate and H coupling to W
Dominated by gg-Fusion production mode
=To enhance different production modes use jet multiplicity
*Contains 2 neutrinos
*Poor mass resolution
*Look for excess above background
=Signal
=2 isolated high pt leptons with opposite charge + missing ET
=Use different flavour leptons to reduce background
*Correlated W spins 2

T T T T T4
14000 P 4 Dala %% SM (sys @ stat] —|
ATLAS Preliminary o Swoomwr 4

sLeptons go preferentially in same direction ©iaoof s-stev ia-120n" S Bamerw
*Background depends on jet multiplicity 1000gf. I ooy Drizmeen

*Reducible: tt, diboson, W+jets, Drell-Yan
sIrreducible: WW

*Data presented here
2012 Vs=8TeV JLdt = 13fb
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H-> WW* - evuv

Run Number: 204026, Event Number: 33133446
Date: 2012-05-28 07:23:47 CEST

Currently ~110 signal candidates for ggH(WW)
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H - WW* - 2y8y

—
ATLAS Preliminary

— T
—— Obs.

[}

_.
2

o E ' r 1

5 10°5 ATLAS Preliminary E F e E

§ 10 = Howw Sevuvinvey (0/1 jets) F HoWW sevaviuvev (071 jets) -+:2 ]
10°E s -8 Tev: [Lat = 13 16" \s=8TeV: [Ldt= 13" Cliza

Obs. [BNESL
-Exp. m_ =125 GeV 26

95% CL Limit on o/cg,,
=)
T
Lol

| - P I S SRI R SRR P L1 15 S I A L R IR R | .
100 120 140 160 180 10445420 125 130 135 140 145 150
m,, [GeV] m,, [GeV]

*Consistency of observed data with background-only hypothesis
slocal pg(my=125GeV) = 4 x 103 (corresponding to 2.6c )

*Exclusion limits
*SM Higgs excluded at 95%CL in ranges 139-200 GeV
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H - ZZ* - 20200

»,Golden Channel”
*Small branching ratio, but high S/B
=Full reconstruction... good mass resolution
* o/m = 1-2% at low masses
Clean signature hs = 7Tev: Lot = 4.6 "
“Two £:¢- pairs forming Z (one maybe off-shell) =130
*Energetic, isolated leptons
*Leptons from primary vertex
Background
=Reducible: Z+jets, Zbb, tt 100 19 200
sIrreducible: ZZ
*Requirements
*Good single lepton reconstruction and trigger efficiency: e4p~¢p*

=Well understood Lepton energy resolution
*Data presented here

2011 JVs=7TeV JLdt = 4.8fb?
=2012 Vs=8TeV JLdt = 13fb?

w
51}

[ e« Data ATLAS Preliminary
E [ Background zz" HoszZ" ol

[ [ Background Z-jets, tf
E [ Signal (m, =125 GeV)

E % Syst.Unc.

Events/5 GeV
@
S

m, [Go6T°
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- J’F H'u;HT
o &

Run Number: 204769
Event Number: 82599793
Date: 2012-06-10, 13:12:52 CET

EACut>0.4 GeV
PtCut>1.0 Gev.

Viuan: hlue
Cells: Tiles, EMC

1:" H‘a%!= -.I

Currently ~ 10 signal candidates for H - 4%
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H - ZZ* - 20200

*Consistency of observed data with background-only hypothesis
sExcess observed around mpy=123.5 GeV

slocal pg = 2.1 x 10 (corresponding to 4.1¢ )

*Exclusion limits
*SM Higgs excluded at 95%CL in ranges 128-168 GeV and 174-580 GeV

o LFTT T T 51025‘‘‘._...W.w.‘.w.uwm‘,H..E
K] 10 T 2302 ATLAS(N)P reliminary 3 % [ ATLAS Preliminary — Observed CL, 7
e —— Obs 2011 H-ZZ > 4l 1 [ LG — Expected CL,
= 10p o BRA L is=7Tev:[Ldt=46 16" 5 H>2zZ—d
s Eombingion £ 2 [ is7Tevfldteastt  HElo ]
------- Exp Combination 158 TeV: [Ldt =13.0 it 5 : : ez
1k . - = o 1s-8Tev:[Lot-13.01" - .
A @] E .
107 =h & ]
E 126 o i
107 5
| 1: ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
10° =% :
10 H
F i REN
10—57”m.'u'-.\u‘\H‘\HH-\'HH\H.: ot b L b b L b
110 120 130 140 150 160 170 180 110 120 130 140 150 160 170 180
my [GeV] my [GeV]
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Combination

*Consistency of observed data with background-only hypothesis
sExcess observed at my=125.2 +0.3(stat) £0.6(sys) GeV
slocal pg = 102 (corresponding to 7.0c )

=Signal strength
i(my=125) = 1.35+0.19 (stat)+0.15(sys)

T | 1 1 T 1
ATLAS Preliminary ™ =125 Gev

LT R N A e e e e
o 10°E :?Ogﬁggfggbsewed ATLAS Preliminary
—_— W,ZH — bb
= ﬂv"gﬁig’ﬁgd {s=7TeV, [Ldt = 4.6-4.8 e Fn@ R
10f — e Vs = 8TeV, [Ldt = 13 1" W
ombined expected ’ Il

[ R
RS

H—ww' > viv
A | .

o Howy
V- 7TeV: L 488" ——
- oo L 0!
H—2ZZ " — 4
6= 7Te: [Lt- 46857 ——
o V=8 ToV:JLak = 1315

T T T T g T

----- N Gombined n=135+0.24
N Vo =7 Tew: Lot - a6 -a 8w —-—
o ¥ = 0 Tev: [Ldt = 1310

| | | | | |
40+

Signal strength (1)
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Analysis of Spin and Parity

H-wy H- 42
c 3000 T proppasa P T T T
] —— J=0* (SM) hypothesi: imi ] 2 08F . 3
™ £ » r: ! :P? ests relminary | = ATLAS Preliminary —Data
£ 2500[ —— <7 hypothesis I Ldt<13fo d o7 HoszZ" S a Signal hypathesis
£ F observed B 06l te=TTeV =81 m=125Gev) |
g 20001 Vs=8TeV 4 T is=aTev:flai=130m’ _f 0
3§ ] 0.5 J°- MELA T
S 1500F E p BN
E F 1 0.45 h B
% L 4
& 1000} E 03
F 1 02f E
500F E o
-J L L L
3 0

&) ZAan L
6 8 -10 -5 0 5 10

0

-In(L(0)/L(2)) log(L(H )/L{H))
. . H- 4%
*Spin 2+ hypothesis 04— Aaa
. £ 0.4f ATLAS Preliminary —Data -
*Excluded at 91% CL in H-yy B e Ho 22750l sammnponess |
B is=7TeV:[Ldl =46 16" (m =125 GeV)

*Excluded at 85% CL in H—4¢ 0.3 is=aTev:fLdi= 1201 —F =0
*Spin 0- hypothesis s
*Excluded at 99% CL in H—-4¢
*Spin 0 hypothesis o
=Observation fully compatible

E T o 5 10
log(L(H /L(H))
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Conclusions & Outlook

*The ATLAS detector has now collected following pp-data
=2011: at Vs=7TeV JLdt = 4.8fb?
=2012: at Vs=8TeV JLdt = 21.7fb?
*Results presented here
*Used all 2011 data and 13fb* of the 2012 data
*Updated results confirm earlier observations based on lower statistics
sExcess observed at my=125.2 +0.3(stat) +0.6(sys) GeV
slocal pg = 10*? (corresponding to 7.0c )

*Further updates using the full 2011+2012 datasets expected soon
*Observation of ,Higgs-like" particle done
*Measurements of the couplings become more interesting
*Beginning of 2013 the LHC will continue with heavy ion collisions
=Afterwards a long shutdown of about two years
=Accelerator and experiments will prepare for 14 TeV
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Additional Slides
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Introduction

*Higgs is missing keystone in the Standard Model

*Higgs mechanism predicts boson, but not it's mass
*Results of direct searches before LHC:

sLEP: excluded (@95%CL) my<114GeV

«Tevatron: excluded(@95%CL) 160<my<170GeV
*Higgs discovery is one of the main goals for the LHC

*Not the only one, but that's a different story...
*Observation of a new particle with a mass of about 125 GeV

=ATLAS and CMS announced a discovery

=, Higgs-like particle”... is it the Higgs?
*Change in the analyses

=Away from purely discovery search

=Towards measurements of properties L, Limits
=pp-collision mode stopped at LHC for upgrade T Thleew

=All analyses will be updated using the full statistics avilable
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arXiv:0903.4001v1 Lh(‘ep-ex]
Tevatron Run Il Preliminary, L=0.9-4.2 fb’

T
Exclusion Tevatron
Exclusion

95% CL Limit/SM
B

P

L L wenam

100 110 120 130 140 150 160 170 180 190 200
m,,(Gevic?)

I
3

[ ATLAS 2011-2012 @t
(oo 7Tev: flat_apast' L1120

Vs-8Tev: [Lat-5.8501" — Observed
N ----- Bkg. Expected

95% CL Limit on




The Large Hadron Collider

*(design) CM energy: 14 TeV
*(2012) 8 TeV
*(design) Luminosity:  103*cm=2s?
§+(2012) 7.7 x 10%3cm-2s?
*(design)Bunch crossing: 25 ns
*(2012) 50 ns
=Protons per bunch: ~10%
*Beam radius: 16.7 um
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The ATLAS Data

*Results presented here correspond to

. ; 351 A"I'LAS Ol‘1line‘ Lumino‘sily‘

2011 data taking 3 on e

= Centre-of-mass energy Vs = 7TeV oo TN E

= Integrated luminosity ~4.8fb1 3 20

= Pileup <p>=9 % 15 3
=2012 data taking 101 .

= Centre-of-mass energy Vs = 8TeV sF- E

= Integrated luminosity up to 13fb? of—t ‘

. ot Pt W ot
- Plleup <p>= 20 Month in Year

*More to come

»2012 data taking
= Integrated luminosity up tp 21.7fb
*In preparation for Moriond conference

g0 [T T T T T e T
E ATLAS Online Luminosity
160

L [ \5=8TeV, [Ldt=2081b", <> = 20.7
140; = \E:7TEV,J-Ld|: 5217, qu>= 9.1
120

100
80f
s0f
40F
20f

L 1 1 L L L !
00 5 10 15 20 25 30 3B 40 45

Mean Number of Interactions per Crossing
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High Pile-up

sEvent
ATLAS s
G TNENg Verteces
=25 reconstructed
*Tracks
*Only displayed if
pt>0.4GeV
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H - bb

% 10 ATLAS Preliminary Zoowozore % 1c00 ATLAS Preliminary Zoom o % | ATLAS Preliminary e Data2012
© . = e ] = . = e O soof— . B Signal
S i Ldt=13.06",Ns=8TeV = ivorer S a0l | Ldt=130m",Ns=8TeV 1 ivoren = E Ldi=13.016",Ns=8TeV = Multet
= =5 2 1oop =H 2 F !
~ il ~ E W, il —~ - = [ Diboson
2 0 Lepton, 2 Tags, 2Jets, E; > 120 Gev ]! | B 1200f- 7Lepton 2Tags, 2Jets, pl>0 = O 2teptons,2 Tags, =2 Jets q
2 £ 12000 o 2 r
e - 2 1000f i $  a0of 1
E = =

W ol i o E =iz o E

L E =i E

b = | 300~

F
ol b b b b by

g g - g
FIRE g 15 g ! +
ks 4 4l T I TN ST S K T At iseteee e .t
| TSRS SRR TS B IEg=g e * R 1 M A S aAE
° 50 100 150 200 250 ° 50 100 150 200 250 ° 50 100 150 200 250
mg [GeV] mg [GeV] mg [GeV]

sExamples of the my, distributions for the 0, 1 and 2-lepton category
*Overall good description of data by MC
*Background composition depends on category
=Description uses combination of MC and data-driven estimate
=Multijet purely data-driven estimation
*Diboson purely MC based
*All others take shape from MC and normalisation from data
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Boosted H - 11

450F e g 400
3 E ee+ e+ uj1 Boosted 3 Wi etgBoosted | B F Tyadfhag H+1-jet Boosted 1
(O] & 1200 — 0] o 1
o 400 ~+- Dala g I ~+- Data 1 o 350F —-Da E
< 350 — 2x H(125)—1t = ool —5xH(1Z)s | 5 F p JALA G
£ [ P £ b B zowosss) 1§ 800¢ Y E
© 300F Il Z-eepp [ [ Il Others (0S-SS) k- E E Others 1
m I 7+single-top o 800 [ Same Sign Data | 250 7777 Bkg. uncert.
250, WW/WZ/z2Z [ 777 Bkg. uncert. ] o [La-1a0m'
I Fake leptons r Ldt=13.0" F -

200 77 Bkg. uncert. 600F 1 F Vs =8TeV ]

I Ldt=1301" r ts=8TeV ] 150F ATLAS Preliminary—]

150 7 400~ ATLAS Preliminary—| E E
\s=8TeV r 1 100 |

100 F ] n .

E ATLAS Preliminary 2 r 1 E |

50 o0F E 501 E

00 50 100 150 200 250 300 0 50 100 150 200 00 50 100 150 200 250

MMC m,, [GeV] MMC mass m,, [GeV]

MMC mass m,, [GeV]

*Example showing boosted Higgs analysis in the three tt decay channels
*General agreement between data and MC good
=Note: the signal contribution in MC has been scaled for visibility
*MMC mass = missing mass calculator to reconstruct m;
=Efficiency > 99%
*Mass resolution 13-20%

Julius Maximilians®
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Signal strength (u)
w
(&)}

Mass Measurements

—

0.5

— —
ATLAS Preliminary 2011 + 2012 Data

\s=7TeV: [Ldt=4.6-48fb"  — combined
Is=8TeV: |Ldt=13.0 fb" —H-oyr
—H->22" 54

+ Best fit
— 68% CL
----95% CL
without MSS
in lighter colors

Julius Maximilians®

RZBURG

UNIVERSITAT
wi

P - P P -
124 126 128
my [GeV]

P P
120 122
Best fit signal strength

p(my=125) = 1.35+0.19 (stat)+0.15(sys)
Combined mass measurement
mp=125.2 +0.3(stat) +0.6(sys) GeV

Individual measurements

Results in agreement with 2.7¢0
assuming Gaussian pdfs for
systematic uncertainties

More conservative treatment of
uncertainties yields 2.30

Mass scale systematic (MSS)
uncertainties

e Energy scale from Z—ee
Material upstream from EM calo
Energy scale of presampler
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Spin Analysis in H-yy

*Using inclusive analysis
=Sensitive variable is diphoton cos 6* distribution
=Use events within 1.5¢ of the peak (my=126.5 GeV)

-Spin hypotheses \ P, Collins-Soper Frame
*Expected sensitivity: exclusion of spin 2+ hypothesis at the 97% CL
*Observed exclusion of spin 2* hypothesis at the 91% CL
*Observation fully compatible with spin 0 (within 0.50)

I T T T T T T c 3000 T T T

g 80|-— F=0"(SM)pdf  ® Background-subtracted data 1 2 - —— J°=0° (SM) hypothesis  ATLAS Preliminary -
v b —gg,07 =25 par Background uncertainty ] £ 2500F —— =2 hypothesis J‘ Lt 13t
g 60 - g F observed el
@ r 1 G 2000 Vs=8TeV
o S E
H 1 S 1500F 3
2015 -+- [m 2 F 1
o £ !
o & 1000f 3
1 i ]
ok B 500 4
[ ATLAS Preliminary J-L dt=13fb" Vs =8 TeV ] F ]
| 1 | | 1 1 L -

0 01 02 03 04 05 06 07 08 09 1 E’10 8 -6 -4 -2 0 2 4 [ 8 10

|cos®’| n(L(0)/L(2

)
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Spin Analysis in H-»4¢

*Boosted decision tree (BDT) in a multivariate analysis ¢ <
*Matrix element based likelihood ratio (MELA) | Bk, \
P, Zg/// \"i)":"\;;"";%%

pY
ES T

|
*Spin hypotheses v
*Expected sensitivity: exclusion of spin 2* hypothesis at the 80% CL
*Observed exclusion of spin 2+ hypothesis at the 85% CL
*Observation fully compatible with spin 0 (within 0.180)

0 T T T T 3 T T T T
24 o Data . ATLASPreliminary] £ 0.8 » E
E (Bl Background 72! “ £ ATLAS Preliminary —Data
19F Wl Background Z+jets, . H—ZZ =4l | W o070 {7220 a1 Signal hypothesis
Signal (m, =125Gev) is=7Tev:ldi=a 616" (m =125 GeV)
F—F=0 Vs=7TeV:)Ldt=4.6 6" 1 06 ' ) W B
10- P 8TV Lt = 13.0 10" {s=8TeV:[Ldt = 13.01b _F -0
1973 Tk =TS 05[ J°- MELA -
-
0.4F o ‘JH‘ =2 E
0.3]
0.2 -
0.1+ -
0 ot Lo, P oL L
0 02 04 06 08 1 -10 5 5 10

JP-MELA Discriminant log(L(H )/L(H))
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Parity Analysis in H-42

*Boosted decision tree (BDT) in a multivariate analysis ( \ i
=Matrix element based likelihood ratio (MELA) /\ A \\\
N
j e
AL

=Parity hypotheses v
*Expected sensitivity: exclusion of the 0- hypothesis at the 96% CL
*Observed exclusion of the 0- hypothesis at the 99% CL
*Observation fully compatible with spin 0 (within 0.50)

L A NS AR R A AR AR AN 00.45
2 Data . ATLAS Preliminary ST ‘ ‘ ‘
z 14f Wl Background 22° ~ Hozz'ma £ 0.4F ATLAS Preliminary —Data
I Background Zjets, H—22 o Ho 22" 5 a Signal hypathesis
1o Sonal(m -125Gev) * 0351 {s=7TeV:fldi =461 (m=125Gev) |
—F=0 15=7 TeV:|Ldt = 4.6 1" 030 oo - , L
1o =0 Vs=8 TeV:|Ldt = 13.0 0" e —dy, =0
0250 BDTanaysis
ol 1] i
0.2
6)
0.15]
4 ] 0.1
2 7 0.05|
QEbacd o et
1 0.8-06-0402 0 02040608 1 10 5 0 5 10

BDT Discriminant log(L(H /L {H))
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