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Overview

% Production and decay modes at the LHC
% Higgs searches: example of the H>WW channel at ATLAS
#* Summary of the main results at ATLAS and CMS

Will cover most sensitive channels
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Higgs production
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Higgs decays
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#* 5 different decay modes 10 =
High mass: ZZ, WW &
Low mass: bb, yy, WW, ZZ, tt .
#* Low mass very challenging 10" 500 200 300 400 500 00

M, [Ge
Large backgrounds

Best mass resolution: H—yy, H—ZZ—lllI
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;§! i“ Search channel

% It normally implies a production mode plus a decay mode, characterized by
some experimental signatures
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Cross sections at the LHC

Fermilab SSC

CERMN LHC . .
| | li E i Total production cross section at LHC:
_ nmi__._i;c,ﬁz:tzﬁz? 10° ~ 10° x o(bb)
B Uﬁ:i_ . * ~10" x o(W—pv)
1 mb ~] 0 8
L CDF 1] * ~10° x G(tt)
L Y - J10% 5 % ~5x10"x o(H) (m, ~ 100 GeV)
Siuor o, i |
EL B E' >0.25 TeV — | : 103 ;;é
S | =y o(di-jet) for jets with E_> 7 GeV is ~ 50% of
i1 T ow ety CDF (pp | k=]
© 1nb ‘\\\‘“i : 10 n G(tot)
- & % Most interactions produce jets
- t0” Either quarks or gluons
P : 3 * Need toidentify clear signatures that
i distinguish the processes of interest
from this background
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The Large Hadron Collider

1% pp collisions at
8 TeVin 2012
7 TeVin 2010/11

8% 20 MHz p bunch
crossing rate

W+ Up to ~40 collisions
per bunch crossing!

% Four experiments:
ATLAS, CMS, LHCDb,
ALICE

pp LHC accelerator

TR
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LHC delivered data (2011-2012)

ATLAS Online Luminosity
= vVs=8TeV, _[Ldt =208fb" <u>=207
[ Vs=7TeV, [Ldt=52f" <u>= 9.1
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Month in Year
ATLAS p-p run: April-December 2012
Inner Tracker Calorimeters Muon Spectrometer Magnets
Pixel SCT TRT LAr Tile MDT RPC (CSC TGC Solenoid Toroid
999 954 998 95.1 99.6 99.6 99.8 100. 99.6 99.8 99.5

All good for physics: 95.8%

Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in pp collisions at
Vs=8 TeV between April 4" and December 6™ (in %) — corresponding to 21.6 fb! of recorded data.

15

aF

10 20 25 30 35 40

Mean Number of Interactions per Crossing

5

> 20.8 fb™* 8 TeV pp collisions
> 5.2 fb" 7 TeV pp collisions

> 95.8% physics quality data

P. Conde Muino Higgs @ LHC



le-up

1

P

&
Lo
O

-
c O
= ©
2 o

]
T c
T
O c

=5 .0
o Tl e

%d

©
N ®©

*

Typical average event
in the second half of

2012

e




The ATLAS and CMS detectors
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“J/NATLAS control room.
First collisions in 2009
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ATLAS and CMS Collaborations

~2900 Cientistas
(inc. ~1000 Estudantes

172 Instituicoes
37 Paises

[

% Each of them composed of
>4000 members
>3000 physicists
~180 institutions

~4(0 countries T
L ATLAS
Collaboration

% Examples of a truly global
collaboration!
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E!gi“ The ATLAS detector

Muon Spectrometer: |n|<2.7 EM calorimeter: |n|<3.2
Air-core toroids and gas-based muon chambers Pb-LAr Accordion

o /[pT =2% @ 50GeV to 10% @ 1TeV (ID+MS) o/E = 10%/NE®0.7%

=——2-— Hadronic calorimeter:
p Vo || <1.7 Fe/scintillator
(R 1.3<|1n|<4.9 Cu/W-Lar

S ) o

S B BBAB o/Ejet= 50%/VE®3%

RN IR
*44 m long, 25 m heigh
»=10° electronic channels Inner Tracker: |n|<2.5, B=2T

-3-level trigger reducing 40 MHz S1 pixels/strips and Trans. Rad. Det.
collision rate to 300 Hz of events to tape o/pT = 0.05% pT (GeV)® 1%
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Particle identification
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Created by T. Herrmann, O, Jefdbek, K. Jende, M. Kobel
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Particle 1dentification @CMS

| | I | | | 1 |
om Tm m im 4m
Key:

Muon
= Electron
Charged Hadron (e.g. Pion)
= = = - Neutral Hadron (e.g. Neutron)
""" Photon

Electromagnetic
:I;! ll Calorimeter
Had Superconducting
Calorimet Solenoid
Iron return yoke interspersed LILELIEI 8
Transverse slice with Muon chambers 1K
through CMS Ja

Global Event Description—Particle flow algorithm
% Combines and links signals from different sub-detectors

% Provides optimal event description for a list of particles (e, p, y, hadrons, missing
transverse energy)

P. Conde Muino Higgs @ LHC 16



Particle 1dentification @CMS

[ T ! T
Key; m am

Muon

Electron

Charged Hadron (e.g. Pion)
- = = - Neutral Hadron (e.g. Neutron)
----- Photon

5 -F,Ju; o ;
Electromagnetic ¢
:IZ! l l Calorimeter 4
\/ Sup Jucting

Calorimeter Solenoid

EVErse Sic
through CMS

Since | am going to present
the example of H->WW in
ATLAS, | will describe the
details from ATLAS

Global Event Description—Particle flow algorithm
% Combines and links signals from different sub-detectors
% Provides optimal event description for a list of particles (e, p, y, hadrons, missing

transverse energy)
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Particle reconstruction

% From the properties of the particles produced in its decay we can infer the
properties of the Higgs boson

E? = (c?)? + (po)’

10°
10
10°
107

10}

JJIII|,|,|,| IIIIII|,|,| 111

% 20 years of particle
physics in one single plot

dN,,/dm,,, [GeV")

15 ATLAS Preliminary

107 Data 2010,\Js= 7 TeV
L L L1 LI.I.E L | | L1

III! 1 1 1 JJIIIl
1 10 10%
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CMS Experiment at LHC, CERN

Data recorded: Sun May 13 22:08:14 2012 CEST
Run/Event: 194108 / 564224000

Lumi section: 575
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H—yy analysis

arXiv:1207.7214

% Two isolated photons
WG  ~ Search for a narrow peak on a

[ Run Number: 191426, Event Number: 86694500

large continuum

Main background:

% Continuum yy production
* y+jet, jet+jet

Background composition

= B ]
8 1200 - ATLAS —e— vy+DY Data ]
> Data 2012 —= yjData B
= $++ \s=8TeV,[Ldt= 59fb" . jjData ]
g 1000 __ ++++ —}— Stat. uncertainty |
w + Total uncertainty
sool- 1 +++++ H -
600 ity N
- Ty 4 -
C T - ]
. 400 Higt -
H—vy candidate event b A O
200F T e b i
B & + g *ﬁ-m & ‘
» +¢' ’ #4 .m" M‘ o-“’!
o 1 IENTE YO it ) Lo
‘POO 110 120 130 140 150 160
[GeV]
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y 1dentification & energy measurement

* Stable photon ID peformance with pile-up § E Cniomneaphoans || ATLAS Proliminary
% ’ i_o Converted photons: Data 2012, ys = 8 TeV E
* Calorimeter E response studied with Z, J/iy & .7 =il Jramsow 3
and W decays B S =
"5 0.5 ? -‘o-"Q‘.{).--o--‘o-"O‘--O---O-“O"'O"'O"'O‘"O‘"O‘"O"O-"O”'O"‘O"‘O"‘O'--O:g é
Energy scale at m, known to ~ 0.5% g 3 E
_ _ S gof  EESSESSCOLIIOIIIITTL S
Linearity better than 1% it E
. OE‘ T T AN N T R YT T T YN T YT YT Y N T N |:
% Excellent mass resolution (1.6-3.1 GeV) > A15 | f“ t_ 28 ) "‘h" %
verage interactions per buncn crossing
Use calorimeter segmentation to associate
y to primary vertex (o~ 15 mm)
EEEE————————————— > 120)(‘1(‘)3“\““\“.“.\"““"\““I"“""7
E 0.1 2:_1__: Ll:;f;eprﬁex " ATLAS simuiation B § 100E- ATA PrTJIZT:;(?;L V5=7 TeV, J.Ldt=4.6 v 2
S F —— Likelihood 99— H- vy P r ]
- 0 1—__._ Calo pointing my = 125 GeV ] 5 [ Oyye=1.60%0.01 GeV B
%; ' C \s=8TeV i SO;UMC =1.45+0.01 GeV In|<1.37 -
% 008:_ - 60; +Qata ]
< oosf- - - D170 MC .
L 40— —
0.04F ] - ]
; 20 R
0.02- — - ]
ok AT J %0""*75 80 85 90 95 100 05 110
116 118 120 122 124 126 128 130 132 134 Mo, [GeV]

Tz my, [GeV]
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y 1dentification & energy measurement

* Stable photon ID peformance with pile-up § E Cniomneaphoans || ATLAS Proliminary
% i_o Converted photons: Data 2012, ys = 8 TeV E
* Calorimeter E response studied with Z, J/iy & .7 =il Jrasssw 3
and W decays B S =
"5 0 5? -‘o-"Q‘.{).--o--‘o-"O‘--O---O-“O"'O"'O"'O‘"O‘"O‘"O"O-"O”'O"‘O"‘O"‘O'--O:g é
Energy scale at m, known to ~ 0.5% g 3 E
E E_ . ki Y o S an e s i _E
. . 0.2 @ vt —
Linearity better than 1% b \,5 E
. OE . % TR T T T T T YT YN T N T N A T N |E
% Excellent mass resolution (1.6-3.1 GeV) s Y T o
® verage interactions per buncn crossing
Use calorimeter segmentation to associate 0”
y to primary vertex (o~ 15 mm) O
03
> L L B L L rrrrT T T T T T T
> T T T T T AT LAS Simutation 9 ~ ATLAS Prelimina .
o 0.12 o I\TAaxzpi ATLASSH lat = &@100_ Data 2(?;1, \s=7 TeV,J.Ldt=4.6 '
° o 1:_: (L:'l;;“ggﬁmg ,%g 125 Gov B 6‘\‘5 [ 64=1.60+0.01 GeV ]
%; ' C \s=8TeV ] T SO;UMC =1.45+0.01 GeV In|<1.37 -
> 0.08- - 7 - Data ]
; E 60 L — Eittresult .
= 0.06— — 40:— [JZz—eeMC 7:
0.04f— - u .
C 20— —
0.02— — - N ‘:
ok AT J %0""*75 80 85 90 95 100 05 110
116 118 120 122 124 126 128 130 132 134 Mo, [GeV]

Tz my, [GeV]
P. Conde Muino f1ggs W LU 22




Improved photon 1dentification & calibration

% Both, ATLAS and CMS, improved their photon energy measurement and
identification procedures

% Validated the energy scale and systematics with data

19.7 b (8 TeV)

= x10%r
8 : CMS % 0.02_' I r T 3 | L L B | LI —f t T [ T 1 ¥ 1
g op[- Barrel-Barrel ¢ Data ® 0,015 Unconverted photons =
S [] Z— e’e (MC) < - —4— Data _
s 0.01¢- Calibration uncertainty =
= 15 1" =
@ 0.005F | | :
10 = =
: -0.005[ i
5 0017
: DOV amias \s =8 TeV, J.Ldf =203 0"
0 o E s 2 o | - F—— PO N [N SR ST S T [N Y S T 3
Q 12F ' ' ' ARARC 0 20 30 40 50 60
- . +
% 1; v, - sty ¢ EI [GEV]
Ao08F e
75 80 85 90 95 100 105
Mg (GeV)
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H—yy analysis categories

ATLAS Preliminary
Different analysis categories based Hos vy

di-photon selection

% Converted/unconverted photons _

% Photon location in the detector One-lepton
W(— V)H, Z(—» INH

% Di-photon transverse momentum with

respect to thrust ET** significance
VH enriched —
W(— W)H, Z(— v)H

* Production mechanism

VBF: use BDT Low—ma;'s two-jet

VH enriched W(= iDH, Z(— ji)H

ggF enriched High-ma;s two-jet <
VBF enriched — VBE

loose

v
9 th—n-conversion

D2 pTr pT b ggF enriched -
T‘\%’ T thrust axis 99

P

T
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H—vyy results

> 2T — - A 1
: F (Lot 51 f5m7ToV ATLAS ] o 19.7 b (8 TeV) + 5.1 fb™' (7 TeV)
e e [Ldt=20.316" y5=8 TeV E :
5 & fa= e 4 Daa . ? a5k CmS S/(S+B) weighted sum
T 180 s’b weighted sum Combined fit: — O] ~r
= - ) - . ~ - ¢ Data
L1 - Mass measurement categories — Signalbackground ] 0 3p . .
140 :— +--- Background —: € s S+B fits (weighted sum)
o — Signal = % 25f . fs"‘mm
oo~ = B 2 T
- . = s
sof— ] =) 1.5:-
- . (] s
60— ] = 1
s0f— — % 05F
= . 2 :
20:— —: a 0
] T R TP o U E I B 200
o 8:—
5 e 100
2 Ay
E F
P j‘ 0
£ 2
g <F -100
]
Mo L L L L L 110 115 120 125 130 135 140 145 150
10 120 130 140 150 160
m,, [GeV] mw (GeV)
% Best fit results:

ATLAS CMS
my = 125.98 + 0.42 (stat) + 0.28 (syst) Gev ~ MH = 124.7+ 0.31 (stat) + 0.15 (syst) GeV

n=o/o, =1.29+0.30 n=olog, = 11475,
% Background fluctuation probability ~ 107
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H—yy high mass Higgs searches

. S 19.7fb"{B|TeV}
34 | icMms : ategories mbine :
z Preliminary Width: 10% of m, [GeV] ven
S0 s E * No additional new resonances found
J( 5"1 ---- Expected = 1o E . i . .
L o\ oo Epocteds20 | 1 % Limits imposed as a function of the mass
x -2 L LI = .
: 107 SN of the new particle
ool \\/‘“ ¥ Assuming narrow resonances
E Limit as a function of ;
- my (I'y=10 GeV) T

P, N T T T T T T T Y T A M L1 L
10" 200 300 400 500 600 700 800
m, [GeV]

5 103 = T T T T T ] l T T T §=

= = ATLAS Preliminary C i 13

om — 100_ : =1

- — —— Observed r H 1

e 102k - == Expected C =

5 - @+t1o 50 3

= — [J*20 C ]

S 10 =

O = 3

X — -
0

] A Vi c A WA _

eSS A L =

= Is = 8 TeV [ Lat =203 b s

107" M I RS RS A S E S R 1
100 200 300 400 500 600
m, [GeV]
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H—>Z7Z7—4{ analysis
QATLAS

EXPERIMENT
http://atlas.ch
.

205113
Event: 12611816
Date: 2012-06-18
Time: 11:07:47 CEST
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?l i“ H—>77—>4{ analysis

i P arXiv:1207.7214

Selection: Y .
Discriminating variable: m

# 4 isolated leptons with high p_

. . 0.1J| rTTT T LA T T L L 1]

% Z mass constraint on one | pair S ool ATLAS L,
. To) - Simulation ]
Main backgrounds: S 0.08F o m, = 125Gev n E
5 0.07F Gaussian fit =

% Continuum ZZ —4¢ production

0.06- HoZZ* —2u26/2624
* Z+JetS, tt 0.05F (1s=8TeV) & E
© M= (124.39+ 0.02) GeV

0.041 5= (1.90+0.02) GeV K ]

0_03; fraction outside £ 26: 22% J _E

: g ¢ E

Excellent mass resolution 0.02F _ ’ :
0.01E with Z mass constraint P E

* 1.6-2.4 GeV (41, 4e) o i
, o 80 90 100 110 120 130 140

Very good e/p reconstruction efficiency - (GeV]

2u2e/2e2pn

% ~97% for muons with p_>6 GeV

% ~98% (95%) for e reconstruction (identification)
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Eﬂ i“
!
L

¢ and p reconstruction

o 1.005
% Electrons: combine shower shape S 1.004
information from calorimeter with tracking § 03
. . . . .y T $ 1.002
information (including transition-radiation ¢ ..
in TRT) S 1
. . 0.999
% Muons: combined tracks in inner detector g
and muon chambers 0.997
_ _ 0.996
% MC simulation corrected to reproduce the  ;g95
detector resolution, .
% 600;;9 tracks chain 1 AT.LIAS‘ Frlelinl'linalary‘—:
energy Scale and g E E Ez:lzi:jsimulalion F=8T&V 4 E
. . . E; 500:_ L=207 fir _:
efficiency precisely 3 = E
’ 300?— —f
zoof— —f
1003— —f
% 1.051 é‘"‘“ﬂ B WA e’ ¢++++*_‘_§
8095 e
70 80 90 100 110
m,,. [GeV]

P. Conde Muinio

Higgs @ LHC

E T LI | LI | IIIIII | LI T T LI E
; RMS;:”O’.’O'I;Q% ...................... . ...... i@y I_.‘.rp ;
= RMS: 0.015% & Z—eeinv. mass i
E ® S 808 4.8 » . 3
- O 87
= Data 2012,\s=8 TeV, | Ldt = 13.0 fb'’ ]
= ATLAS  Preliminary E
8 10 12 14 16 18 20 22 24 26 28
Average interactions per bunch crossing
> r ]
2 1= —
o - ]
£ .98 ]
w = Rl o = = % =
0.96— -]
0.94 .
. J- Ldt =2264 pb .
0'922_ :” §|E1 73 2012 data, chain 3
09  *data ATLAS Preliminary—
1.02F ’ ' : : ]
g Yot E
:@ 1 ® L = i ] =
8 099 .
0.98&
0 5 10 15 20 25 30 35 40 45 50
I
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H—>77—>4¢ results

% 4{ mass spectrum (7+8 TeV)

II‘I\I
ATLAS

N

2 40f. ® Data2011+2012 = 10°F — Obs 201
O 40 :_ SM Higgs Boson ATLAS 8 """" EXp 2012 * |
o [ EESMHiG . H—ZZ*—4l 8 103k — Obs 2011 Ho2Z7 >4
L e A s=7TeV |Ldt=4.61" =T Exp %0” o Vs=7 TeV [Ldt =4.6 fb
2 - [ Background Z, ZZ Is 8 TeV ILdt ~ 207 fb 10 _ (E) )E)S anrtl]lta)lqugttllgrq :
W ¢ [ Background Z+jets, ff ) p \s=8 TeV J.Ldt =20.7 fb
30:_ W Syst.Unc. 1 0_1 i‘ ~—— .. o
C 3 320
25 :— 1 0.3 , s 35
20 10°E \woff T RERY
151 107E ; 50
10F 107 4 60
C 1 0-11 X : ,
P 33 H (6]
1 0'13 I 111 | I 111 | “J“ll 1 1 | L1l ‘ 111 |::.‘ L1 11 ‘ I 111
0 1 L 1 1 1 1
- e " - 110 120 130 140 150 160 170 180
m, [GeV] my [GeV]

% Bestfitmass: my = 1_24.3J_f8:§ (stat) '3 (sys) GeV
% Minimum combined p0 value for m = 124.3 GeV

Expected p0: 5.7x10° (4.4 o)
Observed p0: 2.7x10™"" (6.6 o)
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H—>77—>4{ results larger masses

o
<}
I
—
o
w

>
& L ATLAS Preliminary| & '° ‘ | | g [ ' ' ' ]
3 T e Data g r ATLAS Preliminary — (I;)bs ggFF % 102 ATLAS Preliminary — (E)bs \\//BB'I::+\\//|I_-|| 4
c r . I T, o T =
£ 40 [ Background zz" « H-> 77 — a4l P 99 % F Ho Z2Z — 4l xp VBF+VH 3
w r _ 102_— _ -1 -i10 — _ -1 -i10
L . © E Ldt =20.7 fb 3 © Ldt =20.7 fb
[ Background Z-+jets, it - E 26 1 2 20
%/, Syst.Unc. .S . \s=8 TeV — o, X BR S 10k \s=8 TeV — o, XBR -
E | E Tt :
* _ 1 0 = E 3 C
- = - L
H—zZ7"al o 5
Is=7TeV:[Ldt= 4.6 fb X 2
‘ . 1 To) o 1
Vs =8 TeV:|Ldt = 20.7 fb 3 3
10 ’
I I 107"E
107k E -
200 400 600 800 : ‘ ' ' .
m, [GeV] 200 400 600 800 1000 200 400 600 800 1000
my [GeV] my [GeV]

Search for other SM Higgs-like resonance in a large mass regime
% Assume SM width

% Test independently VBF and ggF to allow constraint new resonances
that might have different production rates
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CMS H—>Z7Z—>4! results

CcMS (s=7TeV,L=51f";{s=8TeV,L=19.7fb"
> ' —
835; * Data B
- [ Im,=126 GeV ]
5230_— Czyv 2z =
w F B Z+X .
Tt 25F =
) o
> o 7
W 20 ]
15F 3
- | ] CMS (s=7TeV,L=51f";Vs=8TeV,L=19.7 0"
10 ' - 0 o L L A LR RARas LAnad RARARARAR AR
: | || . S  F121.5<m, <1305 GeV * Data ;
°t f " i “|"| l!l 3l ‘||| I E 8 8:_ .Z+X E
.I il 1 H| II ‘l||| i l E,’ :_ - ]
0 928 !.“ llmu n ! -uu . c ?: DZ‘Y ,ZZ ]
80 100 200 300 400 600 800 s f ;
m,, (GeV) W  6f [ |m,=126 Gevg
5 -
i -
% Kinematic discriminant to further 3
separate signal and background 2F
1
Kp(0*, ®1,01,0,,®, mz,, mz,) = Psig/(Psig + Poig) % 0.1 02 03 04 05 06 07 0.8 09 1

kin
‘Dbkg
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CMS H—>Z7Z—>4! results

CMS Vs=7TeV,L=511b";/s=8TeV,L=19.7f0" CMS (5=7TeV,L=51f": s=8TeV,L =197 fo"
% 1 Ii:IIIIIIIII!IIIIIIIIIIIIIIIIIII!IIII!IIIIIIII!IIII m 11— :
10 : —— Observed ; ; 210" =
"-9 - : e =
e T10° -
g Q L7 e
et ‘_g 1 0_5 = .‘:‘ —Observed ), ' /, =
= Lo . % —Observedl,, / / -
; 10 B 'l' i —Observed C;, i / ]
-l 1 1 0-9 : ; 'y: - - - Expected L :' _:
O — " E ' ;’ e i
0 10 | ¢ i =

o] \ !y
B LY N -
10 g% 4 g ] )
— 1 ! § —
= N d Y N
-15 | T ¥ el ]
1 0-1 1 0 :— l.l“i 1 :I:, 1 r_‘,! .'j llIl —:
3 -17 :I. :: :':r.n"; 1 ') 1 1 1 Lotal

""I ----- .|“|. I-.I.-I.I 1 Ii [ [WEEEEEEEE FANTE TR AT 1 0 1 00 200 300 400 -I 000
100 200 00 400 1000

d m,, (GeV)

m,, (GeV)
% Clear signal observed, compatible with SM expectations

* Best mass fit: my = 125.6 & 0.4 (stat.) = 0.2 (syst.) GeV

% Signal strength: # = 0/0osm = 0.937028 (stat.) T30 (syst.)
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EXPERIMENT

Run Number: 204026, Event Number: 33133446

Date: 2012-05-28 07:23:47 CEST

H—>WW—lvlv
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Jet Reconstruction

* Use Anti-kT withR=0.4
Constituents: 3D clusters in calorimeter

anti-k, R=1 |

% Calibrate to hadronic scale
% Sensitive to pile-up
Apply pile-up corrections

= T T T T T ]

[} - .

(0] - . 7

;‘ 1 4£ T 1 | LU | TT 17T | TTrT | TTTT T T 11 TTTT T T 11T :\ D 5_5? ATLAS Preliminary 1 MC, No CDI’I’ECIIDH t
8 13 - ATLAS Simulation A NA E Z—uu +jets ¢ Data, No Correction -
: E Pvllhia Dijet\s=8 TeV —e— uncorrected . E a” 5 :_ anti-k, LOW R = 0.4 1 MC,Area Correction _:
) [ anti-k, LCW R=0.6 —m— f((uh N ) correction 7 o - i ]
gg- 12  20< pITruQ < 30 GeV —a— pxA correction B Z_a_ 4.5 00<m|s241 m Data, Area Correction 3
. Eoml<24 i = - ]
o 11 = 4= PRelin
g = L i E OD" E
a ' "ot ] a5 R
g - .l.-- L] g E DQO E
cc 9:_ .oo:... n .*+ E 3:_ (\022. =
- *® L L ] - o2e .

8- ...l.-.. o + - 2.5 N 22’. —

- oo®un" aaadts L - QQUQQ ]

7F . ogmu” ‘nnu - 2 Mﬁw;”.ul—:

s og®F L ida ] C 7

C ® Fvs 7 PR IRTEPRTR PRI VAP AT UPAPITE APRTAVIEN PRI A | ;

°F Iiﬂbr E S 105t -

o A d OE =
57|\*!I\I||\|Il\l||||II\||||\|IIII|\\|I|_\ % 1% ;

5 10 15 20 25 30 35 40 O 0.95F 000g00e,%, 3

(W 0 5 10 15 20 25 30 35 40

(w
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Data / Responsemc

Response

Calorimeter jets

(EM or LCW scale)

Corrects for the energy
offset introduced by pile-up.
Depends on p and Npy.

Pile;up offset
correction

Jet energy scale uncertainty

Origin correction

Changes the jet direction to
point to the primary vertex.
Does not affect the energy.

Derived from MC.

Calibrates the jet energy
and pseudorapidity to the

Energy & 11

particle jet scale.
Derived from MC.

* JES uncertainty dominated by in-situ

uncertainties
7 T rorTTTT T T o T T ]
V1E antik R = 0.4, LOWAJES ATLAS Preliminary
1.08F pata 2012 Vs =8TeV, [n] < 0.8 J
1.06 =
1.04 ;— —;
1.02F =
1 -
0.98 ;— —;
0.96 ' —
0945 A ;ﬂell — Total in situ uncertainty 3
) C ] e 7
092F v M:lltijet — Statistical component 3
Dg E 1 I TR T T A | i R B N A | ]

20 30 40 100 2x10? 10°

ﬁft [GeV]

Fractional JES uncertainty

o
o
e

0.04

0.03

0.02

0.01

Calorimeter jets

Residual’in’situ’

(EM+JES or
LCW+JES scale)

Residual calibration derived
using in situ measurements.
Derived in data and MC.
Applied only to data.

 Data 2011, \s= 7Ter Ldt=4.7fo"

Ant| k, R = 0.4, LCW+JES + in situ correction

ATLA

v

r m=05 [] Total uncertainty

== Z+jet
v+jet
=+ Multijet balance
. m-intercalibration
=1+ Single particle

I
|||||
||||||||||||||||||||||||||||||||
"
|||||

s ot e e BRLLEDH A R

Lo 1, A il ol L - YT JT 0T T \_'".IL"’...""'::E'_'I"!‘;!" :'u --------- T

20 30 40 102 2x10? 100 2x10°
pft [GeV]
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Missing ET performance

P
* Calculated as the sum of the energy of & 30p » Pae2odean o J7-AS Freliminany
all the identified objects (e, v, p, T, jets) § . ° wosea 4_;1 E
and energy not associated to objects 2 : o2 ]
o - 257 7
g _ 20- ﬁiait \i’S:%pTeV i
:un =Q=:°: ‘I. i 1
2 150 +*_.50= Ldt=20 fb E
w - -t ]
. ' 1 v v ' ' I T v M v I ' ' ' v 1 M ' v v B - =1
E 107 J;jtﬁg\;b" ATLAS Preliminary 10:_ +#* n *_._.9__-&55"?*!:# _:
o108 B . Dmazzg'i K _”_-.-:-:#I-I-!-"".".—. . |
-~ . | PR R L. I 1
% 10° z 0 5 10 15 20 25
T 10° Nov
102 & . .
N % ETmiss resolution worsens
significantly with increasing pile-up
Q s Correct it using tracking
s I information
e % 55 0 1% 0 750

ET after pile-up suppression [GeV] * GOOd data_MC agreement
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Egliss _ _(

ETmiss on the HOWW—1vlv search

ZPTJrZPT),

selected soft

% Calorimeter based ETmiSS

Large rapidity coverage, sensitive to neutral

particles

Soft term: calibrated calorimeter clusters

% meiss:

Soft term calculated using tracking

Improves resolution by ~20%

miss,track.
% P, ;

miss,track __ tracks
Pr = - E Pt

Used in the 0-£ to further reduce Drell-Yan
Aligns p_"**"** to the jets in DY events

P. Conde Muino

Higgs @ LHC

Unit normalization

Unit normalization

0.04

0.02

0.05

MC sample for ggFF H —» WW*

T | T 1 | T 1T T | LI | T 1 | T
- ATLAS o pIis

L Simulation K ‘. rm.s.=12.4 |
L \s=8TeV ; .o. B E_lfniss

rm.s.=15.9 A

-40 -20 0 20 40
Reco. - Gen. for p,"* or E{™* [GeV]

ATLAS ® Using p,mss
Simulation rm.s.=14.1
L . ]
\s=8TeV ¢ . O] Using E_Ir_nlss

o 1° r.m.s.=18.8 7

- (b)

00 50 0 50

Reco. - Gen. for m; [GeV]
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EXPERIMENT

Run Number: 204026, Event Number: 33133446

Date: 2012-05-28 07:23:47 CEST

H—>WW—lvlv

P. Conde Muino

Higgs @ LHC




% Di-boson production

Main backgrounds

109 :""I L L T r v 187t :! T L lIlII T T T
WW, WZ, ZZ - : : G s g
A E : 1:n8
ol Tevatron LHc 19
q s | e 1
* Others: W+jets, Wy, w/Z ok P i
Drell-Yan L .
10° / élo* "g
% Top production: G €0 | ? ] "
= i
S 0 [ o, oot o
t-tbar E : o, 3 5
. 2 F 0 (E/">100GeV) ] 3’»
Single top 0t | Wy } Jie 2
q’ q ] W 3
10° F o | 110°
W T Oi(E™ > Vs/4) }
i t 105 ;—6H|995(MH:150 GeV) ;104
g = %'onggs(MH = 500 GeV) g
5 107 "“'6' il ] 08
1 1
Vs (TeV)
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Event selection

#* Exploit the properties of the Higgs 3 10° U ATLAS | 14 Obststat
events to separate the signal from the =« \s=8TeV, 20.3fb" § FEXPEsyst
(%] ]
backgrounds 5 10° im0y,
_ , iE DY,
* Different channels affected by different “ 0 Top.
backgrounds 10° 1 8 Mhsid
: : : VvV
Small selection differences in W Higgs
opposite/same flavour final states 1
0 100 200
Ef'v [GeV]
ﬁ RejeCt Z/Dre”'Yan baCkground > T T T T [ T T T T | T T
> ]
: . G 104 ATLAS 4 ! Obs + stat
::{equwe large missing v \s=8TeV, 20.3f" ] EXpsyst
ransverse ener 3 |
gy A JEDY,,
10 Top
2 |m ww
3 O Misid
1| v
) E | nggS
Use calorimeter and 1 W DY e
rackin m l
tracking systems ; 150 200
meISS [GGV]
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Analysis categories

P
* Different flavour final state * Same flavour final state
X1V X1V
[T [ I [ [ | [ [ [ | [ [ | [ | ]
c 30F ATLAS -t Obststat 40 ATLAS t Obs + stat
2 \s=8TeV, 20.3fp" | EXPEsyst o \s=8TeV, 20.3fp" | EXP*syst
(2] F - 7)) -
& 20l 1mby 3 E DY
i - 10 Top i O Top
1| ww B ww
10 Misid 20 -0 Misid
10 8 vV B vv
| M Higgs B Higgs
0 | ‘T_I_Y_‘ It L 0 | | : Ji i
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
nj n

% Consider separately different categories: 0, 1, 2 jets
> Sensitive to different production mechanisms

> Gluon gluon fusion dominates the 0-jet category

> VBF dominate the 2-jet category
> Affected by different backgrounds
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Analysis categories

Pre- % Further selection will depend on
selection the analysis category
ng = 0 g = 1 g 2 2

/N /N

ep  ee/up  ep eefpp

ggk- VBF-

enriched enriched

| /\

ep (8TeV) epu eefup
I 1 |

ggF-enriched VBF-enriched
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E !i“ Further selection

I
.,.,y"’ H W P ot [+
173 - __‘_-__'_--_'_I_ % 1400 III|IIIlIIIIIIIlIIIlIIIlIIIIIIII
s 1 — r oo 4 Data %% SM (sys @ stat)
%4 v G | ATLAS Preliminary gl &z,
© 1200 \s_gTev, [ Ldt=207fb" [ [ SingeTop
0 C * . B Z+jets [] W+ets
% 1000 H->WW' '—evuv/uvev + 0 jets Bl H (125 GeV]
S L
L C

lIIIIlllllIIIIIIIIIIIXIlIIlI_

P} [GeV]
g 600__1 L I O O B S S B B N S i
s - ATLAS Preliminary 2 o = 000n0 e -
S 500 \s=8TeV,| Ldt=207f" [Jt SingleTop
— L %) . Bl Z+jets [ WHets _
o r H->WW '—evpv/uvev + 0 jets Bl H[125Gey] ]
% 400~ —
> L _
L - _
300F {
200 —:
100 -

A, [rad]
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!
L ] —

V] el

-
',:‘y_’_':'.____g____.:’_'z‘__/ﬁ'

W+

7 V]

Events /0.13 rad

600

500

400

300

200

100

T T T ]
: fani - Data %4 SM (sys @ stat)
- ATLAS Preliminary & W & wozzw,
— \s=8TeV,| Ldt=207f" [J& [ SigeTop

H—>WW(')—>evpv/uvev + 0 jets

i'III]IIIIII[IIIIII

O S e e e 1 v e e

0 0.5 1

Z+jets Wiets
W Z+ j
B H[125GeV]

|IIII|IIII|IIII|\||I||II

Events/ 10 GeV

Data / bkg.

vents / 5 GeV

1400F T

1200

1000

Further selection

e

. - Dat #4 SM (sys @ stat)
ATLAS Preliminary & W' & wzzzw,
\s=8TeV, | Ldt = 20.7 fb"

(K [ Single Top
. B Z+jets [] W+ets

HoWw' )—>evuv/ uvev + 0 jets

7

B H[125GeV]

600E- \s=8TeV | Ldt=2071" & Data20t2

= % Z4 Total sig.+bkg.
500 B SM Higgs boson —

: m, =125 GeV -
400 0 ww

= IR

300
200

100

700F- ATLAS

H-WW*—evuv +

0 jets

[] W+jets
[ other VV
[] single Top

B v

1 4 ........................................................................................................................................... _i

1 2 :_ ................................. ¢ ..................................................................................................... :

ﬂa//‘h',h 7 . 1 A A y

7 77 o [0 P |~

08 E_*Dataztnz ........ I:I SMSIg+bkg ...... + ......................................... E

06 __I ..... o || ..... . II ..... . || ..... . II ..... i II ..... o || ..... . II ..... - || ..... I.. I__
50 100 150 200 250

m, [GeV]
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! Further selection (II)

* Same flavour final state:

> Drell-Yan background still large P’J \_ soft
> Affected by pile-up LL€= Lhigég;'c

> Hard to model it with MC H
> Use recoil energy for further rejection

\IIII\\\\III
ATLAS
\s = 8 TeV simulation
H—-WW*—evev/uvuv + Q jets

—= Ziy
—a— diboson, top and W+jets

—e— SM Higgs boson m, = 125 GeV ﬁ Req u | re

o

10"

Entries normalised to 1

frecoil < 0.05/0.2 for 0/1-jet.

L
o

4

10'2 Ll 11 ‘ I I | - ‘ L1 1 1 |_\‘I—_I¢I_I Ll 1 1 I L1 1 | | L1 1 1 ‘ L \_I[jl_l 11
0 01 02 03 04 05 06 07 08 09
f

recoil
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2-jet analysis

% Dominated by VBF
% Large rapidity gap between jets
N pogoT T T T T T T T T T T
% : ATLAS Prel|m|nary R i“;ﬁ;fﬁf‘af
£ C \s= 8Tevj|_dt 207" [« [ Single Top |
g 4000? B Z+ets ] WHjets ]
] C Howw!' —>evpv/pvev +22] gl oot 177 vh (x2000) |
C [ vbf (x2000) ]
3000~ ses, —
2000} —
1000 -
o ]

ylead jet

|ijj | > 2.8
mjj>500GeV
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Events/ 10 GeV Events/ 10 GeV

Events/ 10 GeV

200

100

100

50

(c)ni=1,eun

400~ ¢ ATLAS n
- 8TeV, 20.3fb™
I (@) n;=0,epn
200

OI
0 50

100 150 200 250
m+ [GeV]

200

100

50

100

ATLAS -
8TeV, 20.3fb"

(b) n;=0, ee/up ]

= /(B4 ) - (0

100 150 200 m-[GeV]

ATLAS H—->WW*
\s=8TeV, 20.3fb

+ Obs+ stat M Higgs
Exp+syst B ww
@ DYy
8w
O wj
O Top
0 Jjj

50

Transverse mass

#* Define the transverse mass:

+ ﬁ’rﬁi}iss ) 2

% Equivalent to the mass, but
considering only transverse
components

%* Sensitive to the Higgs mass
in the high edge

P. Conde Muinio

Higgs @ LHC
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! Background estimation

% Since it is not possible to reconstruct a narrow peak backgrounds have to
be measured carefully!

B! = Bgg - \NCR/BCPE = Ncr - ;BSR/BCfi

Normalization 8 Extrapolation o

Drell-Yan . .
ee/un 7mr * Define control regions for each

NEV NEV NEV NEV NEV NEV backgrounds

Category WW Top Misid. VV

n; =0 Pure in that background
el ®e O O e O O e e @ ®@ O O OO O ® O O ) ) ] .
ee/ 00 €00 @®ee 00O @@€0 @00 Klnematlca”y as similar as
n; =1 possible to signal region
EU e O 0O € 0O 0O e e e ® OO OO O @ 0 0 .
66/,{1,,& ®e O O e 0O O e e @ O O O ® ® O ® O O ﬁ Use CR to normallze the
n; > 2 ggF different backgrounds
el 0O 0O 0O @€ 0O 0O e e e 0O OO OO0OO e 0 O G|0b8| f|t
n; > 2 VBF . .
Je‘u oo soo see ooo ooo oo Extrapolatetothe signal region
ee/,up 0O OO0 @€ 00 e e e O OO e e O e 0 0
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;§! i“ W+jets and QCD background

WHjets:

% Control sample: one loosely identified lepton

* Transfer factor to signal region evaluated with a data sample dominated by QCD jets
Probability of a jet faking a lepton

#®  ~25% to ~40% uncertainty depending on the analysis category
Dominated by jet flavour composition in QCD versus W+jet events

QCD

% Control sample with two anti-identified leptons Same charge control

* Transfer factor estimated with data region
Category W +jets yield NW/ Multijets-yield N,

OC SC OC SC

n; =0 278+ 71 174+£54 92442 5.5%+2.5
n;=1 88 + 22 62+18 6.1+2.7 3.0%+1.3
n; > 2 ggk o0 £ 22 - 49 4- 22 -
n; >2 VBF 3.7+£1.2 - 2.14+0.8 -
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;§! i“ Diboson backgrounds

Dibosons (Wy, ZZ, WZ)

% Different flavour % Same flavour: use MC for normalization
Use normalization control region Validated with the same sign region
,B(]j =0.9210.07 (Sta.t.)

By, =0.96 +0.12 (stat.) Same sign control region

150 I ! | ! I ] | I I ' | ! I i %
3 ATLAS 13 ATLAS | At%ﬁsvz?ﬂ
o 8TeV, 203" | ~ 8Tev, 203" | V5= 1€V, £U.
: = 100} 12 1 _
Diboson background 3 T} 1 250 i t Obs+ stat
ition and s | @SCCRn=01 ¢ (b) SC CR, ;=01 Exp syst
COMPpOSi o | 12 :
. w50 o
modelling from MC [ ]
[] Misid
w
H H %J % . 7/*
Uncertainty dominated & o) B wy
by jet scale (jetbin = = Wz
e o 9 = [ ] Rest
classification) £ 3
> LLl
LUl

50 100 150 200 10 20 30 40
m+ [GeV] Subleading lepton p_ [GeV]
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iﬂ Top quark background estimation

Top control region

-I LI T I T T T T I T L I T 1T T T | T T 174
Top: ¢ Obs=stat 1

S ATLAS !
. [ - s=8TeV 7 Exp+syst -
% Includes t-tbar and single top (Wt, qt) S 4002031 5 Top -
% Control sample: remove jet multiplicity or b- 3 i = Il?i:st |
tagging conditions depending on the channel § W WW -
W 200 |-

Details for the 0-jet channel: (8) n,=1top CR
* Remove jet multiplicity cut

50 100 150 200 250
Bfg’;ﬂ),uj = NCR . BSR/BCR . (adata/a ) my [GeV]
ol Vin Bed, =1.08 +0.02 (stat.)
#% Small overlap (<3%) of the SR and CR in O-jet category (agaca/ o ) =1.006

% Purity in top quark events: 74%

#% Corrected by data/MC differences with a correction factor extracted b-tagged events
Jet energy scale and resolution effects
Two jets in t-tbar events
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iﬂ WW background estimation

> 400 H I I | ' I —
WW: 8 L (@) n;=0,en |
= I ¢ Obststat
* Invert A¢, cut, require 55<m <110 GeV @ Expzsyst
C B . N
#* Uncertainty dominated by extrapolation to SR ,_%’ 200 |- = ';"/?,83 .
Due to theoretical uncertainties (limited - EEC{P l
accuracy of the MC predictions: PDF, - O Misid -
QCD factorization and renormalization aidd
scales, ...)
> 200
(O]
0]
. - - o
B =1.2240.03 (stat.) = 0.10 (syst.) =
Byl =1.05+0.05 (stat.) +0.24 (syst.) S>j 100 [
0

50 100 150 200 250
m+ [GeV]
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?l i“ Z/y* background

— 1ET T L B I B I I
% Count events before/afterf  cut ¢ C ATLAS -
recoil ge) = \s = 8 TeV simulation .
ﬁ i H—-WW*—evev/uvuv + 0 jets ]
Ndata — + N"O"'Zf’Y* & - —= 2y 1
pass pass o | —a— diboson, top and W+jets i
g - —e— SM Higgs boson m_ = 125 GeV
.o
. g 107F = E
Nnon-Z/fy L - o -+ N
Ndata — Mpass | Tpass - -, T ]
— €Z/" gnon-Z /™ - S = o -
- -A—"® -
- s — _‘__‘_ I+ .
* Solve for I s o 1
< A~ o
1072 \|\|_*—_¢_|||\_[}|
0 01 02 03 04 05 06 0.7 O. 0.9
% Where:

frecoil

g"“ V" _ fraction of ey + pe data events passing the cut (pure in non-Z /y* )
e“V" - fraction of ee + py events passing the cut in the Z peak (dominated by
ZIy*)
% Systematics:
Compute differences between true and measured efficiencies
~50% for O-jet and ~45% for 1-jet analysis
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(a) Uncertainties on Ny (in %)

Leading systematic uncertainties

(b) Uncertainties on Nk, (in %)

nj=0 nj=1 n;>2 n; >2 WWwW theore.tical model 1.4 1.6 0.7 3.0
geF  VBF Top theoretical model - 1.2 1.7 3.0
V'V theoretical model - 0.4 1.1 0.5
geF H, jet veto for n; =0,¢ 8.1 14 12 - Z [~ — 71 estimate 0.6 0.3 1.6 1.6
geF H, jet veto for n;=1,€¢; - 12 15 - Z[v* — ee, pp est. in VBF - - - 4.8
ggl H, n;j > 2 cross section - - - 6.9 Wi estimate 1.0 0.8 1.6 1.3
ggF H, n; > 3 cross section - - - 3.1 j7 estimate 0.1 0.1 1.8 0.9
ggF H, total cross section 10 9.1 7.9 2.0 Integrated luminosity - - 0.1 0.4
ggF H acceptance model 4.8 4.5 4.2 4.0 Jet energy scale & reso. 0.4 0.7 0.9 2.7
VBF H, total cross section - 0.4 0.8 2.9 pRiss geale & resolution 0.1 0.3 0.5 1.6
VBF H acceptance model - 0.3 0.6 5.5 b_tagglng eﬂ:icjency - 0.2 0.4 2.0
H — WW?™ branch. fraction 4.3 4.3 4.3 4.3 Light- and e-jet mistag - 0.2 0.4 2.0
Integrated luminosity 2.8 2.8 2.8 2.8 frecoil efficiency 0.5 0.5 - -
Jet. energy scale & reso. 5.1 2.3 7.1 5.4 Trigger efficiency 0.3 0.3 0.1 -
pT % scale & resolution 0.6 1.4 0.1 1.2 Electron id., iso., reco. eff. 0.3 0.3 0.2 0.3
frecon efficiency 2.5 2.1 - - Muon id., isolation, reco. eff. 0.2 0.2 0.3 0.2
Trigger efficiency 0.8 0.7 - 0.4 Pile-up model 0.4 0.5 0.2 0.8
Electron id., iso., reco. eff. 1.4 1.6 1.2 1.0
Muon id., isolation, reco. eff. 1.1 1.6 0.8 0.9
Pile-up model 1.2 0.8 0.8 1.7
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Signal extraction

All analysis categories

. _l T T T T | T T T T | T T T T | T T T T I T T T I_
> - ATLAS H—>WW*]
&) - « - — .
S 800 \s=8TeV, 20.3f07 7 * Fit the transverse mass
= - \s=7TeV, 4.5fb .
@ 600 — (a) ;<1 ep+ee/pp _| : :
§ - tgfgfss;[/asi . mp = \/(ng _|_ ‘13’%”88 )2 _ (ﬁ%ﬁ +}37%L333)2
L - - - -
400 BHiggs , : :
i E Wiv : % Separate different analysis categories:
i Misid i
200 |~ | vv — 0-, 1-, 2-jets
- [ Top .
[ | | DY i % Split signal region at m = 30 GeV
0 T .
> B (b) Background-subtracted
) 150 ‘ObS'Bkg | > T — T | T T ]
o UL — Bkg*syst ] & 200 - ATLAS -} Cbs stat
T WHiggs 1 = \s=8TeV, 20.3fp" | BP*syst
o - N = . 4 @ Higgs
i - : G 0-jet |mwiy
L _ L B | O Misid
S0¢ : 100 ee/pp 18 Top
B — channel |mDY
- . 18 W
0 |
B I I | /l I/I 1 I I T | | I | | | I I | :
50 100 150 200 250 100 200
m;[Gev] m+ [GeV]
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a) Signal region for n; =0, ey category
3 H

binl bin2 ...

bin b

(b) WW {(c) Drell-Yan (@) vv
Apply Bww to Nww Apply Boy to Nov Apply Bvv
SR WW CR, WW SR Unused , DY SR
VR region CR
rest
rest
top
10 30 55 110 0 1.8 2.8 3.14 -1
Mse [GEV] A¢£2
{e) Top quark (f) np > 1 data (g) Wy

Apply ﬂtcp to Ntop Apply 72 to PBtOP

7

SR, Top CR is inclusive n; 05  Compute v= a,oj
aNj
top top
0 1 2 3 4 5 6+ 0 1 2 3 4 5 6+
T TLp

to Nvv

VV CR

Qo1 - Qo

Nw; in bins b

SR

rest

More strict

Wi

SR shoun in (a)
has Poisson

terms in L

Profiled CRs
in (b, ¢, d) have

Poisson terms in L

A
Regions (a-d) in fit |

More loose

lepton iscolation

Nonprofiled CRs
in (e, f, g) have no

Poisson term in L
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Higgs @ LHC

57



E!gi“ Signal extraction
LI P

Table Syst.in Table Syst. in Table Ta.ble S}"St m Table
XXlIa Sec. V Sec. VIIC XXIb @
L= H f( ib | K- Sip - H Y (6 )+E Br-Brib - H Vs (6 ) Hf(Nz )E B Bkz) Hg (9:16:) Hf (& | Cr-Or)

7 N 7 o

Poisson for SR with signal strength u; predictions S, B Poisson for proﬁled CRs Gauss. for syst. Poiss. for MC stats

(a) Signal region categories

#* Global fit for all signal and .
SR category i

background regions Fit var.
. n;, flavor & myg, ®p,f2 ® 42
* p = signal strength -
g =
#* Poisson terms for signal and ep ®[10,30,55] ®[10,15,20,00] ®le,u]  mr
S ®[12,55] ®[10,
background normalization ce/pp @ [12,55) 10, o] mT
: . nj=1
% Constraints of the systematic eu ® [10,30,55] ®[10,15,20,00] ®[e, ]  mr
uncertainties ee/pp  ®[12,55]  ®[10,00] mT
n; > 2 ggF
eu ® [10, 55] ® [10, oo] mT
n; >2 VBF
ep ®[10,50] ®[10,00] OspT
ee/pp ®[12,50] ®[10, 0] OspT
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1 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
_Q° ! | | I gI)g
3 \\ 20
S S 30
10 40
H->WWHEs Ivly 5
. \s=8TeV, 20.3fb"
10 \s=7TeV,45f" / 5o
- Observed
Jp - Expected .
) - Exptioc Y
~ Exp2 (125I 36)
11 1 1 11 1111 | 11 11 Il l 11
120 140 160 180 200
my, [GeV]

H—>WW results

p, = probability that the observed

excess of events is due to a
background fluctuation

Minimum p° at 130 GeV (6.10)

Same p0 at 125.36 GeV
Expected 5.8¢

Signal strength at 125.36 GeV:

Significance

x

+0.17

p=1.09 f5i3 (stat.) Toig (syst.)
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ol [
Frimm1s
“ i
I S |
=

Signal strength

(&

* Signal strength compatible with SM expectations

LR L B LN
ATLAS ]
H—->WWH*=Ivlv ]
\s=7TeV, 451" ]
\s=8TeV, 20.3fb™ ]

+ Obs (m,=128,(1=0.94) |
[ Obstic ]
[+] Obst2c ]
[#] Obst3c

P. Conde Muino

140
m,, [GeV]

130

0.22
e =127 705 0

(stat.) (syst.)

u\/BF

= 1.02
= 1.27

Signal strength

I!Illlll‘l\ll‘llll\l

ATLAS
H—WW*—|[vilv
{s=7TeV,4.5fb"

/s=8TeV,20.3fb"

)+ Obs(1.0,1.3)
FHObst1c

[+|Obs+2c

: []Obst3c

i o ExpSM(1,1)

{ S ExpSM+1,2,36

+0.29
—0.26

+0.53
—0.45"

N
w
g

«Q
«Q
M
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CMS H>WW results

* M and m after the final selection:

[ &Y bkg uncertainty

—y
o
o

S/(S+B) weighted events / bin
9)]
o

o

4.9 o™ (7 TeV) + 19.4 b (8 TeV,
200 CMSI T 1 1 1 T 1 T \( T T ) UL ( T 1 )
[T \ I I I ]
i -o- data - backgrounds m,=125GeV |
. —H—-WW ; 4
eu 0/1-jet
150 ]

n
S

50 100 150 200

% |n addition, they consider also a 3-lepton category (VH associated

production)

250

m; [GeV]

S/(S+B) weighted events / bin

CMS 49" (7 TeV) + 19.4 b (8 TeV)
——— T T T
300 | - data - backgrounds my=125GeV _|
- — H=wWw en 0M1-jet

i bkg uncertainty

100

|

_100-1 TR T T S S NS S N

150 200
m,, [GeV]
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CMS H>WW results

*% Combined results

= cmS 4.9 (7 TeV) + 19.4 fb" (8 TeV) cMS 491" (7 TeV) + 19.4 1" (8 TeV)
= F ] o 25
"'p.. | — Observed § : H - WW (all channels)
o1 02 g_ Median expected H— WW (all channels)_g 2 | ------ Expected
S C ] Expected = 10 i S’ 201~ —— Observed 5
= : Expected = 20 o i
£ 10f ; 15f :
— P i
o - I
(°) B 101~ N
ﬁ\) 15 :
(0)] E [
5 P -
1L | I 1
10 E : _| | L L4 1 1 11 ] |LI—I—I‘L‘-H.LH|||||||||||II|||II|I|II_
E 3 %10 200 300 400 500 600
110 200 300 400 500 600 Higgs boson mass [GeV]
Higgs boson mass [GeV]
0/1-jet analysis 95% CL limits on ¢/ o5y Significance T/ O\
my = 125GeV expected / observed expected / observed observed
(mt, myy) template fit (default) 04/12 52 /4.0sd 0.76 + 0.21
(mg, A¢r) parametric fit 05/14 5.0/ 4.0sd 0.88 + 0.25
Counting analysis 07/14 2.7 /2.0sd 0.72 £ 0.37
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CMS H>WW VBEF results

CMS 19.4 b7 (8 TeV)
.E LI B B N S B B N B B B LI B B B B B B = CMS 4.9 " (7 TeV) + 19.4 f’! (8 TeV)
f [ * data wWw my, = 125 GeV Dw I — Observed i
o) | — H— WW DY+ets . - = = ] H— WW — 212v + 2-jets _
= 10 . 1 eu 2-jets, VBF tag ©1 02 E Median expected VBF tag {shape\-{}b:sacl:leanalysis:lg
o i op _ g E |1 Expected = 1o ]
L | . Wy o i o i Expected = 20 ]
I Wijets E 10F =
I B wz+zz+vvv A - h 3
3 o i ]
S 1
)] =
107
110 200 300 400 500 600
Higgs boson mass [GeV]
VBF analysis 95% CL limits on o /ogy Significance o/ oM
my = 125GeV expected / observed expected / observed observed
Shape-based (default) 11/17 2.1/13sd 0.6210
Counting analysis 1.1/09 20/ — —0.3570%
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WH—nvbb candidate event

@ATLAS WH-nvbb candidate event

EXPERIMENT
http://atlas.ch  Signatures :
High p, 1solated leptons, 2 b-jets, large ETmiSS

/ /\

Ao oy

4 _'&H'

Run: 207620
Event: 101402870
Date: 2012-07-29
Time: 00:05:11 UTC

¥

Higgs @ LHC
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VH searches: 3 channels

O-lepton: \ Plus 2 good b-tagged jets
% Large MET % anti-kT with R=0.4
proton = Yo PTj1>45 GeV
p,*>20 GeV
1-lepton:
% p.’ dependent AR cut

% 1 good lepton
* MET, mTW consistent

with W boson decay _
Dominant backgrounds:

* Top

2-leptons: .
% V+heavy flavour jets

proton

% 2 good leptons
* No MET

% Di-lepton mass /
compatible with m,
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Signal mass resolution

% Improved mass resolution applying dedicated jet corrections
Correction for muons in b-decays
Correction for resolution effects (specific to Higgs decays)
Resolution extracted from a Bukin function fit

> T T T | T T T | T T | T T | T T 1T LI | LI | T 17 | LI |
@ ~ ATLAS Simulation Resolutions (6...-0)/C i
g 0-1™ pythia VH, H — bb MC  i4Gev . ]
< - 2lep., 2 jets,2b-tags ... 14.4GeV  12% -
~ | pYinclusive <§+4‘ ‘#‘ 7
» 0.08— P; T} - 141GeV  14%  —
C ~ SN 2 _|
Rt G ]
0.06— o Global Sequential Calib. (GSC) : i —
| o +Muon-in-Jet Correction \" t i
L &+ Resolution Correction 4 -
0.04— t —
B 4 % i
0.02— / ; _‘2\ _
B “o‘p’} & X a, |
_l T B = »?:“3;3 [EATERTINN NN RN A AT | =-a" r RO i
O0 20 40 60 80 100 120 140 160 180 200

m,, [GeV]

P. Conde Muino Higgs @ LHC 66



Fit validation: SM di-boson fit

* Fit strategy tested searching for the SM di-boson signal:

WZ +ZZ W I t h Z } b b T T T | T T T T | T T T T I T T T T i T T T T ]
10 ATLAS - 3ﬁt(%b§’ 2 2 0
- \s=8TeV [Ldt=203fb" w Diboson

" 0+1+2lep., 2+3 jets, 2 tags Uncertainty

% Signal strength for the di-boson signal:

8 | Weighted by Higgs S/B

ar # :
2 ; .
O_A v '_/_“/_ | »

pvz = 0.74 £+ 0.09(stat.) + 0.14(syst.)

Weighted events after subtraction / 20.0 GeV

4
W& & 22 L
C | | | | | 1 1 | 1 I/I | | | | | | | 1 | Ifi
50 100 150 200 250
m,, [GeV]
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VH (H—bb) results

E[!!
!
L 1

# Signal region divided in p_" and number of jets bins

B JuEPO12015)069

* Combined m_ fit to all signal and backgrounds regions

s 4
o [
g T I TTIrT | LI | TTTT TTTT I TTTT TTTT I TTTT | TTTT I TTTT I I§ B : ATLAS \fs=7TeV, J‘Ldt=4.7fb-1
3 €35
~ ATLAS —o- Data 2012 o 7L  _—e— Observed (CLs) | -
7 — L 's=8TeV, | Ldt=20.3fb
2 10E _gTev [Lat=203 1" - YH(Ob) 1.=1.0) E E [ e Expected (no Higgs) SR J
Y 5 -til oson . | Expected (m, = 125 GeV)
w 10 mm Single top E o | [EEztie
2 Multijet = <. F
10° m W+hf - 0 2.5
Wicl = r
W+l . L
10* B Z+hf = 2
=  Z+cl 3 -
a[ T Z4l 7] -
10°E = 1.5
102 - E
10 - -
= 3 0.5
1 -
Eh Lol Ll O|||||||||||||||||||||||||||11||||
I - 3 m,, [GeV]
[72) E a
% -2:|_ I L1l | L1l | L1 1 | L1l | | I | L1 11 | L1 11 | L1 | | I I—IE
o 4 35 3 25 2 -15 -1 05 0 05
log. (S/B) p = 0.52 4+ 0.32(stat.) == 0.24(syst.)
10
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http://link.springer.com/article/10.1007/JHEP01%282015%29069

S CMS VH->bb

#* BDT to * VZ, with Z—>bb, analysis:
. m _I T T T | T T T T ‘ T T T T I T T T T T T T T L
Improve mass resolution £ gol CMS * Data ]
S ot ?_ 7TeV,L=5.01b" v |
Pt : - Vs= 8TeV,L=18.9fb" .
Optimize signal to background B3 [ oovenoos W ]
. £ B0+ —— Sub. MC uncert. ]
separatlon '§ i #25 VH + VV MC uncert. T
o 40l ]
E 1.2 CMs Simulation  — Nominal ] & 40 |
oy : Vs=8TeV o 1536&\!(132%]’ ‘a-' B i
= 1 Z(T)H(bb), p% > 100 Gev UR%T;LT(‘IDU%L _
E : 20_ ]
5 0.8f . [ 1 ]
0.6 . 0:«==£; =
: Coovv vy v vy v v v v b v v v by vy 1
0.4 & 0 50 100 150 200 250
02: _: oy Y I'l';ev]
EotE : ] BDTVZ(bb)
0.|......|......|.. . ]
60 80 100 120 140 160 180 200 i
1 i) (Gev, Exp. Sig 630
Obs. Sig /150
U 1.19%027 923
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CMS VH—bb results

b
o] RN B B L | CMS . —e— CL Observed |
g 10" == CMS ® Data i "E=7TEV-L=5'°fb1_1 ..... CL, H125 injected
% 10° - Vs = 7TeV,L=5.0fb" B vH St “BVT:Y;.IHQSMD o xpacteds 1o
%’ 105 (s = 8T1=,-\.\",L=1E.9fb"I [] Background - pp— TR R CL:Ex:ectedzzaE
L 10t pp — VH; H— bb —— VH(bb) 125 GeV 4 B

£%5 Background uncert.

w

N

95% asymptotic CL limit onp,

......
-----

1_ ............................................ E
:| e b b b by I:
110 115 120 125 130 135

my [GeV]

* Excess of event observed at around
125 GeV

2.10 significance (local)

Compatible with a 125 GeV SM
Higgs expectation
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CMS Experiment at the LHC, CERN ®
Data recorded: 2012-Jun-05 09:58:43.400262 GMT(11:58:43 CEST) %
Run / BEvent: 195552 [ 61758483 I
E-3
Muon from a
leptonically =
1 [ -]
decaying t ’
®
P

¥ Two forward
jets (VBF
% signature)

Hadronically
decaying 1
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?l i“ I H—1t results

| P ATLASCONF-2013-108

% Using MVA to better disentangle signal from background

CMS 1T mass Combined BDT score for all the

CMS, 4.9 ft{‘ at7 TeV, 19.7 fb‘j at 8 TeV search Channels

r— T T
> B ZZ SMH(125 GeV)>rr | ; e U B e e e e
d) I,L‘th, E'Eh, ‘Ch‘ch, eu e —— Dala-background '-% 1 04 E_ I l e Dala[ l __
0 2500 |- [[7] Bkg. uncertainty - E =
‘\_ 20f 17 B |:| Background (u=1.4) 7]
l_.t: o 0 3 g 7 Background (u=0)
& 2000 Lﬁ 103 = [ EREDEATS IR
g [ -20F _l_ é H(125)t (u=1) 3
T i -40 L N N E

— 0 100 200 300 —
T 1500 - m,, [GeV] A 102k _
Q . E 3
< 2227 SMH(125 GeV)—>1t c
.9 1000 [~ —@— Observed — =
o 3 z-w ] - Hott
= O « . 10E ATLAS Preliminary E

B - Elect k ] -
m 500 oo - - [Lot-20310"
& 5 1 - \s=8TeV
~ i Z —
~ 0 1 T S S S S P B I o 5 N =
(7)) 0 100 200 300 -3 -2 -1 0 1

m,, [GeV]
% Evidence for the Higgs decaying to tt pairs in both experiments
# Signal strength: u =o/o_, =1.4""°  at ATLAS and 0.78+0.27 in CMS

log(S / B)
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https://cds.cern.ch/record/1643937?ln=en

;§! i“ Associated production ttH

B P axivi4081682

#* Very challenging channel ~ L
% |Important to measure top to Higgs coupling directly —— @
H .
Indirect constraints from ggH production and Hyy decays %P

L

Allows probing for New Physics contributions in the ggH and yyH
vertices
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http://arxiv.org/pdf/1408.1682v1.pdf

Eﬂ i“
!
L

ATLAS-CONF-2014-043
arXiv:1408.1682

% Very challenging channel
% |Important to measure top to Higgs coupling directly -
Indirect constraints from ggH production and Hyy decaysH
Allows probing for New Physics contributions in the ggH and yyH

Associated production ttH

vertices e

m,, (GeV)

% CMS observes an excess of events corresponding to p = 2.8+1
# ATLAS best fit signal strength: p = 1.6 + 0.6(stat.) ™ (syst.)

= (s=7TeV, 50511 T T
CMS bbrryy WW.ZZ  i5-8Tev, 19.3-19.7 1" | ATLAS Preliminary /s=7 TeV, [Ldt=45b" |
& 8| —=— Observed : : : 2011-2012 {5=8 TeV, [L dt=20.3 b
E ] S R Expected (Sig. INf.) [ g s
.2 S Expected = 1o
E F fEH—>yy (748 TeV) [— —
= C ----- Expected = 20
i .
o = H B
£ s
& F i ;
4= tiH—bb (8 TeV) |— : s | Expected (o'"=0) = 1o —
o I s===-+ Expected (6™H=0) + 20
2:: __________________________ —— Observed
12 WHcombined = | BEEEE | e SM signal injected
= .i 1. [T AP AT AR 1T N I PR SR B
?‘IU 115 120 125 130 135 140 0 2 4 6 8 10 12

95% CL limit on o™/otH at m, = 125.4 GeV
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http://arxiv.org/pdf/1408.1682v1.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2014-043/

Summary and conclusions

% Both, ATLAS and CMS, collaborations observed a new boson in July 2012
Original observation based on 3 channels with partial statistics
Since then, statistics increased, and the analysis were refined
Signal observed in individual decay channels
Evidence of fermionic decays
H—tt, H—>bb

% Work continues now to understand if this is the SM Higgs boson or any
other boson

Measure all its properties accurately (production and decay rates, spin,
CandP,...)

% Measurement of the new boson properties will be the subject of the next
Higgs lecture
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» Largest systematic 27% on Z /4™ efficiency.

Pacman method - systematic uncertainties and advantages

@ Final uncertainity on Z/~™ estimate obtained by propagating:
» Systematic uncertainties on the efficiencies.
» Statistical uncertainty on the data.
» ~ 60% uncertainty for 0-jet and ~ 80% uncertainty for 1-jet.

@ Advantages of this method:

-
-
-
-

Signal Region

Iow—mgg
ee/pp

DL=

non-Z /DY

Uses directly the final signal region.
Estimate is insensitive to the presence of signal.
Does not rely on MC modelling.
Final uncertainty on the estimate dominated by data statistics.

Non-Z/DY shape

low-myy

e

DL=

+Nz/py (

Z/DY shape

@ Assign systematic uncertainties on € by computing difference between measured
efficiencies and true efficiencies:

» different flavour — same flavour extrapolation for gnon-Z/~*
» Z peak — signal region extrapolation for ¢Z/7

Z-peak
ee/pp

DL=

Z-peak
e

DL=>
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H—yy background modelling

Background composition: 8 oo ';ir'LA's T v
] . ] £ i++ \sa t=ai32 ?rljlj Lt- 59" 'Y'I:;t: ]
% Dominated by continuum yy production 3 1000F ¥ | ~ st uncartany
. . . 3 + + + Total uncertainty B
(75%), followed by y+jet, jet+jet wor  HH LT .
. o . 600~ t ++’q.+++++ =
Background estimated by fitting the di-photon 400;_ L b g
. . . ] + i
mass distribution o0 Mttty el
* Studied for each category with high-statistics T
. m,, [GeV]
MC before looking at data lxample of a fit
* Considered: n-order Bernstein polynomial, _  _ | | -
. E: ssE VBF and VH categories ATLAS 3
exp(P2), exponential . . Duazon E
_ T R T — S e oronn, - 1268 CoV
% Choice based on largest expected sensitivity ¢ f ﬁﬂ E
for 125 GeV signal e + i e
Largest residual bias seen in MC —} RERAR:
experiments over 110-150 GeV taken as p } Ll HH b E
signal yield systematic : _‘;;_}Ijﬁ'u'ﬁ}'-ﬁr‘-'-}’ ﬁi%‘ﬂﬁ-H'ﬁﬁ i g
10?J_ 11‘0 1é0 13‘0 140 150 mw [Ge;:jo
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* /Z continuum estimated with MC simulation

Background estimation

* [Z+jets and tt backgrounds estimated using control regions
Transfer factors from control to signal regions from MC

Z+jets, tt control region: Z—4! control region:
> :|‘|||1||||[|||[|III‘!II\[II _|T|||\l|||||l|1IITIIIII[IIII|1III|II_
& 45- ATLAS pooy > [ ATLAS eData |
E l_,l ] - * —
Y 40F \s=8TeV JLdt=20.71b" 3 2250 T 1s=7TeV [Ldt-46t’ E’%Lizezts,ti ]
e " : i ]
& 350 3 ~_ L \s=8TeV [Ldt=20.7 1"
D _F s Data2012 _ £200 - .
305 — Z4jets and tt fit E o
251 f%tzf_“t —: 1150 [- .
F +jets 3
it 100 ]
15 n
107 i
- 50 - ]
5¢ i
0 : Lo —oror® ‘.|....|.‘.."..'
50 60 70 80 90 100 70 75 80 85 90 95 100 105

m,, [GeV]

#% Relax invariant mass requirements on
the lepton pairs

% No isolation or transverse impact
parameter requirements on the
sub-leading lepton pair
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EE!E“ Differential fiducial cross sections

L | P ATLASCONF-2014.044

% Calculated differential cross sections in = ¢ | H ,ZZ |
many different variables in H—>yy and H—>ZZ "z '8F ATLAS Preliminary aaa eyt ue
. r 1'65_ {5 =8TeV: det=20.3rb" sg::(ﬂ::;o:;:i;;H
Test theoretical predictions 1.4E o g0 Gev e
oy . 1.2
Sensitive to new physics effects % Sensitive to
1
- YAV 038 diff. production
® | ATLAS - data  syst. unc. 0.6 modes
% + gg—)H (HRes) + XH 04:_ .
= qb + (Ko = 1.15) = B
o .. .. 0.2 Soneee: E
3 %% Sensitive to S presesmenas e —
g | == QCD radiation ° 1 ‘ =
| 7 - S‘ i'l""I""I""I""I""I""I""I""I"" lets
e %) Produqtlon mode % 02 A7/ 48 Proiminary o
) S D] C ~+-data sy
pin, CP E 0-185_ :'_"ZZ*‘T‘” ) gg—+H (MINLO HIPS) + XH
-------------- [// b & 0.16:_ s=8TeV: [ Ldt=2031 gg—H (PowrEc+PS) + XH
' : -S 0.14 == XH = VBF + VH + tTH
10217 L REEELE EEEEEPEEE - = 0428
06:.....|...|...|...|...|...|..|...|...: = 015_ [E——
S e 0.085- Sensitive to
LQ 4} 1 i o
8 4 + 0.06E Spin, CP
s 2 + 1 | ' 0.04E
% O#ﬁ...I...I...I...I...I...I.T.I...I..." {]_(312%129%t
T 0 20 40 60 80 100 120 140 160 180 200 el £ oo -
p!” [GeV] 15 20 25 30 35 40 45 50 55 60
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