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Overview

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

Will cover most sensitive channels
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New boson observed in Higgs searches

i!
[

3 10F ' ' ' i
July 2012 c [ ATLAS 2011-2012 @+ E
= [ \s-7Tev:JLdt- 4648’ L t20 .
* CMS and ATLAS observe anew = | ts-8Tev:Jidt=58591" — Observed ]
4 | A e Bkg. Expected
boson at S
2
m~125 GeV R
More than 5o evidence in both
experiments 10" | | | CL, Limits
CMS Vs=7TeV,L=511"{s=8TeV,L=531fb" 110 - I150I B éOO T ‘300‘ B 406 IISOd“I
I T my, [GeV]
o B Expected (68%)
% 10" m ------- Expected (95%) |- geo,
S
< 10—2 99% .
S ws. % No other excess observed in a very
=" 10" o
= large mass range (up to ~600 GeV)
o 10
5 Ly
_IU)
©)

7

3 T b ey
110 115 120 125 130 135 140 145
m,, (GeV)

P. Conde Muino Higgs @ LHC 3



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.
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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
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Pile-up

* Z—up event with 25
additional interactions

#* Typical average event
in the second half of
2012
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The ATLAS and CMS detectors
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“J/NATLAS control room.
First collisions in 2009
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Collaborations

2

ATLAS and CMS

ol LTS
Al e
2

% Each of them composed of
>4000 members
>3000 physicists
~180 institutions
~40 countries

% 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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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)
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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
some 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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EXPERIMENT

Run Number: 204026, Event Number: 33133446

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

H—>WW—lvlv
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Higgs @ LHC




Eﬂ i“
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¢ 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
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_ _ 0.996
% MC simulation corrected to reproduce the  ;g95
detector resolution, .
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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
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?;!iﬂ Jet energy scale uncertainty

#* At high pT JES uncertainty dominated p otf——— ———

_é Oog:_anti-k1H=0_4, LCW+JES + in situ correction  ATLAS Prehmmary_:

. T ““~E Data 2012,ys=8TeV =

In-situ uncertainties 8 0.085 n-00 et E

. . S = = Absolute insifu JES =

* At low pT: combination of several ¢ 007 o Rolalve in i JES E

. . 2 0.06F nune Flav_oomposnnln,|nc|l|_|snl.fejets -

uncertainties oo Pl svragn 2012 cndiors =

% Pile-up g oosf £

0.03 =

Affects mainly low pT jets 0.02 7
0.01
% 1.1 ' oo r T ' e e ] 0 S . i,

@ 15 anti-k R =0.4, LOW+JES ‘f‘”—‘;ST P{f"”"”aéi’a - 20 3040 100 2x10° 10 2x10°

g 1.08 = Data 2012 \s = ev, |??| < u. = p?t [GeV]
@ 1065 =
T 1.04F =
§1.02F [
© C ]
g 18 E
2 098F =
c 0.96F , =
0.94 ;— :;Ti: — Total in situ uncertainty _;
0.92F v Multijet — Statistical component 3
Dg C 1 [ B A | L L IR R R |3 ]

20 3040 100 2x10° 10

Py [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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EXPERIMENT

Run Number: 204026, Event Number: 33133446

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

H—>WW—lvlv
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% 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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l| Event selection

* Exploit the properties of the Higgs 3 12 ATLAS Preliminary &% = Sioees
H o 1 Single Top
events to separate the signal fromthe 3 s} * m{)” WSEOTI s S e
backgrounds g 1 R
#* Different channels affected by different
backgrounds
Small selection differences in
opposite/same flavour final states 102 = T TR
ETre [GeV]

% Reject Z/Drell-Yan background

10° ATLAS Prellmlnary ;f,’w‘v =

Require large missing

2
©)
% 10°E Vs-8TeV, [ Ldt- 207 b Egﬂets %Sv'felfsm
transverse energy S g MWW oeveviy s 0/t jetsT T D unizscen
A T
lepton
. or jet
Use calorimeter and .
tracking systems 10%"""50 100 150 200 250

PTa [GeV]
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#* Opposite flavour final state
N S —————————
< E ot - Data %% SM(sys @ stat)
S 0000k ATLAS Preliminary oW mwzzzwy 3
w  \s—8TeV,|Ldt=207f' [J&  [SngeTop
18000 * B Z+jets [] WHets -

y 60003— H->WW' "—evuv/uvev Bl H (125 GeV] —f
* PY Py Py ’y E

6 8 10

N,

jets

Analysis categories

* Same flavour final state

\s =8 TeV, [ Ldt = 20.7 fb” E i =
= Z+jets W+jets
Howw!' )aevev/uvuv

LI S e e e — T
Hoo - Data %% SM(sys @ stat)

ATLAS Preliminary g 3 wzzzwy

[ Single Top

Bl H [125 GeV]

% 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

P. Conde

Muino

Higgs @ LHC
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E !i“ Further selection

E—
.,.,y"’ H W P ot [+
I_}i - __‘_-__'_--_'._.I_ % 1400 III|IIIIIII|III|III|IIIlIIIIIIII
< Af = e C i - Data %% SM (sys @ stat)
%4 v G | ATLAS Preliminary gl &z,
© 1200 \s_gTev, [ Ldt=207fb" [ [ SingeTop
0 o * . B Z+jets [] W+ets
% 1000 H->WW' '—evuv/uvev + 0 jets Bl H (125 GeV]
i F %

lIIIIlllllIIIIIIIIIIIXIlIIlI_

80 100 120 140 160

300

P} [GeV]
g600_|||||||||||||||||||||||||||||| % LI L L N B S BN B L R B BN L R B B
= L - Data %% SM (sys @ stat) 800K [ -4~ Data %% SM (sys @ stat)
o - ATLAS Preliminary o V' & wzzzw, o = ATLAS Preliminary & o' & wazzw,
o 500 (s =8 TeV [Ldt=207fb" [t Single Top ~ 700F Vs=8 Tev,f Ldt=20.7fb' [J+ [ Single Top
— Bl Z+jets [ WHets ~ - ® . B Z+jets [] W+ets
o Howw" aevpv/uvev + 0 jets Bl H (125 GeV] g 600 F H->WW' —evpv/uvev + 0 jets Bl H 125 GeV]
S 400 Q 2
@ i —

200

i'lllllllllllllllllll
|IIII|IIII|IIIII\Illlllll

III|IIII|IIII|IIIIIIIII|IIII‘\IIIlIlIIIII

100 150 200 250
A9, [rad] m, [GeV]
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E!gi“ Further selection (II)

#* Same flavour final state:

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

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

™ _I LI ‘ 1 1T I LI ‘ T T 11 ‘ L | LI | L | LI | L I T I_
S | ATLAS Preliminary —5— Z+jets |
8 | \s=8 T%V, simulation —a— diboson, top and W+jets _|
0 HosWw! )—>evev/uvuv +0jets  —e— H[125GeV]
(] - _|
1E =
E g - _
2 : § * Require
o)
@ B 7]
c - ] .
107 e E
- o o .
B —::_._ ey -
L :!:— e _D_ -
- —A——m: A —A—+ _D__D_ —
- _A_—o— oo |
102 Ll A T

0 0.1 02 03 04 05 06 07 08 0.9

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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F I v.

Transverse mass

> = | T T T T | T T T T I T T T —
) . o 4 Data 4% SM(sys@sta) > UL D N N
O 300 ATLAS IPrellmlnary M vy 8 gor ATLAS Preliminary gy bus = oneeos
=4 E \s=8TeV,| Ldt=20.7fb i ingleTop o C ) ! ; ]
; 250:— I\-|s—>WWi);>ev v/ vev+0'ets,-z+jms L e —: = - \s=7T?-Y’ILdt=4'6 o Egﬂ'ets %\?\;:?:STOP ]
g - uv/p J B H (125 GeV] : % 40:_ H-WW' 'Sevev/uvuyv + 0 jets B H (125 GeV] _:
> - _
@ 200F = z g .
: : Wz -
150 - C ]
100 = 0 e
50 = 10[ -
250 300 50 100 150 200 250 300
my; [GeV] m; [GeV]
%30_—|""|""|""|""|""
. . C .. - Data %% SM (sys @ stat)
* Define the transverse mass: G | ATLAS Preliminary g3 & ez,
2 251 \s=7TeV,|Ldt=46f' [ [ SingeTop
~ ) . B Z+jets [] WHets
Eff i 5 —','éf i 5 % H->WW" '—evuv/uvev + 1 jet B H (125 GeV]
o Nniss . 1158 S 20
mr =\ (B + |[pFes|)? — (P + pip®) g

15

% Equivalent to the mass, but considering only fo
transverse variables

TT T T[T T T T[T T T T[T T T [TTT
|
LN
R
T N

N,

N

>

I||I|II|||III||II|||IIII‘\IIII

300
mr [GeV]

% Sensitive to the Higgs mass in the high edge
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! Background estimation

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

g \ )
Main backgrounds in the WW Control Region
different flavour final state .| ... .. WW
Lo = NS/ remove A¢ and mr
 Signal Region | | Nwe™ cuts, tighten m
| — P
Higge -
o vy
Dl E - ~N
WW o = Nucs? | Top Control Region | :: 1j: remove
NmcCR i1 topological cuts,
""""""""""""""""""""""""" - i invert b-jet veto
LY vy H
' S T : .
Wiets . NewSY | W+ets Control Region| : reauire 2 lepton
\ /L NGLCR . . tofail tight
e W+jet3 ----------- ‘selection, but pass

loose selection
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Background estimation

W+iets: Same sign validation region
#* Control sample: one loosely identified lepton § Tgil:m;ffljff“ﬂliaryé]“!”“ EV;;ML :
* Transfer factor to signal region evaluated with 2 16F Howw ™ —evuvivev+ojets™ ™ @ ntiscon
a data sample dominated by QCD jets E :‘2‘: :
Probability of a jet faking a lepton ‘g: :
% ~30% uncertainty — —
Dominated by jet flavour composition in — E

250 300
my [GeV]

QCD versus W+jet events
Dibosons (Wy, ZZ, WZ)

he] L R L B N L L L L ) B L B
© 14— P -#- Data %% SM (stat)

% Taken from MC o | ATLAS Prelminary gy g wazaw,
S 12F \s=7TeV,[ Ldt=461b e e

. . . . . . * © HoWW Sevavipvev + 0 jets e iz‘; e

% Validated with the same sign validation region T S B e
> -
L

# ~20% uncertainty

II|III|III|III|III|I]I|\II|I
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!iﬂ Background estimation

Top control region

Top: | . & | ATLAS Preliminary gl 2 ierees ]
% Control sample: remove jet multiplicity or b- R T M P
. g . ~ r ® ’ ’ . B Z+jets [] W+ets
tagging conditions depending on the channel £ o AW evavivey + 1jet W HO2Gey
(9] - .
> - i
% Correction factors applied to a purely MC- Y ook W._ E
. . = l/ 4 7 .
based estimation: 1.07+0.03, 1.04+0.02, - ” -
. . 200— . % =2 —
0.59+0.07 for the 0-,1-,2-jet analysis . 7%, .
. . . . 100 o e,
* Systematics from extrapolation to signal region i :
0‘ [&] N | r—
VVVV 50 .1 00 | 150 | 200 25(;nT [Ge\3/;)0
# Remove Ap cut, require 50<m <100 GeV WW validation region
B SO0 e B e Dua 2 SM(ye0 ) |
#* Use measurements of other backgrounds S [ ATLAS Preliminary gl oo, -
T AR ALU = = bl
#* NF =1.16+£0.04 (stat) £ [ HoWW evuavivey + 0 ets B HOscey] ]
, old new Z - / .
% Uncertainty ~7%, 0% 1
_ scale 2.5% 0.9% - / ]
dominated by PDF 37%  1.1% - 5
extrapolation to SR PS 4.5% 0.8% toof / -
model 3.5% 1.4% 5 ]
Total ~72% ~21% 950 7100 150 200 250 300 350 400 450

my [GeV]
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?l i“ Z/y* background

T _I T 1T ‘ L | L ‘ T T 1T ‘ L | L | LI ‘ L ‘ L | T \_
% Count events before/afterf  cut e [ ATLAS Preliminary o Zujets ]
recoil 2 | Vs =8TeV, simulation —i— diboson, top and W+jets _|
2 H—>WW(t)—>evev/uvpv +0jets —e— H[125GeV]
@ L _
s 1E 3
[ydata — 4 N"O"'Zf’Y E B -
pass pass g - ]
9 - |
: - *
107 o =
non-Z /~* = T = E
Ndata - _I_ N pass - I a0 -D-&_D_
= 2/ T ez S oo
S g .
P T T & .. « R PR T B I
ﬁ SOIVe for 10 0 01 02 03 04 05 06 0.7 08 09
recoil
% Where:

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
~60% for 0-jet and ~80% for 1-jet analysis
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Leading systematic uncertainties

Signal processes (%) Background processes (%)
Source Niee=0 Njet=1 Njgz22 Njg=0 Njg=1 Nju2>2
Theoretical uncertainties
QCD scale for ggF signal for Nj, >0 13 - - - - -
QCD scale for ggF signal for Nj. > 1 10 27 - - - -
QCD scale for ggF signal for Njo =2 - 15 4 - - -
QCD scale for ggF signal for Njo >3 - - 4 - - -
Parton shower and UE model (signal only) 3 10 5 - - -
PDF model 8 7 3 1 1 1
H — WW branching ratio 4 4 4 - - -
QCD scale (acceptance) 4 4 3 - - -
WW normalisation - - - 1 2 E
Experimental uncertainties
Jet energy scale and resolution 5 2 6 2 3 7
b-tagging efficiency - - - - 7 2
[recon efficiency 1 1 - 4 2 -
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Signal extraction

> : | T T T T | T T T T l T T T T I T T T T | T T T T : > T T 71T I T T 1T I T T 1T I L I T T T I T T 17T I L | T T T 1]
[0] C .. “Zz SM ] Q r . «2 gM ® ]
& 4oof. ATLAS Preliminary o = 000 O coof ATLAS Preliminary g 0 o ™

2 F \s=8TeV, I Ldt=20.7f" [J& [ SingeTop e \s=8 TeV,I Ldt=20.7fo" [+ [ Single Top

~ - * . [ Zejets [T W+ets ~ ) Il Zsjets [T Weets

% 250 H>WW '—evuv/uvev + 0 jets B H (125 GeV] g 500 H-WW' 'Sevuv/uvev + 0 jets B H (125 GeV]

() o) )

>

@D 200 i

IIII|IIIIIII]I|IIII|IIII

pova b b b v v |
e b b bev by b Iy

250 300
my [GeV]

o
o
o
©
~
=}
©
s}
©

0

Y1 i > 200 T T T T T T T
Fit the transverse mass 5 T ATLAS Proliminary . s s ou
2 150 Ns=7TeV, [ Ldt=46f" [ | Hit2sGeV)
_ e 4711155 |\ 2 ~ 4 —>mi155\2 @ —8TeV, | Ldt=20.7 b
mr = E — £ \s ’
T \/( T T ‘pT |) (pT T Pt ) 0 HoWW ' Siviv + 0/1 jets
W 100

+

* Separate different analysis categories: 0-, 1 50
2-jets

IIIIIIIIIlIIIIlIIIIT

IIIIIIIII|IIII|II

——

.I...I...I...I...I...I.._+_I...I...I...I...'
60 80 100 120 140 160 180 200 220 240 260
my [GeV]

# Split signal region at _ =30 GeV i
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S
ATLAS Preliminary ~ (s=7TeVJLdt=461" ]
{s =8 TeVLdt = 20.7 fi5!

*\\\\‘\\Illllllllll\

3 b
c [
(@] [
T 5 Howw oiviv
= —— Obs.
= ---- Exp.
(@)
o\o 4 M +16
L&) - [ ]+26
3
2
PENE R S BT
0™920 130

I T
140 150 160 1

70 180 190 200
m,, [GeV]

# Exclusion limits at 95% CL
Expected: down to 119 GeV
Observed: mH>133 GeV

Local P,

H—>WW results

10° T 1 | A IR I B B
ATLAS Preliminary Vs =7 TeV:fLdt = 4.6 fb”
HoWW Ssiviv Vs = 8 TeV:|Ldt = 20.7 o'

Oc
1o
20

30

-6 o b by b b |
10 120 130 140 150 160 170 180 190 200
m,, [GeV]

p, = probability that the observed
excess of events is due to a
background fluctuation

p&Petd(125) =1 x 107* = 3.70
peP™ed(125) =8 x 10> = 3.8¢

P. Conde Muinio
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ol [
Frimm1s
“ i
I S |
=

Signal strength

= :'A-"-L'Aé‘l:‘,lll-”-"""'.‘”""”""‘_1"; S-S e I L R I I I I 125 x
£ 7 o minary ls=7Tevllat=aot’ 1 = L ATLAS Preliminary HoWW' ' Sivlv - - £
© | HoWW Siviv \s=8TeVldt=207t5"] 5 4 E =
S 65 . pests 4 5. B \s=7TeV:Ldt=461" ] |y &
= - — bestfit E = 3.5 ‘ = o
2 F mm2imp<1 1 B TR . \s = 8 TeV:[Ldt = 20.7 f" - .
@ 5 __ Exp. bestfit m, =125 GeV - © 3 5 H —
o E — 21w <1 E k) E N : y -2 In?t(u,mH)=2.3 3 —15
2 4( - »n 25 R -2 In(,m ) = 6.0 —
: = 25 —o— H-WW S viv (2011+2012) é
3 = E —¥— Hoyy (2011+2012) 3 —10
0 —f 1_5; .—n— H—zZz"' =1l (20114+2012) _;
= = 1;" ................. 4 5
= = 0.5¢ T
I B TN B U AR R BT = P S PPN S I i ravrd [
115 120 125 130 135 140 145 150 Pi5 920 125 130 135 140 145 150 155
m,, [GeV] m,, [GeV]
% Signal strength compared to the expected SM value
Observed signal perfectly compatible with expectations
Results for HWW compatible with Hgg and HZZ
% p'® =1.01+0.21(stat) + 0.19(theo) + 0.12 (syst) + 0.04(lumi) =
1.01 £ 0.31
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Vector boson fusion H>WW

> 9 L L
8 gt ATLAS Preliminary -
. . . Q E _ _ R
% Test VBF signal considering gg->H as a S ls=8Tev./Lat=207 1" 3
.g E H->WW" —evuviuvev += 2 J
background g O oo v |
5 ww wzzzwy
. . . . E (K [ single Top B
gg fusion constrained on the fit with the ar B Zos [ Wisls
E Bl goF [] vBF ]
0-,1-jet signal regions % E
2 =
0_0103 L L L I I I LI BRI I A _é
s ATLAS Preliminary 50 100 150 200 300
9 H—)WW(*)%MV VBE voos Exp. m =125 GeV my [GeV]
[RES K
\s=7TeV: Ldt=46fb" S —— ]
\s=8TeV: [Ldt=20.7 b & 5L ATLAS Preliminary + SM B
o) " Vs=7TeViLdt=4.6 15" + Best fit ]
X " Vs =8 TeV{Ldt = 20.7 fb' — -2 InA(ggf.vbf) <2.3 ]
= 4- [ -2 InA(ggf,vbf) < 6.0
I$ E /'/ E
=~ 3F ]
2r .
10-4-.I||..I|||.I..||I....I....I....I....I....I r 7]
120 130 140 150 160 170 180 190 200 - ]
m,, [GeV] 1= .
Lobs, vBE = 1.66 + 0.67 (stat.) + 0.42 (syst.) . 'o's‘ S .1‘5. e
=1.66 +0.79. Hoge B/B

OV)
©
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CMS HWW results

2

% E  CMS Preliminary — Chearvad 3 © 300
..Q [ \s=7TeV,L=4.91fb" B < T 3 O [ CMS Preliminary e Expected ]
5 [ \s=8TeV,L=19.5fb" G s i c - \s=7TeV, L=4.9fb" —e— Observer i
[ | H=WW-—212v 0/1-jet :I sy - 8 2 [ \'s=8 TeV, L=19.5 fb™ Injection m =125 GeV ]
o [ expected = 20 = 29[ Howwo2i2v 01t L ]
= 10k —— Injection m =125 GeV = 10 _| 'E - |:| Injection + 1o _

é 5 3 o L [] injestion = 20

= : @ 20+ -
_I T o -
- X ]
O 15 _

2 E :
o - = -
ln = -
2 10 ]
10 B A
100 200 300 400 500 600 b gndiaguiiigud

300 400 500 600
my, [GeV] m, [GeV]

Significance (o) for m,; = 125 GeV:
observed 4, expected 5.1
o/og,=0.76 £ 0.21
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H—>77—41 analysis
QATLAS

EXPERIMENT
http://atlas.ch
.

205113
Event: 12611816
Date: 2012-06-18
Time: 11:07:47 CEST

P. Conde Muino | Higgs @ LHC



?l i“ H—>Z7—41 analysis

i P arXiv:1207.7214

Selection: Y .
Discriminating variable: m

# 4 isolated leptons with high p_

> 0.09F T T T T T T
[ F .. ]
. . 0] - ATLAS Preliminary g
* Z mass constraint on one | pair 5098 Simyiation E
. ~ 007} [ ] my = e {
Main backgrounds: 3 et :
© 0.06F 3
% Continuum ZZ —4l production 0.05[ Moo s =Ty :
*  Z+jets, tt OO S esraohcey E
003? fraction outside + 26: 19% e
0.02- :
0.013_ without Z mass constraint _f

Excellent mass resolution Q5 ettt L
* 1.8-2.5 GeV (4, 4e) m,, [GeV]

Very good e/p reconstruction efficiency
% ~97% for muons with p_>6 GeV

% ~98% (95%) for e reconstruction (identification)
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E!gi“ Background estimation

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

Z+ijets, tt control region: 27, control reglon
T T | T T T T i
> ||||||||||||||||| ‘ T T 17T | LI ®1 80 D _—
3 45 ATLAS Preliminary e 160; * Sl me12sGey) ]
. - reliminary -
3 40- 1s=8TeV: [Ldt=20.7 b 2 PR 6 nuleesee ]
& 350 :>j140:_%yst-UnC- ls=7TeV: |Ldt=461" 1
L e Data ) 120F is =8 TeV: |Ldt = 20.7 fo ']
30 — Z+jets and tt fit r .
25:, """ ttfit 100 =
- =%Z t F
E ~+jets 80F 3
20- mmyg .
15f wz 60;
10} 40F
5 20
o 0
50 60 70 80 90 100 50 100

m,, [GeV] | My [GeV]
* No isolation & transverse impact parameter % Control region: Z boson candidate +
requirements on the sub-leading lepton same flavour lepton pair
pair
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“ N
=

% 4| mass spectrum (7+8 TeV)

H—>77—>41 results

- Q_O UL ‘ LI | LI L ] T T 17T [ T i \'\ | LI
E 30~ e Data ATLAS Preliminary = 10°F — %()S 2281122 ATLAS Preliminary
o f : . S — H- 22" 41
o L I Background zz" Ho77"_a S 10°% %E’g 21 \S__)7 TeV_-]Ldt 46
S 25— [l Background Z+jets, tf — Obs Combination - R -
G| [ Signal (m =125 GeV) 10} -+ Exp Combination'  s-g TeV:[Lat =20.7 b3
s H 1k == i
201~ 7, Syst.Unc. 's =7 TeV:[Ldt = 4.6 fb" 1078 P
- \s = 8 TeV:/Ldt = 20.7 fo” 107 g%
151 T | S S " 40
i 7E % 50
10 107 :
- 10° 460
5:_ 10—11
B 1 H 76
: 10'13 L1 1 1 ‘ 111 1 |“J“|| 1l 1 | L1 1 1 ] 11 | I:.:l L1 1 1 | L1 1 1
%0 100 120 140 160 110 120 130 140 150 160 170 180
m, [GeV] my [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—41 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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s ommene CMS H—>ZZ—>41 results

137 oah ]
™ 30f Blzx =
2 25; Ozz |
2 F [ ]m,=126 GeV] #* Kinematic discriminant to further
2F E separate signal and background
Kp(0*,®1,01,05,®, mz, mz,) = Psig/(Psig + Phoig)
CMS preliminary {s=7TeV,L=5.1f" Vs=8TeV,L=19.61"
%13__'"'|""|""|""|‘"‘\""4_
120 140 160 180 S 1eb * bata -
m, [GeV] S Ozz.z E
2 C B z+x 1
CMS preliminary fs=7TeV,L=5.1fb" fs=8TeV,L=19.6b" 5 12F
2] T T o > r ! I:\mH=126(3eV
% 8:— o Data _: L 10:_ _:
Ll>J 7i—|:|ZZ'zT‘ —i 8:— _:
i .Z+X ] - 1
65_|:|mH=126 GeV E 6p =
5f- 3 g E
af ' E 2p B
3_ 1 0 11I0 120 130 140 150 160
of + : m,, (GeV)
1 . Iy #* Consider also a VBF enriched category:
E |l ) —_—— 3 . . . . .
O o e +2jets and use of a Fisher discriminant to

Ko select it
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95% CL limit on o/og

CMS H—>7Z7Z—4I results

10 S A AR SRR SRR S S ! o 1 fs=7TeV,L=511" {s=8TeV,L=19.6 f&"
T GMS Preliminary — Observed c—:é '|0-1 CMS Preliminary m, = 125.8 GeV
s H = ZZ —» 4L 4+ 212 i-| -+~ Expected S 107
oo 5 =7 TeV, L=5.1 1o i-| 158 Expected & 1o |+, Aa10°

. Vs=BTeV,L=196%h": | _ Expected = 20 c—g ::g::
L / - L2 10° 850
1 & 107 ¥
.4 1 10-3 E————— Untagged =
| sy F R f 1 0‘9 ——— Observed m,. K,
~ '.’f' 1 0-1 0 ——— Observed m,, K, p,/m,, or V|
ok Vil |

1 A At 102 ©oms Preliminaryrg o

107 F R . 10712 Y s 27— 4] i Dijet tag —
v 1014 -'IE=7Te\ﬂL=5.1fb'l";E
.15 b fE=8Tev,L=196m0" ] 1 [ N
: : EEEE— S L — 18‘16 |‘Il|\|‘|\|\l[.'ll\.I‘l‘l\llllll"ll:-‘||||||||| 0 1 - 2
100 200 300 400 100C 110 120 130 140 150 160 170 180 Best fit oo,
m,, [GeV] m,, [GeV]
CMS Preliminary Ys=7TeV,L=5.11" Vs=8TeV,L=19.61"

i> 12: "|""|""\""|‘"‘\""l""l""|""\"":
10} PeswcL
sf [JeswcL -
% Clear signal observed, compatible with SM 6l « bestit |
- - + SM ]
expectations aF :
. 2 -
% BeSt maSS flt: 0:;- --------------- é
my = 125.8 + 0.5(stat.) & 0.2(syst.) GeV 20 E
-4 e
-6F- =
= . _87|||||||||||||\|u§|wuw\uu.uluuuluuuluu\uu’
P. Conde Muino nggs @ LHC -1-050 05115 2 25 3 3.5u4
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-

r

PP ™ W

N NN \Q\“*ﬂn-——--ﬂ R S F A S

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
AUV % Search for a narrow peak on a

[ Run Number: 191426, Event Number: 86694500

large continuum

Main background:

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

W = L e e e B e B B B L L s B s e s
% 0 gf_—.— Unconverted photons ATLAS Preliminary 3
% E o Converted photons Data 2012, {s =8 TeV 3
% 0.8 —u— Single track conversions J' _ . —
o E —¥— Double track conversions Lat=33M0 3
c 07 —
g g =
2 065 E
a g - ——t—y——-. ——a— ﬁ—&_._ |
S 05 E_ e e s e Wl T e e o e M s T e Mo Tea Mt Ma e et g _E
§ 04t =
g 03 =
. L = [ —am " P A b b i -
H-—yy candidate event 0.25 , I
015 E
= Ll b L e L
5 10 15 20 25 30 35

Average interactions per bunch crossing
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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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Background composition:

% Dominated by continuum yy production
(75%), followed by y+jet, jet+jet

Background estimated by fitting the di-photon

mass distribution

* Studied for each category with high-statistics

&

MC before looking at data

Considered: n-order Bernstein polynomial,

exp(P2), exponential

Choice based on largest expected sensitivity

for 125 GeV signal

Largest residual bias seen in MC
experiments over 110-150 GeV taken as

signal yield systematic

P. Conde Muinio

Higgs @ LHC

Events / 2 GeV

Events - Fit

Events / GeV

H—yy background modelling

— —
L ATLAS
C —e— yy+DY Data
1200 = Data 2012 —s— 7j Data
Ht \s=8TeV,[Ldt= 591" . jjData ]
1000__ +++ —— Stat. uncertainty |
C ++ ++ ++ Total uncertainty T
goo- 1T m -
600~ i ++++ P ]
C +++-+++
— +
400I H +4 +++++++ o
FH g 4t 4
200 ”M““,ﬂ +* ]
B M N 5 ]
et e oA

10

P PESaht s apana At aan a by phoafA )

120 130 140 150 160

m,, [GeV]

Example of a fit

H-yy

Unconwv. rest, high [

(] Data 2012
Background model
......... SM Higgs boson m, = 126.8 GeV (MC)

ATLAS Preliminary

Vs=8TeV, JLdt =207

|1.M1 L lﬂ L 11+
TR



H—>yy results

Selected diphoton sample _: o° 105IIII‘\\II|\\\I|I\\I‘Illl‘\lll|\\|l||\|\
L] ata + 1 L P —
= D i Bzg?: itz(%fﬂze.s cev) - E 10 — (E)fssé\tfeeggo ((Ccﬁsgg:;)) ATLAS Preliminary N
S Bkg (4th order polynomial) 2 & {0?p—— Observedp’ (inclusive) H—yy ]
— ATLAS Preliminary — - —— — Expected p_(inclusive) —
- e Hoyy _ 1 = ~ 11
4000— —] 10? {_ [ 20
- \“s:7TeVJ\Ldt:4.81b’1 . o T —TT 3o
2000:— ‘ ’ ; —: 10— 40
= \s=8TeV,JLdt=20.7fb ; (o8 i Data 2011, 1s=7TeV g
2 nE E ol JlLdt =48’ &
gl 300 F- = L 160
2 200 - + ; 3 1010 Data 2012, s =8 TeV ]
SOE t Lt —t ¢ . ' > o2l Ldt=20.7f6" 70
*2»1oo§+f'+ ; ++§ - E
g -200 ) . . ) ) 10—14I....\H..|"‘.I.".\....\‘...lw..l.‘.‘I
) 100 110 120 130 140 150 160 110 115 120 125 130 135 140 145 150
m,, [GeV]
my [GeV]
% Largest significance (2011+2012): 7.40 for m = 126.5 GeV
% Best fit mass:|126.8 + 0.2 (stat) £ 0.7 (sys) GeV
# Best value for signal strength at 126.8 GeV: 1.65™*
Compatibility with SM at 2.3c level
P. Conde Muino Higgs @ LHC 52



VBF and VH, H—>yy results

% :\ TTT | L ‘ T \.\ T | TT 1T UL ‘ TT 1T | LU ‘ UL I TT 1T T 1T \:
@ 7:_ + Best gtL ILdt =48 fb"1, \s=7TeV A L B L B O B
2] - —— 68% 3 E : ]
6 _ S — E P I — Total ]
><§ - 95% CL [Ldt=20.7 b, /s = 8 TeV E My = — } H e
5 Sp X sm E S —Stat. ]
oA T E : —Syst.
- 3 - H———H -
3E E oer : Hoyy ]
2F E : [Ldt=48fb" is=7TeV |
1} ‘X { w - E H—l—.—l—l -
= e - B ggH+ttH [ H = 20. -1 - ]
OF ATLAS Proliminary v E o -7 - TeY
- 2011-2012 = . ATLAS Preliminary ]
TEm, = 126.8 Gev H-vy " - - 2011-2012 E
ot oo b b b b b b b - : my, = 126.8 GeV .
1 '0.5 0 0.5 1 1.5 2 2.5 3 3.5 4 R ! NIRRT U R R A U N SRR S R AT A A R R R
;,nglarm_|><B/BS,\,I 0 1 2 3 4 5 6

Signal strength

UggF+tit X B/Bsm = 1.6%03(stat)*03 (syst)
UvBE X B/Bsm = 1.7f8:§(stat)f8:i(syst)

pvi X B/Bsm = 1.8713(stat) * 3 (syst)
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CMS H—>yy results

I"ﬁlﬂ

- T {CMSNE=TTeVL=511f Vs=8TeV. L1961
%) : CMS Preliminary —+— Data g ' ' I I I | T E
O] {s=7TeV, L=5.1 " (CIC) S+B Fit ] ®© B . Vs . e
05000 f5=8Tev, L = 19.6 16" (CIC) ElE:iF"C"mmnem—_ 3101 - H O — P Local 81gn1flcance:
Snf = 20 5 | I " e 3.90 at 124.5 GeV
g | S102¢ L o (expected: 3.50)
53000 136
o) 10°F E
£ - F 3
SP000 |- g ] :
2 104 =) Both analysis
o i E 34 . . .
1000} i veesun 19 compatible within
2 i ] 10-5? CMS prellmlnary (ClC) _____ ; a-,-zv ? 20'
D 0= S— ! S— S— — E L1 L1
@ 1o 120 %0 el R 110 115 120 125 130 135 140 145 150 . .
m,, (GeV) My (GeV) 1 QUSE=TTeokL=s1 \so0TenL= 00ty
c—g &Z ...... ; i :l \ " EG
ol W
. . . © E ------ l'." """""" . 4 ;20
#* Signal strength in agreement with SM S102L ; p
expectations for the cut based analysis ; R
10-3 L-;__‘\ V ’,-'/ "'v -

1.11%%% _ for 7 & 8 TeV data

10 ; I
. F -'*.‘ /WE a
% Mass: 1254 + 0.5(stat.) + 0.6(syst.) GeV ST

5
107 cMs preliminary (MvA)

...m....mH.|..H|...H....H‘...WF
110 115 120 125 130 135 140 145 150

m, (GeV)
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E !i“ VH—>bb ATLAS search

ATLAS
EXPERIMENT A\
hitp://atlas.ch WH->pvbb candidate event % Three channels
WH — |v bb
ZH — lIbb
ZH — vvbb

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

* Signatures
High p_isolated leptons, 2 b-jets, Large missing E_ (Ivbb, vvbb)

% Different categories based on pTV/ETmiss

% Backgrounds: W/Z+jets, top, di-boson, QCD jets
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ALI'LAS Prellmlnary

ILdl 130fb 1s=8TeV

40
35
30

Events/20 GeV

T T T[T T[T ]

Jl

0 Lepton 2 Jets, E'T""s’ > 200 GeV

—
mzH
ERWH

Multijet

---Pre

o R

-¢-Data

Fit
2012

IATIA SIS

140

m,; [GeV]
> e — —
[} 45E- ATLAS Prellmlnary mzH E
o E B wH E
8 40: J.Ld! 13.016", \s=8TeV Multijet 3
E é 1 Lepton 2 Jets, p:’ > 200 GeV -L": é
§ 3/ mw =
VSN =
E | Pkl Diboso E
25 i --- Pre Fit —
E -#-Data2012
20E E
15E- 3

1oF 3

80 100 120 140 160 180
m,; [GeV]

E FATLAS Pretiminary ' 'ma ]
I 251~ ILdl:m.afb", \s=8TeV Muttijet ]
B L 2 Lepton 2+3 Jets, pi > 200 GeV Top ]
< Bz 1
g 20 — -
L . i
Diboson

15 ---PreFit |
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-4-Data 2012 |

m,; [GeV]

VH—bb

ATLAS-CONF-2012-161

% Di-bjet invariant mass for the most sensitive pTV bin
* WZ & ZZ production with Z-bb similar signature,
but 5 times larger cross-section

Analysis strategy validated by searching for di-
boson signal

alo,,, = 1.09 £ 0.20 (stat) + 0.22 (syst)

Significance: 4.00

0

-100

E 400 ATLAS Preliminary .wzal,zz C
o c J Ldt=13.0f6", (s=8TeV .WH 125GeV ]
hg C e ]
*2 300: JLdt=4.7f51, (s=7TeV .ZH 125GeV 1
g I 0,1,2 lepton ]
w200 -e-Data - Bkgd —|

100 + + ;

|I|II\\I\II|||II!|

. P R [ B
50 100 150 200 250
mg [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-161/
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VH—bb results

% C f I -1| i o
€ oF fiACS)bF;r:rhvn;:E(lgLs) o= 71w [La-a7 E 2 |ATLAS Preliminary VH (bbB)
§ C oo Expected (CLs) VS:STEV’,[Ldt:m'O fo ] — Obs. J.Ldr=4.7fb",\“s=7TeV,J'Ldr=13.afb",|‘s=8 TeV
= - Elito VH(bb). combined - L e
= 4 [+2e - =
o B ] T
S 40 e [ Oo
¥ - ] i
Y r N -
°t E T T 16
1 ] ol e
0: S S (T S ST IR S SRS N S S S N | 1 -
110 115 120 125 130 L L L
my, [GeV] 110 115 120 125 mLB[%eV]
* Observed (expected) limit at m, =125 GeV
1.8 (1.9) x SM prediction
% o/o, =p=-04=0.7(stat.) + 0.8(syst.)
* Observed (expected) p° value: 0.64 (0.15)
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S CMS VH->bb

#* BDT to * VZ, with Z—>bb, analysis:
Improve mass resolution

ool CMSPreliminary . pya E
i T 0 L Vs= 7TeV, L=5.0fb"
Optimize signal to background § | Slemwisioon EEwomew
separation S gol PP VHiH-bb W ]
g Sub. MC stat. uncert. |
2 a0l Visible MC stat. uncert]
= L ]
o B A L N I ) N SR R 201 B
o 1.4 CMS Simulation —hpginal,, I 1 1
5 [ (5=8TeV,L=19.01b" ] - .
'g 1.2~ Z(IM)H(bb) . or
Lﬁ B ] v b o by s by s oy sy [
' 7 0 50 100 150 200 250
- M, [GeV]
0.8 -
ﬂ.ﬁ_— ]
: BDT VZ(bb)
0.4f
s Exp. Sig 630
0.2
q o _ Obs. Sig 120
0 80 100 120 140 160 180
M, [GeV] U 1.19%0-27 495
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CMS VH—bb results

Q AL L L T 6 T T T T T T T T T T T T T T T T T T T T

o CMS Prelimina 1 LT ] I I 1
€ 0%k fa= 7Tev,L=50 o ® pua | CMS Preliminary 4 —e— CL_ Observed

3 fe= 8TeV, L=19.016" Bl v 025 cen - Vs=7TeV,L=5.0fb 1 - CL. Hi25 injected ]
- 10 Backaround 5[ Is= 8TeV,L=19.0fb --e- CLgExpected |
W I oo [ VH(bb), BDT combined CL, Expected= 10 |

——— MC uncert. (stat.) CL; Expected + 2 0

4:— B

95% Asymptotic CL Limit ono/og,,

:4 o e e e by H
110 115 120 125 130 135
my, [GeV]

Data/(5+B) Datal(B)
n

‘i
=

#* Observed limit; 1.89xSM

In agreement with the
expectations of a SM Higgs
boson at 125 GeV

% Expected: 0.95xSM
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H—>1tt ATLAS search
////// ?—prong Thag §\( AILAS

EXPERIMENT

Run 190878 ,Event 2721965
Time 2011-10-12, 12:09 CEST

# 1-prong T,
AN
\\\

P(Tog P = 72 GeV
Pr(T,.a P9 = 45 GeV
E,"* = 28 GeV
p,(jet) = 107 GeV

Coll. mass = 121 GeV

#* Analysis categories:
0,1 jet (dominated by gg fusion), 2 jet (VH and VBF)

% Backgrounds
Z-TT (irreducible), estimated from embedded Z-pu data

1/l n fak ntrol regions
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Tau reconstruction

0.1% others

* Neutrinos in the final state

Difficult to reconstruct di-t mass /

W —

Challenging to suppress jet 1<
background

('D

<l
< F
o c

% Constrain the neutrino momenta
using tau decay kinematics to
improve di-t mass resolution

NIM A654 (2011) 481

£ 014 Reisicresolion o e U530 GV

; 0.12; g?;:]gdGer{ia’c,E‘TﬂDGeV T :::m:::;ggg:fz ;

% 01F _f

< 0.08] =

0.06] 3
008 E * Use a MVA to select hadronic T's

0.02F -
o 060 Iao 00 120 1401"150 780 2ou * EfﬂCIenCy: 60% (h/H/A)’ 30%(H+)

M., (GeWc )

* Miss-identification: 5% (h/H/A) 0.1-1% (H")
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H—1Tt results

P ATLAS.CONF-2012-160

Most sen81tlve category V BF)

T LI e S B B B I B N S B B D S B b

T

E 22? Wt + or, . He2del VBF_; 8 30F ee ew+ iy Hezjet VBF | g 3 L Tradtnag H+2-6ts VBF
o 200 ~+ Data 1 9 ~+ Data 1 e RN
< 18F —— H(125)>1t 1 < o250 — 2xH(125)>1t S qof p— ox Hizsye 1
2 16t Bl 7ot 1 £ - Bl 7ot 1 2 r I Multi-jet ]
o E Il Others 1 9 - Il Z—eeupn 1 9 qob Il Others ]
w14 W Faket 9 W 201 B iissingletop 4 W 5 7777 Bkg. uncert.
12F 777, Bkg. uncert. = - WwW/wz/zz 1 r JLdt=4.6 .
3 [Lat=130" ] 15[ W Fake leptons [ 7TV 1
10F 8 Tev ] C 777 Bkg. uncert. ] g s=7Te ]
8- Vs=8Te = C JLdt=13.0 P : ATLAS Prehmma%
C ATLAS Preliminary J 10 - r ]
6:— E - \s=8TeV . - -
4;_ _; 5:_ ATLAS Preliminary_: :_ _:
i3 E : - E : A
00 50 100 150 200 250 300 00 50 100 150 200 250 300 350 400 00 100 150 200 250
MMC mass m,, [GeV] MMC m,, [GeV] MMC mass m,, [GeV]
E 8i | T L | L T | 1 1 7T J T 1T T 7T | 1 1 7T 1]
o [ Homw ATLAS Prellmlnary ]
© 7 —e-ObservedCL, | Ldt=4.61b"1s=7TeV -
s b epeceace JLa- 130w 1s-87ev | % Broad excess observed
.E 6 DtZo ]
5 e 1 % Observed (expected) limit at 125 GeV:
— - i
©] C ]
24 E 1.9 (1.2) x SM value
ok 1
3t . . . .
: 1 % Results consistent with either background or SM
2 = ] .
I E Higgs hypothesis
A EN R R W I
100 110 120 130 140 150

m, [GeV]
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F I v.

CMS Preliminary, Vs=7-8 TeV, L=24.3fb",H— 1<

00: 1 L PR T A TR TR TR TR N T S T

|

CMS Preliminary, Vs = 7-8 TeV, L = 24.3 fb" s 4.0r T
% - 4; B Hios GV bw [ —*— observed

L ey, et T, T,T, i -8~ Data - Background ] B 3.5F — expected
© 1000} E s Uneorary S F [ = 1o expected
— 20 = 3.0F [ =20 expected

g - = "
£ 800 0 = 25
> o
o > - . X
600 100 150 -
© m,. [GeV] | Y
2 227 H(125GeV)—»tr 15F
:E’ 400 b —_— ;tl's:ved - E
o [ Y ] W
g L B clectroweak J c
g 200 - 3 aco - o5E
ol L 110 120
0 100 200 300

m,, [GeV]

Observed significance 2.90

Expected significance: 2.50

Best fit signal strength:
u=1.1+£0.4 @125 GeV

CMS Preliminary, Vs=7-8 TeV, L=24.3fb" H—>1<

CMS H—1t results

T

—e— p-value observed §

...... p-value expected _.
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Combination of all search channels

O as Py o
100 g e 7Tev L~ 464816 * The new particle is now very clear:
SE Em . iy s
"OF . SMexpectes 'S=8TevILa- 52T P 0 probability that it is due to a
= N R P background fluctuation ~10%°!
EEGG
E I [ I | | I |
=80 ATLAS Preliminary { m = 125.5 GV
= WZH o bb
_:5 106 :z:;T:v ILd: 131" - v
R I R S R PO B H- 1t :
115 120 125 130 135 Vs =7TeV: [Ldt= 460" — i —
m,, [GeV] \s sTvILdr 13fb :
H—>V\?W —>Iv|v :
% Combined mass fit: Hom e Y
\s sTvILdr 207 "
0.5 H_)ZIZ —>4I E
mp = 125.5 + 0.2 (stat) 72 (sys) GeV At i "
ComblPed W=1.43+0.21
o e 207 s
% Compatibility of the two measurements I R R R -

-1 0 +1

at 2.50 level (1.2%) = probability that a Signal strength ()
single Higgs-boson like particle
produces the two peaks
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CMS combination

CMS Preliminary {s=7TeV,L<5.1f" {s=8TeV,L<19.6f"
_— s

= T T
Oco ' H—eyy+H—>ZZ + Combined
* Mass: IS + Howy
h + H—22Z
m,=125.7 £ 0.3 (stat.) £ 0.3 (sys.) GeV ol ]
=125.7 £ 0.4 GeV [ ]
1.0 ]
0.5+ 7
00'..|‘..‘|.‘..\‘.H|. ]
fs=7TeV,Ls51f" {s=8TeV,L 196fb"' 124 125 126 127
= . Ls5. = L Ls19.
fs=7TeV,Ls511f" Vs=8TeV,Ls19.6 6" My (GeV)
. : CMS Preliminary m,=125.7 GeV
Combined CMS Preliminary m,, = 125.7 GeV Combined p. =052
w=080=014 P =065 uw=080=x014 sm 5
SM
H— bb = - Untagged l
n=1.15z= 0.62 4=078%0.16
H—® i
w=1.10=0M VBF tagged | .
w=1.02z 034
H—yy ——
w=0.77=0.27
VH tagged
He WW w=1.02:= 0.49 -
—_—
u=0.68 = 0.20 -
ttH tagged -
H-»27 u=-0.15=2.86
nw=092= 028 = e G one o B R s
PR S | M -4

0 0.5 1 1.5 2 25

2 4
Best fit ofor,,, BRIl O,
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E! Summary and conclusions
L 1

* Both, ATLAS and CMS, collaborations have observed a new boson

Signal confirmed with data acquired after July last year

Observation in individual decay channels

% 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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Signal strength (W)

w
) IN

()

III|II\I‘\I\||\Illl\llll\ll\l\ll\ll\l\

2.5

1.5

0.5

ATLAS Preliminary —— Combined
Vs=7TeV:[Ldt = 4.6-4.8 fo" — Hoyy
Vs =8 TeV:[Ldt = 20.7 fo! — Ho 22" S W
X Best fit
— 68% CL
----- 95% CL

L | I 11 1 | I 11 1 ‘ I 11 1 | L1 1 1 | 1 11 1 | - | | -
122 123 124 125 126 127 128 129
my [GeV]
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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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y 1dentification & energy measurement

* Stable photon ID peformance with pile-up ¢ ‘e
. . . % ""E e Converted photons Data 2012, ys=8TeV 3
% Calorimeter E response studied with Z, J/p  § 08- — Smermccomecans [rasase =
g 07 E
and W decays 2 oe- E
‘g— 0.5 ; -‘o-"c‘--0---0--0-"O‘--o-..g.-‘o‘--o‘--o---cu-o:;c:‘;‘c“-o--‘o-z(-;;rg é
~ U.07 § 04t =
Energy scale at m, known to ~ 0.5% 5 o4 E
E 0.3 i_ _ bbb A b= bl _é
Linearity better than 1% v T
#* Excellent mass resolution (1.6-3.1 GeV) O e s s s
. ] Average interactions per bunch crossing
Use calorimeter segmentation to
associate photon to primary vertex (¢ ~
> L L B L L rrrrT T T T T T T
T T T T T 2 C  ATLAS Prelimina _
E o.12f T e yo ATLAS simulation g 100 Data 2(?;1, \E=7 TeV, J-Ldt 46"
S - —— Likelihood 99— H - ny £ " 6,,=1.60+ 0.01 GeV .
;; 0.1~ —=— Galo pointing mTS—=182i—eCz/eV 7 E SO;GMC =145+ 0.01 GeV nl<1.37 *:
% 0.08]- - 6ol voaa
Z 0106;_ ] 40i Jz—eeMC 7:
0.04 — B ]
C 20? ]
0.02- — C » ]
C - A ] 0075 80 85 90 95 100 105 110
0 116 118 120 122 124 126 128 130 132 134 Mee [GEV]

myy [GeV]
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?!;!iﬂ Experimental constraints before the LHC

Fits to the EW observables predict: N E
% BestFit mass: m =94 GeV : E
i ] E
% Upper limit at 95% CL from fits: - E
N T R -/ R R Rat —20
m < 169 Gev 3 Theory uncertainty =
H L — Fit including theory errors ]
L 2B ---- Fit excluding theory errors_z
But the fit is not too bad for masses up 1| A o
t() 200 GeV or soO. ® so Ti0 150 Izéo 2;0 300
M, [GeV]
g 1
Direct searches excluded the regionsata F e to
95% CL: .
% LEP:m <114.5 GeV Sl N z
# Tevatron: 147 <m_ < 180 GeV 107 &
B e e W 36
10° 50 10 150 ‘200 I ‘250 I I 300
M, [GeV]
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?! i“ Corrections to EW observables

* Electroweak observables are sensitive to masses of top quark
and Higgs through radiative corrections

h® h

v %W " g WZ/WW a4

{[]'—1 ) ~ hqmpz

M2 = p M, 2 cos?8,,
W £ W (p—1) ~In My

* Precise measurements of electroweak observables can be
used to constraint the Higgs boson mass

Sensitivity to Higgs mass is only logarithmic:
Need ultra-precise measurements!

P. Conde Muino Higgs @ LHC 12



Iz H jr23
. . 0 +25
% Large list of observables used in global O : 3:
. . . lep -23
fits to the electroweak precision data A% i o7°2
A(LEP) - 92*2°
A(SLD) 1072
sin“04'(Q_) - 92*%
A = 937
Are — 74y
A, = 947
A, — 94+ %
R? = 94*7%
Ro I 95+25
o v
(M2) 617,
M, H—s 1067
Ty = 942
m, )—% 94>
m, : . 96+ 26
m, . 787
IIIIIIIIIIiII ) | A
20 40 60 80 100 120 140 160
M, [GeV]
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