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Overview

* Reminder

Higgs mechanism

Production and decay modes at the LHC

The LHC, the ATLAS and CMS detectors
* Challenges and difficulties of the Higgs boson study at the LHC
* Photon reconstruction and the searches in the H—yy channel
* The H>WW—{vlv channel

Electrons, muons

Jets, missing transverse energy

Background measurement

Fits

Vector boson fusion

Combinations

P. Conde Muifio Higgs @ LHC (4™ April 18) 3



2
?!;!i;“ Simetrias na Teoria de Campo

> Simetrias — Interacoes!

equagoes invariantes Iocalmen’re para
certas simetrias - ) N

aparecem novos campos,
que descrevem as forgas !!

Original Sphere Global Transformation Local Transformation

Grupo de s lirac
L etrias do mudanca rotacoes generalizacao
SLME de fase em 3D do SU(2)

Modelo Padréo U(l) X SU(Z) x SU (3)
<

Fotao Interaccoes fracas  Interacdo forte
Electromagnetismo Bosdes W', W",Z Gluodes
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EI
L

!!i“ O problema da massa no Modelo Padrdo

* Porque uma diferenga tdo grande nas massas das ‘%ﬂ

particulas fundamentais?
i f
ey < uid
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i O mecanismo de Higgs

Complex weak isospin scalar doublet @ with scalar potential V[®D]

L 1
HIGGS FIELD ‘

(D:

oF V[®] = p2@0T® + A (O D)2
0 (A >0, u2<0)

Ret®) STANDARD MODEL
Yang-Mills SU(2); x U(l)y
massless gauge bosons W, and B,

and massless fermions \

| ,
SPONTANEOUS SYMMETRY BREAKING + =3 Wu- WHY 7By BHY
One component acquires non-zero vacuum expectation value - Y 1 2
Ul o 1 o . Hio,—g 3By —g, T WD~ V(@)
<0|D|0>= — ( —> D)= = exp [zgiJ o v 1 ,
2\ v \2 " 2v/\ v+ H(x) + Y Y0, - g 5By —g 5T Wy

—_— Lo 1 Y
+YRrvHid, - g 3By

> Prevé uma nova particula: o Bosdo de

Higgs!
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Ei!i“ The SM Higgs Lagrangian after symmetry
L breaking

2 -
Lsy =D, H'D,H+ p?H'H — 5 (H'H)™ — (yi; Hepitp; + h.c.)

Couplings to Higgs Couplings to
EW gauge bosons self-couplings fermions
2 pt1y— o 1,2 7p0 70 h\2 2p2 _ Ap3 _ 1yp4 _Zm ff 1+E
[y W W+ gmzZ24°Z,)] - (1+2) TR g = v
/ \ /
I, A -
.m?3 /L, .m? b .m? - 118
—--—& 2TV gu ----q -3tk & -3iTg ---- —i=L
hY
\\ // \\

my = V2p = VAv (v = vacuum expectation value)
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The SM Higgs Lagrangian after symmetry
breaking

Lsy = D,H'D,H + p2HTH — 2 (HYH)? — (yi; Hi9; + h.c.)

Couplings to
EW gauge bosons z
2 1, 2 ouds0 h)2 H ;-"'”Ef
[mw—W“‘*‘W; + 5mZZ:“ Z#] : (1—f— ;) i 21’- :_2‘.! _lf’jpl_;l,a
> ]
o 2 2 %%;g;uv S
i 2
myg = \/_,u \/_“U H ;"g ﬂ-_fH.-' g
T o ai o LS
" ()
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Z
Couplings to Iy M
EW gauge bosons i 2i o v
B |
(M3, WHEW + tm2 2#020] - (1+2)°
. : W "
H M,
""'{L 2= v
w =
my =V2u= Vv (v
* H—> WW * First observation
* H—>ZZ * Cross sections at 7, 8 and 13 TeV

Differential distributions
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?l i“ Higgs self interactions

Lsy = D,H'D,H + p2HTH — 2 (HYH)? — (yi; Hi9; + h.c.)

Couplings to Higgs Couplings to
EW gauge bosons self-couplings fermions
(M3, WHtW, + 1m3,2#°Z0%] - (1 E)Q —p2h2 — Ayp3 —lapt =) mgff(1+ E)
my p T Mz i T lhls p) 8 - v
/ \ /
/ \ /
v o v
\ 7 >

my = V2= Vv

* Higgs properties: mass, self interactions, spin and parity

= vacuum expectation value)

* Experimental measurements:
Mass: H—yy and H—>ZZ—4{ decays
HH production
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?ﬂ!ﬁl‘ Higgs couplings to fermions

Lsy = D,H'D,H + p2HTH — 2 (HYH)? — (yi; Hi9; + h.c.)

Couplings to Higgs Couplings to
EW gauge bosons self-couplings fermions
2 pt1y— o 1,2 7p0 70 h\2 2p2 _ Ap3 _ 1yp4 _Zm ff 1+E)
(MWW, + gmzZH0Z)] - (1+ 2) THERE e g - A v
/ \\ /
/) 7
.m?3 f o .m? b .m? {7t
i T ----q-sinE K S
hY /
\ /
\ /

mH—\/_,u \/_“U (v = vacuu

* Couplings to fermions

pectation value)

* Experimental measurements:
Decay rates to quarks and leptons:
Rare decays

Indirect measurements: gluon-gluon fusion
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Lsy = D,H'D,H + p2HTH — 2 (HYH)? — (yi; Hi9; + h.c.)

?l i“ Higgs couplings to fermions

Couplings to Higgs Couplings to
EW gauge bosons self-couplings fermions
2 WHtW = 4+ 12 71070 14+ 4 2 . 2h2_ﬁ h3 — Lypt _Z.mfff 1+E>
iy p T2Mz L alE ) G ] 8 > v
/ \\ /
- ’, " \ /, -
—---& 2mr g L R . L e e )
¥ 7 'E 1__"'\"'i"'l"'l"WWI Iz
mH=\/§#=W% 7 A z I
18" g =
. . —— —— :
* Couplings to fermions : _ -
% Experimental measurements: S0 :
T -
Decay rates to quarks and leptofis; f
Rare decays 10° l
Indirect measurements: gluon-gluon fusion |
4l o o U6y b Ny by L
production mode 0801002040760 M [GeV]
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Lsy = D,H'D,H + p2HTH — 2 (HYH)? — (yi; Hi9; + h.c.)

?l i“ Higgs couplings to fermions

Couplings to Higgs Couplings to
EW gauge bosons self-couplings fermions
2 b+ — o 1.2 7070 h\2 25,2 _ A p3 _ 1ypd _Zm fr 1+E)
[y WHEW, + gm5 220 Z)] - (1 + ) Baiodim . e - A v
/ \\ /
- ’, " \ /, -
----& 2my g - -3i%e «-3img  --f-{ i
Y 7 'E 1__"'\"'i"'l"'l"WWI Iz
F 1 =
. . —— \ \
* Couplings to fermions : -
* Experimental measurements: = S0 .
T E
Decay rates to quarksand leptohs; ;
Rare decays 10° l
Indirect measurements: gluon-gluon fusion |
4l o o U6y b Ny by L
production mode 100 00720 140 60 Mo [GeV]

P. Conde Muifo Higgs @ LHC (4™ April 18)

a s



?ﬂ!ﬁl‘ Higgs couplings to fermions

2 -
Lsy =D, H'D,H+ p?H'H — 5 (H'H)™ — (yi; Hepitp; + h.c.)

Couplings to Higgs Couplings to
EW gauge bosons self-couplings fermions
2 pt1y— o 1,2 7p0 70 h\2 2p2 _ Ap3 _ 1yp4 _Zm ff 1+E
[y WHEW + 3m52°Z0] - (1+ 2) —p?h? — svh® — £ i U
/ \ /
/) N P
.mj3 f o .m? b .m? {7t
mo o e ----a -3k & it
hY /
\ /
\ /

mH—\/_,u \/_“U (v = vacuu

* Couplings to fermions

pectation value)

* Experimental measurements:
Decay rates to quarks and leptons:
Rare decays

Indirect measurements: gluon-gluon fusion

Associated production with top-quark pairs
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E!!i“ Where to start?
L 1 P

Lsy = D,H'D,H + p2HTH — 2 (HYH)? — (yi; Hi9; + h.c.)

Couplings to Higgs Couplings to
EW gauge bosons self-couplings fermions
2 pt1y— o 1,2 7p0 70 h\2 2p2 _ Ap3 _ 1yp4 _Zm ff 1+E
[y WHEW + 3m52°Z0] - (1+ 2) —p?h? — svh® — £ i U
/ \ /
/) N P
.m3 f o .m? b .m? {7t
mo o e ----a -3k & it
! rd X
\ /

my = V2p = Vv (v = vacuum ex ation value)

* Couplings to new particles?
* Experimental measurements:
Search for invisible decays
Total decay width:
Constraint from visible decays
Interference effects in ZZ production
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Focus of this lecture

_ 1 Z
| | H { M2
Couplings to —-———— 24 2—,.% 7
EW gauge bosons > o
w
[y W W+ §m32020) - (1+ %)’ " o M
i y 2i 5 G

v v ¥
t w
mH—\/_p \/_’U h === t h === %4
t w
N .
v ¥

* Discovery channels

* H—->WW
N .
x Hozz Cross sections at 7, 8 and 13 TeV
Differential distributions
* H— Yy

7 % Mass
* Spin, parity
P. Conde Muifio Higgs @ LHC (4™ April 18) 16




Higgs production

— 2
g _Q10 = L N
[=3 — L B S B B B B
H SE‘ : l‘lll|"l||:2
- — = + B op — H (NNLO+NNLL QCD +NLOEW) g
g T Hs
!
o 10 1
Q 3
o - p—
o . 3

p— aar (NNLO QCD + NLO EW)

pp— WH (NNLO GCD * NLO EW)

f
pp— ZH (NNLO QCD + NLO EW
H (NNLO and NLO QCD

r\NLOOCD)
M, =125 GeV_]|
||||||||||||||| MS-I-IWZOOS:
[ L. O
13 14
\'s [TeV]
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Higgs decays

S 1 = WwW _gé:
£ f 15
= :
+ 4
< 10"
o
o
5
) T
* b different decay modes 102 .
High mass: ZZ, WW i
Low mass: bb, yy, WW, ZZ, 1t |
* Low mass very challenging 10°50 200 300 400 500 M ['G' 00
H e

Large backgrounds
Best mass resolution: H—yy, H—>ZZ—1lll
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U Analysis channel

* It normally implies a production mode plus a decay mode, characterized
by some experimental signatures

E 10§ . T T T T ;g
L F \s=7TeV SM e
o
a 1k o g
X g WW — Fvagg R
© - 1°

101-._ WWIvIv _

E \ 3

77 — I'lqq

102k ‘ 7Z - 1T .
i H— ot - :

. \ ZZ — I
107 S\BFMG Tt = N

- ANH — Fvbb\ ™, - V= VeVsVe -
ZH - I'Tbb N q = udscb
-4 L. 1 1 1
10100 200 300 400 500
M, [GeV]
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Cross sections at the LHC

Fermilab SS5C
CERN i LHGi

Total production cross section at LHC:

: SIT-4: T BT ~ 10° x o(bb)
i Gt ] * ~107 x o(W—-pv)
1mbr— :
CDF\\ * "'108 X G(TT)

110% - % ~Hx10W x o‘(H) (mH ~ 100 GCV)

| -
= : q‘lm
ginb- ot | E
% i E::I':-SQETGV i 103 gg
g L |4 1 o(di-jet) for jets with E_>7 GeV is ~
=3 oW —wfvy .L\_\(:Eip B) | S T
B 102 50% of o(tot)
=
[ @ % Most interactions produce jets
— 10
i pb Either quarks or gluons

10° % Need to identify clear signatures that
distinguish the processes of interest
from this background

0.001 0.01 01 1.0 10 100
Vs TeV
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The Large Hadron Collider

pp collisions at
7 TeV in 2010/11
8 TeV in 2012

13 TeV in 2015-18

40 MHz p bunch
crossing rate

Up to ~60 collisions
per bunch crossing!

Four experiments:
ATLAS, CMS, LHCb,
ALICE

. Conde Muino
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LHC delivered data

= 60 I I T I T T T I T I I

lo : : :‘ 7| LI ‘ L | L | T 1T ‘ L ‘ L | T T 17T ‘ L \7
£, [ ATLAS Online Luminosi ] ; E , =
> oo A o s e mae ity i £ 350 ATLAS Online, 13 TeV [Ldt=86.3 fo" -
g YL —2012pp is=8TeV - 2 300 2015: <> = 13.4
2 || ——2015pp Vs=13Tev ] — 300 g 2016::iz=25_1 .
E 4o —— 20160 Vs=13TeV . ‘D s ] 2017:<u>=378
3 [ = 2017 pp V¥s=13TeV B o 250 : u>=37.8 7
- r ] E = @ Total: <u>=31.9 -
s ] - 3
o 30 . 3 200p E
2 - - - E .
® ] 2 150 -
O 20 ] 5 - ]

- 1 2 100 =

10; ] E - F ] 5

- 13 50[ - 5

ot _{-"l ] O:A' . e D
o [Nl 3\_\\ oct 0 10 20 30 40 50 60 70 80
Month in Year Mean Number of Interactions per Crossing

Inner Tracker Calorimeters Muon Spectrometer Magnets > 86 fb_l 13 TeV Pp collisions

Pixel  SCT  TRT LAr Tile MDT ~ RPC  CsC TG6C  Solenoid Toroid > 212 fb!l8 TeV pp collisions
100 999 993 995 994 999 978 999 100 100 2 > B2 fbl7 TeV pp collisions

Good for physics: 93.6% (43.8 fb2) > ~94% of the delivered
Luminosity weighted relative detector uptime and good data quality efficiencies (in %) during stable beam luminOSiTy was 900d for' thSiCS!

in pp collisions with 25ns bunch spacing at Vs=13 TeV between June 5 — November 10 2017, corresponding
to a delivered integrated luminosity of 50.4 fb! and a recorded integrated luminosity of 46.8 fbl. The
toroid magnet was off for some runs, leading to a loss of 0.5 fb1. Analyses that don’t require the toroid
magnet can use these data.
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* CMS event with 40 pp interactions
(Run 1)
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CMS event with 40 pp i

¥
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The ATLAS and CMS detectors
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E!!i“ 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%

=— 7 Hadronic calorimeter:

pEe® B |1 | <1.7 Fe/scintillator

. R 3 \' -HT._.:::.:;....: I- 1.3< | N | <4.9 Cu/W-Lar
Lo Rk RmBAB o/Ejet= 50%/VE® 3%

*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 1000 Hz of events to tapel SNGIAYTIN AN (CEANIIER L
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Particle identification

Specirometer

\ {
\ -- ‘f

{ ‘J \
1':”3

Hadronic A’
Calorimetar
¥
L]
L)
{ -

. d
NCH:ITQI’! r o’ The dashed tracks
J . are invisibla o

—_— . ¥ the detector

Eleciromagnalic
Calorimeter

Solencid magnet
Transition
Hadiaton
Track ng Tracker
Pixel/SCT
gatecior
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Jets

* Quarks/gluons hadronize producing a colimated spray of particles: jets

e

m‘l@ o
gt
gp”

il

Magnification 3x

f&jﬁy"}

Created by T. Herrmann, O, Jefdbek, K. Jende, M. Kobel
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Particle identification @CMS

Key:

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

Electromagnetic
:I;! l l Calorimeter

Hadron Superconducting
Calorimeter Solenoid

Iron return yoke interspersed Il §
Transverse slice with Muon chambers | 1,
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 identification @CMS

om

Key:

Muon
Electron
Charged Hadron (e.g. Pion)
— = = - Neutral Hadron (e.g. Neutron}l
----- Photon

SO :
Electromagnetic ¢ /
:I:! l]' Calorimeter \‘\.\\\/
Sup Jucting

Hadron
Calorimeter Solenoid

sverse slic
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)

P. Conde Muifo Higgs @ LHC (4™ April 18)
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From the detector to physics

* The detector gives us a list of bites that contain the electronic record
of the bunch crossing

0x01e84c10:
0x01e84c20:
0x01e84c30:
0x01e84c40:
0x01e84c50:
0x01e84c60:
0x01e84c70:
0x01e84c80:
0x01e84c90:
0x01e84cal:
0x01e84cb0:

0x01e84ccO:

0x01e84cd0:
0x01e84ce0:

0x01e84cfO:

0x01e84d00:
0x01e84d10:
0x01e84d20:
0x01e84d30:
0x01e84d40:
0x01e84d50:
0x01e84d60:
0x01e84d70:
0x01e84d80:
0x01e84d90:

0x01e8 0x8848 0x01e8 0x83d8 0x6¢73 0x6f72 0x7400 0x0000
0x0000 0x0019 0x0000 0x0000 0x01e8 0x4d08 0x01e8 Ox5b7c
0x01e8 0x87e8 0x01e8 0x8458 0x7061 0x636b 0x6167 0x6500
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 Ox5b7c
0x01e8 0x8788 0x01e8 0x8498 0x7072 0x6f63 0x0000 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x8824 0x01e8 0x84d8 0x7265 0x6765 0x7870 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x8838 0x01e8 0x8518 0x7265 0x6773 0x7562 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x8818 0x01e8 0x8558 0x7265 0x6e61 0x6d65 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x8798 0x01e8 0x8598 0x7265 0x7475 0x726e 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x87ec 0x01e8 0x85d8 0x7363 0x616e 0x0000 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x87e8 0x01e8 0x8618 0x7365 0x7400 0x0000 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01le8 0x87a8 0x01e8 0x8658 0x7370 0x6¢69 0x7400 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x8854 0x01e8 0x8698 0x7374 0x7269 0x6e67 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x875c 0x01e8 0x86d8 0x7375 0x6273 0x7400 0x0000
0x0000 0x0019 0x0000 0x0000 0x0000 0x0000 0x01e8 0x5b7c
0x01e8 0x87c0 0x01e8 0x8718 0x7377 0x6974 0x6368 0x0000

&

How to get useful
information from there?

How to identify particles
and measure its
properties?

How can we "see” a Higgs
boson with this?

P. Conde Muinio
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?;!ip How to reconstruct e/y:ATLAS example

* LAr read out system: from the detector to the deposited energy
% Clustering algorithms
* Calibrations

Towers in Sampling 3
AapAn =00245:< 0.05

* Photon/e identification algorithms

T”Qger
N QTDwe,
P = U-U‘)Sy_

Square towers in
Sampling 2
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o

ely, 1,
ets, ...

Analysis corrections
Overlap removal,

final calibrations,
data/MC corrections

P. Conde Muifio

EQ‘S--- ADC samples | Optlmal Filtering

Reconstructing energy (calorimeter)

+«— (ATLAS:ROD)

Raw Cell

Eze J|ADC,—P|,

Cell calibration:

 £.c=FY b/ADC—P|, Intercalib., HV, ...

*Electronic calibration:
* a, b= OF coefficients
* F =ADC—>MeV

* P = pedestal

Cluster |..

: other subdetectors

: + ident. algorithms

Higgs @ LHC (4% April 18)

Calib.
Cell

Cluster
corrections:

Leakage, out of
cluster, dead
material, ...

Clustermg
: algorithm



Particle reconstruction

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

E? = (mc®)* + (pc)°

Events [ GeV
2 S

= E E N MM MEE
- 1800 BRERY
Uikl B 5 b Rl bkl ikl bkl bkl |

* 20 years of particle
physics in one single plot

—
o
T

10°

10°

CMS
\s=7TeV
_ -1
L, =40pb
111 I 1 1 1 1 111 |I 1 1 1 1 1 11 ||
1 10 10?
Dimuon mass (GeV/c?)

10
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Run 1 analysis: H—yy

’ D —s N ~
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Higgs @ LHU (4™

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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e/y identification

Shower containment in sampling 2

(E3x7/E7x7)
Electrons

Jets

0
Photon & Hadronic leakage

Definitions L s
| Exlhad)/Eq{em)
m Identification performed by applying cuts over discriminating 0 T .
variables (shower shapes) from the calorimeter layers. :
m There is a ‘loose’ and ‘tight’ selection of cuts. i i IR N

m Cuts are binned in n, and
by converted /unconverted photons.

.0'2 n L _.ﬁ‘l.zl_ - .ﬁ. ......ﬁ:ﬁ_._._ll.]'e. ....,1...._
E e E,om)
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E!!i“ y identification
LI P

* Normal photons — unconverted

* Converted photons: y —e+e-
After interaction with material in front of the calorimeter
Can have one or two tracks.

* Pileup can lead to misreconstructing unconverted photons as converted y
3% migration of 2-track to 1-track conversions.

Fraction of converted vs g Ogé_L.L'dnéoév;n;d'pLo'm.;s' ' ATLAS Preliminary
unconverted photon candidates ?% 0gf o Comeredphoons - Data 2}”2 s=8Tev =
= —%— Double track conversions Ldt=33 fb -

stable to 1% between E g;_ . E
Y E

extreme pileup values. g 05D ToTeeemmeeeeeeemeeeeetr
§ o04a- E

g 03 I

S gaL  WEESESESCIIIIIOLN L

0.1 E

¢ ) - Ly b v v b by vy by oy 4

5 10 15 20 25 30 35

Average interactions per bunch crossing

P. Conde Muino Higgs @ LHC (= .ispiss 2o, -



Erﬁ !i“
[

* Calorimeter E response studied with

Z, J/y and W decays
y/e showers very similar

Study e showers using Z decays
* Data versus MC differences observed
Width: due to resolution of the

energy calibration

Mean peak position: energy scale

#* Derive corrections for the MC as a
function of electron/photon n, p_

Reduce systematic uncertainties!

Y energy measurement

Performance in 2013:

Events / 1 GeV

&

120

100

x'1 QS‘ L L L L L L L T
ATLAS Preliminary
Data 2011, \Vs=7 TeV, ILdt =46’

" 6,,=1.600.01 GeV
80— =145+ 0.01 GeV

- Suc

ml<1.37

-+ Data
— Fit result
] Z—ee MC

60

40

20

%0 75 80 85 90 95 100 105 110
Mg [GEV]

Energy scale at m, known to ~ 0.5%

Excellent mass resolution
1.6-3.1 GeV

Linearity better than 1%
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" y association fo primary vertex

* Use calorimeter segmentation to associate y to primary vertex

o~ 15 mm

> _l I T T T | T T T I T T T I T T T I T T T I T T T I T T T I T T T I T T T I ]
(‘]D’ L —e— True vertex ATLAS Simulation -
o 012 I\/lapri i
o - —e— Likelihood 99— H-yy
"3 0.1 —=— Calo pointing my=125GeV 7
£ N \s=8TeV |
-O - —
= 0.08— —
T B ’
= L i
= 0.06~- ]
0.04- =
0.02| : -

0: »r.‘.i' PRI BN SR S | ?T--— :

116 118 120 122 124 126 128 130 132 134

my, [GeV]
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i Improved y identification & 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 F 7 7 | I S I | LA ¢ r [ T 1T ¥ 1
i op[- Barrel-Barrel 4 Daa ? 0.015F Unconverted photons -
-é i []Z— e*e (MC) < - —4— Data ]
S L 0.01 3 Calibration uncertainty =
@ o 0.005F | ]
- E | 1 =
10¢ + E
: -0.005[ ]
5 -0.012 1
i 0015 ArLas \s =8 TeV, J.Ldf -203 "
0 _D 02: s 2 o | - F—— PO N [N SR ST S T [N Y S T 3
Q 12F ' ' ' ' B Ty 20 30 40 50 60
S e ' €, [GeV]
© E
008F et T
75 80 85 90 95 100 105
Mg, (GeV)
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?l i“ e and p reconstruction

E 1.005: T LI III!III! IIIIII !III LI LI E
* Electrons: combine shower shape 2 1.004" RUS:0019% @ Woev Elp -
. . . . = - RMS: 0.015% —ee inv. mass i
information from calorimeter with T E
. . . . . o : E 3
tracking information (including g 1001 E
transition-radiation in TRT) R (R R S Al S S =
0.999E =
% Muons: combined tracks in inner detector  o.99s: s
and muon chambers gzz;; Data 2012,\/5=8 TeV, | Ldt = 13.0 i’ E
i i s ELATLAS | Prefminary | . ]
* MC simulation corrected to reproduce the  og95s bbb b
detector resolution, -0 Average interactions per bunch crossing
% 600 [ 1D tracks chain 1 ATLAS Preliminary —|
energy scale and PP = e S - .
= 500:— . _: E 1:— _:
efficiency precisely 2 .- E e e . =
© r ] 0.96— 7
mz_ E 094 I.‘.dt 2264 pb’ E
C . = = P .
200 E_ _E 0921 :Mglél 73 2012 data, chain 3
100 - = o9 *daa ATLAS Preliminary
5 | R ey
%1.051;++“+*M“L S e Eo.ggi R i .
Soss : Bt T**q_‘f 0'980 5 10 15 20 25 30 35 40 45 50
70 80 90 100 110 18

m,,. [GeV]
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Run 1: H—yy results

— T T T T T T T T T T T T T T
[Ldt=451b" {s=7 Tev ATLAS
[Ldt=20.31b" Vs=8 TeV

19.7 fo' (8 TeV) + 5.1 b (7 TeV)

x10°F

+ Data

Combined fit:

— Signal+background
===+ Background

= Signal

a5k S/(S+B) weighted sum
: ¢ Data

s/b weighted sum

Mass measurement categories

140

S+B fits (weighted sum)
...... B component
120
ey 10
wes =20y
100
B0
&0

40

]
=]

S/(S+B) weighted events / GeV

—_—— e e N 200

100

0.

I_‘L"‘_i:=‘1"'i'|'|"_lII|III|III‘III|III|\II|III|III II|III

¥ weights - fitted bkg

-100

- — e i — = 110 115 120 125 130 135 140 145 150
m,, [GeV] mw (GeV)

* Best fit results:
ATLAS CMS
mp = 125.98 + 0.42 (stat) + 0.28 (syst) GeV ~ MH = 124.7.+ 0.3] (stat) £ 0.15 (syst) GeV
n=o/o_, =129+ 0.30 n=olog, = 11472,
% Background fluctuation probability ~ 10°°

bhbhow anoo
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e H_)YY arXiv:1802.04146

Higgs re-discovery at 13 TeV

* Sighal strength
13.3 fb™L pp collisions @ 13 TeV

g =099 012 =099 +0.12(stat.) -9 (exp.) 39 (theo.),

YV
£ F U Sinalv Background 'y 125.09.Gov. Factor of two more precise
5\] 5005— — Signal In(1+S/B) weighted sum —; ThCln Run 1“
400/— = . . .
- : * Fiducial cross section
300 -
ool E 0fid = 55 + 9 (stat.) + 4 (exp.) = 0.1 (theo.) fb,
o0 ] Theoretical prediction
g F et = 64 + 2fb
g Table from M. Duehrssen Moriond 2018
2
2 . . . . ‘ : o, [fb] h-yy h-4l
110 120 130 140 150 160
m [GeV] ATLAS 55 :9(stat) 24(exp) £0.1(th) 3.62 £0.5(stat) **= __ (sys)
X SM 64+2 1802.04146 2.91 + 0.13 JHEP 10 (2017) 13
CMS 84 +11(stat) +7(syst) 2,92 048 M(stat)z*“-z"_u.2 syst)
SM 75+ 4 CMS-PAS-HIG-16-040 2.76 + 0.14 JHEP 11 (2017) 047
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https://arxiv.org/abs/1802.04146

LI P
ATLAS-CONF-2017-047

* Cross section as a function of
the pp center of mass energy

[ AH—oyy 0H-ZZ'—>4
¢ combined data

Gy 1PD]

100 ATLAS Preliminary

L DL L L L L B R B
— Cpyy My = 125.09 GeV |
QCD scale uncertainty 7

mm Total uncertainty (scale ® PDF+a,)

E !i“ Differential cross sections in H — yy

arXiv:1802.04146

* H — yy differential cross section
as a funtion of p "

Agreement with theory
Slightly harder pT in data?

80 [ systematic uncertainty 7]
i ] _ ——
60 = > [ATLAS Hosyy, (5 = 13 TeV, 361 fo'
i ] % -¢-Data, tot. unc. | Syst. unc.
B 7 =, 1#&:, s E
i ] = f  gg—H default MC + XH
a0 . |
- . ° I + ¢ HRes2.3+ XH
L . ~ 9
L ] & m [# RadISH+NNLOJET + XH
20 ;/;/ . otk “lg—— 5! XH = VBF+VH.ttHs bbH
=7TeV, 451b" ] . :
- vl‘ 8 TeV, 20.3fb" : :
Uy {5 = 13 TeV, 36.1 fb” 7
PR I T S ST TN NN T TR TN SN AN TR S SN SN [N TN ST TN TN N SN SN T SN NN TN S ST SR [ T 10—2 -
7 8 9 10 11 12 13 :

Vs [TeV]

Ratio to default MC + XH

1 1 1 1 1 1
0 50 100 150 200 250 300 350
P [GeV]
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https://arxiv.org/abs/1802.04146

F I v.

Di-y high mass searches

* No signal seen — limits

10°

> E T I =
$ [ ATLAS . Data e
8 104 = E— — T T T | T T T T I T T T T | T T T T I T T T T | T T
5 S — Back -only fi 3 2 - - .
2 ackground-only fit 3 = | —— Observed CL, limit ATLAS ]
s 10 E Spin-0 Selection E E 102 ---- Expected CL_limit ~1s=13TeV, 367 o
ok \s =13 TeV, 36.7 fo" i z Expected £ 1o Spin-0 Selection E
E ’ = o) C 7
& 3 c i Expected * 26 NWA (T = 4 MeV) ]
= . o
10 = = 10 =
& 3 £ 3
C - T ]
1= = - L ]
= 3 Q)
C . Q
e _ o 15 E
107" E -’ = 3
E ~ CID C ]
° = L |
% 15? _; N 101 _
2 10H = & g i
) = = C .l
S 5? _; l_ 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 _I
3 OFH = 500 1000 1500 2000 2500
JORE 3 m, [GeV]
© 105 =
D E Il 1 1 1 1 3
500 1000 1500 2000 2500
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
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Jets reconstruction and calibration

calorimeter jet

<Complex underlying physics
< spectator interactions
< initial and final state gluons
< energy from different pp interactions
< different types of jets: light quarks,

gluons, b/c/ .. _|'. l

<Complex detector properties:

< non-linear energy response

< non-instrumented regions,
dead material

< invisible energy - partonjet
<Algorithm effects: -
< Out of cone radiation, infrared safeness { @ & =——=p> * <450
P q yin; P
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* Use Anti-kT with R =
Constituents: 3D clusters in calorimeter

0.4

% Calibrate to hadronic scale

* Sensitive to pile-up

Apply pile-up corrections

S 14Ty
Job) r ATLAS Simulation ]
o, 13 = Pythia Dijetvs=8 TeV —e— uncorrected B
@ [ anti-k, LCW R=0.6 —=— f({u) N, correction |
.gal— 1 2 ~ 20< p"”Q < 30 GeV —a&— pxA correction B
. [ <24 ]

o] 11,_ ]
oo ]
— — *" =
g 9 E_ ..o..‘l-¢+1 _E
o - () - " 7
- oo " .

8__ o® .... A A + -

- o..l'.. aasats .

s o::I' L ahadats =

E . .‘A“‘A E

6__ ..-:*A -

5? *..‘.|.‘..|‘...|...‘|...‘|....|H..|T

10 15 20 25 30 35 40
(w)

Jet Reconstruction

- 6 SR SM

o 55 — ATLAS Prelminary &  MC, No Correction -

A E Z—uu +jets ¢ Data, No Correction -

o S0 anikLCWR-04 I MC,AreaCorrection |

5 45 00<m<2.1 W Data, Area Correction

Z E ]

aF =

B o

- o° ]

3.5 Oou -

E C?{) E

3 noﬁo -

F ~Oe® ]

25 nggggo' =

= oo ]

2 e re00 —

'_l L | el | o | i | o |:

S 105 E

3 L E

= W‘“‘ E

0O 0.95 = 0084080,%, 3
0 5 10 15 20 25 30 35 40

w
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DmafResponseMC

Response

Calorimeter jets Pile-uploffset . Energy &7
(EM or LCW scale) correction Origin correction

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

Jet energy scale uncertainty

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

Calibrates the jet energy
and pseudorapidity to the
particle jet scale.
Derived from MC.

* JES uncertainty dominated by in-

situ uncertainties

Calorimeter jets

Residuallin'situ;

(EM+JES or
LCW+JES scale)

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

o
o
e

- Ant| k, R = 0.4, LCW+JES + in situ correction
— Data 2011, \s = 7Ter Ldt=4.71b"

ATLA

v

2 ]
c ]
3 ]
o) —
2 C n=05 [ Total uncertainty ]
5; C == Z+jet i
T N N 004 y+iet —~
V1E antik R = 0.4, LOWAJES ATL‘;‘?FP\T']”"'”E‘(;YB - E - - Mulijet balance ¢
1.08 \S = eV, |n[< 0.8 3 © C n-intercalibration 7
1.06 C Data 2012 - _S 0.03— == Single particle —
“PE E B R §
E . ®© C 7
1041 1 = 0.02F =
1.02 = C ]
15 = e : i
0.98 — b S e ,.,,.,..,.'..'..'.r-a-w.“","_".".". IIIIIIIIIIIII “‘\,"\ ': N
= . - O BrEeniziii T LT pasd
096:_ _: o L Il It .;_..2_.. o= |_2 L 3 3
0.94 - A y+jet — Total in situ uncertainty 7 20 3040 10 2x10 10 - 2x10
e o Z+jet o - pJ [GeV]

0.92F v Multijet — Statistical component 3 T

Dg E L 1 [ B A | L [ R a
20 30 40 10°  2x10° 10°
p7 [GeV]
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?l i“ Missing E_ performance

% Calculated as the sum of the energy & 30F 1 Do da o 0 Freiminay

: L : S - o MC default +

of all the identified objects (e, v, p, £ 25] MG Pio.up supprassion JEeOtE.

iet d t iatedto 8 | oo ]

1, jets) and energy not associated to  § | s ]

: c o +° 7z -

objects g 20 JPC SOt

E: 15 o I La=20p"

- =Q=-.- -

= T | v ¥ T T 1 T T T v 1 T T T ¥ | T T T T B -’:Q: :

E mu J-L:'._ijta;ig\;bl ATLAS Preliminary 10:_ :9;& - _.__.__9__.!55_—1*4!::* _:

T B . Daltazzglil - H#l—l-!-..r.;-flfl- Sadiaiin ]
2 7 o5 H0 15 20 25

[14]
LI}.I i0? NP'V

* ETmiss resolution worsens
significantly with increasing pile-

e up
- e e Correct it using tracking
i K mé}"iss after Flmifl):;—up suppfgzsion [Ge\f’]ﬂ ihfor‘mGTion

* (Good data-MC agreement
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E_™* on the H>WW—lvlv search

[

P
MC sample for ggFF H —» WW*
miss T | T T T | T T T | T T T | I. T T | T
B = _( E :PT + E :PT): ¢ 004" ATLAS L
= - Sj i . rm.s.=12.4 |
selected soft S Slmulatlon R
N L \s=8TeV . A 0 Emiss .
. . m T
% Calorimeter based E_™* £ s rms=159
T G .
£ 002 -
Large rapidity coverage, sensitive to neutral 5
particles
Soft term: calibrated calorimeter clusters 0 I I
, 40 20 0 20 40
% pT'“'SS : Reco. - Gen. for p™s or E{"° [GeV]
. . N T T T T | T T T T | T T T T | T T I. T ]
Soft term calculated using tracking < ATLAS ® Using p.mss
. = | Simulation rm.s.=14.1 1
Improves resolution by ~20% N L s_8Tev O ]
. © B ¢ o+ [Using Er™
% P miss,track. _ £ 0.05 (b) o qe r.m.s.=18.8
T miss,track Z tracks Q N -
pT - Pt =
[ 4
D
Used in the same flavour channel ]
: miss,track . H . -
Aligns p_ to the jets in DY events Q5= 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
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q g

* Di-boson production [
WW, WZ, ZZ :

q "
q
* Others: W+jets, Wy, w/Z
Drell-Yan
* Top production: g

T-tbar
Single top
q q
w
b t

P. Conde Muinio

g (nb)

Main backgrounds

10° gy ™ y
. T A 3
107 | ’ ’ 1108
E Tevatron LHC 3
3 : L T
10° / f J10°
£ o, : E
" i ]
10° | / 3 10*
C O (E% > s/20) e
= ol
10* | o, ' Em-
gz 3
0 (E/>100GeV) ! 1
1071 3 WV : E 10°
3 W 74
10° F

10

107 Lo

s (,H 1995

I
E Ohiiggs
1

- o |e1{ETiet > Vs/4)

Gy

(M,, = 150 GeV)

(M,, = 500 GeV)
saasl

0.1

I

Vs (TeV)

-2
cm s

14

events/sec for =10
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Event selection

. . . > 6 T T I T T T T | T Ié
* Exploit the properties of the Higgs § 10 ATLAS 14 Sféfi;ii
. “ 13 o
events to separate the signal from \s=8TeV, 20.3fb " 3
£ 40 .
The bGCkgr'OlJndS LT>J) 10 = 8¥j:/uu
* Different channels affected by 2 =
. 10 O Misid
different backgrounds RYi¥
L : 4 | Higgs
Small selection differences in 1 %
opposite/same flavour final states o 100 200
Er'a [GeV]
* Reject Z/Drell-Yan background > ——
. . G 10* 4 t Obst stat
Require large missing o 10 é:é'évs ooafy’ 1 EXpEsyst
3 :
transverse energy & mDY.
10 Top
2 |mww
10 Misid
imw
Use calorimeter and 18 DY o
tracking systems !

0 100 200

miss V
P. Conde Muifio Higgs @ LHC (4" mpuus 1oy profGevl




Analysis categories

P
* Different flavour final state * Same flavour final state
X 11U X 11U
LT I 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)) -
& 20 I @ DY o B DY
i - 10 Top i O Top
18 ww B ww
10 Misid 20 -0 Misid
10 48 vv B vv
{ @ Higgs B Higgs
0 | ‘T_|_Y—\ 4 | ] 0 | h\ )| !
O 1. 2 3 4 5 6 7 O 1 2 3 4 5 6 7
n; n

J J

* Consider separately different categories: O, 1, 2 jets

> Sensitive to different production mechanisms
> Gluon gluon fusion dominates the O-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
n; =10 n; =1 nj 2> 2

ey eefup  ep eefpp

ggF- VBF-

enriched enriched

| /\

ep (8TeV) ep eefpp
[ I | |

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

E—
.,.,y"’ H W P ot [+
I_}f - __‘_-__._---'-I_ % 1400 III|III|IIIIIIIlIIIlIlIIIlIIIIII
< Af = C i - 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]
2 L
L C

lIIIIlllllIIIIIIIIIIIXIlIIlI_

P} [GeV]

(1010 ] . L L O L I B L IO L L L L B |

- ATLAS Preliminary 2o 20000 =

500 \s=8TeV,| Ldt=20.7fo" [J& [ SingieTop
) Bl Z+jets [ W+ets
H->WW' '—evuv/uvev + 0 jets BB H[125GeV]
400 .

°
©
S—
(92]
.
o
~
(2]
-t}
C
[
>
L

300

200

i'l]lllllll[lllllllll

;IIIIII|IIIIIIIII||l|lIll]l

A9, [rad]
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E !i“ Further selection

H Wt o=
[
7y e ...:-z‘_';.____.____,__i_,._/r" 400 T
l W= Vi ATLAS Preliminary g o = J0onb e

1200 \s_gTeV, [ Ldt=207fb" [J [ SingleTop
B Z+jets [] W+ets

vents / 5 GeV

1000 H—>WW(‘)—>evuv/pvev + 0 jets B H (125 GeV]
Z
> T T "~ T T T T o
] — . ]
o 700 ATLAS H—-WW*—evuv + 0 jets
o — - n
— G00E- \s=8TeV [ Ldt=207 0" - Data 2012 =
:(E E Y Z4 Total sig.+bkg. E
& 500 [ SM Higgs boson |
Lﬁ : m, =125 GeV -
4001 £ ww =
= i =
300 [] W+jets —
© 600 T T T T T T [ other vv E
R L H - Data %4 SM(sys@stat) _| . —
o [ ATLAS Preliminary 2o = 0emre 200 [0 single Top
S 500 \s=8TeV,| Ldt=20.7fb" [J& [ SingeTop B zv -
— L ) . Bl Z+jets [ WHets i 100 1
o r H->WW '—evpv/uvev + 0 jets Bl H[125Gey] ] ]
S 400 : - : .
KT - . . — A=
C ] (@] = —
o E 22 0 S S 3
300F T 5 @ :
. ] T — ¢ ..................................................................................................... =
200~ ] "g ﬂllilgll r / A LRI IS o, I P4 PP, ;
C ] = % S % %
2 ] 08:_ ................................................................................................................................. :
100 - -@ Data2012 [ ] SMsig.+bkg. + 3
_________ 0.6 R T T
50 100 150 200 250
A¢, [rad] m, [GeV]
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Further selection (II)

% Same flavour final state:

> Drell-Yan background still large *”’ \_ soft
' L€~ | hadronic
> Affected by pile-up ~ recoil

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

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

T

—= Ziy
—a— diboson, top and W+jets

—e— SMHiggs boson m_= 125 GeV x® Requir‘e

o

10"

Entries normalised to 1

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

L
o

4
1
g

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

c\! 5000 [ | | T | LB | UL LU | L ‘ LI | L I I_I
o - -4 Data %% SM (sys @ stay)
= : ATLAS Prel|m|nary B ww &= wzzzwy
£ - \s=8Tey, [Ldt=207f" [« [0 Singie Top ]
g 4000 B Z+ets [ WHjets —
qd B HaWW —>evpv/pvev +2>2] B oo 17" vh (x2000) |
= [ vbf (x2000) —

3000~ . 7
2000F -
1000F .

ok i

ylead jet

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

Events/ 10 GeV

Transverse mass

Events/ 10 GeV

w0 s ATLAS 4 200} ATLAS -
- 8TeV, 20.3fb™" 1 I 8TeV, 20.3fb™" ] .
° ° { % Define the transverse
I (@) n;=0,ep [ (b) n;=0, ee/up 1
200 100 mass.

] myp = \/(ng + ‘ﬁ?}iss )2 _ (}3%? +ﬁ%a,iss)2

200 7 10or |
5 =1, ] ! d) n;=1, ee/up - :
@n=ten | . Da=hesM 1 % Equivalent to the mass, but
_ ' ' considering only
100 S0 | Transverse components

* Sensitive to the Higgs

| 1 1 1 . .
(e) nj>2 ggF. ep "50 100 150 200 my[GeV] mass in the high edge

+ + ATLAS H—->WW*
\s=8TeV, 20.3fb

7 t Obs + stat W Higgs
] Exp+syst B ww
B DY
a8 vv
. P I O wj
0 50 100 150 200 250 O Top
m+ [GeV] O Jjj

100

50
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! Background estimation

* Since it is not possible to reconstruct a narrow peak, backgrounds have
to be measured carefully!
B& = Bsr - Ncr/Bcr = Ncr - Bsr/Bcr
—— N———

Normalization S Extrapolation «

Category ~WW Top Misid. vv  Prel-Yan % Define control regions for

ee/pp  TT
each background
NEV NEV NEV NEV NEV NEV

Pure in that background

nj—U
o/l e ae eee e e v e Kinematically as similar as
ny—1 possible to signal region
Zg/w *°0©° o0 eee e00 000 e00 % |JseCR tonormalize the
different backgrounds
nj > 2 ggk
el O OO e 0 0O e e e 00O OO0 O e 0 0 Globalfi-l-
> 2 VBF .
nje; v 0O OO @0 OC ®©e e O0OO0OO0C OOO ®O0O0 * EXTr‘GPOIGTeTOTheSlgnal
ee/,up O OO @€ 00 e e e 00O ®© e 0 @00 r'eg|on
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?l i“ W+jets and QCD background

W+jets:

% Control sample: one loosely identified lepton

% Transfer factor to signal region evaluated with a QCD dominated jets data sample
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 174454 9.2+42 55425
n; =1 88 + 22 62418 6.14+2.7 3.0+1.3
n; > 2 ggk o0 £ 22 - 49 4- 22 -
n; >2 VBF  3.7+1.2 - 2140.8 -
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;§! i“ Diboson backgrounds

Dibosons (Wy, ZZ, WZ)
#* Different flavour

Use normalization control region
Bo; =0.92 £ 0.07 (stat.)

% Same flavour: use MC for normalization

Validated with the same sign region

Same sign control region

51320-96i0-12 (Sta.t.) > 150 T T T T T T ™ ] > [ T T T T T T ] ATLASH%WW*
R ATLAS 3 ATLAS < —8ToV 20 3ft"
o [ 8TeV, 20.3fb" ] — 8TeV, 20.3fb™" \S=0 eV, £U.
= 100 1< | .
: ~ ! 1 o { Obs = stat
leosorT I?ackgr'ound 2 | (a) SCCR,n=01 § 59 (b) SC CR, =07
composition and 2 ool 11 Exp £ syst
modelling from MC : ] wisid
w
. 3 3 = wi*
Uncertainty o ©
dominated by jet S 2 mwz
ominated by je P g [] Rest
scale (jet bin o &
e e . L
classification)

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

Top control region

AR R RN R

Top: > [ATLAS ¢ Obszstat -

) o - V5= ~ Exp=syst -

% Includes t-tbar and single top (Wt, qt) S 400 _230_;;?\’ pDTgp i

* Control sample: remove jet multiplicity or b- ' =Il?it\e,st:

tagging conditions depending on the channel ¢ B WW |
W 200 -

Details for the O-jet channel: : (a) n=1top CR
% Remove jet multiplicity cut !
950 100 150 200 250
Bfg’;ﬂ),uj = NCR . BSR/BCR . (adata/a ) m+ [GGV]
S—— \'_\f—" .
ol Vin Bed, =1.08 +0.02 (stat.)

* Small overlap (<3%) of the SR and CR in O-jet category (tdata/ o ) = 1.006
% Purity in top quark events: 74%
% Correct data/MC differences (correction factor from b-tagged events)

Jet energy scale and resolution effects

Two jets in t-tbar events
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WW background estimation

P

> 400 = | | | ' | T
WW: 8 L (@)n;=0,eu |
2 i ¢+ Obststat _

* Invert A¢, cut, require 55¢m <110 GeV P Exp+syst
, & I W Higgs |
% Uncertainty dominated by extrapolation fo 5 200 0 W%%} ~
SR i [J Top ]

B DY

- O Misid -

Due to theoretical uncertainties (limited
accuracy of the MC predictions: PDF,
QCD factorization and renormalization

B vv

> 200
scales, ...) c
' e o
%, =1.2240.03 (stat.) = 0.10 (syst.) =
/8%;,jw =1.05 :|:005 (stat.) = 0.24 (sys;t.) l%’ 100 _

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

b 1 7_\ | T I T | LI | LI I UL I LI ‘ LU ‘ L I |_7
% Count events before/after f  cut & | ATLAS = ]
recoil 3 - Vs = 8 TeV simulation ]
K] i H—-WW*—evev/puvuy + 0 jets ]
©
Ndata . Nnon-Z/*y* = . —=— zy .
ass — —I— pass Fo) i —a— diboson, top and W+jets |
p g -+ —e— SM Higgs boson m = 125 GeV
@
S 10k -
T - o ]
non-Z /~* - - 5" R ]
Ndata — 'Vpass + NF"EES— i —*——A—_._ - i
g Z/* non-Z /~v* -, A gaiiet
€=/ € e = . -+ )
. Mg . |
* Solve for e RS
'2 1111 | L1 1 1 I 111 1 | L1 11 | L1 1 1 I L1 11 I 11 1 1 ‘ L1 11 ‘ | I 11
10 0O 01 02 03 04 05 06 07 08 09
% Wher‘e: frecoil

g2 /V* _ fraction of ey + pe data events passing the cut (pure in non-Z /y )

e“/V* - fraction of ee + pu events passing the cut in the Z peak (dominated by
Z/y*)

* 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 WW 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
ggl H, jet veto for n; =0,¢ 8.1 14 12 - Z/v" — 77 estimate 0.6 0.3 1.6 1.6
ggF H, jet veto for n; = 1, €1 - 12 15 - Z/'-'T* — ee, pp est. in VBF - - - 4.8
gglF H, nj > 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 E 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-tagging efficiency - 0.2 0.4 2.0
H —- WW?™ branch. fraction 4.3 4.3 4.3 4.3 Light- and c-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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All analysis categories

] L | L T | T T T T | T LI | LI T I LI I_
> - ATLASH—->WW*.
G 800~ \s=8TeV, 20.3fb"
2 - \s=7TeV, 4.5fb" 1
2 600 (a) n;<1, ep+ee/up |
& - ® Obststat 1
i : ~ Bkg*syst ]

400 |~ B Higgs

: B ww ]

- O Misid i

200 — 8 vv —

- 0 Top 7

- B DY i

0r e -

> . (b) Background-subtracted 7

& 150 - ¢ Obs-Bkg —

o B — Bkgxsyst ]

= - W Higgs 1

o L .
>

L i ]

50 -

O : 4 o7, //'/%/” p // N

_I 1 1 1 14 /I l’ 1 I 11 1 | | | T | 11 1 I_

50 100 150 200

FP. Uonde Muino

250

m+ [GeV]

Signal extraction

% Fit the transverse mass

mp = \/(ng_|_ ‘ﬁggiss )2 _ (ﬁ%{f_i_

0-, 1-, 2-jets

channel

100

200
m+ [GeV]

Higgs @ LHC (4™ April 18)

> T T T T | T

8200 ATLAS

= + \s=8TeV, 20.3fb™ :
% 0-jet

>

W 100 - ee/pp

—“Mmiss\2
)

* Separate different analysis categories:

% Split signal region at m = 30 GeV

t Obs + stat

Exp * syst

1 @ Higgs
{8 ww

[J Misid
L] Top

|m DY
112044

oY



(b) WW
Apply Bww to Nww

SR WW CR, WW
VR

top

10 30 556 110
Tigp [GEV]

(e) Top quark
Apply Brop to Niop

SR, Top CR is inclusive n;

top

a) Signal region for n; =0, ey category
3 H

binl bin2 .. binb

{(c) Drell-Yan (@) vv
Apply ﬂDY to Npv Apply ,BVV to Nvv
SR Unused DY SR VV CR
region CR
rest
rest

SR shoun in (a)

terms in L

Profiled CRs
in (b, ¢, d) have

Poisson terms in L

A
Regions (a-d) in fit |

0 1.8 2.8 3.14 -1 1
Ay, Qo1 Qea -~
(f) np > 1 data (g) Wy -
Apply ~+* to Biop Nw; in bins b
1
05 Compute v = —0 SR Wi CR
aNj
g rest Wy
0 1 2 3 4 5 6+ More strict More loose
p lepton iscolation

i Nongprofiled CRs
iin (e, [, g) have no

Poisson term in L

P. Conde Muinio
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E!!i“ Signal extraction
L1 P

Table Syst in Table Syst. in Table Ta.ble S}"St m Table
XXIa Sec. VIIC XXIb ®

L= Hf( ib | K- Sip - ﬁVbr( )+E Br-Brib - ]._.[Vbs ) Hf(Nz)E 5kBkz) Hg (9:16:) Hf (& | Cr-Or)

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

7 N 7 o

(a) Signal region categories

* Global fit for all signal and

) SR category i
background regions

Fit var.

n;, flavor & myg, ® pfo 2
* 1 = signal strength ;=0
2 . on: . e ® [10,30,55] ®[10,15,20,00] R[e,u] mr
Signal region: Poisson term ce/un ®[12.55  ©[10 00 o
FIN|N)=eAN/N! W
e ®[10,30,55] ®[10,15,20,00] ®[e,u]  mr
A= LL- S + Ek Bk; ee/pp  ®[12,55] ® [10, oo] mr
* Poisson terms for background n;>2 ggF
regions (normalization) ep ®[10,55]  ®[10,00] mT
: n; >2 VBF
systematic uncertainties ee/pp  ®[12,50]  ®[10,00] Ogpr
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Run 1 H>WW results

o lgTm ™ IREULRN IR REARREEEan = [l e
a E 25 8 % p, = probability that the
3 . 36‘% observed excess of events is
10 40 0 due to a background fluctuation

H-o>WW*=s[vlv
\s=8TeV,20.3fb"
\s=7TeV, 451" V

S0 % Minimum p_ at 130 GeV (6.10)
°¢ % Same p, at 125.36 GeV
- Observed

- Expected ."
— EXDI;G“% s/ A7 Expected 5.80
— EXp

"y L * Signal strength at 125.36 GeV:

||.1|2|0| 11 | W |1|4|0| 160 180 200
0.16 0.17
p=1.09 g5 (stat.) Tois (syst.)

108

1012

my, [GeV]
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Frimv.
“ N
I S |
Y —

Run 1 signal strength

' w AERARARRRARE RARRE RARRN RRRANRRRRN R
5 ATLAS i S F
H->WW*—=Ivlv ] : ATLAS
\s=7TeV, 451" ; 3r H—->WWH— vy

{s=7TeV,4.5fb"

\s=8TeV, 20.3fb™ ]
/s=8TeV,20.3fb"

+ Obs (m,=128,(1=0.94) | - E s
[ Obstic — 2EFf
[+] Obs*2c 3

Signal strength

)+ Obs(1.0,1.3)
FHObst1c

o L B Obs*3c b 1 - BObSiZG
C : []Obst3c
- i )i o ExpSM(1,1) -
1 F § . § iiExpSM*1,2,361
i O o tay ot B
O _I L I L I L L I L L l L I I I‘ :l 111 ||||||..|..\.l|‘ |\\llllll‘l\ll‘llll‘\\l\‘ :
110 120 130 140 0 1 2 3 o
m,, [GeV] 9gF

% Signal strength compatible with SM expectations

Nger = 1.02 £0.19 922 =102 1529

- +0.44 4+0.30 __ +0.53
Wver = 1.27 g4 Loon = 1.27 Igis.

(stat.) (syst.)
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Run 2 H>WW-—1vlv Results

% 1400 T I T T T T I T T T T I T T T T I T T T T

O] ATLAS Preliminary e iy

e 1200 H->WW*—evuv, Njt =0 m ww

~ _ -1 B v

2 1000 (s=13TeV, 3.6.1 fo =i

o - m zy

AT O JeTS 1 iwm
800 N\ Il Higgs

600
400
200
0
50 100 150 200 250
m; [GeV]
%1200_'I""I""I""I""I"'_
0] - ATLAS Preliminary :\{ 32‘5‘enaimy .
& 1000 — HoWW —evuv, Nt =1 o ww ]
@ - Vs=13TeV, 36.1 b . v ]
5 800l 1-iet = ]
(0] I - y ]
i i J N ] Aw ]
- Il Higgs e
600 - .
400 -
200 o L .
of ]
50 100 150 200 250
m, [GeV]

4‘2 E T T T T | T T T T | T T T T | T T T T | T T T T | T T T T 3
S s ATLAS Preliminary D= L LE
= 10° Hyge (w3
L FH->WW*sevuv, Njt > 2 VBF m ww Wz 3
[ Vs=13TeV, 36.1 fb" o 7

10° & I:INHS Id [ W% -

g W Uncertainty == Hygex30 3

10° 2 -J ets E

10?

1.5 2.5 3

BDT score
* Signal strength for different
production modes

Precision getting better than Run 1
ATLAS+CMS combination!

pegr = 1217012 (stat) 918 (sys.) = 121792

pver = 0.627035(stat) + 0.22(sys.) = 0.627(3
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? ;!p Run 2 VBF vs ggF in di-boson channels

* H—oyand H— 42

T T T | T T T | T T T T T T T T | T T T T | T T T T
| ATLAS Preliminary
99F b (s=13TeV, 36.1 fo"
u H—syy and H—ZZ* 4l
: my, =125.09 GeV, |y, [<2.5
VBF Nl
Measurement e
VH NI o — .
| Stat. uncertainty
: Syst. uncertainty L
ftH I—?—.i SM prediction I
o
1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 | 1 1 1 1 | 1 1 1 1
- 0 1 2 3 4 5
E :\ LB | LA INL I L L LA INL I LL L L L
2 40" —— Combined 68% CL ATLAS Preliminary ]
S F e Combined 95% CL Vs =13TeV, 36.1 fo" E
Y - H—yy 68% CL H—yy and HoZZ* >4l 7
e H—ZZ*—+4] 68% CL m,; = 125.09 GeV, |y, |<2.5
C 4 Bestfit ]
251 e 3
= [ SM prediction - . 3
20/ ] . =
15 e, - E
5 SRR =
- e ]
C 111 | | 11 1 | | 11 1 | | L1 1 | | 11 1 | | 1 1 1 1 | 111 | | 11 1 |
10 30 40 50 60 70 80
P. Cc Ogor [PP]

% H—)WW—)lvlv

'8_ — 68% CL ATLAS Preliminary

— [ — 95%CL V's=13 TeV, 36.1 fb~’

> I3[ % Bestfit

% [ 4 SM

& 1of ]

w [

§ L

5 0.5_— ]
o.0f ]
_05-|||||-

-5 0 5 10 15 20 25

OggF * Br-ww* [pDb]
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§!!i“ Couplings combination
LI P

3F
/Production N 4 Decay N Ei‘:j
g -
: 2 P
-»--HXK # 5 g s
Higgs i1 i
" e XK, ° 5
3 af » psmaneon
T e s
uf R
z ﬁ- H->Z }
H't_gg_s _____ 2 z::
<><Kz 1
7 s }
2 < =8 ToV Il.a 2078’ -EHHN:::\._'
q -cooo00y—>»—— {1 Higgs Wt XK i = H-sWW" sl + 071 jots -,.,?
¥

Photon

‘*"*"'”XK}Z tw
S . Y,

~ P. Conde Muiiio Seminario FCUL, 4%°Oct 2017

gaggggéném§“§“§“§l§|§ E

Backgrounds +

B0 B0 100 120 140 160 180 200 Z20 240 260 2

(o




Events /2 GeV

S/(S+B) weighted entries

P. Conde Muino

——————— e — - — — — ——

CMS combination @ 13 TeV

CMS 35.9 b (13 aw
(e | MARAD RN AN L LAREN RAARE RRRLS LAARE LAREE LRRRN LARNN CMSPreﬁmmanf 359fb (13TeV)
: i e Data 1 "3 i S :
[ [ H(125) b (514030 HT1Y£{54G V, i=1.16 All categones =
60~ [ qa—~2ZZ, Zy* ] T S S/(S+B) weighted 1
: | Moe-2z,2¢ | 200 } Data e
50F 1 B Z+X - Fi10000 - — S+B it E
- ] ° oAy hea B component ]
o E 2 sooof- o 3
“F 1 & [ =20 ]
C _ ‘S 6000 3
ol i 2 E .
30C E & 4000F =
] o 1
20 — ¢, 2000~ L
b — L
] B I AT IS IR AP B A AR B
10: soof " B component subtracted ]
. 400f
I}U BO S0 100 110 120 130 140 150 160 170 200 f
m,, (GeV) 0
-200
359" (13 TeV) 100 410 120 430 140 180 160 170 180
L L] T T L} | T Ll L) T L] T T L I T T L} T I L] T T T I_
- CMS ¢ Data ] myy (GeV)
L I VHED) (1=1.2) ] 35.9 b (13 TeV)
200__ _>VH H 5 bb | IVZ(I:E] —_ E E rrrprrorrprr T T T ;
- PP : [ ]MC uncertainty e r CMS fFreiiminary ¢ Data .
L 1 & 10°F — Background 4
150 1 E F [ signal (u=0.72)
: } 1 5ok —SM@u=1) ]
100 . i ;
~ - 103? _E
501 7 10°E 3
0' ] 10¢ E
- ] .
C 1 o 14 ]
—_hole1 1 Ly v v e v v by v v by v 1 X o[ ; =
0 5 100 150 200 250 2 (°F | ) ety 1
M Ge % D'Bi_ ]
Someo Tecaﬁnesoo'sj..|.H‘|....m...\.w‘|f
. -2.5 -2.0 -1.5 -1.0 -0.5

Pre-fit expected Iog (S/B)

S/(S+B) weighted events / GeV

35.9 b (13 TeV)

1800 =TT [rrrrprrrr TT T T [ T T T T[T T T 1

fCMs - .
- 40' 0Obs. - bkg. § .
1600 |- o v
: - 30- — H—11 ] :
1400_+0bservad ] 20_ 1 4
[ — Hostr u=1.09) D Bkg. unc 7]
1200 2w o 13
[ . +—1 ]
- -:SS" Itijet = 0 1 i .
1000 |~ mus —
[ Others -10F 1 7
L DBkg. unc. 1 . 1 L . ;
800 = 0 50 100 150 200250 300 1
N m,, (GeV)
600~ — Odjet: 1,7, « (GeV) .
: VBF: 1.1 ]
400 Iy e, =
N Boosted: 1,1, ut , et e
200 f——e—— _
B 11 1 1 I L1 1 1 I L1 1 1 I 11 1 1 I 11 1 1 I L1 1 1
0 50 100 150 200 250 300
ir2aVf)
35, q fh ; (13 TeV)
8000 ol T T i =
- CMS  450<p <1000Gev W e
7000 &, double-b tagger ~Z —
E L-— passing region it " -
sooo— & -- Multijet =
= E “4= Total background 2
ry E =
= B H(bb) —

(O] 5000;— + Data =

I~ = 5

— E -

* 400[):— =

= = J
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2000 =
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CMS combination results

* Production rates with respect o % Decay rates with respect to SM

SM CMS Preliminary @ Observed
35.91b" (13 TeV) = +10 (stat.®sys.)
= 10 (SyS.)
CMS Freliminary ® Observed — +2¢
359 b (13 TeV) — 10 (stat@sys.) —
= +10 (5YS.) Ty H
| , —x20 2] _"'-.-'_
w e — i
ggH i :
| MZZ +
Mygr| ——o= B
MWH ] —
| T —
2 — -
| : ub® °
l" —E*— L 1 L 1 | 1 L L L i L Il L 1 | 1 Il 1 1 I 1 1 1 1
ttH g 0 0.5 1 15 2 25
= 5 Parameter value
i 0.10
: . . e o
IIII|IIII]IIIIIIIII|IIIIIIIII|IIII|IIII Invlslble decay BR < 22/0 @
0O 05 1 15 2 25 3 35 4 o
Parameter value 95 /o CL
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What next?
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iﬂ Futuro do LHC e de ATLAS

LHC / HL-LHC Plan
Runl Run 11 Run III

High
Luminosity
LHC
Run IV

LHC
Run 1 | | Run 2 | |
LS1 EYETS 14 TeV 14 TeV
] 13-14TeV - energy
lice consolidatio inject d ’ 5107x
7 TeV 8 TeV sll:l.:ﬁg: c:lflin:a?olrsn mlcrygrPltl)Ii,rgltr?l ° ﬁ’g‘;’g{{on HL-LHC installation Forg?nr;risli'
R2E project Civil Eng. P1-P5 regions _

2017 2018 2019 2020 2022 2024 2025 2026

2014 2015 2016

2012 2013

radiation
damage

. ) 2 x nominal luminosity 1 .
75% experiment nominal luminosity experiment upgrade | | ——— 1 experiment upgrade

|"u°r2“n”uas'nv I beam pipes I/—— phase 1 phase 2
— 4 -2 -1 -2 -
=10* cm™s L =2x10* cm™s™

p= 27 p=55

_—

integrated
luminosity

L =5x10* cm™s™
p= 140
Aqui estamos 20371l
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ATLAS

EXPERIMENT

HL-LHC tt event in ATLAS ITK
at <p>=200

\\\ | 'l I ) / 4 E e
/ \ tt-event
f/ a'.‘l \!

200 collisions/BX
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P. Conde Muino

ATLAS Simulation Preliminary
's = 14 TeV: [Ldt=300 b ; [Ldt=3000 fb

H—yy (comb.
©

(1
(VBF-like

(WH-like

(ZH-like

(ttH-like

H—ZZ (comb.
(VH-like

(ttH-like

(VBF-like
(ggF-like

)
i)
j)
)
)
)
)
)
)
)
)
H—-WW (comb. ;
i)
)
)
)
e)
)
)
)
)
)

(0
(1

Future perspectives

> Future LHC and detector
upgrades will allow to improve
significantly the precision of
the Higgs boson signal
strengths

Uncertainty below 10% for
most of the channels!

> Continue to probe the SM

(VBF-like pr‘edICTIOHS
H—Zy (incl.
comb. . .
H—bb  teore > Or discover new physicsl!
(ZH-like
H o1t (VBF-like
H—up  (comb. Singlet <6% <6% <6%
(incl. 2HDM (large t,) ~1% ~10% ~1%
(ttH-like MSSM ~001% ~1.6% ~..4%
Composite ~-3% ~-(3-9)% ~-9%
AH /H Top Partner ~-2% ~-2% ~1%
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Eﬂ i“
:
L

Higgs decays to mesons +y

> H— J/9y: sensitive to Hcc

coupling
> H— ¢y, H —py: sensitive to
couplings to light quarks

Rare Higgs boson decays

A
po- - -

> H — Yy: sensitive to beyond Process o/osm (95% CL)
SM signals in the Hbb coupling
S <540
: : H—J/WY (CMS)
> Very small branching ratios: - o <540 =
~10° t0 10 By <52
need very high luminosity goic alea <208 |
Runl
Run2 |36 fb™!
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CMS Preliminary

35.9fo"' (13 TeV)
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------ B component
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100

CMS

* Results compatible with expectations

CMS Prel/m/nary 35.9 fb™ (13TeV)

—_ |
£ H - 7
~ 1 0 L Ty LHC HXSWG YRd, m =125.09 GeV _
% § + Data ggH aMC@NLO + HX §
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CMS H>WW results

* m_ and m, after the final selection:

CMS

4.9 fo' (7 TeV) + 19.4 fo (8 TeV)

N
o
o

" T
| -e- data - backgrounds

[ — H—-ww

[ &Y bkg uncertainty

S/(S+B) weighted events / bin
a o
o S o

o

my =125 GeV |

eun0/1-jet 1

n
S

50 100 150

* In addition, they consider also a 3-lepton category (VH associated

production)

200

250

m; [GeV]

S/(S+B) weighted events / bin

w
[=]
o

N
o
o

100

o

-100 -——

CMS 4.9 o™ (7 TeV) + 19.4 o (8 TeV)
]
| - data - backgrounds my=125GeV _|
- — H=wWw en 0M1-jet
i bkg uncertainty y

L

|

100

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 g : H =W\ (all channels)
01 02 g_ Median expected H— WW (all channels)_g _g_ E ------ Expected
S C ] Expected = 10 i S’ 201~ — Observed -
= : Expected = 20 o i
£ 10f ; 15} :
— P |
o - I
(°) B 101~ N
S 15 i
o f [ .
51 ¢ st 5
1L i e
10 E : _I | I T T T I ] II_I-I—I-Li-H.LIII|||II|II|III|||II|IIII_
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 " (7TEV]+19.4fb-' (8 TeV)
E R | \I;V\Yv' t my= 128GV | “p-w i Observed H— WW — 2I2v + 2 -
L — H—> WW +ets ; — » ] — WW — 2I2v + 2-jets -
2 10 t eu 2-jets, VBF tag 510° E -+ Median expected VBF tag {shape-basacl:l analysis) 3
g') op g C Expected = 1o 3
L . W'Ym o i Expected = 20
I Wijets E 10k _
B wz:zz+vwv - R
\ o B
2 0 B
S 1
o)) =
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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wZz

zZ

Comb.

—Total

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

I I I I
ATLAS Preliminary 1s=13 TeV, 36.1 fb'!

Stat.
(Tot.) ( Stat., Syst.)

+0.60 +0.24 +0.55
1.02 -0.57 (—0.24 » -0.52 )

+0.29 +0.16  +0.24
1.13 (—0.16 » -0.20 )

+0.25 +0.12  +0.22
1.1 -0.22 (—0.11 » -0.19 )

Events / 10 GeV (Weighted, backgr. sub.)

12

10

-;!I;“ Evidence of Higgs decaying to b-quarks

ATLAS Preliminary —o— Data ]
{s=13TeV, 36.1 10" B VH — Vbb (u=1.30)-
0+1+2 leptons Diboson

Uncertainty
2+3 jets, 2 b-tags

Weighted by Higgs S/B Dijet mass analysis

i

¢
.

sent Y _
__llllI|III|III|III|III|III|III|III|I__
40 60 80 100 120 140 160 180 200

m,, [GeV]
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* Many possible final states

Search for Higgs boson in +tH production

Higgs decay mode | Branching ratio [%]
H—- bb 58.1
H—- ww 21.5
H— 1t 6.3
2.6 - . "
H> 22 \_ it semi-leptonic decay Y,
H- 0.23
YY b‘*\
\ e
= - . LW ""4 q
5 ;
{ o | qurlir!\'l\P( 2
S LA 1
]' Iﬂﬂf!’/“fh_ v
00000000000000 3
qt"%\\“v:j/f-
> e 7L e )
H->WW, 3-leptons P
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Results on ttH Higgs searches

> Combined signal strength: w=1.723(stat 55 sys)

—— T 7 T T T
ATLAS Preliminary 1s=13 TeV, 13.2-13.3 fb™
—total stat. (tot.) (stat., syst.)
ttH(H-yy) | 00— +1.2 +1.2 402 ﬁH(H_”.U)
(13 Tev 13.31b") -0.3 -1.0 ( -1.0> -0.2 ) (13 Teviss o)
ttH(H—>WW/tt/ZZ)
———— +1.3 +0.7  +1.41
ttH(H—>WW/’CFC/212) 2 5 11 ( 0.7 7 -0.9 ) (13 TeV 132 fb-1)
(13 TeV 13.21b™)
+1.0 [ +05 +09 ttH(H—bb)
“H(H_’k{b) === 21 Y9 (D5, 57 ) (13Tev13.2f6™)
(13 TeV 13.21b™)
----------------------------------------------------------------- ttH Combination
[ +0.7 +0.4 +0.6
ttH %osn%gll?atlon === 1.8 o7 ( T4 o5 ) (13 TeV)
inati 0.8 0.5 +0.7 ttH Combination
ttH combination r—e—- 1.7 %5 (D5, %6 ) (7-8TeV, 452031 ")
(7-8TeV,45203%7) , , | | - Cl e
0 2 4 6 8 10

ATLAS Preliminary

L L B B
Is=13 TeV, 13.2-13.3 fb’

1o
0) + 20

Expected (u=0) =

Expected (u=

............. = Observed

Expected (u=1)

5 6 7

95% CL limit on uﬁH atm =125 GeV

fi f =12 V
best fit he orm =125 Ge

> Expected and observec

Channel Significance
Slgnlf lcance: ] Observed [o7] | Expected [o]
ttH, H — yy -0.2 0.9
ttH, H — (WW, 11, ZZ) 2.2 1.0
ttH, H — bb 2.4 1.2
ttH combination 2.8 1.8
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