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Introduction

Accelerator, Experiments & Data
Object Identification

Analyses

Results

Bonus

» focus on low SM Higgs mass searches, other searches will be
discussed briefly

» focus on LHC analyses

» do not hesitate asking any question!
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Production Mechanics

Introduction
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Introduction

Cross-section vs. Higgs Mass
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» Gluon-gluon fusion, gg — H,
dominant 107

» Weak boson fusion, qq' — qq'H,

very important too =
» Small contributions from ttH, ZH |* ™F
and WH s e 3
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Introduction

Cross-section vs. /s
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> Sizeable dependence on /s
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Introduction

Branching ratios vs. Higgs Mass (1)

Partial widths at tree level:
> T(H — ff) oc Nem233my
> r(H — VV) x
5vﬂm,3_,(1 —7v + %7\2/)

B2 =1—4m?/m3, 177
v = 4m3,/m3,
N. = 3 for quarks and N, =1

L i m
LHC HIGGS XS WG 2011

Higgs BR + Total Uncert

for leptons 10° 300 200 300 400 500 M [‘Ge‘%oo
Sw=20b7=1 -
» Low mass region: > Higgs mass region:
» Contributions from » oo ~T(H —
several modes at WW) +T(H — ZZ)
my ~ 125 GeV > myal4-TeV — e = my
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Introduction

Branching ratios vs. Higgs Mass (I1)
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» Tiny width at low masses
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Introduction

o x BR at \/s =8 TeV
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» Large number of available channels at my ~ 125 GeV
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Accelerator, Experiments & Data

The LHC Complex
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Accelerator, Experiments & Data

ATLAS Overview

Diameter: 22m
Weight: 7000t

Solenoid ‘CERN AC - ATLAS V199
\ Forward Calorimeters

3:! Detector characteristics
Muon Detectors Electromagnetic Calorimeters | Width: 44m
\ -
<«

End Cap Toroid

i Inner Detector ieldil
Baprel Toralel Hadronic Calorimeters Shlelding
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Accelerator, Experiments & Data

CMS Overview

Diameter: 15m
Weight:  14'500t

~vacuum chamber

central detector
electromagnetic
calorimeter
hadronic
_~ calorimeter

Guillelmo Gémez-Ceballos

Experimental Higgs Searches




Accelerator, Experiments & Data

Recorded Luminosity
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» L~ 20 fb~! at \/s = 8 TeV after good run selection is
applied
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Accelerator, Experiments & Data

R CMS Average Pileup, pp, 2012, 5 = 8 TeV
<} E ATLAS Online Luminosity 1 ~ 0
T 160 } 3 g <> =21
a E [ \5=8Tev, [Lt=208 1" xw>=207 o
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» Large number of overlapping events
» An issue to take into account in any analysis
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Object Identification

Final States

» H— v
» gg — H
> qqH
» W/Z/ttH
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Object Identification

Final States
» H— v
> gg — H
> qqH
» W/Z/ttH
» H— 77:

» H—-7272 -4/

» (qq)H — ZZ — 2q2¢

» (g9)H, H - ZZ —
202v
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Object Identification

Final States

» H— v
» gg — H
> qqH
» W/Z/ttH
» H—- 77:
» H— 77 — 44
» (qq)H — ZZ — 2q2¢
» (g9)H, H - ZZ —
202v
» H—-> WW:
» H—-> WW — lviv
» ggH, H - WW —
vlv/qq'tv
» WH - WWW — 3/3v
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Object Identification

Final States

» H— v
> gg — H
> qqH
» W/Z/ttH » H— 77
» H— Z7Z: > (q@)H, H — 77 — £/Tsl /T
» H— 77 — 44 > W/ZH, H — 77 — &/74t/Ts

» (qq)H — ZZ — 2q2¢

» (g9)H, H - ZZ —
202v

» H—-> WW:

» H—-> WW — lviv

» ggH, H - WW —
vlv/qq'tv

» WH - WWW — 3/3v
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Object Identification

Final States
» H— v
> gg — H
> qqH
» W/Z/ttH » H— 77
» H — 77: > (qq)H, H — 77 — £/7sl/Th
» H— 77 — 44 > W/ZH, H — 77 — &/74t/ Ty
> (qq)H — 77 — 2q2¢ » H — bb:
» (q9)H, H — 7ZZ — » W/ZH
202v » ttH
» H— WW: > qqH

» H—-> WW — lviv

» ggH, H - WW —
vlv/qq'tv

» WH - WWW — 3/3v

Guillelmo Gémez-Ceballos Experimental Higgs Searches



Object Identification

Final States
» H— v
» gg — H
> qqH
» W/Z/ttH » H— 77
» H— 77: > (q@)H, H — 77 — £/Thl/Th
» H—- 77 — 4 > W/ZH, H — 17 — £/mt/T)
> (qq)H — 77 — 2q2¢ » H — bb:
» (q9)H, H — 7ZZ — » W/ZH
202v » ttH
» H— WW: > qqH
» H— WW — lviv » H— Zy
» qqH, H - WW —
vlv/qq'tv

» WH - WWW — 3/3v
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Object Identification

Key Points

v

Trigger

v

u, €, 7, T identification and momentum//energy resolution:
> high pr isolated objects

v

Jet reconstruction:

> reject backgrounds
> select VBF events

v

b-tagging:
» reject backgrounds, apply anti b-tagging
> select b-jets
> s,
> select events with neutrinos in the final state
> reject backgrounds
» Systematics, data-driven methods
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Object Identification

Particle Detection

Tracking Electromagnetic  Hadron Muan
chamber calorimeter  calorimeter chamber

photons é{
e
<

et
—

muons

Innermost Layer... =3 .. Cutermost Layer
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Object Identification

Triggers (1)

o LHC Vs =14TeV L = 10%cm? 5! rate  eviyear
barn : b ~ 107
F——— o inelastic Utinput ————3 O 3 o
b = 4 10"
mb E o 4 410"
E 4 MHz 4 10°
> Huge rates at LHC E 14 output = HLTinput -~ —————4 3107
jets
. . . wb E| 410"
» Low signal yields against Fhhein I
F LWty max outpul e e p
large backgrounds .2 °
nb g ot - -
> Relatively low pr objects q sy g 17 1
F A0 P2, Mg 4 4 10°
on Higgs decays, more ol s E I g
difficult to be triggered nEa e
i i
fo b i 4 102
Hgy—22"— 40
50 1(;() 200 500 10(‘)0 2000 5000 o
jet Eq or particle mass (GeV)
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Object Identification

Triggers (I1)

muons electrons

p e . 5 105 — .
5 1 ATLAS Proiminary ] § 4o ATASPEImnay ]
3] E - E|
E [ ¢ WAt £ F e e
08l ) Dogs /o7 e =
5 1 09E 4" E
L ] £t B
o8t 1 085 #! =
Foo Data2012 (is=8TeV) | Eot E
04r Lot =556 b 3 08F 4 E
[ I 1>1.05 1 0.751 '[Ldi “4am’ s=8Tev o
02 7 E —L2 El
- o EF_mu24i_tight 1 07 3 to012 p-p Collision Data —FEF E!
)|~ | | | Lol 0.65LC M| . 1
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Pl GeV] E; [GeV]

» Trigger efficiency of the order of ~80-90%
» Largely detector/experiment dependent
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Triggers (111)

Object Identification

taus photons
5 e e, g 1.
o 4 S ]
£ e L ] ° 1 +4—-—0—¢—H+++4—Q—f
E e || & ]
3 . B ]
s 08¢ o e 7 08 4
+~ Bl 4
] . ATLAS Preliminary 1
Z o6 B = 06 ATLAS Preliminary |
= _ S ]
g N Data2012,de1_2.8fb ] +Dam2011 1
S 04 . tau20_medium1 — 0.4 + a 1
& L1 ] dehZOpr 1
0.2 * L 14L2 — 0.2 g20_loose efficiency ]
- L1+L24EF 1 p
0 - 1 I L I L L L 1 et 1 Ll L l
0 10 20 30 40 50 60 70 80 90 100 Q1 20 30 40 50 60
Offline < p, [GeV] P, (GeV)

» Lower efficiency for taus, need to apply tighter requirements

to avoid too high trigger rates




Object Identification

Muon Selection

>

2104 2ouRunL=11f* ".%er s

S M V5=7Tev iy

510 B, -

g .\‘:)wp double muon
2.0

5 0 .mgh ﬁr double muon

z

10°
dimuon mass [GeV]

Arbitrary units

3

12 14 16 18
iD T
Nn,nsf:?s

» High selection efficiency, even low mass resonances
» Lepton isolation is a critical variable to separate leptons from

W Z bosons and background
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Object Identification

Electron Selection

g 102 N : ,
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» Clear n dependence
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Object Identification

Lepton Momentum Resolution

@, CMs B Ns=7TeV L=47fb"

9 T 3 =12
= Data 2012 E RS ~=~DATA
g o Z-oup 3 N qof- Wz
k] 3 2
Y o] [ Wzz
% v — Ul O@C‘_a § N
4 o Jhy - pp 3 o 8
o 3 [
14 = -
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= — %o xm 3 a4l
3 o= ] .
- 3 r
E 2r
e ;
05 5 2 25
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» Lot of work to improve lepton momentum resolution and to
improve data/MC agreement
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Object Identification

Photon Selection & Resolution

3 L B B o o e o T — >14000j R e o e e i
& 1400/ CMS Preliminary s MC q ° L o ]
o~ F Vs=8 TeV —— MC smeared F 1.52<n<2.37  ATLAS Preliminary |
e [ L=53f" —e— data bl = 12000 .
£ 1200 | - o 5§ * Data 1
2 C 1 «~ 10000 — Cmc ~
1000~ — ~ £ . CZIMC (bkgd) 1

F ] £ g0 A Ovee)

800~ B E Lo ]

L 1 Z 60001 -

600~ 4 L 1

£ ] 4000 4

400~ B r i

£ ] 20001 H

200 - r ; q
Lo o . ¥ ] ok A | i

Y i e O 100 200 300 400 500 600 700

M, (GeVic?) mw [MeV]

» Critical point for H — ~~
» Calibrated with Z — e'e™ events
» Looking at m® — v candidates to calibrate crystal by crystal
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Object Identification

Tau Selection

= — @ F —
2) 4 CMS Preliminary [ a Shrinking signal cone g [ CMSPreliminary M ghrindng signal cone
27 [ Z - trsSimulation| . tancosow o [ Data L=84nb" 4+ TaNC 0.50%
EI I + HPS medium isolation $ o[ V=TTV HPS medium isolation
2L i <28 TeTau E InI<25 TCTau
3 107
o.8f E
5 O T SRR 5o RS i
o A RORE LS 5= = S +
.6 e e e i e
0.4 s g
0.2 R
o) | | | | | 104 [T T TN P BRI T T I
0 20 40 60 80 100 120 140 0O 10 20 30 40 50 60 70 80 90 100
Generated t visible P, [GeV/c] Jet P, [GeV/c]

Tight selection is required to reject multi-jet background
Particle Flow technique rather important in CMS selection

> electron/muon rejection is also another important factor
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Object Identification

Jet ldentification

Pile-up jets structure differs wrt regular s 15:L/f 8 TeV. CMS Preliminary
jetS: 'ac'; g _.__.__._M ]
g 09fF e =
» pile-up jets originate from several L E
. . . o T - - 1
overlapping jets which merge 5 Fa Tiwmps
= 07 #ix [9,12] E
together s svxp3le]
% 0.6 fe= e # vix [17,20] -
. . . . . © b - # Vix [20,+ ]
» likelihood grows rapidly with high b ‘ o orlod
pileup 2102 E

S . 2N

» discriminant exploits shape and s Sas ]
tracking variables 0.98 | ]
L . L 20 40 60 80 100
» discrimination both inside and Jet p_ threshold [GeV]
outside tracker acceptance /%8 > 30 GeV is a usual requirement
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Object Identification

b-jet tagging (I)

< data (ALT_JET60)
CMS Preliminary, \'s = 7 TeV B QCD (b quark)

[0 QCD (b from gluon split)
[ QCD (c quark)

» Mostly used either to I 00D o £ )
select H — bb events or
reject tt/Wt events

» Techniques:

» find tracks with large %)
impact parameter % R
» find set of tracks not 8o oo s o B %0

. f h TCHE discriminator
coming from the - . .
interaction point Track Counting High Efficiency

find leptons within jets  (TCHE): impact parameter
combine all together significance of the second most

displaced track in the jet

! thidge

""" PP POVLITELTIE IE TT T PR i
B R AR S 1




Object Identification

b-jet tagging (Il)

S 10°F T T T T 3 s 10°F T T T T T 3
b= ATLAS Preliminary MV B b= [ ATLAS Preliminary MV 3
D B D r 1
> JetFitterCombNN > JetFitterCombNN i
B JetFiterCombNNG E 3 r —— JeiFitterCombNNG 1
= wueees IPDASVE ] S < IPADASV

>

4 svo svo

10 ; it simulation,\s=7 TeV é tt simulation,\'s=7 TeV
L pF'>15 Gev, m®|<2.5 N\ ] pf'>15 GeV, i*|<2.5
I 1 I 1 L 1 1 I L T Lod
dA3 04 05 06 0.7 0.8 09 1 dAS 0.4 05 06 0.7 08 0.9 1

b-jet efficiency b-jet efficiency

> cuds ~ 1% and €. ~ 10% for €, ~ 70%
> €udgs ~ 0.1% and e. ~ 1% for €, ~ 50%
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Object Identification

CMS Preliminal

>m><1u3 ‘ ; ) i N 263”“”“”“”‘H“H‘H“H.““H“i
8 r 18.7pb? atVs=8TeV | 8 24F © MC12 defaut ATLAS Preliminary
o Y 4 = O MC12 Pile-up suppression STVF |
~ dam A 7 gof * Data2012 defaut =
= = Ev;;ﬂi B £ £ = Data 2012 Pile-up suppression STVF B
5 B oo i w20k 4
o — [} E Zop Ei
1 18- \5=8TeV -+— 1
i E - = 3]
4 16F J.Ldl=1.7 [ +*# E
R C +¢:€C 7
] 14; Ojets p'>20 GeV = - E
] 126 - =
£ - ]
tee., b - - ]
h 105 W 3
5 E E
= o RN NSRRI 8 E
AT T S Ll [ Lot d

20 20 0 50 oo 0 6 8 10 12 14 16 18
£, [GeV] Npv

» Needed to reject processes with no intrinsic £
» Critical for many analyses
» Noticeable performance dependence with pile-up
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Analyses

CMS Analyses in a Snapshot

Higgs Higgs Mass Data used .
decay production range 7 TeV 8 Tev Mlas: Use:»m :.he
mode mechanism [GeV] i (1) resolution | combination
W Untag (~gg) | 110150 | 5.1 53 1-2% v
VBF-tag 110 - 150 5.1 53 1-2% v
bb VH-tag 110 -135 5.0 12.1 10% v
ttH-tag 110 - 140 5.0 - - v
w ljet(~gg) | 110-145 | 49 12.1 20% v
VBF-tag 110 — 145 4.9 12.1 20% v
ZH-tag 110 - 160 5.0 - - v
WH-tag 110 - 140 4.9 - - v
772> 4 Inclusive 110-1000 5.0 12.2 1-2% v
77 - 212t Inclusive 180 -1000 5.0 12.2 10-15% v
ZZ 22y Inclusive 200 - 600 4.7 5.0 -
ZZ - lljj Inclusive 120 - 600 4.7 - -
0/1-jets (~gg) | 110 - 600 4.9 12.1 20% v
WW - 212v VBF-tag 110 — 600 4.9 12.1 20% v
WH-tag 110 - 200 4.9 5.1 - v
WW S 1ljj | Untag (~gg) | 170-600 | 5.0 12.1 - v

similar picture for ATLAS analyses
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Analyses

AUEINEES

» High sensitivity analyses:
» H— 1y

H—77— 4

H—- WW — lviv

(q@)H, H — 77

W/ZH, H — bb

vV vyVvyy
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Analyses

AUEINEES

» High sensitivity analyses:
» H— 1y
» H—- 77 — 44
» H—-> WW — viv
> (qq)H, H— 77
» W/ZH, H — bb
> Other analyses at low
masses:

WH — WWW — 3/3v
W/ZH, H — 77

ttH, H — bb

H— Zy

vV vy vVvyy
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Analyses

AUEINEES

» High sensitivity analyses:

» H— vy » Higg mass analyses:

» H— 772 — 4 » H— WW — qq'lv

» H—- WW — lviv » (q9)H, H — Z7Z — 202v
» (g9)H, H — 77 » (qq)H — Z7Z — 2q2¢

» W/ZH, H — bb

> Other analyses at low
masses:

WH — WWW — 3/3v
W/ZH, H — 77

ttH, H — bb

H— Zy

vV vy vVvyy
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Analyses

AUEINEES

» High sensitivity analyses:

» H— vy » Higg mass analyses:
» H— 772 — 4 » H— WW — qq'lv
» H—- WW — lviv » (q9)H, H — Z7Z — 202v
> (q@)H, H— 77 > (qq)H — ZZ — 2q2¢
> W/ZH, H — bb » Notice that these two
» Other analyses at low analyses are also very high
masses: performing at high mass:
» WH - WWW — 3/3v » H— Z7Z — 4/, including
» W/ZH, H — 77 H — 77 — 2021
» ttH, H — bb » H— WW — (i
» H— Zy
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Analyses

Strategies

» Cut-based approach:
> apply a set of sequential requirements
» cut-and-count
» usually used as first analysis and/or cross-check
» Shape-based approach:
» fit for signal (and backgrounds) using a given variable (or
variables)
» Multivariate techniques to build discriminant variables: can be
used in both cut-based and shape-based approaches
» Boosted Decision Tree
» Neural Network
» Fished Discriminant
Likelihood
» Matrix Element
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Bosonic Decays: higher
sensitivity channels
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Analyses

Two high pr isolated photons
Small o x BR, but clean topology

Narrow peak on large continous background

vV vy VvVYy

Main ingredients:

» photon reconstruction, isolation and identification
» good energy calibration and primary vertex reconstruction
» good background modeling

v

Additional categories help:

> events with two high pr jets with large Anj;; and mj;
» events with leptons
> events with large Ef"°
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Analyses

CMS

ATLAS

<+ X Category oen FWHM

S 20 - venvan + wy [GeV] [GeV]

2 18 B FakoFake Inclusive 1.63 3T
td —— Prompt-Fake _

2 16 R Prompl-Prompl Unconverted central, low pyy 145 342

2 4 [ Unconverted central, high pry 137 323

5 o S ) = .

= 12 o0 Unconverted rest, low pry 1.57 iz

10 I I I Unconverted rest, high pry 1.51 355

8 111 Comverted central, low ppy 167 394

6 o Converted central, high pry 1.50 354

| 1 = - =

4 [ Comverted rest, low pry 1.93 454

of bl I Comverted rest. high pry 1.68 396

q Conwerted transition 263 6.24

-1.0 -0.5 0.0 0.5 1.0 Dets 1.57 3170

di-photon MVA output

» Events are split in categories
» Improve mass resolution and signal-to-background ratio
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Analyses

24 S T T s Bretiminary |
= CMS Preliminary - = \s =8 TeV L =5.3 fb”
S22 (s=8TevL=531b" S 6
B 2° hImgoin=

16| = Bkg Model

14 “

12§

10f

8

o 1

a

2

B e s o 710 120 130 140 150 160 170

180
mass (GeV/c®)

T T T T T T T
250 cmMs Preliminary @ Data (5.3/) —
Vs =8 TeV L =5.3 fb"

[ cms Preliminary 3 moaer

Ve =8 TeVL=53fb

= 125 Gav

w20
Max(inl)<1.5, Min(R_)>0.94 —— 1xFP m,=125

Everts {(1Gev )
T

Events/(1GeV)
N
8

i
, \ , , \ i i

POO 110 120 130 140 150 160 170 1

L (GeV)

i i
T2 130 140 150 160

170 180
o (Gavy
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Analyses

= "
& Observed (Asymptotic) CMS Prelimi = r iy T T
= - Median Expected (Asymptotic) < 7;:",1'"_"2‘ . & g 'ATLAS Preliminary —— Observed ]
%L B = Expected g © Hoyy <vees Expected
E3 *+20 Expected s [Ldt=4.8fb", \s=7TeV o
2 E  [fud=13m7, \s=8Tev +20
a +
5 3
8
| L 1 L. i L. L L 1
| g i | 110 115 120 125 130 135 140 145 150
125 130 135 140 145 150
GV my(GeV]
i CMS Preliminan
2 Interpretation Requires LEE v o°
3 " 3
& g
3 ANWERN/2Z2N\
o W\
10
- - 105 === OBEIZ0N
10”7 10 — - Exp. 2011
..... 1x SM Higgs Expected (Asimov) 1075 ‘E“'::;‘)’:; T
104 7TeV Observed (Asymptotic) 10: JLd‘ =
46 10° === o
57eV Observed (Asymptotic) | 100k 4 L . . L L L L
o o : ; 110 115 120 125 130 135 140 145 150
110 115 120 125 130 135 140 ';|:5(Ge\})»o my, [GeV]
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vy (IV)-CMS

Analyses

» Three analyses: BDT approach, cut-based approach, mass

window approach

» Chosen BDT approach as default analysis due to its superior

S(H= v V),

Lol Lol
Yo 15 @ 15 1 1% W 15 150
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110 115 120 125 130 135 140 145 1!
m, (ev)
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& — i s Prelminry 2 S preiminary &
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ATLAS

Di-jet loose CMS preliminary —~ 3 ; .
| Vs=7TeV,L=5.1 m: = F__Al syst.
Di-jet tight (s=0TeV,L=5315 £ F — Without MSS
- 2 [-—— Without syst. —
Untagged 3 @ 3: 4 Bestfit g
Untagged 2 | é 2_5; ]
Untagged 1 o L
— n L
Untagged 0 2 E
Pre | | —— F
- 15— 3 7
Untagged 3 [
" a2l  ATLAS preliminary-.._
t 2 E
ntagged 2| 1 [Ldt=4.810" is=7TeV E
Untagged 1 [ [Ldt=13.0b"15=8TeV
— 5L L L L L L |
Untagged 0 | | | 0% " To4 125 i2s  d27 128 120
4 6 8 10 m, [GeV]
Best Fit /oy,

» Results consistent with a boson with mass ~125 GeV
» Both results are still largely statistical limited
» Much better precision will happen with larger amount of data
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H — 7740 (1)

>
>
>
>

Four high pr isolated leptons from the same vertex
Good mass resolution
Very small signal rate, but high signal-to-background ratio

Backgrounds:
» ZZ continuum: almost irreducible, different mass shape
» Z 4+ jets, Zbb & tt: lepton isolation and impact parameter, to
reject b — ¢X decays

v

Additional help from kinematic discriminants
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H — zz4a¢ (1)

CMS ATLAS

GMS proliminary NE=7TeV,L=51f"VE=8Tev,L=1221"

S 25 T T T =
3 L * Data ] 835 + Data _ ATLAS Preliminary
P r . Z4X ] 2 [ Background 2z HozZ"—s41
E 20 DZV“. 22 - 53 [ Background Z+jets, tt
dC) [ \ Signal (mH=125 GeV)
=126 GeV ,
firt D ™ © 27 Syst.Unc.

\s=7TeV: [Ldt = 4.6 fb!
s=8TeV: JLdt = 13.0 fb"

10
5
5|
0 ‘ :
80 100 120 140 160 180 o = = X
m,, (GeV) m, [GelT

» Relatively clean mass peak around ~125 GeV
» Z — 4f peak well visible too
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H — Zzz4¢ (1)

signal background

GMS preliminary  f5=7ToV.L=5.11b" ys=8ToV,L=122f" 1 GMS preliminary  f5=7ToV,L=5.11b" ys=8ToV.L=122f"

0.8

0.6

0.4

0.2

—~
130 140 150 160 170 180

=
120 130 140 150 160 170 180
m,, (GeV) m,, (Gev)

» Kinematic variable to further separate signal and background
» Make use of angular information

» Other approaches give comparable performance
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GMS praliminary - 7 TeV, L~ 61! fn - ATV, - 125 At .
AT A S P S A 510%F . . : : . .
Obaarved % I ATLAS Preliminary — Observed CL,
- ) - Expected CL,
- o | s Ho> 220 a1 .
|52 Empectod = 22 | E
= 10}
 , o
g 2
2 )
& =2
5
ﬁ 1
T
=
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10T S ee a0 150 786 Ave is0 10" . . . . . :
m, (Sevi 110 120 130 140 150 160 170 180
.. my [GeV]
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@ 1 B e etetebosona = T T T T T
=1 = ATLAS Preliminary
g 107 S Ho 220 41
7 S 3 _ X - :
o 102 10 52 Compination \s=7 TeV:[Ldt =4.6 fbr :
3 5 NSNS \oms Tev:JLat 13.0 1>
L o0 1 == — —
104 10" 1o
E 20
10 102
100 - ] 10° 30
107 10
4o
108 L L L e ) SN E . ¥ PPN SRS PSRN SRR BT
10 15 120 135 140 110 120 130 140 150 160 170 180
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H — 7740 (V)

CMS

ATLAS

fS=7TeV,L=51f" ys=8TeV,L= 122"

CMS preliminary

&
©
S 25

.
| ___ T
o N » O

121 122 123 124 125 126 127 128 129
my (GeV)

T T T T
5[~ ATLAS Preliminary
\s=7TeV: [Ldt= 4.6’
\s=8TeV: [Ldt=13.0 fo”

Signal strength (u)
S

T T
2011 + 2012 Data |

H-2zZ2" 5 a

+ Best fit
—68% CL
--+ 95% CL
without MSS(e) and
MSS(y) in lighter colors

| 1 1 L L L L.
0 121 122 123 124 125 126 127 128

my [GeV]

» Results consistent with a boson with mass ~125 GeV
» Both results are still largely statistical limited
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H — ZZ4/¢: Spin Separation

Generated experiments

GMS Preliminary

WS=7TeV,L=511b'ys=8TeV,L=1221"

E SM, 0+
0~

== CMS data

1
|
|
L1
| 1
I L |
L ]
T 1
T
1
=H—
0% | L
N | 1
B |
I I n _
-20 -10 10 20 3

2% In(L /L,)

0.45

0.4
0.35]

Entries

ERARAENRATaraEaL

T T T
ATLAS Preliminary
H—-2zz" > a4
\s=7TeV:[Ldt=4.61b"

T T T
—Data
Signal hypothesis
(m, =125 GeV)

0.3[ \s=8TeV:|Ldt=13.0f" *JE - 0" %
0.25] BDT analysis ° R ;
» SRR
0.2} i 1
0.15- ) .
0.1 . \'\\ E
0.05} §§ E
C: L It D &§ T

-10 -5 (0] 5 10
log(L(H)/L(H))

» Able to separate 0 & 0~ at the ~20 level
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H — ZZ4/¢: Spin Separation

CMS Preliminary Vs=7TeV,L=5.051fb;\s=8TeV,L=12.21 fo'
2 F ! T T T T H @ T T T T —T
c 5000~ — ?__’ . 4
“E’ [ D o+ . 1 = ATLAS Preliminary —Data
= [ M ] w H—>ZZ' — 4l Signal hypothesis
& 4000~ H]] 2+ ’V b \s=7TeV:[Ldt = 4.6 fb” (m,=125GeV)
é L — CMS data J J ] \s =8 TeV:[Ldt = 13,o|?" 7Jin Y
B 3000 - ] BDT analysis P oo B
© L | ] - TH, T Em
c t .
s | 1 |
< r H 1 £ 1
@ 2000 '1 — 0.3F 4
O] [ ] E E
C ( t LLL ] 0.2~ E
1000~ J T 1 o E
[ i LL| 1 o E|
i Mt e _—
%5 -10 -5 [ 5 10 15 -10 -5 5 10
-2 x |n(L2+/L0+) log(L(H )/L(H))

> Little sensitivity to separate 0T & 27
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H— WW — 202v (1)

» Two high pr isolated leptons and moderate E%niss
» Large 0 x BR
» No mass peak is the main drawback
» Controlling the background is the key
» Backgrounds: main discriminating variables

> WW: Adgee/me

> tt: b-tagging, Ade/me

> 7 — 00 E¥1iss, A¢g[/mu

» W + jets: lepton id

» WZ/ZZ: more than 2 leptons in the final state, Es
» Categories:

» 0-jet, 1-jet, VBF
» different-flavor, same-flavor
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H— WW — 202v (||)

events / 10 GeVic?

T
— m.=125 Gav
Wjets
Top

T T
CMS Preliminary
EosTev, L= 1210

280 300
m, [GeV/c?]

L
150

\vs=8TeV. [ Ldt = 13.016"

HoWW ' Sevpv/puvey

Events /5 GeV

T T
ATLAS Preliminary

T

o Daia %< SM(sys @ sta)
_ww o Em wzzzwy
CJa [ SngeTop
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I H1125Gov)

events/ 10°

T T
data
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stat@syst.

T T T
CMS Preliminary
YmmTev L 1z ]

T T T
F ATLAS Preliminary
12000F- Vs =8 TeV, [ Ldt = 13.01b"
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B wzzzwy
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N e e |
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H — WW — 202v (I11)-ATLAS

- —— - A
> ] > T PRI
8 ATLAS Preliminary &0 = Siens | 8 ATLAS Preliminary g2 2 o eose
2 F ois=8TeV,| Ldt=13.01" \:I«v [ sigeTop 2 \s=8TeV,| Ldt=130f" [t  [E SndeTop
% r o' 0 et B Zeiets [ Weiets ] > o' et W Zeiets [ Wafets
2 gL —eviv (0 jets) WHiscey | 2 —vev (1 jet) B H(125Gev]
g T ] H
ir} [ ] ir}
60 j
40 ]
20 3
250 300 250 300
mr [GeV] mr [GeV]

» my distribution used as final discriminant variable
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H — WW — 202v (111)-CMS

M, =125 GeV [ Background |

CMS preliminary L = 12.1 fo™! (8TeV) CMS preliminary L=12.1 fo' (8TeV) 1

%0 100 120 140 160 180 200 220 240 260 280

% 100 120 140 160 180 200 220 240 260 280
M, (GeV)

My (GeV)

» Make use 2D myg-m7 variable for different-flavor 0/1-jet bins,
cut-based approach otherwise

» Signal and backgrounds behave differently on the 2D plane

» Data able to partially constrain backgrounds
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H— WW — 202v (|V)

CMS preliminary L = 12.1 fo' (8TeV)

—@— DF Ojot 20
OF tjet 20
—@— DF 2jot cut-based
—@— SF Ojet cut-based
SF 1jet cutbased
SF 2jet cutbased
—@— Al channels combined

95 % CL limit on ofor,
3.8

1
Tio 15 120 125 130

35 3
M, (GeV)

» Performance comparison
among the different
exclusive final states

» Worse observed limits than
expectation, compatible
with my ~ 125 GeV
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95% CLIi

N

— ubserved CMS preliminary-
= median expected o

Jioiivieoos s ww s zizy ]
expected « 2g L= 4.9 ! (7 Tev) + 12.1 fb (8 Tev) |
— signal injection m, =125 GeV + Zo (stat) 1

200 300 400 500 600
Higgs mass [GeV]

95% CL Limit on o/og,

)

T T r T T T
ATLAS Preliminary

HoWWsevpv/uvey (0/1 jets) g B
Vs=8TeV: [Ldt = 13 1b" D20

L \
120 125 130 135 140 145 150
m, [GeV]
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H— WW — 202v (V)
CMS

ATLAS
© 25
8 [ owsPreliminay e Expected ] ° £ T T T
S [ ::;:,m‘z:;r::),;::|z.uu'(aT=v) +Ionse:m e ] = E ATLAS f’reliminary
E,L:_) ok * EI:::“:::":;(W: ] § Howw! )—)evuv/p,vev (0/1 jets)
S | [ wectons 2000y \s=8TeV:JLdt - 1316
o 0 ]
iy ]
10[- 5
st ]
[ ] | ) T 7 e
ok frcge] 100 120 140 160 180 _ 200
100 200 300 400 500 600 m, [GeV]
my, [GeV]
> ~3.1(4.1)0 obse_rved > ~2.8(1.9)c observed (expected)
(expected) significance at significance at my ~ 125 GeV

my ~ 125 GeV
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H— WW — 202v (Vl)

Confidence intervals in the (i, my) plane

alo,

CMS Preliminary

Vs=8TeV,L=12.1"fb"
ep 0+1 jot

110 120 10 150 160 170 180 190 200 o
my (GeV)

g 10y 7 125
E ATLAS Preliminary E

o () 3

§ H->WW" Sevuv/uvev < —20
7 \s=8TeV; [Ldt= 13 10"

= — 2InA{um) =60

—o— Howwii 012)
¥ Hoyy (2014201248459 7
, —h— HoZZ" 5l (201152012.4.8+5.81

m, [GeV]

-2In }\(u,mH)

function of my

» Consistent with my ~ 125 GeV
» Low mass resolution gives a very shallow likelihood profile as a
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Fermionic Decays: lower
sensitivity channels
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4

o T
H

1

J ! T

£ ggF H->1'v

u

4
d VBF H->t't d

Q Separation in categories to enhance S/B:

Q Search in ggH, VBF and VH production modes and five di- final states:

q . H —TT— p,l,l

(tt),

B

WH->qq t't

« Hott—ep (‘:t'rp),
« Hotr—p+had. 1),
« Hott—e+had. (Teth),
" +Hotu—had+had  (77).

0-Jet

In situ calbration

0-Jet, low p (iep.) | | 0-Jet, high p. (iep.)

of backgrounds

No attempt to extract signal from these categories.

VH (v=Worz)
smaller background w.rt inclusive H=xr analysis

1-Jet
Suppression of
backgr. from Zstr

1-Jet, low p (1ep.)
« Large statistics.

1-Jet, high p (iep.)

+ Improved resolution
ofm_.

« Less background
from Z—t,

2-Jet/VBF

Most sensitive

2-Jet, VBF
- Cut based: m>500 GeV, |an/>3.5, central et velo.

single evt. category.

Increasing pT(‘C/y.)

Guillelmo Gémez-Ceballos

Analysis Methods:

= 0-jet categories only for
background normalization
in 1-jet and VBF analysis

* 1-jet/VBF: Template fit to mvt
with B and S+B model

= VH: Fit to visible mass
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Zow s T I [Zeelny:

- Embedding: in v] 3 E ;*‘- « From simulation.
Zouy, replace pby = 450 F B oloctrowoak 4 | - Cormected for jet—,
sim. T decay. I e/y—1 fakerate.

» Normalized from £
Z—up events. =

=z
-
QcD: Diboson/W+jets:
o + From simulation.

- Normalization & * Normalization from
shape taken from sideband
LS/OS or .

m,. [GeV]
ttbar:

« From simulation.
* Normalization from
sideband.

100 5
M5 MET) [GoV]
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VS =7-8 TeV. L =17 fb ' T, T,
= P = 5 E 22 ! s + Gty Hr2-jot VBF
>
Q g 20| *  Data
= = 1g] —— H(125)>tt
= L _— >t
5 s 16 T BN Others
= @ 14 Fak:
% 12 Bkg. uncert.
10 [Lat=13.0m"
8 o \s = 8 TeVv B
ATLAS Preliminary -
100 150 200 250 300
m.. [GeV] MMC mass .. [GeV]
v, VE=7-8 TeV, L = 17 fb" ' ToTy . T T T T T
= T ML yo P T 3 Thaathaa H+2-jets VBF |
3 S 14  Data ]
] = —— 5x H(128) >t
= = 12 Z
éj £ r — Mu\l‘l“ul 1
£ bkg. uncertainty :>: 10| - -— g;gerusncem ]
= E s Jrat-aem'
_: \s =7 TeV
= 6 ATLAS Preliminary]
E a |
E 2 7
0.0 L
100 200 300 % 100 150 _ 200 . 25
m.. [GeV] MMC mass m,. [GeV]
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5.0 CcMS . y.H—>tt. L=17 fb = T T
7 b o T T =4 H o>t TiASs Prenmmary
L asf T 2beenved © 7| —e— Observed cL, [ Ldt=4.6fb'\s
2 _,1" s - Expected CL, | L dt = 13.0 fb", \s_BTe\/
4.0F Nl "
S [ * 20 expected = 6 20
i E [ e
=
e} 5
=
- 30 S
=2 32 4
& 25 b =g
= B
20 3
1.5 2
1.0 |
0.5 = E
ot L L L L |
oo L L L 100 110 120 130 140 150
110 120 130 140
m,, [GeV] my, [GeV]
. - = T 3
CMS, Preliminary. H > tv, L = 17 fly = FATLAS Préliminary J Ldt=4.6fb", Vs =7 Tev 7
- obierved H = £ fLdt = 13.0 6", \s = 8 TeV |
= signal injected S o —ovservean <
- * 1o injected E - Expected for SM Higgs Boson E
B - 20 Injected £ [ Expected for SM Higgs Boson at m, =125 GeV |
H H
120 130 140
m,, [GeV]
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CMS Preliminary 710"l fe=7and 8 Tev Z 5F ArLas Preliminaly T T
T ——— Q ' — ¥ best fit
Categary m,=125 GeV o 4 L=46Mbins=7TeV o pegt it (u>0)
et —e— XI IL: 13.0fb",\s=8Tev — 95% Contour
\BF et 5 3 == 68% Contour 3
NN 5 4+ SM prediction
@
w < s & Background only
= 2 =
wi X 1 m, = 125 GeV
en4X ——a—— 1
B ——— o
b —_— oF 4
K e F k|
= =
Combined 7TV —p——r F
Gombined 8TeV —— o T~ T
?nmmnm ) 1 ) ) F 1
2 0 4 831 1 | L I 3
signal strength -2 0 2 4 6 8
x B/B,
Hgor /Bsu

» Consistent with my ~ 125 GeV and background-only for now

» Larger dataset and/or further improvements are needed to
make a conclusion
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ZH = vvbb WH = Ivbb . ZH = libb

ULargest number of Higgs
decays at low mass but Lots of
background (jets)

UTrigger based on leptons and
missing ET

U b-jets identified through
displaced tracks go to high p,
where Higgs is enhanced

BRI UMain background: W/Z+jets

and top

ZH < pubb like event
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H — bb (1)
CMS ATLAS

—Wise

o)
= NC uncent (stat)

000| n
3 [ "ATLAS Preliminary
=] T T T T T £
3 ,E CMs Preliminary =3 E ILa:=11.a ', \s=8Tev
2 10°L 5= srev,L=1211b" 2 20000
8 W(E)HE) - [ 1Lopton, 1 Tag, 24ets, p'> 0
g w 2k
& 2 15000
& 15000

ol ool 0 lf® vl vl ol vl i
g

Data/MC

T e N e

®*T780 100 150 200 250
-1 08 -06 -04 -02 0 02 04 06 08 1 mbG[GeV]
BDT output
> Relatively tight preselection » Cut-based approach
> b-jet regression to improve > Split in several exclusive
. e ' w
mass resolution categories: EXsS (Z(vv)H), pr

W () H), pZ (Z(¢O)H
» BDT as a final variable (W(E)H), pr (Z(t0)H)
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H — bb (Il

o T s e o e e P s s = > = T T T 3

3 T D F ]

3 80; CMS Pre“mmary ;SS::E. stat. uncert. _| 8 400: ATLAS Preliminary .WZ+ZZ ]

S r r:7Tev,L:5.ofb"J EVH(us GeV) ] o [ JLdl:u.le", Is=8TeV 4

E r E:B\/T:.\/;_'L:;él 7 2 ME uncert. (stat) | 3 300;Jm_4m, rnr W WH 125Gev 3

g5 eop PP YRR . § [oEErE WzH1256ev 1

L B > L o,1,2lepton 4

r 4 w2001~ --Data-Bkgd

aof- . F i

r ] 100F- + ;

| P i ]

o- = === E ]

r ; 1 T 100E + E

C ] E | L | ]

= o bl by I SR | 50 100 150 200 250
200 100 200

|\/|bB [GeV] m; [GeV]

» Both experiments see evidence of WZ/ZZ — bb + X
production
» Mild excess compatible with my ~ 125 GeV in CMS
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& CNIS Preliminary | T J % T v T T T
s E=7Tev,L=51b" o SheQuserved € ATLAS Preliminary ve=7TeV, | Lat-a7 !
S s f=sTev.=1211" CLE Expected = o Observed (CLe) L s Tev. fLm -13.0m"
= VH(bb), combined . CL Expected + 10 S Expected (CLs) o e
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=1 £
| i
< o
E 3
2 8
5
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>
8 E
L \ , k|
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m, [GeV] m,, [GeV]
R 1 T T
= o
E] 1ot ATLAS Preliminary VH (bB)
= o [amarm,
= bad
3 102
S
103 | 0o
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106k . . L , h F
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Higgs Searches at the Tevatron

Tevatron Run Il Preliminary, L < 10.0 fo™! Tevatron Run Il Preliminary
s SR, T T T T T r N Y
4 5 Oberved § Tevatron Exclusion L <10.0fb
2yl Expected wo Higgs | |
E 5 B +1s.d. Expected m,, = 125 GeV/c?
3 3 #25.d: Bypected H- W'W - He— [ combined (68%)
ﬂ'\: g —m- Single Channel
o (d
H-vyy + s
1
H— bb [~ =
I | | I i i | | June 2012 I L I | | | I |
100 110 120 130 140 150 160 170 180 190 200 ° 1 2 3 4Besi Fitf)‘/o‘7
my (GeV/c?) June 2012 sm

» W/ZH, H — bb most sensitive channels
» ~ 30 excess at my ~ 125 GeV
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Other Decays
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WH — WWW — 3(3v

s B S, P PD-
3
= T T % 10° —— Observed ATLAS Preliminary
5 = observed CMS preliminary c Fooomeen Expected 4 3
B 102 - median expected VH = 313v (cut-based) S r Ldt=4.7fb", \s=7TeV 7
o [ mepecedsis . B ] = (NER
s F expected + 2 L =49 1 (7 Tev) + 5.1 fb (8 Tev) ] E L D 0 4
E [ =with m, =125 GeV signal R j 12k T20 WHosWWWosiviy -
= R o E -
O 101 PR 1
X = o i
s F
> F 10E 3
1k : [ i
116126 130 140 180 160 170 180 186 200 T Ty TR T TR Trww
120 140 160 180 200 220 240 260 280 300
Higgs mass [GeV] m, [GeV]

» Three high pr isolated leptons with moderate E%niss
» 7 veto and anti b-tagging to reject WZ and top events
» Most of backgrounds controlled from data
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W/ZH, H — 77

o papeMS Proliminary 748 TV L17n Wk, > Three/Four h|gh pr isolated
3 - Ob o E
= mzz E leptons, at least one of them 74
= Ex‘vz o
= q6b —JNon-promp!f E . L. i
2 {im=125Gev | > Using visible mass as final
12 M
2 variable
8
6 E
4 = CMS, s =7-8 TeV, VH > Vi, L=17 fb"
= T T
2 ty E| ©” 14 —— observed 1
05— 20 40 60 B0 100 120 140 160 180 200 TC: expected
e G i b ;
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Lepton+Jets and Dilepton  CMS Preliminary, Vs =7 TeV, L = 5.0 f’ 3 T T T T T T ]
[ ¥a ® 50—  ATLAS Preliminary \szyrevjm:mb‘ =
T [ —+ Observed 5 —e— Observed (CLs)
s F 2 . - ]
S ube L - Expected (CLs) tiH (H - bb) 1
E [ - Expected+io 3 —
o S 4 [ it ]
® [ ---- Expected: 20 (\i Btz ]
8 3
® b 8

@
8
L ML SR

1
My (Ge)

» Rather complicated analysis, low yields with large backgrounds
» CMS: several categories using a BDT as final variable
» ATLAS: several categories using m,z as final variable
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» H — Z~v — 20~: two leptons and one photon in the final state
» Relatively simple analysis, but very low expected signal yields

» Split in several categories to improve S/B and mass resolution
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» One high pr isolated lepton, at least 2-jets, and large E%liss

» Using mgqs, as final variable
> No significant excess is seen
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(qq)H, H — ZZ — 202v

CMS preliminary, \5=7/8 TeV, [ L= 10.01"
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» Two leptons from a Z boson, large EXiss
» Using mt as final variable
» Split in several categories: electrons/muons, 0/1/2-jets
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» Two leptons from a Z boson, two jets from another Z boson
> Using mogp¢ as final variable
» Split in several categories: electrons/muons, 0/1/2 b-jets
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Significance

CMS Preliminary s -7 TeV, L<5.1fb" Vs—8TeV, L<122fb"
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» CMS at my = 125 GeV: ~6.9/7.8 observed/expected
» ATLAS at myg = 125 GeV: ~7.0/6.0 observed/expected
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/G,

CMS Preliminary {s=7TeV, L<51fb" s=8TeV,L<122fb"
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» CMS: 125.8 £ 0.4 (stat.) £ 0.4 (syst.) GeV
» ATLAS: 125.2 + 0.3 (stat.) £ 0.6 (syst.) GeV
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» Signal strength compatible with SM prediction
» Fermionic final state don't have enough sensitivity to claim its
observation

Guillelmo Gémez-Ceballos



Results

Production Mechanics
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Results

Couplings
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» Far from background-only value
> Best fit values compatible with SM Higgs expectation
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» Well compatible with SM prediction
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MSSM b(b)H, H — bb

CMS Preliminary 2011, L =4.8fb’, \s =7 TeV
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» Multijet final states with three b-tagged jets
» Invariant mass of the two leading b-jets used as a final variable
» Limits as a function of my and tang
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MSSM H — pu

o 100
] F [cMs Preliminary 2011 t I R
+$ 90 Combined Cat.1/2/3 1| uu channels —e— Observed bb— ¢ CLs —
F N E e Expected bb— ¢ 3
80— L —— Observed gg— ¢ CLs |

Mgy, =1TeV @}"* scenario
Run2011 f_- 4.96%Db
—— observed limit
expected limit
expected limit = 1o
limit = 20

-+ Expected gg— ¢ N
+10bbo ¢
L £20bb ¢ 1

|E N N T P

E=7TeV, J Ldt=4.81"
ATLAS Preliminary

50

40

30

20
102F

10

. | |
100 150 200 250 300

150 200 250 300
m,. [GeV/c?]

)

95% CL upper limit on G, X BR(0—>u) [pb]
<)

m, [GeV]

» Sensitive to production in association with a b quark pair and
via gluon-gluon fusion
» m,,, is the final variable
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MSSM H — 77
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» Sensitive to production in association with a b quark pair and
via gluon-gluon fusion
» Very similar analysis techniques as SM H — 77 search
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Summary

» Found a SM Higgs-like particle at myg ~ 125 GeV

» Spin, parity, couplings... to be determined with more precision

» So far, all measurements statistically consistent with SM
Higgs prediction

» Program to search for additional Higgs boson-like particles has
just started

> No significant excess found in any beyond SM Higgs-like
particle search
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