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Production

associated prod. with tt

gluon fusion vector boson fusion (VBF)  associated prod. with W/Z
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Decay

Ww

126 GeV a good
place to be with
many accessible
channels

LHC HIGGS X5 WG 2011

ZZ

Higgs BR + Total Uncert

Combined
measurements across
many production and
decay modes gives
access to ratio’s of
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LHC, CMS and ATLAS

ATLAS and CMS:
General purpose detectors

LHC:
Proton-proton collider
7TeV in 2011, 8TeV in 2012
13TeV ?in 2015



LHC, CMS and ATLAS

Excellent performance of
accelerator and detectors

94% data taking efficiency

CMS Integrated Luminosity, pp, 2012, vs= 8 TeV
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Introduction

Search channels largely defined by predicted production and decay in SM
(+benchmark BSM) and expected ability to detect a signal above background

Original emphasis — many channels, maximise sensitivity to SM

Channel ggF VBF VH ttH Spin Mass

w v v v v v
Z>41 v v v v
WW-lvlv v v v v
Zy Vv
Tt Vv v v
pup v
bb v v

Beyond discovery emphasise precise measurement and distinguish between
different production modes by looking for extra signatures, leptons, jets, MET

Continue to search for additional Higgs bosons.
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|

Data sets for SM Analyses

ZZ: 4 lepton (spin)
ZZ: llvv, llgq
WW: Iviv

WW: Ivlv (spin)
YY:

Yy: (spin)

Zy.

MU

T

VH(bb)
ttH(bDb)

] |

|

4.7 fb 13 fbt

Updated at Winter Conferences this year
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ATLAS-CONF-2013-013

Higgs to 4 leptons (ZZ2) CHSASTHIE SO

Updated for winter conferences with full 25fb-1 data set

Golden channel — clear signature and low background

4 final states: S/IB~14

4e, 4y, 2e2u, 2u2e, (+1 for CMS)

30~ ¢ Data ATLAS Preliminary
~ [ Background zz" H—)ZZ(*)% 4]
25— [Jll Background Z+jets, tf
C |:| Signal (mH=125 GeV)
201~ 77 Syst.Unc. 's = 7 TeV:|Ldt = 4.6 fio”
§ Vs = 8 TeV:|Ldt = 20.7 fb”

Single and double lepton triggers

Events/2.5 GeV

At least 2 pairs same flavour opposite
sign isolated leptons

One tight, one loose Z mass constraint

Event categorizations:
VBF-like : jet tags (CMS+ATLAYS)
VH-like: extra lepton tag (ATLAS)

80 100 120 140

160
m, [GeV]
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ATLAS-CONF-2013-013
CMS-PAS-HIG-13-002

Higgs to 4 leptons (Z2)

Extract signal from: 4-lepton mass (ATLAS), mass+MELA+other kinematics (CMS)

Main backgrounds:

SM ZZ* production (irreducible, from MC) S/B~1.4
Top, Z+jets (reducible, data driven techniques)

. >
S CMS preliminary __ G %0« Data ATLAS Preliminary
- . i L Background zZ" *
3 30 * Data ys=7TeV:L= 51f" 3 [ ] ¥ i H—zZ" -4l
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> E 22 W []Signal (m =125 GeV)
Z+X i
= T %
® 201~ 77, Syst.Unc. \s=7TeV:[Ldt= 4.6 fb"
o - - 's = 8 TeV:]Ldt = 20.7 fo!
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ATLAS-CONF-2013-013
CMS-PAS-HIG-13-002
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ATLAS-CONF-2013-013
CMS-PAS-HIG-13-002

Higgs to 4 leptons gLAS 2

6o (SM expectation 4.4c)

\s=7TeV,L=511" {s=8TeV,L=196fb"

CMS Preliminary m, =125.8 GeV CMS 676 (SM expeCtatlon 7'26)
CMS preliminar y s=7TeV,L=511" f 8TeV.L=196f"
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n(124.3)=1.7+95_,
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ATLAS-CONF-2013-030 CMS-PAS-HIG-13-003

Higgs to 2 leptons and 2 neutrinos (WW)

Select for 2 OS leptons (e or p) + missing ET + VBF jet tagging for Njets>=2

Categorize according to lepton flavour, jet multiplicity and dilepton mass:
varying backgrounds, S/B and sensitivity to production modes

| L T T T T ] T — T T T T3 E | L T T T ] T — T T T e

PR —— Dalm %% 5M (sy= & stat) —J = . - Data #%= SMisys@stat) 7

ATLAS Preliminary gguw Wz, 525“[’0 ATLAS Preliminary g uw Evzzzwy,
E=8TeV,| Ldt=207 Egm Ef;r?:Tw E=8TeV,| Ldt=207 & Eglﬁ Ef;n?:m

] e +|B15 - ™ 4| +|B15 -

H—=WW —swnviuvey T EIREE H—=WW" —eveviuvuv WHsey]

L ; " 4 L P B | .

6 8 10 [3 g 10

Niess Nigss

For Njets=0,1 ggF dominates production (CMS+ATLAS)
For Njets>=2, additional jet requirements mean VBF dominates (ATLAS)
(VH included in signal model but effectively negligible)

Dominant (WW, top, tt) backgrounds modelled with MC normalised in control regions
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ATLAS-CONF-2013-030 CMS-PAS-HIG-13-003

Higgs to 2 leptons and 2 neutrinos (WW)
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Kops = 1.01 + 0.21(stat) £ 0.19 (theo) = 0.12 (exp) + 0.04 (lumi)

Dominant theory uncertainties from WW background and signal yields
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ATLAS-CONF-2013-030 CMS-PAS-HIG-13-003

Higgs to 2 leptons and 2 neutrinos (WW)
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At M;=125, 4.0c (5.0exp)
Mops = 0.76 £ 0.13(stat) £ 0.16 (syst)
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ATLAS-CONF-2013-030

Higgs to 2 leptons and 2 neutrinos (WW)

Fit for VBF, profiling ggF as background:
uVBF < =1.66 + 0.67(stat) £ 0.42 (syst)

Fit for ggF, profiling VBF as background:
n99F . = 0.82 + 0.24(stat) + 0.28 (syst)
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Higgs to photons

17

ATLAS-CONF-2013-012
CMS-PAS-13-001

Low BR but clean signature of isolated di-photons

Large diphoton backgrounds mitigated by excellent mass resolution ~1.8 GeV

Select events with two high pT isolated photons

Categorize events for
resolution, S/B and
production mode

ATLAS: cut based
categories

CMS: cut based + BDT
based categories

Signal extracted from fits to
diphoton invariant mass
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Higgs to photons

Low BR but clean signature of isolated di-photons

# of events/0.04

3
x10 MC 53 DiphotonJets + PhotonJets + DiJets / Data ¥s =8 TeV L = 19.62 iy’
60 == Data
B rake-Fake
= Prompti-Fake
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EZZ3] 1D shape Systematics
40 I
30 |
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10} I
Q, ==
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0.5
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di-Photon BDT

VH enriched —

VBF enriched —

ggF enriched

18

ATLAS-CONF-2013-012

CMS-PAS-13-001

ATLAS Preliminary
H- vy

di-photon selection

One-lepton

W(— W)H, Z( I)H

ET" significance

W(— W)H, Z(— vw)H

Low-mass two-jet

W(= j)H, Z(= j)H

v
9 p;,-M-conversion

agk

Plus lepton based and di-jet BDT based categories (CMS)

High-mass two-jet
VBF

MaN

tight

oose

Z
)
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ATLAS-CONF-2013-012

Higgs to photons SHSTAS T

wgoF mVBF ®©mWH ®mZH mttH
ATLAS Preliminary (simulation) H— vy

Inclusive
Unconv. central low p .

Unconv. central high p
Unconv. rest low P
Unconv. rest high P,

Conv. central low P
Conv. central high P,

Conv. rest low p_
Conwv. rest high P

Conwv. transition
Loose high-mass two-jet

Low-mass two-jet

ET " significance

One-lepton

O 10 20 30 40 50 60 70 80 90 100
signal composition (%)
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Higgs to photons

20

ATLAS-CONF-2013-012
CMS-PAS-13-001

Expected signal and estimated background

SM Higgs boson expected signal (my=125 GeV Background
Event classes o} P sh (C’e: FWI;M 75 35]| e 28125 GeV
Total | ggH VBF  VH ttH | (GeV) (GeV) (ev./GeV)

7 | Untagged 0 32 | 614% 16.8% 187%  3.1% 1.21 1.14 33 +04
*‘E Untagged 1 16.3 | 87.6%  62%  56%  0.5% 1.26 1.08 375 +£13
o | Untagged2 || 21.5|913% 44% 39%  0.3% 1.59 1.32 748 +19
E Untagged 3 | 32.8 | 91.3%  44% 41% 02% 247 2.07 193.6 +3.0
B Dijet tag 29 | 268% 725%  0.6% - 1.73 1.37 1.7 +£0.2
~ | Untagged 0 17.0 || 72.9% 11.6% 12.9%  2.6% 1.36 1.27 221 +£05
2 | Untagged 1 37.8 | 83.5%| 84% 71%  1.0% 1.50 1.39 943 +1.0
2| Untagged2 || 150.2 | 91.6% 45%  3.6%  0.4% 1.77 1.54 570.5 +2.6
; Untagged 3 || 159.9 |/ 925%, 39% 33%  0.3% 2.61 2.14 10609 £3.5
& | Dijet tight 9.2 | 207%| 789%| 03%  0.1% 1.79 1.50 34 +£0.2
“ | Dijetloose 11.5 | 47.0%| 509%| 17%  0.5% 1.87 1.60 124 +04
Muon tag 14| 00% 02% 79.0% @ 20.8% 1.85 1.52 0.7 +£0.1
Electron tag 09| 11% 04% 787% 19.8% 1.88 1.54 0.7 +£0.1
EMss tag 1.7 | 220%  2.6% | 637% | 11.7% 1.79 1.64 1.8 +0.1
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ATLAS-CONF-2013-012
CMS-PAS-13-001

Higgs to photons
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background fluctuation. 10% lower
yield if no fit of resolution.

my [GeV]
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ATLAS-CONF-2013-012
Hi t hot y g M PASIS001
iggs to photons . @i
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ATLAS-CONF-2013-012

Higgs to photons CHSPAS 15001

CMSNs=7TeV, L=51fb"\s=8TeV,L=19.6 b’
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ATLAS-CONF-2013-012

i CMS:-PAS-13-001 1
HIggS tO phOtOnS @ 1EM'S'|"'7'-|n'aY'ITI'5';"f?'"S'IIBIT%\{ILI|11|9|6|TI?_
= - 3\ N HEE W AR 4 i
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(Backgroun: :IC agrees) Signal MC 10 E CIV:S Prel:mlnarly (CIC)| _____ = 8TaV E
110 115 120 125 130 135 140 145 150
m, (GeV)
Strong correlation between analysis Excess 3.20 (4.2 exp)

~0.75 compatible at 1.5 sigma level Alternate analysis finds: 3.90 (3.5 exp)
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ATLAS-CONF-2013-012
CMS-PAS-13-001

Higgs to photons

Unconv.central [ [ T T 1 US> NI L N L L L L N L L B B B
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Unconv. central [ ATLAS Preliminary
Bigh P, 4
MET CMS preliminary nconv. rest f
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M =1.65 = 0.24(stat) £ 0.22(syst)

MVA analysis | cut-based analysis
(at mg=125GeV) | (at my=124.5GeV)

7 TeV 169708 227407 Clear tension between these results

+0.29 +0.34
8 TeV 0'55‘8'% 0'93‘8'%% More data needed to resolve
7 +8 TeV 0.781 05 1117555
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ATLAS-CONF-2013-012
CMS-PAS-13-001

Higgs to photons

j. T T 1 1 | T T T 1 l T 1 1 1 I T 1 1 T I 1 1 1 T I 1 1 T T
Vs=7TeV L=5.1fb" B . I ]
CMS Preliminary ggsngzV L=19.6f" 3 — —— All systematics ATLAS Preliminary -
= 2.57 —— C - Without mass scale uncertainties Hosyy .
E | u= 0.78 + Best Flt\\ R Without Systemaﬁc 5
o L my =125.2 GeV — s 25 + Best fit ]
2 ~ --- 25 B 7]
i 21 =
o - -
[ 1.5 7
T 1 Ys=7 TeV, I Ldt4.8 16"
L . —— 68%CL ]
[ 05 - 95]% CL | | \s=8 TeV, _[ Ldt -20.7 ']
05 ) 124 125 126 127 128 129 130
L T e my [GeV]
i L1 1 | | L1 1 1 I L1 1 | | L1 1 | | L1 1 1| | L1 1 | |
‘P22 123 124 125 126 127 128 —_
= + +
™. GeV) m,, =126.8 £ 0.2(stat) £ 0.7(syst) GeV

m,, =125.4 + 0.5(stat) + 0.6(syst) GeV
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ATLAS-CONF-2012-160
CMS-PAS-HIG-13-004

Higgs to taus

Select events with two opposite sign tau candidates — 0,1 or 2 leptonic decays

Categorize according to lepton and jet multiplicities and event kinematics
enhances S/B and sensitivity to ggF, VH and VBF production modes

Dominant background Z/y*—T11, model enhanced
from data using pu events

TTTT TTTT TTT TTTT TTTT TTTT TTTT TTTT H i = = -1
> 30b 1 e en + i Hiz-jet VBF CNS Proliminary, Vo= T8 TV, L =243,
8 B T %‘ L 40 H{125 GeV) — 17
: : . ey, et ,ut,T.T B == Data - Background N
8 B + Data i 0 1000 | h h* “h’h @Bkg.Un:ertainly
— 25_— —2:{ H{.IES}—}TT —_ : B 2
'g C - 11T ] I_:_, i
2 o0F Bl Z—eeun B € so0f 008
L - B ii:single-top - S - o
- WW/WZiZZ 4 % i ) . i
15K P Fake leptons 600 T00 50 ]
- 7% Bkg. uncert. ] E i m:: [GeV] i
C ~ R - [ H(125 GeV)> 1t |
ok [Ldt-130m" 3 £ ok —o— aoseneo N
L {s=8TeV ] O I:I- T ’
- ATLAS Preliminary ; - B electroweak g
SE . m 200 [ aco -
B D i 7 [ ]
— - _ [ L L I L .
00 50 100 150 200 250 300 350 400 0
MMC m.. [GeV] 0 100 200 300

m.. [GeV]
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ATLAS-CONF-2012-160
CMS-PAS-HIG-13-004

Higgs to taus ey

. - 2c
10-2 ___‘_“___-“-----_____‘-_,,.. .......................... ................. ‘%
gt " S — 35
10-4 E ............................................. ............................................ ................. :j

_ _ ; 4o
10'5 .............................. p-va'ue Observed
106 ..................................... p-value expected

: : 56

—

8

I L | | L I L I | L | L I
H—s ~ ATLAS Preliminary
—e—Observed CL, | Ldt=461fb" {s=7TeV —

—-- Expected CL_ | Ldt=13.0f5", {s=8TeV

[ ]+2c
=10

Local p-value

7
6
]
4

95% CL Limit on o/cy,,

(78]

A R AR SFUVIIE AR CMS see excess: 2.90 (2.6exp)
110 120 130 140 150

my [GeV]

Not quite sensitive to SM yet at ATLAS
Small but not significant excess
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ATLAS-CONF-2012-160
CMS-PAS-HIG-13-004

Higgs to taus

4.0 CMS Preliminary, {5=7.8 TeV, L2431, Hoor Poor resolution but not
S T B B B completely mass blind
£ 35 —e&— observed

; —— H(125 GeV) expected _ +9

by 30 | £ 1o expected M=120 - Gev

+ 20 expected

CMS see excess: 2.90 (2.6exp)

m, [GeV]
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ATLAS-CONF-2012-161

Higgs to b quarks

Dominant BR at low mass for SM
Backgrounds make inclusive search very difficult

Extra signatures in VH and ttH modes make possible

associated prod. with tt

associated prod. with W/Z
q W,Z

W,Z
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ATLAS-CONF-2012-161
CMS-PAS-HIG-13-012

Higgs to b quarks (VH)

associated prod. with W/Z

Categorization: by lepton content, V boost, b-tagging q w.2
quality and missing ET ~_ Wz
q H

Signal extraction: m,, (ATLAS) and MVA shape (CMS)

Most backgrounds from MC + data normalisation using control regions,
Multi-jet data-driven and WZ and ZZ from simulation

6 T T T T T T T T T T T T T T
% 6 L | T T T T | T T T T | T T T T I T T T |_‘l | ] bg jI CMS PI!e"minaryl
,_g T ATLAS Preliminary {s=7TeV, _[ Ldt=4.7th 7 ) - {s=7TeV,L=5.0 fb"
c 5 —e— Observed (CLs) ~ J' - . g 5~ Vs=8TeV,L=19.0 b "
S R Expected (CLs)  'S-8TeV. | Ldt=13.0b" 1 < [ VH(bb), BDT combined .
E T I +1o VH(bb), combined ] E i CL, Expected + 2
=  4- =20 . - 4 ]
J - x 2 0
: C ] @]
© g
p—
& S
oy a
E
>
]
<
X
o)
o

Il_ :llllllllllllltt‘Illlllllll:
110 15 120 125 130 110 115 120 125 130 135

D:| 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 |

m,, [GeV] m,, [GeV]

M=-0.4+0.7(stat) £ 0.8(syst) p=1.00 + 0.49
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ATLAS-CONF-2012-35

associated prod.

Higgs to b-quarks (ttH)

One semi-leptonic top-decay + many jets signature:
1 lepton + high missing ET + >=4 jets

Events categorized according to multiplicity of jets and b-tagged jets

ATLAS: mass/HT analysis, CMS: MVA shape analysis

Lepton+Jets and Dilepton CMS \s=7TeV,L=5.0f"\s=8TeV,L=5.110"

with tt

% [T | T T | T T T T | T T T T I T T T T | T T T T | T T T T ] Q% 20:_‘ R N T
T 50~  ATLAS Preliminary Gertou [Loae’ = 2 —e— Observed
s - —e— Observed (CLs) ] £ — Exooctad & 1g s
- B _ _ ] E - xpected £ 1o
E £ Expected (CLs) ftH (H — bb) N a 15:_.. ______
- 4 El+te ] ® _ E ---- Expected+ 26
U | l:lizc | g 14:_ ......
3‘?- — — : H
|£ 30—_ _— 12 .....................................................
- ] 10
20— ]
10:_ _: ......................
- — 2_ ..............
0_|:|||||||||||||||||||:||||:||||:_ 9_"""""'""""""
110 115 120 125 130 135 140 10 15 120 125 130 135 140
m,, [GeV] m,, (GeV)

Some way away from SM sensitivity lots more data needed
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CMS-PAS-13-015

Higgs to photons (ttH)

Two approaches: leptonic and hadronic (top decays)

Process Hadronic Channel Leptonic Channel
bkl 0:567 (8772) 0.429 (97%) . 30, CMS Prelminary (S8 Tev1st00 8"
g9 — H 0.059 (9%) 0 (0%) S AN ]
VBF H 0.006 (1%) 0 (0%) " o5l — Observed ]
WH/ZH 0.019 (3%) 0.013 (3%) %-' C - Expected £ 1o g
Total signal 0.65 0.44 h‘g 20 I - Expected + 26 :
£
= B
4 15F
B -
CMS Preliminary Vs =8TeV L = 19.6fb " CMS Preliminary Vs = 8TeV L = 19.6fb ™! B
% F ttH(—yY) hadronic channel —4 pata % 4,50 tH(—77) leptonic channel —+ pata 10 C
o 8; —— Bkg Model 2 ’ —— Bkg Model
1‘; 7; (ERS :J: 4 [ER: i
- [ Sas e ° — -
TS [] 1xsmm, =1256ev Il . [] rxsmm, = 1256ev ]
5:_ |IIIIil\ll‘II\IiIIIIi\II\iI\III\IIII\I
A 25 10 115 120 125 130 135 140 145 150
é 2 m, (GeV)
3
B 15
1: 0.5
L O O L s —— R VU S— e ————
100 120 140 160 180 100 120 140 160 180

m,, (GeV) m,, (GeV)
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Higgs to Z + photon

Similar to diphoton channel
Loop production modes

Relative rate to diphoton interesting and
sensitive to BSM

= A I B BLELELLE ELALLEL IR I B
&$ 390 ATLAS Preliminary E
E 300 —e— Data 2012 —f
I% 25[];— —— H—)Z'ﬂ:m“=125 Ge'u',:j“xzﬂ_é
200 =
150F- =
100 +7 2
s0F- s=8TeV JLdt: 20.7 o', Z—pp S
- A 8393 events .
ﬂ_| ot T e dgegeg b o b v P g b7l

25 30 35 40 45 50

Am [GeV]

(H—2Zy)

SM

95% CL limit on 6(H—Zy)/c

34
QD 10 E T T ‘ T T T T | T T T T T T T T T T T T | T T T T E
C J- Ldt=461" {5=7TeV — Observed p, 7
r [P — Expected p_ 7]
ILm:20_?1b (s=8TeV 0
| ATLAS Preliminary |
1= =
: 16 |
107 E
L 26 4
0,2 coeov by e b e by ey e by g
120 125 130 135 140 145 150
my [GeV]
45 T | T T T T ‘ T T T T T T | T T T T | T T T
~ e = Observed
40 Ldt=46f" ¥s=7Tev Expected
35 Ldt=207 ", {s=8TeV o
20

ATLAS Preliminary

15

10

5

0 Sy et s e o ot okl A oo e A e Ay

120 125 130 135 140 145 150
my [GeV]
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ATLAS-CONF-2013-009
Higgs to Z + photon CHSPASHIEASE
o Wer— T
E J- Ldt=461" 5=7TeV — Observed p, 2
- ILm:20_nb",{§:8Tev """ Expected p,
Similar to diphoton channel L ATLAS Preliminery |
Loop production modes kN E
L 16 |
Relative rate to diphoton interesting and 3 E
sensitive to BSM .
120 125 130 1 10 145 150
my [GeV]
5 T Ry I L e g
% 33 ;_ """""" ﬁzgiezizi;;bf;l """" - - - Median Expected _'; E 40 }Ldt:zt_efb",ﬁ =7TeV :g:ps:g:j =
- =0 e =7 : xpected = 1 G E = =207m", (s=8Te + E
B, 30BN\ Bisciron + muon channels Bxpected = | E R o L E
= - : Expected = 2 0 3 2 t20 ]
o o5 ' ' ; : : = g 3 N =
§ f E :;:r o5 ATLAS Preliminary E
Eé E g 20 é
X £ 15 =
- 3 10
= 5
i H : i ; i @ 0 Sy A e et e T s e Ay Ty ke Aot ol ey St Bt At Ty ke Mk A Sy w
E— 1 L 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ] 120 125 130 135 140 145 150

(l)20 125 130 135 140 145 150 my, [GeV]
my (GeV)
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ATLAS-CONF-2013-010

Higgs to muons

Probe Yukawa interactions for second generation fermions

Select events with two OS

. :
isolated high pT muons Huge Z/y* background dominates

>101[)'I'"I"'I"'I_".'I"'I"'I"'I:"I"'I'
§ 10° ATLAS Prellmlna_:y : ;;l";emp émfg‘f‘? ;L mfl AT AS Il:’lrlellilrrllilﬁflirlyl L B I L UL 'E
S b e Tev,[Lat=2070" Www e S b Hop'u E
. 2 Hopy [ ez B = E - — Observed 3
Extract signal 8 SR S mieBesced  [igog7nt 3
. (& u " ]
from dimuon £ b C+20 5=8Tev :
D — 3
mass spectrum N : .
ZDE— —f
102— —f
Mass resolution o E

111 |"|'1'-r'r-|'1—r1—r'|'r'|—r-|'+-r'r—r'|-|"|—1'-rT'|"|—r'|—r‘I'TTT'r'{'r'rr'r{ 11
110 115 120 125 130 135 140 145 150
m.. [GeV]

Data / SM

~2.3GeV @ 125

BV TV PR F VB VT N 2 R
my, [GeV]

No evidence for a signal at present

Not yet sensitive to SM rates
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H |ggS MaSS m, = 125.8 £ 0.5 (stat) £ 0.2 (syst) GeV

m, =125.4 + 0.5(stat) £ 0.6(syst) GeV
m, = 124.3 £ 0.6 (stat) = 0.4 (syst) GeV

m, =126.8 + 0.2(stat) £ 0.7(syst) GeV m,=125.7+0.3 (stat) + 0.3 (syst) GeV

cmsprenmmary F 7T V,L<51fb' (s=8TeV,L<19.6f"
— + .S fexN’/z7er ' M .. DYNYY = [rm—m7rrrT—Tr—T7T T T T T 1T
mH—1255102 (Stat) -0.6 0.5 (SySt) Gev b% H_>'Y'Y+H_>ZZ =+ Combined
B + H-wy
- _ 2.0
% 129 ATLAS Preliminary - + H-Z7Z
O  F  is=7TeV:[Ldt=4.6-4.81b" L
£, \Vs=8TeV:[Ldt=20.7 fb" i i
28 Besti 1.5 —
L —68%CL r 7
127__ ----- 95% CL
C e 99.7% CL -
- — Am=0 L -
126 " LT 1.0 L
125 0.5[- y
124~ & -
C “_‘ "."" -| e e e
1230 0.0 124 125 126 127
C e mx (GEV)
122F

A P T P T T Energy scale systematics dominant for ZZ, electron-photon
122 123 124 125 126 127 128 129 . .
my, [GeV] and energy scale extrapolation dominant for yy

Amy =m,, —my=2.3_,;*° (stat) 0.6 (syst) GeV
Combined results compatible

Consistent with Am,, = 0 at 2.3c level across experiments
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Higgs Signal Strength & conr zois.as

CMS-PAS-13-005

! I
ATLAS Prellmlnary ,mH=1255<3eV
; \s=7TeV,L<5.1fb' {s=8TeV,L<19.6fb"

W,ZH — bb E - _
\s =7 ToV: [Ldt = 47fb1 . i CMS Preliminary m,=125.7 GeV
\s=8TeV: [Ldt=13fb" i Py, = 0-65
H> ﬂj E H— bb ¢
\s=7TeV: |Ldt=46f" o — —
\s =8 TeV: det 13fb1 i n=1.15+0.62 :
H— wWw' S viv : ; :
\s=7TeV: [Ldt=4610" e 1T -
\s=8TeV: |Ldt=20.7fo" ' p=1.10%0.41 i
H— vy :
\s=7TeV: |Ldt - 4.8 0" D e— H— vy ——
\s =8 TeV: L(dt 20.7 o : p=0.77+0.27 ;
'Inj?revzzl_dt 4_£>3ﬂ?‘| : H— WW |J: 08 + 04

/ | —— — :
\s =8 TeV: [Ldt = 20.7 fb” : W= 0.68+ 0.20 ——
Combined . n=130+0.20 H_ 77
\s=7TeV: |Ldt=4.6-481b |- n=092+0.28 :
\‘5 = 8 Tev - Ldt = 13 B 207 fb-1 E 11 | i | 11 1 1 i 11 1 1 | | ] | I3 1 1
| | | | | | | 0 0.5 1 1.5 2 2.5

1 0 +1 Best fit 6/c,,

Signal strength ()

Consistent with the SM
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ATLAS-CONF-2013-14
Higgs SI nal Strength ALAs CoNF-2013-34
g g g g CMS-PAS-13-005
z 10" T < AR AR AR RN RS RN R RERRERE
o - " ATLAS Prellmlnary : R ATLAS Prellmmary ]
" sl \s=7TeV: [Ldt=4648f" ] o 12:_ t \s=7TeV: |Ldt=4.6-481" B
T . Is=8TeV: [Ldt=13-20.7 b . £\ G s=8TeV: |Ldt=13-20.7 fbo" :
Ié 6j —H-oyy + Standard Modeli 10:_ l““ my, = 125.5 GeV _:
= i 5 :::S\fz\:\:"?:lww igg:: ?:tL _] - — combined —H-=yy .
4: Y e 95% L : 8- | --- SMexpected —H 77" 4l B
B - B " —Howw 5w z
21— - 6 . —H- 7
o = L N e o =
2F = 2r =
e T TV T T OK.". """"" N T
-2 - 0 1 2 3 4 5 6 7 8 -05 0 05 1 1.5 2 25 3 35
Hograt B/Bsw H VBF+VH/ Hggr ik
< ‘_I"- 'l""l""l_"_"l""""l"": .
s UF || Amas emnay ; Model dependence in BR
B\ eseev s isaore E factored out in ratio allows for
10= - . .
o my e 1255 Gov E combination across channels
65 — combined .
» ----SM expected .
£ p-value for excluding VBF/ggF =0
o ‘_ : 0.05% (fixing ratio VH/VBF)
N e 0 il i
T - NENIUSY 0.09% (profiling ratio VH/VBF)

/
Pl\,'BF l'lggF+l'lH

~ 3 sigmas
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ATLAS-CONF-2013-14

Higgs Signal Strength 2125 conr-2013-34

CMSPrehmmaryF 7TeVL<51ﬂ:| fs=8TeV,L<19.6f"

E_ + H-o1
s T L L
g °F | ATLAS Prelminary | _© *onoww
a & \s=7TeV: [Ldt=46481" ] +HozZ
e 8: \s=8TeV: |Ldt=13-207fb" 7 4} + Hobb
A 3 + How )
< b e L TR Compatible
4 N —Howw s v —68% CL A | |
r -=- 95% GL b - o .
A+ E 2 —  with the SM
o =
2 - O: T -
' my=1255Gev 7 e L
_41 ol b e b b L e b b L)l
2 -1 0 i 2 383 4 5 6 7 8 ‘
Hogroam * B/Bsu 1 0 1 2 3
1OCMSPreI|m|nary (s = 7TaVL<5‘IIb F 8TeV L<1961b
_I T T |
< JII"I I|I|I||I|I||.||.||||||| I I__ :
c 140 ATLAS Preliminary ] £ 9 —Observed E
o 1o “‘. Is=7TeV: _'.Ldt=4.6-4.8fb'1 = < st ---- Exp. for SM H E
- Is=8TeV: |Ldt=13-20.7 o ; oS4 :
10 = 7t E
- my = 125.5 GeV . 61 E
8 profiled B, | C /
5 C — combined -7 5 ?‘, '," E
- ---SM expected 4 -_.: ' B
. o\ 3| =
2F 2f | E
O_I I 11 1 1 11 1 1 | :.;'PI 'r-“ 1 1 1 11 1 1 11 1 1 11 15 ‘\\ l’ E
-0-5 0 0-5 1 1-5 2 2.5 3 3.5 0_| L1 “l- - 11 111 I | I I | 11 I 111 I_
" u 0 T2 3 4 5 6
VBF F+ttH
997+t Hogr v uggH,ttH
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ATLAS-CONF-2013-14

H IggS fItS ATLAS-CONF-2013-34

CMS-PAS-13-005

Largely use parameterisations from B o - Tg
LHCHXSWG  arXiv:1209.0040 (o-BR) (i = H = ff) = =

Decay modes

FWW(*)

Production modes Assume all S|gnals.near \132;)
OggH  _ {Kg(rbmwnn) 126 come fromasmgle - K
oSN Ke resonance of zero width, T
. . . LI
gﬁF — Zo(eworzmy)  With SM-like coupling =
VBF
o structure Lo
oM T W M,
WH )
oM _ Total width = sum of alll Ty {Kg(xb,mmnijmﬁ)
oM : decays widths (+ invisible) ! &
T+TH ]-—‘Z'y . { KQZ?)(KbaKtaK'hKW:m'H)

_ 2 =
0.SM = Kt 'sM
ttH

7

Zy)
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ATLAS-CONF-2013-14

H IggS fItS ATLAS-CONF-2013-34

CMS-PAS-13-005

Largely use parameterisations from B o - Tg
LHCHXSWG  arXiv:1209.0040 (o-BR) (i = H = ff) = =

Decay modes

: TSM . — Kw
On Mo Assume all signals near e
: (+)
_ { Kg(,(bjkhm}[) 26 come from a smgle %{) S
K resonance of zero width, “z
OVE 5 ith lik . E _ 2
ST = oarlow. k. mi) with SM-like coupling T <
VB structure Lo
oSM_ Ky T = K2
WH . T T
oM _ Total width = sum of alll Ty {Kg(xb,m.mnxw,m-ﬁ
oM : decays widths (+ invisible) ! &
TtTH 2 I KQZ?)(KbaKtaK'n
™ - & SM .
g Zy ( “@y

Loops can be resolved into constituent contributions
assuming SM or left as free parameter -> BSM
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. . ATLAS-CONF-2013-14
H 1J0S fits ATLAS-CONF-2013-34
CMS-PAS-13-005
T A T T B L
2 parameter model * - ATLAS Preliminary oo Ao
gE 8= 7TeV,|Ldt=4.6-48 fb‘11 #H vy Blcombined |
Ky = Kw =Kz - \is=8TeV,JLdt=13.-gfb' + SM * Best Fit

kp € [-0.88.-0.75] U [0.73.1.07] = NN,
kv € [0.91,0.97]U[1.05,1.21]

Compatible =
with the SM 06 07 08 09 1 11 12 13 14 15 16
1 10— 7] = 10_"‘“"":l_""l""l""I""l"':
By of ATLAS Preliminary [ ] ] g goamas Pfe"'“'"ary L Dl 4 Vv
c E \s=7TeV,[Ldt=46481"  — QOpserved 1 = ght'ss7TeVILdi=46480°  —Opserved E
o 8 \s-8Tev JLdt=13-207f" -- SM expected ER 75 1s=8TeV. JLdt = 13207 6" - SM expected ]
2 = = = ; E
[, - lakp + Bry| i3 E of E
sE E 5t E
£ E 4= =
photon loop could give .t E 3 E
access to relative sign 2 = "j: E
1E- - 3 ]
ok E %0. 1.4
1.5 k,
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ATLAS-CONF-2013-14

H IggS fItS ATLAS-CONF-2013-34

CMS-PAS-13-005
2 parameter model

CMS Preliminary Is=7TeV,L<51fb" {s=8TeV.L<19.6 fb"
Ky = Kw =Kz i . O SM Higgs ® Fermiophobic [ Bkg. only
KF = K =Ko=K =Kg 2] | '
1
Compatible -
with the SM Ok
Fyy - |aKF -I'.BKVl2 -1 -_
photon loop could give i
access to relative sign -
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. . ATLAS-CONF-2013-14
H To[efS fits ATLAS-CONF-2013-34
CMS-PAS-13-005
2 parameter model but no assumption on the total width Ay = Kp/Ky
~ W71 g Kvy = W'me
< = ATLAS Preliminary eyl E
< - 1s=7TeV,/Ldt=464.8"  — Opserved E
i 8;_ 1s=8TeV, _[Ldl= 13-20.7 fb"  -- SM expected E
Yo 3
o= '-.
°F " E £ - ATLAS Preliminary ~ + SM e
4 - 2.5 P . —
. E - \s=7TeV,|Ldt=46-48f" x Bestfit E
s E 2E \s=8TeV,[Ldt=13-20.7 fo! —— 68% CL E
y3 E 155 - 95% CL E
13 = E E
0:'1'_5‘ : E 15 —;
- 0.5[ -
~ WOg——7 77 | N 0:— =
Pl 9E- ATLAS Preliminary ey k] E - g
< E is=7TeV,JLdt=4648f" —Qpserved E 0.5F E
ﬁ 85_ \s=8TeV, [Ldt=13-20.7fb"  -- SM expected E 15 1
! 7? Ve ’ ' E - E_ g _E
6;_ E A T
55 E 06 08 1 12 14 16 1.8
4 - .
3f 1 Compatible Koy
2E 37 with the SM
1= _2
¥ T F B B 1 R A FO Ay € [-0.94,-0.80] U [0.67,0.93]

Kyy Kyy €& [096,112]U[118,14g]
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ATLAS-CONF-2013-14
ATLAS-CONF-2013-34

Higgs fits

CMS-PAS-13- 005

3 parameter model — don’t resolve the photon loop - 1o R
<" of ATLAS Prellmlnary [;LFV vkl
< - (s=7TeV,JLdt= 464817  — Opserved
?LFV [}85+ﬂ .23 ~ 8?1's=8TeV,JLdl=13-20.7fb“ -- SM expected
o -0.13 ' U3
Ay = 1.227018 Compatible i
kv = 1.15+021 with the SM af
3k
— 10_"|"'\.'.“\"' L B LR IS ;
< oF ATLAS Preliminary eyhoykin] 3
é - \s=7 TeV, J-Ldt =4.6-4.8 fb-1 — Observed 5 lFV — FL-FJ';W YV
= 8 s—8TeV,JLdt-13207f" -- SMexpected 1
Yok E My = Ky/ky
°F E Ky = Ky - Kv/KH
°E E 2 s g
41 = z 92_Hs=7TeV,ILdt=4.g4‘8fb“ _%;;erv’ezwl E
= = S 8 \s-8Tev ldi-132071" -- SMexpected
3E E 3
- - 6 —
°F E
1 - 4r
= = 3E
8.4 ] 22
1
Aey ot

3D compatibility with SM 9%
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3D SM compatibility 5%

. . ATLAS-CONF-2013-14
nggS fits ATLAS-CONF-2013-34
CMS-PAS-13-005
Custodial symmetry
2 133_ ATLAS Prelminary  p 5 1 Compatible
z C \s=7TeV,JLdt=4648%"  — Opesnved E Kzz = Kz-Kz/Ky with the SM
= 8L \s—87TeV,|Ldt=13-20.7f6" -- SMexpected - B
Yo7 e » - AWz = Kw/kz
i3 1 Mz o= xr/xz
af\ IO A A S—
3 ‘ E
2\ N E
R N R 3 wz € [0.64.0.87]
%06 08 1 iz 14 16 rz € [-0.89,-0.55]
e k7 € [1.20.2.08]
& 1§§'Afm's'p'rén}n}n'a}y' kg 3
< C 5=7TeV, JLdt=46481"  — Opaerved
ai: 8? s=8TeV,[Ldt=1320.7fo"  -- SM expected E ) .
g‘ E Ae; prefers non-phy5|_cal region but not
5 strongly compared with +ve quadrant
X: minimum
2
1 i
0% T
A



17/05/2013 48

ATLAS-CONF-2013-14

H IggS fItS ATLAS-CONF-2013-34

CMS-PAS-13-005

Custodial symmetry 3D SM compatibility 5%

~ g7 71— 7 T T 1T

= = ATLAS Preliminary " 3 .

s :é_v."s=7TeV,ILdt=4.6-4.afb" _%g";:,fzg’dzz] E Kzz = Kz -¥z/Ky Compatlble

o~ 75_:.‘-3 =‘8Te‘aV,_::ILdt=13-20.7fb-1’ -- SM expected —E Awz = Kw/ky with the SM
65 3
E % E l. —
sE- . FZ = XP[Rz wz € [0.64,0.87]
43_;;_. .............. E‘-‘. .......................................... fanmnnnn E lfz E [_D.Sg? _U'SS]
2\ Y - xzz € [1.20,2.08]
L S P E
% 06 08 1 12 14 16

3 T amad ey pai oy 3 Decouple from diphoton rate

T =TT JLdt=46481" —QObserved E

~ TE_\S=BTeV,ILdt=13-20.7fb -- SM expected Dok = kg K7/ KH awz = 0.80+0.15
o 1 Awz = kw/kz bz = 1.10+0.18
4 4 Mz = K/ Apz = 0743921
3F E = 1
2 _i AFz Kr/kz . K77 = I-Stg.i
1 =
O:' -

4D SM compatibility 9%
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Higgs fits

Custodial symmetry

50—

CMs Prellmwnary |s ?TeV L<51 b’ Vs=8TeV,L<19.6f"
I

T o oWl je) | —omoned
g sob Myzs Kz K ,:f ---Ex;f:. for SMH 3
" 350 3
3.0 =
2.5[- =
2.0F 3
1.0
0.5f ‘ 3
00— 65 1.5 2
Mz (= 1)

Using only WW and ZZ channels

-2AInL

5.0p
450

4.0
3.5
3.0
2.5
2.0
1.5

1.0F

0.5

O-Oolllllllld.sllllll I-1 Illlll.i.5IIIIIII

49

ATLAS-CONF-2013-14
ATLAS-CONF-2013-34

CMS-PAS-13-005

CMS Prellmmary |s ?TeV L<51 fb Vs=8TeV,L<19.6fb"

I| 'II'I|IIIIIIIII

A‘WZ! KZ! — Observed

--- Exp. for SM H

Using all channels

AV}

Mz

Compatible
with the SM
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ATLAS-CONF-2013-14

H IggS fItS ATLAS-CONF-2013-34

CMS-PAS-13-005

: Compatible
Probing the loops . K7 (ki)
J P with the SM My = H M
— 108+0.14 (1 - BRin\f.,undet.}
K‘g = . + U,
— +0.16 ~ 10— T
Ky = 1'23—{}.]3 m” 9; ATLAS Preliminary [k, %gB ] E
< of 15=7TeV, JLot=46-481" — Opserved E
EI - \s=8TeV, det=13-20.7 fo' -- SMexpected 3
o A I I B L BRI 7E 3
* o oF ATLAS Preliminary + SM E - E
20 , - 6 —]
- \s=7TeV,]Ldt-4.6-48f" x Bestfit E g E
- {s=8TeV,|Ldt=13-20.7fo" — 68% CL E SE E
1.8 - 95% CL E - E
- : A E
1.65— _E 3F —
1.4 — = 3
- . 2F -
1= — 15 3
C . 0_ 1 ||||||| IIIII\‘I\\I‘\I\\‘I\\IIIIIIII_I
0.8:— = 0 014 02 03 04 05 06 07 08 0.9
0.6 — B
o I T N T . "
0.9 1 11 12 13 14 15 16 1.7 1.8 I{g _ 1[}84_3:&
K'Y M
ey 0 _ +0.16
2D SM compatibility 5% Kk, = 124750

3D SM compatibility 10% BRiny.undet. < 0.33
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. . ATLAS-CONF-2013-14
nggS fits ATLAS-CONF-2013-34
CMS-PAS-13-005
Probing the loops o kg (k) s

(1 - BRimr.,undet.} H

CMS Prellmmary G 7 TeV, L<51fb' ys=8TeV,L<1961"

2 0 TTT TrIrrrrorrr Trrrrrorrr
< - KT Kg I | .

1.8 = SOCMSPreIImInary r 7TeVL<51fb F 8TeVL<1QEIb
N N | . T T ™
1'6:_ E £ 45 - Ky Kgs BR — Obsewed E
14p E < - Exp.for SMH ]
1.2__ .................. - QA 40__ 7 =
e — ] [ B 3
L e - -~ - = -
[ 7 J - ]
o, N : 35 ]
S NG Vo E 3.0F -
o6k T """--..________,/ ’ A E E
A d ] 2.5 =
0.4} . g ]
oo ] 2.0 =
0 0- I | I I B | I | I | I | I: 1 '5;_ _;
0.0 0.5 1.0 1.5 2.0 - ]
Ky 1.0F .
0.5F =
0.0 : —I‘I‘I’I’I’I 1 | 1R 1111111 I IIIII 111 | L1111 I 11111111 I:

_ 0 0.2 0.4 0.6 0.8
Compatible BRgsu

with the SM BR(invis) < 0.52 @ 95% CL

-4
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ATLAS-CONF-2013-14

H IggS fItS ATLAS-CONF-2013-34

CMS-PAS-13-005

ATLAS Preliminary \s=7TeV, |Ldt = 4.6-4.8 fo"

B+t1c +2 \s = 8 TeV, [Ldt = 13-20.7 b
CMS Preliminary §s-7TeV,L<5.1fb' Vs =8TeV,L <1965’ [ :
g | 1 1 1 LI III| L] T 1 LI III| T : KV
> | |=68%CL ] g N
-@ t g
2 1 -—95% CL ','_:' Ke
5 | wZA" —
< AT £ n I
107 E g,ﬁ NOA
E b - - E E&E! WZ
: T ‘4" : . Kg
102 { e B o —
F L ] Ky
i ol 1 Ll J Emf
1 2 345 10 20 100 200 g8 1B,
mass (GeV) i DR
No significant deviation from the my = 125.5 GeV parameter value
SM seen in any of the benchmark Compatible

fits performed. with the SM
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H Iggs Spln StUdIeS ATLAS-CONF-2013-029

?’ 14'—ATLAS'P're|imi'na}y' ]

: “ ey = H— 7y eData Spin 0]

Compare 0+ with 2+ “graviton” model = 125 (=8 TeV; [Ldt =207 f' Seraimyponess Mo -

with minimal couplings in diphotons < 10p ok =0 P
2 8k oJ =2

6

S 200 oy piompdt —F a2 (loo%gg pat ]
@ - Nominalanalysis ¢ -0 (sM)fit  ® J°=2"(100%gg) fit |
5 - [ Backgroung systematic uncertainty -
> 150 ]
w C —a— ]
- ’_"_‘ |
100 _,—4- -
: T l ]
- — ] . '
S0F ] 0 25 50 75 100
[¢)
0 fq [%]
004 02 03 04 05 06 07 08 08 Som vaioes (%)
i _ +
|coso”| Jaa (%) hypothesis | expected | observed 1-CLs(27) (%)
0* 1.2 58.8
0 2* 0.5 0.3 99.3
. . * 25 0* 52 60.9 94.6
Fit 2D product PDF in m,, x cos6 2+ 39 21 -
+
50 0 19.8 70.8 74
2* 18.7 7.6
75 0* 319 90.2 66
2+ disf d for ggF producti r s | 3
ISTavourea 10r ggr proauction G 4.8 0.8
100 2* 13.5 2;5 88
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H Iggs Spln StUdIeS ATLAS-CONF-2013-031

Variable | Spin analysis |  Rate analysis [5]
common e/ pe lepton selection

Compare 0+ with 2+ “graviton” model B | 7200V TBROoV
. .. . . N e 0 jets 0,1.= 2 jet selections
with minimal couplings in WW—llvv pY | >20Gev > 30 GeV
My < B GeV < 50 GeV
Aipey < 2.8 < 1.8

Slightly different selection to rate analysis to
remove spin dependent assumptions BDTs trained to reject

- Packground versus each

= Wl e e = Ml
2 120F- ATLAS Preliminary —f— S memcasia 3 2 120f ATLAS Preliminary —f— ts stmene 3 . .
§ g Fomim-ary [Joeen 3§ of @omieare [Jem 3 signal hypothesis
O E HoWW ™ evpeiiove + 0 o5 E E HoaWW Sevuduvey + 0 )eE 3
B0 - B0 =
s0f- 3 sof- 3 ~ e
anE = af + 3 T~ | ATLAS Preliminary eData Spin 0]
2|:|E _E 335 _+_+ + _E = 20__H—>WW("—>evuv/uvev Signal hypothesis [ 16 _|
ok o _+_ T°  [s-8Tev[ld-207"  eJ=0" [l2o]
2 20 3 < .t of =2 1
F 3 F D 15 H .
_4E'...|...|..l...l...l...l...l...l...l...' _4c'...|...|...|...|...l...l...l...l...l...— 2 -
-1 08 -0&5 0402 0 02 04 D& 0B 1 -1 08B 08 04 02 0 02 04 08 08 -
BOT, BOT,
- W ey - W g
S juf ATLAS Preliminary —— sswsmaco 1 2 o0F ATIAS Preliminary —p— s senooe 3
'E 1|:||:|E— E-eTey =207t [ ] arem E ‘i ImE— Eeemv/itt-cnTet [ nrnem 3
i BEIE Hot ™ evpiiovey + 0 jets E & m; Ho ™ evuduvey + 0 et E
sof 3 8of- =
40f- «H» 3 af + 3
20f- + 3 xf +. 4t 3
g T I ++ *i—ﬁﬁ—
-2u+ + ‘|> = 20R + =
o ; . 1 L i Data favour O+ model

PEFES FEFErE B A EPEErS EFEEr AT AT EPET TS AT A B AT AR | EFEFS PRI EFETErES AUV EUET S AE A AU S SUATE S A A B
-1 08 -06-04 02 0 02 04 06 0B 1 -1 0B 08 04 02 0 02 04 08 08 1
BOT, BDT,
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Higgs Spin Studies

ATLAS-CONF-2013-013

Compare 0+ with variety of spin models in 4leptons

0- and 1+ excluded at
>97.5%CL in favour of
O+

Data also favour O+
versus 2+ with little
variation versus qq
fraction

%221\|;||[5\i‘|\\\lll|||||||‘|\I\|IIII|I\I.\‘\.\\\l\:
= ata ~» ATLAS Preliminary?
‘€ 20 Il Background ZZ ) -
w 18i Bl Background Z+jets, f =~ H—=ZZ =4l E
10 C Signal (mH =125 GeV) 7
: T T T I T T T I T T T I T T T . Pt _ 7
T~ [ ATLAS Preliminary o 16; _____ j :g_ Vs=7TeV det =46fb" ;
I gH-zz" 54 eData Spin0f 14777 \5-gTev]Ldt=20.7 b}
I°‘ C {s=7Tev: JLdl —A6fb"  Signal hypothesis = 1 ] 12;_ =
= gLis=8Tev: J'Ldt=2u.7fn" o JF =0° DQ"_‘ 10
[s) i H ] B
o - BDT analysis .Jrl‘zz; ] 8?
4__ _/T'.' 6; """
B . ] 4
2=
N
0 010203040506070809
JP-MELA Discriminant
2 2 approaches MELA
0 25 50 75 100 an d BDT
qq Fraction (%)
BDT analysis JP-MELA analysis
tested J* for tested 07 for tested J* for tested 07 for
an assumed 0% an assumed J© | CLg an assumed 0% an assumed J¥ | CLg
expected | observed observed® expected | observed observed®
0™ | po 0.0037 0.015 0.31 0.022 | 0.0011 0.0022 0.40 0.004
1 | po 0.0016 0.001 0.55 0.002 | 0.0031 0.0028 0.51 0.006
17 | po 0.0038 0.051 0.15 0.060 | 0.0010 0.027 0.11 0.031
2, | po 0.092 0.079 0.53 0.168 0.064 0.11 0.38 0.182
27| po 0.0053 0.25 0.034 0.258 | 0.0032 0.11 0.08 0.116
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H Iggs Spln StUdIeS ATLAS-CONF-2013-040

Combine all the 0+ versus 2+ studies

Spin-2 assumed | Spin-0 assumed p p P
2 bs. po(JP = 0%) | obs. po(J¥ = 2*%) || CL(JP = 2*
qu exp. po(_]‘o =07 exp. po(JP =2%) 0bs. po( )| obs. po( ) s( ) 2+ eXCIUded at
100% 34-107° 94107 0.82 0.4-107 02-107% better than
75% 1.0-1072 1.1-1073 0.82 3.7-107 2.1-107*
50% 1.5-1072 3.5.1073 0.85 9.1-107 6.0-107* 99.99%CL versus 0+
25% 6.8-1073 24-1073 0.81 1.0-107* 53-107* f I f .
0% 1.6-1073 6.1-107 0.65 14107 40107 or all qg fractions
:‘_ T T T | T T T | T T T I T T ] :‘_ T T T | T T T I T T T | T T T ] +,—... 1 04 E T T T | T T T | T T T T T T E
% 40[ATLAS Preliminary ] § 40[ ATLAS Preliminary ] Cﬁl F ATLAS Preliminary ]
= [Hoz -4 *Daia  Spin01 = [y.z a4 eData Spin 21 e 103§'H_>7_z*_>4| 3
% [ f5-7 Tev: [Lat- 46" Signal hypothesis [ ] § [ (5=7 Tev: [Ldt= 460" Signal hypothesis [l = ] - 02 F {57 Tevildt- 45 " n
D 30|58 Tev: [Ldt= 207 ' (2= S 30|38 Tev: [Ldt- 207 i’ 50— 1 E Vs=8TeVjLdt=207 v’ * Data E
L LH= 'JRZ'T ] 2 LH= 'JRZW 1 © 103_H—>W CL, expected _E
[ (-8 Tev: [Let- 207 fo* A ] [ 3-8 Tev: [Lot- 207 o A ] E V5= BTeVildt=207 ' . (assuming JF = O*E
20HH — WW* — evuviuvey *h=2 — 20FH — WW* — evuviuvev *h=2 - 1E H= WW*= evuv/uvey 3
[ (-8 Tev: [Lat- 207 i ] [ {5-8Tsv: [Ldt- 207 6" ] £ (s=8Tevilat=207 15" 3
- 2 - 3 101E =
10 o 1 : 2
:E-_..______._______‘____,,_...-o-'"” ] 10’25_ o —— E
- i - :-'”‘—" "-.__-“\ o E
?____..- E : o ;_ —\_%
-10- . -10F - <F 3
C 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 .| C 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 | 10 E_ _E
0 25 50 75 100 0 25 50 75 100 of | | | ] .
10 1 1 1 1 1 1 1 1 1 1 \II atl b I e
f %] 1, [%) 0 25 50 75 QP

qu[i/lih the SM
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Compatible

Higgs Spin Studies  with the sv

CMS preliminary Ys=7TeV,L=51fb" ys=8TeV,L=19.6 b’

CMS preliminary  ¥5=7TeV, L=5.1f0" ys=8TeV, L= 196" CMS preliminary  ¥s=7TeV,L=51M" 5=8TeV,L= 196" [0 D0 e e e
P SERAE AR RN AR AL w 044 TTIITITTITI T ITrrT) o r .'"‘:0+ b
c 0.1j .0 7 ‘g L L0 ] 3 0.14F + J
£ Eo £ o120 (B ] % U m(99) 1
g 008 T CMS data g a —CMSdata | g o012 —CMSdata ]
8 i 3 01 . g E 1
5 F & S i ] B § 1
2 006 F 3 c ] s o B
v UL Q [ | @ L i
2 & 0.08F 1 3 N ]
F o . ] O 0.08- .
r N ] 0.06 .
0.02} 0.04F ] i ]
T : ] 002 .
=2xIn(L /L) = ’ P C
o' Lo 0 - - -
030 20 10 0 12(] | 2L0 n 30 930 20 0 20 30
0 VS H 2xin(t, /Ly -2 x In(L2f( : L)
- . (g9
: qq—1 vs H gg—2*, vs H
CMS preliminary Y5=7TeV,L =51 fo" Ys=8TeV, L= 196" CMS preliminary Ys=7TeV,L=511b" ys=8TeV,L=196fo" CMS preliminary Vs=7TeV,L=5.116" Vs=8TeV,L=19.61t"
E0.16?\|\\‘uuu‘uu\‘H:"L:|w+|wl|wu|7 " L B B B L BRI BRI i) :Y1|Y||ll¥|IIY!IYYY‘--:..'I|II‘YIYYf
5 . 307 ] 01 Lo . S sk 0" :
£ 014p o, E E [ B ] £ ¢ 25
2 r — CMS data @ 3 _ 1 L 0.4 — ]
% 0.12f & o8k CMSdata | g g 1 CMS data ]
o N 3 L ] o 0.121 =
ERRR = ] = : ]
7] r 2 [ T [} 0.1 J
o r 2 o0.06[ s & 01 1
0.08f a i 1 * o8l E
0.08f 0.04]- . 0.06E ]
0.04 i . ol ]
r 0.02- — - E
0.02f i ] 0.02 g
% 20 -0 0 10 20 30 T T T R T T % 20 10 o 10 20 30
-2xIn(L , /L, - "
xIn(L /L) 2xIn(L /L) 2L, o (L)

0", vs H: qg—1*vs H qgq—2*,Vvs H
CLs =0.081 CLs = 0.001 CLs =0.001
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Higgs Spin Studies

WW+ZZ gg —2*,, versus SM H

EHI]E[:tEd 1_I:I'S DhSEWEd 14:"5 CMIS |pr:e”|mi|m§:.r}: T Ih'|E|= T-IIETI I|_=| 5|.'1|Jm|l1 |"§|=|E|TE|MI| I_|=|15i'-ﬁ| ﬂ:|'.1|

£ I 0 .

i 93.1% 98.6% @ 01 . ]
Q B m gg] —

WW 5‘1.5‘% Eﬁ.ﬂ% -:'1 : — GMidata :
= 008 (ICL‘3 "= 0.6%) N

Combination 98.8% 99.4% % UL i
S ! ]

o 0.06- ]

0.04/- ]

gg —2%,, excluded at 99% CL 0,021 ’

in combined result i ]
00 20 10 0 10 20 30

-2 x In(L /L .
(2;(gg1 0’
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Summary and prospects

Huge programme of work searching for a measuring Higgs boson signals

ATLAS Preliminary s =7TeV, [Ldt = 4.6-4.8 fo”

Bt 2
-
ATLAS Preliminary (Simulation) I ATLAS Preliminary (Simulation)
's = 14 TeV: [Ldt=300 b’ ; [Ldt=3000 b o \s = 14 TeV: [Ldt=300 fb"; [Ldt=3000 b
[Ldt=300 fb™" extrapolated from 7+8 TeV E:& Aoy I JLdt=300 o extrapolated from 7+8 TeV
1T LI LI 1T T E&ﬁ H%uu 1T 1T [ T 1T T J T T T [ T 1171
. ......... ttH,H—)l.l.]J,
I,/ T, %
i B2 | VBF,H-1t _ _
I./T, Tk Ho 22
r,/T, :;m 18 VBF,H—> WW
. e H— WW
r./T _
Thhz : my = 125.5 GeV parameter value VH,H—yy
Iy, /T, - ttH,H-yy
VBF,H—yy
r,/r, [ Results so far are largely o )
Tyl /T, E compatible with Standard Model Hosyy
0 02 04 06 08 0 02 04 06 08
ATYTY) Ak /x) Ap

T,/T, K/ Ky H
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Prospects

Where to look next?

Continue to push SM searches
Real challenges with pile-up and systematics

Global fits
Everything SM like for now...

Look for additional Higgs bosons
Existing searches with H(126) as background

Traditional BSM searches — eg MSSM, Charged Higgs, etc
Add H(126) as additional part of the signal

Open up new BSM searches:
Generic 2HDM, decoupled or otherwise
Higgs pair production : H+h, hh, H+H-, H+A, etc...



Events / GeV
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Summary and prospects

Higgs signal firmly established

But plenty of work still to do for the foreseeable future!

ATLAS Preliminary (Simulation)
iz =14 Tev
| Ldt= 3000 i

diphoton mass [GeV]

Events /0.5 GeV

ATLAS Preliminary (Simulation)
Iz =14 TeV

-"]H]

8 — &
10 | Lat = 3000 & o
“]E -ri—.pvmwx
BE= W pvpw

107 [ o0+ H > up m =126 GeV
10°
10°
10t
10°

10°




HIGGS TO 4 LEPTONS

Backup slides



17/05/2013

Higgs to 4 leptons  eventyieids

Table 7: The numbers of expected signal events for the my=125 GeV hypothesis and background events
together with the numbers of observed events, in a window of +5 GeV around 125 GeV for 20.7 fb~! at
\/5s = 8TeV and 4.6 fb~! at /5 = 7 TeV as well as for their combination.

total signal signal ZZ™ Z +jets, tt S/B expected observed
full mass range

Vs =8TeV
4t 58207 53207 23+01 050+0.13]19 81+00 1I
Y2e  30+04  26+04 12+01 101+021|12 48+07 4
22 4005 34204 17+01 051+0.16|15 5607 6
de  29:04 23203 10+01 062+016|14 39206 6
total  157+20 137+18 62+04 262+034|16 225+29 27
Vs=T1TeV
11 10-01 097+013049+002 005+0.02]18 15202 2
W2 0401  039+005021+002 055+0.12]05 12+01 1
224 0701 057008 033+002 004001 | 1.5 0901 2
0
5

de 0.4 +0.1 0.29 +0.04 0.15+0.01 049+0.12 | 0.5 09+0.1
total 25+04 22403 1.17+007 1.12+0.17 | 1.0 45+05
Vs =8TeVand s =7TeV

4u 6.8 +0.8 63+08 28+0.1 055+0.15|19 96+1.0 13
2u2e 3.4+05 30£04 14+01 156+033]|10 60+£08 5
2e2u 47 +0.6 40+£05 21+01 055+£017|15 6.6+0.8 8
de 3.3£05 2604 12+01 1.11+028| 1.1 49+08 6
total 182+24 159+21 74+04 374+£093| 14 27134 32
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ATLAS-CONF-2013-013

Higgs to 4 leptons

< Y4  Significance now 6.6c (SM expectation 4.4c)
£ | ATLAS Preliminary H—2zz" >4 -
N 12 \s=7Tev: [Ldt=4610" 4
E.‘ \S — 8 Tev: ILdt — 207 fb"‘ : ’j—: [T | T T ‘ T T 17T ‘ \. T \. T | T T T T | L T T T I T 1]
1 0_ — du ﬁH =123.8 fc?g{siat) Lu_;(sys) GeV __ E 5 —_ A TLAS Prellmlnary i
LT de Mym1262 k) Joleys) Gev i © [ 1s=7TeV: |Ldt=4.61" HozZ" 54 |
8 — 2e2u ﬁH =125.0 f;g{slat) f;f(sys) GeV ":.' . 9 4 ; \"“S —8TeV: _[Ldt - 20.7 fb1 ;
. 2u2e M = 122,677 (stat) o(sys) GeV 7 4 - i ]
5 \ g - —_ B + Best fit -
Y - —68% CL .
2 gl --- 95% CL b
AN N n - ’ .. without MSS(e) and -
i ‘t?j‘.\ MSS(u) in lighter colours |
2 ol AN N
L NS ; |
122 123 124 125 126 127 128 i ]
my [GeV] 1: i
mH - 124'3 i 0'6 (Stat) i 0'4 (SySt) Gev O_ Lo by b by v by by by |:
122 123 124 125 126 127 128

One VBF-tag event at 123.5 GeV, expect 0.4 from SM (in low mass region)
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ATLAS-CONF-2013-013
CMS-PAS-HIG-13-002

Higgs to 4 leptons

ATLAS: 6.60 (SM expectation 4.4c)
—MS: 6.7c (SM expectation 7.2c)

CMS Preliminary {s-=7TeV,L<5.1fb' Vs=8TeV,L<19.6fb"

E I I I I 1 I | 1
bm 'H— YY + H— Z7 4+ Combined
— —_~
b __ + H _> TT 5 i | T T 1T ‘ T T 7T ‘ \- T \. T | LI | T 1T T T T 1T T T T i
2.0f + Ho 72 p= 5: ATLAS Preliminary ’ :
- © [ 1s=7Tev: JLdt=46t’  H-zZ" 54 ]
i i © 4l 1s=8Tev: [Ldt = 20.7 fo” N
1.5 B ] e i + Best fit
i © —68% CL
i D 3; --- 95% CL ]
- n - ' " without MSS(e) and
1.0 ] i ‘(t::f\ MSS(u) in lighter colours |
_ 1 2 .
0.5 - i
- i 1_7 1
0.0 _I P T S O SN T T S SO N TR S TR NN B 07\ Lo b b b b v b g o b f
124 125 126 127 122 123 124 125 126 127 128

my (GeV) m,, [GeV]

m, = 124.3 £ 0.6 (stat) £ 0.4 (syst) GeV

m, = 125.8 £ 0.5 (stat) £ 0.2 (syst) GeV

124.3) = 1.7 05 _
u(125,8) =(0.91 +03 024 ”( ) 0.4



17/05/2013

Higgs to 4 leptons  e.aies

IIII|IIII|IIII
ATLAS Preliminary

Q5
g O TR
8 10%; = Obs 2011 H- 22" 4
i Exp 2011 (=7 TeV: [Ldt =4.6 b
— Obs Combination
10 ------- Exp Combination  {s=8 TeV:JLdt =20.7 b2
W s — T W R
- - -.-.-.-.-.-.-.-.-.-.-.-.-.-.-.::,l::-.-.-.-.-: 25
/A FER 239
------------------------------- r-_ur-.-.-.-.-.-.-.2.-.-.-.-.'-:;;;::: : 45
------------------------------------ foot
F - SR 66
................... S S,
1013III||IIII|JIII|IIII|IIII.=|IIII|IIII
110 120 130 140 150 160 170 180
my, [GeV]




17/05/2013

nggs to 4 |eptons Likelihood scan

CEO 20_|||||||||||||||||||||||||||||||||||.||l||||||||||||_ "-"‘I 2 TTTT ||||||||||||||||||||||||I||||||||| TTTT
23] L+ sMm ATLAS Preliminary ] ¥ ATLAS Preliminary ]
& [ x BestFit Ho 77— al ] 5180 0 E
).(u_ 15‘_ — 2Inh <23 E:}! TBV:_I-Ldt=4.G fb-1 _— ‘E_I 1 6_ H— — 4] B

S 2 <60 g Tev{Ldt=207 ' E [5=7TeV: [Ldt=46 " .
1?; i ) 1 g4 [s=8Tev: [Lat=207 1" .

i 1 2 o 2 3
10F 4 = 13 Mygron/M gr.as= 07 03 ]
C i U S ]
i 1 o - ]
5 ] 0.8 =
i i 0.6F =
oF - 0.4 E
i ] 0.2 =
_I 111 I 11 11 I 11 11 | 1111 I 1111 | 1111 | 1111 I 1111 I 1111 | 111 I_ ;I 111 I 1111 1111 | 1111 I 1111 I 1111 I 11 11 | 11 1 I_
-1-050 05 115 2 25 3 35 4 0.5 0 05 1 15 2 25 3 35 4
M0 BBay Hygrosd Mot

(a) (b)

Figure 11: (a) Likelihood contours in the (gesFis777, tvBF+vH) plane including the branching ratio factor
B/Bsm. The quantity peeFsipn ((vBF+vH) 1s @ common scale factor for the ggF and #H (VBF and VH)
production cross sections. Only the part of the plane where the expected numbers of signal events in
each category 1s positive is considered. The best fit to the data (x) and —2InA < 2.3 (full) and 6.0
(dashed) contours are also indicated, as well as the SM expectation (+). (b) Results of a likelihood scan
for pvBF.VH/UgeF+ - The branching ratio factor B/ Bsy cancels out in this ratio.
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Higgs to 2 leptons and 2 neutrinos

MC Generators

Signal MC generator o -8B (pb) Background MC generator o -8B (pb)
ggF  Powsnka [30]+PyTHIAS [31] 0.44 qq.9q9 - WW POWHEG+PYTHIAG [32] 5.7
VBF  POWHEG+PYTHIAS 0.035 qq, gqg— WW+2;  Sherpa [33] with no O(«a;) terms 0.039
VH  PyTHIAS 0.13 gg— WW GG2WW 3.1.2 [34,35]+HErRwWIG [36] 0.16

1t

Single top: tW, tb
Single top: tgb
Z/y*, inclusive
Z® > 0+2j
ZW7Z® - 4¢
WZ/W’)/“, Mz >7
Wy my <7

Wy

MC@NLO [37]+HErRwiG 240
MC@NLO+HErwWIG 28
AcerMC [38]+PyTHIAO 88
ALPGEN+HERWIG 16000
Sherpa processes up to O(«y) 1.2
PowHEG+PyYTHIAS 0.73
PowHEG+PyYTHIAS 0.83
MadGraph [39-41]+PyTHIAO 11
ALPGEN+HERWIG 370
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Higgs to 2 leptons and 2 neutrinos

Table 2: Selection listing for 8 TeV data. The criteria specific to eu + ue and ee + pu are noted as such:
otherwise. they apply to both. Pre-selection applies to all Nj; modes. The rapidity gap is the y range
spanned by the two leading jets. The my, split is at 30 GeV. The modifications for the 7 TeV analysis
are given in Section 6 and are not listed here. Energies, masses, and momenta are in units of GeV.

Category Nt =0 Nt =1 Nje1 =22

Two isolated leptons (£ = e, ) with opposite charge
Leptons with p'ad > 25 and p3iPlead > 15

e+ pe: mye > 10

ee+ e mpp > 12, |mgy —myz | > 15

Pre-selection

Missing transverse ep+ue: ETi>25  ep+per ETi>25 ep +pe: EF™ >20
momentum and ee + E;“‘Ifi >45 €e + EELS >45 ee + Ly E%“lss >45
hadronic recoil ee +py: pry > 45 ee + iz pr > 45 ee + i EPGryp > 35
ee + it froconn <0.05  ee+ pp frocon <0.2 -
- Npjer =0 Npjer =0
General selection | A per | > /2 - ,ir;',“rJt <45
pi>30 e+ pe: Zjy* —trveto e+ pe: Z/y* — 17 veto
- - m;j; = 500
] : | Ay;;1>2.8
VBE topology - - No jets (pr > 20) in rapidity gap
- - Require both £ in rapidity gap
Mg < 50 Mg < 50 Mg < 60
H— WWWY s fvey |Adyr | < 1.8 | Ade|< 1.8 | Ade|< 1.8
topology ep + pe: split myy e + pe: split my; -

Fit mt Fit mt Fit mt
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Higgs to 2 leptons and 2 neutrinos

Table 3: Background treatment listing. The estimation procedures for various background processes
are given in four categories: normalised using a control region (CR); data-derived estimate (Data);
normalised using the MC (MC); and normalised using the MC, but validated in a control region
(MC + VR). The “(eu +pe)” terms denote that for the ee +pu channel in the same Nj; mode, the
eu + pe region is used instead, for reasons of purity and/or statistics. The “(merged)” terms indicate
that the fully combined eu + ue + ee + uu control region is used for all channels.

Channel Ww Top Lyt —T1r Zly' =t W+jets VV
Njet =0
epu+pe CR CR CR MC Data MC + VR
ee+upu  CR(eu+pe) CR(eu+pue) CR(eu+pe) Data Data MC + VR
Nier =1
epu+pe CR CR CR MC Data MC + VR
ee+upu  CR(eu+pe) CR(eu+pue) CR(eu+pe) Data Data MC + VR
Nt 22
epn+pue MC CR (merged) CR MC Data MC

ee+puu  MC CR (merged) CR (eu+pe) Data Data MC
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Higgs to 2 leptons and 2 neutrinos
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Higgs to 2 leptons and 2 neutrinos

Table 13: Leading uncertainties on the signal strength p for the combined 7 and 8 TeV analysis.

Category Source Uncertainty, up (%) Uncertainty, down (%)
Statistical Observed data +21 =21
Theoretical Signal yield (o - B) +12 -9
Theoretical WW normalisation +12 —12
Experimental  Objects and DY estimation +9 -8
Theoretical Signal acceptance +9 =7
Experimental MC statistics +7 -7
Experimental W+ jets fake factor +5 =5
Theoretical Backgrounds, excluding WW +5 —4
Luminosity Integrated luminosity +4 —4

Total +32 -29
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_ ATLAS-CON F-2013-_030 CMS-PAS-HIG-13-003
Higgs to 2 leptons and 2 neutrinos (WW)

Dominant (WW, top, tt) backgrounds modelled with MC normalised in control regions
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Higgs to photons

76

ATLAS-CONF-2013-012

Vs 8 TeV

Category Np Ng gg— H %] VBF|[%] WHI|%] ZH|%] H |%]
Unconv. central, low py 10900 | 51.8 93.7 4.0 1.4 0.8 0.2
Unconv. central, high pry 553 7.9 79.3 12.6 4.1 2.5 1.4
Unconv. rest, low pry 41236 | 107.9 93.2 4.0 1.6 1.0 0.1
Unconv. rest, high py 2558 16.0 78.1 13.3 4.7 2.8 1.1
Conv. central, low py 7109 | 33.1 93.6 4.0 1.3 0.9 0.2
Conv. central, high pr 363 5.1 78.9 12.6 4.3 2.7 1.5
Conv. rest, low pr¢ 38156 | 97.8 93.2 4.1 1.6 1.0 0.1
Conv. rest, high py 2360 | 14.4 1.7 13.0 5.2 3.0 1.1
Conv. transition 14864 | 40.1 90.7 5.5 2.2 1.3 0.2
Loose high-mass two-jet 276 5.3 45.0 54.1 0.5 0.3 0.1
Tight high-mass two-jet 136 8.1 23.8 76.0 0.1 0.1 0.0
Low-mass two-jet 210 3.3 48.1 3.0 29.7 17.2 1.9
E,'IE‘L“'S significance 49 1.3 4.1 0.5 35.7 47.6 12.1
One-lepton 123 2.9 2.2 0.6 63.2 15.4 18.6
All categories (inclusive) | 118893 | 395.0 88.0 1.3 2.7 1.5 0.5
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Higgs to photons

Table 2: Signal mass resolution (o¢cp), number of observed events, number of expected signal events
(Ns), number of expected background events (Np) and signal to background ratio (Ns/Np) in a mass
window around mypy = 126.5 GeV containing 90% of the expected signal for each of the 14 categories of
the 8 TeV data analysis. The numbers of background events are obtained from the background + signal
fit to the m,,, data distribution.

Vs 8 TeV

Category ocp( GeV) Observed Ny Npg Ns/Npg
Unconv. central, low pry 1.50 911 46.6 881 0.05
Unconv. central, high py 1.40 49 7.1 44 0.16
Unconv. rest, low pry 1.74 4611 97.1 4347 0.02
Unconv. rest, high pry 1.69 292 14.4 247 0.06
Conv. central, low pry 1.68 722 298 687 0.04
Conv. central, high py 1.54 39 4.6 31 0.15
Conv. rest, low pry 2.01 4865 88.0 4657 0.02
Conv. rest, high pyy 1.87 276 12.9 266 0.05
Conv. transition 2.52 2554 36.1 2499 0.01
Loose High-mass two-jet 1.71 40 4.8 28 0.17
Tight High-mass two-jet 1.64 24 7.3 13 0.57
Low-mass two-jet 1.62 21 3.0 21 0.14
E,I;‘iss significance 1.74 8 1.1 4 0.24
One-lepton 1.75 19 2.6 12 0.20

Inclusive 1.77 14025 355.5 13280  0.03
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Higgs to photons

Table 3: Cross sections for the Standard Model Higgs boson production with mp = 126.5 GeV at
Vs = 8TeV [57,58]. The branching ratio to the two photons decay mode is 2.28 - 1073 at mpy
= 126.5 GeV. Gluon fusion and vector boson fusion cross sections are computed in the complex pole
scheme at NNLL+NNLO QCD and NLO EW [58]. Associated production cross section are computed
with zero-width-approximation at NNLO QCD and NLO EW. The ttH process cross section is computed
with zero-width-approximation at NLO QCD. QCD scale (£Scale) and the PDF+a uncertainties are
treated as non-correlated [68].
Process Cross section (pb) +Scale % -Scale % +(PDF+a;)% -(PDF+ay)%

ggF 19.07 +7.2 -7.8 +7.5 -6.9
VBF 1.56 +0.2 -0.2 +2.6 -2.7
WH 0.67 +0.2 -0.6 +3.5 -3.5
ZH 0.38 +1.6 -1.5 +3.6 -3.6

ttH 0.13 +3.8 -9.3 +7.8 -7.8
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Higgs to photons

Table 4: Systematic uncertainty on the number of fitted signal events due to the background model for
the /s = 7 TeV (10 categories) and /s = 8 TeV (14 categories) analyses. Three different background
models are used depending on the category; an exponential function, a fourth order polynomial and the
exponential of a second order polynomial.

Category Parameftrisation Uncertainty [Ney]
Vs=TTeV  +fs=8TeV
Inclusive 4th order pol. 7.3 12.0
Unconverted central, low pry  Exp. of 2nd order pol. 2.1 4.6
Unconverted central, high pry  Exponential 0.2 0.8
Unconverted rest, low pry 4th order pol. 2.2 11.4
Unconverted rest, high pry Exponential 0.5 2.0
Converted central, low pry Exp. of 2nd order pol. 1.6 24
Converted central, high pr Exponential 0.3 0.8
Converted rest, low py 4th order pol. 4.6 8.0
Converted rest, high pry Exponential 0.5 1.1
Converted transition Exp. of 2nd order pol. 3.2 9.1
Loose high-mass two-jet Exponential 0.4 1.1
Tight high-mass two-jet Exponential - 0.3
Low-mass two-jet Exponential - 0.6
EIlE“'SS significance Exponential - 0.1

One-lepton Exponential - 0.3
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Higgs to photons

Table 5: Summary of the impact of systematic uncertainties on the signal yields for the analysis of the

8 TeV data.
Systematic uncertainties Value( %) Constraint
Luminosity +3.6
Trigger 0.5
Photon Identification =24 Log-normal
Isolation +1.0
Photon Energy Scale +0.25
Branching ratio +£5.9% — £2.1% (mpy = 110- 150 GeV) Asymmetric
Log-normal
Scale geF: 112 VBE: f?é WH: fg:g Asymmetric
ZH: f::g ttH: fS:B Log-normal
PDF+a, fufud 25 1’1:3 VBE: 1’%3“’} WH: £3.5  Asymmetric
ZH: £3.6 ttH: £7.8 Log-normal
Theory cross section on ggF  Tight high-mass two-jet: =48 Log-normal

Loose high-mass two-jet: =28
Low-mass two-jet:  +30
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Higgs to photons

Energy scale key to mass measurement
Important when combining many categories

Calorimeter response stable at
0.1% level wrt. time/pile-up

Overall scale uncertainty ~0.6%
Driven by material modelling
and errors on in-situ calibration

Relative energy scale

1.005
1.004
1.003
1.002
1.001
1
0.999
0.998
0.997
0.996
0.995
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ATLAS-CONF-2013-012

Derived from tuned MC +
dielectron and Zy data

| | | | |
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Higgs to photons

Mass resolution critical to sensitivity N o
Additional constant-term smearing in

Photon energy resolution MC derived from Z studies with
Vertex identification electrons:
- photon pointing 1% central, 1.5-2.5% forward

3 oipe—n<t0 1 ATLAS Simulation S 20 -
0 B LSS Preliminary 3 | ATLAS Preliminary ]
S g ;giﬁdo go— Hoyy < 100[ Data2011,\{§=7TeV,J.Ldt=4.6fb'1 -
£ - . my=125GeV 1 ‘% C 6,,=1.60+0.01 GeV .
S 008 \s=8TeV o %06, =145+0.01 Gev nj<1.37 —
= - ] - ]
= B e - -+ Dat |
Z 0.06[- . 60r ~Fitresut
i | B [(JZoeeMC ]
0.04[— — 40 =
0.02F = 20~ -
03 8~116 120 122 124 126 128 130 130 134 O 0 85 00 05 o0 s
mw [GeV] Mee [GGV]

Uncertainty on photon resolution 14-23%
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I ||ggS to taus VBF versus non-VBF
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No evidence for a signal as yet — though some small excess of events
Compatible with SM so far...
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Higgs to b quarks
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ATLAS-CONF-2012-161

associated prod. with W/Z
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Cross check — search for diboson signal

Observed with ~4o0
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ATLAS-CONF-2012-35
associated prod. with tt

Higgs to b-quarks

One semi-leptonic top-decay + many jets signature:
1 lepton + high missing ET + >=4 jets

WAL

Events categorized according to multiplicity of jets and b-tagged jets

Pre-Fit Post-Fit
816000 ATLAS Preliminary e+ 4 jets, 0D lags E - ATLAS Preliminary e+ 4 jets, 0btags
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Background dominated categories provide strong constraints on uncertainties
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Table 4: A summary of the size of the components of the systematic uncertainty on the total estimated
background after all cuts for the three channels of the 4/s = 8 TeV analysis. The uncertainties are shown
as a percentage and grouped together into broad categories and are averaged over all p% bins in each
category. The total error 1s worked out by adding the individual components together in quadrature in
each p,}f bin and then averaging.

Uncertainty [%] | O lepton | I lepton | 2 leptons
b-tagging 6.5 6.0 6.9
c-tagging 7.3 6.4 3.6
light tagging 2.1 2.2 2.8
Jet,f“Pile-up,h’i%‘?iSS 20 7.0 54
Lepton 0.0 2.1 1.8
Top modelling 2.7 4.1 0.5
W modelling 1.8 5.4 0.0
Z modelling 2.8 0.1 4.7
Diboson 0.8 0.3 0.5
Multijet 0.6 2.6 0.0
Luminosity 3.6 3.6 3.6
Statistical 8.3 3.6 6.6
Total 25 15 14
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Table 5: A summary of the size of the components of the systematic uncertainty on the signal with
mp = 125 GeV for the three channels of the /s = 8 TeV analysis. The dominant signal is shown for
the 1 lepton and 2 lepton channels, while for the O lepton channel both ZH and WH signals are listed.
The uncertainties are shown as a percentage, grouped together into broad categories and are calculated
by summing in quadrature within each p¥ bin and then averaging over all p%r bins in a channel.

Uncertainty [%] 0 lepton | 1 lepton | 2 leptons
ZH | WH WH ZH
b-tagging 8.9 | 9.0 8.8 8.6
Jet/Pile-up/E‘{ﬂSS 19 | 25 6.7 4.2
Lepton 0.0 | 0.0 2.1 1.8
H — bb BR 33 | 33 3.3 3.3
VH pr-dependence | 5.3 | 8.1 7.6 5.0
VH theory PDF 35| 35 3.5 3.5
VH theory scale 1.6 | 04 0.4 1.6
Statistical 49 | 18 4.1 2.6
Luminosity 3.6 | 3.6 3.6 3.6
Total 24 | 34 16 13
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