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Introduction

L I T 17T I T 17T I T
gluon-gluon fusion (ggF)
QCD + NLO EW)

 establishing SM mass generation mechanism for fermions at LHC
« measure direct coupling

bl
o
IIIIILLN

o(pp — H+X) [p

pp— H (NNLO+NNL

I 1 1 T11M

LHC HIGGS XS WG 2014

« H-tt most promising candidate (signal to background ratio S/B)
« direct access to Higgs-fermion vertex: Higgs CP measurements

Vectorbosonfusion (VBF)

op — aaH (NNLO QCD + NLO EW)

|

QCD +NLO EW)

\

op — WH (NNLO
op - ZH (NNLO QCD & NLO EW
d NLO QCD

« ATLAS Run I analysis: JHEP 04 (2015) 117
- search in 7+8TeV datasets (4.5+20.3 fb!)

op —- bbH (NNLO2E

. _ _ 10" M, = 125 GeV _
« evidence for direct H>tt coupling T MSTW2008 ]
- first significant signature for H to fermion coupling N A
« in this talk: summary of Run I analyses Higgs decays at m«=125GeV

ATLAS Run I H-tt Analysis Strategy

Main Analysis Crosscheck

Categorisation Multivariate Analysis Cutbased Analysis

(MVA) (CBA)

Background estimation Final Discriminant Signal Extraction
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Event Categorisation

(1) split per final state: dileptonic (leplep), leptonic-hadronic (lephad),

dihadronic (hadhad)

(2) divide in categories - production mode and S/B

« number of jets (at least one jet)
 rapidity gap between jets

Y om lephad
W leplep
hadhad

42.25% 45.50%

12425%

CBA - hadhad scheme

Preselection
. . CBA selection for all channels in BackU
« momentum of Higgs candidate P
q --_*__7___,____ 9y ~ H . _ N like? .:,_g.gh pg' B0 __ Cdiers? .
T $ '
e wgmf‘éﬂ "
qg-—" q ’ mﬂ%“
VBF H gelF H+ 1y
nn.\rg'l“nnr. “F'hkc‘) ) ngh p!r") ‘ .
MVA VBF Boost Rest A4 Yes
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et pr > 40, 30 GeV
Ani> 2.2
len-had pt > 50, 30 GeV Fail VBF
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Background Estimation

irreducible Z-tt background:
« embedding technique: replace p in pure Z—up data sample with simulated t

« corrections for p/t efficiencies , mass difference and polarisation effects

background from t fakes:
- data-driven estimates
« fits of fake templates (hadhad and leplep)
- fake factor method (lephad)

Other BG: simulation and normalisation in dedicated control regions

Signal: ggF /VBF H->tt (@NLO accuracy) using POWHEG+ Pythia
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CBA - Final Discriminant: MMC mass

::, ().22:2 T T T T 7 T 17
B VBF ATLAS

Myea(£—T7) = 92.4 GeV
........ H(125)—>tt Moo (H—7t) = 123.2 GeV

CBA discriminant: invariant mass of tt-system used for signal extraction
missing mass calculator (MMC):
« solving (underconstrained) system of equations

FWHM/m . =~ 30 %

peak

uses METy/y, visible masses of T candidates
« most probable value for m: estimated from MET resolution and t decay

Fraction of Events e
o
TTT ‘ T TT ‘ TTT ‘ T TT ‘ TT \_‘L\ T ‘ TTT ‘ TTT ‘ T TT ‘ TTT

S 0.08 _
0.06 topologies
0.04 » losses due to large fluctuations of the MET
0.02
% 50 100 150 200, * mass resolution ~15%
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MVA - Final Discriminant: BDT output

« MVA discriminant: Boosted Decision Tree (BDT) Highest Ranked
] o ] ] o BDT Input Variables
° recurswely partltlon multi variate parameter Space - enhance S or B purltles m%MC
: . 13 : : AR(11, T
- variables channel-dependent: kinematic properties & event topology (71,72)
An(Jji, j2)
L] L] L] L] L] L] L] mjl ,j2
- combination of trees in single discriminant - BDT output
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MVA - Results

« combined, binned maximum-Likelihood fit (0 % BR),
. . . . W=
« using BDT output in 6 signal categories (separate 7/8TeV) (0 x BR)sum
« Zl], top & Rest control region to constrain backgrounds ATLAS — o{statistical) Total uncertainty
m, = 125.36 GeV —o(syst. excl. theory) +15 on u
) ) ' —o(theory) -
- extracting signal strength p I O
. : : : H— =140 1 e
 ratio of observed/expected SM signal for cross section times | e ] RN N R R
. . B d - 2.1t0-9 +0.5 : : : [ :
branching ratio o o o O PR T | P S
VBF w=127530"92 1 il : i
_ 7 TeV (Combined) 1 = 0.9 71 |*08 | i———— & |
« MVA result for Higgs mass mu=125.36 GeV: 8 Tev (Combined)y = 1.5°35 03|+ e ;
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CBA - Results

« same fit model but MMC as final discriminant Fitted 1 values

- CBA reSU.lt @ mH=12536 GeV for 8 TeV Only NG Multivariate | Cut-based
analysis analysis
TlepTlep 8 TeV 1.9%59 3.271%

observed (expected): o = 3.2(2.5

_ +0.55
p= 1437079 (total) TepThad | 8 TeV | 11796 0.7%07
Thad Thad 8 TeV 181_82 161_82

« good agreement between MVA and CBA- tested with jackknife technique

- correlation of p: 0.55-0.75 for all channels All channels | 8 TeV | 1537047 | 1.43+0%

« results fully compatible
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> anf F=> T Cutbased analysis o 7 e . g 10 E‘i CBA Obsorved Hote 5 - Vs=8TeV, 203" ey -
‘GC'J' 30~ Il Others - — " ¢ MVA Expected for m, = 125 GeV ] 4+ (exp. m =125.36GeV u=1.43)
al R /- Eakes ] 1 :g ----- CBA Expected for m, = 125 GeV ?: 0o . ; ------------ ?:ﬁ.?\;:'ﬂzs.seeev H=1.43)£
s ool 777 Uncert. - £ Yo OF ATLAS X Besti -
) - s=8TeV, 203" 107 . b 3F E
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- - ol 5 5 oF E
107¢ \i( E - .
—~ - ] 1.5 =
2 10%F E 1 - ]
i " 4% 0 — =
§ 10°F - 0 5E :
= g * 3 ) ? E
% 1 0'6 i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ] L1 | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | 1]
2 100 110 120 130 140 150 'POO 110 120 130 140 150
=
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Summary & Outlook

 H-ttimportant channel to validate SM
« ATLAS Run I search strategies and results presented

VBF+VH

ATLAS and CMS

.- S[LHC Run 1
observed (expected): o = 4.5(3.4)
2_
p=1.437537 (stat) 7052 (syst) =+ 0.09(theory '
- compatible results between different analyses approaches (MVA/CBA) 1

« not covered: VH-tt searches (Phys. Rev. D 93, 092005)
« limit on signal strength p < 5.6 (3.7)

« ATLAS + CMS combination (ATLAS-CONF-2015-044,/CMS-PAS-HIG-15-002)
« establishes discovery of H->tt with 5.50
« VBF production mode discovered with 5.40 significance
«  H-tt major contribution

« new results with Run II dataset expected soon
« higher center of mass energy 13 TeV
« signal cross sections increase factor > 2
« changes in event topology (e.g. boost)
« increase in multiple pp interactions per crossing (factor 2)
« optimised reconstruction methods - better resolutions
« new detector IBL in ATLAS
* excitement!
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BACKUP
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1. Reconstruction

2. Identification - discrimination against:
a. Jets (multivariate BDT technique)

b. Electrons
3. Calibration
4. Scaling

a. scale factors from efficiency measurements

Y
N

T T T
1 Prong
P, > 20 GeV, Inl<2.3

—_

Signal Efficiency
o
@

o
N

o
N
L

|

T T
—— LLH loose

—— LLH medium
—— LLH tight

oy
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Backup

 Higgs Branching Ratios for different mass scenarios

t [ I I I I I I | I I I I I I I I I | I I I ] g
g IE WW Eh
S u bb 1o
= 8
o —_ 2z g3
™ z
% B cC T
o ) _
5107 = =
I — -
1075 -
1 0'4 | | | | | | | | | | | | | | | | | | | | |
80 100 120 140 160 180 200
M, [GeV]
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Backup

» typical tree level diagrams for targeted signal production modes and corresponding backgrounds

GEORG-AUGUST-UNIVERSITAT
\, GOTTINGEN

Table 4.1: Typical tree-level Feynman diagrams for the two signal processes targeted by
the event selection, together with the corresponding main background processes. The
final states are characterised by hadronically decaying 7 leptons (blue) and quark- or

gluon-initiated jets.

Signal | Background
) q
W 7 -
Z T % ™
q + ¢
QCD Z+jets EW Z

-

Multi-jet

= S
-

QCD Z+jets

-

Multi-jet

W T

W+jets

Eric Drechsler

SM H- 1t searches with ATLAS
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ofely

Vs (TeV) Cross Section (pb) +QCD Scale % -QCD Scale % +(PDF+ag)% -(PDF+ag) %

7 15.11 +7.1 -7.8 +7.6 -7.1
8 19.24 +7.2 -7.8 +7.5 -6.9
13 43.87 +7.4 -7.9 +7.1 -6.0
VBF
Vs (TeV) Cross Section (pb) +QCD Scale % -QCD Scale % +(PDF+ag) % -(PDF+ag) %
7 1.222 +0.3 -0.3 +2.5 -2.1
8 1.579 +0.2 -0.2 +2.6 -2.8
13 3.744 +0.7 -0.7 D -3.2
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Systematic Uncertainties

Impact = Auw/o,

1n modelling of JES

» experimental: e.g. JES uncertainty IR N\
detector response BR(H — t7)

o R IE G
pile-up Normalisation of Z — t_t .5 v ¥

. . . lep “had . N
n intercalibration p X

modelling of in situ jet calibration Tau energy scale response —eo%
 theory: e.g. BR(H—T1T): N

: : , Flavour response of JES e
* ~6% uncertainty direct effect on signal rates N\

* background model: e.g. Zlh normalisation Flavour composition of JES Q-
* fake factors: stat uncertainty & fake ' '

background composition

« systematic uncertainty sources: T Qﬁ :

Underlying event

...........................................................

Normalisationof Z - t._ =

@qom

had "had
Source of Uncertainty Uncertainty on u Normalisation of 1t background for I SN
Signal region statistics (data) 05 boosted category in T, T, channel
Jet energy scale +013 |y SIS
: . N
Tau energy scale + 0.07 Luminosity | ?/'E |
Tau identification 4+ 0.06 e A e
Background normalisation + 0.12 ATLAS —e— Pull
g;‘fﬁoinff)smmate stat. e [s=7TeV, 4.5 fb” O +1o Postfit mpact on
Parton shower/Underlying event + 0.04 ls=8TeV, 20.3 fb’ -1o Post-fit Impact on w
PDF :i003 T T T T T I O A A I
Total sys. iBS‘é " (o X BR)obs 2 1.0 1 A2 3
043 " (o x BR)sm Pull = (0 - 6,)/A0
Total T 37
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Htt Analysis Strategy

small branching ratio and high background contributions
« event categorisation: improved BG rejection
*poor T+T— mass resolution (at least two neutrinos from the t lepton decays)
 dedicated mass reconstruction algorithms (MMC)
«fully leptonic channel:
« lowest sensitivity & worst mass resolution (4 neutrinos)
« smallest branching ratio 12.4%
*semi-leptonic channel:
« most sensitive final state - largest branching ratio of 45.6%
«dihadronic channel
« second most sensitive final state - branching ratio of 42%
«final discriminant —> combined fit
« MVA: construct BDT
« CBA: MMC-mass

C | GEORG-AUGUST-UNIVERSITAT _ ) , . :
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Embedding

e Take Z—-pufrom data

® Remove the p tracks and energy deposition in the
calorimeter (using standalone p simulation)

@ Correct the particle 4-vectors for the p-t mass
difference

e Simulate the tt decay in Tauola for these initial 4-
vectors

@ Insert this simulated decay back into the data
events

® Re-reconstruct objects and MET

. GEORG-AUGUST-UNIVERSITAT _ ]
A™J GOTTINGEN Eric Drechsler SM H- 1t searches with ATLAS
( LA IR )

Higgs Hunting 2016, Paris, 31.08.2016
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Fake Factor Method

» TlepThad channel: the fake-factor method to estimate contributions
from misidentified thad candidate

* arising from multijet, W+jets, Z+jets, and semileptonic top background
events 240

. . . . . . . . %.) E rlepthad VBF ATLAS _E
. fake factor: ratio of #jets identified as medium thad to #jets satisfying @ 220F | Dat E
. o 200—_@=8Tev, 20.3 fb + ata E
loose, but not medium tau ID « C Wetjets — 50 x H(125) -
_ _ _ o ® 180 control Region B Z— E
- depending on jet parton type, jet-pT, track multiplicity S 160 Bl (f+single-top
> C Il Others -
] - ] w 140 Fak =
« W+jets, tt and Z+jets background components: 5 Bl Fake © E
120F 7/ Uncert. .
. high-mT region (mT > 70 GeV) 100F E
80F =
- inverting the b-jet veto 60— =
. two leptons with 80 GeV < m]] < 100 GeV ;’8; ¥
* multijet: 0 100 200 300
- relaxing the lepton identification and requiring jet to satisfy the m¥MC [GeV]

loose identification criteria
« template from SR but requiring loose not medium

« apply SF according to expected relative contributions

GEORG-AUGUST-UNIVERSITAT
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Backup

« MC generators

Signal (mg = 125 GeV) | MC generator (\I/EB:RS[IﬁiV

geF H — 77 POWHEG [36—39] 1.22 NNLO+NNLL  [42-47, 78|
+ PyTHIAS [40]

VBF, H — 77 POWHEG + PYTHIAS 0.100 (N)NLO  [51-53, 78|

WH, H— 1T PYTHIAS 0.0445 NNLO [56, 78]

ZH, H — 71 PYTHIAS 0.0262 NNLO |56, 78]

Background MC generator T/EB:RS [p¥iV

W(—=tv), (l=e,u,T) ALPGEN [71]+PYTHIAS 36800 NNLO [79, 80]

620/ Z}e(\jffr)b;g < 9TV ALPGEN-+PYTHIAS 3910 NNLO |79, 80]

120/ 'Z}(;ZEQ’M =60 ey | ApGEN+HERWIG (81 13000 NNLO |79, 80)

VBF Z/~*(— #0) SHERPA [82] 1.1 LO [82]

tt POWHEG + PYTHIAS 2537 NNLO-+NNLL  [83-88]

Single top : Wt POWHEG + PYTHIAS 221 NNLO [89]

Single top : s-channel POWHEG + PYTHIAS 5.67 NNLO  [90]

Single top : t-channel AcerMC [74]+PvyTHIA6 [67] | 87.8T NNLO [91]

qq — WW ALPGEN-+HERWIG 547 NLO [92]

99 — WW GG2WW [73]+HERWIG 1.47 NLO [73]

WZ, 27 HERWIG 301 NLO [92]

H—WW same as for H — 77 signal | 4.71
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Trigger thresholds

| Vs =7 TeV
Ti;g,gf g Analysis level thresholds [GeV]
Trigger thresholds,
DT [GGV] Tlep Tlep Tlep Thad Thad Thad
. _ . pF>22—24 . p5>25 -
Single electron 20—22 eu: p% < 10 er: pr. > 20
230
prw > 20
fLpe: Ao p
. pr- > 10 . pbp > 22 B
Single muon 18 iy pET < 20 Tt 00
He pT > 15
€1
. pr > 15
Di-electron 12/12 ee: p% S 15 — —
T1
. pr > 35
Di-Thad 29/20 — — TT: % S 95
| Vs =8 TeV |
Ti;gfgf g Analysis level thresholds [GeV]
Trigger thresholds,
DT [GGV] Tlep Tlep Tlep Thad Thad Thad
ey pT > 26
: H e
. pp > 10 . pp > 26 B
Single electron 24 . Pt > 26 er: pr. > 20
' p > 15
s
Single muon 24 — T gi i gg —
e1
. . pp > 15 B B
Di-electron 12/12 ee: P22 > 15
7T
. . pr > 20 B B
Di-muon 18/8 JTy0% P2 S 10
' pp > 15 B B
Electron+muon 12/8 eu: P> 10
T1
. - - pp > 35
Di Thad 29/20 TT p%Q > 25
GEORG-AUGUST-UNIVERSITAT _ ] _ _ _
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| Channel | Preselection cuts

Exactly two isolated opposite-sign leptons

‘ ’ : Events with maq candidates are rejected

[ ) .

M A SeleCtlon 30 GeV< mY% < 100 (75) GeV for DF (SF) events
Ager < 2.5

EFS > 20 (40) GeV for DF (SF) events

ERsHHPTO - 40 GeV for SF events

P+ p? > 35 GeV

Events with a b-tagged jet with pr > 25 GeV are rejected

0l1< o,z <1

m<M > myz — 25 GeV

Exactly one isolated lepton and one medium 7y,,q4 candidate with opposite charges
TlepThad | MT < 70 GeV

Events with a b-tagged jet with pr > 30 GeV are rejected

One isolated medium and one isolated tight opposite-sign m,q-candidate
Events with leptons are vetoed

ERss > 20 GeV

ERsS points between the two visible taus in ¢, or min[A¢(r, EF¥)] < 7 /4
0.8 < AR(Thady s Thady) < 2.4

A?’](Thadl , Thad2) < 1.5

| Channel | VBF category selection cuts

Tep e At least two jets with pi > 40 GeV and p? > 30 GeV
T A, g2) > 2.2

At least two jets with p2t > 50 GeV and p?? > 30 GeV

TiepThad | An(j1,j2) > 3.0

mys > 40 GeV

At least two jets with p2t > 50 GeV and p?? > 30 GeV

ThadThad | P} > 35 GeV for jets with || > 2.4

A, ja) > 2.0

| Channel | Boosted category selection cuts

Tlep Tlep At least one jet with pr > 40 GeV

° MVA C R All Failing the VBF selection

p2 > 100 GeV

Tlep Tlep

Thad Thad

| Process | TlepTlep | Tlep Thad | Thad Thad
Z — ll-enriched 80 < my¥ < 100 GeV
(same-flavour)
Top control region Invert b-jet veto Invert b-jet veto and mr > 40 GeV
Rest category Pass preselection,
Fail VBF and Boosted selections
Z — tr-enriched mirTO <100 GeV mr < 40 GeV and mMM© < 110 GeV
Fake-enriched Same sign 7 decay products Same sign 7 decay products
W -enriched mrp > 70 GeV
Mass sideband mMMC <110 GeV or mMMC > 150 GeV
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postfit event yields

GEORG-AUGUST-UNIVERSITAT

GOTTINGEN

Process/Category VBF Boosted
BDT output bin All bins | Second to last bin | Last bin All bins | Second to last bin | Last bin
Fake background 1680 + 50 8.2+£0.9 5.2£0.7 5640 4+ 160 51.0+£2.5 223+1.8
Z =TT 877+ 29 7.6 +0.9 4.2+0.7 6210 + 170 57.5£2.8 41.1+£3.2
Top 82+ 15 0.3+0.4 0.54+0.4 380 £ 50 12+4 484+1.5
Z — Ul — Thad) 54 £ 26 1.0+0.7 0.30 £ 0.28 200 £ 50 13+4 8.6+3.5
Diboson 63 £ 11 1.0+04 0.48 £0.20 430 £ 40 9.7+2.2 47+1.6
geF: H — 77 (mpg = 125GeV) 16 £ 6 1.0£04 1.2+0.6 60 £ 20 9.2+3.2 10.1 £ 34
VBF: H —» 77 31£8 45+ 1.1 9.14+2.2 16 +4 2.54+0.6 2.9+0.7
WH: H—r7T1 0.6+0.4 < 0.1 <0.1 9.1+23 1.3+04 1.9+£0.5
ZH: H — 71 0.16 £ 0.07 < 0.1 <0.1 46+1.2 0.77£0.20 0.93+0.24
Total background 2760 £ 40 18.1+2.3 10.7£2.7 | 12860 £ 110 143 £6 82+6
Total signal 48 +12 5.5+ 1.3 10.3 £2.5 89 £ 26 14+4 16 £4
Data 2830 22 21 12952 170 92
Process/Category VBF Boosted
BDT output bin All bins | Second to last bin | Last bin All bins | Second to last bin |  Last bin
Z =TT 589 + 24 9.7+ 1.0 1.99£0.34 | 2190 £ 80 33.7+£2.3 11.3£1.3
Fake background 57 £ 12 1.2+0.6 0.55 £ 0.35 100 £ 40 29+1.3 0.6+0.4
Top 131 £19 0.9+0.4 0.89 £0.33 380 £ 50 9.8£2.1 43+1.0
Others 196 £ 17 3.0£04 1.7+0.6 400 £ 40 8.3+1.6 2.6 £0.7
geF: H - WW (mpy =125 GeV) 29+£0.8 0.124+0.04 0.114+0.04 7.7+2.3 0.43£0.13 0.24 £0.08
VBF: H - WW 34+04 0.40 £ 0.06 0.38+£0.08 | 1.65+0.18 0.102 +0.017 < 0.1
WH: H—-WW < 0.1 < 0.1 < 0.1 0.90 £0.10 < 0.1 < 0.1
ZH: H—-WW < 0.1 < 0.1 < 0.1 0.59 £ 0.07 < 0.1 < 0.1
geF: H — 77 (mpg = 125GeV) 9.8 +34 0.73 £+ 0.26 0.35+£0.14 21+8 2.4+0.9 1.3£0.5
VBF: H —» 77 13.3+4.0 2.7+£0.7 3.3+0.9 5.5t 1.5 0.95 + 0.26 0.49 +£0.13
WH: H— 711 0.25 £ 0.07 <0.1 <0.1 3.8+ 1.0 0.44+0.12 0.22 £+ 0.06
ZH: H— 71T 0.14£0.04 <0.1 < 0.1 20+£0.5 0.21 + 0.06 0.113 £ 0.031
Total background 980 + 22 15.4+1.8 5.6 +1.4 3080 + 50 55 +4 19.2 4+ 2.1
Total signal 24+6 3.5+0.9 3.6+ 1.0 33£10 40+1.2 2.14+0.6
Data 1014 16 11 3095 61 20
Process/Category VBF Boosted
BDT output bin All bins | Second to last bin | Last bin All bins | Second to last bin | Last bin
Fake background 370 £ 18 23+£09 0.57£0.29 | 645+ 26 35+4 0.65 £0.33
Others 37£5 0.67 +0.22 < 0.1 89+ 11 15.9+2.0 0.92 +0.22
Z =TT 475+ 16 0.6 £0.7 0.6+0.4 2230 £ 70 93+4 54+1.6
geF: H — 77 (mpg = 125GeV) 8.0£2.7 0.67£0.23 0.53 £0.20 21+£8 9.1+3.3 1.6 +0.6
VBF: H — 77 12.0£3.1 1.8+0.5 3.4+£09 6.3+1.6 2.8+0.7 0.52+0.13
WH:H — 711 0.25 £ 0.07 < 0.1 <0.1 40411 1.9+0.5 0.41+£0.11
ZH: H— 71T 0.16 £ 0.04 < 0.1 <0.1 2.4+£0.6 1.13£0.30 0.23 + 0.06
Total background 883 £ 18 3.6£1.3 1.2+1.0 2960 £ 50 143+ 6 7.0+£1.8
Total signal 20+ 5 2.5+ 0.6 39+1.0 34+£10 15+4 2.7+0.8
Data 892 5 6 3020 161 10
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Channel

VBF category selection criteria

CBA selection criteria

Tlep Tlep

At least two jets with p2! > 40 GeV and p}? > 30 GeV
|A77j17j2| > 3.0

My, .50 > 400 GeV

b-jet veto for jets with pt > 25 GeV

Jet veto: no additional jet with pr > 25 GeV within |n| < 2.4

Tlep Thad

At least two jets with p2! > 40 GeV and p}? > 30 GeV
BT 5 90 GeV

|Anjy 55| > 3.0 and n(j1) - n(j2) <0, myjy 55 > 300 GeV
pr = P + PP 4 P+ Y+ B < 30GeV

b-jet veto for jets with pr > 30 GeV

min (1), M) < M@)s Mrpag) < MAX(NG1) 5 M)

VBF tight VBF loose

My ,j, > 500 GeV Non tight VBF
pt > 100 GeV
ped > 30 GeV
Myis > 40 GeV

Thad Thad

At least two jets with p2! > 50 GeV and p?? > 30 GeV
|[An(m,m2)| < 1.5

|Anj, 4o | > 2.6 and mj, j, > 250 GeV

i (175,), M(jz)) < Nery)s Nera) < MAX(7(1)5 M5))

VBF high p* VBF low p#, tight VBF low p*, loose
AR(11,72) < 1.5 and AR(71,72) > 1.5 or AR(m1,7m2) > 1.5 or
pt > 140 GeV pi < 140 GeV pH < 140 GeV

|An;, o | + 1550) |An;, i, | + 1550)

m;, i, [GeV] > (=250 - | mj, ,[GeV] < (=250 -

Channel

Boosted category selection criteria

Tlep Tlep

Exclude events passing the VBF selection
pr > 100 GeV
b-jet veto for jets with pr > 25 GeV

Tlep Thad

Exclude events passing the VBF selection
ER™ > 20 GeV

p > 100 GeV

pT(Thad) > 30 GeV

b-jet veto for jets with pr > 30 GeV

Thad Thad

Exclude events passing the VBF selection
An(m,m2) < 1.5
p > 100 GeV

Boosted high p* Boosted low pf
AR(m1,m) < 1.5 and AR(m1,m2) > 1.5 or
p > 140 GeV pH < 140 GeV
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MMC variable ranking

VBF Boosted

TlepTlep TlepThad ThadThad TlepTlep TlepThad ThadThad

Variable

MMC

mTT

AR(Tl, Tg)
An(j1, J2)
M1 ,52
M1 X My

Total
Pr

Sum pp °
pT/PT
ET"°¢ centrality ) o
ULTNR
10y 0
Agb(gla 62)
Sphericity
P
Pr
R,
mo L] (]
min (A, ¢, jets) .
C1771 \M2 (7751 ) ) 0771 M2 (7752)
C1771 N2 (775) e
n1,M2 (77.73) hd
71,72 (777'1)
C771 112 (777‘2)

QA
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significances MVA per channel and category

GEORG-AUGUST-UNIVERSITAT
GOTTINGEN

Channel and Category | Expected Significance (o) | Observed Significance (o)
TepTlep VBF 1.15 1.88
TlepTlep DBooOsted 0.57 1.72
Tlep Tlep Total 1.25 2.40
TlepThad VBF 2.11 2.23
TlepThad Boosted 1.11 1.01
Tlep Thad Total 2.33 2.33
Thad Thad VBF 1.70 2.23
Thad Thad Boosted 0.82 2.56
Thad Thad Total 1.99 3.25
Combined 3.43 4.54
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ATLAS+CMS combination

e ATLAS-CONF-2015-044 or CMS-PAS-HIG-15-002
e pased on 7+8T1eV datasets

Channel References for Signal strength [u) Signal significance (o)
individual publications from results in this paper (Section 5.2)
ATLAS CMS ATLAS CMS ATLAS CMS Untagged

H = yy (51) (52) LIS LIRS 50 5.6
C2D) (‘a33) (4.6) (5.1

H—2Z -4 (53) [54) 15105 10503 6.6 7.0 H—=7r7r v v v v
Ca)  Caz) (5.5) (6.8)

H— WW [55,56) (57) 123303 091503 6.8 48 H—ZZ—-1l v/ v 4 4
(53 (a3 (5.8) (5.6)

H—rr [58) (59] 141703  0.89°0 % 44 34 H-WW v v v v
Ca3) o) (33) (3.7 H-7T7T 7 v/ /7 v/

H — bb [38) (39) 0EXSx ONSE 1.7 20
D 2.7) (2.5) H—bb v v

H = pp (60) (61] 0736 08235
(£3.6) (£3.5) H—u u included in tree level fit for H- 4 coupling

ttH production  [28,62,63) (65] Ty 2922 2.7 36
G R (1.6) (1.3)
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ATLAS+CMS combination

e The ATLAS+CMS coupling combination results include:

1) Fits of signal strengths (global, by production, by decay) relative to the SM

2) Fits in the k-framework, measuring coupling modifiers
« 3) Generic parameterizations based on ratios of XS and BR and on coupling modifier ratios
e Common Assumptions:

« Assume there is only one Higgs boson with Spin Parity 0+ and with a narrow width such that
production and decay are decoupled

p=1.09 01 5= 1.09 097, (stat) *0% ; ,, (expt) ** ; o3 (thbgd)**7 ; o6 (thsig)

ATLAS and CMS Proliminary —ATLAS ATLAS and CMS Preliminary - ATLAS
LHC Run 1 ~CMS LHC Run 1
+ ATLAS+CMS ~-CMS
- ; — ;?, - ) - ATLAS+CMS
" —_ o _._ -_— 0
ggF —— l"“ ——
- : Sl\g p-value —— SM p-value I’/mductiou process  Measured sirg,niﬁcancc (o) Expected sigx:iﬁcuucc (o)
" e 25% = 60% >5 o WlpVEF 5.4 4.7
- ; K —— ZH 2.3 29
m : - VH 3.5 4.2
WH -— ww ttH 44 20
B K — Decay channel
B — - : >5 0 WpH - T 5.5 5.0
—— b H — bb 2.6 3.7
uH - 23 o =
: u®| ———
i —— et
1 _1*-1 1 L 1 1 oljllolslAAl:l‘l;lsAlAléll‘lzlsll“alAllAalsAllA4
0 05 1 15 2 25 3 35 4 ‘ ‘ ~ Parameter value
Parameter value
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