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viv | Gommen Introduction - |

O Higgs discovery and measurements of its properties rely on bosonic Higgs decays
O measurements confirm SM nature of Higgs

O Establish mass generation mechanism for fermions
O demonstrate direct coupling of Higgs to fermions
O proportionality of coupling to mass

O Larger Higgs boson sample in run 2 will allow for increased precision and probing
new fermionic channels

H->tt (6%) H->cc H->up H->bb (58%)
abundant (2.9%) very abundant
S/B<1 77 WY Z+Y  others

. large backgrounds
AM/M ~10-20% '.‘.3% 9\-2?&95_"/3_0.6% S/B<<1
. : / s

2 gluons _
9%

O Observed: H>T1T

O Yet to come:
O H->bb
O H->cc
0O H->uu
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AT cormineen Introduction - |l

O Higgs discovery and precision measurements are driven by the ggF production mode
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Introduction - |l

H—TT (boosted)

Associated
production (ttH)

-

O VH and ttH production mechanisms haven’t been observed yet
O These are the most promising channels to observe Higgs to bottom coupling
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O Favourable S/B condition
avourable S/B conditions | Run | recap
O Designed to be sensitive to ggF, VBF, VH p : ' X
O VBF category: require 2 jets with large n separation O Allt decay modes
O boosted category (ggF dominated): Higgs candidate with
large pr ® mu + had
O Main backgrounds: &+ had
. e+ mu
O Z->tt: determined from MC and data (t o
embedding technique) B had + had
O Tthad fakes determined from data We+e Jon
O Multiple control regions to validate 2 analvsis ch <.
background modelling for different 2 nalysis Channels: Tieptiep, Tepthad, Thadthad |
categories and t decays
top quark 7—TT Thad fakes
- ! VLU > 9007 T ] > 2O T | amas ]
- " TegTg VBF ATLAS ] ® E Supes Boosted ATLAS : 8 220 Mo e |
- 120-_ 15 =8 TeV, 20.3 b ¢ Data ] (OD 8001 15 =8 TeV, 20.3 b’ Pre-fit ] S 200 '$-8TeV.2030 ’ Oa'aH
< - Top Control Region — H(125) (u=1.0) = 700- - Data 3 N lso Wjets — 50 x H(125)
¢ 100 pre-it -z : PR — 50x H(125) 1 @ V"t Control Region 2=
w | | Il (i+single-top QC, 600 B Z- = OCJ 16OE Bl {1+single-top
80- Il Others * T 500? B (7+single-top | T 140; t -gt:ers
: B Fake lepton : E Bl Others 5 12 0 - Uicec r:
60 Uncert. 400? I Fake lepton *: 1 00' ‘ :
; TiepT 300 et g 80 TlepThad -
40 lepLlep : TienT 3 ‘ 5
[ 200 leptlep « 38
0 100; 20,
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BDT output p'\" [GeV] mMC [GeV]
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O BDT to extract signal: simultaneous fit to data in all 6 analysis regions

ATLAS ~o(statistical) Total uncertainty

I

—o(syst. excl. theo c
m, = 125.36 GeV —o:t:eory) ) +1con 5 10° - —e— Data E
+ 0.3 : : : : : :) g [:] Background (u=1.4) 1
0.3 . e o I Py
= 440403 : : C [ Background (31=0)
H—- 1t n=147,, 0.2 : T'_M_‘i g) 3 ackgrou |
1 : L 10 I~ - H(125)-»tt (u=1.4) I
Boosted n=217%3|08 l : r—L—t l - H(125)»tt (u=1) ]
veFE p=t2il gl i H i |
7 TeV (Combined)p = 0.9 773108 | —— | l 1025
8 TeV (Combined)y = 1.5 07 |- 93 i l——ii : l C
0 2 4 1oL Hot i
[ - -1 = -
\s=7TeV,45f Signal strength (1) - ATLAS ==
Vg = 8 Tev, 20.3 fb-1 . \S= 8 Tev’ 203 fb‘ .-..-.5
15 1s=7TeV, 451"
e J W | S W - [ 1 [

-4 -3 -2 -1 0 1
Evidence for the Yukawa-coupling to T leptons log, (S /B)
Significance obs (exp) [0]: 4.4 (3.3)
Combination with CMS provided observation
Significance obs (exp) [0]: 5.5 (5.0)

Yields in discriminant bins ordered by log(S/B)

VH(H->1t) run 1 search: Dedicated YSF talk by Eric Drechsler later today:
“Standard model H—TT searches with ATLAS”

Phys.Rev.D93, 092005
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ATLAS-CONF-2016-041

O Very small branching fraction in SM
O Yukawa-coupling to 2" generation fermions
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ATLAS-CONF-2016-041

O Very small branching fraction in SM

O Yukawa-coupling to 2" generation fermions
O mass dependence
O coupling to leptons

Y T L2 Y Y T ¥ '3 L T v Y v T Y Y T Y 2 Y

‘?’ 10° ATLAS Preliminary —4- Data
2 10°% e ) s2r
. . § , 1s=13TeV, 1321 @l EWK Zsjots
O Clean signature: narrow resonance In s ‘06 | g;;;:m
dimuon invariant mass spectra - Vo 25 oV 0
O two opposite charge muons (pt>25 (15) GeV) 10°
O b-veto and low MET requirement to suppress ttbar 10°
O examine (110-160) GeV mass range 1o

10

O Dominant irreducible background '
10"
O Z/y*-»uu : shape and normalisation from data (fit to ”“///

102
dimuon mass spectra using parametrised function) -l R TR TR

- BreitWigner + Gauss (for Z->mumu)
- e™/x3 (for the continuum)
- all parameters are free in the fit °'SE

Data/MC
..
-
|
»
)
)
4
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.......................
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O Very small branching fraction in SM Flop Amsmm o
O Yukawa-coupling to 2" generation fermions o S vz

1 0‘ E D Top Quarks

O mass dependence ‘O’iﬂﬂ.\.\.k ) oecscn

O coupling to leptons 10 ——

yron [P [ o -

51.3% (2.4%) eff

10° - for VBF signal
oF (total bckg)
O Clean signature: narrow resonance in ,Ofg -
dimuon invariant mass spectra [ S | Al
O two opposite charge muons (pt>25 (15) GeV) & ‘L A —— : |
O b-veto and MET requirement to suppress ttbar | 0sE- . E
O examine (110-160) GeV mass range R

O Dominant irreducible background

3 45 ATLAS Prelminary E

O Z/y*»uu : shape and normalisation from data (fit to > 40F VeF \s=13TeV, 132" 3
dimuon mass spectra using parametrised function) 2 af 3

= 1

w 3 —e— Data 3

3057 — Background model T:‘

. 1" — Signal [125) x 20 =

) N .
Analysis strategy : E

O splitin categories with different S/B 15f
O VBF category defined first using MVA discriminant 10
- new in run 2: ~10% improvement of sensitivity 5:‘
O therestis split into 6 categories in muon n and pr(pup) 2;
to take advantage of different dimuon mass resolution _ 2@' b ittt b d ?+«
& 08444 4 ?.+ I?+‘|Qo+,..’ * 14t Jt:
O Signal extracted from simultaneous fit to 2 re oy bty 3
My distribution in 7 Catego ries 1107715 T80 125 730135 740 145 760185760
m,, [GeV]
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O Very small branching fraction in SM
O Yukawa-coupling to 2" generation fermions

rryrrrr|yrrrrrrrrryrrrrr|rrg

Errr T
- ATLAS Preliminary

O mass dependence — Observed
O coupling to leptons " \s=13TeV.13.2fb" .- Expected
1 A K -
= Houp 120 :
[ .--SM Higgs

O Clean signature: narrow resonance in
dimuon invariant mass spectra

O two opposite charge muons (pT>25 (15) GeV)
O b-veto and MET requirement to suppress ttbar 2
O examine (110-160) GeV mass range T T T
. . _ 115 120 125 130 135 140 145
O Dominant irreducible background m, [GeV]

O Z/y*»pp : shape and normalisation from fit to dimuon
mass spectra using parametrised function

e
o
-
URRLLLL B
R TTIT B

Y

o
n
\

95% CL Limit on ¢ x BR(H—upu) [pb]

upper limit @95% CL obs (exp)

O Analysis strategy

O splitin categories with different S/B ATLAS run I+run2 | 3.5 (4.5)
O VBF category defined first using MVA discriminant ' I
- new in run 2: ~10% improvement of sensitivity i ATLAS run 2 1 44 (5.9)
O therestis splitinto 6 categories in muon n and pr(pp) ATLAS run | 7.1 (7.2)
to take advantage of different dimuon mass resolution i |

O Signal extracted from simultaneous fit to CMS run | 7.4 (6.5)
my distribution in 7 categories
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O Final states with 0, 1 and 2 leptons and at least 2 jets, of which 2 b-tagged
O Higgs candidate built of 2 b-tagged jets

O additional corrections for b-jets to improve mpp resolution: muon-in-jet
O PtReco (0- and 1-lepton), kinematic LH fit in 2-lepton channel
O Further categorisation based on pt¥ and nlets (2,3 or >3)

O pr'defined as MET in O-lepton channel; MET+pt(€) in 1-lepton channel; pr of 2-lepton system
O prY>150 GeVin 0,1 lepton; pt¥<150 GeV and prY>150 GeV in 2-lepton
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pr'<150 GeV pT’>150 GeV O Two types of BDTs: BDTyx and BDTyz
2jets >3jets 2ijets 3jets =3 jets O mps, MET, pr(b1), pr(b2), AR(b1,b2) used in all
0-lepton - - BDT BDT - channels
| -lepton i i BDT BDT i O 1-lepton channel: m(top) and |AY(W,H)| to
reject top pair background
2-lepton BDT BDT BDT - BDT
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prV<150 GeV pr>150 GeV O Two types of BDTs: BDTyy and BDTyz
2jets =3jets 2jets 3jets =3 jets 0 m(bb), MET, pT(b1), pT(b2), AR(b1,b2) used in all
0-lepton - - BDT BDT - channels
| -lepton i i BDT BDT i O 1-lepton channel: m(top) and [AY(W,H)| to
reject top pair background
2-lepton BDT  BDT BDT - BDT
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Background V+tijets top pairs
baseline Sherpa 2.2 ( <2p@NLO, 4p@LO) Powheg+Py6
systematics | Fact, Renorm, CKKW, Resum scale, MG5 aMC+P8 | Powheg+Hpp, MG5 aMC+Hpp, RadHi/RadLo |
creatment ‘ free: Z/W+HF (bb, bc, cc, bl) normalisation ; - free: 0+1-£ and 2-£ normalisations; .
2i/3j,1€/2¢(W); 2j/3j, 0¢/2¢(Z); bb/be/bl/cc relative 2j/3j ratio uncertainty
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. @J ggﬁiﬁgﬁﬁusnumvmsnm VH (H N bb) results

O Simultaneous fit to BDT distributions in 8 regions

O uncertainties cover normalisation (overall and relative between S_?II‘I’I})](? Scale factor
analysis regions) and shape tt O+1-lepton | 0.86 £ 0.13
O derived for myy and prV tt 2-lepton 0.94 4+ 0.09
0O free parameters have a large effect on signal strength W + HF 1.59 4+ 0.39
O also important: b/c-tagging, Z+jets my, shape, ttbar model, MC 7 + HF 1.04+0.11
statistics for background i i
ATLAS Preliminary V{s=13TeV, [Ldt=13.2b"
A
- - Tot. -
Stat. Tot. ( Stat. Syst.)
2 lepton (- +—e—- 0247022 (1058 560
4 ™)
1lepton [ ey 0.251’8:3‘; fggz fgg;) — VZ ﬁt result
Oloplon |- p—e—i 047+373 (+3%2 +04) - pyvz = 0.91 4 0.17(stat) 052 (syst)
combination - bout 0214051 (+038 +0%6) _ significance obs (exp) 3.0 (3.2) SD
(l) é 4 é 8| 1|0 \ y

Best fit u=cr/crsM for m =125 GeV
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. @J ggﬁiﬁgﬁgusnumvmsnm VH (H N bb) results

O Simultaneous fit to BDT distributions in 8 regions

O uncertainties cover normalisation (overall and relative between S_?II‘I‘I})](? Scale factor

analysis regions) and shape tt O+1-lepton | 0.86 £ 0.13

O derived for myy and prV tt 2-lepton 0.94 4+ 0.09

O free parameters have a large effect on signal strength W + HF 1.59 4+ 0.39

O also important: b/c-tagging, Z+jets my, shape, ttbar model, MC 7 + HF 1.04+0.11
statistics for background i i

R T R R R R [Ty
S E ATLAS Preliminary - Data ‘ _
£ 10K Gat3Tevflor-132n’  EEYHOD) (210) T significance
G 10°p muSingletop obs (exp) [O] ’
10° B 21 (bb,b0.00.b1) +0.40
f hoceth 3 ATLAS run | | 4 (2.6) 0.5119-40
—..]
| ATLASrun2 | 0.42 (1.94) | 0.2179-52 |
CMS run | 2.1 (2.5) 0.89 + 0.43
ATLAS+CMS run | 2.6 (3.7) 0.7010:2

Pull (stat.)

—23’:.1....1..7:*:7 ................................ L.'xg
-4 35 3 25 -2 .15 1 05 0 05

l0g,(S/B)

Data consistent with background only

post-fit and also consistent with SM (u=1) More details in YSF talk by Jeff Hetherly:
“RecentVh, h—bb Analysis Results” on Friday
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O VBF H-»bb search suffers from large
non-resonant bbjj background
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VBF H—bb with Y

O Require high pr photon in the final state

C J GEORG-AUGUST-UNIVERSITAT
A GOTTINGEN
O provides a clean signature for efficient triggering
O gluon-induced component of non-resonant bbijjy is

b suppressed
O destructive interference further suppresses central
photon emissions

O Dramatically increases S/B in VBF mode
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. @J ggﬁiﬁgﬁﬁusnumvmsnm VBF H —}bb W|th Y

O Require high pr photon in the final state

O provides a clean signature for efficient triggering

0O gluon-induced component of non-resonant bbijjy is
suppressed

O destructive interference further suppresses central
photon emissions

O Dramatically increases S/B in VBF mode

O Selection

O one photon with pt>30 GeV
O 4 jets two of which are central and b-tagged
O pr(bb)>80 GeV, VBF pair m(jj)>800 GeV

% 0.12! ATLAé ,Simulaltion Preliminavry' [ VBF H(125) + ¥
& - Vs=13TeV . I (NonRes Bkgd 3 Variabl
0.1 ariables:
0.08f 'ﬁ?‘j > angular separation
T} | | .
0,061 ’ /7 ' k .AR(Je.t’v?c ¢
aad. ’ I invariant mass o
O main background - non-resonant [ , . VBF par m(jj)
. : . 0.04/ P J)
bbjjy production - determined from ; ' / - An(ii)
data 0.02} //% . :
[ / jet width
O smaller contribution from Zy + jets e -z//.% . //%/////// -
used for control measurement 6 04 02 0 02 04 06
BDT response

O Split events in 3 regions according to BDT
O Simultaneous fit to myyp, distributions in 3 regions

31/08/2016
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Events / 10 GeV

31/08/2016

(Data-Bkg)/Bkg
béé olo

| S - TrTT Y v
. —e— Data
70 ATLAS Prelummary1 VBF H(125) + v x 10
V\s=13TeV, 1260 puum Z + v (QCD) B

go— High BDT Z + 7 (EWK) 3

NonRes Bkgd
50 + .
40 +—¥++ Mbb é

—— Uncertainty

30

20 + .+.

wWhLOoLhhW O
§ " {4 |

- - s 3
..... J_----,A---‘--_----- -— DU CE—

60 80 100 120 140 160 180 200 220 240
m,, [GeV]

deficit of events near 125 GeV
in high BDT region

O Require high pr photon in the final state

O provides a clean signature for efficient triggering

0O gluon-induced component of non-resonant bbijjy is
suppressed

O destructive interference further suppresses central
photon emissions

O Dramatically increases S/B in VBF mode

upper limit @95% CL obs (exp) U

44 (54) |—0.8+2.3
4.0 (6.0) |—3.9i§;§ |
55(5) | 2871
3.0 (5.0) '—3.73;‘;

3422) | 1.3712

ATLAS run |

| ATLAS (VBF with y) run 2

CMS run |
CMS run 2
CMS run |+run 2

Z+y measurement with the same signature
obs (exp) limit: 2.0 (1.8), = 0.3+£0.8
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'O Top quark is the most strongly-coupled to Higgs SM particle (Y: ™~ 1)

nature of Higgs boson and look for deviation from SM behaviour

\.

O Precise measurement of top-Higgs Yukawa-coupling is critical to establish SM

O most extensions of the SM predict the largest deviations from the SM couplings in ttH

\

J

O Indirect constraints provided by the gluon fusion and via H—->yy decays

gluon fusion . Hovy
top-Higgs o ) N N
Interactions _"_'__ e -
contribute to o " t H

the loops

O Associated production probes
directly Y; at tree level
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O Event selection

ttH (H—bb)

O Single lepton channel: 1 lepton (e or u), from 4 to >6 jets with 2 to >4 b-jets Q
O Dilepton channel: 2 opposite-sign leptons (ee, uu, eu), from 3 to >4 jets with
2 to >4 b-jets @
0
on ‘
ATLAS Simulation Preliminary q f y ’
\s =13 TeV, 132 fb" | t ] |
Single Lepton 910[0,0[0)p W+ o
“
o4}, 2b o[4j,3b ol4j,24b _ g : v
9 S/B =0.0% 9 SB =0.3% 9 SB=22% q ‘j\.‘) - | o -
o T o T o W~ ) L
() | —— 0 _ 0 _
215j,2b 215j,3b 215),24b
SB=0.1% S/B = 0.6% S/B = 3.6%
9 9 9 [} L] [} ° ° °
5 1 5 5 1 O Categorise events by jet and b-jet multiplicity
| f— 0- 0- O take advantage of low S/B regions to constrain

systematic uncertainties
O maximise sensitivity by separating regions with
different S/VB
O Build MVA discriminant to separate signal
from background in signal-rich regions

2t26),2b 2/26j,3b 2126),24Db
SB=0.1% S/B=1.3% S/B = 5.2%

| 031-‘
L L
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G e Analysis strategy

single lepton channel dilepton channel

- - >4 b-
2 b-tags 3 b-tags b-tags 2 b-tags 3 b-tags >4 b-tags

4 jets H;p;ad H’;z_’ad H’%ad ;
Sjets  Hp®  Hp*  BDT |

, had >4 jets Hr BDT BDT
>6jets Hr BDT BDT :
had _ Hr =) pr+ ) pr
HT o Z pr jets lep
jets .
PSS S M — Reconstruction BDT @ QBT T e
S E ATLAS Simulation Preliminary % E ATLAS S«mu!atnon Preliminary
& 012 (3= 13Tev 1 O trained to match reconstructed £ ' -8 Tev E
2 - Single Lepton . . c 0 12F lepton E
§ o1 > 6}, > 4b v jets to partons g M5 > 4], 4 5
B C 7] , nts 3 . . . @ 0.9 (] tiM, alt event -
& oo S » 4 0O with and without Higgs-related & o ool Bt wooeboson ]
- rrectly matched | H E correctly matched .
0.06f ooty : variables 0,065 i 3
0.04f = 4 O variables: 0.04f g
0.02f- - - masses: mi(lep), m¢(had), mn 0.02f —
050100 150 60550300550 400 - angular separation: AR(bs, b), % 150 200 250 300
Higgs mass [GeV] AR(bq, €), AR(b from tjep, £ Higgs mass [GeV)
D
~12% (8%) efficiency to match all jets ~42% (29%) efficiency to match all
correctly in 26j, 24b region with jets correctly in 24j, 24b region with
(without) Higgs-related variables (without) Higgs-related variables
(max = 38%) (max = 93%)

o Classification BDT A

O combines output of recoBDT with other variables to discriminate signal from background
O distributions are used in the fit to data

L0 NN in 3j 3b region without reconstruction
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ATLAS Simulation Preliminary
1s=13TeV
Single Lepton

4j,2b 4j,3b

o~

N
QY

5),2b -

31/08/2016
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GOTTINGEN

—

—~

it vignt [+ 21c [+ 210
" |Non-f

4j,24b

5),z4D0

a

ATLAS Simulation Preliminary

Is=13TeV
Dilepton

3j, 2b

/'— ~~\

/ ‘\\
\

'
/
f
'l
1
\
\
\
\
\\
y -

24j2b

(i+nght [Ji+21c Pti+d

Pi+8
0 LR

Wi« Wi+ =3
[INon-ti

3j, 3b

dilepton

24, 24b

Detailed classification

O tt+>1b: tt+b, tt+B, tt+bb, tt+>3b

O used to apply corrections and estimate
uncertainties
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. Capl Background model

4 : D
O tt+jets
O tt+light/tt+>1c nominal (Powheg+Py6) and alternative ttbar samples
are reweighted to NNLO theory prediction (sequential pr(ttbar) and
pr(top) reweighting)
O tt+>1b nominal and alternative are reweighted to Sherpa OpenlLoops
\ y
o o %‘103 = i i —— Sherpa+OpenLoops ti+b
O tt+jets systematics S E oy e
O decorrelated between tt+light, tt+>1c and tt+>1b g 's=13TeY DS
O for all three components: g I
. L. O 10k
O ISR/FSR radiation
O parton shower and hadronisation - o
O NLO MC generator 'E
O tt+light, tt+>1c: uncertainty on pr(top) and pr(ttbar) ol e
O tt+21b R |
O variations of SherpaOL 4F settings ;;} ‘1?:: ................... —_ o
O alternative generator MG5_aMC@NLO (4F) - §i§;
O alternative PS: MG5_aMC@NLO (4F)+P8 or H++ - osf _ .
i A \\"w 4 ® (\~730

(tt+21c and tt+>1b normalisations are free parameters of the fit )
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Signal extraction
dilepton channel BDT

M

O Simultaneous fit to discriminants

single lepton channel BDT

. . . MLLE SLELELE SLELALE SLELALE SLELALE SLALALE SLALALE SLALALE SLALALE SLALEL ! ‘ J LI
in 6 signal and 8 control regions € 2206471 oS Preliminary eData 1 . 700 - ATLAS Preliminary -e-Data
3 2005 s - 13 Tev, 13.2fb" MtH £ - 1s=13TeV, 13.21b" -::”| "
. oo . . +
O Significant reduction of 180 Dilepton i +loht - 600 Single Lepton S+ >l
. : 160 >4j,24b mti + >1b 26j,24b mti + >1b
uncertainties pOSt-ﬁt 1405 Pre-fit mti 4+ V E 500 pre-fit mti+ V.
_JNon.tf E 400._ _]NOﬂ'n )
Uncertainty - C Uncertainty -
e . . . . ttH(orm) 4 400b ttH (norm.) 1
é 10° [ ATLAS Preliminary 4 Data Wt [—ﬁ + light ] 80" . : .
2 _f1s=13TeV, 13217 [ii+21c @ifi+21b [@ti+V : -
§ 10 [Dllepton [—]Non.lf Uncenalnty“H 60 — 200" M roveresesessseaseesenes
w Pre-fit Y
10° | 40
1 e
‘ 20 00 : &
before —s of
the fit 8 15 ¢ R Y 1 1 15E 0O OO0 O
o 1 B D erreerrreee lNee i 1 E. .........................................................................
@ 05 05}
8 1080604020 02040608 1 °1-08060402 0 02040608 1
3 ; Classification BDT output Classification BDT output
15
§ 1 P O et T T T T T T T T {4 o e e ki ARk Ak ek ek i i sk i s -4 ‘12220 ™ L LI YTy T | T Y 2 YT T T T T T Y T T YT T T T T T YT YY)
s 05 S - ATLAS Preliminary -e-Data 1 E 200 ATLAS Preliminary -e Data E
s ¢ Y25 “4.2p I.3p 4.3 *Yagp N 200? 1s=13TeV, 13.2b" -::"1 ight R 1s=13TeV, 13.2fb" -::H ot
. , ' 1 180} Dllepton :l" +>1¢ E 600: Single Lepton »_m : ;910
S 10'| ATLAS Preliminary  ¢Data [tH [t + light 1 160-24j,24b mt+ >1b 26j,24b mti + 21b
@ " 1s=13TeV, 13217 [ti+21c @ti+ 210 Wi+ V 140} Post-fit mtt+ Vv 5005 post-fit mtt + V B
§ Dileptpﬂ [CINon-ti Uncertainty -- ttH 1205 " INon-tt - ~INon-tt
" o0 | Postfit 1 : Uncertainty - Uncertainty
i o oop ttH (norm.) ttH (norm.) |
10°} 1 after  gof : :
10°f 1 the fit 60k
102[ ............................... 40
................ 20
10[ ................. . of
1 B125¢
g 1.25 a1
@ & & <> & yroorryy @075 @075 ¢ :
s 0.75 - 0. 5 @ 05
8 o5 3 T 3 v v (=) -1 -0.8-06-04-02 0 0204 0608 1 @ -1 -0.8-0.6-0.4-02 0 0.2 0.4 0.6 0.8 1
2 %25 36 %36 hoap Classification BDT output Classification BDT output
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ATLAS Preliminary tiH (bb), \s = 13 TeV, 13.2fb"

T et T tt+>1c and tt+>1b normalisations post-fit
Stat.
Tot. ( Stat. Syst. ) B . +0.18
29 (414 426 ktt+21b = 1.33 —0.17
Dilepton ——a—— 46 53( 43 g
) B 40.53
s11 ;405 +1.0 ktt‘|‘210 = 1.31 —0.40
Single Lepton| Fe- 1.6 7 05 -0.9

21 +10 +0.5 +0.9)

Combined FeH ( 05 -07

0 2 4 6 8 10 12 14 16 18
Best fit u = 6™/ for m, = 125 GeV

N‘ 6 ™ Y I Y L 4 Y 4 l ™ 4 N— T ] T T T ™ r—T [ ' 2
© 10°EATLAS  Preliminary +-Data E
e - 1s=13TeV, 13.210" ttH (., , =4.0) .
3 105k Wt _21) .
C]Backgtound =
77, Bkgd. Unc.
10 - Bkgd. (u=0 fit) 3
10° 1
102 tiH (bB) Combined .
- Dilepton and Single Lepton 3
. Post-fit
. s daaa s e e daaaa Jaaaa b s ) g
- -
@
e ! e eed)
0o .
T 35 3 25 =2 45 1 05

log. (S’B)
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ATLAS Preliminary tfH (bb), \s =13 TeV, 13.2 b

' —Tot. ey Uncertainty source Ap
Stat. 't ' D L
Tot. ( Stat. Syst. ) Jet Havour tagging +0.26  —0.26
. 4.6 +29 9 +4 426 ) tt H modelling +0.32 —0.20
Dilepton = e Background model statistics +0.25 —0.25
tt+ > le¢ modelling +0.24 —0.23
Single Lepton| e 1.6 *:: ’_g:g fé:g ) _]ft energy scale and resolution +0.19  —0.19
tt+light modelling +0.19 -0.18
Other background modelling +0.18 —=0.18
Combined oA 2.1 ”0 9 ( ‘82 fgig ) Jet-vertex association, pileup modelling +0.12 —0.12
N T T T Luminosity +0.12 -0.12
0 2 4 6 8 10 12 14 16 18 ttZ modelling +0.06  —0.06
Best fit p = 6™/cl, for m, = 125 GeV Light lepton (e, ;) ID, isolation, trigger +0.05 —0.05
N eETTT T T SLARRRLARES Total systematic uncertainty +0.90 —-0.75
< E ATLAS Prelummary + Data 3 =
2 F 1s=13TeV, 1321 H (u, __=4.0) : IT+ > 1b normalisation +0.34 —0.34 |
2 0%k Ml tH (o =2.1) g tt+ > lc normalisation +0.14 —-0.14
F [ Background & Statistical uncertainty +0.49 —-0.49
77, Bkgd. Unc. -
10° - Bkgd. (u=0fit) Total uncertainty +1.02 —0.89
10°

significance

102 -1iH (bb) Combined
- Dilepton and Single Lepton

BT — Lllll

obs (exp) [O]

 f Posti ATLAS run | 1.4 (1.1) 1.5+ 1.1

-, +1.0

; I ATLAS run 2 2.4 (1.2) 2.1 59 \
c 85 3 25 2 a5 4 mgisve; CMS run 2 (2.7 fb'!) —2.0 + 1.8
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tH(H-YY)
(13TeV 133M0")

ttH(H—->WW/tv/Z2)
(13Tevi132f')

ttH(H—-bb)
(13Tev132m')

C JGEORG-AUGUST-UNIVERSITAT
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N ——
ATLAS Preliminary 1s=13 TeV, 13.2-13.3 fb"
—total — stat. (tot.) (stat., syst.)
f—— 1.2 +1.2 +0.2
-0.3 t1.o -1.0 ' 0.2 )

b @i 2§ +13 +0.7 +1.1
S B -0.7 * -0.9 )

PR—- . 21 +1.0 +05 +09 )

-0.9 0.5 0.7

ttH combination
(13 TeV)

ttH combination

(7-8TeV,45203M7) , |

ttH(H-YY)
(13TeV133m")

tH(H-WW/tvZ2)
(13Tev132m")

ttH(H-bb)
(13TeV132M1")

ttH Combination
(13 TeV)

ttH Combination
(7-8TeV,45203m")

31/08/2016

: +0.7 +04 +06
shidl 1.8 0.7 04 05 )

+08 +05 +0.7
1.7 -0.8 05 06 )

0 2 4 6 8 10
best fit pﬁH for m =125 GeV

"T"‘Vl""r""r YYYYYYY l'Y'VT"‘

ATLAS Preliminary 1s=13TeV, 13.2-133 b

$8888 Expected (u«0) + 1o
----- Expected (u=0) + 20
v we Observed

t 2 3 4 5 6 7
95% CL limit on Mo, atm =125 GeV

ttH combination
ATLAS-CONF-2016-068

Channel Significance
Observed [o] | Expected [o]
ttH, H — ~v —0.2 0.9
ttH, H — WW,r71,Z7) 2.2 1.0
ttH, H — bb 2.4 1.2
ttH combination 2.8 1.8

significance
obs (exp) [T] H
ATLAS run | 2.33 (1.53) .7 £ 0.8
ATLAS run 2 2.8 (1.8) 1.8 £ 0.7
CMS run | 3.4 (1.2) 2.8
ATLAS+CMS run | 4.4 (2.0) 2-31_8:2
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. @J GOTTINGEN Conclusion and outlook

O ATLAS performed searches for Higgs boson decaying in two
fermions with up to 13.2 fb! of data at 13 TeV

O New results are available for H>bb and H->uu decay channels

O Sensitivity of H>puu search is greatly improved with respect to
run 1

O Combination of ttH searches in various final states was
performed and it surpassed sensitivity of run 1 ttH search

» | LA S S S B B
- ATLAS Online Luminosity /s =13 TeVv

35t [ ] LHC Delivered Al

30? [ ] LHC Delivered Stable

. ATLAS Ready Recorded

i ——————— w4 23 fbl

20+

Much more data is
already available!

LI |

I

lll]l"

15

IT

10

Total Integrated Luminosity [fb™]

IIIITI

| L L

e I T P
20/04 23/05 25/06 28/07 31/08

Day in 2016
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ttH: complete systematics

Systematic source

How evaluated

tt categories

tt cross-section

NLO generator
(residual)

Radiation
(residual)

PS & hadronisation
(residual)

NNLO top & tt pr

tt + bb NLO generator
reweighting

tt + bb PS & hadronis.
reweighting

tt 4+ bb renorm. scale
reweighting

tt + bb resumm. scale
reweighting

tt + bb global scales
reweighting

tt + bb shower recoil
reweighting

tt + bb PDF
reweighting

tt + bb MPI

tt + bb FSR

tt + c¢ ME calculation

+6%
Powheg-Box + Herwig++ vs. MG5_aMC + Herwig++

Variations of ur, pp, and hdamp

Powheg-Box + Pythia 6 vs. Powheg-Box + Herwig++
Maximum variation from any NLO prediction

SherpaOL vs. MG5_aMC + Pythia8

MG5_aMC + Pythia8 vs. MG5_.aMC + Herwig++
Up or down a by factor of two

Vary pq from Ht/2 to pommps

Set pq, pr, and pp to ponvps

Alternative model scheme

CT10 vs. MSTW or NNPDF

Up or down by 50%
Radiation variation samples
MG5.aMC + Herwig++ inclusive vs. ME prediction

All. correlated

All. uncorrelated
All. uncorrelated

All, uncorrelated
tt + >1e¢, tt +light, uncorr.
tt +>1b

tt +>1b
tt+>1b
tt +>1b
tt+>1b
tt +>1b

tt + >1b

tt +>1b
tt+>1b
tt+>1ec

31/08/2016
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tt inclusive MC model (5F)

MC simulation details

ME gen.
PS/UE gen.

Powheg-Box
Pythia 6.428

Powheg-Box
Herwig++ 2.7.1

MG5_aMC
Herwig++ 2.7.1

Powheg-Box
Pythia 6.428

Powheg-Box
Pythia 6.428

Ren. scale \/'m.'f + p?“ \/‘m'f + pl“;-'t \/m'f + %(p:}t + p?m) % A/mi+pr, | 2 \/m';’ + P4,
Fact. scale \/m'f + p4., \/‘m'f + P4, \/-m'f + 3(p3, + Pt ) 5 - \/m';’ +pre | 2 \/m';’ + P
hdamp my my — 2 - my my
ME PDF CT10 CT10 CTI10 CT10 CT10
PS/UE PDF | CTEQ6LI CTEQS6LI CTEQS6LI CTEQ6LI CTEQSGLI
Tune P2012 UE-EE5 UE-EES5 P2012 radHi P2012 radLo
tt+bb MC model (4F)
ME gen. MG5_aMC MGS5_aMC SherpaOL
PS/UE gen. Herwig++ 2.7.1 | Pythia 8.210 Sherpa
Renorm. scale JLCMMPS [LCMMPS JLCMMPS
Fact. scale Hr /2 Hr/2 Hr /2
Resumm. scale fq V'§ fq V' Hrt /2
ME PDF NNPDF3.0 4F | NNPDF3.0 4F CT10 4F
PS/UE PDF CTEQ6L1 NNPDF2.3
Tune UE-EE-5 Al4 Author’s tune
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ttH combination systematics

Uncertainty Source A

tt+ > 1b modelling +0.34 —0.33
Jet flavour tagging +0.19 —-0.19
Background model statistics +0.18 —0.18
tt+ > 1c modelling +0.17  —0.17
Jet energy scale and resolution +0.18 —0.18
ttH modelling +0.20 —0.13
tt-+light modelling +0.14 —0.14
Other background modelling +0.16 —0.15
Fake lepton uncertainties +0.11  —0.12
Jet-vertex association, pileup modelling +0.09 —0.09
Luminosity +0.09 —-0.09
ttZ modelling +0.08 —0.07
Light lepton (e, i), photon, and 7 ID, isolation, trigger ~+0.04 —0.04
Total systematic uncertainty +0.57 —0.54
tt+ > 1b normalisation +0.24 —0.24
tt+ > 1lc normalisation +0.11  —0.11
Statistical uncertainty +0.38  —0.38
Total uncertainty +0.69 —0.66
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\

®

F i1

ttH combination LH curves

j IIIII|IIII|IIII|IIII|IIIIIIIIIIIIIIII_
T 5 ATLAS Preliminary ]
< s=13 TeV, 13.2-13.3 fb"’ 3 5
4 tfH(H%yy)
— ttH(H—>WW/tt/Z2)
= ttH(H—bb)

=== {tH combination

V4

o

o

D 0.5 1 1.5 2 2.5

tt

31/08/2016

3

3.5

4

e for m =125 GeV

-Aln(L)

[T T T T T T T T | T T T T | T T T T | T T T T T T T T T T T T _]
[ ATLAS Preliminary ]
B \s=13 TeV, 13.2-13.3 fb™ 3 0
- &
< ttH(H—>yy) &
N ttH(H—-WW/t/Z2) S
N I TEEY ttH(H—bb) R
L . o _
- =+sv: ttH combination & -
B % & .
" - “‘ b’. ¢‘2‘0-
-v“ .‘0 “0 —
B ‘0 * * Q“ 7]
:‘0 .’0 ”0 0” ““ ”“‘ —
- '.,. 9 ., ‘s' . 134 oo*® -
- ‘...'l ...'0 .”O ‘Q“‘ Py 194 : .t .® * 1 O —
: ....: ...:0"' “‘:“‘: ““““ .® :
L L |.':'.'7-'-£l_“d.J_-l- 11’-“-‘!“‘+"|‘ [ R T R T R S R
5 0 0.5 1 1.5 2 2.5 3

e for m =125 GeV
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Selection O-lepton I-lepton 2-lepton
Trigger Ermiss ER'ss (p sub-channel)
Lowest unprescaled single lepton

Leptons 0 loose lepton 1 tight lepton 2 loose leptons

(> 1 medium lepton)
Lepton pair - - Same flavour

opposite-charge for ppu
Ermiss > 150 GeV > 30 GeV (e sub-channel) -
mi - - 71 < my < 121 GeV
St > 120 (2 jets), >150 GeV (3 jets) - -
Jets Exactly 2 or 3 signal jets Exactly 2 or > 3 signal jets
b-jets 2 b-tagged signal jets
Leading jet pr > 45 GeV
minA¢( E7™, jet) > 20° - -
A¢(EF'SS, h) > 120° - -
Ao(jetl,jet2) < 140° - -
Ro(EF™, B, <00° : :
pt regions 0, 150] GeV (2-lepton), [150, ] GeV
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O Additional corrections on top of
standard JES FE—— 0

=l
N

> L |"'|"'|'C"|"'|"'}"'
i ; imulation Prelimin (o, ,.-0)o
O For jets that contain a reconstructed o | falei® Spustenromesn 0 Pe e
muon Wlth pT>4 GeV, dR(“’)Jet)<O4 % U :':3?158\/2& --------- 14.2 GeV 9.8 %
: : -0 - 2 Jets, 2 b-tags =imiims 135Ge 13.7 %
from semileptonic decays (about &t plpeand <p¥ oo oot __\”G i
12% of b-tagged jets): 0.8 2
- muon 4-vectior added AN

. . . '_[I] Standard Jet Calibration (SJC)

- energy deposited in calorimeter wrd T B PR

removed : SJC + p-in-jet + Resolution Correction ‘." !
O |In 0 and 1-lepton channels for all 0.4~

jets PtReco correction E

- scaling of jet 4-vector as a function of e B
jet pT derived from signal ZH MC by - o
comparing calibrated jet energy to that olesimlonion L@l 00 |00 10| POl
Of matched truth Jet 0 20 40 60 80 100 120 140 160 42}0{(39\2/?0

- 12% (24%) at low pT, 1% (6%) at high pT
for hadronic (semi-leptonic) b-jets
O |n 2-lepton channel resolution is

improved through kinematic
likelihood fit
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VH background systematics

7 +ijers ;
Z1 norrmalisation 18% , : - Sige top — —
7 norme lisat on 9977 (Cross section | 1.4% (s-channel), 4.6% (t- clvlfmuvl:l. 6% (Wt)
7bb normalisation Floating Acceptance 2-jet 16% (t-channel), 25% (ll‘l)
’ - - . -\m'phmu 3-jel 19% (1-chanmel), 32% (W)
?AAU-Z;::) M‘EU 4;1:2% M. I)T S (lr\r uncorrelated between 2 and 3-jet channels W)
Ce-Lo-Z00 rallo -2l 77
Zhl-te-Zbh ra,tm. _5-3_1%%% Normalsation 200
O-t0-2 Lepton ratio 267 . (-10-2 lepton ratio 30%
2- tn—J jet ratio 2% (U-lepzon) and 23% (2-lejpton) 9103 J(l ratio 19
1"‘1‘ Meh Y T I’T S (correlated with W7 uncertainties)
W+ets Wz
W normahisation "')':}{ Normalisation 26%
Wel normaisation 3% 2-t0-3 jet ratio 14% (0-lepton) and 11% (1-lepton)
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C J GEORG-AUGUST-UNIVERSITAT .
A GOTTINGEN Signal model

O VH

O gg->VH: Pythia8 with NNPDF23LO and A14

O gg—>7H: Powheg+Pythia8 with CT10nlo and AZNLO

O inclusive xs: NNLO (QCD) and NLO (EW)

O gluon-induced ZH xs: NLO+NLL (QCD)

O additional NLO (EW) SF(pT(V)) is applied based on Hawk

O VBF H—>bb

O Madgraph5_aMC@NLO+Pythia8; ME at LO with PDF4LHC _nlo_mc 5F
(massless b)

O H->tt, H>up
O ggF and VBF: Powheg+Pythia8 with CT10;
O ggF normalised to NNLO+NNLL (QCD) with NLO(EW)

O VBF normalised to NLO (QCD and EW) with approximate NNLO QCD
correction applied

O ggF: Higgs pT distribution corrected to match HRes2.1
O for events with 2 particle jets Higgs pT reweighed to MinLo HJJ

31/08/2016 E.Shabalina - ATLAS H(125) difermion results - Higgs Hunting 2016



