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Outline of the talk

s/ Search for the Standard Model ttH—bb

p results released by ATLAS on 2015+2016 Run 2 data https://arxiv.org/abs/1712.08895
(accepted for publication in Phys. Rev. D)

p quick detour on b-tagging algorithm and performance optimization for the physics analysis
(ATLAS-PHYS-PUB-2017-013)

‘/ Recap on the ATLAS results on 2015+2016 data on ttH—=>WW/ZZ/TT (“multilepton” final state)
and final ttH combination, https://arxiv.org/abs/1712.08891 (accepted for publication in Phys. Rev.

D)

‘/ Wrapping-up and conclusions
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Yukawa tc)uptihgs at Ehe LHC

\/ Higgs boson Standard Model (SM) coupling to fermion proportional to (+/2my)/v

P  Yukawa’s interactions in the SM — electroweak symmetry breaking mechanism: creation of
fermion masses

p any significant deviation from the expected value would hint to New Physics

‘/ Yukawa coupling ~ mfermion

p largest Yukawa coupling (A~1) for top as heaviest fermion

‘/ Some Yukawa couplings already
observed in Run | and Run 2
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Top-quark Yukawa couplings at the LHC

‘/ ttH provides a test to the measurement the top- g > t
quark Yukawa couplings (tree-level) 1 & <b

) cross-section proportional to A2
g < i

p drives perturbative calculations of SM properties

for high energy scale € 1 arLASand cMs
L LHC Run 1
G
£> 10°
4
‘/ Top-Yukawa couplings also extracted indirectly from main
production mechanisms, gluon-gluon fusion and H—YYy decay 10*
state } ATLAS+CMS |
w03k, & 00 SM Higgs boson |
. . . — [M, g] fit '
p Higgs couples preferentially with top and bottom quarks [ 68% CL
| [Jes%cCL
10“ . A3 34334 s s 2 3ssasl s s aaaal E
p assuming no BSM contributions in the top loop 10" 1 10 10°

Particle mass [GeV]

‘/ Constraints on top-quark Yukawa couplings
already provided with Run | measurements

p ATLAS/CMS combination available
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FEH prodw&&mm ak LHC

\/ ttH — very small production cross-secton at +/s=13 ﬁoz
TeV ="
X
0=507 pb - 2% of the inclusive Higgs productionat T 10
the LHC (pp—H+X) L
Q
theoretical uncertainties on ttH signal cross section T 4

from QCD scales and choice of PDF (6% and 4%
respectively)

107"

typical final states with jets, b-jets and lepton —
large object multiplicity and challenging
reconstruction techniques
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ttH channels and experimental signatures

Decay modes of tt decay system

Higgs boson decay modes for my =125 GeV

All jets 44%

e+jets 15%

\/ ATLAS Run 2 ttH measurements performed by ATLAS with 2015+2016 data

r+jets 15%

p+jets 15%

Channel H decay tt decay Journal paper
ttH (H—bb) H—bb 1,2 leptons (e,l) arXiv:1712.08895 (PRD)
ttH (H— multi-lepton) HoWWHZZ*TT 1,2 leptons (e,H,T) arXiv:1712.08891 (PRD)
H—oZZ*—4 H—oZZ*—4| 0,2 leptons (e,H) ATLAS-CONF-2017-043
H—-Yyy H—Yyy 0,2 leptons (e,l) ATLAS-CONF-2017-045
ttH combination arXiv:1712.08895 (PRD)

e

‘/ Focus on ATLAS ttH (H—bb) results in this seminar and quick wrap-up on ttH combination




The ATLAS experimen& ATLAS

EXPERIMENT

E
mﬂ g

LAr hadronic end-cap and
, forward calorimeters

Pixel detector

LAr electromagnetic calorimeters
Muon chambers Solenocid magnet | Transition radiation fracker
Semiconductor fracker

‘/ Fundamental to fully exploit identification and reconstruction of final state particles, jets, b-jets, and
leptons

p excellent understanding and optimization of performance of various sub-detectors (inner
tracker, calorimeters and muon spectrometer)



Data-taking

\/ Excellent performance of the LHC accelerator and the ATLAS experiment for 2015-2016 data-taking

=) Approximately 36.5 fb"! pp data collected by ATLAS in 2015-2016 after data quality requirements

4
4

data recording efficiency over 93% in 2015 and 2016

mean number of interactions per bunch-crossing (M) ~ 25

\/ A lot more data collected in pp collisions in 2017 (40 fb"') with higher peak luminosity and larger p

\/ ttH Run 2 legacy result will target full 2015-2018 data statistics (~ 100 fb-') ’

Peak Luminosity per Fill [10*° cm?2 s |

4

expected by late 2018/beginning 2019
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Performance of jets and leptons

‘/ Small uncertainty on jet energy response J Lepton and muon performance

and calibration . .
p very high lepton reconstruction and

) jet energy scale and jet energy resolution efficiency and negligible uncertainty

uncertainties below 1% for pt>150 GeV
and approximately 5-7% in the low pt
region (pt<60 GeV)

- Z-IL -l

p robust energy calibration for electrons
(Z,}/Y) and muons

o
—
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- Data 2016 {s=13TeV ATLAS Prellmlnary
| anti-k, R = 0.4, EM+JES + in situ correction
 n= 0.0

p pile-up dependence of calibration found
to be small
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[ Total uncertainty
= Absolute in situ JES
=« Relative in situ JES
-« Flav. composition, unknown composition
« Flav. response, unknown composition
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Very small experimental uncertainties arising
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affecting the measurement
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A quicw dive into the b-
tagqing realm

Displaced
cks

Secondary
Vertex

)

U
i
‘
1

’

Primary TEseld
I

Vertex

... a glimpse on b-tagging algorithm developments
and performance...
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Displaced
cks

ATL-PHYS-PUB-2016-012 B-tagqing chain
ATL-PHYS-PUB-2017-003

Secondary
Vertex

ATL-PHYS-PUB-2017-012 ’

Primary
Vertex

i Improvements of the existing tagger available ¥

£ New features

¢| Topological |%##| NN based on |§#| Semi-leptonic |#
2| secondary & |f ¥ track : decays :
{ [tertiary vertices|? { to muons  |#
i (JetFitter) | (SMT)

IP based Inclusive

(IP2D;IP3D) Sacondary

vertex (SV1) parameters

(IPRNN) &}

¢d anew NN [§

Charm tagging

(DL1)

i Sl

custom made
/' sample

‘hybrid sampl%

ttbar sample
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Tracking

o I o
\/ Digitization model - § @  [ATLASPreliminary -
. o 9 /s =13 TeV, 0.5 fb” * Data 2016
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Impact-parameter-based taggers make use of transverse and longitudinal impact parameter significance to

IPTaq - track categorization

separate b/c- and light-flavour hypotheses

Tracks are required to have pt>1 GeV, |d0|<Imm, |z0 - sinB|<|.5mm, 7 or more silicon hits, with at most 2

silicon holes, at most one of which is in the pixel detector

Track categories are defined by silicon hit patterns on a reconstructed track such that quality criteria are

used to build different templates for u/b/light d0/z0 significances

S

Fractional contribution [ %o]

' 3

TR SO

# | Category b-jets c-jets  light-jets
0 | No hits in first two layers; expected hit in IBL and b-layer 1.9 2.0 1.9
1 | No hits in first two layers; expected hit in IBL and no expected hit in b-layer | 0.1 0.1 0.1
2 | No hits in first two layers; no expected hit in IBL and expected hit in b-layer | 0.04  0.04 0.04
3 | No hits in first two layers; no expected hit in IBL and b-layer 0.03 0.03 0.03
4 | No hitin IBL: expexcted hit in IBL 2.4 2.3 2.1
5 | No hitin IBL; no expected hit in IBL 1.0 1.0 0.9
6 | No hit in b-layer; expected hit in b-layer 0.5 0.5 0.5
7 | No hit in b-layer; no expected hit in b-layer 2.4 24 2.2
8 | Shared hit in both IBL and b-layer 0.01  0.01 0.03
O | At least one shared pixel hits 2.0 1.7 1.5
10 | Two or more shared SCT hits 3.2 3.0 2.7
11 | Split hits in both IBL and b-layer 1.0 0.87 0.6
12 | Split pixel hit 1.8 1.4 0.9
13 | Good 83.6 848 86.4

S
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Arbitrary units

IPTag - outpuls and resulks

\/ Log likelihood ratio computed as the sum of per-track contributions starting from py and p.
templates for b and light flavour jet hypotheses respectively

p  Assuming no correlations within the various components contributing to the sum of all tracks

‘/ In addition to the LLR separating b vs light, LLR functions are also computed to separate b- vs c-

107°

107°

and c- vs light-flavour jets
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Séﬁondarfj verkex recownskruckion

4
4

Ju 10§|
‘/ Look for secondary vertices to identify b-jets 2 'f
reconstructing two-track vertices :
1072
tracks are rejected if SV likely to originate frc
the decay of a long-lived particle (Ks, \), 0%

\/ Extra track-requirements are used to improve the

ATLAS Simulation Preliminary

IIIITTTI|TI||‘IITI|IIIIIIIII:

s=13TeV,

— bjets
—-cjets ]
- --- Light-flavour jets ]

photon conversions or hadronic interactions = flbd o 1T

with material

performance for the 2017 LHC run

Arbitrary units

“-*' _Illllllllllllllllll|l|lllllll
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4

tracks ordered in pt - at most 25 tracks with
largest pt (against fragmentation at high b-jet

pt)

Primary VTX

minimal number of hits in the silicon detectors

increased by one for tracks with |n|>1.5 s
(improved track quality and amount of detector 3
material mitigated) <
tracks with low Sd0 and high Sz0 removed
(impact of pileup leading to fake vertices
reduced)

F Vs=13TeV,tt —pjets
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107
102
10°
107
10°E 1 ! | L, =T, 3

—J2||J4|1|6|||8L|\1O 12 14

NTrkAtVtx(SV)

10

Arbitrary units
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The Soft Muon Tagger

\/ Muons from semileptonic b-
decays within jets

p Background sources in
light-jets that produce a
muon candidates are:
prompt muons from W
randomly matched to light-
jets, muons from decay in
flight of light hadrons,
punch-through muons

\/ Input variables separating those

muons from those of b/c-
hadron decays: ptRel, AR, dO

J Additional input variables
defining the quality of the
muon track

B |nformation included in BDT as
input to MV2

extr

MIS — PO~ Pps

Eloss

AR (p, jet)

@ 0.ofATLAS Preliminary

\s =13 TeV, 2.5 fb"

rel

Pr

Ai
SNSZQXE'a—m

'
APscatt

q over p ratio = @/pPio

(9/P)ms

tt @ Data2016
— MC16
B b jets
cijets
I light-flavour jets

—+ |
o, " —¢—¢

PRI PR [N S R T T N S’
-0.5 0 0.5 1

PV
dO

1/N dN/dA R

ATLAS Preliminary

tt @ Data2016
— MC16 -
I b jets .
Cciets ]
B light-flavour jets

\s =13 TeV, 2.5 fb” .

9
2
1
8
.6

o0 =

0 005 0.1 015 0.2 025 0.3 035 0.4
SMTAR

SMT BDT Discriminant

1/N dN/dpT

ATLAS Preliminary

tt @ Data2016 ]
— MC16 —
@ b jets ]
cjets ]
[ light-flavour jets ]

\s =13 TeV, 2.5 b

—— . —_ .

. + — |
N T N

alla sl o |
4 6 8 101214161820

pF' [GeV]
16



properties of b-jets £
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Impact-parameter taggers with recurrent NN

\/ Correlation between tracks associated to jets exploited with modern NN techniques (Recurrent

Neural Network tagger)

\/ IP3D — properties of tracks are treated as independent and the template PDF'’s in different hit

‘/ Sequential dependencies between discriminating variables used for fuII characterlzatlon of

categories are built neglecting track-to-track correlations - complementarity with IPTag investigated

I cadinn &
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Algorithm training samples

V' Studied b-hadron pt vs b-jet pt
correlation in ttbar and broad Z’
sample

p ttbar sample looses
correlation above mT, while Z
fully characterizes the high pt
phase space

b-jet P, [GeV]

b-jet P, [GeV]
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Algorithm performance

) MV2 - std MV2 inputs as in r20.7, MV2Mu - std MV2 inputs + SMT, MV2MuRnn - std MV2 inputs + SMT+ RNN

s v 52 i DTS AP g AT o 4 TTIRrs vz 2 = g - MRRaC Pz 2 =

1F ttbar — 1
FATLAS Preliminary .. ]
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Hows b“&&SSEV\S s used

\/ b-jet identification exploited with MV2cl0
multivariate discriminant

p b vscandb vs light separation

p input variables accounting for track
impact parameters, displaced secondary
vertices, decay chain of B-hadrons and
kinematics properties of the final state

p 5 b-tagging response according to b-jet
efficiency

‘/ Analysis categories based on MV2
response for jets being tagged

\/ Correction factors to MV2 response

extracted on data (calibration) for three }

jet flavours (b-, c- and light-flavour jets)

Arbitrary units
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s/Ca

b*&&ggiﬂg calibrakion

libration from data — scale factors (SF)

extracted as b-jet efficiency in data and compared

to

P ————

4

efficiency in MC
M'

b-jet calibration

dileptonic ttbar selection for tag&probe and
PDF methods — 3/8% uncertainty on SF

) c-jet calibration

4

W+c calibration (triggering on the presence
of U from semileptonic c-decay) — 8-22%
uncertainty on SF

light-jet calibration

light-flavour mistag rate extracted with

negative tag method in dijet events = |5- 50% -

' 4

uncertainty

p Calibration for 4 b-tagging operation points

(60%, 70%, 77%, 85% b-jet efficiency) available

used to define analysis regions (see later...)

y

T maag e )
slag rate
o
[o0)

0.06

0.04

0.02

o '.".'i g AR SRR IR I SR e 4:_-‘:4

13r . \b-jet calibration 11
ATLAS Prellmlnc 14
1.2 (s=13TeV, 28 fo" |
1.1 \ 1%
i —— * + ] .“

1:. .............................. T T e Sy ... . -‘l{
0.9F B
! MV2c¢10,¢e, =77 % Total Uncertainty - ',
08 ¢ 1 §
- Ant-k, R=0.4 calorimeter jets ~ —}— Stat. Uncertainty -

L1 I L1 .

0.71' NN NN RN

O 580 100 150 200 250 300

. Jetp [GeV] ]
o o

! L
ATLAS Preliminary

| light-jet calibration

s =13 TeV, 0.02 (prescaled) to 36" ’1’
e e
B MV2c10,e, =77% M*|<1.2 1 ¢
— 3
-4~ Neg. tag method (stat. unc.) — |
__ Neg. tag method (stat. + syst. unc.) __
- — Pythia8 MC 7 :
= . e — i
i 1 A 1 L R T R 1 i ]
2 3 4
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EEH(H->bb) - Llebs have a closer Look

gees -_ = it Ay S

IZ 4 b -jets - fundamental b-jet |dent|f‘cat|on :
and reconstruction as two b-jets come  §
from the Higgs signal decay (large
combinatorics background) i

R SCIRTE 9 . = _ _ - L e T = -

M8 Leptons (1,2 leptons according to tt |
~ system decay) - very useful to trigger i

g 00000 W+

g Q00000 W-

— |

\/ Final state reconstruction is very important to achieve a good measurement

p in light of the challenging experimental signature, easy to misidentify/loose particles — analysis split
in categories

22



LEH(H->bb) - analysis channels and selection

, Requirements on b-jets
Lepton preselection

b-tagging

. Resolved (low
requirements ( PT)

s/ | -lepton final state

p | e/ (pr>27 GeV), =5 jets (pt>25 GeV)
Single lepton final >72 very tight b-tags
‘/ 2-leptons final state state or =3 medium b-tags

P 2 opposite-sign e/M (pt>27 GeV), =3 jets (pt>25
GeV), Z-mass window veto Dilepton final state >2 medium b-tags

Boosted category in |-lepton

«
s/ High pt subcategory of |-lepton channel ~»
Ll
p Higgs boson and hadronically decay top quark I ¢
produced with high transverse momentum (boosted) / W Q.:\‘U
2 Iazge radius.jets (RfI.O) formed by reclustering boosted P t"' d
R=0.4 calorimeter jets hadronic Top , \ :fbet?)

p | loose b-tag outside large-jets candidate '/ “ - “ ) candidate
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tt+jets produ&iwm

\/ Dominant background - tt+jets production

p large yields and challenging modeling in Monte Carlo simulation

o e T g 2 - e T Sepro - SIEDRL e o - B SRl = - By et

: ‘/ Matrix element generator - Powheg

i

p NNLO+NNLL cross section

p NLO generator with 5 flavour (5F) scheme (massless b- g
quark)

p PDF extracted for 5 flavours

' s/ Parton shower and hadronization - Pythia8 }

P most updated tunes to data (ATLAS-PHYS-2016-020)

el R0 ChAs CELiE et o ki et oL T S B S > - [ kT > s A > 3 ARy ?
RN eSO - . ~ o S SEREE TS ¢ . ~ o N SN I e I b . =~ c Lo -

\/ tt+heavy flavour sample split in 3 sub-components based on the flavour of additional jets

p tt+=1|b, tt+= I c, tt+light; dominant component in the measurement is tt+> |b (next slide)

TSI D AVRN BTN Ay e A ] AL bRl et i = A ORI sl T fadlle T2 g d 3% Ppo O e 2 o lel T T2 rs T > % b S st 2 L ¥ =%
SE K SO aa ECEN S S SIS s e an IRCIN S SRS e e S ISR S Sy PR o B SO o S f SOAPy PRI o P BRSO o . SRS o P g

P > SESIES ity ,A:';.—‘~ SECETEAT ;»',.;~'_.—s' SRR TN 2 b A= Sl = o~ 2 ot SEccIR 3 = > SEITES 2 > HaC PR

\/ Systematlc uncertainties on tt+|ets — comparlson to alternatlve samples W|th dlfferent Monte Carlo
_matrix eIements and generators, parton shower or radlatlon schemes o 7
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Main back’grounci - bE+221b pradu«c&mv\ A

* very large O(ttbb) compared to signal 4

* Same signature of tt(H—bb) signal

* No constrain in data and little theoretical
knowledge/MC modeling

g

A
|

\/ tt+= | b split in subcategories according to
hadron multiplicity (tt+b, tt+bb, tt+B, tt+3b)

ATLAS Simulation

‘/ Each event fraction in subcategories reweighted
to predictions extracted from Sherpa
+OpenLoops to improve modeling

---6--- POWHEG+PYTHIA 8
—o— SHERPA4F

Fraction of events
| II|

p nominal Powheg+Pythia8 — gluon splitting to
bb from parton shower

Additional
jet from MPI

p Sherpat+OpenlLoops—matrix-element for tt
+bb production with massive b-quarks

- g —bb from matrix element improves
characterization

o IIII|_

BERRR llllllllllll |||||

llIlIIll

PowHEG+PYTHIA 8
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Signal and control region - single LQF?&QM

‘/ Requirements on b-tagging discriminants for jets in the event defined to split phase-space and create
signal and control region (=5 jets and =6 jets)

p control regions (CR) enriched in reducible background

p signal region (SR) enriched in signal and reducible background (tt+= Ib)
p  signal purity in ultra-pure signal region: 1.6-5.3%
P highest purity regions in single lepton >6j with 4b very tight b-tags
p control region dominated in tt+> | c and tt+light and created by loosening requirements on b-
taggin
N s6ihne [ ]t +light []Jtt+2>1c [t +2>1b
‘: saing | Single lepton, =6 jets @i+v  [ONontt
(.3)
(+.3)
(5 3) CRi7+1ight

(4, 4)
CRi1s CRi1>1c / \
\
4

(5.5) | SRy SR> SRs .

(5.5) (5.4) (5.3) (5.2) (4.4) (4.3) (42) (3.3)(3,2) (2.2) (5,1) (41) (3, 1) (2,1) (1,1) (3", 4'h) jet
b-tagging

* Constrain background uncertainties and measure ¢

normalization of background components (ttb, ttc)

in CR, extract signal component in SR
EERR——— "‘-".d




Sighal and control region - dLLe.F:F:QM

\/ Similar approach in dilepton final @, 2 Dilepton, >4 jets

- signal and control regions to . taeeine
separate ttH and tt+>Ib from G.3) CRivone
the tt+= | c and tt+light 3
components |
(5.3) /
P SR for =4 jets and highest (4, 4) \ CRiigh
RUI"It)’ in 3 Yery-tlght b-tags+ | - R,
tight/very-tight b-tags
(5, 5) SR, SR3
p CRs dominated by tt+>Ic (5.5 (5.4) (5.3) (5.2) (4.4) (4.3) (4.2 (3.3) (3.2) (2.2) (5.1 (4. 1) (3.1) (2. 1) (1. 1) (3, 4D) et
. b-tagging
and tt+light background discriminant

* Largest sensitivity for high jet multiplicity (=4 in DL, =6 in SL) with very tight b-tagging requirementgi

S ———— e e "m | |
% _ ATLAS 1° o © [ ATLAS e —° 5
0.05[— {5 = 13 TeV, 36.1 fb" 1.8 0051 Vs = 13 TeV, 36.1 fb" s
— Dilepton . — Single Lepton .

B P —1.6 N ? P T —1.6
0.04— ] 0.04 — : .
— —1.4 B __ —1.4
i 1.2 N : 1.2
0.03— ] 0.03— o I___n .
N —1 - v —1
oo2— | 0.8 0.02— ____:"""": —50.8
- [T —o.6 - : o —06
0.0 E —{0.4 0.01 _E | —04
: —0.2 S B —j0-2
O: """ | | | 1 = 1 | | 1 | 1 1 1 | I PN
CRs CR3y CR3y CR> SRy SRy SRy CR3 CRY CRS S/?s/ SRS SRbo,GR 2 28 CR 25 CR o) SRser SR36SRze
”"/{qh (AN b *ligh ,«/; Io 3 2 7 +//g/7 e »«// by 10
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Mulkivariake omottgsi;s

S gATLIAS I I.Dé’[a ‘ .I'(fH
. » 800F — . Ottt + light [tt + >1c
m) Reconstruction BDT [resolved, SR] g s=13Tev,36.1 107 ZaTRD SRLy
> 700} Single Lepton [JNon-tt 7~ Total unc.]
u GOOE—SR%GI _ ---ttH (norm) ]
D aiming at reconstructing the ttHbb system and reducing p Post-Fit - Pre-Fit Bkgd.
. . L
combinatorics background e
400§
p  Higgs boson correctly reconstructed in 50% (35%) of the 300
cases with (without) Higgs kinematics in BDT training 200
100
B |ikelihood discriminant [single lepton resolved, SR] o
© ]
© 125 :
& 1 /74////7#///7‘////74\2-’/#////7‘///76#//WWW
p  kinematic input variables (invariant mass, angles) in g o075
. . . .. Q05 ]
likelihood discriminant 1 08 06 04 02 0 02 04 06 08 1
Reconstruction BDT output (w/ Higgs info)
. . . [ — ——
) Matrix element method, MEM [single lepton resolved, 6j ultra-
pure SR]
_-% 450-_ I T T T Dlt T |tfH T
8 | ATLAS eData  mi
. o 2 400f (s=13Tev,36.1fp"  LJit+light [Jtt+=1c
P matrix-element method for best separation in most g . Single Lepton ot Dloralunc |
.. . . - SRY” ---ttH (norm) .
sensitive signal region 300, PostF e g
m) Classification BDT
p  main signal/background separation algorithm
p  general kinematics of the final state, b-tagging variables I
® 125} ;
Qo —O—
) . L ) o 14{///@///%%%4///%//@%%%%@%
p reconstruction BDT, likelihood discriminant and matrix S o7 _
. . T R R R T I e
element method included (if present) 0 01 02 03 04 05 06 07 08 09 f
I HD
[ — T
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Multivariate analysis (2)

B Classification BDT incorporates kinematics inputs and 5 - ATIAS  eDaa mfiH
@ 1 : tt + light tt + >1c
response functions from multivariate discriminants in 2 5=13TeV,361f0" o+ G0 R+
. . | . . BDT |k |h C| z 400-S|n96Ie Lepton JNon-t ~/ Total unc. ]
various signal regions (reconstruction , likelihoo 250l SR i (norm) ]
discriminant, MEM) a00l Post-Fit
y ]
p  binary separation between ttH signal and ttbar 200 7 -
background o0 '
100
p data/MC modeling of input variables considered
s OF P ——
- kinematic variables and b-tagging output response 125
&8ing OUtp P SR %%@%%@«4@@«9%5/7/ /m/??? %
-oa s
p included in the fit for single-lepton and dilepton ® %2408 06 04 02 0 02z 04 06 {8 1
Classification BD-;butput
(@) AR N e —— —— —— — —r ] 3
& ATLAS ¢ Data mttH 3 I | ' "ol -
o . = . - | ATLAS e Data mitH ]
= 120} (s=13Tev,36.1 fp' LIl +light [Ott+=>1c S 1200~ 1 Ott+light Ot +>1c
£ . Wtt+>b @i+V | g Is =13 TeV, 36.1 fb Hi+>b Ef+v
o Ciiepion [INon-tt 7 Totalunc.| § Dilepton Nontt  ~ Total
i 100F SRY  poeees --- ttH (norm) 1 & 1000¢ SR} E]tfl(-)ln(norm) 7.1ota unc
80_ POSt'Flt ; E_ _______ : --- Pl'e-FI'[ Bkgd — 800-!:.)-0"3-1:"F|t o Pre'Flt Bkgd ]
60f . 7 “"”"flm — 00 s : * Largest signal }
L 7 | *‘ﬁ < | . .
w0l = _- | | sensitivity driven
_ by upmost bin in
20 the classification
R - BDT '
o oy [
o 1.25 :
- | ® 125 k
_‘g 0. 75 E 1 WWW%W///?///////
- 8 075 %
0 S 05
Anavg 1 1.5 2 2.5 3 3.5 4
bb maxp

bb
29



= imod.i.j....&&ﬁar\g

‘/ Simultaneous profile likelihood fit to signal and
control regions

p signal regions (6 in SL and 3 in DL)— shape
of classification BDT discriminant

p control regions (6 in SL and 4 in DL) —

Hr=2pt for tt+> I c control region in SL and
|-bin in all other control regions

‘/ Fitting benchmark parameters:
p  ttH signal strength, PeH=0ecH/ O M

p tt+=1b and tt+=1|c normalizations left free
floating in the fit

s/ Nuisance parameters from systematic
uncertainties included in the fit model

B Excellent data/MC prediction agreement in post-
fit yields

p remaining differences covered by the total
uncertainties

Events / bin

Data / Pred.

=
O
~
[2]
-—
c
()
>
L

Data / Pred.

- ATLAS ¢ Data

- Vs=13TeV,36.1 1" [Jtt + >1c
F Dilepton [JNon-tf
= Post-Fit

I T
B+ []tt + light
Witt + >1b Ottt + Vv
~/ Total unc. ---ttH

- I

- ATLAS

F (s=13TeV,36.1fb" [t +>1c
= Single Lepton [JNon-tt

. Post-Fit

Wtt + >1b
7 Total unc.




Pre-fit
k\% 450 ;Alfl:Aéllllllmllwéttf)at? h; E:%H>I1m
%) . -1 + 1ig t+21c
g,  (5=13TeV, 361107 mgl b E+v
o 00 S|n>gelje Lepton [Non-tt  ~Total unc.
- SRy ---ttH (norm) 1
350
Pre-Fit
%
50
i T T e
©
® 125
: 1W/W%%%
§ 0.75
0'5—1 —08—06 —04 —02 02 04 06 08 1
Classification BDT output
Post-fit
5 o ATLAS  eData  miH
2 ls=13Tev,36.1fo"  LJU+light [tt+21c
E 400} Sinle Loot mi+>b @i+V ]
k- g opon [INon-tft 7 Total unc.
- SRy --- ttH (norm) ]
350 .
Post-Fit
300t ]
250
200
150
100
50
. o
8 125
- 1%%%%%@«@;@&9_%}27/ i
% 0.75}
0'5—1 -08 -06 -04 02 O 02 04 06 0.8 1

Classification BDT output

Events / bin

Data / Pred.

Events / bin

Data / Pred.

ATLAS  eDaa  mtH
900F 15 _13Tev, 361107  Jt+light OOt +>1c
g ) 50 Wit+>b @E+V
800 S'"gé? Lepton [JNon-tt 7 Total unc.
700k SR2 -~ ttH (norm)
Pre-Fit
600F /
500 2 & 00 ¢ 1
400
300
200
100
o] P T PP B s e .
1.25 ? ]
0.75} Z
%1208 —06 04 02 0 02 04 06 08 1
Classification BDT output
L T L L B S L B
ATLAS e Data  mtiH
W0 5 13 Tev, g6 o L +ignt Cifr2to |
g b Wit +>1b @it + ]
800 S'"ggf Lepton [INontf 7 Total unc.
700k SR> --- ttH (norm) ]
Post-Fit

Q

208 -0.6

204 0.2

0 02 04 06 08 1

Classification BDT output

Events / bin

Data / Pred.

Events / bin

Data / Pred.

Pre/post fib diskributions in single LQF?&(;)M

ATLAS  eDaa  mtH
A tt + light [Jtt + >1c
o50] 5 =13 TeV, 36.1 fb Hi.>b eV
Slngle {_3pton [INon-tt 72 Total unc.
200l SR OO_S ° ---ttH (norm)
" / ....................
100/ """
O '
1.25 /
| / WM
0.75
05" 05 02 0.1
Classification BDT output
SR boosted
ATLAS ~ eDaa  miH
_ -1 CJtt + light [ttt + >1c
o5} /s =13 TeV, 36.1 fo Hi+2b BE+V
Slngggstléipton CONon-tt 77 Total unc.
SR --- ttH (norm)
2001 post-Fit ]
150¢/ % """""""""" :
00— TV T ]
SO ]
0 — I
1.25
Uz 274 /7/%‘//3%9’%2%’ %
0.75
0.5

02 03

203 -02 01

O 01

Classification BDT output
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Pre-fit ‘Pre/pc;s& dfp& distributions in dilepton Lep%ov\

c ogofF T T d LI
= ATLAS "o Data .ttH
@ _ 4 Ott+light Ot +>1c
= §|-13Tev,36.1 fio Wii+2b M+ V
I 200f |<§4pjton [CINon-tt 7 Total unc.
SR ---1tH (norm)
Pre-Fit
isor i
100/
. 2,
Pt A
B 125} :
o
= 1
a 05"
1208 -0.6 -0.4 -0.2 02 04 06 08 1
Classification BDT output
Post-fit
c o50F T T T T T T ]
e ATLAS ¢ Data mtH
@ _ 4 [Ott+light Ot + >1c
% EI_13TeV,36.1 fb .tf+2]b Dt + v
I 200f '§4p.t°" |:|Non 4t~ Total unc.
SRy
ttH (norm)
Post-Fit T
150F
100
50
3 0
@ 125}
& 1W é;;
g 0.75 7
Q 05 :
1208 -0.6 04 02 02 04 06 08 1

Classification BDT output

Events / bin

Data / Pred.

Events / bin

Data / Pred.

600[

500¢

400(

300

ATLAS o Data -ttH ]
B 4 Ott + light [Ott + >1¢c
i e;gjton |:|l\_lon-tt 72 Total unc.
SR> --- ttH (norm)
Pre-Fit i

200

100

1.2

—_

O;Z// Wk%/ﬁ%%%%%

0.5

600

500¢

4001

300

200

100

—_

0.75

0.5

—08 06 —04 —02 ) 02 04 06 08
Classification BDT output

SR2

ATLAS 2 eData  mtiH
_ r [t + light  [Jtt + >1c
{s =13 TeV, 36.1 fb Wi+ >1b M+ V

Dl'ig]ton [ONon-tt 7/ Total unc.1
SR3 --- ttH (norm)
Post-Fit

; R

O —
125

4////%//%%////%////@#%%%&%

>1 208 -06 -04 02 0 02 04 06 08 1

Classification BDT output

Events / bin

Data / Pred.

Events / bin

Data / Pred.

600" ATLAS  eData  mtH 1

(s=13Tev,36.1fp"  Jit+light [Jtf+>1c
500 Dilepton mit+21b @it+V
>EJ [CONon-tt 77 Total unc.

SR3 --- ttH (norm)

400} Pre-Fit ]
300p i s ]
i -------------------------------

200 ]

100

0b——
g
0.5

1 208 -06 -04 02 0 02 04 06 08 1
Classification BDT output

SR3

600f o7ias 2 eDaa  mtH 1
B 1 [Jtt + light [t + >1c
Vs =13 TeV, 36.1 fb Wi >b @iV

500t Dlliajton DNon'ﬁ 7/ Total unc. |
SR3 --- ttH (norm)
400k Post-Fit 7

$

300f S ]

B 72

21208 -06 -04 02 0 02 04 06 08 1
Classification BDT output
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SjsEemaﬁit uncertainkies

Uncertainty source A
tt + >1b modeling 0.46 —0.46
Backeround-model stat. unc. +0.29 —0.31

b-tagging efficiency and mis-tag rates

Jet energy scale and resolution

+0.16
+0.14

—0.16
—0.14

tt H modeling +0.22 —0.05
tt + >1c modeling +0.09 —-0.11
JVT, pileup modeling +0.03 —0.05
Other background modeling +0.08 —0.08
tt + light modeling +0.06 —0.03
Luminosity +0.03 —0.02
Light lepton (e, p) id., isolation, trigger +40.03 —0.04
Total systematic uncertainty +0.57 —0.54
tt + >1b normalization +0.09 —-0.10
tt + >1c normalization +0.02 —-0.03
Intrinsic statistical uncertainty +0.21 —0.20
Total statistical uncertainty +0.29 —-0.29
Total uncertainty +0.64 —0.61

\/ Analysis is largely systematics-
limited (~62% total uncertainty on
the ttH signal strength)

P  main source is tt+= b modeling

p large contributions on available
Monte Carlo statistics

- mostly relevant for the
largest systematics
uncertainties (tt+=|b)

p experimental uncertainties
contributing less, b-tagging and
jet energy scale/resolution

\/ Work ongoing to reduce the
dominant tt+HF uncertainty

p data-driven approaches to
estimate tt+HF component

p SM g—bb cross section

measurement

A—

‘w

{
1
s,
E
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Systematic uncertainties (2)

Pre-fit impact on p: Ap

16=0+A0 | 6=0A6 1 05 0 05 1 \/ Leading source of systematic uncertainties
Post-fit impact on p: AR RN RN LR RS ' from tt+= Ib modelling (two-point

Mo ="0+A0 110=048 | ATLAS A systematics)

—e— Nuis. Param. Pull (s =13 TeV, 36.1 fb”

p comparisons of various generators wrt
nominal sample (Sherpa5F and Sherpa4F
vs nominal)

tt+>1b: SHERPA5SF vs. nominal

tt+>1b: SHERPA4F vs. nominal

tt+>1b: PS & hadronization
tt+>1b: ISR/ FSR

T PS8 hadronzaton | e )
b-tagging: mis-tag (light) NP | ' ' -

characterization of parton shower,
hadronization modeling and ISR/FSR

K(tt+>1b) = 1.24 % 0.10 . Ie components in Powheg+Pythia8
Jet energy resolution: NP | u d
ttH: cross section (QCD scale) i J Relatively Iarge imPaCt on ttH Signal
tt+>1b: tt+=3b normalization 0% | uncertainty (Parton shower and
tt+>1c: SHERPASF vs. nominal —OEl hadronization mOdel)
tt+>1b: shower recoil scheme !F
f+>1c: ISR / FSR ’._._ \/ Dominant experimental systematics on b-
Jet energy resolution: NP || —o tagging relatively small
tt+light: PS & hadronization + I
Wt: diagram subtr. vs. nominal . : \/ Some constraints of major nuisance
b-tagging: efficiency NP | | ° | parameters testify larger variations than those
b-tagging: mis-tag (c) NP | ® observed in data
ET"°: soft-term resolution S
b-tagging: efficiency NP II 5 i \/ Minor “pulls” of uncertainties from nominal
gl o M M Mol

T Y N T TR values due to imperfect data/MC modeling

(6-6,)/A0
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Events /0.2

Data - Bkgd

EEH(H->bb) resulks

V' Signal strength P =0.84+0.61/0.64

p error on signal strength dominated
by systematics uncertainties

J ttH signal significance (against the
background-only hypothesis): | .40
(expected |.60)

V' Exclusion limit at 95 % CL: He>2.1

[0 M S L LA LU L B B ELRLEL IR
= ATLAS -¢- Data
o " (s =13TeV, 36.1 fb" WltH (. =084) ]
g ttH (ugs% excl.=2'0) g
- [ ]Background -
107 7/, Bkgd. Unc. =
n ---- Bkgd. (u=0) .
10°E" E
10°E =
- tiH (ob) Combined .
10* -Dilepton and Single Lepton .
- Post-fit :
. 4 I | 1 [ L1 1 I L1 1 I g4 1 I L1 1 I 1 1 I L1 1 ! L1 1 ! 1
S 4 PRI
S of e —4
S 0 PP
D F -
206 24 22 D 18 16 14 42 -1 08

Iogw(S/B)

Dilepton
(two-u combined fit)

2.7- T

g Gingle Lepton
(two-u combined fit)

h‘ N

va 3

A Y
& X

ATLAS {s =13 TeV, 36.1 fb™

IIIIITIIIIIIIIIIIIIIIIIIIIIIIITIIIIIIIII

my, = 125 GeV
tot (stat syst)

+1.02 , +0.54 +0.87
_024 -1.05 \ -0.52 -0.91

o

+0.65 , +0.31 +0.57
—-o-— 0.9 562 ( 031 054

------------------------------------------------------------

+0.64 , +0.29 +0.57

Combined —eo— 084 55 (020 054
3 PRI BTN T T T [N ST S S S YT S N T S T N N A T T T S S T T ST SO O O
-1 0 1 2 3 4 S 6
Best fit y = o'™/ottH
% a ATLAS (s = 13 TeV, 36.1 b
Dilepton

(two-u combined fit)

Single Lepton
(two-u combined fit)

Combined

m,, = 125 GeV

#5558 Expected * 1o
----- Expected + 2¢
— Observed

SENETILE Expectled (u=1) |
1 2 3 4 D

95% CL upper limit on o/c,,(ttH)
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EEH(H->Z2*, WW*, T 7)) resulks

. ATLAS Vs=13 TeV, 36.1 b
‘/ Signal strength HeH

=1.6+0.5/0.4 | —Tot.  ---Stat. Tot. (Stat., Syst.)

270S + 17444 = BRI B LELEE -] 1.7 1?; (jg, i::?)

‘/ ttH signal significance 16+ 27, |tk st 0.6 18 (11 411y

. . a v 1. 81 -13

in the multilpeton final P 0.5 3 (113 +02)

0.9 -0.8° -0.3

state: 4.1 0 (expected 36 + 17, I P 1.6 118 (117 408

2.80) 2688 + 17haa b 3.5 77 (13, 192)

o 3/ o -H 1.8 +0.9 +0.6 , t0.6

Good compatibility 07 (?8'2 +8'§)

o 2¢SS *H 1.5 o6 (Zo4s —04)
among channels (34%) B S e R E DO e | (REERm (ST A SRS

combined 1e4 1.6 ,, (o35 Z03)

2 0 2 4 6 8 10 12

Pre-fit impact on p: An

|6=B+A0 6-B-A6 -0.45 -0.1 -0.05 0 005 01 015 Best-fit Mo for m, =125 GeV
Post-fit impact on p.: A AR MR RN LA LAY LR LA
o 6=6+A0 6=0-A8 ATLAS

\/ Measurement is dominated by systematics

—e— Nuis. Param. Pull

uncertainties

ttH cross section (scale variations)

Jet energy scale (pileup subtraction)

Luminosity | ' . . .
ot energy scale (lavor comp. zfssv) ; ; p dominant uncertainty related to data
Jet energy scale variation 1 i : - Statlstlcs (45% Of total uncertalnty)

ttW cross section (scale variations)
ttZ cross section (scale variations) ' . e e
Thag identification ; ; ttH mOdeI | ng

ttH cross section (PDF) . !
ttH modeling (shower tune)

Flavor tagging c-jet/7haq

. . experimental uncertainties (jet energy
37 Non-prompt closure : E Scale, I"eSO|UtIOnS, b'tagglng)

ttW modeling (generator)

Non-prompt stat. in 4th bin of 37 SR

tt¢ ¢ cross section

non-prompt lepton estimate



BEH combinabkion: resulks

s/ Measurements combined:

————— .(tpt;).(.St?t',’?’V.St'.)
ttH(H—bb) ATLAS (s=13 TeV, 36.1 fb l
— total — stat. '
. : 5
ttH(H— Multileptons) ffH, Hostt ke 1.5 *12 (109 408 |
H-yy femd H—ZZ —4l (ttH-enriched iH, Hoyy e 0.6 5 (5,02 )
categories) -

o fiH. Hosbb 0.8 *96 +o.3’ +0.5
very good compatibility among channels ” o5 (03205 )
(38%) _ {5 *06 (04 405

ftH, H—VV ke S T (o401 )
‘/ Best-fit results (combination)
ttH combined

P Hen=1.17£0.19(stat)+£0.27/0.23 (sys) o

P  Own=590x155 pb (sys)

Channel Best-fit u Significance
J Evidence of ttH process in Observed Expected Observed Expected
combination Multilepton 1.6 793 1.0 194 410 2.80
T +0.6 +0.6

b 3.80 expected (Usm=1), H — bb 0.8 T3¢ 1.0 Ty l.40 1.60

H — vy 0.6 70f  1.015% 0.90 1.70
P 420 observed (Moese- |, | H—de <19 10+ 060

a=1.17) ‘

M8 Combined 1.2 103 10 +03 4.20 380 |

. et e
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EEH combinabion: uncerktainkies

\/ Combined ttH measurement is systematics-limited (H—=2Yy, H—=ZZ still limited by data statistics)

P most of the uncertainty comes from tt+HF modeling in H—bb (20% of the total uncertainty) and
ttH signal modeling for H—bb and H— Multilepton (9% of the total uncertainty)

p simulation statistics is still an issue for both channels

p experimental uncertainties are mostly dominated by jet energy scale and jet-flavour tagging

b
o
K
g
8-
3
§
o )
. ©)
< ¢ ‘
- >
L2
Y

Uncertainty Source A

it modeling in H — bb analysis ~  40.15 —0.14
“ttH modeling (cross section) F0I3=0706
Non-prompt light-lepton and fake 7y,,q4 estimates  +0.09 —0.09
Simulation statistics +0.08 —0.08
Jet energy scale and resolution +0.08 —0.07
ttV modeling +0.07 —0.07
ttH modeling (acceptance) +0.07 —0.04
Other non-Higgs boson backgrounds +0.06 —0.05
Other experimental uncertainties +0.05 —0.05
Luminosity +0.05 —0.04
Jet flavor tagging +0.03 —0.02
Modeling of other Higgs boson production modes +0.01 —0.01
Total systematic uncertainty +0.27 —0.23
Statistical uncertainty +0.19 —-0.19
Total uncertainty +0.34 —0.30

4 Large reduction on tt ¢
+HF uncertainty in
H—bb final state
needed to achieve
better precision!

PRR——— —
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Wrappivxgwup and cownclusions
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WTQPPEMS“MP and cownclusions

\/ Search for ttH(H—bb) in ATLAS with 2015+2016 Run 2 data at LHC

p  observed signal significance .40
P measurement is dominated by the tt+HF (especially tt+>= Ib) uncertainty

‘/ b-tagging is a fundamental tool to achieve excellent performance in reconstruction and identification
of b-jets in the physics analysis

p several improvements and new features contribute in large gain in background rejection and signal
efficiency

\/ Evidence of the ttH process (4.20 observed) when combining ttH(H—bb), ttH(H— Multilepton),
H—-yy, H=ZZ (ttH-enriched categories) LI
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Wrapping-up and conclusions

\/ Search for ttH(H—bb) in ATLAS with 2015+2016 Run 2 data at LHC

P observed signal significance |.40
P measurement is dominated by the tt+HF (especially tt+= Ib) uncertainty

\/ b-tagging is a fundamental tool to achieve excellent performance in reconstruction and identification
of b-jets in the physics analysis

p several improvements and new features contribute in large gain in background rejection and signal
efficiency

\/ Evidence of the ttH process (4.20 observed) when combining ttH(H—bb), ttH(H— Multilepton),
H—yy, H=>ZZ (ttH-enriched categories) L]

~looking ahkead jor the ttH observatioin
with the final 2018-201¥% Rui 2 data! |
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Wrapping-up and conclusions

\/ Search for ttH(H—bb) in ATLAS with 2015+2016 Run 2 data at LHC

P observed signal significance |.40
P measurement is dominated by the tt+HF (especially tt+= Ib) uncertainty

\/ b-tagging is a fundamental tool to achieve excellent performance in reconstruction and identification
of b-jets in the physics analysis

p several improvements and new features contribute in large gain in background rejection and signal
efficiency

\/ Evidence of the ttH process (4.20 observed) when combining ttH(H—bb), ttH(H— Multilepton),
H—yy, H=>ZZ (ttH-enriched categories) L]

~looking ahead jor the bt observation
with the final 2018-201¥% Rui 2 data! |

Thank you for your aktention!
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Additional slides
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Eight
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Number of Thad

tEH(H->Z2", WW*, T T) - strategy

2
1
0
1 2 3 4
Number of light leptons
2/SS 3¢ 44 144271104 %S—S-I-l'rhad %CTS-l-lﬂmd 30+1Tha04a
Light lepton 2T* 1L*, 2T* 2L, 2T 1T 2T* oLT 1L, 2T
Thad OM OM — 1T, 1M 1M 1M
Ivjets,Nb—jets 24’=1)2 22,21 22721 23,21 24a21 23’21 22,21
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EEH(H=->22*, WW*, 7 T) - backgrounds
s/ Prompt-leptons or T-jets estimated from MC
p irreducible: ttWV, ttZ and diboson

\/ Electron charge misidentification

p data-driven estimate from misidentification rate in Z—e+e- vs Z—e+e+/Z—e-e-
\/ Fake or non-prompt light leptons

p semileptonic b-hadron decays and photon conversions

p data-driven estimation
\/ Fake hadronic taus

p light-flavour jets and electron misidentified as taus

p data-driven estimation in CR; extrapolation to SR
\/ New important reconstruction techniques

p lepton reconstruction

p BDT to mitigate charge misidentification

p BDT to mitigate non-prompt e/[
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EEH(H->Z2*, WW*, T 7) - fiks

c 1055 | T T l l T Dt] l l-tflll T
o) : ¢® Llaia
g | ?‘TL?cf TeV, 36.1 fb ) (W —
5 apal 1= 10 18¥; S0, [ Diboson [ Non-prompt
10% E g
b  Post-Fit B g mis-id [] Other
- Bl Fake 7, _, 7/, Uncertainty
e
o
o
<
1)
-

‘/ 8 signal regions and 4 control regions treated with BDT shape or |-bin (BDT trained against dominant

background of a given region)
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Uncertainty Source

tt H modeling (cross section) -0.20  —0.09
Jet energy scale and resolution -0.18  —0.15
Non-prompt light-lepton estimates -0.15  —0.13
Jet flavor tagging and 7y,,4 identification +40.11 —0.09
ttW modeling -0.10  —0.09
ttZ modeling -0.08 —0.07
Other background modeling -0.08 —0.07
Luminosity -0.08 —0.06
ttH modeling (acceptance) -0.08 —0.04
Fake 71,,4 estimates -0.07  —0.07
Other experimental uncertainties -0.05  —0.04
Simulation sample size -0.04 —0.04
Charge misassignment -0.01 —0.01
Total systematic uncertainty -0.39 —0.30
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light-flavour-jet rejection

‘beep Learining

® Exploits the advantage of multivariate techniques with multiple output nodes - exploited for

b-c tagging

Layer 1 ||
Input

Nonkinear

activation

Summation
junction

Layer 2 || Layer 3 ||

Weighted
connection

102

10*

- ATLAS Simulation-Internal-

[ /s=13TeVitt i

~—— DL1 20%ctagging efficiency
—— DL1 25% c-tagging efficiency : @ @ - : : NV N
L DL1.30% c-tagging efficiency i ..o

DL1 40% c-tagging efficiency = =

100

10! 102
b-jet rejection

Layer 4

Plight
Pcharm

Dutput

For a given training,

¢/l rejection can be

optimized by
varying the c-
fraction at the
evaluation stage

1/N dN/dDL1MuRnn

Data/MC

1/N dN/DL1rnn

1t E
FATLAS Internal i1
| @ Data 2016
10'F —_es _:
[ c Jets
[ light-flavour Jets
10—2 /s =13TeV, 2.5 b
107°F
1_4f.|...|...|...|...|...|...|...|.,
1.2 % o _ o 0 o Jd
1 + = L ) ..“..‘. [ 9 000 g.. . T
0.8 * .oﬁ I
06 8 . . 11 ..|...|...|..ful
-4 -2 0 4 6 8 10
DL1MuRnn
1F -
'ATLAS Internal jet
i Z!:MSaI&SZMG
—t A
107'F =cJets E
mm light Jets
1072
107
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+++ @]
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DI 1rnn
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Jebritlter

® Rejection of tracks from pile-up by applying a box cut on SdO vs Sz0 of JF tracks
® Jarge mitigation of performance degradation in high pile up environment

® studies with dedicated high pile-up samples with p=60, 80

c 10° H o H
£ — JetFitter mu=20:
g : . JetFitter mu=60 :
St e b e JetFittel USB0FE. ...
=y N N N H H
2 + : : : :

- ]
80.35 ATLAS |Internal g
Z s=13TeV, 25" . 1
o @ Data 2016 {
< — Mmc16 1
- [ b jets B

025 ciets 7:

[ light-flavour jets

1 LLLLLILLIIIIH

natuv W Nuitiial

OO0 ———aaa

OO0 NN

55 06 065 07 075 08 08 09 095 1

O 9 T T 1IT
% 121 —— —.— +_+_—$—+ b-jet efficiency
A 06 oo b b e e
0O 5 10 15 20 25 30 35 40 45
1
i - PO NI T T T
JetFitter vertex Lyy [mm] 1050 5 . - 0 5 . 1= o 1 E ————
IP,[o(IP;) -§1OZ§ ......
& 03F AT1AS Internal 3 : o |
S - nierna . 3 ATLAS Internal R . ' . . -
L>< 0 25:_\5: 13 TeV, 2.5 fb tt. S % 0.14- 272 TeV, 2.5 fb” tf. I ] - : | | c_relecuon J—
T S —Mci6 Z0.12 — Mc16 . § § § § : ; :
Q [ E::::: = -b!'ets
% 0.2:— @ light-flavour jets 0.1 E: ;::s_ﬂavourie‘s — 10 —
< 0.15- -

o
—

0.05(

5 ..b:i i i i [ i i i
12

Q 12 0 2 11E

2 :112 % 1 IIIIIIIIIIIIIIIIIIIIIIIIIIIIII D 15_ ,

® 1 S 121 P P o o ; = "4

= 08 _'(g 1 —o—g—0— —— 2 g * 2 0.9

s | | | T 08 + 3

o 06 A 06 N I AR RN R R c

e o

JetFit e 0455 06 065 07 075 08 085 09 095 i
etFitter E/Be JetFitter Vertex Mass [GeV] b-jet efficiency
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Fraction of b-hadron tracks

IPTag (4) - main changes compared to rel2o.l

|.  Requirement on the number of pixel hits relaxed from at least 2 to at least | (no inefficiencies in the high b-jet pt
region)

2. lIgnoring tracks from conversions, Ks, A and material interactions (SV output) —*sizable gain in performance achieved
(15% on light rejection @77%b-jet efficiency)

3. Reference histograms produced with a mixture of Z'—ttbar and ttbar for categories with no hits in IBL and b-layer

(0 and 1)
1 Pt L L L
B ATLAS Simulation Internal 7 IO I1
- \s=13 TeV, tt {02 [B
0.8 J0s W5
B I 7
0.6 |:|8 I:Ig
_ 4 [J10 [J11
0.4 | 2 [113
02 __ (/,\) 18_—| T T 1 T T T 1 T T T 1 r T 7 T T T T
— E S 16:— ATLAS Simulation Internal 4 &
t © - _ T 13
% 100 200 300 400 500 600 § = ., F \s=13TeV . tt 5%
Jetp_ [GeV] F o L —— b-hadron tracks =l -
D_; 12  —— Fragmentation tracks — £
® Average number of tracks selected for the IP N é’ 10F- AR
algorithm as a function of jet pt —1 1 2 5 oe 1
¥ 6 —o—+++ - ¢
. . . . - Dia an & 1 3
® jet-fragmentation tracks dominant in E JE '
medium-high b-jet pt region compared to f  F # _+_ _‘_+%
b-hadron tracks : 03_ A B
g | | | | | | | | | | | | | | | | | | | |_

O
—
o
o
N
o
o
w
o
o
N
o
o

500 ;'j.
Jet p [GeV,



c-tagqging

® Discrimination of c from b/light is very important for several physics studies
® Discrimination exploited by the topology and the kinematics of the displaced vertex reconstructed
JetFitter - two taggers provided, MV2c|00 (b/c discrimination), MV2cl100 (b/l discrimination)
Variable Name Description
Lyy; Three-dimensional displacement of secondary vertex from the primary vertex
Lyy Transverse displacement of the secondary vertex
thk?‘",YU";".Y;zg Min, Max and Avg. track rapidity of tracks in jet
Yl‘ml.' LYaeY I_g (27d yix) Min, Max and Avg. track rapidity of tracks at secondary vertex
m Invariant mass of tracks associated to secondary vertex
E Energy of charged tracks associated to secondary vertex
fg Energy fraction of charged tracks (from all tracks in the jet)
associated to secondary vertex
Nirk Number of tracks associated to the secondary vertex
104 - ! ! . . ; T =
S | ATLAS Simulation Intefnal ]
= 10?"‘]'"'I""I""I"”I""l""l""l"”l """ 5 A RN LR RARRE RS RAARY RARRE AR RARE~ S : (s = 13 TeV, Z —-céﬂzb% ]
‘%i - ATLAS Simulation Internal ‘3; - ATLAS Simulation Internal . '% - — cdff 30% .
= - : - % _ = ;
g 'F (s=13TeV,ft — pjes T 2 1F [5=13TeV,ff — pjess - B 10°k i c 6ff 5% :
z 1 —-Cjets i % - ——cjets . = T ]
T 10" ---- Light-flavour jets g ¢ ---- Light-flavour jets 7] =) : \\\\ ]
3 10_1§ - —.E. - = \ .
102 i : 102 == :
- 102k = o .
C 3 = C \\ \ ]
] - N\ .
10_3:_ L aan o b= L \\ _
- 10 E ' N\ ‘
10 1 i | 1OFS N\ N\ E
:llllllllllllllllllIlllllllllllllllllllIT:‘Tlll-lllh-: T I I T T T C \\ ]
0O 01 02 03 04 05 06 07 08 098 1 0 10 20 30 40 50 60 70 80 90 102
fe(2"V0) Ly (2"vtx) [mm] 10
y . . .
b jet rejection

48



Algorithm training samples (2)
® New hybrid sample used for training of high level tagger algorithms

® similar algorithm performance at low pt but significantly larger rejections at high pt

“----------------------------------------.
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B | IRRRRRIRRIERRIRRIRRIRRIRIN | 7 / ! QLUK XXX, b §
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b—jet P, [GeV]

c 10* L B N NN L B AL LA B
2 ' ATLAS i Simulation Internal : 3 TEN—— .
S - | - § F arias . smiaton e EValuation on Z
3 trained on ttbar ] ';:T B o _ i ] .
5 traineid on hyprid % '_ZZ“ — trafne: on :b?r.d ”; !:‘m : 7 .
- 5 ¢ —— trine on T Large boost in
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Events / 25 GeV

Data / Pred.
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Sjs Fenwaltic sources

Systematic source Description tt categories

tt cross-section Up or down by 6% All, correlated
k(tt + >1c) Free-floating tt 4+ >1c normalization tt + >1c

k(tt + >1b) Free-floating tt + >1b normalization tt + >1b
SHERPASFE vs. nominal Related to the choice of NLO event generator All, uncorrelated
PS & hadronization PowHEG+HERWIG 7 vs. POWHEG+PYTHIA 8 All, uncorrelated
ISR / FSR Variations of ur, pr, hdamp and Al4 Var3c parameters All, uncorrelated
tt + >1c ME vs. inclusive MG5_aMCQNLO+HERWIGH+: ME prediction (3F) vs. incl. (5F) ¢t 4 >1c

tt + >1b SHERPA4F vs. nominal  Comparison of tt + bb NLO (4F) vs. POWHEG+PYTHIA 8 (5F) tt + >1b

tt + >1b renorm. scale Up or down by a factor of two tt + >1b

tt + >1b resumm. scale Vary pq from Ht /2 to povmps tt +>1b

tt + >1b global scales Set pq, pr, and pr to pcvmps tt 4+ >1b

tt + >1b shower recoil scheme Alternative model scheme tt + >1b

tt + >1b PDF (MSTW) MSTW vs. CT10 tt + >1b

tt + >1b PDF (NNPDF) NNPDF vs. CT10 tt + >1b

tt + >1b UE Alternative set of tuned parameters for the underlying event tt +>1b

tt + >1b MPI Up or down by 50% tt + >1b

tt + >3b normalization Up or down by 50% tt+ >1b




