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2 Top Quarks and Higgs Bosons

Top Quark: Largest and unique mass value mp =173.3 GeV ~v [ V2

— Top-Yukawa coupling Yt ~ 1: a key parameter of the SM
Yt probes BSM such as VLQ, SUSY, ...

The ttH production allows the direct measurement of top-Yukawa

with significant sensitivities in LHC Run2.

Small cross sections, but distinct signatures in various decay channels in Higgs and ttbar
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3 ttH(H—bb) Objects

ttH = 6jets(4b-jets), 1llepton, MET | 4jets(4b-jets), 2leptons, MET

wW-—/lv

W—/lv
e/u

f Background sources: tt+jets (85-96% of total Bkgd.) \
(generated gluon instead of Higgs)

tt+bb: 4b-jets

— same final states: irreducible

tt+cc: 2b-jets + 2c-jets [ tt+light: 2b-jets + 2 light-jets
K — reducible BKG with b-jet identification (=> b-tagging)

J
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4 Flavor Tagging (b -tagging)
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5 Region Definition

Using four highest btagging scores per event:
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Defined Regions

12 regions for single-lepton channel (5jets, 26jets)

- two control regions enriched by tt+light|,|tt+21c

- five

tt+bb and signal

- one boosted region
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7 Multi-Variate Analysis: ttH and tt+bb Separation
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Results

Observed (Expected) excess = 1.46 (1.60) over SM bkgd.

determined with free-floating normalizations for tt+HF:

- tt+21b: 1.24+0.10, tt+21¢: 1.63+0.23

ATLAS {s=13TeV, 36.1 fb™

L e
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9 Systematic Uncertainties (15 Unc. with Largest Impacts on p-value)
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Less impacts from|tt+cc|, other Bkgd. modelings

But still large impact by[tt+bblmodeling also in new results.
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10

CMS Preliminary
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Conclusion

The ttH production allows the direct measurement of top-Yukawa:
largest and unique coupling value = a key for SM/BSM physics.

Searched for ttH production with H->bb

Key point: large systematic uncertainties in tt+jets modeling
Run1 result: 1.40 observed (1.10 expected)

Developed MVAs for optimized event categorization

— U=0ttH°Ps/0wnSM = 0.8+0.6 : 1.40 observed (1.60 expected)
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ttH Combination Results

Observed (Expected) excess = 4.26 (3.80) over SM bkgd.

: evidence for ttH production

-tHgb, WtH and other Higgs prod. treated as bkgd. and fixed to SM pred.
- Higgs decays are fixed to SM pred.

Largest impact by tt+bb modeling also seen in combined result.

—(tot.) (stat..syst.) .

L I B

ATLAS (s=13 TeV, 36.1 b %,_Uncertainty Source Ap
tt modeling in H — bb analysis +0.15 —0.14
—fotal stat. ttH modeling (cross section) +0.13  —0.06
ttH, H—1t F= = 1.5 j g ( fg:g , fg:g ) Non-prompt light-lepton and fake m,.q estimates  +0.09 —0.09
Simulation statistics +0.08 —0.08
. B +0.7 +0.7 +0.2 Jet energy scale and resolution +0.08 —0.07
ttH, Hovy =T 06 Zo6 (“06--02 ) 1V modeling 40.07  —0.07
ttH modeling (acceptance) +0.07 —0.04
ttH, H—bb o 0.8 jgg ( tgg ) fgg ) Other non-Higgs boson backgrounds +0.06 —0.05
Other experimental uncertainties +0.05 —0.05
+0.6 +0.4 +05 Luminosity +0.05 —0.04
ttH, H-VV h=e—=+ 1.5 L6 (Zo4s 02 ) Jet flavor tagging +0.03 —0.02
.................................................................. Modeling of other Higgs boson production modes +40.01 —0.01
fH combined - 1.2 fgg ( fgé , fgg ) Total systematic uncertainty +0.27 —-0.23
A |. | L T R Statistical uncertainty +0.19 -0.19
—2 0 » 2 4 6 8 10 "Total uncertainty 034 —0.30

NV Best-fit u_ for m, =125 GeV
no signal
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CMS Latest Results (H->bb)

35.9 ™" (13 TeV)
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Dilepton 234 2487017 —0.24712(tot) T083 (stat) T Oa(syst) b tagging +0.11/-0.14 +0.12/-0.11
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total theor +0.28/-0.29 +0.32/-0.29
Combined 1.51 0.92703° 072708 (tot) T34 (stat) 538 (syst) y
tt+hf cross-section and parton shower +0.24/-0.28 +0.28/-0.28
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. o statistical +0.24/-0.24 +0.27/-0.27
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Region Definition in Dilepton Channel
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O Backup Higgs Mass
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¢ Backup Single-Lepton Plots
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@ Backup

Dilepton Plots
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@ Backup BackGround: Normalization Reweights on tt+21b

PowhegPythia8(5FS) reweighted to SherpaOL(4FS)

2018/03/27

E’ E ATLAS Simulation :
"'g 1 reweight X POWHEG+PYTHIAS |
S m —e— SHErPA4F 3
8 f (%é .
L | X - |

107" ﬁ ?( 0

T 2 | | | ]
ufE | oF E
KEN 5;— . N

£ .

tt+b  tt+Dbb

t+B tt + =30

too big!!! = additional systematics : £50% for tt+=3b
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ttbar Modeling Systematic Unc.

Systematic source Description tt categories

tt cross-section Up or down by 6% All, correlated
k(tt + >1c) Free-floating 7 + >1c¢ normalization tt+ >1c

k(tt + >1b) Free-floating ¢ + >1b normalization tt+>1b
SHERPASF 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 uRr, pg, hqamp and Al4 Var3c parameters All, uncorrelated
tt + >1c ME vs. inclusive MG5_aMC@NLO+Herwic+: ME prediction (3F) vs. incl. (5F) ¢t + >1c

tf + >1b SHERPA4F vs. nominal  Comparison of ¢7 + 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 uq from Ht/2 to pcvmps tt+>1b

tt + >1b global scales Set uQ, R, and p to LCMMPS tt+>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
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S/B Sorted Plot
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@ Backup BDT Input Variables

Variable ‘ Definition ‘ SR}y, SRY,
General kinematic variables - - -
- Variable ‘ Definition SRYY  SRZY SR>V
AR, bg Average AR for all b-tagged jet pairs v v
max . . General kinematic variables
AR, pr AR between the two b-tagged jets with the largest vector sum pt v - -
min Mini i iant f a b-tagged jet pai -
A Maximum An between any two jets v v myy, inimum invariant mass of a b-tagged jet pair v v
j max . - g . . ) )
mitin AR Mass of the combination of two b-tagged jets with the smallest AR v - Myp Maximum invariant mass of a b-tagged jet pair v
in AR L . . mg‘l’;" AR Invariant mass of the b-tagged jet pair with minimum AR v - v
my Mass of the combination of any two jets with the smallest AR v max pr
nggs 30 Number of b-tagged jet pairs with invariant mass within 30 GeV of v v ™35 Invariant mass of the jet pair with maximum pr v - h
bb the Higgs-boson mass myp Pt Invariant mass of the b-tagged jet pair with maximum pr v - v
had ;
Hy Scalar sum of jet pr - v Anp g Average A for all b-tagged jet pairs v v v
ARmin AR between the lepton and the combination of the two b-tagged jets v . .
6,bb with the smallest AR - Ang‘,ja" Maximum An between a jet and a lepton - v v
Aplanarity 1.51,, where A, is the second eigenvalue of the momentum tensor [99] v ARy PT AR between the b-tagged jet pair with maximum pr - v v
built with all jets Higgs 30 Number of b-tagged jet pairs with invariant mass within v v
H; Second Fox—Wolfram moment computed using all jets and the lepton Nop 30 GeV of the Higgs-boson mass )
Variables from reconstruction BDT J.‘; 1:40 Number of jets with pt > 40 GeV - v v
BDT output | Output of the reconstruction BDT v* v Aplanarity 1.51;, where 4, is the second eigenvalue of the momentum v
) b-jet Tt wi _ ; - -
m;x;ggs Higgs candidate mass v v ; tensor [99] built with all b-tagged jets
1 f f all j 1 - -
MH, biey 10p Mass of Higgs candidate and b-jet from leptonic top candidate v - Fr Scalar sum of pr of all jets and leptons v
ARII;[;ggS AR between b-jets from the Higgs candidate v v Variables from reconstruction BDT
ARy i AR between Higgs candidate and ¢7 candidate system v v* BDT output Output of the reconstruction BDT v e v
ARgjeptop | AR between Higgs candidate and leptonic top candidate v - mlgli,ggs Higgs candidate mass v - v
ARH,by o, | AR between Higgs candidate and b-jet from hadronic top candidate - v ARy ;7 AR between Higgs candidate and 7 candidate system v - -
Variables from likelihood and matrix element method calculations ARMID Minimum AR between Higgs candidate and lepton v v v
H,t
LHD ikeli iscrimi v v ;
Likelihood discriminant ) ARG, Minimum AR between Higgs candidate and b-jet from top v v -
MEMp1 Matrix element discriminant (in SRIZGJ only) v - ’
=& ARG Maximum AR between Higgs candidate and b-jet from top - v -
Variables from b-tagging (not in SR 7 :
e Sum of b-tagging discriminants of jets from best Higgs candidate v v A Rzili)ggs AR between the two jets matched to the Higgs candidate _ v _
b-tag from the reconstruction BDT
Bjse[ 3" Jargest jet b-tagging discriminant v v Variables from b-tagging
B 4 ot b ing discrimi v v wiiees Sum of b-tagging discriminants of jets from best Higgs } v }
Jet argest jet b-tagging discriminant b-tag candidate from the reconstruction BDT
Bjset 5t largest jet b-tagging discriminant v v
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Boosted Region

ReClustered Jet: using calibrated normal (small-R) jets to construct the large-R jet

— High momentum Higgs(—bb) and top(— bjj) objects can be tagged!

Top tagged rcjet

Vv BDT input variables
» Variable [ Definition
B Variables from jet reclustering
\ ARp AR between the Higgs-boson and top-quark candidates
'e AR, pada AR between the top-quark candidate and additional b-jet
(bf: gog°z d) ARy pada AR between the Higgs-boson candidate and additional b-jet
ARp ¢ AR between the Higgs-boson candidate and lepton
R=0.4 MHiggs candidate | Higgs-boson candidate mass
( btagged) R=0.4 Vdi» Top-quark candidate first splitting scale [100]
(btag g ed) Variables from b-tagging

wb-tag
add
wb-tag/wb-tag

small jet

Sum of b-tagging discriminants of all b-jets

Ratio of sum of b-tagging discriminants of additional b-jets to all b-jets

(btagged@85%)

Higgs tagged rcjet
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Shunsuke Honda (U Tsukuba)



MEM and LHD
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