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Motivation for H—Ttt

e observation of new type of fundamental interaction:
fermion-scalar aka Yukawa

e heaviest lepton means large H—tt branching fraction

e unique decays with characteristic detector signatures

e access to ggF with large boost and VBF phase space zz2¢6%

WW vy 0.23%
g other W 21.4% 2
116.3% pli27% /
. ; .,
""""""""""""" H bb

+ QCD radiation recoil 58.2%

H decay modes for m ,=125GeV
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ATLAS H—tt analysis in Run 2

e LHC pp collision data recorded in 2015-2016 corresponding to 36.1 fb™

e general purpose detector ATLAS
e splitinto 3 general categories according to combinations of characteristic

T-lepton decays: Tepliep' TepThad’  ThadChad

[ one charged hadron
50% [0 three charged hadrons
[ electron
15% 17% [0 muon

dominant t-lepton decay modes

U. Freiburg D. Hohn 4




Tau lepton reconstruction

e |eptonic decays are reconstructed as electron/muon + missing energy

e hadronic decays are reconstructed as jets and identified with MVA tagger
o momentum from calo and track information with MVA regressor
o typical efficiencies 40-60% (1-prong) and 30-50% (3-prong)
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T VO gy b5l ATLAS Event categories
1s=13TeV, 36.1fb™
E3Horr B Top .
[ Z -tz [ Other backgrounds i CUt'based SeIeCtlon
[ JZz—Ill [ Misidentified 7 deﬁne 1 9 Categories
e R ot R ' 6 enriched in Z—28 and

Top quark pair background

e 13 enrichedin

TepTiep VBF TiepTiep boosted Tiep Thad VBF Tion Thaq POOStEd T adThag VBF T2qThaq POOStEd
loose SR low-p?* SR loose SR ow-p?* SR loose SR low-p?* SR

TepTiep VBF TiepTiep POOStEd TiepThad VBF TiepTag POOStEd TadThag VBF T adThag DOOStEd
tight SR high-pz* SR tight SR high-pz* SR tight SR high-pz* SR
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Background estimation

source of background template normalisation
MC” Data fit
Z—ee/up MC* Data fit
Teplep: Data (invert ID/1s0) Data (CR extrapolation)
misidentified t T Tt DAta (invert ID) Data (CR extrapolation)
T,..T.e Data (invert charge cut) Data fit
top quark pair MC Data fit

“extensively validated in dedicated Z—ee/pp event categories
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Statistical model

e profile likelihood fit to binned MMC observable
e free parameters for background (9) and signal (1-3) normalisation
e ~200 parameters for systematic uncertainties constrained by auxiliary

measurements
CiepLiep Clep thad ThadChad CRs Total
VBF 7+5 VBF 6+6 VBF 6+6+6 6 95
Boosted 8+7 | Boosted 6+6 | Boosted 10+10 | (1 per region)

Number of bins in fit
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Impact of uncertainties

e systematic uncertainties
dominate

e ggF prediction in exclusive
NJet selections

e MCsample size

e Jet calibration via MET and
MMC

U. Freiburg

Source of uncertainty

Impact Ao /oy _.r [%)]

Observed Expected
Theoretical uncert. in signal +134/ -8.7 +412.0/ -7.8
Background statistics +10.8/ —9.9 +10.1/ —-9.7
Jets and B +11.2/ —9.1 +10.4/ -84
Background normalization +6.3/ —44 463/ —44
Misidentified T +45/ —42 +34/ —32
Theoretical uncert. in background  +4.6/ —3.6 +5.0/ —4.0
Hadronic 7 decays +44/ -29 455/ —4.0
Flavor tagging +34/ -34 430/ -23
Luminosity +3.3/ -24 431/ -2.2
Electrons and muons +1.2/ =09 +1.1/ —0.8
Total systematic uncert. +23 /-20 +22 /-19
Data statistics +16 +15
Total +28 /—-25 +27 [ —24
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Resu

Its

e clear Higgs signal observed in ditau decay
e sizable correlation between ggF and VBF measurement due to mix of signal

in categories (10-30% misassigned signal)
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Results cont.

e Significance wrt background-only hypothesis 4.4 o (expected 4.1 0)

e in combination with Run 1 results: 6.4 o (expected 5.4 o)
— standalone observation by ATLAS!

e measured cross sections times branching ratios match theoretical

prediction
I L) L R I N S L I A S L L R L i I I R R e R
® | y|-| | <25 i total —istat.  SM exp.
{s=13TeV, 36.1fb™
ggF, > 1 jet, p4 in [60,120] GeV | = :

. H (stat. , syst.)

ggl, > 1 jet, pp > 120 GeV| ggF, > 1 jet, p!f in [60,120] GeV 1.79 (£0.53, £0.74)

ggF, > 1 jet, pif > 120 GeV 0.12 (+0.05, £0.05)

VBEF | H+H VBF 0.25 (+0.08, £0.08)
from Tab. 11 in clba b b b b b b b b b b b bo b b b b b ba bo b ba ba bw b B b

. 0.1 0.5 1.0 1.5 2.0 2.5

arXiv:1811.08856 0 X BR.[pb]
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CP properties: EFT for CP even/odd mixing

Run 1 analysis of VBF H—Tt events HL-LHC prospects for H—Tt events
targeting HVV vertex (production) targeting Hff vertex (decay)
:II ‘:- T | T T T | T T T | T IC T bl dl(olb )I | T __L j 10 :l T T | LI | LI | LI | T T T | T T T | T T T | L | T T T | T T T | I:
= 2.2 ATLAS —*— Combined (Obs. q412 £ - RN -
< 23_ \s =8 TeV, 20.3 L TiepThad (Obs.) _f < 95 ATLAS Pre“mmari/ e{e Nominal reso%f x1.2 " reso g
~  Fitto Optimal Observable ~ ~ Tiep"lep (Ohs:) . = E=14Tev’JLdt=3000fb =
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Conclusion

e observation of H—tt decays by ATLAS

e (ross section measurements agree with predictions

e important contribution to observation and determination of Yukawa
couplings

e CP properties of HVV and Hff vertices accessible as well with possibility of
95% CL exclusion limits
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ATLAS

EXPERIMENT

Run: 300571
Event: 64794822
2016-05-31 08:12:26 CEST

my = 125.2 GeV
mjj = 1.4 TeV

Event selected in the TiepThad VBF category HIGG-2017-07


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-07/

Supporting material
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MC processes

Table 1: Monte Carlo generators used to describe all signal and background processes together with the corresponding
PDF set and the model of parton showering, hadronization and underlying event (UEPS). In addition, the order of
the total cross-section calculation is given. The total cross section for VBF production is calculated at approximate-

NNLO QCD. More details are given in the text.

Process Monte Carlo generator PDF UEPS Cross-section order

ggF PowHEG-Box v2 PDF4LHC15 NNLO Pythia 8.212 N’LO QCD + NLO EW
VBF PownEG-Box v2 PDF4LHC15 NLO PytHia 8.212 ~NNLO QCD + NLO EW
VH PowHEG-Box v2 PDF4LHC15 NLO Pythia 8.212 NNLO QCD + NLO EW
ttH MG5_aMC@NLO v2.22 NNPDF30LO PytHia 8.212 NLO QCD + NLO EW
W/Z +jets SHErpa 2.2.1 NNPDF30NNLO SHerpa 2.2.1  NNLO

VVIVY' SHERPA 2.2.1 NNPDF30NNLO Suerpa 2.2.1  NLO

it PowHEG-Box v2 CT10 PytHia 6.428 NNLO+NNLL

Wt PowHEG-Box vl CTIOF4 PyTHiAa 6.428 NLO

U. Freiburg D. Hohn
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Event preselection

Table 3: Summary of the event selection requirements for the three analysis channels that are applied in addition to

the respective lepton p; requirements listed in Table 2. Efr“i'“' hard j5 an alternative Ef"™* calculated only from the

physics objects without the soft-track term. The transverse mass (my) is calculated from E}"M and the momentum
of the selected light lepton. The visible momentum fractions x,; and x, of the respective 7-lepton and the collinear
di-t mass (m2") are calculated in the collinear approximation [98].

Tiep Tlep Tlep Thad Thad Thad
eeluu | e
N‘l’?;)‘u =2, N:i:j:ns =0 N‘E(;Zw =L :';K;;:C-V'Ls =1 N‘l’(/);: C= 0, "l-(l::’:lc-ws -
e/p : Medium, gradient iso. e/ : Medium, gradient iso.
Thad-vis: Medium Thad-vis: Light
Opposite charge Opposite charge Opposite charge
mE > m, —25GeV my < 70 GeV
30 <myp <75GeV | 30 <m;, < 100 GeV
EP™ > 55GeV EP™S > 20 GeV ET™ > 20 GeV EP > 20GeV
EPVSEIE 5 55GeV
AR, <2.0 AR, <2.5 0.8 < AR, <2.5
|An..| < 1.5 [An..| < 1.5 |An..| < 1.5
0.1 <x <10 01<x <14 0.l <x, <14
0.1<x<1.0 0.1<x<1.2 0.l1<x, <14
Pl > 40Gev Pl > 40GeV > T0GeV, |n; | <3.2
Nb-jcls =0 Nb~jcls =0

arXiv:1811.08856
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Event categorisation

Table 4: Definition of the VBF and boosted analysis categories and of their respective signal regions (SRs). The
selection criteria, which are applied in addition to those described in Table 3, are listed for each channel. The VBF
high-p;.r SR is only defined for the 7,,47,,4 channel, resulting in a total of seven VBF SRs and six boosted SRs. All
SRs are exclusive and their yields add up to those of the corresponding VBF and boosted inclusive regions.

Signal Region | Inclusive | TiepTiep Tiep Thad | Thad Thad
TT
goys ST ) o Pr > 140 GeV
High-py P2 > 30Gev AR_. < 1.5
lAl}- | >3 . TT
43 , i m;; > 800GeV | m;; > 500GeV Not VBF high-p.
= Tight mj; > 400 GeV % v EPr
-~ pr > 100GeV | mj; > (1550 - 250 - |An;;|) GeV
mj, - My, < 0 -
Central leptons . Not VBF high-p._.
Loose Not VBF tight and not VBF tight
TT
B_, High-[)}]-.r Not VBE Pr > 140 GeV
Z e AR .. < 1S
g — pp > 100GeV —
2] Low-p,. Not boosted high-p.,

arxiv:1811.08856
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Background normalisation

Table 6: Normalization factors for backgrounds that have their normalization constrained using data in the fit, in-
cluding all statistical and systematic uncertainties described in Section 7, but without uncertainties in total simulated
cross sections extrapolated to the selected phase space. Systematic uncertainties are the dominant contribution to
the normalization factor uncertainties. Also shown are the analysis channels to which the normalization factors are

applied.

U. Freiburg

Background Channel Normalization factors
VBF Boosted

Z =3¢ (CR) TiepTiep 088703 19790

Top (CR) TiepTiep 1.19+£0.09 1.07+0.05

Top (CR) TiopThad .50  1.13%0.07

Fake-7 4 ;¢ (data-driven) 7,474 1.12 £ 0.12

Z— rr(fitineach SR) T Ty TiepThad- Traa Thad 1-0470:00 111 £0.05

D. Hohn
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Free background normalisation parameters
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Optimal Observable

e calculated from LO ME
(HAWK)

e inputs: reco H, jet 4-mom,
parton X

e alternative hypothesis
reweighting with HAWK

e SM hypothesis symmetric and
<00>=0

e alternatives asymmetric and
<00>%#0

e backgrounds like SM

U. Freiburg
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e alternative hypothesis reweighting with
TauSpinner

Acoplanarity angle ¢*_, ¢ exploitspin correlations in

e assume uniform background
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