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My PhD: a lot of 𝛕’s
•  search (towards observation) 

• Complimentary to other measurements sensitive to  

• Challenges: 
• Small production cross section  

(~1% of total cross section) 
• Many final states possible 

• Had not been observed before in  

ATLAS or CMS (or in combination) 

tt̄H → multilepton
Yt
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• Indirect constraints on the top quark Yukawa coupling

extracted from gluon-gluon fusion and H ! �� decays
� Resolve the loops, assuming SM contributions only
� Run-1 results on the ratio of the coupling over the SM

prediction (t) (JHEP 1608 (2016) 045):
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[0.40, 0.89] [0.74, 1.24] [0.30, 0.94] [0.35, 1.04]
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• tt̄H production: best direct way to measure the top quark
Yukawa coupling
� Tree-level process, cross-section proportional to �2

t

� Run-1 results on µtt̄H = �tt̄H/�SM (JHEP 1608 (2016) 045):

Top quark Yukawa coupling
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• tt̄H production: best direct way to measure the top
quark Yukawa coupling

� Tree-level process
� Cross-section proportional to �2

t

11. Status of Higgs boson physics 11

Table 11.1: State-of-the-art of the theoretical calculations in the main di�erent
Higgs production channels in the SM, and main MC tools used in the simulations

ggF VBF VH tt̄H

Fixed order: Fixed order: Fixed order: Fixed order:

NNLO QCD + NLO EW NNLO QCD NLO QCD+EW NLO QCD

(HIGLU, iHixs, FeHiPro, HNNLO) (VBF@NNLO) (V2HV and HAWK) (Powheg)

Resummed: Fixed order: Fixed order: (MG5 aMC@NLO)

NNLO + NNLL QCD NLO QCD + NLO EW NNLO QCD

(HRes) (HAWK) (VH@NNLO)

Higgs pT :

NNLO+NNLL

(HqT, HRes)

Jet Veto:

N3LO+NNLL
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Figure 11.1: Generic Feynman diagrams contributing to the Higgs production
in (a) gluon fusion, (b) weak-boson fusion, (c) Higgs-strahlung (or associated
production with a gauge boson) and (d) associated production with top quarks.

procedures when including higher-order corrections matched to parton shower simulations
as well as uncertainties due to hadronization and parton-shower events.

Table 11.2, from Refs. [42–45], summarizes the Higgs boson production cross sections
and relative uncertainties for a Higgs mass of 125GeV, for

�
s = 7, 8, 13 and 14TeV. The

Higgs boson production cross sections in pp̄ collisions at
�

s = 1.96TeV for the Tevatron
are obtained from Ref. [47].

(i) Gluon fusion production mechanism

At high-energy hadron colliders, the Higgs boson production mechanism with the
largest cross section is the gluon-fusion process, gg ! H + X , mediated by the exchange
of a virtual, heavy top quark [48]. Contributions from lighter quarks propagating in the
loop are suppressed proportional to m2

q . QCD radiative corrections to the gluon-fusion

October 6, 2016 14:51

• Complementary to the indirect top quark contributions via loops
� Direct measurement of t̄tH production can be sensitive to possible BSM

e↵ects
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• Complementary approaches to disentangle possible BSM e↵ects
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• Indirect constraints on the top quark Yukawa coupling
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Figure 11.1: Generic Feynman diagrams contributing to the Higgs production
in (a) gluon fusion, (b) weak-boson fusion, (c) Higgs-strahlung (or associated
production with a gauge boson) and (d) associated production with top quarks.

procedures when including higher-order corrections matched to parton shower simulations
as well as uncertainties due to hadronization and parton-shower events.

Table 11.2, from Refs. [42–45], summarizes the Higgs boson production cross sections
and relative uncertainties for a Higgs mass of 125GeV, for

�
s = 7, 8, 13 and 14TeV. The

Higgs boson production cross sections in pp̄ collisions at
�

s = 1.96TeV for the Tevatron
are obtained from Ref. [47].

(i) Gluon fusion production mechanism

At high-energy hadron colliders, the Higgs boson production mechanism with the
largest cross section is the gluon-fusion process, gg ! H + X , mediated by the exchange
of a virtual, heavy top quark [48]. Contributions from lighter quarks propagating in the
loop are suppressed proportional to m2

q . QCD radiative corrections to the gluon-fusion

October 6, 2016 14:51

• Complementary approaches to disentangle possible BSM e↵ects
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On the hunt for tt̄H ...
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• Combination of tt̄+H decays ! Very rich spectrum of possible signatures
• Menu for today:

� tt̄ ! 1-2`, H ! bb̄: ATLAS-CONF-2017-076

� Multilepton: tt̄ ! 1-2`/⌧had, H ! WW , ⌧⌧, ZZ : ATLAS-CONF-2017-077
� tt̄ ! 0-2`, H ! ��: ATLAS-CONF-2017-045
� tt̄ ! 0-2`, H ! ZZ ! 4`: ATLAS-CONF-2017-043

• All analyses using full 2015-16 dataset
• Complete list of ATLAS Higgs results with

p
s = 13 TeV data: link
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(a) no weights (b) category weights applied

Figure 26: Distribution of the reconstructed di-⌧ invariant mass (mMMC
⌧⌧ ) for all events in the signal regions. The

bottom panel shows the di�erences between observed data events and expected background events (black points).
The observed Higgs-boson signal (�/�SM = 0.92) is shown with a filled red histogram. Entries with values above
the x-axis range are shown in the last bin of each distributions. The prediction for each sample is determined from the
likelihood fit performed to measure the total pp ! H ! ⌧⌧ cross-section. (b) The events are weighted, seperately
for each category, by ln(1 + S/B), where S and B are the best-fit signal and background yields.
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Figure 27: The expected values for �(H ! ⌧⌧) relative to the SM expectations when only the data of (a) individual
channels or (b) individual categories are used. The total ±1� uncertainty in the measurement is indicated by the
black error bars, with the individual contribution from the statistical uncertainty in blue.
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• Simplifying embedding  
•  measurements with full Run 2 dataset 

• Largest background:   
• Irreducible, known issues with modelling 

• Embedding: technique to use  events to predict 

 distributions 

• Upgrading 𝜏 reconstruction and identification algorithms for 
the HL-LHC

H → ττ
Z → ττ

Z → ℓℓ
Z → ττ



Now: (almost) no 𝛕’s

• ATLAS Inner Tracker (ITk) 
• Working on the HL-LHC upgrade on the hardware side now 
• (Hadn’t been in a lab since 2014!!!) 

• Higgs combination 
• Studying other Higgs boson properties by combining different results  

• Coupling of Higgs boson to other particles (including 𝜏’s 🙂 ) 

• Looking at Higgs boson produced with high-pT to see if there are any BSM-like deviations

3

(a) (b)

Figure 3: Higgs transverse-momentum spectrum in the SM (black, solid) compared to separate
variations of the dimension-six operators for (a) 0GeV pT  400GeV and (b) 400GeV pT 
800GeV. The lower frame shows the ratio with respect to the SM prediction. The shaded band in
the ratio indicates the uncertainty due to scale variations. See text for more details.
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Figure 4: Higgs transverse-momentum spectrum in the SM (black, solid) compared to simultaneous
variations of ct and cg for (a) 0GeV pT  400GeV and (b) 400GeV pT  800GeV. The lower
frame shows the ratio with respect to the SM prediction. The shaded band in the ratio indicates
the uncertainty due to scale variations. See text for more details.

10



Favorite plot

4


