
ESR 15
Mid-term report

Searching for tt+H (→bb) with the 
matrix element method at CMS

Joosep Pata 
October 20, 2015



Aspen
Mar 13 G. Dissertori

Günther Dissertori
ETH Zürich

on behalf of the CMS collaboration

1 ESR 15 - Joosep Pata - ETH Zurich

My background
• From Estonia, June ’14 MSc in physics (field 

theory). 

• previously: SUSY, neutrino phenomenology, 
single top cross-section & polarization at CMS. 

• CMS Fundamental Physics Scholar 2014 - 2015. 

• HiggsTools (HT) ESR, PhD candidate @ ETH 
Zurich since Oct ’14. 

• Also involved in open source computing, 
scientific communication & CMS open data 
initiative.
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Top-higgs coupling
• Standard Model (SM) Yukawa theory: Yt = √2 mt / vev ~ 1 

• top mass → coupling near unity. Top quark is a Higgs probe! 

• goal: observe & test compatibility with SM top pair associated 
Higgs (ttH) production in Run II. 

• Higgs coupling measurements: ttH crucial input for coupling fits 
(WP1 1.2)
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1 Introduction

Following the discovery of a new boson with mass around 125 GeV by the ATLAS and CMS
Collaborations [1–3] at the CERN LHC, the measurement of its properties has become an im-
portant task in particle physics. The precise determination of its quantum numbers and cou-
plings to gauge bosons and fermions will answer the question whether the newly discovered
particle is the Higgs boson (H) predicted by the standard model (SM) of particle physics, i.e.
the quantum of the field responsible for the spontaneous breaking of the electroweak symme-
try [4–9]. Conversely, any deviation from SM predictions will represent evidence of physics
beyond our present knowledge, thus opening new horizons in high-energy physics. While the
measurements performed with the data collected so far indicate overall consistency with the
SM expectations [3, 10–13], it is necessary to continue improving on the measurement of all
possible observables.

In the SM, the Higgs boson couples to fermions via Yukawa interactions with strength propor-
tional to the fermion mass. Direct measurements of decays into bottom quarks and t leptons
have provided the first evidence that the 125 GeV Higgs boson couples to down-type fermions
with SM-like strength [14]. Evidence of a direct coupling to up-type fermions, in particular
to top quarks, is still lacking. Indirect constraints on the top-quark Yukawa coupling can be
inferred from measuring either the production or the decay of Higgs bosons through effec-
tive couplings generated by top-quark loops. Current measurements of the Higgs boson cross
section via gluon fusion and of its branching fraction to photons are consistent with the SM ex-
pectation for the top-quark Yukawa coupling [3, 10–12]. Since these effective couplings occur
at the loop level, they can be affected by beyond-standard model (BSM) particles. In order to
disentangle the top-quark Yukawa coupling from a possible BSM contribution, a direct mea-
surement of the former is required. This can be achieved by measuring observables that probe
the top-quark Yukawa interaction with the Higgs boson already at the tree-level. The pro-
duction cross section of the Higgs boson in association with a top-quark pair (ttH) provides
an example of such an observable. A sample of tree-level Feynman diagrams contributing to
the partonic processes qq, gg ! ttH is shown in Fig. 1 (left and centre). The inclusive next-
to-leading-order (NLO) ttH cross section is about 130 fb in pp collisions at a centre-of-mass
energy

p
s = 8 TeV for a Higgs boson mass (mH) of 125 GeV [15–24], which is approximately

two orders of magnitude smaller than the cross section for Higgs boson production via gluon
fusion [23, 24].
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Figure 1: Tree-level Feynman diagrams contributing to the partonic processes: (left) qq ! ttH,
(centre) gg ! ttH, and (right) gg ! tt+bb.

The first search for ttH events used pp collision data at
p

s = 1.96 TeV collected by the CDF ex-
periment at the Tevatron collider [25]. Searches for ttH production at the LHC have previously
been published for individual decay modes of the Higgs boson [26, 27]. The first combination of
ttH searches in different final states has been published by the CMS Collaboration based on the
full data set collected at

p
s = 7 and 8 TeV [28]. Assuming SM branching fractions, the results of

or
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WP3: analysis tools
• WP3 1.3: Matrix Element Method 

(MEM) 

• Analytical approach complements 
machine learning (ML)!

• Improved sensitivity in signal-rich 
regions with high jet/b-tag # 

• Competitive (~10-20% better) with 
dedicated machine learning 

• Key part of ttH data analysis @ CMS 
in LHC run II: similar sensitivity to 
simulation-dependent ML.
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Main results
• Analysis of 8 TeV data published 

• Eur. Phys. J. C 75 (2015) 251 

• Developed new combined b-tagging 
algorithm at CMS as authorship task. 

• ttH with MEM in run II: new code, ready 
for data! 

• evaluated expected performance with 
main uncertainties for 2016 data 

• start of background validation & 
commisioning on 2015 data
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Figure 7: Performance curves obtained from simulation for the algorithms described in the text:
light flavour (left) and c (right) efficiencies as a function of the b efficiency.

tions of 40, 80, 120 and 160 µm in the detector simulation. The variations in the performance
of two algorithms, TCHE and SSVHP, are shown in Fig. 8 for jets in tt events: the movements
observed in 2011 do not cause any relevant degradation of the performance. The results also
illustrate the higher robustness of vertex-based algorithms.

Due to the high instantaneous luminosity delivered by the LHC in 2011, the number of proton
collisions taking place simultaneously in one bunch crossing was of the order of 5 to 20 depend-
ing on the time period. Although tracks from additional pile-up collisions strongly increase the
track multiplicity in the event, the track selection is able to reject tracks from nearby primary
vertices. The multiplicity distribution of selected tracks is almost independent from the num-
ber of primary vertices as shown in Fig. 9 left. The rejection of the additional tracks is mainly
due to the cut on the distance of the tracks with respect to the jet axis, a selection criterion that
is very efficient for the rejection of tracks from pile-up. The reconstruction of track parameters
is also hardly affected; the distribution IP significance of the 2nd-highest track is stable (Fig. 9
right). Fig. 9 (left) indicates a slightly lower tracking efficiency in events with high pile-up.
The impact of high pile-up on the b-tagging performance is illustrated in Fig. 10, which shows
the light-flavour mistagging rate versus the b-tagging efficiency for the TCHP and SSVHP al-
gorithms. The changes are concentrated in the regions of very high purity. In order to focus
on the changes due to the b-tagging algorithms the performance curves have been compared
using a jet pT threshold of 60 GeV at the generator level.

4 Efficiency measurements

For the b-tagging algorithms to be used in physics analyses, it is crucial to know the efficiency
for each algorithm to select real b jets. There are a number of techniques that can be applied
to CMS data to measure the efficiencies in situ, and thus reduce the reliance on simulations.
However, the most important quantity is not necessarily the absolute performance of the iden-
tification algorithms, but how well the detector simulation models that performance. All of the
efficiency measurements that are done with collision data are also replicated in simulated sam-
ples using Monte Carlo truth-level information to identify jet flavour, and the “scale factor,”

CMS PAS BTV-11-004

Efficiency of 
finding b-jets 

can be combined!

http://www.apple.com
http://cds.cern.ch/record/1427247/files/BTV-11-004-pas.pdf


Aspen
Mar 13 G. Dissertori

Günther Dissertori
ETH Zürich

on behalf of the CMS collaboration

1 ESR 15 - Joosep Pata - ETH Zurich

Training
• CMS Data Analysis School Dec ‘14: 

student & lecturer: lectures on Higgs 
physics, 3-day exercise session on 
analysis methods 

• Young Researchers Meeting Feb. ’15: 
collaboration & media training 

• Annual Meeting April ’15: research talks 

• Summer School July ’15: lectures 
(Effective Field Theory, …) 

• workshop on ttH polarization later this 
week…
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Conferences
• CMS 2nd single top workshop: t-channel angular 

properties 

• HT ITN Annual Meeting: ttH(bb) with MEM 

• ROOT CERN workshop: Julia: fast dynamic 
computing 

• Higgs Couplings 2015

7

https://indico.cern.ch/event/331154/session/0/contribution/15/attachments/644975/887253/naples14_singletop_angular_pata.pdf
http://indico.cern.ch/event/373699/contribution/51/attachments/744348/1021059/pata_tth.pdf
https://indico.cern.ch/event/349459/session/1/contribution/41
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Challenges
• tt+bb background modelling: constrain from data (with M2.2.3) 

• Higher-order effects: MEM improvements under next-to-leading 
order (NLO) corrections (with M3.2.1) 

• Inclusion of boosted objects in MEM (with M3.1.3) 

• fast & flexible computation (with all WP-s) 

• MEM O(100) sec / event, ~O(106) tt+jets events expected in 
2015-2016, ~O(102..3) CPUs for 24h turn-over 

• Data taking at energy frontier
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Strategies
• tt+bb background

• multi-dimensional fit, exploit control regions in data 
(M2.3.1) 

• theory uncertainty on MEM discriminator (M2.3.2) 

• NLO discrimination power in MEM (M3.2.1-2)

• exploit extended hypotheses (tt+3jets) 

• n+1 parton process contribution in 2→n processes
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Outlook
• First results with 13 TeV data in 2016 spring 

conferences: object & background studies 

• Expect ~75-100/fb data until 2017, expect to exceed 
Run I ttH sensitivity with ~5/fb! 

• Improve jet flavour tagging algorithms. 

• Combine with ttH fully-hadronic, H->WW, H->tautau 
channels.
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Figure 5: (top left) Observed 95% CL UL on µ are compared to the median expected limits un-
der the background-only and the signal-plus-background hypotheses. The former are shown
together with their ±1s and ±2s CL intervals. Results are shown separately for the individual
channels and for their combination. (top right) Best-fit value of the signal strength modifier µ

with its ±1s CL interval obtained from the individual channels and from their combination.
(bottom) Distribution of the decimal logarithm log(S/B), where S (B) indicates the total signal
(background) yield expected in the bins of the two-dimensional histograms, as obtained from
a combined fit with the constraint µ = 1.
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Career development
• Foster contacts in HEP community 

• Secondment at UZH (2015 winter): work on tt+bb 
background, NLO MEM 

• UDUR (2016 spring): NLO tools (Sherpa) 

• Planned private secondment at Maple or Wolfram 
in Spring 2017
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Outreach activities
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13k views

2.7k 
views

• 2 interviews for Estonian 
public broadcasting: 100k 
views (~10% of Estonian 
speaking population): 1, 2 

• Popularizing data analysis 
with open tools (with CMS 
open data group). 

• Educating public about 
CERN.

http://etv.err.ee/v/elusaated/kapital/videod/685fa6e3-a98b-4eee-a297-42029b666b36
http://etv.err.ee/v/0b4325bc-5e7f-4618-9008-28647bcf65c1
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Exciting times ahead…

Thank you!


