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This story is
g about mel

A quick introduction ...
... to single top quark physics
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Single top quark processes

= There are 3 canonical production processes of single top quarks
= Distinguished by the virtuality of the involved W boson
= V/3,,..(tt) higher, but single t suppressed by weak force and b PDFs

q q q g t
W (space-lke) (time-like)
b t q b W (real)
t-channel s-channel W-associated
Onalpp @13 TeV): 217 pb 10 pb 72 pb tt: 832 pb
Single t fraction: 3% 3% 24 % o(tt)/o(t) = 2.78
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SingleTopRefXsec
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO
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... and why their study is important!

Standard Model: g t

= Top quark mass and spin polarization
(tt: only spin correlations accessible at LO)

= |V,,| from single t production x-section
(tt: only accessible via top quark decay)

= b PDFs and b quark/antiquark ratio

New physics:

= Important background in many searches
= BSM single t processes: b*, B', H*, FCNC, ...
= Effective field theory (EFT) sensitivity

cf.
on 2" October 2019
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https://indico.desy.de/indico/event/23202/contribution/0/material/slides/0.pdf
https://arxiv.org/abs/1710.10699
https://arxiv.org/abs/1211.7146
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“Boom” in single top quark physics

= 2009: First observation in the combined t- & s-channel at CDF & D@
= Today: Measurements of rare single t processes (e.g. tZq) at the LHC
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https://arxiv.org/abs/1710.10699

UH
i_ti_
LaY Universitait Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Differential x-section measurements

= Various measurements for tt and some for single t by ATLAS & CMS

= High-p; (“boosted”) sector completely untouched in case of single t
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http://cms.cern.ch/iCMS/jsp/db_notes/noteInfo.jsp?cmsnoteid=CMS%20AN-2016/174
https://arxiv.org/abs/1907.08330
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See ya on

Ludicrous p;! the other
Engage! side, fella!

With the “boom” comes the “boost”
Or: How to reconstruct highly boosted single top quarks
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Boosted (hadronic) top quark decays

= Largey factor, p » m =173 GeV

= Decay products cannot be
reconstructed individually

= Top quark must be reconstructed b
as one, merged large-radius jet ;
fg I [ T I | [
i i - S t — bW — bqg' i
= Collimation p;-dependent, rule < cersaniesforp, >20GeV: ]
of thumb for two-body decays: o W 70% [ 80%  90% o
2m ? ]
~ 1 B e MPV
ARmin ~ pT = pT o< R — 2m,p_’ .
ws (800 GeV) pj ]
= |ntuitive approach: 1 -

Use of variable-R jet algorithm
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https://arxiv.org/abs/0903.0392
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Heavy Object Tagger with Variable R

= Based on C/A algorithm = Mass-jump criterion to reject

= Adaptive jet radius: soft/wide-angle radiation

R o< 1/p+(jet), R € [0.1,1.5] = Implements subjet finding
= Stable perform. in wide p; range = t-tagging possible (later slides)

Pythia 8, pp = tt @ /s =13 TeV Pythia 8, pp = tt @ /s =13 TeV
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https://arxiv.org/abs/1606.04961
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Which single t process to go for?

= 0,,(t-ch.) =217 pb largest, but

MC truth 137
S PR Bl harder spectrum for s-ch. & tw
- —tW ]
1077 v 1 = Oipgls-ch.) =10 pb very low,

Csch 4 Oi(tW) =72 pb good compromise

—_—
S 9
w N

1 = Considering hadronic t decay,
all-jets final states for t- & s-ch.
= Separation from background
(mainly QCD & tt) not feasible

i: 3 = Leptonic component beneficial
1078, .
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Prepare for mode

impact, activated!
little kids!

Analysis

Measurement of W-associated single top quark production
in the highly boosted sector using the t,,4W,, final state

C. MATTHIES (U. HAMBURG) HIGHLY BOOSTED SINGLE TOP QUARKS

UHH MEETING CONTRIBUTION 11



UH
i_ti_
LaY Universitait Hamburg

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Analysis goal & strategy

Event selection

Top quark reconstruction

o i

here

Measure tW pr
on parton & parti Event classification using neural nets
top quark p; mai

Fits on NN outputs per p; bin

Unfolding using fit results
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Selection of tW — £+jets events

= Working on 2016 p+jets for now Hadronic
hemisphere
= Single muon trigger — HOTVR

= Exactly one isolated, tight muon
(rel.iso. < 0.15, p; > 50 GeV, |n]| < 2.4) g

t
= Veto on additional loose leptons
= Missing p; > 50 GeV
= At least one AK4 jet

= At least one HOTVR jet
(pr > 200 GeV, |n| < 2.5, AR(Z, jet) > 1.5) eoton
eptonic

= Exactly one HOTVR t-tag hemisphere

— £ + miss. p;

W-
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Composition of tW Monte Carlo (I)

= After full selection, ca. 70 % of all tW is actual signal (t,4W )
(95 % thereof feature a t jet merging 2 or 3 quarks from t decay)

= HOTVR t-tagging allows for discrimination of t,,;W,,, and t,,, W/,
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Composition of tW Monte Carlo (li)

35.9 fo' (13 TeV

35.9 fb' (13 TeV

b—

35910 (13 TeV
HLABRRRRRRRN RARRERES

£ 900 . c £ sopTrTTTTIT T ]
o CMS Simulation, Work in progress ] o CMS Simulation, Work in progress ] £ CMS Simulation, Work in progress ]
=~ 800 — ~~ 250 ~ 70 -
2] ] 8 ] 2 ]
S 700 Il 1 sional (ully merged) S 1 S 60 =
> ] > 200 - > ]
L e00 - tW signal (2/3 merged) E w ] L 50 E
500 tW signal (1/3 merged) E 150 - 40 3
400 tW signal (not merged) E ] 20 ,
300 A 100 ] .
t(h)W(z) background B ]
200 3 1 20 -
- other tW background ] 50 - E
100 = 10 E

% 05 1 15 2 25 3 35 4 45 5 % 05 1 15 2 25 3 35 4 45 5 f30 740 150 160 170 180 190 200 210 220 230
AR(gen. t quark, rec. t jet) AR(gen. t quark, rec. lepton) tietm  [GeV]
35.9 fb’' (13 TeV) 35.9 fb’' (13 TeV) 35.9 0" (13 TeV)
R= T T T T T T T —SPON cankl LAl bl A LAk LA MMM A ML L e s ) L LA AR AR ) AR LA R
f}_ 4005_ CMS Simulation, Work in progress _f f}_ CMS Simulation, Work in progress E f 160 CMS Simulation, Work in progress E
O 3500 . o 0 E o f 3
= : 1 T 4 E c 140F 3
I} F E I} E o C .
S 300F ] S ] iy 3 ]
1 g 1 300 e 120 -
=0 E 250 E 100}~ 3
150 E 150 3 601 .
100 E 100 3 40 E
50 = 50 = 20 .
C'0 05 1 15 2 25 3 35 4 45 5 C'0 05 1 15 2 25 3 35 4 45 5 00 0.1 02 03 04 05 06 07 08 09 1
AR(gen. assoc. W, rec. lepton) AR(gen. assoc. W, rec. t jet) tjet 1./,

C. MATTHIES (U. HAMBURG) HIGHLY BOOSTED SINGLE TOP QUARKS UHH MEETING CONTRIBUTION




UH

LaY Universitait Hamburg
DER FORSCHUNG | DER LEHRE | DER BILDUNG

Exemplary discriminants
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DNN-based event classification (l)

Architecture:

= 68 inputs (jet, lepton, event quantities)
= 2 x 16 hidden nodes (RelLU activation)

= 6 outputclasses: t,,;W, signal, t, W, bkg,
other tW bkg., tt, W + jets, Drell-Yan + jets

Training:

= 500k MC events in training set

= Minimize categorical crossentropy

= Loss saturates quickly for training and
validation set; overfitting almost null

= Ca. 84 % of events classified correctly

C. MATTHIES (U. HAMBURG)
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CMS simulation, Work in progress

Tag: dnn_19-11-21-15-03-18

Loss (categorical crossentropy)
o
o
(=]

0.04 4
0.02

2l

= Training set
—-- Validation set

After epoch 1000:

Training set: 4,016 %
Validation set: 4.040 %

Last 20 epochs:

Training set: 4.017 £ 0.002 %
Validation set: 4.041 £ 0.002 %
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CMS simulation, Work in progress — Tag: dnn_19-11-21-15-03-18

I

Training set: 84.624 %
Validation set: 84.660 %

Last 20 epochs:

Training set: 84.606 + 0.022 %

After epoch 1000:
Validation set: 84.631 £ 0.023 %

—— Training set

~== Validation set
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DNN-based event classification (ll)

CMS simulation, Work in progress Tag: dnn_19-11-21-15-03-18 CMS simulation, Work in progress Tag: dnn_19-11-21-15-03-18
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Summary & outlook

Single top quark phyiscs overview:

= Exciting field of research
= Pioneering times are over, precision era begins — boosted sector!
Measurement of highly boosted tW production:

= Event selection, using HOTVR to identify top quark

= DNN to discriminate tW from large backgrounds

= Next steps: Fits on DNN output to extract tW, then unfold fit results
Far outlook:

= Interpretation of results in context of EFT

= Measurement of b PDFs at high x
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