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Event classification
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Likelihood unfolding to parton level g pue
CMS * DN Post-fit 36.3 fb™ (13 TeV)
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Results: Absolute and normalised differential cross section
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Results: Top quark mass extraction \
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Conclusions

Tha
e

e First measurement of mole using tt+jet in CMS / at 13 TeV

® T[riggered improvements in theory prediction

MVA techniques for p reconstruction
and classification

Unfolding via profiled likelihood fit

Extraction of mieole gt NLO

Implementation of dynamic scale

o < 0.8 % precision,

compatible with previous measurements
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From /s =8 TeV to 13 TeV (3502

Improvements & drawbacks

NLO tt+jet calculation

e C(Changein \/E leads to change of

dc)”[’[_+ jet

shape of &£ distribution

— Less sensitivity at 13 TeV

® Progress in theory prediction:

=  Dynamic scale implemented
— Flat LO/NLO scale factors

— Symmetric and reduced scale
uncertainties

13TeV

|
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From /s = 8 TeV to 13 TeV

 Absolute cross section
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Selection & Analysis strategy (3502

e 2 opposite-charged leptons: ® ete-, Uy~ channel:

Py, efp, ere s Suppress Z+jets background
pt > 25 (20) GeV & |n| < 2.4

o Atleast1 b et:
e Jets with ptr>30 GeV & |n| < 2.4 = Loose working point

(10% mistagging rate)

e NN based kinematic reconstruction of p = Db jet energy regression

normalised

\‘
B Kin. reconstruction N isati i differential cross
%_ | SEliZgerEENlan | section
Event
selection -
T | classification

neural network fixed-order theory
based prediction

maximum likelihood

unfolding fit of top mass
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: : : : CMS,
Kinematic reconstruction using neural networks \
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Factor two improvement wrt. to two common CMS methods:
® Neural network regression for analysis
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Binning in p

Data vs. prediction
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: : : : CMS,
Maximum likelihood unfolding \

Overview & event categorization

e Multidimensional fit to directly measure at parton level e Introduce signal strength parameterfor each bin

— Maximize acceptance

- [ UJE J: / p high d0ﬁ+]et dp . 0'& jet

— Constrain syst. uncs. using nuisance parameters, A tHje ok dP Utktﬂ-et(MC)
e Achieved via:
£ =1%o TTn(@) [T70h)

=  Event categories (e.g. yty-, e+, ete’) i j m

= Bin in Nbjet and preco t0 increase signal sensitivity o [thC]free floating parameter to mitigate dependence

= Use Nijet = 1,2 as control regions to constrain tt (+0 jet) |
background and uncertainties v; = ES [ tE+jet {VIC] A)+ Ebi(w,-{mi“c] A)
]

— Fit normalisation of tt+0 jet bkg simultaneousl
't normalisation of tt+0 jet bkg simultaneously — Consistent modeling of systematic uncertainties

and correlations

— Background fitted and subtracted in fit
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Distributions for tt+jet - like selection b
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Nuisance paramater impacts b
And constraints/pulls
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Pre- & post-fit distributions

CMS Pre-fit 363fb (13 TeV)
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Pre- & post-fit distributions | =

CMS ~ Post-fit 36.3 fb™' (13 TeV)
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: CMS
MVA methods using neural networks (35

Event classification
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MVA methods using neural networks

Kinematic reconstruction
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MVA methods using neural networks |

Kinematic reconstruction

Unsupervised Domain Adaptation by

Backpropagation:
e decorrelation of the NN output from different
oL
: . oL, Y
variables, classes, training sets.. 50, o0, Closs L, >
® |nserting additional layers and output node E> :> E>EI E> = ':> E> E> Eclass label
5% \ )
targeting to regress p oL, = label predictor G, (-;6,)
. %) \/[_ o0 J\ domain classifier G4(+; 04)
= add layer in front a layer that reverts the %*\ . ! J,,jf%g / A \
_ feature extractor G¢(-;0y) {?}b@@;@l
gradient ) e I:> Ifl> ® domain label d
oL,
e classification performance not degraded E> % - 9Lg Coss Ly
_ forwardprop  backprop (and produced derivatives) | O 9d

see arXiv:1409.7495
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https://arxiv.org/abs/1409.7495

Kinematic Reconstruction of the tt-system arxiv:1811.06625

® |nputs:
m 2 jets
2 leptons
= MET

® constraints:
. mi, mi=172.5 GeV
= Mws, Mw-= 80.4 GeV
= p1(v,v) = MET

® unknowns:
= 3-momenta: v, Vv

e solutions with b-tagged jets are preferred

® reconstruct event 100 times: "
= W mass smeared according to Breit-Wigner distribution top 1 IZ: W - ( top )
= | epton, b-Jdet energies smeared according to detector resolution i\P !
= Weights are calculated based on my, spectrum
= [ake weighted average as solution

e [Efficiency > 90%
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https://arxiv.org/abs/1811.06625

: : : CMS
Full kinematic reconstruction
From CMS-PAS-TOP-20-006
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Kinematic Reconstruction of the tt-system C\MS

Another approach

arXiv:1904.05237

e “lLoose kinematic reconstruction”:
= drop m: requirement
— no bias on top mass
m  reconstruct vv system as a whole
— only total tt-system reconstruction
= pr(w) = pr(MET)
n  pz(WW) = pAll), E(vV) = E(Il)
= requirements: M(vv)=0, M(W+W-)=2mw

= prefer solutions with higher b-tagged jet multiplicity over others

. Obtained kinematics similar to full kinematic reconstruction
s Efficiency similar
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https://arxiv.org/abs/1904.05237

: : : CMS
Full vs loose kinematic reconstruction (352
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Top quark mass

direct measurements

measuring m{MC using reconstructed decay products
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