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...In a challenging environment
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Higgs candidate event

u*(Z,) py : 43 GeV

e(Z,) pr: 10 GeV
8 TeV DATA

4-lepton Mass : 126.9 o
GeV -
M(Z,) Pt : 24 GeV

CMS Experiment at LHC, CERN
Data recorded: Mon May 28 01:35:47 2012 CEST
Run/Event: 195099 / 137440354

Lumi section: 115
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Top quarks and tau leptons

A. Toldaiev

« Lepton flavor anomaly: 3 experiments measure P

LHCIOpWG o, - summary, IS =8 TeV May 2018

~4 deviation from SM expectations I e Ll s B

scale uncertainty
B scale ® POF @ ag uncertainty ot (stat) £ (syst) + (lumi)

ATLAS, lepton+jets

I; q , 4 2483+0.7+13.4+4.7pb
arXivi1712.06857, L, =2021"
CMS, lepton+jets L e 2085+38+13.7+6.0pb
EPJC 77 (2017) 15,L,, = 19.6 fb
— ATLAS, 1, +jets —t—] 239+4+28+5pb
V q PRD 95 (2017) 072003, L, = 202 5"
’

total stat

CMS, lepton+t, ) f——ft—— 257 £3+24+7pb
PLB 739 (2014) 23,1, = 196 0"
t ATLAS, dilepten eu [~ 2429+1.7+55%51pb

EPJC74 (2014) 3109, EPJ C76 (2016) 642,
L, =2021"
CMS, dilepton (ee, pu, ep) g 239.0+£21+11.3+6.2pb
JHEP 02 (2014) 024, L, =530

b LHC combined ey (Sep 2014) | y.{ 2415 14 £ 57 £ 6.2 pb
LHCIODWG, L, = 5.3-2031b"
ATLAS-CONF-2014-053, CMS-PAS TOP-14.016

. CMS, dilepton ep [ 2449+ 1.4 ::g +6.4pb
« Study tau leptons in top quark decays

CMS, all jets ; o
EPJC76 (2016) 128, L, =18.4M" 2756 +6.1£37.8+7.2pb

NNPDF3.0 JHEP 04 (2015) 040
I MMHT14 epyc75 (2015) 5

* Measure cross section, study event kinematics |
» Lepton flavor universality in top quark events B Moo nomaraos

[e,™,) = 0.113]

lllllllllIlllllllllllllllllll
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w+ DECAY MODES Fraction (I'; /) Confidence level (MeV/c) G, [pb]

ty [6] (10.86+ 0.09) % - _
ety (10.71+ 0.16) % 40192 BR(t)/BR(e/u) = ?
utv (10.63+ 0.15) % 40192

Ty (11.38+ 0.21) % 40173
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Dark matter and energy

* What is that accounts for 96% of the Universe?
Nobody knows.

* |t is one of the greatest mysteries of Science

DARK MATTER . NORMALMATTER

2 1 O/Osr | 4‘9/@
DARK ENERGY

749%
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Higgs + Dark Matter

arXiv:1703.05236, arXiv:1812.07964

* DM search with H(—ZZ)

* Generic search: pp—»>X+MET

* Model independent search
—Signature: h(—ZZ/bb/yy)+MET

q h
4
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v
. 1
A\ (
q X

* Signal events at large MET

J. Goncalves et al.

23" (13 TeV)
|

I ~4- Data Bl DY + jets
ETEW + v
[CIsMh —»yy [y +jets
B EW + vy B vy

- mA =300 GeV, m, = 600 GeV

=300 GeV, m, = 800 GeV
=300 GeV, m = 1000 GeV

Events /5 GeV

0 50 100 150 200 250 300 350
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Double Higgs production

Main probe for frilinear Higgs coupling Aiunun. Diagrams interfere destructively in SM

Yt
g f ’EH_H:", .~ H o l “”’“‘:I“ “H o gggatn = 33.49+434 (scale) = 2.1 (PDF) + 2.3 (as) fo
q v H oo ~H g ToTe Y_t_ -H [13 TeV, NNLO + NNLL with top mass effects, HXSWG, arXiv:1610.07922]

A large matrix of final states

1

” BR HH—xxyy |2 ,.-
W (mu = 125 GeV)
_ 1= bbb largest stafistics
- 99
‘3 g’ - =" bb(yy.rt) good compromise
- between statistics and S/B

T

" bbb WW 99 Tt ZZ Y

rarer

M. Gallinaro - "Searches for New Physics at the LHC" - Caparica - February 13, 2019 8



Advanced Analysis Techniques

arXiv:1902.00134

M. Bengala, R. Santo, G. Strong
1) Select HH events in different categories: ut,bb, et bb, and z,,bb

2) Train classifier consisting of an ensemble of deep neural networks (DNN) on half
of MC data to classify signal and background events using final-state features

3) Apply classifier to other half of MC data

4) Treat the classifier prediction as a summary statistic of the data and infer the
signal strength via a combined hypothesis test for each decay-channel category

5) 52 pre-processed features are used to define each event

hz+ mass [GeV]
(© (d)

- g

wy

05 Phase - 2 Simulation Preliminary 3000 fo~ (14 TeV) CMS Phase ~ 2 Simulation Prel liminary 3000 fb~" (14 TeV)

ccccccc

0.0 0.2 04 o 0.6 0.8 1.0
Class prediction

g
IEELTTY

0 %00
mr [GeV] s7[GeV]
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Looking forward: exclusive processes

CERN-LHC-2014-021

CERN E&uropean Organization for Nuciear Research

* Precision Proton Spectrometer (PPS) aims at
measuring the surviving scattered protons on both
sides of CMS in standard running conditions

 Precise timing and tracking detectors
 PPS data combined with those of central detector
» Collected ~100/fb of data in 2016-2018

D)
CMS-TOTEM
PRECISION PROTON SPECTROMETER

CMS+TOTEM

——
210 m~
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Exclusive production

« Central Exclusive Production B. Lopes et al.

— photon-photon collisions o 02 CMSHTOTEM 2016, L =94 17, {5 =13 TeV

— gluon-gluon fusion in color singlet, JP€=0* v:; 0.185 '(:T?::i'fe:t:;?eforany - E

« High-mass system in central detector, together 016} e Machng 17 vons E

with very forward protons in PPS 0.4 B 7 Ol acceptance ' evers E

— momentum balance between central system and 0121 + fock '

forward protons, provides strong kinematical constraints 0.1~ + % Blue: e”e —

— Mass of central system measured by momentum loss of 0081 + e

the two leading protons 0.06[ . =

» Couplings in SM are small and deviations from 004~ I

predictions may hint for NP 0.02} S +=

. | : -

 Sensitive anomalous couplings (yYWW, yyZZ, % 602 6.040.06 008 0.1 012 0.14 0.16 OEZEPO)?

yyyy, and yytt) :

r 3

 Search for new BSM resonances

Y

p
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Thank you!

« Large data sample available: ~150fb-"

» Several interesting analysis topics available
(Top, DM, HH, Exclusive processes)

« Strong involvement of students (several
Master and PhD theses)

COURSE ON

PHYSICS AT THE . LHC

Lisbon, PORTUGAL

X/ 04 MARCH -16 JUN
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©EO.URSE ON

PHYSICS AT THE LHC

Lisbon, PORTUGAL
NS 04 MARCH - 15 JUN
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2012: A new boson discovery

Volume 716, Issue 1, 17 September 2012 ISSN 0370-2693
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standard model of elementary particles

CHARM TOP GLUON ) (HIGGS BOSON
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* Discovery of the Higgs boson marks the triumph of the SM

= However, even with the inclusion of the Higgs boson, SM is an
Incomplete theory
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Higgs self-coupling

h2 h4 H .
_ 20 Iggs potential
V(h) = p? 5t A 1
>\ After spontaneous
2 n
AR Tt Ahon’ symmetry breaking

Re(4)

« The strength of triple and quartic couplings is fully fixed by the
potential shape

4

tb h )
-7 h,’
Pt ¢
. P AHHH
}\2 s-‘\\h'

g £, 0 h
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Deep Neural Network

Data are fed to deep neural networks (DNN) to build a classifier

« Basic classifier:
— DNN with 3 hidden layers (100 neurons

each)
— Qutput layer of a single neuron /L , M

— Ensemble of 10 networks trained on 50%
of the data, using cross-validation, for 65

epochs S ~

* Models pre-trained without sample% %
weights © ) ©

* Models weighted according to loss & &
on validation data . .

— Remaining data used to test the classifier ™ hug mass [&,V] " hes mass [GeV]
and optimise the thresholds

« Train on low-level final-state
features plus multiplicity features

— final set of 52 selected features
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