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General Overview

» almost 100 plenary talks Results from 17 experiments

* 9 topical sessions have been presented

- Higgs Physics

- Top Physics

- Electroweak physics
- QCD

- PDFs

- Heavy Flavor Physics
and CP mixing

- Hadron Spectroscopy

- Heavy lon Physics

- New Phenomena




General Overview

» almost 100 plenary talks Results from 17 experiments
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 full agenda with all presentations
http://moriond.in2p3.fr/fQCD/2018/MorQCD18Prog.html




Higgs highlights

* |nthe 6 years since its discovery there has been significant progress in

the Higgs Sector' CMSrreliminary 359" (13 TeV)
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Higgs highlights

Combined 13TeV results surpassing Run 1 precision in key measurements

Per production mode Per decay mouae
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Higgs cross sections

* Higgs physics has entered the precision era

— Fiducial and differential cross section measurements comparing data
to state-of-the-art calculations

— Simplified template cross sections enable Higgs measurements that

are less model dependent Best precisions of < 20% reached
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H-bb in HV

m Goal: measurement of bottom-Higgs Yukawa coupling

» Target events where H — bb
candidate recoils against V
boson to identify above multijet
background

Events /0.13

m Channels:V — Il Iv, vy
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» Boosted Decision Trees (BDT)
separating signal and background
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H-bb in HV

REE T R R R R R T
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H—bb in ttH (full hadronic) at CMS

> 7 jets, > 3 b-tagged jets, Hr > 500 GeV, no leptons
Enhancement of quark-jet final states by quark-gluon jet discriminant

Events categorised by number
of jets and b-tagged jets

Dominant background:

a Shape from low b-tag multiplicity
control region in data
m Rate from final fit to data

tt + jets background modelled as
In leptonic analysis

Final discrimination by MEM
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H—bb in ttH (full hadronic) at CMS

> 7 jets, > 3 b-tagged jets, Hr > 500 GeV, no leptons

Enhancement of quark-jet final states by quark-gluon jet discriminant

Events categorised by number
of jets and b-tagged jets

Dominant background:

a Shape from low b-tag multiplicity
control region in data
a Rate from final fit to data

tt + jets background modelled as

In leptonic analysis
Final discrimination by MEM
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Search for H-cc in HZ(¢™ l’ )

m Search for H — cc in Z(//)H channel
a 2 c-tagging discriminants against

b jets and I|ght quark jets
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m Challenges
®» B(H —cc) =2.9%:
o(pp — ZH) - B(H — cc) = 26 1b
m Large Z + jets background
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a New approach: best direct limit on H — cC



Search for additional Higgs bosons

e Searches for additional Higgs bosons at LHC
conventionally focus on 2ZHDM and MSSM

No signal is found — stringent constrains on
model parameters are derived

35.9 b (13 TeV)
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Exotic Higgs Bosons: Searches for H(125)—aa

19.7 fb” (8 TeV) +35.9 fb' (13 TeV)
T T T L I

» 2 Higgs Doublets + 1 Singlet models

[ physical states:
3 CP-even h 2 CP-odd a

1,237 1,27

e peculiar scenario

2 charged h*

................................

a, has large singlet component and 2m_, <m,, ... .
> reduced rates of conventional production e o)
modes gg— a and bba . S ——_"——
> accessible via H(125) — aa decays 2HDNAS type lll g s (ra Tev)
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l..l_,T_,b 107 . i l—:e)fplected~c:bservled e
- 6 1 10
a_——— Ku,T,
H(125) H —aa — 4u m, (GeV)
""""""" 1E T —T T, T —r3 O T
:(g E —Observe%/ // ATLAS 1 & :
a w,T,b 1 F é:::emeé 13:1 36_1,f: % I ATLAS {s=13TeV, 321"
= ! Type-ll, tan 5 - L
I iTE‘IO_ = L2 / R " 2 50l — Observed 95% CLs |

G,

+ —+

T,b

Mo,T, - Expected 95% CLs * 1o
- Expected 95% CLs + 20

— ogu(WH)

WH —>(Ev)(aa) - (Ev)(4b)_

 analyses performed in
large variety of channels
* no signal found
> Strlngent ConStralnS 10741 2 3 4/5 6 7 8910 | 20 30 40 50 %0 30 40 50
on model parameters

95‘V CL upper limit on

\\\\\\\\\\\\\\\\\

95% C.L. upper limits on of
o

L

60
m, [GeV] m, [GeV]



Exotic Higgs Bosons: Searches for H*

/s
« H** appear in Higgs triplet models ? ,,<
addressing neutrino mass hierarchy R TN Yo
> type-ll see-saw models ’
> left-right symmetric (LRS) models Z/v* s g P

etc \‘
q
=

* iIn many models the mass-coupling

relation doesn't hold for Hz E Famas e
> no preference for 757 decays £ 1¢f" " hoeraon ‘b: Crpocid 85% CL i _
> decays to lighter leptons N ggﬁi;zggj I Exﬁectedﬁn;m :

also provide high sensitivity 5 oo HH E

HEE 5 ote®, it oyt

 subject of recent ATLAS analysis
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Inclusive ti cross section [pb]

Top Quark

Top quark physics continues to be an important focus @ Tevatron and LHC

5 t . t
e Complementary measurements: < h <
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Top production and properties

* Understanding the discrepancy in modelling of the top and ttbar system
(e.g. in top p;) continues to be a challenge

e Data softer at higher top quark transverse momentum than prediction:

Missing higher orders in pQCD: for production and/or decay ?

EW corrections ?
New physics...?

Data
PWG+PY6

LI |

ATLAS
Vs=13TeV,3.21b"

‘ '.l é~jét'e:|:clusive ' ||||'81at'.+8}31,‘u;10,‘
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 (Double) differential measurements  os: '
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may provide the answer to this puzzle
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Top production and properties

Jet substructure observables

in ttbar events

oo 35.9 fb' (13 TeV)
g - CMS Preliminary ~#- Inclusive jets
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QCD based
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Crucial for understanding soft physics;

can have significant effects on

precision measurements (e.g. mass)



Top mass

* Diverse set of top mass measurements in different channels

— Direct methods e.g. templates, matrix method, ideogram

— Indirect methods e.g.

1 T 1
ATLAS e m™
Preliminary == Stat. Uncertainty
— Full Uncertainty
DO inclusive o(tf) 172.8 £ 3.3 GeV
ATLAS inclusive o(tl) j 1729+ 2.6 GeV
CMS inclusive oftf) e 173.8+ 1.8 GeV
DO differential p‘T, m, ° 169.1% 2.5 GeV
ATLAS differential o(ti+1j) - 173.7 £ 2.2 GeV
ATLAS leptonic (8 dist.) + 173.2+ 1.6 GeV
1 1 1
170 175 180
pole
m; " [GeV]

ATLAS: 0.9%; CMS precision at 1%
With ~5% theory uncertainty and ~2%
exp = can reach 0.5% on pole mass)

Tevatron top mass:
m, = 174.30 = 0.35 (stat) + 0.54 (syst) GeV
om/m =0.37%

extraction based on cross section

ATLAS+CMS Preliminary Myp SUMMary, fs=7-13 TeV September 2017
LHCIopWG
"""" World Comb. Mar 2014, [7] k et i

stat total stat

total uncertainty M = total (stat = syst) 5 Ref
ATLAS, I+jets (*) 17231+ 1.55 (0.75 = 1.35) 7 TeV [1]
ATLAS, dilepton (*) 173.09 = 1.63 (0.64 = 1.50) 7 TeV [2]
CMS, l+jets 173.49 = 1.06 (0.43 = 0.97) 7 TeV [3]
CMS, dilepton 17250 + 1.52 (0.43 = 1.46) 7 TeV [4]
CMS, all jets 173.49 = 1.41 (0.69 = 1.23) 7 TeV [5]
LHC comb. (Sep 2013) LHctopwa 173.29 =+ 0.95 (0.35 = 0.88) 7 TeV [6]
World comb. (Mar 2014) 173.34 + 0.76 (0.36 =+ 0.67) 1.96-7 TeV [7]
ATLAS, l+jets 172.33 £ 1.27 (0.75 = 1.02) 7 TeV [8]
ATLAS, dilepton 173.79 = 1.41 (0.54 =+ 1.30) 7 TeV (8]
ATLAS, all jets 175.1+1.8(14=1.2) 7 Tev [9]
ATLAS, single top 1722+ 2.1 (0.7 = 2.0) 8 TeV [10]
ATLAS, dilepton 17299 + 0.85 (0.41+ 0.74) 8 TeV [11]
ATLAS, all jets 173.72 + 1.15(0.55 = 1.01) 8 TeV [12]
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CMS, l+jets
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CMS, all jets

CMS, single top
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172.25 = 0.63 (0.08 = 0.§
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ttX production

ttZ and ttW cross-sections measurements reach Emf_’“‘s* e
interesting precision D AEingen
1.4+ 95% CL contour
. Both ttW and ttZ observed > 50 E
1.2

. CMS dominated by object-related uncertainties, _
ATLAS by statistical uncertainty it

tttt cross-section measured and constraints on y, derived ¢
(CMS) _
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Multibosons at ATLAS and CMS

Diboson measurements are pushing for more precise theoretical calculations
(NNLO or 3NLO QCD, NLO EWK, ...) Triboson aQGC

WVy — evijy candidate event
* Uncertainties on total cross section measurement:
are approaching lumi uncertainty
* Uncertainties on differential measurements still
dominated by statistics
* (Can mitigate lumi, theory uncertainties with ratios

S
ATLAS

EXPERIMENT
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Hadron Spectroscopy at LHCb

Search for excited B_(2S)* states:

Significant (120) signal in 13 TeV and

8 TeV data sets (70)

m(E11) = 3621.40 4 0.72 (stat) + 0.27 (syst) + 0.14 (AF) MeV/c?

Mass difference with the SELEX

measurement (Am = 103 MeV/c?) is too

large to be an isospin partner

PRD 78 073013 PLB 698 251-255 PRD 96 033004

PRL 119 (2017) 112001
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PRL 113 (2014) 212004

To be followed up...
does CMS see it ?



Search for new physics in rare decays

* Search both for small deviations in precisely predicted SM processes and
for forbidden processes that can only occur through new physics
 New particles can appear at loop or tree level
* Flavor-changing neutral current (FCNC) processes
* heavily suppressed =»NP can appear at a similar or larger level as
SM contributions

B, = w*u : First single experiment observation (7.80)
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[Phys. Rev. Lett. 118, 191801 (2017)]




Lepton universality inb — s ¢*¢

, _ Test in ratios of semi-leptonic decays
The tension wrt to SM observed in

: muons / electrons [b — s ]
muon final states

ud
- u,d

If the effect is real, does it appear

only for muons or is it universal for

all leptons ? Y s Krutu
P R, = BR(B"—= K 'u'u)
BR(B®™— K"e"e")

Analogously: Rg.

LHCb, 3fb-1 [JHEP 08 (2017) 055]
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Events / GeV

(Data — Bkg) / Bkg

Searches for di-lepton resonances

High mass searches now using > 100 fb1, limits extending beyond 4 TeV!
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Searches for dark matter

Dark Matter (DM) searches @ LHC
remain a thriving field of research

A large number of mono-X searches
have been performed by ATLAS and
CMS, already probing a large part of
the parameter space

No evidence for BSM physics so far

but significant progress in exploring a

variety of final states

* incl. searches where Higgs mixes

with new dark mediators
CMS-PAS-EXO-16-055  PRL 119, 181804

LHC searches complementary to

direct searches, providing improved

sensitivity to low DM masses

LHCP 2017

CMS Preliminary
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Searches for EWK SUSY

Di/multileptons
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Moriond predictions and RUN 2 Frederick Bordry
achievements

- (Goal == Achieved

70

fb1

2015 2016 2017 2018

Years

Goal 60 fb1 ATLAS/CMS

— hcoois  EEANeiui
LHC 2018 with 131 days of p-p physics
55 fb'l and 1.8 fb! if 119 days
keeping the LHC high availability and >50% stable beams)




Concluding remarks

Impressive variety of measurements and
searches challenging SM, are being performed
at ongoing experiments

SM continue to withstand experimental tests

No compelling signs of new phenomena in
experimental data so far

Perhaps we may have not see apparent signal
of new physics yet, implying that we have to be
cleverer and leave no stone unturn

- develop and implement new ideas
- Go in directions where no one has gone before
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