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Standard Model of Particle Physics

The SM works well up to an energy scale of a few hundred GeV

BUT it is incomplete, i.e.:
* Missing dark matter candidate

AND fundamental answers are still

missing:

Why 3 families of quarks and
leptons?

* Why the masses of fundamental
particles span several orders of
magnitude?

Mass of quarks in MeV/c?

Drawing not in linear scale !!
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Cross sections
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luminosity ratio

New energy frontier

10U pr—r—r—r . —— .
ratios of LHC parton luminosities: 13 TeV /8 TeV

Di-Jet Event

Highest Mass Central Dijet
5 eV

——qg 1fb'@ 13 TeV

=20
——

—
o

T YT

3fb '@ 13 TeV

. i 6B

<300 GeV MSTW2008NLO

1 (VRS " " A " a1l
100 1000
M, (GeV)

Maratea - June 29, 2018 Nadia Pastrone 4




Outline

ne need of the Large Hadron Collider
ne experiments and the enabling technologies
ne physics: before LHC and Runl — a short recap

— =4 4 -

ne ongoing Run2 — what’s new
— Standard Model (SM)

— BSM

— Flavour physics

— Heavy ions

Prospects for near and far future
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Large Hadron Collider (LHC)

nstalled in 26.7 km LEP tunnel ——
Depth of 70-140 m
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Multi-purpose, high resolution and hermetic detector
Magnets: Central Solenoid + 3 Toroids

Tracking: Silicon, Transition Radiation Tracker
Calorimeter: EM (LAr), Had Cal
Muon: Trigger + Precision chambers

O ATLAS

3 EXPERIMENT

Tile calorimeters

LAr hadronic end-cap and

. . forward calorimeters
Object Reconstruction

o Ieptons (e’ M, T) Toroid magnets LAr electromagnetic calorimeters
° Ph otons Muon chambers Solenoid magnet | Transition radiation fracker
. Semiconductor tracker
* jets
* b-jets
e Etmiss Nadia Pastrone 7




ATLAS: during construction




SILICON TRACKER
M r Pixels (100 x 150 um?)
~1m? ~66M channels

Microstrips (80-180um)

PI xels ~200m? ~9.6M channels
IR P CRYSTAL ELECTROMAGNETIC
Tracket CALORIMETER (ECAL)
ECAL ~76k scintillating PoOWO, crystals
HCAL
Solenoid PRESHOWER
Steel YOke " Silicon strips
wl UOTIE ~16m* ~137k channels
STEEL RETURN YOKE
~13000 lonnes
/’/
SUPERCONDUCTING
SOLENOID
Niobium-titanium coil , , \  _——
carrying ~18000 A P : ¥ FORWARD
Y CALORIMETER
Steel + quartz fibres
7
HADRON CALORIMETER (HCAL ~2k channels
Total weight : 14000 tonnes Brass + plastic manlﬁlator ¢ ) MUON CHAMBERS
Overall diameter :15.0m ~7k channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 468 Cathode Strip & 432 Resistive Plate Chambers

Magnetic field :38T
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CMS tracker installation
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Key:

— — — - Neutral Hadron (e.g. Neutron)

| 1 |
om im m im
Muon

Electron
Charged Hadron (e.g. Pion)

=== Photon

Silicon
Tracker

) Electromagnetic
)! " Calorimeter

Hadron Superconducting
Calorimeter Solenoid

Transverse slice
through CMS

Compact Muon Solenoid slice

Iron return yoke interspersed
with Muon chambers

D.Bamey, CERV, Febriwy 2004



Large Hadron Collider beauty experiment
* LHCb is mainly (but not only) studying beauty (and charm) physics

— At the LHC, the production of heavy quark
pairs is peaked forward/backward

— The detector is a single arm
spectrometer 0

LHCb MC

\s=8TeV

* Both b-hadrons go together forward (or backward)™~
* Acceptance2<n<5 —

— A b-meson / baryon is boosted
* It flies several millimetres before decaying

Ecar HCAL

* This is the main signature for selecting events™™
agnet RICH2 My

Ma MS

oS
/| /IricH1
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V' ] FAR=SIS

= to be installed in LS2
New Inner Tracking System (ITS)

— MAPS: improved resolution,
less material, faster readout

New Forward Muon Tracker (MFT)
— vertex tracker at forward rapidity
New TPC Readout Chambers
— 4-GEM detectors
 New trigger detectors (FIT, AD)
— + centrality, event plane

Upgraded read-out for TOF, TRD,
currently <1 kHz MUON, ZDC, EMCal, PHOS,
=» at 50 kHz after LS2 upgrade integrated Online-Offline system

record minimum-bias Pb-Pb data
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Standard Model re-discovery @ LHC
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CMS Experiment at LHC, CERN
Data recorded: Thu Aug 5 01:00:09 2010 CEST
Run/Event: 142311 / 291220530

First data

Y(1,2,39)

Events/GeV
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2013 Nobel Prize in Physics

The Royal Swedish Academy of Sciences has decided to award the Nobel Prize in Physics for 2013 to

Francois Englert Peter W. Higgs

Jniversité Lipre de Bruxelles, Brussels, Balgium

“for the theoretical discovery of a mechanism that contributes to our understanding of the

origin of mass of subatomic particles, and which recently was confirmed through the discovery
of the predicted fundamental particle, by the ATLAS and CMS experiments at CERN's

Large Hadron Collider”

/.'—~-\ Congratulations to Professors
“ __ Francois Englert & Peter Higgs

Higgs Press Material from CMS




A comparison to theory predictions
Nov 2012 CMS
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LHC: present schedule

Phase 1 Upgrade

ALICE, LHCb major upgrade Heavy lon Luminosity
ATLAS, CMS minor upgrade \ from 10%’ to ? x10%
2015 2016 2017 2018 2019 2020 iﬂ!l
a1|az|a3|a4|a1|az|a3]|a4|a1|az|a3]as]a1 |az|a3|as MQH a4 |a1 |az|a3|a4]a1 [0z [23[ng;
LHC
Injectors Run 2 LS 2
. PHASE 1
2022 2023 2024 2025 2026 2027 2028
a1|az|a3|a4|a1|az2|a3|a4|a1 |az2|a3|a4]al |a2|a3|a4]al|az |a3]|a4]a1 o |02 a4]a1 |02 |a3 |04
L Run 3 LS 3 =
Injectors .
= > »— PHASE 2
2029 2030 203 2032 2033 2034 2035
a1]c7i5 ja4]a1 [az[a3]a4]a1 [ous[o4 a1 Jaz]as]as]ar [z T3 [\e | a1 [az]a3]as a1 [az [a3]a4
LHC
Injectors
» \ >
PHASE 2 Upgrade HL-LHC, pp luminosity

ATLAS, CMS major upgrade from 1034 (peak) to 5 x1034(levelled)



Multi-annual integrated performance
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Delivered integrated luminosity (fb ')
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LHC 2017 RUN (6.5 TeV/beam)
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Run2 pp data recorded ATLAS/CMS
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Runl-Run2 luminosity production

Peak Luminosity [10** cm2s™]
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Peak Luminosity

2018 shows steepest increase in peak
luminosity of all years

) Int. Luminosity

Run 1 29.2
Run 2: 2015 4.2
Run 2: 2016 39.7
Run 2: 2017 50.2
Run 2: 2018 17.8
Total Run 1+ 2 141.1
Nadia Pastrone 22



LHC 2017: separation levelling

- Introduced separation levelling for all experiments
=» Separation levelling is used since many years for ALICE and LHCb
- Initial spike before leveling reaching 2.2 X 103*cms!
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Luminosity levelling

- In certain conditions and depending on the experiments request, it is desirable to
adapt the luminosity dynamically with beams in collision — levelling

- Each levelling technique has its advantages and drawbacks

Levelling by beam offset / separation

Levelling by crossing angle

Levelling by B* (= beam size at IP) C Q

Complexity
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Luminosity [Hz/ub]

LHC

Main levelling technique for HL-LHC 2018: a production year
to complete Run 2 (13 TeV)
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2018 Machine beam parameters

Bunch population N, [10** p] 1.15 ~1.2 (= 1.4)
No. bunches per train 288 144

No. bunches 2780 2556
Emittance € [mm mrad] 3.5 ~2.2

Full crossing angle [urad] 285 300 = 260
p* [cm] 55 30 2> 27.52> 25
Peak luminosity [1034 cm2s] 1.0 ~2
Integrated luminosity [fb] ~60

The “CMS bump” to compensate ground movement was increased
from -1.5 mm to -1.8 mm
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LHCB: Data Taking

 RUNL1:3 fb! of data collected
=> ~3 x 10 b-anti-b pairs produced within LHCb @ Vs = 7-8 TeV

* RUNZ2: operating at 13 TeV higher energy and at 25 ns bunch-
crossing (+ detector improvements)

=>» larger b-sample for same luminosity!
* Run 2 will go to end of 2018 — expect to increase the beauty

sample by x3 or more. g F

:. o S T
nstantaneous Luminosity TZ: u Run 2 : ~2fb-
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LHCb running strategy for 2018

Same strategy as 2017. Aim at maximum
stability for maximum luminosity

Last year for the current LHCb!

TURBO was optimized in 2017

— Selected data saved in a format
ready for the analysis
no offline reconstruction

— An anticipation of the upgrade trigger

ana .;svsoclated
processing

K_ Offline reconstruction
and associated

processing

TURBO SP (2017 - 2018)
PV T selective persistence: Save useful
information “a la carte”
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Candidates / o|m(uu)] / 2

An application of Turbo: search for
dark photons A’ —ptu-

A promising channel to detect dark photons is A—ptu-

10" LHCD prompt-like
10° b Vs =13TeV Py W) >1GeV, p(u)>20GeV
 Jiyly

10°

o pt

10*
10°
107
10° 10* 10°
m(uu) [MeV]

[Phys. Rev. Lett. 120, 061801 (2018) Run 2, 1.6 fb-1]
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35.9 fb” (13 TeV)
f 2o 08 | | e TTTT

Run2 physics results T

R [ ag-zz,2¢r ]

Higgs Sector E’so;— =gf;ZZ’ZY* 3
— Mass

— Coupling to Bosons and Fermions
Standard Model Precision measurements :
— W and Top Mass -

80 90 100 110 120 130 140 150 160 170
. m,, (GeV)
- Standard |V|Od6| FItS = ——— EG‘:‘IH?F“IS?&PI‘BSJ{
) 80.5E—6!1%a;;i?:’;;:r:“ni“:easuremems ,Mmt _:
Searches T b e |
— Exotics E——
— SUSY

Flavour physics

— CKM matrix and unitarity triangle tests

— Spectroscopy and exotic hadronic states
— Rare decays, FCNCs and R(K*))
Heavy ions results
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Higgs sector

Nadia Pastrone
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nggs golden channels

CMS 35.9 b (13 TeV)
> ST LT LT A I I =] _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII'IIII
8 [ + Data ATLAS ] < 70F ]
g oo - Backgound (s =13 TeV, 36.1 fo! = ofE ¢ Data .
S | — Signal + Backgroun m,=125.09GeV ] Ql E ]
5\] e In(1+S/B) weighted sum =~ 60 % :g_z)?z =
: ] ikt o
400— - g) 501 B 9922, zy -
E E L B - Z+X ]
300— | C ]
i i 40__ —_
200[— - E 5
100[— . 30:_ B
cn :'A": 201 =
: :
2 10
g B
W . i L ) | = —
110 120 130 140 150 160 0
m. 1GeV] 70 80 90 100 110 120 130 140 150 160 170
i

m,, (GeV)
Higgs Boson Mass measured with high precision by ATLAS and CMS
using the fully reconstructed final states: H->yy and H->ZZ->4l (e, )

All measurements in good agreement
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Higgs Mass

ATLAS Prelimina
(s =13 T;(\a/"gg]1r¥b'1 F—— Total Stat. [ Syst.

Total Stat. Syst.

H—ZZ*—4] | — : 124.88 + 0.37 ( = 0.37 = 0.05) GeV
H—yy = . 4 125.11+ 0.42 ( = 0.21 = 0.36) GeV
Combined — ; — 124.98 + 0.28 ( = 0.19 = 0.21) GeV
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
124 124.5 125 125.5 126 126.5
m,, [GeV]

CMS Mass Measurement using only H->4l
12% more precise than Run 1 ATLAS+ CMS comb.

mu = 125.26 & 0.21 (£0.20 stat. + 0.08 sys.) GeV
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Higgs Production and Branching fraction

» Different production mechanisms and decays to measure

e Use of different experimental signatures

* Some very clean decays with low BR (yy, 4l), other very difficult with

higher rates (bb, WW, tt,)

“ggF” uVBFu q

49 pb |38pb @13TeV

22pb |o.51 ob

“VH 7 “ttH” t

Higgs BR
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Coupling t

oB

18000 T
¢+ Data
Background
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ATLAS
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osons H -> yy

25—

¢ Data
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L
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120
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120

The Higgs decay in yy has a clean signature over a smooth
background

It is used to disentangle the different production mechanisms
allowing a measurement of their signal strenght :
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Bosons H->yy: signal strenght n
CMS

35.9 b (13TeV)

T T T I T T T T T I T T T I T T T I
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Coupling to Bosons H-> ZZ

* Very clean signature but very low rate

Measurement of ggH and VBF production

Measurement of total fiducial cross

section
L T R L TR R R
100~ ATLAS Preliminary — O,y My =12509GeV e
[ AHoypy 0H-ZZ* 4l QCD scale uncertainty i ;9
i - e P mm Total uncertainty (scale ® PDF+a) g o
| systematic uncertainty {(_ ©
601 =
40F 1
SR CIN :
20 % =
i Vs=7TeV, 45fb" g
- Vs=8TeV, 20.3fb" .
or {5 = 13 TeV, 36.1 fb" N
gy ooy PR [ R | 1 g e e e e e e e gy )
7 8 9 10 11 12 13
Vs [TeV]
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A TLAS 4  Expected SM
I H—ZZ"— 4l l‘ Observed: Stat + Sys —
13 TeV, 36.1 fb-1 SM Prediction
| Seeeieee oBlb  (oB),, ] _|
9gF : 1310722 1180+ 80
VBF L . 370*1% 92.8+238
VH (<952°(/ZOCL) 5373
ttH Gy 15470
Inclusive +E 1730%2% 1340+ 90
1 | 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0 2 4 6 8 10 12 14
o-B/(c:B),
5.1 b7 (7 TeV), 19.7 fo'' (8 TeV), 35.9 fb™ (13 TeV)
_IIII|II]I|I|IIIIIII|IIlI|IIIIIIIIIlIIIIlIIIIlIIII_
¢ Data (stat. ® sys. unc.) ]
- Systematic uncertainty i
\\k@ Standard model i
LHC HXSWG YR4, mH=125.09 GeV a
&5 =
N \},&?\& ]
ST .

pp > (H—4l)+X

H
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Coupling to Bosons H-> WW

e Larger usable branching fraction (212v) but much larger background
* No Higgs mass reconstruction, rely on lepton kinematics (Mt, Mll, 6,)

2000
& o0 ATLAS Fl>re|iminlary | §3?lln;my . CMSFreliinar 35.9 b7 (13 TeV) CMS Proliminary 359 fo™ (13 TeV)
g 1600; H—->WW*—evuv, Njet <1 = :'/V‘fv J ';' T— . ' H-WW
% 1400; Vs=13TeV, 36.1fb" m Mis-Id (3 4'3 = cs‘r;-prompt % 3; 0.21 g Combination
i 1200; S E tz’t//:w 1 .g= . %mggs ) ) +\[;l;a MggH =1.38 :".24 —.—

1000; M Higgs 1 2; -3 Systematic uncertarty <3 (.4 SM

: = VBF-tagged ,
25 . My =029 o2 o i =128
2
15 | ]
SN U I R
: o
Pug Y
I S :
a 50 100 150 i
m, [GeV] 0 1 2 3 4 5 6
CMS m. [GeV1 6/Ggy
A +0.18 __ +0.11 +0.10
il =1.287 7 = 1.28 £ 0.10(stat) "7 (syst) "7 (theo.)
ATLAS
_ +0.12 +0.18 _ +0.22
ﬂggF — 1.21_0.11(Stat.)_0.17 (Sys.) — 1.21_0.21|
— +0.30 _ +0.37
uvBr = 0.62755q(stat.) = 0.22(sys.) = 0.627 53¢
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Coupling to Fermions H-> t7

. 35.9 b (13 TeV) 35.91b7 (13 TeV)
e SearchforH->tTtwith 1 > 1= D R S S
. . (GD) 35F CMS |$| 4 +0bs.-bkg.- - 8 u CMS ™ 40r +4-obs.-bke. ] 7
de(Cjavmg Inew, ut, et, 3 & E B e S B SR
an T T GCJ :_—Eii:’::.os) 2.5: Bkg.unc.: —: %1400:—_::ii’:::1.09) 200 Bkg. unc. __
h*h s S Aot B - e g g e
* Largest background from 8 ‘%o, i R T e, e :
. '5) - oters i g E '5) : Others —10f ] :
Z'>T'C“and hadronic R 4:‘ 0750 100 150200250500 ] & 800 = 0”50 100 150 200 250 300
mU|thet events o F - me(@eV) 1 @ eoof L ojetrn M (@OY) 3
. . g 10:— B VBF: it ey, en - g E VBF: 1.1, 3
e Search in categories o e T el
. . B B 20— —
aiming at ggH and VBF
. 0 50 100 150 200 250 300 0 50 100 150 200 250 300
production M., (GeV) m,, (GeV)
35.9 b (13 TeV) CMS 35.9 fb' (13TeV)
1 g I 4 ! ' J () E[IIIllllIIIIIIIIII]IlITIIllIII{IIII;
Observation of H-> po T s M e 1o
T 0-jet § %'
u=1.09 + 0.26 | ] g o
I —l Boost(t)e‘t‘;i7 _ _|1 0° f_ .........................................................................
A w=117 520 E
Significance: 4.9 o0 |i 1 A
- -0.35 - el S R ). R RS NS S SRR SR A A R
(5.9 o for comb. of |t o e :
- ] =109 +0:27 1 E
13 & 7-8 TeV) | L
First observed in run 1 : | 1075 E
by ATLAS and CMS Combination™ 1 ’ 3 g8 qi0 i1s iz i a0 i3 1489 15

Best fit p = /o, my (GeV)



Largest branching fraction (58.4%) but huge_ S 10°F atLas V2 Vot 1=t 117
. £ 4o’k Vs=13Tev, 361" Vh _
background from heavy flavour production R - S e
. . "0 243jets, 2 -tags -\“,"v‘i'(‘éiﬁ‘bc ce,bl) E
Need to use exclusive (rare) production @ 10° Wal
. . eie . q 4 mm Z+(bb,bc,ccbl)
mechanism to gain sensitivity: VH H->bb (V=W " = 2
10° =
or Z) o ]
Final states with 2 tagged b Jets and 0,1 or 2 " E
leptons ) N :
35.9fb" (13 TeV) IS
CMS|_| L B ;cn/
R I B L I L I L I PP — VH: H — bb &
ATLAS VH, H(bb)  ys=13 TeV, 36.1 fb" Combined u = 1.2 £ 0.4
—Total Stat. ZH(bb) N M
(Tot.) (Stat,Syst.)| wu=09+05 "~ 512 L}T‘Afv e et
Z [ Vs=13TeV,36.1 Dibt::on =1.901
WH ot 1.35 0% (0%.70%)|  WH(b) i & 10 Calem v S Uncertainty
099 0380 u=17+£07 7 g 8i Wei_tlyhte’dbisz Dijet mass analysis
+0.50 +0.34  +0.37 0 lept. e é
ZH i 112 %45 (0335030 )| w=00%05 2
=
""""""""""""""""""""""""""""""""""""""""" 1 lept. >
Comb He- 4042 4024 +0.34 #=19£06 15
' 1.20 %5 (D023, 028 ) o
A A B I RN I IR IR B 2 lept. Z
-0 1 2 3 4 S 6 ’ 8 “ze&tio'e =i ob 1
Bestfitu{’/iformH=125GeV _16'1 éé 5 40 60 80 100 120 140 160 180 200

Evidence of VH(bb) production

Coupling to Fermions H->
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Coupling to Fermions: ttH

Very interesting:

— give direct acces to the Yukawa coupling
between the top quark and the Higgs

Very challenging:

— Very small production cross section
(0(0.5)pb @ 13 TeV

— Many complex final states and large
irreducible backgrounds

Complex analyses:

— Use of BDTs, MVA, Deep Machine Learning
techniques

Results from ttH-> Multilepton final
states and ttH, (H-bb)
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ttH-> Multile

* Target Higgs decays to WW, tt and ZZ

— Two same sign or >=3 charged leptons+ additional
requirements on b-jet multiplicities (and/or 1, for CMS)

* CMSuses also 1 lepton and 21,

* Irreducible background: ttW, ttZ, with prompt

leptons

* Reducible background: mostly tt+y with mis-

reconstructed leptons

otons

ATLAS comb. p=1.6*95- CMS comb. p=1.230>-,

ATLAS Vs=13 TeV, 36.1 b
—Tot.  --Stat. Tot. (Stat., Syst.)
2608 +1Thag [T B - 1.7 23 (42, 9
16 + 2Ty | -0 0.6 1% (58, 13)
ar| ke 0.5 5 (%5, 03)
3f + 1Thag [ I 16 173 (43, 10%)
2688 + 17ya veed 3.5 07 (13, 109)
3¢ b H 1.8 0% (%38, 702)
2085 fou 1.5 0% (194, '03)
N e : Gfi(f,gfgé)

2> o0 2 4 6 8 10 12
Best-fitp_ for m =125 GeV
ttH

Evidence for ttH production in leptonic final stat

CMS: 32c(2.8cexp.)

ATLAS: 4.1 (2.8  exp.)

o 7 ®
§ F ATLAS "epaa  WaH | § E ATLLS ‘ " ¢ Data " W
W ol s =13TeV, 36.1 o Clttw Otz it} 5E (s =13 TeV, 36.1 o' [JIW Otz
[ 3/tiZCR [Epiboson [ Non-promp: 3¢ tIW CR [Non-prompt  [[JOther
[ Pre-Fit [C]other 7 Uncertainty E Pre-Fit Uncertainty
50 - E
; ;
sof : E
203 =
1of S :
o = éé%%
2 2t
£ o 7 E A
[a] E [a]
0.5
3 4 5 6 7 : 4 5 6 7 >8
Number o Number of jets
.E N T I T T T T | T T T T T T T T | T T T T | T T ]
2 - ATLAS ¢ Data .
£ | Vs =13TeV, 36.1 b MitH (u =1.6)
cms B9’ (13Tev) D Post-Fit ttH (u=1)
L 123 028/t ) 0T g ot T = []Background —
L p=1. 55 (stat.) *'(syst. E 3
i u 2025 ) ,0_35( yst.) - %Bkgd Unc. 3
i E nSans P Bkgd. (1=0) -
—_— N ) i
L ---- Pre-Fit Bkgd.
j
N 1 02 F -
S Y - ]
— N 7
L — -
. 10
JA_J_L‘_J_‘_‘_L‘_L — 1 | 1 1 1 1 | 1 1 1 1 1 1 L 1 1 1 1 | 1 1
-3 1 2 3 Sl 20 R t t t
Bestfitu(tH) 2 15 —tEH (Hm=1 .6) a
B3 of - tH (u=1)
g ® 5[ - Bkgd. (1=0)
al@ o S




ttH (H->bb) and Combi

* ATLAS and CMS use channels with 1 or 2 leptons and

N.

jet

huge backgrounds

>= 4, >=3b, to exploit leptonic t decays to reduce

« CMS also uses the all hadronic final state: higher
rates but even larger background

Combined signal strength of all ttH channel
in agreement with SM predictions

5.1 b (7 TeV) + 19.7 o™ (8 TeV) + 35.9 fo" (13 TeV)

.(t.°t|' ). (.St?t-l , §y|st.|)

ATLAS

{s=13 TeV, 36.1 fb’!
—total stat.
tiH 2Z — <1.9(68% CL)
ttH vy e 0.6 0o (0a:702 )
{iH bb o 0.8 0o (703,55 )
+0.5 +0.3 +04
tiH ML Ko 1.6 4 (03,203 )
E e A S 02 103
ttH combined I|O| 1.2 fo.s ( i0.2 ) toz )
I S | P | P IR
-2 0 2 4 6 8 10

Best-fit R for m =125 GeV

HHWW*)
tiH(ZZ")
ttH(yy)
ttH(t*t)
ttH(bb)
7+8 TeV
13 TeV

Combined

@ Observed

CMS — 10 (stat @ syst)
- , mm +10 (Syst)
H —— +20 (stat @ syst)
e
———
-1 0 4 5 6

nd

In

Events /B

Data@fBkg.

tion

35.9 fb™ (13 TeV)
ET LA N e o=
t CMS e Data E
10°F — Background
F [ Signal (u = 0.72)
10°E —SM(u=1) ]
103§
102§
10 -
E Ll Pl Pl |
L B T L—— T
1.4~ ]
1.2 L
1.0F . - ot iy S
0.8 -
0.6F | | J E
25 20 -15 10  -05
Pre-fit expected log_(S/B)
35.9 61Q13 TeV)
LN L L I B L B B B B
CMS
& tot stat syst
i . +0.52 +0.27 +0.44
Single-lepton : 0.84 “g50 —g.gg -0.43
Dilepton ._¢_._._; 0.24 *12] 083 4104
Combined e 072 088 05 0%
1 I | | ‘ 1 | | 1

ATLAS Combination Run2 m=1.2+-0.3 Evidence ttH Prod. 4.2s (3.8c exp.)

CMS Combination Run2 m=1.18+0.31-0.27 Evidence tth Prod 4.2 ¢
CMS Combination Run1+Run2 m=1.26+0.31-0.26 Obs. of ttH with 5.2s (4.2c exp)




The Higgs Sector summary
CMS p combination: = = 1.17+919

—0.10
Cross sections measurements in
agreement with SM Higgs production
H . . . CMS Preliminar PY serve
Differential Cross Sections also in 359 1 (13 Tow) _Sfc Esta;,’)@sys,)
. = +1G (SYS.
good agreement with SM - 5 _ — 20
n 5 11%
ggH e
Cross sections normalised to SM — ~41%
from ZZ and yy combination Hygp| ——=——
UL L L L L L L L L —
ATLAS Prelimi ~27%
o )—E-‘ Vs=13 Te\;(,aslg.1 ot Hwh i :
: H—yy and H—>ZZ*—4l L 5
: my, =125.09 GeV, ly, [<2.5 u ~51%
VBF = ZH el
| ~5Q0
Measurement e l'lttH e 26%
vH : E Stat. uncertainty — E
: : ~Qo,
: Syst. uncertainty D 25 ""‘— 9%
7 0 SM prediction I PN SIS U I I S U B
ttH —fo— P 0 05 1 15 2 25 3 35 4
| lI | | | Parameter value
—1I[||0|IH1HH2H||3HH4|]H5

44
Cross section normalized to SM



CMS Preliminary
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SM precision measurements
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Standard Model Production Cross Section Measurements

g 1011
5 106
10°
10*

108

SM and QCD

Impressive number of measured cross sections in very good
agreement with expectations

Status: March 2018

O total (2x) : ) ]
OAQ ATLAS Preliminary -
A'Q' inelastic Theory E
. Run1,2 v5 = 7,8,13 TeV =

m:o LHC pp Vs =7 TeV 3
Ddue‘s Bl Daa 45-4910! ]
° E
pr>25GeV LHC pp ‘/g - 8 TeV E
20 A Data 20.2 — 20.3fb™! =
© 3
LHC pp Vs =13 TeV ]
pr>125 GeV HJ°21 = HJAEOQ O ;
o BBl Data 32-3611" 3
pr,>100 GeV ;> 20, > 1 O ww ]
A 0D w o o s ]
A n@fﬁ‘ We 0 v?z O Sotal E
nz2 o] 62 n o EZI ~ o A i
VAN n >4”Ja1 ZAZ g Hg?EVW 3
n=3 4= n23 n>4 A A Wy E
a ni>1 O njcz’s chan Hv:'bbA o) ]
T e o 8.5 oeof o ]
mze"/l:zl1 o of ~ PN 7 n o E
n>5 nz7 VBF ] ]
Iw a © H;WWA & fx Kg ]
o ni>8 —yy E
met 28 g O A o o 3
=1 g E
a .z . i
=7 n H—ZZ—4f A o & 3
o A wew- 3
A m A ]
wz E
A 7

PP Jets Y W z tt t VV 7Y H WV Vy ttW ttZ ttH tty Wij Zjj WWZyyWyywwr ZyjjVVijj

. EWK EWK Excl. EWK
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W boson mass

Early 2011 data with low Pile-Up

4.6 fbl@ Vs =7 TeV

I|III|III|III

Events / 0.5 GeV

m,, = 80.370 = 0.019 GeV

=+ 7 MeV statistical

Muon Pt
A0 e
= ATLAS Preliminary ‘e Data
{s=7TeV, 4.1 o’ WW- v

&+ 11 MeV systematic

[ Background
x2/dof = 29/39

III|II[|III|IIIIIIIIIIIIII[

+++*+-H—I—+;F;|-;+++-l-+++++++ -!—!-.;__i__i."' _L-]L-H.. |
| i

Data / Pred.

&+ 14 MeV modeling

Huge amount of work to
understand detector response
and the modelling of kinematic
quantities (Mt, P,')

(relies on large Z > €€ sample)

LEP+Tevatron

Similar precision reached as for
current best CDF measurement

ATLAS

Electroweak Fit
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Measurement of the Top Mass

Large Top production cross section

— Many precision measurements on Top Properties
Many differenet methods and final states used to extract

Top Mass

— Direct methods, (Templates, Ideograms)
— Indirect method (based on measured Xsect.)

ATLAS+CMS Preliminary My, SUMMAary, fs=7-13TeV September 2017
LHCtopWG
------ World Comb. Mar 2014, [7]
stat total stat
total uncertainty my,, = total (stat = syst) {s Ref.
ATLAS, l+jets (*) ———t 172.31+ 1.55 (0.75 = 1.35) 77TeV [1]
ATLAS, dilepton (*) — 173.09 = 1.63 (0.64 = 1.50) 7TeV (2]
CMS, |+jets et 173.49 = 1.06 (0.43 = 0.97) 7TeV [3]
CMS, dilepton ——— 1 172,50 + 1.52 (0.43 = 1.46) 7TeV [4]
CMS, all jets —t——— 173.49 = 1.41 (0.69 = 1.23) 7TeV [5]
LHC comb. (Sep 2013) LHctopwa - 173.29 = 0.95 (0.35 = 0.88) 7TeV [6]
World comb. (Mar 2014) ¥ 173.34 = 0.76 (0.36 = 0.67) 1.96-7 TeV [7]
ATLAS, I+jets H——tH 172.33 + 1.27 (0.75 = 1.02) 7TeV [8]
ATLAS, dilepton —f=— 173.79 = 1.41 (0.54 + 1.30) 7TeV [8]
ATLAS, all jets F—— 1751218 (1.4+1.2) 7TeV [9]
ATLAS, single top —t——t 1722 +2.1 (0.7 = 2.0) 8TeV [10]
ATLAS, dilepton = 172.99 = 0.85 (0.41+ 0.74) 8TeV [11]
ATLAS, all jets = 173.72 + 1.15 (0.55 = 1.01) 8TeV [12]
ATLAS, l+jets = 172.08 + 0.91 (0.38 = 0.82) 8TeV [13]
ATLAS comb. (i‘?:lf";;) H~H 17251 = 0.50 (0.27 = 0.42) 7487TeV [13]
CMS, I+jets o He—| 172.35 + 0.51 (0.16 = 0.48) 8TeV [14]
CMS, dilepton —tot=— 172.82 + 1.23 (0.19 = 1.22) 8TeV [14]
CMS, all jets HeH 172.32 = 0.64 (0.25 = 0.59) 8TeV [14]
CMS, single top H— 172.95 + 1.22 (0.77 = 0.95) 8TeV [15]
CMS comb. (Sep 2015) H 172.44 = 0.48 (0.13 = 0.47) 7+8 TeV [14]
CMS, l+jets e 172.25 + 0.63 (0.08 = 0.62) 13 TeV [16]
{2} ATCAS.CoNF 2015077 {6]Bur nyn 78 2018)330 {14] Prya.fov093 (2016 072004
(*) Superseded by results (4] Eur PryscsC72 2o12)2202 0] ATLAB-CONE.2014.085 6] s PAS ToR17.0
shown below the line {61 ATLAS GoNF 2070102 el antwarozorsg o
AN AT T T T T N AT T T T T YT TN Y O NN N
165 170 175 180 185
My, [GeV]
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©
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> 160_ T T T 1 Ian I'et' T
O r [l tt correct I >ing ]
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— 120 e Data 1 Diboson -
2 100F E
Re) r % ]
g 80 ;
> ol ]
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E 40? ]
o r ]
201 -
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ATLAS Combination m,,=172.51+-0.5

CMS Combination
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Standard Model :

A precision measurement of m,,, my,
and m, allows a stringent test of the

SM

— Aim at improving further the
precision on Mw with dedicated
runs

Precision measurement of sin?0,, by Ag
consistent with previous measurements

and with SM

Maratea - June 29, 2018
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ATLAS

80.45

= My = 80.370 + 0.019 GeV/
B m -172.84£0.70 GeV
----- my, = 125.09 + 0.24 GeV -
s 68/95% CL of m, and m,

\|

80.4
80.35F -
80.3 :_ == 68/95% CL of Electrowealé
iy Fit w/o m,, and m, ]
B (Eur. Phys. J. C 74 (2014) 3046) ]
| | | | |
802575 170 175 180 185
m, [GeV]
CMS eey . 0.23101 + 0.00052
CMIS ee 19.6 AN I — | 0.23086 + 0.00086
CMS nu18.8 o[ —o—— | 028125+ 0.00060
LHCb pp 3 b B - | 023142 + 0.00106
ATLAS ee-+up 4.8 =B . | 0.23080 + 0.00120
DO ee 9.7 fb” B —— | 0.23147 + 0.00047
CDF ee+uu 9.4 fb” B o | 0.23221+ 0.0006
Soin L e o DU
LEP + SLD: A’y B —o— | 023221+ 0.00029
LEP + SLD B . | 023153 + 0.00016
0.I23 I 0.2IS1 0.2|32 ‘ 0.233
sin?0"" 50

eff
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Status: July 2017
Model

6y Jetst ET™ [ram)

Exotics

ATLAS EXxotics Searches* - 95% CL Upper Exclusion Limits

Limit

ATLAS Preliminary

[L£dt =(3.2-37.0) b

\s=8,13TeV
Reference

*Only a selection of the available mass limits on new states or phenomena is shown.
tSmall-radius (large-radius) jets are denoted by the letter j (J).

107!

10

Mass scale [TeV]

ADD Gk +g/q Oe,pu 1-4j  Yes 36.1 Mp 7.75 TeV n=2 ATLAS-CONF-2017-060
ADD non-resonant yy 2y - - 36.7 | Ms 8.6 TeV n=3HLZNLO CERN-EP-2017-132
ADD QBH - 2j - 37.0 | Mu 89TeV n=6 1703.09217
ADD BH high Y p >lepn >2j - 3.2 L 8.2 TeV n=6, Mp =3TeV,rot BH 1606.02265
ADD BH multijet - >3] - 3.6 My, 9.55TeV n=6, Mp=3TeV,rotBH 1512.02586
RS1 Gk — yy 2y - - 36.7 | Gk mass 4.1 TeV k/Mp = 0.1 CERN-EP-2017-132
Bulk RS Gk —» WW — qqlv Teu 1J Yes 36.1 Ggk mass 1.75 TeV k/Mp; = 1.0 ATLAS-CONF-2017-051
2UED/ RPP Teu 22b,23] Yes 13.2 KK mass 1.6 TeV Tier (1,1), B(A®Y — tt) =1 ATLAS-CONF-2016-104
SSM Z’ — (¢ 2e,pu - - 36.1 Z' mass 4.5 TeV ATLAS-CONF-2017-027
SSM Z' — r7 27 - - 36.1 Z' mass 24TeV ATLAS-CONF-2017-050
Leptophobic Z’ — bb - 2b - 3.2 Z' mass 1.5TeV 1603.08791
Leptophobic Z’ — ¢t 1e,u 21b,>1J/2) Yes 3.2 Z’ mass 2.0 TeV r/m=3% ATLAS-CONF-2016-014
SSM W’ — {v Ten - Yes  36.1 W’ mass 5.1 TeV 1706.04786
HVT V' - WV — qqqq modelB O e, u 2J - 36.7 V’ mass 3.5 TeV gy =3 CERN-EP-2017-147
HVT V' - WH/ZH model B multi-channel 36.1 V’ mass 2.93 TeV gy =3 ATLAS-CONF-2017-055
LRSM Wy, — tb Teu 2b,0-1j Yes 20.3 1410.4103
Cl qqqq - 2j - 370 |A 21.8TeV 7, 1703.09217
. Cl ttqq 2ep - - 36.1 A 40.1TeV n; | ATLAS-CONF-2017-027
Cl uutt 2(SS)z3eu=1b21j Yes 203 (INEEEEEESTEV |Cral = 1 1504.04605
Axial-vector mediator (Dirac DM) Oe,u 1-4j Yes 36.1 Mimed 1.5 TeV 84=0.25, g,=1.0, m(y) < 400 GeV | ATLAS-CONF-2017-060
. Vector mediator (Dirac DM) Oeu, 1y <1j Yes 36.1 Mpned 1.2 TeV £4=0.25, g,=1.0, m(y) < 480 GeV 1704.03848
VVyy EFT (Dirac DM) Oe,u 1J,<1j  VYes 3.2 M, 700 GeV m(y) < 150 GeV 1608.02372
Scalar LQ 1%t gen 2e >2j - 3.2 LQ mass 1.1 Tev p=1 1605.06035
. Scalar LQ 2" gen 2u >2j - 3.2 LQ mass 1.05 TeV. B=1 1605.06035
Scalar LQ 3™ gen le,p 21b,23) Yes 203 [IOmasSeaocav B=0 1508.04735
VLQ TT - Ht + X Oorteu 22b>3] Yes 132 |Tmass 1.2 TeV B(T - Ht)=1 ATLAS-CONF-2016-104
VLQTT - Zt + X lep >1b,>3j] Yes  36.1 T mass 1.16 TeV B(T - Zt)=1 1705.10751
VLQTT - Wb+ X Tep 21b,>1J/2 Yes 36.1 T mass 1.35 TeV B(T - Wb) =1 CERN-EP-2017-094
VLQ BB — Hb+ X Teu 22b,23) Yes 20.3 B(B— Hb) =1 1505.04306
VLQ BB — Zb+ X 2/>3e,u  >2/>1b - 20.3 B(B— Zb) =1 1409.5500
VLQ BB - Wt+ X 1e,u >1b,>1J/2) Yes 36.1 B mass 1.25 TeV B(B— Wt) =1 CERN-EP-2017-094
VLQ QQ — WgWgq Teu >4 Yes 20.3 1509.04261
Excited quark g* — qg - 2j - 37.0 6.0 TeV only u* and d*, A = m(q") 1703.09127
Excited quark ¢* — qy 1y 1j - 36.7 5.3 TeV only u* and d*, A = m(q") CERN-EP-2017-148
Excited quark b* — bg - 1b,1j - 13.3 ATLAS-CONF-2016-060
Excited quark b* — Wt 1or2eu 1b,2-0j Yes 20.3 fp=fi=fh=1 1510.02664
Excited lepton (* Sepu - - 20.3 AN=3.0TeV 1411.2921
Excited lepton v* Seut - - 20.3 A=16TeV 1411.2921
LRSM Majorana v 2e,pu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H** — ¢ 234eu(SS) - - 36.1 H** mass 870 GeV DY production ATLAS-CONF-2017-053
Higgs triplet H=* — (1 Seut - - 20.3 DY production, B(H;* — (r) =1 1411.2921
Monotop (non-res prod) Tepu 1b Yes 20.3 Anon—res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |q| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059
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41.4 17 (13 Tev)

New Bosons

E 10°E % e ‘CMS‘ E ;f::’ 10 atias 4 Daa _%
= 10° [ vz > Preliminary - 10° \s=13TeV,36.1fb" oy -
g 10t - W, WW, WZ, 2Z, ¢ % o Dimuon Search Selection 5 ;?;Ogs:rks _;
] O q0° [ ] Jets = 10t — Z;(3TeV) <
* Di-lepton (ee, uu), e R 3
10 = o
. 1; é 10° —%
(ev,uv) final states offer ..} i 1
: QR E
a very clean S|gnature to 18* E o i
- 10° E
h f H 80100 200 300 1000 2000 2 14 T
searches of new Heavy ,"2" LN 1 —
, , 2 o5 B AT § oo 1] :
BosonsegZ, W o :
Y £ 'so100 200 300 1000 2000 <% 1'215 oot Lon |
e m(ee) [GeV] geg_ig -
100 200 300 7000

Z b s e a rc h Dimuon Iﬁsgr(ilnt Mass [GeV]

* No significant excess 77.31b" (13 TeV, ee) + 36.3 b (13 TeV, uw)

N 107 8\ SR L B B L B B~

obse rved = —— Obs. 95% CL limit ;

g ------ Exp. 95% CL limit, median -

R 107 . I Exp. (68%) E

) - .. [ Exp. (95%) .

. . [ C i

e Results mterpreted IN = oL " Ty, ~
many models e.g.: - -z, ]

— M (Z' ) > 4.7 TeV 107
-M(Z,) >4 TeV

T IIIIIII|
1 IIIIIII|
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10 1000 2000 3000 4000 _ 5000
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Searches in the Mono-

X final states

— One well

reconstructed object
with large Missing
Energy due to WIMP

— Many models

constrained up to 1-2

TeV

Searches also in the

Di-Jet final states
exclude up to 2.7

TeV for almost whole

DM range

Maratea - June 29, 2018

Mono vy

Mono Jet

S]]

med

q g

9q
Za

9x

Xl

Mediator mass M, _, [GeV]

a/d X K
7 X q
Mono Top
1 [ {1 X9
v X
___________ X ———
& u p/a N\ y
S e i
CMS Preliminary LHCP 2017
; 2000 L} T T I L} T L} I T L) L} T I T T L} L l L} L} T L} l T L} L} I v .70 8 l LI Z]
[} . - -
G, 1800 Axial-vector mediator Myea=2xmg, [—
= Dirac DM =
é31600 g =10 Q2012 |
M =
g'=0.25 =
»n 1400 q_ —]
g gl i Exclusion at 95% CL =]
£ 1200 =
Observed vl
5 w1
g 1000 - - -+ Expected —]
© Dijet (35.9 15" =
£ 800 —1 (E;o-mass} —
v ____ Boosted dijet (35570 —
= [EXO-17-001] ]
8 600 DM + JV(qq) (358 ") | —
L [EXO-16-048] =]
400 DM+ y (1291 =
[EXO-16-039] =
DM + Z(Il) (35.9 o) =1
200 6‘4\ : [EXO-16-052] =
0 AI 1 I I Al L I 1 L 1 1 I 1 1 |: | L 1 1 L “ 1 1 1 I 1 1 1 1 I 1 1 L 1 I 1 1 1 I—F‘
0 500 1000 1500 2000 2500 3000 3500 4000 45




SUSY Searches

Selected CMS SUSY Results* - SMS Interpretation ICHEP '16 - Moriond '17

PP 5,8 >aar;
Pp-3 5.8 >aqx
PP 35,3 >bb
5.5 o0 !
Pp>G5,§ >bb
PP-G 5,5 >ty
PP—§ 5,5 >ty
PP-G 5,5 oty
PP-§ 5,5 >ty
Pp-G 5,5 >ty
PP§§.§ >ty
Pp-G 5,5 >ty
PP§§.§ >ty
pvﬁiivﬁit-l_ﬁlci_‘
PP—-§5.9 —>bt x;

PP -G 5.8 ~adr; >qaWy
Pp-3§.8 >aqr, »aaWy
Pp§ 8,5 > ady >aaWi
o359 —»qq(i‘/i:) ~aq W)y
P35, ﬁqq(if/iz)ﬂqq(‘”ﬂ)i

Gluino

ppoITT oty
ppott,t >ty
ppoitd oty
ppATE oty
ppiid oty
A

(]

L)

ppott,t >ty
(Max exclusion for M. _-M s, <80 GeV)

(Max exclusion for M, _-M s, <80 GeV)

_
(o ctuton ol o <0000 CMS Preliminary

PPt e}
ppott,t ey
ppott,t 5cy

E ppazz,z Sbit 3 @-body)
3 pP-tt,t > bffy (4-body) (Max exclusion for M, . _-M s, <80 GeV)
g PPt t —bffy (4-body) (Max exclusion for MM"-M Lsp < 80 GeV)
R s =13TeV
pp—rl_!',_!'—»'iib»bw"ii
% bobwWiy
i E R L=12.9f"L=359fb"
pp bbb b 3 - - - -
TN
o Eb 0 1t
pp—)bb.b—»b'i: o
Ppofd. G ai, g +q(udcs)
p-3 3,8 >ax, g, +9 (u,d,c,s)
T T L T U0 T reueeiea S e e nas M E s s L e T T T T . T T T T T T T T T T T T T T T T
@ ppor % > Mvy y
) ppoit 7wyt it
£ ? 88
> Ly
g 2 oty x=0.5 . . .
I PPk Y S W2ZY For decays with intermediate mass,
™ ppa%ai‘aWHiaii epton
s PPoRE, S WZEL L, 8 21 soft (Max exclusion for M, -M s, <40 GeV) M iermediate = X mMother+(1 X} M sp
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0 200 400 600 800 1000 1200 1400 1600 1800 2000
*Observed limits at 95% C.L. - theory uncertainties not included Mass Scale [GeV]
Only a selection of available mass limits. Probe *up to* the quoted mass limit for jul ~0 GeV unless stated otherwise

Strong Production (Gluino and Squark) well tested: Limits in TeV range
Moving to electroweak production and non-conventional signatures
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History of the Unitarity Triangle

1988 [ 1995

05 -
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Where we are with global UT fits

http://www.utfit.org

s http://ckmfitter.in2p3.fr
S IR IRV B IR B

excluded area has CL> 0.95 . %

1.0

L 0.5
0.5 r -

AR
C 5 & I

-1.0 — Y '
- peem AR, - .
o ICHEP 16 {excl. at CL > 0.95) — L
_15 | A ] I | N | l 11 1 1 | L1 1 | | I | I | S -
-1.0 -0.5 0.0 0.5 1.0 15 20

ge]
O

* Inthe presence of relevant new physics effects, the various contours would not
cross each other in a single point

e Certainly that’s a great success of the Standard Model CKM picture, but there is
still room for new physics at the 10% level
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Measurement of sin2f3

» CP violation due to interference 0.4
between BY-B° mixing and™
b->ccs transitions

03ElLdt=31"  ue| -

-
© - :
§ 02F 3
0.15 -
T AP
é —0.1F W\Q’L E
- —0.2;— E
&
p)]

d w b
B® || wct u,c,t ‘ 5 B —gi gvhys. Rev. Lett. 115 031601 (2@15)
; A e 5 10 15
t (ps)

 LHCDb has
reaChed the BaBar : 0.69 = 0.03 = 0.01
precision of the B . ;% _ﬂ

BaBar JAp (hadronic) Kq : 1,56 +0.4220.21
PRD 69 (2004):052001 ° |

factories and will | s ™" 1 esieseon

PRL 108 (2012) 171802 : :
ALEPH : L - . 084%%.0.16

sSoon su rp assS PoL:cfz > (;2000) ' : ‘ 3.20 1%+ 050,

EPJ C5, 379 (1998)

th at With RU n'2 SRD 61, 072005 (2000) *—4——‘ 079 3%

LHCb : : | 0.73 = 0.04 + 0.02

PRL 115 (2015) 031601 ! :

Belle5S : : 0.57 = 0.58 = 0.06
d ata PRL 108 (2012) 171801 Y

Average : : : 0.69 = 0.02

HFLA! : : :

-2 -1 0 1 2 3

Maratea - June 29, 2018 Nadia Pastrone




@, from b->ccs transitions

0 Ddec * Golden mode B, J/w¢ proceeds (mostly) via a
B, > f b—>ccs tree diagram _

Interference between B, mixing and decay
Dmix ¢dec graphs

s 14 b J/Y
b
Bg u,c,t u,c,t Bg BO Q
S
b W s i
O

* Measures the phase-difference ¢, between the two diagrams,
precisely predicted from global CKM fits in the Standard Model

to be
¢.=—24°n =-37.4 £ 0.7 mrad > can be altered by new physics
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Measurement of ¢,

HFLAV

* ¢, precision mostly driven by LHCb

= 68% CL contours e Latest HFLAV world average
0.12 (Alog £ = 1.15)
CMS 19.7 fb ! - ¢S=_21 i 31 mrad
010 N DF 9.6 b » Still compatible with the SM at the
008 \ present level of precision
=g/ HCb 3 b |
0.06 ATLAS 19.2 fb ! /
-0.4 -0.2 -0.0 0.2 0.4
A [radl
Exp. Mode Dataset s AT, (ps™1) Ref.
CDF Jé 9.6fb~" [-0.60, +0.12], 68% CL +0.068 & 0.026 + 0.009 2]
DO Jhp 8.0fb~' —0.5513% +0.16315:053 3]
ATLAS Jhpo 49fb~' +0.124+0.25+0.05 +0.053 £ 0.021 £+ 0.010 4]
ATLAS Jhp¢ 14.3fb™" —0.1104+0.082 +£0.042 +0.101 4 0.013 £ 0.007 [5]
ATLAS above 2 combined —0.090 # 0.078 4 0.041  +0.085 4 0.011 = 0.007 [5]
CMS  Jwé 19.7fb~1  —0.075 £ 0.097 £ 0.031  +0.095 = 0.013 £ 0.007 (6]
Iﬁggg j% K++ K- 3.0 i_i —0.0?8 +0.049 +0.006  40.0805 = 0.0091 + 0.0032 ﬂ See HFLAV page for
7tr~  3.0fb™' 40.070 +0.068 £ 0.008 — 8 .
LHCb  JWK*K-s 301 +011940107+0.034 +0066+0018+0010 [o the listof references
LHCb above 3 combined +0.001 % 0.037(tot) +0.0813 4 0.0073 +0.0036 [9]  http://www.slac.stanford.edu/xorg/hflav/
LHCb (2S¢ 3.0fb™"  40.23792 +0.02 +0.06619:42 4 0.007 [10]
LHCb DfD; 3.0fb™" +0.02+0.17 4 0.02 — [11]
All combined —0.021 £ 0.031 +0.085 + 0.006

¢ m(K+K~) > 1.05 GeV/c?.
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Measurement of ¥

* vis the least known angle of the UT,
although not for too long yet,
measured via the interference
between b>u and b—>c tree-level
transitions

S
<
~Vc?ff)<ﬁ ~Vub
b » c b /L\ U i=o
: X 7 ¢D
B’ ks § ‘<§ S
u u u u

* Simple and clean theoretical
interpretation, but statistically very
challenging
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Searches for new physics in
b—>s€*€ transitions

* Quark-level transitions entering some of the most relevant decay
amplitudes to search for new physics effects

b . _‘1_ . b b s b
& H™ ‘H™
d; u . 0
]{|| I‘— #—
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B> u*u~and B> utu-

MS and LHCb (LHC run I

16 | T T T T T
14 —¢— Data
° CMS and LHCb performed a Eiég_)na:lirldbackground
B> iy

combined fit to their full Run-1 data

== Combinatorial bkg.

ets ; T e
0 _, ,+,~)=9g+07 -9 of
B(Bg — p"p~)=28"y6 x 10

Candidates / (40 MeV/c?)
S
TTTTTTTTTTTI T I T T YT T TTTITTTI
| | | | IO

) "> Nature 522 (2015) 6

TT,_I.IIIIIlWIIIIlIIIlIIIIIIIIl'

B(BO — ") =3 9+1 x 10710 i,.,.,. L - ‘H:L‘LJ

5000 5200 5400 5600 5800
My [MeV/c?]

* B~ uu6.20 significance was first

observation E’ g’f
104 .............................................................................
— Well compatible with the S F It'x ? 71
Standard Model o F ¥ ’I’Tﬁ(
. L 1045_ ................................................. X
*  More recently, also ATLAS published £ " F Tt
a measurement with Run-1 data e
BN 10*3_
o E | ¥ CLEO A Belle
o = | * ARGUS O BaBar
-— 79_ vV ua1 HE LHCb
g 10°E| x* coF ¢4 cms
3 C | VV L3 O O ATLAS
EPJC 76 (2016) 513 ~ o[ 4400 e« cuswcs |
— I1990I = I‘1995I — I2000 2005 = 2010 — I2015I =

N 985
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B-> nu at LHCb with Run-2 data

New measurement from LHCb
using Run-2 data has led in 2017 to

the first observation of the B,2 uu ; jZ} LHCb _-Eﬁji‘lufu_ :
decay from a single experiment 2oasg T E:Zfr:iﬁal :
B(BY = ptp~) = (3.0+0.6%535) x 1077 5 ?:_ jffj"ji%a?_fngfilf‘; "
Moreover, it starts to be possible < k.. Clmmty,
to measure other properties, such S T s N A _
as the “effective” lifetime, that will o0 w0 oo

be useful for discriminating
between new physics models

LHCb
—— Effective lifetime fit

7(B®— ptp~) = 2.04 +0.44 + 0.05 ps

N
IIIII]IIIIIIIIIIIII

IIIII|III|III|IIIII

Weighted BY — u*u~ candidates / (1 ps)

o
5 10

0
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Lepton-flavour universality tests in b=2>s€+€-

. -o-LHCb -m-BaBar -a—Belle
Measure ratios )

R, = BF(B*>K*u*u-) / BF(B*>K*e*e) < [ PRL 113 (2014) 151601 LHCb
Re» = BF(B®>K™u*u-) / BF(BO>K™e*e™) 1.5F
Theoretically very clean [ i *

— Observation of non-LFU
would be a clear sign of new
physics i

For the moment at the - 0745 074 (stat) & 0.036(syst)
3c-ish level from the SM 0 5 10 15 2[G22/2/ )
Updates with Run-2 data as [l..q e
well as other new = [ JHEP 08 (2017) 055
measurements with different e N

SM

T I L L ]

. i 0.69 * %11 (stat) £ 0.05 (syst)
decay modes expected during 0.8} o (st2t) (eyet)

the course of the year 06 } | £ -

: + 0.11 ® LHCD
[0.66 T ;o7 (stat) £ 0.03 (syst) + Bip

0.4 v CDHMV
: B EOS ]
0.2+ ® flav.io -
- LHCb * IC i
00 T T I A A T A B S S A A I
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Other anomalies in the b>s€*€ sector

* E.g., differential BFs consistently lower than SM expectations, although
control of hadronic uncertainties in the predictions is matter of lively

debates
Em].CSR Lattice —e-Data | | |
G FTT T i : S B S
> SKpp L s Bodup LHCb 3
1o = SMpred. _3
U LI U ] O 7: E
ﬁz 092 6?_ . *Data _;
X = SE _]l_ I ?
) S =
= g E
) ++ S
I S 2F -
) TE 3 28 E
~ QLo F v y(2S) E
Q Iy v(2S) SO:..................:
T 0TS 0T s T 3 10 RIS
JHEP 06 2014) 133 &2 [GeV/c!] JHEP 09 (015) 17 ¢ 1GeVIc]
rvo.ls><104 : — o B T
g BO_)K 0” t\i 1.6 E_ SM prediction .A.b _)A"‘l‘l'l’ _E
‘? @ 14__ —® Dat =
S04 LHCb i S 1af E
3 1 S 1EY e\ iy E
E - = 0.8_— + -
S [ ] =08 F )y s
0.05 _1 - <o b E
[ ——] T 04l =
- < 0 b\, E
v(2S) 5 02f - o ves) LHCb E
G0 15 0 10 15 20

2[GeV7/ct HEP 06 (2015) 11 2 [GeV?/c?
Maratea:-: IE\ g&&% ?)12;7 ¢ [GeVicl] Nadia Pastrone J 06 (2015) 115 g 1Ge C]G7




New physics searches in flavour in a
nutshell

e Classic broad-range measurements
— CKM physics, search for very rare decays

 Measurements in specific sectors where anomalies are
emerging in recent years

— Lepton-flavour universality in b>s€*€- quark-level
transitions, and related b—>s€*€- picture of decay
rates

— Lepton-flavour universality in semileptonic b-hadron
decays
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New physics searches in the flavour sector

Instead of searching for new particles produced directly,
look for their indirect effects to low energy processes (e.g.
b-hadron decays)

b MSSM W- B-B mixin
p / L —I-‘ + NP? Y} C _>_‘t'\|/\/\/\/\/v\‘/\l‘h—>g— s
+ﬂ 7 HY/A® EO{) \CKQ<VJ(0 Bq] 1 W [ bl_J)q
s W
) - L :}‘b b TV vy
 BoPup B,>¢¢ e
General amplitude decomposition in - 1
terms of couplings and scales 4= | Cou 2 WS

By studying CP-violating and flavour-changing processes,
two fundamental tasks can be accomplished

— Identify new symmetries (and their breaking) beyond the
Standard Model

— Probe mass scales not accessible directly at a collider like the
LHC
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LFU tests in semileptonic b-hadron decays

Measure ratio

] e

X)) — * * C LHCb, PRL115,111803(2015 M Predictions E
Ro™ = BR(B>DMtv)/BF(B5DMuv) % b — iiimiomisin’ oo
04l B Avmie RD202520) . Pt G013

Measurements of R(D) and PEL T
03F ¢ 20 -

R(D*) by BaBar, Belle and LHCb : ll | A
025F & . pe—

— Overall average shows a 46 0sF- %
I 02 T0s s o5 s
discrepancy from the SM oS

— LHCb has recently demonstrated to be able to make the
measurement also with 3-prong 7 decays [arXiv:1708.08856]

LHCb can also perform measurements with other b hadrons

— Recent determination of R(J/w) = BF(B.—~>J/ytv) / BF(B.~>J/yuv)
at about 2o from the SM [arXiv:1711.05623]

— Other modes with B, and A, decays will also come
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Spectroscopy at LHCb

LHCb particularly suitable for hadron spectroscopy:
. . 4.4
— Large production cross section @)
— Excellent mass resolution sl
— Excellent vertexing and PID (— low background)
%
>
Many new states have been observed in heavy flavor 2 potol-.
. n
spectroscopy: see for example the charmonium spectrum ‘é 3.8
2Mp
et ¥'(23S,)
rlc’ 1So
3.6 |-
Many of them can be interpreted as “standard” hadronic |:xca(1sp,)@
states 34 |
a2 L established cc states
. predicted, undiscovered
_J/w(1331)
30 T [natso)]
0-4 1-- 1+ 0++ 1++ 2++

[PoS Bormio 050(2015) arXiv:1511.01589]
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The decay =, —J/PAK-

* Paper on observation of his decay just released on arXiv:1701.05274, subm. to PLB
* It may proceed through P_ states with open strangeness:
* Itis the analogous of A,—J/WpK with an s spectator quark

| —+-Data )
40} — Total fit w* LHCb ] b > gl W > (_: Ir .]/’l'il)
L o Z, signal | W "'L_lﬂz____--“ —C
WY EK . ~— g \ K-
Comb. bkg. == ADY. = }
0 om -} (Ab) ‘:::::-4 Z
L) d——» »———d [A(p)
5700 5800 5900 (u) (u)

m(J/wAK™) [MeV/c?]

**only L candidates made with 2 long
tracks
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Exotic states in B* — J/y¢K*

* LHCb exploits the largest sample of B* — J/yw¢K* decays so far, trying to shed light on these states.

_ ~ 600
E 400 E
= 350 B+ = 500
g 300 LHCb 3 fb™! § 400 ®(1020)  LHCb 3 fb”
§ 250 S 300

200 Signal: 4289 £ 151

150 Bkg (23 i 6) 0/0 200

. sideband : ;
100 = : : 100 ;
o, I

" — " ls M " M " 1
5250 5300 5350 1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100
MeV| m [MeV]

Kl . _ e

Signal region KK

. . m
Signal region ye

Maratea - June 29, 2018 Nadia Pastrone G. Passaleva 73



Maratea - June 29, 2018

Fixed target

Nadia Pastrone

74



Cosmic ray physics at LHCb:
p+He—>anti-p+X

The recent AMS02 results provide i e ———

unprecedented accuracy for b AMS.022015

measurement of anti-p/p ratio in cosmic

rays at high energies [PRL 117, 091103 5

(2016)] K

Hint for a possible excess, and milder 107°F g Uncertaints from: st Oroms coction
energy dependence than expected B
Prediction for anti-p/p ratio from 10-9 . — Z(;::);“
spallation of primary cosmic rays on Kinetic energy T [GeV]
intrestellar medium (H and He) is Giesen et al, JCAP 1509, 023 (2015)
presently limited by uncertainties on

anti-p production cross-sections, « The LHC energy scale and
particularly for p-He LHCb+SMOG are very well suited to

. _ perform this measurement
No previous measurement of anti-p

production in p-He, predictions from soft
QCD models vary within a factor 2 G. Passaleva 75



Cosmic ray physics at LHCb:
p+He->anti-p+X

LHCb took p-He collision data in May 2016, with proton energy 6.5 TeV,
Vsyy = 110 GeV

Anti-protons are identified using the RICH detectors

The luminosity is measured using elastic scattering of protons on atomic
electrons

— Fully elastic regime in the LHCb acceptance
— Very well known theoretically

A luminosity measurement at the 10% .
level can be obtained (main = ol |
uncertainty: gas contamination !)

Single electron event in LH IN

L=0.443 = 0.011 £ 0.027 nb*!
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Antiproton production in fixed-

target pHe collisions

Antiproton cross section measured

: o . _
with 10% precision T
. . . . L
Theoretical interpretationonits O "
‘O 10
way 2
Additional production =
. Q.
measurements are also important 2 10°
=]

— E.g., antiprotons from A decays % 107
Further results expected in the near & 10”
future ~ 1071

10—13
lO_h

LHCb-CONF-2017-002 107
(paper in preparation) -

Tl II Il II l] II l] ll )

LHCD Prelimmary —

Y/ N N A A A
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Heavy ions collisions

QGP properties

hadron chemistry

nucleosynthesis in QGP

increased precision on QGP parameters
new insights on jet quenching

collective effects in small systems

Maratea - June 29, 2018

important progress in system-size dependence
properties, buildup of collective effects
closing in on medium effects in small systems?
rich input for pp modeling
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LHCb Heavy lons: J/P and D° signals in PbPb collisions

LHCb has an interesting Hl
physics program exploiting the
complementary geometry and
its PID capability

> -— -

s hadron PID

m— HCAL

W muon system g 4 8 10
s lumi counters n
m— ECAL ATLAS

- —
[ | | .
4 6 4 2 4 6 8

-10 0 10
n
CMS+TOTEM
10 -8 -6 -4 -2 0 2 4 6 8 10

Only pPb in Run 1

In Run 2 we took data also in
PbPb

Challenging! But results coming
out
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Candidates per 8.0 MeV/c?

35F

20E
15F
10E

—————
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EJ/p oty

70%<Event
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25E
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8

: LHCb prclumnary 70%<Event
[ Syn =5 TeV Activity<90%

e
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Heavy ion and fixed target physics at LHCb

* LHCb can operate in collider mode, fixed target mode or both in parallel!

i @
Collider mode :

Fixed target mode p Gas
(He Ne, Ar...) Pb Gas (Ne, Ar)

e Collider mode: forward/backward coverage
* Fixed target mode: central and backward coverage
@ Vs, between SPS and RHIC
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Ultrarelativistic Nuclear Collisions

basic idea: compress large amount of energy
in small volume
—>produce a “fireball” of hot matter:
temperature O(10% K)
~ 10° x T at centre of Sun
~ T of universe @ ~ 10 us after Big Bang

extreme conditions: how does matter behave?
- phase transition
deconfined QCD medium (Quark-Gluon Plasma, QGP)

predicted by QCD !
evidence for QGP already at lower energy +
(CERN-SPS, BNL-RHIC)
LHC: high statistics and controlled probes "Q@F
— quantitative study of properties of QCD medium 3
viscosity, opacity, transport, diffusion, ... ""
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A Large lon Collider Experiment

Status of data taking

System Year(s)

sy (TeV)

L

int
2010-2011 2.76 ~75 pb-"
Pb-Pb 2015 5.02 ~250 pb-1
by end of 2018 5.02 ~1 nb’
Xe-Xe 2017 5.44 ~0.3 pb-!
2013 5.02 ~15 nb-!
p-Pb
2016 502,816  ~3nb, ~25 nb-
0.9,2.76, ~200 ub-!, ~100 nb",
2009-2013 7,8 ~1.5 Eb-t ~2.5 pbr
PP 2015,2017 5.02 ~1.3 pb!
2015-2017 13 ~25 pb-t
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®

ALICE

2018 campaign in full swing!
? E ALICE Performance 2018, pp s = 13 TeV
& 4 2018-06-03 18:29:11
2 | Di-w, single u high-p : 2.7 pb”
Q [ Single u low-p_: 0.38 pb”'
E 3.5 TRD: 0.21 pb"r
1S I E/DCal high: 1.2 pb”
= 3= e/Dcallow: 0.11 pb’
2 [ PHOS:0.87 pb™!
‘® 2.5 Double Gap: 1.0 pb
o = High Mult. (V0): 0.83 pb™
2 [ High Mult. (SPD): 0.060 pb'”
£ 2 yin. bias: 0.010 pb
E :0.010 p
1.5
1=
0.5—
E -
| | e ——— |
0 19 Apr 26 Apr 03 May 10 May 17 May24 May 31 May 07 Jun
*  high statistics Pb-Pb run in November!
Oct Nov pm'nD.‘ec
Wk 40 a4 % !' a7 a8 49 50 51
Mo L 8 5 12| 19| 28| 3| 10| T
Tu a g MDS
We — !g__
Th physics ™
D = N P 1 1
Sa
LSy paos
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A Large lon Collider Experiment

Identified particles ALICE

Textbook-quality Run 2 data!

My 1 07 T 11 (ESR P[5 [ B FSL B3 [ P P P ] P T3 v 107 Tl LB 3 [P P 2 L ) P Y P Y - 107 — — -
TRy 3 —_ E 0 I T | =B | | g2nt Eom ) | SERETN T 3
o -50 i i © -50 + - E < s 50 = 3
> 10° 0 T+ T 4 > 10° 0-5% K"+ K . ;1060 Yo P+Pp ]
8 o2 0-5%x 2° F81510%x2° ] 8 Fe70-5%x 2° Fe510%x2° ] @ 8- 0-5%x 2° Fe1510%x2°  J
= 10° o 10-20%x2] 20-30% x 2° =~ 10° o 10-20%x 27 20-30% x 2° S . & 10-20% x 27 20-30%x2° |
= 30-40% x2°  [®40-50%x 2* = 30-40%x2° & 40-50% x 2* =) 3040% 52 - Felios0nss 3
e . & 50-60%x2°  [8760-70% x 2 > o 50-60%x2°  [#760-70% x 2° = 0 50-60% x2°  Fed 60-70% x 2°
Q'_1 0* .:.. [e70-80%x2' [®]80-90% E Q,_1 0* ... Fe-70-80%x2'  [#480-90% 3 Q'._1 o* e 70-80%x2' [#]80-90%

PR - ° ise e = E
2 10° X ALICE Preliminary - =S 10° .:.::.. ALICE Preliminary - =) 10° %0, ALICE Preliminary -
=2 Po-Pb |5, =502TeV 3 2 “ee,  PoPbysy=502TeV 3 S . :‘:’ Pb-Pb | 5, =5.02 TeV -
© 102 .-, - © 102 ) ..‘r." - % 102 ...». —
* o % 3 ) " e 3 . 3
\ *++—0—+ B 0.. ':0.;m g ° -: 3
NN e T NN e 1 N E
;_ () _.-" —— i ; o \‘.o. El - P—:—{:Fi _; o. ot == 9
1 3 %, \ - _*, e 3 1 % "o o & ]S 1 “ ...' e = E
- . +f+’*. 3 \.. > Cos = o 3 \o. & f\‘gofi 3
1 0—1 3 .~ = -.-_._ 0+++ _§ 1 0—1 '.‘,.,'.I' -, ° e E 1 0—1 e B ® . .
E -0-_’ '0-... —0—+ * s E .\~ 0"" ., Y ° . E \ ’M,. B = - E
102 >y Ty = 4 10 o e e o -2 ~, T, g e N
g 0-0-_' SENE e 3 - T, mem  memase 3 10 B - E
C - b E ] = E
10f 80-90% % T - 1 o[ 80-90% “eu e ] 0 o e e s ]
2 G it . Lo E 10 0 Hm O ¢ =
i ; H e = NE 80-90% Tt LTI
3 3 3 = -
10 E Uncertainties: stat. (bars), sys. (boxes) 3 10 Uncertainties: stat. (bars), sys. (boxes) E 10 =~ Uncertainties: stat. (bars), sys. (boxes) _f— f
10—571 ST e B B i 8 L o e | Vo o | i o Bl o 8 B e 15 10—5 (M o] s i T 16 e 1 i 5 5 i i s 8 10,5 NN RN NN T e e
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A Large lon Collider Experiment

More and more species

Resonances, hyperons,...

1085""""'"'"""""""""""'""""E
10°F o E
af [+]0-10% x 2° 10-20% x 27 ]
10°F 20-30% x 2 130-40% x 27 B
3 40-50% x 2*  [150-60% x 2° ]
10 '(\\. [1160-70% x2° [7170-80% x2' 5
107 e e ALICE Preliminary 2
10% - Pb-Pb \S = 5.02 TeV ]
1;\‘0'&@ —— 3
3 "‘"};‘g 3
%- -:"":‘::' —— -E
E é@ m‘:'m 3
E ¢$m¢:—.:. 3
E otm == =
E = 3
10 2
10°° ;r Uncertainties: stat. (bars), sys. (boxes) 'é
1043:...|...|...|...|...|...|...|...|...|...|...:

0 2 4 6 8

10 12 14 16 18 20
P, (GeV/c)

- QGP hadronisation, radial expansion, freeze-out, ...
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ALICE

[ ALICE Preliminar . -

3 y Pb-Pb |s,, = 5.02 TeV

E - lyl<0.5
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A Large lon Collider Experiment

Deuterons

ALICE

ALICE-PUBLIC-2017-006

ALICE Preliminary 6><1 0°
vl <0.5 (o} C [W]ALICE, p-Pb, |, = 5.02 TeV ALICE Preliminary
+ - VOA Multiplicity Classes (Pb-side)
S Q oSF [@]ALICE, pp INEL, Vs = 13 TeV
e —p ~ N
— - [®]ALICE, Pb-Pb, |5, = 5.02 TeV
) o 4 H H H HHH
Y = Hq
3f * * 'H H
- : {
% deuterons, Pb-Pb \s,, = 5.02 TeV 2 —
T e 0-5% (x512) o 5-10% (x256) -
- ;gig; &;gf’ ig:gg:ﬁ: g?g; 1E (] ALICE, Pb-Pb, |'s = 2.76 TeV (PRC 93 (2015) 024917)
o 50-60% (x8) o 60-70% (x4) - ["m ] ALICE, pp INEL, s = 7 TeV (PRC 93 (2015) 024917)
o 70-80% (x2) e 80-90% (x1) C | | |
--.|ndividua|fit O pp|NELE=13TeV 0 1 1 1 11111 1 1 1 11111 1 1 1 1111 1
L I L I w IINEIL nolrma:isatilon ulncerllainti/: 2.:;35%' 1 1 O 1 02 1 03
3 4 5 6 (chh / dnlab) m <05
P, (GeV/c) lab
Coalescence probability decreases as system size grows
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Events / (1.25 MeV/¢?)

A Large lon Collider Experiment

Hypertriton: lifetime ALICE

3,H: pn/A bound state

Tg_ 500F
3 H 9 3 H + - Y R. E. Phillps and J. Schneps == Free A (PDG)
/\ e I I = [ PR 180 (1969) 1307 SH World A
T 400r G. Keyes et al. A World Average
= [ PRD 1 (1970) 66
E - c STAR Collaboration ~ ALICE Collaboration ALICE Preliminary
450 - ALICE Preliminary o 3 Science PLB 754 (2016)360 Pb-Pb |5,,=5.02 TeV
C * Daa £ 300 328 (2010)58 Pb-Pb J5u=2.76 TeV
C Pb-Pb \/ Syny = 502 TeV 8 Loclimc e ke e 2 l ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, m ,,,,,,,
- — Fit L
400 0-90%, |y| < 0.8 2 200 _ . s [ |
C & Sidebands | 3 3 _ [ | G. Keyes et al. $ |ﬂ m
350 = AH— Hexx L NPB 67(1973)269
- 35 3 F HypHlI Collaboration
- “H—- “He + n* yp )
- A 100 G. Bohm et al. NPA 913(2013)170 STAR Collaboration
300 — _ [ NPB 16 (1970) 46 PRC 97 (2018) 054909
C * Significance (3c) = 8.42 [, J. hrem and P. H. Steinberg
ol PR 136 (1964) B1803

TTTT[TTTT[TTT

NN\ SNy
200 '
150 \
ro0 b2 One of the most precise determinations of the lifetime

0 Consistent with world data and with free A lifetime

7

IIlI|lIII|III\ IN) lIIlIIl

0
2.97 2.975 2.98 2985 2.99 2.995 3 3.005 3.01 3.015 3.02
Moy o+ Moy . (GeV/c?)
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A Large lon Collider Experiment

Charm: constraining the QGP transport properties ALICE

2 2 $ 0 3'_I TT I T 1T I T 17T I T 1T | LI I 1T I T U0 | T 1T I LI | LI | | L | LI I_
= ALICE | ] S 7°L 30-50% Pb-Pb, | s, = 5.02 TeV ALICE i
= 0-10% Pb-Pb, /s = 5.02 TeV E 5 ~  lyl<0.8 ]
= ly<0.5 - = K 32 e D’ D, D* average i
I — BAMPS el.+rad. ] o’ I~ P 8 N
— - g S w 0.2/~ [_J Syst.from data N
8 - e Average D°, D", D" 77 PHSD E o - [0 Syst. from B feed-down 7
8 o MC@ngHQ+EPOSZ _; - n
(@) C ) ] B N
< e N e I 0.1~ ]
8 O 81 \ Open markers: pp X extrapolated referenc: _: | -
~— - . -7 A /A I 1 [ B B 7 1 it Tkl =
> 065 o o ]
X 0.4 o il i
O, 0.2C e ] - — . POWLANG HTL BAMPS el.+rad. 7
. El iy B | NNy MC@sHQ+EPOS2 wmnm BAMPS el. n
0 : oo b o by Ve by by by by n by v by v by g by gy I

1 10
o (GeV/c) 0 2 4 6 8 10 12 14 16 18 20 22 24

P, (GeV/c)

(N dp,) . dN(p,9)
——L "2 o 142v cos(p-,)+ osQ[e -y, ]) +...
<Ncoll>(dN / de)pp d(p ! ((p wl) @ ( (p wz )

* powerful constraint from combination of R,, and v,

Reac(iong':
plane i
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A Large lon Collider Experiment

Jet shape studies ALICE

e.g.: declustering: “peel apart” the shower

1 103 5 T T T T T T T 5

0.9 E ALICE Preliminary 3

IF E F s, =2.76 Te 4

(SOft DrOp) P ’ 3 E u Z::S(T‘ cNt:‘argzeg?e-{s,vR= 0.4 7

JE——— T o 0.8 o 102 80<p§"m< 120 GeV/c —

:"9 *al 0.7k E N E SoftDrop z,, =0.18=0 3

| b e ] KS) - AR>02  __ poia .

-8\ : 2 % 1ok E= Shape Uncertainty _|

g 0.5F ] - = £= PYTHIA Embedded 3

min(p. 1,p1.2) By 04 =g |

)

2y = 1,1,P1,2 2z > 0.1 :2.“_’. 0.3k 1 = e == E

PL1+tPL2 0.2F 3 - . . ]

0% 1 107" —

sensitive to coherence of energy loss o Q E

% 2 ; % St :

. T 08 © o050 : e, -

incoherent coherent 0 Q g E
- - unselected Q005 0.10.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

Zg

gluon

medium
parton

- suppression of symmetric splittings at large AR

medium
parton

medium
parton
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A Large lon Collider Experiment

Xe-Xe: multiplicity ALICE

6-hour run in 2017

N 14 | T T T T | T T T T | T T T T | T T T T | T
= L - . .
T [ALCEIn<05 | * Ny, scaling violated > Ny, ~ works
& B Xe-Xe sy = 5.44 TeV Pb-Pb Vs, =5.02TeV |
% 12_ L mpaﬂ3 a5 L] Epan3 | - already knOWﬂ from Pb'Pb
~ Ll q—2, H=0. Yo =
~ | * Ng5 ﬁ:4.3 *  Ng5 7
e | 1
sl £ b 4 .
= 10 ’ * strongincrease of N, /N, for central Xe-Xe
2 | i — Xe-Xe: more N, than Pb-Pb at same N,
=
°_ ol i — Xe deformation?
s g _
.\% - i — not fully understood yet...
% L oF — = MNEMLNT ]
QAo 6% o —
\Z/ ! f? S ok & KD o w#ok FE
. . 1 _
B L TS S A [arXiv:1805.04432]
4t —
_l | | | | | | | | | | | | | | | | | | | | I_
0 100 200 300 400
(N
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A Large lon Collider Experiment

Energy loss in p-Pb?

charged particles
Pb-Pb central, Pb-Pb perlpheral p-Pb

| L ™ T T
AL|CE \S —502TeV i

1.2 B charged part[cles [n1<0.8 Bl

Repers A pPb

Ja ;
0.8] 3
0.6/ ‘ __ AaN,/dp, —

dN ldp, -

coll

045 l\ —
0.2 —— b-Pb,0-5% N

Hsm P
el Pb-Pb,70-80%
# p-Pb NSD 03<17 <13~
1 |

n|||||||||\||||||||||

ALICE, arXiv:1802.09145
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ALICE

» collective effects in p-Pb
— long-range correlations (v,)
— mass-dependence similar to Pb-Pb
— stangeness enhancement pattern

« but still no evidence of jet quenching
— system size, hence effect, smaller

— but some predictions of sizeable effect, e.g.:
Zakharov, J Phys G 41 (2014) 075008, arXiv:1311.1159
Z B Kang et al, Phys Rev C92 (2015) 054911, arXiv:1507.05987

— dependence on event activity is important!
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A Large lon Collider Experiment

Charmonia in p-Pb collisions ALICE

*  moderate J/{ suppression (consistent with shadowing)

*  but (2S) more suppressed (especially in Pb hemisphere) -4.46<y,,,<-2.96
E 1 -4 L ALICE . | . J/ 28 4 - o) 2-5 B T T T | T T T | T T T | T T T | T T T | T T T | T T T B
& | o \/ﬂc usive T‘V\'/‘V( i o " ALICE Preliminary, p-Pb |,y = 8.16 TeV, Inclusive JAy, y(2S) — p'u]
L - =8.16 Te . 7
1oL p San e Jy (aerv.1l8(l)5.04381) T 446< y, < —2.96, p. < 20 GeV/c 7
i ® y(28) (Preliminary) 2 [—  Transport Model (Du, Rapp, NPA 943(2015) 147) —
" - O N
L - 1 [ Dves) , ]
L B Comovers + EPS09LO (Ferreiro, PLB 749 (2015) 98) i
] 15 O 3
0.8+ L ves) |
L I EPS09sNLO (Vogt et al., NPA 972 (2018) 18) —
0.6 | - '
04 - " | EPSO9NLO + CEM (R. Vogt) B .
i nCTEQ15 (J. Lansberg et al.) 05 - ]
0.2 CGC + GEM (B. Ducloue et al.) B n
r | Energy loss (F. Arleo et al.) : :
0 —I 111 \ | | | | | 1111 | 1111 | 1111 | ] | | 1111 | 1111 | | | O 1 1 1
5 4 -3 -2 -1 0 1 2 3 4 5 0 14
ycms <Ncoll>

- final-state effects?
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Future prospects
Run3 and HL-LHC

Nadia Pastrone
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LHC - heavy ions run

2015 2016 2017 2018 2019 2020 2021 2022 2023

] NULE IFTRARDDASORE T DA 0

A HUCE ) AMOTITALS

EVETS

Run2 : LPb-Pb =10nd"?

. rPb—-Pb — -1
integrated Run3: ‘Ct"ntegrated = 6.0nb
2027 2028 2029 Shutdown/Technical stop

IDTA] AMODTA 1D[A Proton thSICS
Commissioning
lons

. rPb—-Pb - -1

Rund : L; i ooratea = 7-0 nb

e |S2:

— LHC injector upgrades, Pb-Pb rate = 50 kHz (now ~10 kHz)
— ALICE upgrades

* Run 3+ Runé:

— experiments request > 10/nb (ALICE: 10/nb + 3/nb at 0.2 T)
— in line with latest projections from machine group

Maratea - June 29, 2018 Nadia Pastrone
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ALICE upgrade @ Run3 and Run4

PHYSICS GOAL: x 100 statistics increase for Run 3 and Run 4!

e study heavy quark interaction in QCD medium
—> heavy flavour dynamics and hadronisation at low p;

e study charmonium regeneration in QGP

) charmonium down to zero p;

* chiral symmetry restoration and QGP radiation
- vector mesons and virtual thermal photons (di-leptons)

e production of nuclei in QGP

9 high-precision measurement of light nuclei and hypernuclei

Maratea - June 29, 2018 Nadia Pastrone
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A Lage o ol Exprinen e Goal: replace existing MWPC-based Readout Chambers
. and Front-End Electronics in LS2 to allow continuous
TPC at high rate readout of Pb-Pb collisions at 50 kHz in RUN3 and 4 ALICE
e Technical solution: 4-layer GEM detectors

e currently: average time between collisions ~125 us ~ TPC drift time
— 1 eventin TPC at any given time - triggerable

e after upgrade: average time between collision ~ 20 ps << TPC drift time
— 5eventsin TPC at any given time = continuous readout

Time
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A Large lon Collider Experiment

02 System

Requirements

1. LHC min bias Pb-Pb at 50 kHz

2. very small signal over background
- triggering not possible

3. support for continuous read-out

New computing system
= read-out the data of all interactions
=>» compress data intelligently

- online reconstruction

= common online-offline computing system -
02

Maratea - June 29, 2018

Unmodified raw data of all interactions shipped
from detector to online farm in triggerless

continuous mode

Hl run 3.5 TByte/s ﬂ
Baseline correction and zero suppression
Data volume reduction by zero cluster finder.

No event discarded.
Average compression factor 6.6

500 GByte/s ﬂ

Data volume reduction by online tracking.
Only reconstructed data to data storage.
Average compression factor 5

90 GByte/s ﬂ

Data Storage
1 year of compressed data

120 GB/s ﬂ ﬂ 200 GB/s HZO GB/ﬂ

Tier O, Tiers 1 and Asynchronous (hours)
Analysis Facilities event reconstruction with
final calibration

Nadia Pastrone

ALICE

Detector Electronics
9000 GBTs links

J

270 First-Level Processors
Hw acc: FPGAs

J

Switching Network

J

1500 Event Processing
nodes

Hw acc: GP@

Switching Network

<

Data storage

Wr 120 GB/s Rd 320
GB/s

Capacity: 60 PB
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The LHCb upgrade in a snapshot

All sub-detectors read out at 40 MHz for a fully software trigger

\f F

Upgraded detector| New scintillating ECAL HCAL M4 MS \\
fibre tracker M3 \ \
New silicon ciFi RICH2 \\
upstream Thacker
tracker \ : \
\ \

jiil
"

.%
CIg Y e

New PIXEL

vertex ) ...............
detecor / A

New RICH optics
and b New electronics for muon an l
photodetectors ) ' calorimeter systems
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LHCb Upgrade Il — not approved yet

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

% Upgrade la Upgrade b | [ Upgrade I P

D
<o
Belle I

LHC era HL- LHC era [CERN-LHCC-2017-003]

Run 1 Run 2 Run 3 Run 4 Run 5+
(2010-12) | (2015-18) | (2021-24) | (2027-30) (2031+)

3 fb? 9 fb! 23 fb! 50 fb! *300 fb!

e assumes a future upgrade to raise
instantaneous luminosity to 2x103* cm=2s!

* First upgrade in LS2 = instantaneous luminosity up to 2x1033 cm-2s1

» Expression of Interest for a further upgrade during LS4 to reach 2x103*cm=s?
(~50 fbt/year), called Upgrade Il = pileup ~50 - very challenging !!!
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High Luminosity LHC
* a “landmark project” in the ESFRI roadmap
e formally approved by the CERN Council

PHASE2 >2026

TODAY 2018

High
Luminosi
n LHC

Run Il

Rund4-5...

LS1 EYETS 14 TeV 14 TeV
13 TeV - energy
1i naolidat| inj rad! - SID7 %
7 TeV 8 TeV agufu::u couim-wr:" '“':.‘,‘8‘.»'2.‘.’;. a ¢ ﬁ,’g‘,‘jg",‘m HL-LHC installation L*;E;;;'iw

R2E project Civil Eng. P1-P5 rogions

W
damage

2 x rominal lumincsity .
1

75% experiment irl baminos - | experiment upgrad —_ P po!
nomingl beam pipes pamirsl phase 1 phase 2

B 3000 f* [t

D Lay-out, permits,

vl ensinearing ¥ dp Excavation | Surface buildings
Civil engineering tenders,

preparation Reriod

_____
Prototypes/Spec Installation
Tech Infrastructure Specifications FAV Installation
FAV = Fabrication, Assembly and Verification




The main objective of HiLumi LHC Design Study is to determine a hardware configuration
and a set of beam parameters that will allow the LHC to reach the following targets:

Prepare machine for operation beyond 2025 and up to 2035-37

Devise beam parameters and operation scenarios for:

# enabling a total integrated luminosity of 3000 fb!
# implying an integrated luminosity of 250-300 fb-! per year,

# design for p ~ 140 (~ 200) (= peak luminosity of 5 (7.5) 1034 cm2s1) >

# design equipment for ‘ultimate’ performance of 7.5 103% cm2s?
and 4000 fb

=> Ten times the luminosity reach of first 10 years of LHC operation
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LHC Upgrade Goals: Performance optimization

Luminosity recipe :

n N -N.-v- .
L= b 1 i y frev F(¢,[)) 98,05)
dr-p ¢,
=> 1) maximize bunch intensities =>» Injector complex
=>2) minimize the beam emittance LIU < IBS

=>»3) minimize beam size (constant beam power); = triplet aperture
=>4) maximize number of bunches (beam power); =»25ns

=>5) compensate for ‘F’; =>» Crab Cavities

=>6) Improve machine ‘Efficiency’ = minimize number of
unscheduled beam aborts
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11 Tesla dipole (Nb,Sn) long prototype

L g

Q -
'um
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Conclusions and outlook

2018 run restarted very well: LHC continues to provide a wealth
of excellent physics results

Already ~ 100 fb™* delivered by LHC to ATLAS and CMS is only 3%
of the full LHC program =2 precision measurements in the Higgs
sector start to be feasable

Flavor sector can complement with indirect measurements the
direct searches while exploring SM and rare decays

In the current state with fundamental physics, it is necessary to
have a programme as diversified as possible: maintaining the
broadest possible physics programme in the long term will be
crucial

LS2 shutdown for machine and experiments upgrade is close
Looking into the far future seeking for new opportunities !!
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