Welcome to Hard Probe 2018

Eckhard Elsen

Director Research and Computing The conference is focused on experimental and

theoretical developments on perturbative probes of hot
and dense QCD matter as studied in high-energy
nucleus-nucleus, proton-nucleus and proton-proton
collisions, including: () nuclear Parton Distribution

CERN Functions and early-time dynamics, (i) jets and high-pT
hadrons, (i) heavy quarks (charm, bottom, top), and

\ quarkonia, (iv) high-pT photons and electroweak
N S bosons, and (v) future experimental and new theoretical

developments in associated topics.

Hard Probes 2018. International Conference on Hard and Electromagnetic Probes of High-Energy Nuclear Collisions, Aix-Les-Bains, Oct 1, 2018



| HC and its injector chain
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Light by light scattering in Heavy lon Scattering

- Heavy lon acts as a copious
source of photons

- ATLAS Collaboration
Nature Physics 13, 852-858
(2017) doi:10.1038/nphys4208
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L HCDb in Fixed Target mode

System for Measuring Overlap with
Gas (SMOG) allows to inject small
amount of noble gas (He, Ne, Ar,...)
inside the LHC beam around (£20
m) the LHCb collision region

pressure ~ 2 x 10-7 mbar

INn the meantime used for fixed
target physics simultaneously with
pP-Mode.

Further plans for PBC-study



OHe scattering using gas target
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Measurement of prompt antiproton production in pHe collisions c ¢4
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PID from RICH detector response - 3
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p production in pHe interactions at /s = 110 GeV

Antiproton production cross section shown
(integrated over different kinematic regions)

Uncertainty lower than 10% for most bins

Lower than spread between predictions
from various theoretical models

Improves the precision of secondary
antiproton cosmic ray flux predictions
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Exploring Jet-Splitting in vacuum and medium

Re-wind last clustering step and evaluate

min(pr.1,PT.2)
PratpPra

Define hard splitting when
Z > Zeut

Possible to repeat on hardest prong
to find ngp splittings
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Charged Multiplicity: XeXe vs PbPb

e /Q@

© hours of stable-beam data taking In

October 2017

scaling violation
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Xe-Xe Scattering: Nuclear Modification Factor

e /Q@

very similar for Xe-Xe and Pb-Pb
at similar multiplicity
deviates for peripheral collisions
different geometry for same multiplicity

sensitive to geometry <

path length dependence
[arXiv:1805.04399]
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Elliptic Flow In small systems
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C
CMS preparing for Heavy lon Run &S

- Goalis 1.8 nb-1 and large OIS ] o e o O3 2010 CEsT
\| Run/Event: 150431 / 630470
: . . T Lumi section: 173
MiniMum bias sample |

 Run with HI-specific firmware
for detectors, HI-specific
online software, etc.

- Study phase space for energy
|0SS IN nuclear medium



Evolution of Spectroscopy at Hadron Colliders
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Observation of Y-family
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Spectroscopy at LHCb
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HL-LHC schedule

LHC

Run 1 ‘ Run 2

LS1 Mald 13.5-14 TeV

13 TeV
ce consolidatio
R2E project
2011 2012 2013 2014 2015 2016 2017 2018
- expariment sxperiment upgrade
rlvij 111111 I hl‘l‘l FIH F"'_ 1
hurm: o sity 1

LS2 (2019-2020):

1 LHC Injectors Upgrade (LIU)

1 Civil engineering for HL-LHC equipment P1,P5
d First 11 T dipoles P7; cryogenics in P4

1 Phase-1 upgrade of LHC experiments

Run 3

LS3 14 TeV
oto7 x

HL-LHC nominal
installation -

luminosity
2024 2025 2026

energy

experiment
upgrade phase 2

LS3 (2024-2026):
d HL-LHC installation
1 Phase-2 upgrade of ATLAS and CMS

Schedule driven by radiation damage
to LV\/V\zer tVL'PLet (COLZ 20;2.3) 14



Towards 2020 Update of European Strategy for Particle Physics



Physics Beyond Collider Study

Physics

*Beyond
“Colliders

- Kickoff meeting held in September 2016

- Study of fixed target programme

- even with LHC beams

SMOG

SHiP sensitivity to HNLs SHiP:
0 g NuTeV ~== ' . . . S
: Flagship program for a comprehensive investigation
g‘“% of the Dark Sector in the few GeV domain
‘é\o‘é
%w I Exploits the unique high-E/ high-1 SPS features
Z

idden Sector
decay volume

QieD, =10 =100 ¢
2x1020 pot (in 5 years)

L 1 Ill
HNL mass (GeV)

A

Similar layout as NA62, Spectrometer
i - i
with larger acceptance to Particle ID

Search for Hidden Sector
reach the c / b mass range particles (decays in the

decay volume)

arget/

hadron absorbe Emulsion

Beam Dump Facility spectrometer
already under study

at CERN

C. Vallée, SPC 299, Sept. 13th 2016 Physics Beyond Colliders 12

ctive muon shield

Search for DM (scattering on atoms)
v, physics (specific event topology)

Dark sector search complementary to SHiP:
invisible decays from missing energy
First implementation in 2016 by NA64 on an electron test beam

Wish to extend the method tou /n/ K/ p beams
(+ possibly higher intensity e’s with AWAKE techno)

I Source of A”s: Invisible decay of invisible state!

Mu4

T3

Ievel <1 O"I 2 - 1 0'9/e_ vacuum vessel

magnet

S.Andreas et al., arXiv: 1312.3309
S.G., PRD(2014)

Physics Beyond Colliders 13
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Physics

Physics Beyond Collider Study cont’d b cyond

“Colliders

Study of an all-electric storage ring 10" " Storage ring
c 107 = ~ < :
o L wE -— o for proton EDM:
o - e g, ", < - current limits CP-violation test
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High-Energy Options

HE—LHC*
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| epton Collider Options for Higgs and beyond...
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Ewopeans@ European Particle Physics Strategy Update

Update

DRI

Jan.2018 Dec.2018 2nd half of Jan.2020
Call for proposals Febr 2018 Closing submission Strategy Update

for venues for Open Call f antific INoUt community input Drafting Session
Symposium and e L D (deadline Dec 18, 2018)

Strategy Drafting

Session March.2018 4
. nd half of .2
(deadline May 15, 2018) ‘é\ll for nominations of ZOpaenOSyrr?gos?Jrg
PPG & ESG members March.2020

one week

4 days Strategy Update

June.2018 Sept.2019 submitted to Councill
Council decision on Physics Briefing
venues and dates Book available

consultation &

Sept.2018 consensus building
Council to launch the

Strategy Update process &

establish the PPG and ESG || 1 Physics results appearing
| after May 2019 will be taken
I

into account in the process

May.2020
Council to approve

Strategy Update

organisation &
Input preparation
by community |
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