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LHC

SPS

CN;‘\

| 2005 | Gran Sasso

Collision systems and energies at RUN | and 2
L > pp V5 =09,276,5.02,7,8, 13 TeV
TR vy (K e Aerer PE TR » p-Pb \/syy =5.02,8.16 TeV
LHC 27 km circumference > Pb-Pb \/m = 2.76,5.02 TeV

50 to 175 m underground
At the French-Swiss border (Geneva area) > Xe-Xe m = 5 44 TeV

» ion » neutrons » P [antiproton) ——- /antiproton conversion  » neutrinos  » electron
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LHC program

RUN | RUN 2 RUN 3 RUN 4
20092013 L51 2015-2018 LS2 20222025 LS3 2029-2032
pp 7 TeV, pPb, pp 13 TeV, pPb, pp 13.6 TeV, pp, pPb, Pb-Pb
Pb-Pb Xe-Xe Pb-Pb 50, 0.0,
oPb,Pb-Pb

Roderik Bruce, Considerations for 2022 heavy-ion run and LHC status, https://indico.cern.ch/event/1150497/
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LHC program

RUN | RUN 2 RUN 3 RUN 4
20092013 L51 2015-2018 LS2 20222025 LS3 2029-2032
pp, pPb, Pb-Pb pp, pPb, pp, pO, O-0, pp, pPb, Pb-Pb
Xe-Xe Pb-Pb 5Pb,Pb-Pb
RUN 3

* Pb-Pb luminosity limited by LHC
~[-2:1027 cm2 s*! (beam losses )

* Several fills lost on beam dumps due to 10 Hz
beam oscillation events; collimation efficiency

[}
_______ > °

Roderik Bruce, Considerations for 2022 heavy-ion run and LHC status, https://indico.cern.ch/event/1150497/

High Luminosity for ions (~7-102” cm2 s°!)
Oxygen (small to large system bridge, cosmic ray)
Improved collimation systems

= lifted limitation in the LHC from bound-free pair
production

== jon luminosities now limited by bunch intensities

from injectors
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LHC program

RUN | RUN 2 RUN 3 RUN 4
20092013 L51 2015-2018 LS2 20222025 LS3 2029-2032
pp, pPb, Pb-Pb pp, pPb, pp, pO, O-0, pp, pPb, Pb-Pb
Xe-Xe Pb-Pb 5Pb,Pb-Pb

RUN 3

* High Luminosity for ions (~7-102” cm2 s°!)
““““ >« pp energy increased

* Pb-Pb 6.8TeV, 6.37 as a fallback

* Pb-Pb luminosity limited by LHC
~[-2:1027 cm2 s*! (beam losses )

* Several fills lost on beam dumps due to 10 Hz
beam oscillation events; collimation efficiency

RUN 4
* High-Lumi LHC pp luminosity to 5-103* cm2 s/

Roderik Bruce, Considerations for 2022 heavy-ion run and LHC status, https://indico.cern.ch/event/1150497/
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LHC program

RUN | RUN 2 RUN 3 RUN 4
20092013 L51 2015-2018 LS2 20222025 LS3 2029-2032
pp, pPb, Pb-Pb pp, pPb, pp, pO, O-0O, pp, pPb, Pb-Pb
Xe-Xe Pb-Pb pPb,Pb-Pb

Total i 4 Luminosity RUN 142 Target Luminosity RUN 3+4
otal integrate . uminosity | Pb-Pb: I3 nb-! in ALICE/ATLAS/CMS,
Pb-Pb: 1.5 nb-! in ALICE, 2.54 nb-! in 2 nb-! in LHCb

IS-IEI:';\SS/CI:DTS" OA2I_6ICII1IIED_I~i2nZ|(_)HCb:'t')' """"" 7 p-Pb:0,5 pb! in ALICE, Ipb-! in ATLAS/CMS,
p-Pb: 75 nb'' in ) 2 e O 0.2 pb’' in LHCb

ATLAS/CMS, 36 nb™! in LHCb To be continued in RUN 5, see talk by R. Bailhache

Roderik Bruce, Considerations for 2022 heavy-ion run and LHC status, https://indico.cern.ch/event/1150497/
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LHC program RUN 3

Long Term Schedule for CERN Accelerator complex EDMS: 2311633 v.1.1

2022 2023 2024 2025 2026 2027
Ql | @2 | Q@3 | @ | a1 Q2 Q@ Q4 | Q1 @ Q@ [ | Q@ Q@ @ [ [ Q Q@ Q@ [ Q@ | Q@ @ | o4

LHC
SPS
PS
PSB
L4

2028 2029 2030 2031 2032 2033
Q0 @ @3 ® | @ @3 ® | @ @3 ® | @ @3 ® | @ @  © | @ @3 o

RUN 4
HI program T.B.C

LHC
SPS
PS
PSB
L4

. Long Shut-down Beam Commissioning . Operation . Technical Stops

Roderik Bruce, Considerations for 2022 heavy-ion run and LHC status, https://indico.cern.ch/event/1150497/
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Dedicated to heavy-ion physics
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Upgrade planning

RUN | RUN 2 RUN 3 RUN 4
2009-2013 LS| 2015-2018 LS2 2022-2025 LS3 2029-2032
PP, pPb, Pb-Pb pp; pPb, Xe-Xe Pb-Pb pp, pO, O-O, pPb,Pb-Pb pp; pPb, Pb-Pb

High Lumi for lons

HL-LHC
ALICE 2 ALICE 2.1
* Major upgrade for ALICE and
LHCDb during LS2 (in red) ATLAS [ ATLAS
PHASE | PHASE I
* Major upgrade for ATLAS and :
CMS during LS3 (in red) CMS CMS
PHASE | | PHASEI

LHCb LHCb
Upgrade [(a) Upgrade I(b)
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ALICE 2 -RUN 3

Time Projection Chamber (TPC) Consolidation and readout upgrade

New rea.ldout chambers: from Multi Wire of all subsystems
Proportinal Chamber (MWPC) to Gas
Electron Multiplier (GEM)

17 m from IP 3.5 m from IP

Inner Tracking System (ITS 2)
3+2+2 cylindrical layer of MAPS (~ 10m?)

Integrated on-/off-line System _ Improved vertexing at high rate
Continous Readout with First Level ‘ r :
Processors (FLPs)

Event Processing Nodes (EPNs) for GPU-

based Synchronous reconstruction
L T N T

Online Data
Compression

5 planes of MAPS
Forward vertexing for Muons
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ALICE 2 -RUN3

Time Projection Chamber (TPC) Consolidation and readout upgrade Fast Integration '!:rlgger
New readout chambers: from Multi Wire of all subsystems
Proportinal Chamber (MWPC) to Gas ' N
Electron Multiplier (GEM) | m o

)

P 3.5 m from IP

ing System (ITS 2)
al layer of MAPS (~ 10m?)
xing at high rate

Integrated on-/off
Continous Readout
Processors (FLPs)

Event Processing Nodes

based Synchronous reco
= R b B L

P _ — Online Data
8 Compression

&

5 planes of MAPS
Forward vertexing for Muons
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ATLAS and CMS PHASE | - RUN 388

ATLAS CMS

* Trigger
FPGAs for L1 trigger Inclusion of CSC and GEM for track
algorithm for L1 GPU modules for HLT

* Muon System: New Small Wheel!

* Trigger and DAQ

Many upgrades for Run 3 on the way to

R . * Forward muon system
HL-LHC By Py

|44 GEM chambers installed * new frontend electronics for CSC
endcaps

»Run 350643 =
, _Event819 ]

e LAr calorimeter « ZDC

Segmented super-cells: shower- Fused silica rods for radiation
shape discrimination at trigger  tolerance. On-detector

 HCal
HPD — SiPMs
Upgraded readout

level processing
C  Tracker

Super Cells . CMS preiiminary 3.8T cosmic rays (2022)

oo _ Phase-| pixel detector: - o
e N 3 — 4 barrel layers I
[ . g 120f o 3

: Vs - 2 — 3 forward disks Swp & FPIX ]
or- -,"’ ® = 0.025x0. H E (3 > E
E fy.-‘ ¢ e 30 — 22.5 mm beampipe *® < &
s Installed in EYETS 2016/2017= . | "
R In data taking in 2018 s Xl

AnxA® = 0.1x0.1
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LHCDb la- RUN 3

Muon stations
MI (GEM) removed
new electronics (triggerless)

RICH Readout and data processing
RICH I renewed Full SW trigger on GPU: readout at 40 MHz

RICH 2 upgraded

New readout ASIC (CLARO)
Tracking

Upstream tracker
Silicon micro-strips SciFi tracker (new)
SiPM readout

Confinement cell installed
Two movable halves to follow the VELO ¢

New gas feed system
Parallel operation with pp under study New electronic (triggerless, non-zs data)

Higher pressure (x100) Reduced PMT gain
Also non-noble gases (H2,D2,02,N2) | e

LHCb simulation - Upgrade

v e it ) R vertex Locator £ 35000 - EPOS 100%-30% PbPb 5 TeV .E— . B
EtNRNRN I e W new VeloPix sensor :
i W a0 ARRRURARNRNRI Y closer to beam (8.1 mm — 5.1 mm)
IP . .
1m thin RF foil

Calorimeter

VErtex LOcator sensors

SMOG

~ 10 mbaron+/-20m

L L L L
14 16 18 20
ECAL energy [TeV]
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LHCDb la- RUN 3

RICH Readout and data processing
RICH I renewed Full SW trigger on GPU: readout at 40
RICH 2 upgraded

New readout ASIC (CLARO)

(triggerless)

ps SciFi tracker (new)

SMOG 2

Confineme
Two movable
New gas fee r
Parallel opera te ent in WEETONIc (triggerless, non-zs data)
Higher press
Also non-nobl

VErtex LOcator §

Vertex Locator

' new VeloPix sensor

, SMoG2 AERRRSRRNRIRIRY closer to beam (8.1 mm — 5.1 mm)
1m thin RF foil

SMOG
ar on + X
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Upgrade planning

RUN | RUN 2 RUN 3 RUN 4
2009-2013 LS| 2015-2018 LS2 2022-2025 LS3 2029-2032
pp, pPb, Pb-Pb pp; pPb, Xe-Xe Pb-Pb pp; pO, O-O, pPb,Pb-Pb PPs pr, Pb-Pb

High Lumi for lons

HL-LHC
ALICE 2.1

ATLAS
PHASE I

* Major upgrade for ATLAS and
CMS during LS3 (in red) CMS

PHASE I

LHCb
Upgrade I(b)
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ALICE 2.1 - RUN 4

FoCal

* FoCal-E, Si-W high granular elem. calorimeter

* FoCal-H, Cu-fibre hadronic calorimeter

Poster Session Tuesday
62. Dong Geon Kim

Small-x complementary to LHCb and EIC

Hadronic+UPC measurements

EM and DIS measurements

102

Q (GeV)

CERN-LHCC-2020-009

ITS 3

\

Alperen Yuncu, Wednesday |

PA. Det. And Upgrade ‘

* Inner-most tracking layers to be replaced by ultra-

- . ? ] Half Barrels /
e

thin, wafer-scale bent MAPS

Cylindrical
suwuctural Shell

180~
I ALICE Upgrade

160
[ Pb—Pb 0-10%, \/s,, = 5.02 TeV

A, — pKn*

Significance

Beauty- and charm-strange
mesons+baryons: B% A% A =0 =7
Heavy-flavour vertexing at low p+
with prompt A", Ds™, =¢

F L, =10nb”
120F

= |TS3
* ITS2

100F

-+
80: _+_ ++

——

o 4
40

20 f_'_—o—++

——

2 4 6 8 10 12 14
[ALICE-PUBLIC-2018-013]

Fo
P S PR AP I PP S |

I16I I I1|8I ! I20
P, (GeVlc)
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ATLAS PHASE Il - RUN 4

Muon System: new muon chamber Upgrade of Trigger, DAQ,
electronic and luminosity

High-granularity timing detector detectors HL-ZDC [ = o A U e
Based on LGADs Riccardo Longo, Tuesday
PID with cTOF = 35 ps
Baseline trigger for HlI

JZCaP (jointly with CMS) adapt to new
optics increase radiation hardness Reaction
plane detector

Top shieldi
BRANslot  OP°n'€@ing

New tracker hybrid silicon pixeland
strip sensors coverage up to |n| < 4
higher granularity

Improve flow measurement

e ’ Absorber
4 : OF Recombination

efficiency

0.8F
F chamber . z

%t i CERN-LHCC-2021-018

0.4~ ATLAS Simulation Preliminary ]

[ ITk Inclined Duals

[ Pb+Pb \s, =502TeV
HIING

okt . . .

e e Endcap calorimeter: high granularity

P, (GeV
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ATLAS PHASE Il - RUN 4

Muon System: new muon chamber Upgrade of Trigger, DAQ,
electronic and luminosit

High-granularity timing detector
Based on LGADs

PID with cTOF = 35 ps
Baseline trigger for HlI

PA. Det. And Upgrade
Riccardo Longo, Tuesday

ith CMS) adapt to new
adiation hardness Reaction

New tracker hybr
strip sensors coveraj
higher granularity

Improve flow measu

Absorber

Recombination \
chamber z
* 4

CERN-LHCC-2021-018

ITk Inclined Duals
Pb+Pb \'s =5.02 TeV
HUING

0-100%, bl < 4

\\\\\ L

ST Endcap calorimeter: high granularity
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CMS PHASE Il - RUN 4

MIP Timing Detector (MTD) New Readout for muon systems

barrel: LYSO + SiPMs ﬂ
- PA. Det. And Upgrad
endcaps: LGADs HL-ZDC Riccardthongo,Pl'gu:sdeay J

:T?ni zti30 ps ) o nl- JZCaP (jointly with ATLAS) adapt to new
ermectic coverage up to [N =3 optics increase radiation hardness Reaction
plane detector

. 7CMS Phase-2 Simulation PbPb (5.5 TeV)

Barrel

10°
Hydjet - Top shielding

m<15

BRAN slot

o2

()P — gevt)

CMs/

#~| CERN-LHCC-2019-003 '

IP flange

Absorber

Recombination Y
chamber e . Z
Endcap CERN-LHCC-2021-018
Tracker calorimeter
hybrid silicon pixels + strips for outer High-granular ECal +
Radiation tolerance, High granularity HCal

Reduced material, [n|<2.4 —|n|<4 4d showers (ot = 20 ps) - ﬁ
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CMS PHASE Il - RUN 4

MIP Timing Detector (MTD) New Readout for muon systems
barrel: LYSO + SiPMs

endcaps: LGADs

oTOF = 30 ps

hermetic coverage up to |n|=3

PA. Det. And Upgrade
Riccardo Longo, Tuesday

ith ATLAS) adapt to new
adiation hardness Reaction

MS

" CERN-LHCC-2019-003

Absorber
Recombination \

chamber z
X~ >
Tracker ) CERN-LHCC-2021-018
hybrid silicon pixels + strips for outer Endcap calorimeter
Radiation tolerance, High granularity High-granular ECal + HCal

Reduced material, [n|<2.4 —|n|<4 4d showers (ot = 20 ps)
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LHCDb Ib - RUN 4

PA. Det. And Upgrade ‘

Tracking Proposal for LHCSpin | Marce Santimaria Wednesday)
Upstream tracker Upgrade of SMOG, RUN4, not yet approved

SciFi tracker: first Mighty Tracker (MAPS) Bring a polarized gas target at LHCb

elements inserted in SciFi Nucleon Structure (TMD, Gluon Sivers function,

Magnet stations: pt below 5 GeV/c PDF) and HI

MAGNET INFO FOR THE CELL ACCESS

0 8.16 TeV pPb Other Collision Systems

" I LHCb LHCb 110 GeV
[0 ATLAS/CMS HERA

[0 ALICE

i ALICE Muon

- MAGNET IN TWO SEPARATED COILS

- CSHAPE YOKE OR WITH A SIDE
REMOVABLE PLATE 10!

100

1
— CTH pup=2GeV
== CTM up =10 GeV

16

ST iy =100 GeV

0.1_ T T T
E 4<M,, <9GeV/ic’
0.05FdM =05 Gev/ic?

pp Vs=115GeV

Inner Tracker (LS3 e
i w W, O
B Viddle Tracker (L54) ~54 cm (one Sci-Fi module)  20cm

Not yet full centrality reconstruction
T.B.D RUN 5 (Mighty Tracker and
Upstream Tracker)

“Eeff. pol. =08 =
C 1 1 1 1

1 1 1 1 3
0 01 02 03 04 05 06 07 08 09
XT
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PHYSICS Outlook™ - RUN 3+4

* Not an exhaustive overview

» Upgraded machine: » Upgraded experiments
» increase in energy and luminosity » To cope with the machine upgrade and collect more statistics
» Intermediate systems with Oxygen » All experiments developed upgrade for HI physics
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PHYSICS Outlook™ - RUN 3+4

» Upgraded machine: » Upgraded experiments

* Not an exhaustive overview

» increase in energy and luminosity » To cope with the machine upgrade and collect more statistics
» Intermediate systems with Oxygen » All experiments developed upgrade for HI physics
14 [CERN-LPCC-2018-07] [CERN LPCC 2018 07]
> Initial State‘ —5.0<Y <-32 -32<Y <-25 U ‘
* 1.2 [ ALICE Simulation, Pb+Pb—) Pb+Pb+V + {”
» Nuclear PDF and Nucleon structure, low-x 1l %ﬁ | = 1 Sy = 5.5 TeV, L= 13 nb" J[ N a
» Reference systems (UPC, pA, pp), event characterization L '}'-H. H : } { 0sl o {Jf 1 b
» Total c cross section 060l g
- .EPPSIG reweighted [ L}}{‘Cb projection D 06 IR B ]
’ 15<Y <25 25<Y <30 n- :
<, ]
. s {  CMS Y(1S) pseudodata
xE r — EPS09LO, Q@=m, /2 }  ALICE Y(1S) pseudodata |
T # 02  —— EPS0SLO,Q=m,, /2 }  ALICE y(2S) pseudodata ]
a8 + — EPSO09LO, Q=m, /2 t  ALICE J/y pseudodata
’ T T BT | L
0.4 b e _ 10° 107 107° 1072 «
O [GeV] Ty [GeV] . 105 X
4 o Wres TeV pPb Other Collision Systems “I.Xi\v:f'l'k)’[]{(]ﬁll}[]
o 2%pb reweighting oo T LHCD . ;}E'(R".’ 10 GeV_
—nNNPDF1.0 ] EI‘ i{h? B & .
B EIC it o 10°} E=<J ALICE Muon Q—' -e
t,,,z _;;2?0}3: _: 104 “”" '

P Pb

:_._.’ ] 10! c— &
0 sl " d d m
s s v < =

Gas
(He,Ne, Ar...)

X Gluon saturated region
100 1077 1077 e 1077
i
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PHYSICS Outlook™ - RUN 3+4

» Upgraded machine:

» increase in energy and luminosity
» Intermediate systems with Oxygen

> Initial State:

> Nuclear PDF and Nucleon structure, low-x

» Reference systems (UPC, pA, pp), event characterizatic

» Total c cross section
» In-medium dynamics: thermalization
and transport properties

YV VY

Thermal radiation with photon and dielectron
Susceptibilities and net baryon fluctuations

Jet Quenching: mass and time dependance

Heavy flavor transport, precision measurement for
Raa and v, bottomonia

PLB 813 (2021) 136036

» Upgraded experiments
» To cope with the machine upgrade and collect more statistics
» All experiments developed upgrade for HI physics

* Not an

exhaustive overview

CMS pPb 186 nb' (8.16 TeV) .,
T T T T — T T T T T3 I R REREN T T T B T
03 ll<1 CGC (Zhangetal) | ATLAS Preliminary =
AR T —" - - - Prompt D° 1 o8 Projection from Run-2 data o
s D° from b had = h ’ o .
[ % WD iembhadmons FIOmpLY, /I‘Pf = Direct photon excess
- 12<ly |<24 — D" from B mesons 8
- lab ] & F |
[ 4 PromptJ/y Gt Ll 0.6/ (.') 5>|_a? ALICE Upgrade projection =
2 + & | 3 }'_s: 0-20% Pb-Pb E
ao = £ ® Run3+4 projections =
= - 0.4 = % QES 14— JETPHOX b |
SCETg, g=1.8 1 ERrs ):ngo o k|
SCET,, g=2.2 E F Cererererersisiorsiele® E|
0.2(~ [IPb+Pb:05nb" o Lor © -0 W 13 E
B Pb+Pb: 10 nb” EQ &) 08 =
: : = \gLs} 20-40% Pb-Pb -
1 1 1 1 1 | 1 = B
‘ . ‘ 900 300 400 500 600 700 800 900 1000 £ E
= e
0 1 2 3 4 5 6 7 8 g 14 =
p_ (GeV) By lGeV] B =
T “F ﬁ_.ﬁgwu.ﬂé_;‘i—:' ]
1= = e -
& 0.2 rALul .E] —TT |P| L T T o 0.3>‘ _——— - 7 0d E
| ALICE Upgrade Projections, 10 nb F ALICE Upgrade Simulation 1 1 40-80% Po-Pb E
15 Po-Pb VS =5.02TeV, 25 <y <40 E F 1 F 1
0.15 = Jhp — iy, 20-40% ], 0.25[- Pb-Pb, {s,=5.5 TeV, L, = 10 nb™ 1 E
L ® Y(1S) - u'w,560% 1| B A E
W ® o Y(@S) - w'w, 5-60% ] F 1 F E
0.1F -~ ™ * ! 0.2F HBB o Rk T
. 1¢ s 5 = D" 30-50%centr. ] F o, oiemeelemareiaiel < ]
. :: [ + D;30-50%cent. b E
X I v A}, 10-40% A
0.05f- I : 0.15F H _*_ ] ¢, 10-40% centr . 1 pT(G;(\]l/c)
o Mo = it J! . ?ﬁ \ : pr (GeV/c)
ol : r ’ - .
i 1 o1 H i ]
[ Transport Model (TAMU) Hydrodynamical Model (KSU) 1! L B E
_0.05F - - Y(18) 4 - B
Y(18) 1 0.05) B
rrrrr Y(28) b
—0-0 é ‘;é é 1'0‘ 112“114‘ g PN USRI AN RN B SR PR .
p. (GeVic) 0 2 4 6 8 10 12 14 16
A

P, (GeV/c)

[CERN-LPCC-2018-07]
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PHYSICS Outlook™ - RUN 3+4

* Not an exhaustive overview

» Upgraded machine: » Upgraded experiments
» increase in energy and luminosity » To cope with the machine upgrade and collect more statistics
» Intermediate systems with Oxygen » All experiments developed upgrade for HI physics
> Initial State: O . g oo
» Nuclear PDF and Nucleon structure, low-x a1er AunC,EtP]otm“ttjt . % %/6) Ei. :: .:::Z:
» Reference systems (UPC, pA, pp), event characterization 141 AioE Uradoprofcion st (200 ) e 3
> Total c cross section 1-2? @iviet Woutiet Winoutje Nx 008 S
> In-medium dynamics: thermalization and transport properties | "7 o umpmpanemt e ;
» Thermal radiation with photon and dielectron o » H H H H HH H H H @ @/B [ e ]
> Susceptibilities and net baryon fluctuations o8 . cpe 107 & e E
» Quenching mass and time dependance 041 e ¢ o : ]
» Heavy flavor transport, precision measurement for Ry, and v, bottomonia 02, A 107*F o0 & ?oje;‘rnvp:f:anev.Lm,rnb-‘mv E
» Onset of collective behavior from small to large systems o5 o 5 20 2530 35 i fassme G fetere
» Systematic measurements of QGP legacy probes vs. mult, vs. systems, vs. energy ol Moz ‘06”“”‘; T R T
» Onset of energy loss and thermal radiation (AN /A, 0
> High mult pp sample and new collision systems o n—— A::”++K+p e
Fooo o BTLonly 0100%  Gerios

7

- = =y

3 1<lyl<2 k3 2<lyl<3 3
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PHYSICS Outlook™ - RUN 3+4

* Not an exhaustive overview

» Upgraded machine: » Upgraded experiments
» increase in energy and luminosity » To cope with the machine upgrade and collect more statistics
» Intermediate systems with Oxygen » All experiments developed upgrade for HI physics
o , 0 A(JDO Ab/B"'
> Initial State: CMS Phase-2 Simulation Prelminary A :
> Nuclear PDF and Nucleon structure, low-x o 1<|Iyld U e Modesotoone 3 < :E Pb-Pb (S, = 5.5 TeV, centraiity 0-20%
-OF = SHM30-50% === Catania Coal. only ] e Ly =10nb" RS
» Reference systems (UPC, pA, pp), event characterization f 0-100% i = £ 13
> Total c cross section 24 12 o e
=N 18 so L SR TR 18
» In-medium dynamics: thermalization and transport propertie =7 1o ‘" 15
» Thermal radiation with photon and dielectron B3 12 3 iE
p : E 5
T 1= F ER=
» Susceptibilities and net baryon fluctuations N: 2= E
» Quenching mass and time dependance : — | | %
» Heavy flavor transport, precision measurement for Ry, and v, bottomonia B Gevi
» Onset of collective behavior from small to large systems . — .
» Systematic measurements of QGP legacy probes vs. mult, vs. systems, vs. energy a5 "p;“"' Out of 2 ’P"':f’ﬁg;im“"1°%"B=°‘5T |
> Onset of energy loss and thermal radiation e o 2o ol
> High mult pp sample and new collision systems £ 1 g
» Hadronisation g5 woansmias | 2
» Baryon/meson ratios, flow -8 et cone 40 " 2
1 0'5, ".:%:EanyLlnoﬁot?leCoAr::O(.AsrLO.G) E /,// :
> Mu|t|-Charm baryons o, ‘ -BTLonIyou(‘oVCone(AM.S) 1;;; > /;" J 3 H]
> JetS 1 2"k (GeV) 3 4 Min. bias mtegrated Iumlnosny (nb™)
Py (Ge
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LHC 2022 Planning

» April to July 2022 : Machine and Experiment commissioning

LHC + exp. closed y/p yisit Stable beams § Multi-bunch
TI2&TI8 | start Beam All valvesopen |HC tunnel Injectors VIP visit at injection | peam injection
beam test JCommissioning May Technical stop LHC tunnel un Jul
Wk 14 15 16 17 18 19 20 21 22 23 24 25 26
Mo 4 11| Easter |18 2% 2} 9 16 23} 40! Whitsun 6 13; 20} 27
Tu LHCb VELEg installatipn i ;
"""""""" VT T[T = RF Low level setup V
We Machine dheckout A S & Recovery ; : Scrubbi
RF condi{ioning o . v el
Th + : Ascension : i :
--------------------------------- D B et e e b e e b e eeaea e Scrubbing 4+ Scrubbing
Fr S "Ist" May | ; : .
S P N . i R -
I S— R Re-commissioning | | S > S b o A T
with beam 4 P v ] :
Su ; :

LHC Schedule, last update 25™ April 2022 hepsiiedms.cern.chiuifile/2664630/LATEST/2022-LHC-schedule_v. | pdf
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LHC 2022 Splashes

» Beam splashes on TED/TDI
» Muon showers
» Commissioning exercise for experiments: readiness and timing

Run: 420624
Event: 556109
2022-05=07 06:59:15 CEST
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MS Experiment at the LHC, CERN
ata recorded: 2022-May-27 08:01:41.164608 GMT
un/ Event /LS: 352417 / 11479080/ 12

Run 231421 - eviD 5543157

Fill: 7670 E: 450 Gev t(SB): 03:50:24 29-05-22 12:03:37 . .

PROTON PHYSICS: STABLE BEAMS

Energy: 450 GeV I B1: 2.87e+11 I B2: 3.11le+11

Inst. Lumi [(ub.s)™-1] IP1:  0.01 IP2:  0.01 IP8:  0.01
Updated: 12:03:34 flinstantaneous Luminosity Updated: 12:03:35

FBCT Intensity and Beam Energy

>
&
o
2
2
IE

900 GeV collision in 2022 May

00:00 02:00 04:00  06:00
— ATLAS — ALICE — CMS — LHCb

00:00 02:00 04:00 06:00 08:00 10:00 12:00

BIS status and SMP flags
[Comments (29-May-2022 09:25:59) Link Status of Beam Permits EXPERIMENT
Stable Beams Global Beam Permit XS T Run Number: 423110, Event Number: 183777
Setup Beam 00 Date: 2022-05-28 09:52.08 CEST
Beam Presence
Moveable Devices Allowed In
Stable Beams

AFS: Single_4b_2_2_2_noLR IVETNACE: A ENABLED [JYEITNCY:¥l ENABLED

Roman Pots IN

~ 42h of Stable Beam at 900 GeV
in 202 |
~ 45h hours so far in 2002

Run number: 517678
First TF orbit: 785288831

Date: Sat Jun 4 04:20:28 2022

Detectors: ITS,TPC,TRD, TOF,PHS, EMC,MFT,MCH,MID
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LHC 2022 Planning

»> 5th July 2022: First Stable Beam at 13.6 TeV

First Stable beams Collisions with

at 6.8 TeV 1200 bunches
Aug Sep Oct
Wk 27 28 29 30 31 32 33 34 35 36 37 38 39
Mo 4 11 5 35 : :
Tu \ *
We | Interleaved
Th commissioning &
. [NteNsity ramp up ‘

il i ié g
Sa . i 5

Scrubbing v -+ . -
Su E i : s program

PP, Intensity Ramp-Up

v

PP

LHC Schedule, last update 25™ April 2022 hepsiiedms.cern.chiuifile/2664630/LATEST/2022-LHC-schedule_v. | pdf
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» 5t July 2022: First Stable Beam at 13.6 TeV

First Stable beams Collisions with
at 6.8 TeV 1200 bunches
Aug Sep
Wk 27 28 29 30 31 32 33 34 35
Mo 4 11 i : 22! 29 26|
} ------------------------------ P -1 : I e T eSS e S Live from CERN: Join us for the first  Eag
Tu . * ' : collisions for physics at 13.6 TeV!
¥ . 5 July 2022, 16.00 CEST P
We :
................. Interleaved
Th commissioning & ; Jeu
. [NteNsity ramp up : . o Q v N e
Fr j
"""""""""""""""""" e T i o e - ! @ cern  Less than three weeks until #LHCRun3  |F=====
Sa : E ' -
Scrubbing v : ]
H Join CERN scientists live on 5 July, 16.00 CEST
Su : to celebrate the first collisions with stable
beams at the world-record energy of 13.6 TeV, r—
< > ¢ > a milestone that will mark the beginning of the

pp’ IntenSitY Ram p-U p pp third physics run of the LHC.

The live will be broadcasted in English on
Facebook, LinkedIn, Twitter, and in English,
French, German, Italian and Spanish on
Youtube.

LHC Schedule, last update 25™ April 2022 hepsiiedms.cern.chiuifile/2664630/LATEST/2022-LHC-schedule_v. | pdf
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LHC 2022 Planning

> Dec 2022: Pb-Pb

End 25 ns run

End of run

[08:00] NOV DEC [06:00]

Wk 51 52
Mo 19 26]
Tu

We . : :

Th s @ ; 5

Fr : : : : Am%nual

Sa : : '
Su :

PP Pb-Pb Pb-Pb
Preparation

|9 days for Pb-Pb physics

6.8 TeV, 6.37 as a fallback

pp reference run to be scheduled
(2d. commissioning , 5d. physics)

LHC Schedule, last update 25™ April 2022 hepsiiedms.cern.chiuifile/2664630/LATEST/2022-LHC-schedule_v. | pdf
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Conclusions
RUN | RUN 2 RUN 3 RUN 4
2009-2013 LS| 2015-2018 LS2 2022-2025 LS3 2029-2032
pp, pPb, Pb-Pb pp, pPb, Xe-Xe Pb-Pb pp, pO, O-O, pPb,Pb-Pb pp, pPb, Pb-Pb

High Lumi for lons

HL-LHC
RUN 3 + 4 A New Era for HIQLHC

LHC RUN 3 Top Energy Collisions Imminent !
LHC Experiments Upgraded and Ready !
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Conclusions
RUN | RUN 2 RUN 3 RUN 4
2009-2013 LS| 2015-2018 LS2 2022-2025 LS3 2029-2032
pp, pPb, Pb-Pb pp, pPb, Xe-Xe Pb-Pb pp, pO, O-O, pPb,Pb-Pb pp, pPb, Pb-Pb

RUN 3 + 4 A New Era for HIQLHC
LHC RUN 3 Top Energy Collisions Imminent !
LHC Experiments Upgraded and Ready !
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