ATS New Year Webcast 2023

Mike, Malika, Katy, Brennan, Miguel, Rhodri

12t January 2023

Big thanks to Alessia Valenza and the Audio-visual team for the organisation of today’s Webinar!



STAY STRATEGIC
THINK COMMUNICATIONS
PLAN FOR NEXT STEPS




Preparation and Prevention during the Visite
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SAFETY!

Safety is the responsibility of all of us, and our safety culture is ultimately reflected in the
way safety is addressed in our workplaces.

We should continue to work to ensure:
- Good awareness of risks across the workforce
- Clear communication of processes, rules, and procedures
- Clear well-defined lines of responsibility
- Realistic and flexible practices for handing both well-defined and ill-defined risks
- Appropriate training across the board

- To continually learn from experience, via monitoring, reporting and feedback.

We share responsibilities with the employers regarding contractors’ personnel and must
work with them to ensure full and proper safety on site in sometimes unfamiliar and
complex infrastructure.



Fire & rescue Service Environment
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Mandates at: https://hse.cern/content/general-safety-instructions-gsi



Huge thanks

Safety Officers

- DSO, DDSO, ADSO, RSO, SSO, RSSO, TSO, FGSO, LSO, CSO
Roles

« SLP, DH, GL, SL, Supervisors, Individuals!

Committees and Panels

«  SAPACO, PSO, DSOC, CSOC, RSOC, LHC-RSOC, FGSO, ALARA
« PS-CSAP, SPS-CSAP, LHC-CSAP

Work Site

« SC, WSS, EROS

Individual responsibility

Each person participating in the activities of the Organization or present on its site shall actively
contribute to the implementation of the CERN Safety Policy through exemplary conduct and, in
particular, compliance with the CERN Safety Rules
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Availability Overview LHC Injector Chain

Expected 2022 Achieved 2022 :

LINAC4 - 97.1 28.03.2022 — 21.11.2022
PS 95.5

PSB 90 28.03.2022 — 21.11.2022
ISOLDE 95.5
SPS 89.6
NTOF 90.0

PS 87 28.03.2022 — 21.11.2022
AD 90.6
East Area 91.6
LHC 89.9
North Area 73.2

SPS 84 25.04.2022 — 21.11.2022
AWAKE 92.3

HiRadMat 93.6



PS Highlights — MTE Beam for North Area  © © Tsm
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Timeline & Milestones (mainly SPS)

Start physics

!

Water leak at first
TCSC (TT20)
Affecting North Area
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HiRadMat SMAUG
record intensities

Time [re-shifted to 2022]

Hot summer -
record extraction rates

ZS sparking - required long Vacuum TBIU
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AD-ELENA e \E——=1"". (] ISOLDE

f Challenging run but very sucessfulverall run: severalproblems
iy encountered but solved thanks to the effort and commitment of all teams

A

; ‘5‘ supporting the facility

2 ANy

Stablllty, rellablllty and reprodumblllty of the ELENA beam g
Is excellent, congratulations and a big thank you to the §3
awesome AD team and CERN!

o ] /7
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n TOF Y - Y /8 East Area ———

b 1 i || el a &

e The n_TOF target works nicely and smoothly We can even go from
165E10pps to 220E10 pps (many thanks to SY-STI group!)
e The delivered protons are following our expectations (many thanks to PS §

teams!) ' 1h ]
‘ EUita ot { I— |
it “‘"‘l‘ll e ﬁ /

The renovation of the East Area has greatly mcreased the

4\ performance of all beamlines including their availability and stability.
/ Overall, very happy users and a productive year
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Delivered luminosity 2022

Delivered integ. luminosity [fb-1]

50
Pre!imi“aw -“
a ATLAS : 40.70 fb1
- CMS : 40.90 fb1
* | HCb : 1.07 fb™1
=+ ALICE : 0.0333 fb~1
3uU
20 .
10
0

11. Jul 25. Jul 8. Aug 22. Aug 5. Sep 19. Sep 3. Oct

1521 L)

Peak Stable Luminosity Delivered

|B.53x1 034 cm2s-1

Maximum Average Events per Bunch Crossing

[73.4

Maximum Stable Luminosity Delivered in one fill 875.7 pb™!

Maximum Stable Luminosity Delivered in one day 1179.4 pb™1
Maximum Stable Luminosity Delivered for 7 days 6.393 fo'

Longest Time in Stable Beams for one fill 2 days, 9 hrs, 23 min
Longest Time in Stable Beams for one day 1 day, 0 min

Longest Time in Stable Beams for 7 days

4 days, 18 hrs, 48 min

[Fastest ATLAS Ready from Stable Beams

0 min

[Fastest Turnaround to Stable Beams 1 hr, 51 min
Maximum Colliding Bunches 2450
Maximum Charge per Bunch Colliding 1.48x10'
Maximum Charge per Beam Colliding 3.63x1014

Some stunning record-breaking performance!
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LHC Physics Production

Ladybird at 10 km/h
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instantaneous luminosity: why level IP1 & 57

e ATLAS and CMS pile-up
o processing power for event reconstruction
o data taking efficiency & dead-time
o limit on the average pile-up
=» single-bunch instantaneous luminosity limit

e |[IR1 & 5 inner triplet cooling
o heating due to luminosity debris
o cooling capacity different per triplet-side
m risk of losing cryo conditions (helium overflow)
m slow processes: ~15 minutes "inertia"

o limit on the total triplet heat load
=» total instantaneous luminosity limit




ATLAS Pile-Up [events/crossing]
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L HC Stable Beams in 2022

_ Operation (other):

0 ti other):
peration (other) 307.7 h (25.0 %)

Stable Beams: 890.7 h (2&.5 %)
1109.3 h (33.0 %)
Stable Beams: 628.4
h (51.1 %)
Precycles (64): In fault (combining
48.0 h (1.4 %) overlapping): 279.1 h
(22.7 %)
In fault (combining Precycles (18): 15.5 h
overlapping): (1.1 26)
1316.7 h (39.1 %)

Excluding TSs, MDs, After RF stop

Excluding TSs, MDs (from Oct. 1st)

18
AFT 2022, TE-TM 09/01/2023, Jan Uythoven



Lukas Felsberger, Jan Uythoven, Daniel Wollmann

LHC Downtime in 2022 (Turnaround Penalty)

Operation

Beam-induced Quench
Beam Injection

Vacuum

Correction applied to all top-energy dumps
due to failures, accounting for up to 3h
turnaround (depending on when the fault
occurs during the fill)

Injection Systems
Collimation

Experiments

Machine Interlock Systems
IT Services

Access System

Time lost due to UFOs (117h) comparable to
the impact of a large LHC technical system

Transverse Damper
Beam Instrumentation

Cryogenics

LHC CRYO AVAILABILITY SUMMARY

LBDS

g
#

Other

Electrical Network
Cooling and Ventilation
QPs

Power Converters
Magnet circuits

Beam Losses (UFOs)

§ 8 F 8 B 2N R O OB

Injector Complex
200 201 202 205 2016 27 2018 2022

Im pressive! 0 100 300 400 500 Highest cryo availability since LHC start !

B Raw (includes faults in shadows and child faults) B Root Cause (child faults assigned to parent systems, time in shadow removed) B Turnaround Penalty

N
o
o
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Accelerator programme: 2022 Budget (M + P expenses)
291 M (21.2% of CERN revenues)

The Accelerator Programme is the core priority of the ATS groups.

Accelerator support

~ 58 M (20%)
Engineering, controls,
general services, special
technologies

LHC machine

~ 132 M (45%)
Operation LHC &
experimental areas
Spares & consolidation

PS complex

~56 M (20%)

Operation: sources, Linacs,

LEIR, PS, PSB, AD-ELENA, SPS complex
ISOLDE, n-TOF, East Area ~ 45 M (15%)

Consolidation Operation SPS & North Area

Injectors
o ~ 101 M (35%)

Consolidation




Accelerator programme: 2022 budget Injectors (M + P)

Total injectors ~ 101 M

Project
material
20M Operation
personnel
49 M

Project personne
1m

Operation
materials
21 M

Projects™~ 30 M (30%)
Accelerator consolidation 13 M
North area consolidation 9 M

Linac4 RFQ spare 3 M

PS & SPS spares 2 M

AD consolidation 2 M

Electrical network consolidation 1 M

Operation ~ 71 M (70%)

RF power and cavities 11 M

Beam operation teams 9 M

Magnets including transfer lines 7 M

Controls software and hardware 6 M

Beam instrumentation 6 M

Beam intercepting devices, Isolde and n-TOF operation 5 M
Accelerator and beam physics studies, source development 5 M
Power converters 5 M

Cooling and ventilation 4 M

Radioprotection 3 M

Coordination including experimental areas 3 M

Vacuum 2 M

Access systems 2 M

Lifting and handling equipment 1 M

Electrical network 1 M

Others 1 M



2022 budget Accelerator Support (M + P)

Operation ~ 55 M (95%)
Total accelerator support ~58 M Magnets general operation including laboratories, magnetic
measurements 7 M
Vacuum special technologies including thin film coating and controls 6 M
Front-end software and hardware controls 6 M
Management and safety 5 M
Administration 5 M
Coordination machines and experimental areas, quality support 5 M
Power converter software and controls 4 M
Cryolab operation and helium 3 M
. Interlock and protection systems 2 M
Operation haterig Beam operation software 2 M
"‘;‘T;‘:'s Survey personnel 2 M
En—— FLUKA developments 2 M
personnel Accelerator and beam physics studies 1 M
41 M RF and impedance measurement 1 M
Beam instrumentation 1 M
Information management 1 M
Others 2 M

Project ~ 3 M (5%)
General accelerator developments 2 M
Others 1 M




Energy 2022 - background

A plethora of cyclical, structural and geopolitical developments coalesced into a perfect
storm in Europe with a record-breaking surge in energy prices.

Russia's invasion of Ukraine has triggered the worst global energy crisis since the oil embargo of
the 1970s, during a period of structural changes in the energy matrix as countries have been

diversifying away from fossil fuels by increasing the share of renewable electricity generation to
mitigate climate change

European power markets are in the midst of unprecedented changes, with a tightening
supply-and-demand balance.

* Wholesale electricity prices in Europe increased by more than 400 percent from an average of €35 per
megawatt-hour (MWh) in 2020 to almost €250 per MWh in December 2021 even before the war in Ukraine,
which pushed the average wholesale price of electricity above €500 per MWh in March 2022.

» Under the marginal pricing method underlying wholesale electricity prices in Europe, the most expensive
technology needed to meet demand within a given period sets the final price of electricity

« S0, even as the levelized cost per unit of electricity from new utility-scale renewable power plants has dropped

precipitously, the recent spike in wholesale electricity has broadly been driven by the cost of production at
natural-gas power plants.

24



French electricity

2022 was a difficult year due to both the high

price of gas and the state of France’s Nuclear France Eecity Spo Pces (EURMI) 191,92 -2408 (1155
fleet which is slowing recovering from COVID

driven maintenance delays and a stress

corrosion cracks issue in the auxiliary circuits of
some reactors.

1200

1000

France, which was a power exporter, switched A | o=
to importer, intensifying the squeeze on energy — MY

supplies in the European continent that was e o
already grappling with low supplies from o

Russia.

Things are getting better!



French electricity

Actual power demand

66647Mw

5'372uw

11'535uw 15% 3 7

14°402vw 19%

44'550uw 58% g CO,eq /kWh

UPDATED TODAY AT 19:45 Power generation by energy UPDATED TODAY AT 19:45
National demand source CO2 emissions

LIVE DATA LIVE DATA LIVE DATA

Production - live

https://www.rte-france.com/en/eco2mix

Exports

@ 010833uw

UPDATED TODAY AT 19:45

Cross-border electricity
trading

LIVE DATA

Charbon 1'818vw
F Bioénergies 2'234mw
Fioul 2'890mw
12'752uw
13'612vw 10%
19°099vw 14%
£ Hydraulique 25'504uw 18%
. Nuciéaire  §1'370muw 44%

ACTUALISE LE MERCREDI 1 JUIN 2022

Production d'électricité par
filiere

FRANCE

Maximum volumes

https://app.electricitymaps.com/map
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Electricity at CERN

At present CERN purchases around 70% of our electricity at a regulated tariff
under the ARENH (Acces Reéguleé a I’Electricité Nucléaire Historigue) scheme

o 42 €/MWh in 2022
 The remaining ~30% is purchased at market prices, typically a year ahead.

« 2023’s supply is now full secured, but we did take a hit given the high 2023 prices (~115 €/MWh
average)

CERN is protected to a significant extent by access to the ARENH mechanism,
but the 2022 situation was serious enough to impact 2023’s budget

ARENH scheme terminates end 2025, and from 2026 onwards, CERN
electricity procurement will be fully exposed to any market volatility unless:

 Similar mechanisms are established; discussions have started with the EC and French
Authorities

« Adapt our long-term sourcing and purchasing strategy — work in progress
27



EEX FRENCH POWER FUTURES hd
2023-01-11 = Year Quarter Month Week Weekend Day
Future Last Price Last Volume Settlement Price Volume Exchange Volume Trade Registration Open Interest
Cal-24 188.50 8’784 191.92 79'056 281°088 3'453 d]
x
340
Settlement Intraday
320
== Seftlement

d00 [ velume Trade Registration

280 O Volume Exchange

260

240

220

200

180

T28 IDec 22 'os 12 T1g To7 ' Tyan 23 Tog

Cal-25 141.75 8'760 146.36 8760 78'840 583 d
Cal-26 - - 120.00 - 70080 80 d]
Cal-27 - - 114.00 - - 23
Cal-28 - - 105.00 - - 19 d]
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SPS - North Area

3.73E+12 22-09-22 12:23:13

Last update: 8 seconds ago

SPS-PAGEL Current use...SFTPRO1
SC 6 (24BP, 28.8s)

Experiment
H2/NAG4
H&6/HS
COMPASS
NAG2

Phone: 77500 or 70475
Comments (22-5ep-2022 12:20:40)

Parallel MD today till 18:00

0.0 E10 0.9El0 MD resumes after lunch

https://energy.app.cern.ch/charts

Energy Consumption of SPS + Prevessin in 2022

I CERN Control Centre
B orth Area Pulsed
B lorth Area Stable

Prevessin Buildings (4 bloc

tation for the we

Pumping

SPS Magnets
I SFS Fulsed loop
B SFS Radio Frequency
I SFS Stable loop cooling ar

40000 60000 80'000 100°000 1200000 1400000 160°000  180°000

=

MWh

« 378 GWh out of 1245 GWh total (30%)
« SPS magnets 169 GWh (14%)



The problem...

Extrapolating out to 2032 assuming: No ARENH and "high” future electricity prices

End of ARENH
300 180
I Electricity costs in MCHF

s [ lectricity average tariffs to CERN in €/MWh 160

250
140

200

50

100

THIE Illlllll‘ ”
0 0

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032

120

100

Euro/MWh

=]
o

[

0

=Y

0]
5

o
hd

0

3

140 €/MWh and a full operational year in, say, 2029 gives an annual electricity bill of ~240 MCHF
Today’s prices 192 €/ MWh in 2024 and 146 €/MWh in 2025



Measures

Council have requested that we draw up a set of measures to address the long-term
risk should it be necessary

O Multi-pronged package of posssible measures developed, upon request by the Council, as risk mitigation strategy.
Presented to the Council in December - very well received.

O Two measures will be implemented in 2023 to cope with high-inflation:
- reduction of the accelerator operation by 20%
- 2.5% “crisis levy” on staff basic salaries, as proposed by and discussed with the Staff Association > THANK YOU!!

U The other measures (for 2024 and beyond) will be implemented only if and when needed, based on the evolution of the financial
situation and CERN’s priorities and needs with time, with decision taken annually in the context of the Medium-Term Plan.

O Additional contributions from Member and Associate Member States being considered by the Council
—> discussion will continue in March
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2023

Work ongoing during a very full year-end-technical-stop (YETS) across the complex

Will restart machines as planned

Full programme but a shortened run (-6 weeks in 2023 with a 19 (15 + 4) week YETS 23/24)

Most facility time allocation done at ~80% pro-rata based on the original non-shortened 2023 schedule...

Experimental facility

Start Physics

End Physics

Duration 2023
[days]

Duration 2023
EVAI

ISOLDE

n_TOF

PS East Area

SPS North Area p*
ELENA (AD)

SPS North area Pb ions
PS East area Pb ions
AWAKE

HiRadMat

10.04.2023
10.04.2023
17.04.2023
01.05.2023
11.05.2023
02.10.2023
16.10.2023
01.05.2023
29.05.2023

30.10.2023
30.10.2023
30.10.2023
28.09.2023
30.10.2023
30.10.2023
30.10.2023
22.10.2022
10.09.2023

Ver. 0.6

203
203
182
150
172
28
14
67

15 (+13 reserve)

Normal YETS
231

231
210
192
214
28
14
84

20 (+8 reserve)

83
83
81
78
80
100
100
80
75 (163%) 33



LHC - Multi-year Overview

2016
2017
2018
2022
2023

Proton run

[days]

139
127
130
70.5
97

Special runs
[days]

10
18
14

Pb ion run
(incl. p-p ref)
CEVE]

10
10
24

32

Total physics
Time
[days]
159
145
168
77.5

136

MD time
[days]

21 (13%)
18 (12%)
24 (14%)*
9.5 (12%)
16 (12%)
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2022
DEC

2023

Now

JAN

FEB

MAR

YETS 2022 23 LHC Global Schedule

Sector 12

Sector 23

Sector 34 Sector 45

Sector 56

LSSR1 ARC 12

anti-panic |

anti-panic kg s replacement

Satety Tost

AUG tast

Lss L2 P2 LSS R2 ARC23

> P32

H

Safety Test

Pumping + boil off + cryo tuning.
_Patrol P2 + P2R I

LSSB

Safety Tast

LSSR3 ARC34 LSS l.4 Pa LSSR4 = ARCAS

LSS LS

LSS RS

ARC 56

ryo Empty

\ EJ‘“‘
UL44/T44/UAS3/L)

A2/REA2 (T2)
TETRA TETRA
[JAG/UIE/AUST/UMTR
48/REAS (T3)

UG test

ction maintenaneamp:

i

TETRA
| E2S
33/uB

3(11) TRAR3E/RIV/R3E

Patrol P3,

Powering Tes

Powering Tests

'
|
|
| comtruction JERSISRIENIN
!
1
|
i

2

EN-EL Power

RF_Condition

Powering Tests

Powering Tests™

|

Patre| 75
DS TEST

LSS L6

Sector 67

Sector 78

Sector 81

P6 . LSS R6 ARC67 LSS L7

LSSR7 ARC78

Satety Test
Safety Test

TETRA

AUG tast

Connection/te
st

Powering Tests

Recommissioning with beam

RR73/R76/
R74 (13)

Fire dgtection

i Pul 1
8ol

Cryo Filling

RR77/R775
[R78(13)

Powering Tests

Lssi8 LSS R8

ARC 81 Lss L1

o - P

replacemer

Safety Tost

EN-EL Powe

B

g

SPS HW comimnij

£
£

ywering Tests

Similar schedules for injectors and
experimental areas being executed

Last update.

NOV  09/11/2022 10:52
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End of Year CERN closure Activities

. Safety Test (EN-AA) (IMAPCT P1 159300, P2 199392, s 1 il § N
P3 199397, P4 199399, P5 199400, P6 199402, P7 199403 & P8 199404) | n 1N

* CSAM test (EN-AA) (IMPACT 199406) I “

» Firefighter exercises (IMPACT 200291) and
topographic recognitions (IMPACT 200290)

 CV maintenance (surface)
P1 (ATLAS) and P5 (CMS)

» SY-ABT : Supervision HV test MKI P8

Antoine Bardon


https://impact.cern.ch/impact/secure/?place=editActivity:199390
https://impact.cern.ch/impact/secure/?place=editActivity:199392
https://impact.cern.ch/impact/secure/?place=editActivity:199397
https://impact.cern.ch/impact/secure/?place=editActivity:199399
https://impact.cern.ch/impact/secure/?place=editActivity:199400
https://impact.cern.ch/impact/secure/?place=editActivity:199402
https://impact.cern.ch/impact/secure/?place=editActivity:199403
https://impact.cern.ch/impact/secure/?place=editActivity:199404
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Cost and Schedule Review - Executive Summary

November 2022

@ The excellent performance of the upgraded injector chain was again demonstrated
with the 2022 startup and is still improved.

The project team is congratulated for excellent progress in many areas despite of
challenging circumstances:

@ The civil construction project is nearing completion and is practically on time and
on budget, even though there were major uncertainties at times.

@® The MQX magnet development made significant progress w.r.t. understanding of
limiting issues, a successful endurance test of MQXFA and several magnets meeting
the specifications.

@® The project reacted quickly and flexibly to the loss of the Russian contributions.
The committee welcomes that the replacement of all contributions either by in-
sourcing or by de-scoping has been clearly clarified.

@ The international partners are working hard on making the project a success.
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Main Quadrupole Magnets — Q2

= August 2022: Successful test of MQXFBP3 test @ SM18
= November-December 2022: tests of MQXFB02

* New Welding/Fixed Point Procedures
* New Loading Procedure
» Coils produced before process optimization

[

| MQXFBO02 natural quench history
- 18
~ 17 _/—10min 1h
ij‘é Jll'_gh -
L < - B_g o W —— Ultimate current
_ 16 ®
é‘ Target current
E 15 Nominal current
g » ° ® 19K 20A/s
% == No quench1.9K
13 g B 45K 20A/s
2 & 45K VI
12
0 2 4 6 8 10
Quench #
Congratulations to the TE & MSC teams for these results
40
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Acronyms!

Naming convention: the first letter indicates the system to which the equipment
belongs and must be chosen from to the list of systems.

>

Acceleration, Radio Frequency
Beam Instrumentation

Controls

DC Electrical Distribution
Magnetic Elements

Power Converters

Cryogenic Equipment

Targets, Dumps and Collimators

< 40 0 Z 00O @

Vacuum

TCTPXH: Collimator Tertiary Pickup Interaction Region (X) Horizontal
MKI: Kicker Injection

DFX: Distribution Feedbox (for Triplets (X))

DQWCC: Double Quarter Wave Crab Cavity
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European Strategy for Particle Physics 2020 Update

The successful completion of the high-luminosity upgrade of the machine and
detectors should remain the focal point of European particle physics, together with
continued innovation in experimental techniques.

The full physics potential of the LHC and the HL-LHC, including the study of flavour
physics and the quark-gluon plasma, should be exploited.

2022 Snowmass Energy Frontier Summary

Our highest immediate priority accelerator and project is the HL-LHC, the successful
completion of the detector upgrades, operations of the detectors at the HL-LHC, data
taking and analysis, including the construction of auxiliary experiments that extend the
reach of HL-LHC in kinematic regions uncovered by the detector upgrades.
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rich and diverse physics programme

The HL-LHC offers a unique opportunity to test BSM physics

Higgs & electroweak
symmetry breaking

New particles

Heavy New Physics

—

—

Dark Matter/dark

sector

S—

Flavor sector

Open problem in particle
physics

LBppoﬂunititeiJ

Precision program,

rare events, CPV EWSB

New resonances,
squeezed spectra,

long lived particles hierarchy problem

Effective field theories & effects
in distributions at high energy

Light dark resonances baryon ang?gkarn;g: Z';ymmetry
I H}
at the LHC/LHCDb! strong CP problem,
Indirect tests of flavor puzzle

flavorful New Physics

Headline deliverable is 3 ab! p-p but the physics programme promises to be impressively diverse...

lons (ALICE 3 proposed for LS4)

b-physics (LHCb upgrade proposed for LS4)

Forward physics
Neutrinos (SND, FASERNu, FPF)

Long Lived Particles (GPDs, FASER, MoEDAL, CODEX-b, milliQan, MATHUSLA, ANIBUS, FPF)

Fixed target (SMOG-2, Crystal-FT)
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Indicative timeline - full and diverse physics programme

(]
2021 2022 2023 2024 2025 2026 2027 2028 2029
AM|J|]|A|S|O MAM(]|J|AS|ON|D|§ | FMIAM|J|]|A[S) FIMAM J|J|AS|ONID|J|FMAM|I|I|AIS J|FMAM|J|]|A|S AM 1(1|A|S|O| AM 1|1|A|S|O|N|D|J|FIMAM|]|]|A|S|O
LHC ‘ Run 3 ‘ LS3 ‘
1 '\ TITTT
INJECTORS ‘ ‘ ‘
North Area consolidation
@
2030 2031 2032 2033 2034 2035 2036 2037 2038
AM|]|]|A|S|O MAM(]|J|A/S|ON|D|J|FMIAM|]|]|A[S MAM|(]|J|A|S/ON|D|J|FMAM|]|]|A|S J|FMAM|J|]|A|S AM 1(]1|A|S|O| AM 1|1|A|S|O|N|D|J|FIMAM|]|]|A|S|O
LHC ‘ Run 4 ‘ ‘ LS4 ‘ Run 5 ‘
INJECTORS ‘
North Area consolidation phase 2 (tbc)
Last updated: December 2022
2039 2040 2041
AM(]|]|A|S|O MIAM J|J A[S|ON|D] | FMIAM|]|J|A[S|O)
LHC ‘ LS5 ‘ ‘ Run 6 ‘ Shutdown/Technical stop
| | [ Proton physics - LHC
Proton physics - Injectors
Ions (tbc after LS4)
INJECTORS Commissioning with beam

Hardware commissioning/magnet training




Physics Beyond Colliders

Medical Accelerators

Energy & Environment

Consolidation

Safety

ATS

Directorate Office

Project Office

CERN Accelerator School

EU Projects

Linear Colliders

High Luminosity LHC

Future Circular Collider

Admin, Safety &
Resources

Accelerator
& Beam Physics

Controls, Software,
& Services

Controls, Electronics, &
Mechatronics

Experimental Areas

Geodetic Metrology

Industrial Control
Systems

Operations

|

0
3

N

= o
7
-
5
w

ACONS

Planning,
Admin & Safety

Access & Alarms

Accelerator
Coordination & Eng.

Cooling & Ventilation

Electrical Engineering |pu

Handling Engineering

Information
Management

Mechanical & Material
Engineering

SYSTEMS

Admin & Resources

Beam Transfer

Beam Instrumentation

Power Converters

Radio Frequency

Sources, Targets
& Interactions

TECHNOLOGY

Resources,
Apprentices & Safety

Cryogenics

Machine Protection &
Electrical Integrity

Magnets, Super-
conductors & Cryostats

Vacuum, Surfaces and
Coatings

High Field Magnets



People
A legacy second to none

Wide-ranging and
profound technological
expertise and experience,
proven capability to
deliver on a large scale

World class facilities and
labs

World class engineering
capabilities coupled with
processes and tools.

Well proven exploitation
capabilities - Coordination,
Operations...

SIDJIAY3S

8 an
m O
gz
s =
20
I'l'ly‘
2

Huge, aging, complex
Huge user base

For each domain, wide
range/scale of demands,
systems, legacy, hardware
— much of it critical

Big technical stacks

Balance between:
M&O
Consolidation
Upgrades
Projects

R&D

++

Resource limitations
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World leading present and future

Full, safe, exploitation of the remarkable potential of the complex

Due regard to longevity & facility upgrades.
Backed by a profound technology base and excellent support facilities.

HL-LHC - flagship machine at the energy frontier out to end ~2041

Complementary scientific diversity programme exploiting complex and facilities via
Physics Beyond Colliders (e.g. ECN3, FPF...). Enthusiastic and ambitious user
communities

Execution of a European Accelerator R&D Roadmap (High Field Magnets, RF, Muon
Collider, Plasma Wakefield Acceleration, (Energy Recovery Linacs))

secure the technology for next generation of machines

Sustainability and Societal impact, Outreach and Education as part of our mission
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Beyond the end of HL-LHC?

The vision is for another major project commensurate with the laboratory’s capabilities,
communities, and resources to assure the future of CERN for the next 50+ years

« Engine for continued investment, innovation, R&D and scientific engagement

« CERN remains a world leading Research Infrastructure
« CERN remains a prestigious symbol of worldwide collaboration, scientific excellence at the leading edge

« Geopolitical implications

The preferred direction for a future collider at CERN is the FCC

« As mandated by the European Strategy for Particle Physics
» Feasibility study to be delivered end 2025 — expect full and detailed scrutiny
« This a big, hairy, audacious goal — but then so was LEP, so was the LHC

Alternatives to be pursued as plan B (CLIC, ILC, Muon Collider)
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EHN2: surface hall with unique
high-E/high-1 u beam

ECN3: unique underground hall
for high-l hadron beams

51



Future Collider options

Higgs factory
 Plan Al: FCC-ee
« Plan A2:
 Plan B: CLIC
« Plan C: CepC, C3

Multi-TeV
« e+e-:CLIC, C3
 muons: Muon Collider
e protons: FCC-hh, SppC

Options under consideration at CERN given by
European Strategy for Particle Physics Update 2020
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Which collider after the LHC?

For the longer-term : the European particle physics community has recommended to
assess the technical and financial feasibility of the FCC (Future Circular Collider)

FCC: Future Circular Collider: ~91 km ring

« Technologically very ambitious - innovation
driver

* Cost: ~11 BCHF for first stage
(LHC: ~5 BCHF - tunnel was already there)

« Tentative timescale: project approval ~2028,
first-stage operation ~2045-2060,
second-stage operation ~2070-2090++

« Strong support from the US (historical
partnership of reciprocal contributions)

« Competition with China, which is considering a
similar project




In brief...

Good progress — delivery of study foreseen end 2025

FCC feasibility study Serious mid—term review — Q4 2023

Mature design, slow progress in Japan moving to Pre-lab phase

Linear collider - ILC Targeted R&D phase as a bridge (funding tbc)

Mature design, X-band, luminosity optimization, sustainability studies
Project Readiness Report as a step toward a TDR for next ESPPU

International Study established, collaboration up and running
Successful INFRA-DEV bid (on-hold)

Numerous smaller scale initiatives, medium scale projects under active
consideration (ECNS3 options, Forward Physics Facility)

Linear collider - CLIC

Muon collider

Physics Beyond Colliders

« Snowmass/P5 ongoing
* Next ESPP Update around 2026 - 2027



Accelerator R&D

TN
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MTP2023

Accelerator technologies and R&D n;%izlré?z[ﬁﬂ_cz:ﬁ?] T?\;ITPZ[OI&?:-I_Z”(E]H
RF technologies R&D 13.8 19.4
High-field superconducting accelerator magnets R&D 99.0 124.9
Proton-driven plasma wakefield acceleration (AWAKE) 22.3 35.0
CERN Linear Electron Accelerator for Research (CLEAR) 4.3 8.9

Other accelerator R&D 8.4 18.7

Trapped lonizing Proton
electrons pulse bunch

=000 -

AWAKE




Final 2023 budget

Programme 2023 Material &
Personnel [MCHF]

Accelerator Programme 284.9
Energy, water, helium, nitrogen 169.8
HL-LHC 150.7
Physics Beyond Colliders 4.3

FCC 21.1

Linear Colliders 4.6

Muon Collider 2.7
Accelerator technologies and R&D 31.5

We are giving the FCC our best shot, while keeping Plan B
options open and continuing to invest in PBC
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Knowledge Transfer

Integrated CO2 cooling Thermal Management
Materials

Thin film coatings for
improved vac... FSI Vacuum Heads Magnet Power Supplies

£

Compact Universal Orbital Rapid bellows compression

RF Waveguide Vacuum Valve Cutter ... 3D Magnetic sensor calibrator tool ...

i e

High Frequency Compact
MEDICIS CERNbot Linear Proto.

Sustainability

] -«ﬂi)t\ R

150 50001

9

MEDICIS

Medical Applications

. Horizon
I.FAST Fostering Innovation in Accelerator Science and Technology
RADNEXT Radiation facility network
PRISMAP European Medical Isotope programme
HITRIplus Heavy lon Therapy Research Integration
FCC-IS FCC Innovation Study
EURO-LABS  European Labs for Accelerator Based Sciences
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[V ’ ISO 50001
ENERGY MANAGEMENT

provides a framework for
organizations

Develop a policy for more efficient use of energy
Fix targets and objectives to meet the policy

Use data to better understand and make
decisions about energy use

Measure the results
Review how well the policy works
Continually improve energy management

 Based on solid foundations already established by
CERN'’s Energy Management Panel (chair Serge
Claudet)

» Decision to seek certification taken Q4 2021

» Energy coordinator appointed (Nicolas Bellegarde)

« Framework and processes established in 2022

» Cross Organization buy-in assured

« Management reviews, internal audit, documentation...
 Energy Performance Plan developed

Certification audit took place 30 November to 2 December,
with the resultant recommendation that CERN is granted
ISO 50001 certification

Entitles CERN to 3 MCHF per annum rebate from
RTE (gestionnaire du réseau de transport d'électricité francais)
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Research Infrastructures

RIs harness scientific expertise that drives discoveries and creation of knowledge and
offer access to researchers from Europe and beyond to state-of-the art facilities.

They enable integration of research communities from all over Europe, including the less
developed regions, and are the ideal place to perform multidisciplinary research.

Rls are also drivers of innovation as they develop advanced instruments and various
cutting-edge technologies, in order to stay at the forefront of their research domains.
These developments are often done in close collaboration with European industry, and
lead to both incremental and breakthrough innovation.

RIs provide numerous benefits to European society and economy, either directly, through
addressing societal challenges or industrial needs, or indirectly through training and
education, as well as knowledge and technology transfer
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Social Cost-Benefit Analysis of LHC and HL-LHC
Massimo Florio with Andreas Bastianin CERN Council 11 December 2020

SUMMING UP: BENEFITS AND COSTS
STOCHASTIC NET PRESENT VALUE OF LHC + HIGH LUMINOSITY LHC

Benefits baseline 25 7 Net Fl’reslent Valu‘e - Monte C?rlo Probabi‘lity Density‘Function |

Scientific publications | 0.6 11

Human capital 8.5

—Mean NPV
---Mean NPV + Std. Dev.

Technological 10.2
spillovers

Cultural benefits 3.3

No. Observations

Public good value 3.1

Costs baseline 22.3

Net Present Value 3.4

Source: Bastianin, Florio (2018) Billion CHF 2016

NPV = (PVg, + PV ) — PV,

“The surprising finding is that a machine as costly as the LHC, entirely devoted to describe
things for which we currently have no use, passes a cost-benefit test.”
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Staff - Survey Scope

* Objectives of the survey : “It's almost two years since the ATS restructuring was deployed, and we'd like to hear back
from you and get your input on the new structure, the collaborative spirit, and the challenges ahead. It's a short survey and
we'd appreciate it if you would answer six questions on the ATS sector.

* 6 Questions (2 open ones) :

ATS From set

| feel that the result of the restructuring of the A&T sector has
been a success*

What possibilities do you see to further improve the
structure?*

| feel that collaboration between ATS Groups and
Departments has improved as a result of the restructuring*

The main objectives of the sector for the coming years are
clearly communicated to me*

Aspects to address From set

What for you are the three most important aspects to
address by the ATS Sector in the coming years?

Please give a short description of what we should focus on
concerning these topics

* 41.9% response rate (i.e. 537/1282) : thanks!

+ 252 answers to open questions

Many thanks to Anne Laure Tantot and Aurelie Choy



Staff Survey - preamble

Many thanks for the responses

* In the open questions, there were many well-articulated comments across a wide range of topics and some
pertinent suggestions

 Thereis lot in there to digest!

We’'re in still in the early stage of analysis so only a concise overview today

Results can be seen from the ATS, Department, or Group level and the results will be
considered at each level

ATS outline view presented here today
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Results

Clearly communicated objectives
Success of the restructuring | Collaboration improvement| 200 40.00%
200 60.00% 150 30.00%
0,
100 20.00% . 100 20.00%
40.00% 50 10.00%
50 10.00% 100 — -y 0 0.00%
£ I I I I i 20.00% I P 5
[ | I [ | N N4 S @ N
0 0.00% 0 e B 500% & W @ P
10 9 8 7 6 5 4 3 2 1 O Strongly Agree  Neither agree Disagree Strongly Q
agree or disagree disagree
N Absolute number e 0/ mmm absolute number percentage = absolute number e percentage

Aspects to address (top 4)!

EAREY Work environment (conditions, resources)

242}'

Ik Development opportunities

1 5{:}'



Key points

Work Environment
« Resources, resources, resources
* Retention of expertise
« State of offices and catering facilities
Vision
* Need to think about tailoring communications to reach all personnel!

« Uncertainty about post HL-LHC era

« Resource prioritization

Development Opportunities
« Career development
* Internal mobility

« Training
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Next steps

Still digesting... and a breakdown to the group level is required
But it is clear we have some issues —we will address them

Some things we can start on now
« Communication plan (message well received)
* Mobility improvement (e.g. mobility pool within sector)
« Pass the message to SCE about offices and catering facilities (trying to be specific)
* Resources — caught between squeeze and demand — going to have to work on this going into the next MTP

An action plan will be drawn up, again across the different levels

We’'ll report back before the summer break
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Introduction to Accelerator hysics, 18 Sep e
01 October 2022, Kaunas, Lithuania

UPCOMING SCHOOLS

RF for Accelerators Introduction to Accelerator Physics  Normal and Superconducting Magnets
18 June - 1 July 2023 25 September - 8 October 2023 19 November - 1 December 2023

Berlin, Germany Santa Susanna, Spain Saint Polten, Austria

Registration is open till 01 May 2023 Registration is open till 11 August 2023Registration is open till 06 October 2023
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Thanks!

Despite COVID, Russian invasion of Ukraine, energy crisis, supply chain
Issues, inflation, a curtailed schedule... overall, a great year for the full
accelerator complex and the experimental community.

HL-LHC - encouraging progress across the board

Good progress on Future Colliders, Physics Beyond Colliders, Accelerator
R&D, Sustainability, Medical Applications, Knowledge Transfer, many, many
collaborations and a lot more besides!

Looking forward, we have a full, meaningful programme ahead with numerous
challenges and great opportunities.

The coming years will be decisive for the future of CERN and particle physics
In Europe: we will have to deliver on the current programme and lay the
foundations for the future of the field.

Acknowledgements and thanks to everyone in ATS and our
colleagues from across the organization and around the world. 70



