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ELEMENTS

Question from ECFA
* "What are important elements for next major project at CERN?”

List of elements

* ECFA:
* Timing, finances, sustainability..
* Nikhef SWOT:
* Readiness, innovation, outreach...

Goal today: score the various elements
* Next slides: some background info to illustrate differences
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MONEY

Variety In costs:

CCCCCC

ReLiC-3

Higgs factories

Lepton upgrades

FCChh-100

pp-inSea-500

LHeC-1.2
FCCeh-3.5

SPPCep-4.2

HELEN-0.25

FNALee-0.25

FNAL-MC-6

FNALpp-24

Hadron upgrades
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MON EY Figu,.e from

Example: Higgs factories

Project Cost 4
(no esc., no cont.)

FCCee-0.24

FCCee-0.37

FCC-ee: 12-20 B%

FNAL eeHF

ILC-0.25
LC: 7-12 B$
CLIC-0.38
CCC-0.25

CCC-0.55

CERC-0.24
CERC-0.6

ReLiC-0.25

ERLC-0.25
MuColl-0.125

Figure 8. The ITF cost model for the EW/Higgs factory proposals. Horizontal scale is approximately
logarithmic for the project total cost in 2021 B$ without contingency and escalation. Black horizontal bars i
with smeared ends indicate the cost estimate range for each machine. C U m g ra’ n O S al IS
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TIMELINES

Start dates:
* CepC: 2035
* |[LC: 2038
* FCC: 2048
* MuCol: 2045-50

From 2030s to 2050

* Driven by politics &
finances & technology

ESPP-NL WG#2

Japan

China

CERN

USA

Py

B Pproton collider
B  Electron collider
B muon collider

M Construction/Transformation
Preparation / R&D

2038 start physics

ILC: 250 GeV 500 GeV
20km tunnel 2 ab™? 4 ab™

5 years

40 km tunnel

31km tunnel

2035 start physics

CepC: 90/160/240 GeV
100/6/20 ab™

100km tunnel SppC: 75-125 TeV, 10-20 ab!

LHC HL-LHC (14TeV, 3 ab™)

(13.6TeV, 450 fb'')

2048 start physics

FCC-ee: 90/160/250 GeV 350-365 installation

-150/10/S ab’ GeV 1.7
ab!

100km tunnel, installation
| FCC hh: 100 TeV = 30 ab™?

2048 start physics

CLIC: 380 GeV
1.5 ab?

holding 11 km tunnel

50 km tunnel

29 km tunnel

= - EEEEEEEEE SEEEEEEEE EEEEEEEEE SEEEEEEEE SEEEEEEEE EEEEEEEEE .
2020 2030 2040 2050 2060 2070 2080 2090

&
CCC: 250 GeV 550 GeV 2 TeV
5 years 8 km tunnel 2 ab? 4 ab? = 4 ab™?
RF upgrade
Muon Collider

2045 start physics

Stage2
muC:Stagel
13 years 4km & reuse Tevatron ring 3 TeV 10 TeV;

OR 4km+6km km ring 10km & 16.5 km tunnels

EeEaE SEEsEEEEE SEEsEsEEE SEEEEEEET EEEsEEEEE SEEEEEEEE SEEEEEEEE EEEs
2020 2030 2040 2050 2060 2070 2080 2090
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SUSTAINABILITY

Variation in carbon footprint

* Construction and operation
* Figure for illustration

B Operations
081 mmm Construction

+Z/WW
777271 C3 baseline

Precision-Weighted Global Warming Potential [Mtn CO; eq. %]

CLIC C?3 ILC FCC-ee CEPC
380 250+550 2504500 88-365 91.2-360
Collider Project

Cum grano salis
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https://journals.aps.org/prxenergy/abstract/10.1103/PRXEnergy.2.047001

QUESTIONNAIRE ELEMENTS

°* Timing
* Start date
* Schedule flexibility
* Adapt to developments
* Prospects
* Long-term planning
* Readiness
* Technological

UNIVERSITY -
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QUESTIONNAIRE ELEMENTS

° Timing * Physics case
* Start date * Just physics
* Schedule flexiblility * |nnovation
* Adapt developments * R&D, spinoffs

* Prospects * Enthusiasm

* Long-term planning * Physicists themselves
* Readiness * QOutreach

* Technological * To the public
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QUESTIONNAIRE ELEMENTS

°* Timing * Physics case * Resources feasibility
* Start date * Just physics * Human & Financial
* Schedule flexibility e |nnovation * Careers & training
* Adapt developments * R&D, spinoffs * Young generation
* Prospects * Enthusiasm * Environmental sustainabllity
* Long-term planning * Physicists themselves ¢ Carbon footprint
* Readiness * QOutreach * Other?
* Technological * To the public * (fill+grade)
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QUESTIONNAIRE

UNIVERSITEIT VAN AMSTERDAM
b4

Fill In with groups:

Please give your scores to the following:

e /Zoom online

* |nthe room
* Make a group with 5/6 people

Divide 100 points

* Use Qualtric
* On your phone:

https://uva.fral.qualtrics.com/jfe/form/SV 6lI0CSbtRDWIJmZ0

ESPP-NL WG#2

Timing

Schedule flexibility
Prospects

Readiness

Physics case

Innovation

Enthusiasm

Outreach

Resources feasibility
Careers & training
Environmental sustainability
Other (please write below)

Total

UNIVERSITY
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https://uva.fra1.qualtrics.com/jfe/form/SV_6lOCSbtRDWIJmZ0

QUESTIONNAIRE

Each group:
* Presentation at

end of session
* One representative
for each team

Main conclusions and
Important observations

ESPP-NL WG#2

Comparison &

“Team X’
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QUESTIONNAIRE

Summary of results

* Afternoon plenary
* Average over all groups
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LET'S GO!

Let's make groups and fill in questionnaire!

* Scan QR code with your phone [
* Back at ~13:50

=] *IE

.h.}l .
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BACKUP
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ESUPP — WORKING GROUP #2

Subgroup on Priorities (Clara+Gerhard+Tristan)

* Goal: get a list of priorities
e Starting point:

o The priorities list provided by ECFA

e The outcome of the previous Nikhef SWOT analysis
 Approach (proposal)

o Divide the people in smaller groups

o Give groups the list of priorities from ECFA+SWOT

o Let groups divide e.g. 100 points over the list of items

o Have a plenary session to discuss/compare the output

* Before 15 October: first try-out will be done with a small group of students/postdocs
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SUSTAINABILITY

Presented during C3 workshop at Nikhef (7-8 October)
Link to paper

—
QO
v

Total Carbon Footprint of Different Colliders (b) Precision-Weighted Total Carbon Footprint of Different Colliders

1.751 mmm Operations

Bm Construction
1.507 +Z/WW

C3 baseline

B Operations
B Construction
+Z/WW
C? baseline

0.6

o
=
=
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0.50 -

0.2+
0.25

Global Warming Potential (Mton CO,e)

0.00- 0.0

Precision-Weighted Global Warming Potential (Mton CO,e %)

CLIC C? ILC FCC-ee CEPC CLIC c3 ILC FCC-ee CEPC
380 GeV 250 and 550 GeV 250 and 550 GeV  88-365 GeV 91.2-360 GeV 380 GeV 250 and 550 GeV 250 and 550 GeV 88-365 GeV 91.2-360 GeV
Collider Project Collider Project
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https://journals.aps.org/prxenergy/abstract/10.1103/PRXEnergy.2.047001

TIMELINES

From Snowmass:

ESPP-NL WG#2

Bl Proton collider M Construction/Transformation

B Electron collider
Preparation / R&D
B mMuon collider P /

2038 start physics

ILC: 250 GeV 500 GeV
20km tunnel 2 ab™? 4 ab

5 years

Jaﬁan

31km tunnel 40 km tunnel

2035 start physics

CepC: 90/160/240 GeV
100km tunnel 100/6/20 ab™? SppC 75-125 TeV, 10-20 ab 1

China
iy

LHC HL-LHC (14TeV, 3 ab™)
(13.6TeV, 450 b )

2048 start physics

FCC-ee: 90/160/250 GeV installation

-150/1075 ab” FCC hh: 100 TeV = 30 ab

100km tunnel, installation

CERN

2048 start physics

' CLIC: 380 GeV
11 km tunne 1.5 ab

holding

29 km tunnel 50 km tunnel

=
2020 2030 2040 2050 2060 2070 2080 2090
CCC =
CCC: 250 GeV 550 GeV 2 TeV
5 years | 8 km tunnel 9 abl

RF upgrade
Muon Collider A

2045 start physics
13 years muC:Stage1 e Snowmass 2021
4km & reuse Tevatron ring 3 Tev Y AD g Note: Possibility of
125 GeV or 1 TeV at Stage 1

Proposals emerging from Snowmass 2021 for a US based collider

USA

OR 4km-+6km km ring 10km & 16.5 km tunnels
BEeEmE sS=meaEa=esEs sSEEoills=EE EeREllEaEs aeEEiesE=E =SsEilasEsss sl ===
2020 2030 2040 2050 2060 2070 2080 2090
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| C VISION Michse,

The plan:

The first step is construction of the 250 GeV ILC at CERN.

This requires a 20 km tunnel in the plain near Lake Geneva, a plan already
studied by CLIC. We envision 2 interaction regions sharing luminosity.

After 10 years construction and 10 years data-taking at 250 GeV (+ GigaZ ?),
the accelerator will be upgraded in stages with different technologies to
achieve higher energy and/or higher luminosity.

Many alternatives exist: higher gradient SRF, higher gradient copper, CLIC,
energy recovery linac, gamma-gamma collider, plasma wakefield. We will
ask, what is the best alternative at each stage.

In later stages, the 2 interaction regions can be used by sharing luminosity,
by running parallel programs at higher and lower energy, or by using one as
a testbed for technology development.
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TIMELINE o

2025 2030 2035 2040 2045 2050 2055 2060 2065 2070

eV Higgs

- V Upgrade

SRF or NCRF Linear Collider

Integrated Design Study, BDS

Design Studies Study, Demo facility Study

High-Power R&D,

Structure Wakefield Collider 0.5 GeV Demo, 3 GeV Demo

i i \ €l pemonstrater T kefield Collider
Beam-Driven Plasma Collider Positran PWF, Staging, DI Fraciitywitheps |D

il ey r| Svstem R 060 and Onward
Laser-Driven Plasma Collider Staging, Energy Recovery,

kHz repetition, Positron LWFA /

yy-Plasma Collider NLQED, FEL R&D, IP R&D >

Wakefield Accelerators can be developed in parallel with the operation of Linear
Collider Higgs Factories to provide a staged upgrade path to the energy frontier.
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