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Post P5, motivating accelerator R&D PSreport

Enabling the machines of the future

“Incorporate innovative concepts like cryogenic cool copper in the
normal conducting RF program”

Area Recommendation 8: Future test facilities could include the
second stage cool copper test for high gradient RF technology

Accelerator technologies play a key role in sustainability
“Accelerator structure improvements can also play an important
role, including higher quality factor, and concepts like cool
copper.”

Area Recommendation 20: HEPAP, potentially in collaboration
with international partners, should conduct a dedicated study
aiming at developing a sustainabillity strategy for particle physics.

v 3

SLAZ Caterina Vernieri + LCWS - July 8, 2024


https://www.usparticlephysics.org/2023-p5-report/

o1 AL
Gk

3
C Cool Copper Collider

arXiv:2110.15800

Bulletin of the American Physical Society (2024)

Planning for operations at high gradient at 550 GeV, 120 MeV/m
Start at 70 MeV/m for C3-250
Beam parameters optimized to record the same ILC luminosity within the same time frame

and match physics goals
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Up to 1 GeV acceleration

RF and DC port
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3
C Accelerator Complex

8 km footprint for 250/550 GeV CoM = 70/120 MeV/m
e 7 km footprint at 155 MeV/m for 550 GeV CoM

Large portions of accelerator complex compatible between LC technologies
e Beam delivery / IP modified from ILC (1.5 km for 550 GeV CoM)
e Damping rings and injectors to be optimized with CLIC as baseline

C3 - 8 km Footprint for 250/550 GeV

275 GeV BC2

1.5 km

Section A-A Section B -B

Cut-and-cover

SLAL Caterina Vernieri - LCWS - July 8, 2024
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One word on Sustainability PRX Energy 2 04700

Construction + operations CO2 emissions per % sensitivity on couplings

o Polarization and high energy to account for physics reach
o Construction CO, emissions = minimize excavation and concrete with cut and cover approach

o Main Linac Operations — limit power, decarbonization of the grid and dedicated renewable sources

3 Scenario REF System Cryogenics Total Reduction
_C (MW) (MW)  (MW) (MW)
Baseline 250 GeV 40 60 100 -
RF Source Efficiency Increased 15% 31 60 91 9
RE Pulse Compression 28 42 70 30
Halve Bunch Spacing 34 45 79 21
All Scenarios Combined 13 24 37 63

SLAZ Caterina Vernieri - LCWS - July 8, 2024 6
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One word on Sustainability PRX Energy 2 04700

Construction + operations CO2 emissions per % sensitivity on couplings

o Polarization and high energy to account for physics reach
o Construction CO, emissions = minimize excavation and concrete with cut and cover approach

o Main Linac Operations — limit power, decarbonization of the grid and dedicated renewable sources

Precision-Weighted Total Carbon Footprint of Different Colliders

o
: Q B Operations
O
. 3 Scenario RF Sys 505 mmm Construction
(M“ = +Z/WW
- £ 772772 C3 baseline
Baseline 250 GeV 40  Zos
RF Source Efficiency Increased 15% 31 £
RF Pulse Compression 28  fo4
Double Flat Top 30 £
. o
Halve Bunch Spacing o4
=
2
All Scenarios Combined 13 2
Z 0.0- .
o CLIC C ILC FCC-ee CEPC
S.E 380 250+550 2504500 88-365 91.2-360

Collider Project
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Optimized parameter sets

Phys. Rev. Accel. Beams 27, 061001, 2024

An improvement of about ~40% while maintaining BIB at the same level

Parameter Symbol [unit] C°-250 (PS1) C°-250 (PS2)
Center-of-mass Energy VS0 [GeV] 250

RMS bunch length o, [um] 100
Horizontal beta function at IP B [mm] 12
Vertical beta function at IP By [mm] 0.12
Normalized horizontal emittance at IP €, [nm 900 1000
Normalized vertical emittance at IP €, [nm] 20 12
RMS horizontal beam size at IP o, [nm)] 210 221
RMS vertical beam size at IP o, [nm 3.1 2.4
Vertical waist shift wy [pm] 0 80
Geometric Luminosity Zeeom [1034 cm~© S_1J 0.75 0.92
Horizontal Disruption D, 0.32 0.29
Vertical Disruption D,

Average Beamstrahlung Parameter ()

Total Luminosity &£ [10** ecm™? s71]

Peak luminosity fraction Z0.01/Z %]

Enhancement Factor Hp

Average Energy loss or (%)

Photons per beam particle Ny

Average Photon Energy fraction (E~/Eo) (%)

Number of incoherent particles/BX Nincon [10%]

Total energy of incoh. particles/BX Eincon [TeV]

St AL Caterina Vernieri -

LCWS - July 8, 2024

C3-250

—0— £,=900nm,w,=0
- £,=900 nm, wy, =80 pm
—4— £,=1000 nm, wy, =0

—¥— &,=1000 nm, w, =80 pm |

——- 1/4/ €, scaling

_(PS1)
""" L=Lcs_250

More in Dimitri’s talk
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Optimized parameter sets

Phys. Rev. Accel. Beams 27, 061001, 2024

An improvement of about ~40% while maintaining BIB at the same level
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More in Dimitris' talk

Importance of beam-beam background

The effects of beam-beam interactions have to be careful simulated for physics and detector performance

Time distribution of hits per unit time and area: ~ 4.4-10-3 hits/(ns-mmz2) = 0.03 hits/mm?2 /BX
in the 1st layer of the vertex barrel SiD-like detector for ILC/C3

Hits from pair background in vertex barrel - 1 bunch train

Beam pipe i
_ -300 | —200 | —100 ~ 0 100 | . 200 _ %, outline IE 1st: mean = 0.0043 + 0.0001 hits/(ns - mmz): 1st r=15.05 mm
£ ' - Region of closest € 0.04 4 2nd: mean = 0.0008 + 0.0000 hits/(ns - mm2— 2nd r=23.03 mm
E approach: i 3rd: mean = 0.0004 + 0.0000 hits/(ns - mm2 1 3rd r=35.79 mm
= r=12 mm for £ 4th: mean = 0.0002 #+ 0.0000 hits/(ns - mm?2 [ 4th r=47.50 mm
o i = =+ i . 2 -
|Z|<62 mm ,E 5th: mean = 0.0002 + 0.0000 hits/(ns - mm<* [—] 5th r=59.90 mm
t § 0.03 -
.
Convention: —< The 1= 5iD vix o
detector layer is v “
r>0 for y>0 and roposed to be ©
vice verse (for placpe 42 mm £ 0.02
visualization place 2 1 ! l
outside of that o
purposes) 8 o
(at r=14 mm) It
« 0.01
(@)
| .
1st vix barrel layer = l [ MH | =N iLI ||Ih| I g | ﬂﬂ_lﬁﬂlmullﬂl‘m
2 0 40 5

0 00 iy ek — ¢ i e o i et + ot § - W+ e - -+ — e b} i — 3 oy — —
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10 0 3

Time (ns)

0
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More in Dimitris' talk

Importance of beam-beam background

The effects of beam-beam interactions have to be careful simulated for physics and detector performance

Time distribution of hits per unit time and area: ~ 4.4-10-3 hits/(ns-mmz2) = 0.03 hits/mm?2 /BX
in the 1st layer of the vertex barrel SiD-like detector for ILC/C3

Hits from pair background in vertex barrel - 1 bunch train

Beam pipe

outline 1st: mean = 0.0043 % 0.0001 hits/(ns - mm2) — 15t r=1>.05 mm

{2nd: mean = 0.0008 + 0.0000 hits/(ns - mm2— 2nd r=23.03 mm
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Synergistic studies among all HF options
to inform detector design and ongoing optimizations

1l A
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3
C Technical progress and challenges

Over the last year, significant progress to tackle several challenges:

Gradient — Scaling up to meter scale cryogenic tests (Emilio,Dennis)
Vibrations — Measurements with full thermal load (Ankur)

Alignment — Working towards raft prototype (Harry)

Cryogenics — Two-phase flow simulations to full flow tests

Damping — Materials, design and simulation (Wei-Hou, Shumail, Zhenqgai)
Beam Loading and Stability - Beam test
Scalability — Cryomodules and integration (Andy) Vibration Studies
LLRF Control with RF System on Chip (Ankur) s I

Laying the foundation for a demonstration program
to address technical risks

v :
:.: RadiaBeam

See Ankur’s talk for details

H. Van Der Graaf i

1l A
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https://agenda.linearcollider.org/event/10134/contributions/54537/
https://agenda.linearcollider.org/event/10134/contributions/54546/
https://agenda.linearcollider.org/event/10134/contributions/54207/
https://agenda.linearcollider.org/event/10134/contributions/54781/
https://agenda.linearcollider.org/event/10134/contributions/54658/
https://agenda.linearcollider.org/event/10134/contributions/54544/
https://agenda.linearcollider.org/event/10134/contributions/54541/
https://agenda.linearcollider.org/event/10134/contributions/54545/
https://agenda.linearcollider.org/event/10134/contributions/54207/
https://agenda.linearcollider.org/event/10134/contributions/54207/

3
" One highlight: damping & detuning

Multi-bunch simulation studies have been conducted to identify required damping
and detuning to mitigate long-range HOMs

Single bunch studies also used for studying alignment tolerance
Ni-Cr coatings for two-cells structures have been tested

Multi bunches studies
107 - .
] — baseline
1 —— detune frequency bands
=
g
8 102
= : 4 7 a 5 -"ﬂ\"h\ | AN
g 10.2 - | A
0 50 100
10* - | | | | ' _ ' | Absorber slots will be
0 20 40 60 80 100 120 63\ covered with NiCr
bunch number DORD

RRRRRRRRRRRRRRRRRR

See Ankur & Zhengai talks for details
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https://indico.slac.stanford.edu/event/8577/contributions/8477/attachments/3973/10694/C3Simakov.pdf
https://indico.slac.stanford.edu/event/8577/contributions/8477/attachments/3973/10694/C3Simakov.pdf
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https://indico.slac.stanford.edu/event/8577/contributions/8477/attachments/3973/10694/C3Simakov.pdf
https://indico.slac.stanford.edu/event/8577/contributions/8477/attachments/3973/10694/C3Simakov.pdf
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C Demonstration R&D Plan Timeline * * Technically Limited

Tasks 2022 2023 2024 2025 2026 2027 2028 2029

Structure Development

Single Structure Beam Dynamics Modeling

Raft Development 1 Med i Cal y

Vibration Studies - Small Scale S-tagle 0 Industrial,

Design Demo Cryogenics COITI pact L| Nnacs

Raft Development 2

/
Structure Development Damping k : e
Cryomodule Engineering Development : : , Ve \
Demonstrator Beamline Design e . (

Demonstration Proposal

High Brightness
Organize Demo Controls Group

. A A Al d Al Photo-Injector
RF Components (First Half Cryomodule) : ‘
Demonstrator Facility Cryogenic Engineering |
Assemble First Half Cryomodule _ Linacs for |n] ection

Install Half Cryomodule with RF and DC Gun \

Injector RF Components BNS 2

Assemble Injector ( [ \ "

Install Photo Injector ! 1 CompaCt Area Recom mendatlon

Beam Test Injector 2 Light
RF Components (First Full Cryomodule) ’ g e

Assemble First Full Cryomodule . Sources
Install First Full Cryomodule with RF § \_ J

——

8 P5 report

RF Components (Second and Third Cryomodule)

Assemble Second and Third Cryomodule
Install Second and Third Cryomodule with RF s:tagg__&

Beam Tests

RF Source Industrialization

Follow-On Studies:
D C3 Demonstrator R&D Applications C] PD Staging, Positrons,

Beam Dynamics,
Detectors, DM Search
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3
C Demonstration R&D Plan Timeline *

* Technically Limited

Tasks 2022 2023 2024 2025 2026 2027 2028 2029

Structure Development

Single Structure Beam Dynamics Modeling ]

Raft Development 1 ’ —— B

Vibration Studies - Small Scale | Staae U |
Design Demo Cryogenics T

RF Photo S-band Booster C-band CM
Gun LINAC LINAC

Beam
Diagnostic Line

S-band RF NLCTA Chicane 8x50 MW C-band RF
Station Station

SLAL Caterina Vernieri -+ LCWS - July 8, 2024

Stage-2, Faya Wang

11



Demonstration R&D Plan Timeline * * Technically Limited

Tasks 2022 2023 2024 2025 2026 2027 2028 2029

Structure Development

Single Structure Beam Dynamics Modeling \

Raft Development 1 ‘ —— ,
Vibration Studies - Small Scale | stadae U
Design Demo Cryogenics =

RF Photo S-band Booster C-band CM _ Beafn _
Gun LINAC LINAC Diagnostic Line

Stage-2, Faya Wang
S-band RF NLCTA Chicane 8x50 MW C-band RF
Station Station
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Demonstration R&D Plan Timeline * * Technically Limited
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Vibration Studies - Small Scale | stadae U
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Gun LINAC LINAC Diagnostic Line

Stage-2, Faya Wang
S-band RF NLCTA Chicane 8x50 MW C-band RF
Station Station
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Quarter cryomodule Andy's talk

An important first step towards multi-structure operations

Order placed and expected delivery by Fall 2024
- Qutfit for alignment and vibration testing
Follow-on experiments with structures at
high gradient and beam acceleration

=
@
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45,28
42.81

52.48
6.98

64.48

1 —4380
4528

N—2x 394

o o = —L o o
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3
C The Complete C3 Demonstrator

~50 m scale facility
3 GeV energy reach

Gas Extractic

Liquid
- Demonstrate fully engineered cryomodule . Nitrogen
. ~50 m scale facility ‘- wd. Boiler

- 3 GeV energy reach Yle

S,

Spectrometer/ Dum

SLAZ Caterina Vernieri - LCWS - July 8, 2024 13



Synergies with Future Colliders

RF Accelerator Technology Essential for All Near-Term Collider Concepts

C3 Demo is positioned to contribute synergistically or directly to all near- ?35353“«) o ostnent e i+ 102
term collider concepts

SSS = 1400 m

Injection into collider

Beam dump

Booster RF

ILC - options for electron driven positron source based C3 technology
and high energy upgrades
- FCC-ee - common electron and positron injector linac from 6 to 20 GeV &
- reduce length 3.5X OR reduce rf power 3.5X “:;":""
- Muon Collider - high gradient cryogenic copper cavities in cooling
channel, alternative linac for acceleration after cooling N
- AAC - C3 Demo utilized for staging, C3 facility multi-TeV energy upgrade cotigersr

reutilizing tunnel, yy colliders PO TESarment sh)

booster

|
|
|
|
N\ |
|
A
Arc length = 9616.586'm |
N |
|
|

S$SS = 1400 m

\ 7
——————————————————— PD

:Y \ SSS= 1400 m (Optional
7’ \

e/ Technical site

L = 2160
SS m PE

A LSS = 2160 m

1l A
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Synergies with Future Colliders

RF Accelerator Technology Essential for All Near-Term Collider Concepts

C3 Demo is positioned to contribute synergistically or directly to all near- o005t gronrmen st N
term collider concepts e 555+ WO m S /—. e
Soocter RE pff L55=2160m Lss = 2160m 1 E‘;;’"‘“' —
+ ILC - options for electron driven positron source based C3 technology \
and high energy upgrades e, 2 hoostas
+ FCC-ee - common electron and positron injector linac from 6 to 20 Gevmm? ssszuoom i\:v_\/: - ;o;m+(;,‘,’,,°,,,.
- reduce length 3.5X OR reduce rf power 3.5X Expecimett RN Efomiment
-+ Muon Collider - high gradient cryogenic copper cavities in cooling 2 5 \
channel, alternative linac for acceleration after cooling N : -
- AAC - C3 Demo utilized for staging, C3 facility multi-TeV energy upgrade coticersr . Sssw N
reutilizing tunnel, yy colliders PG Epariment ste)
C3 cryomodule could yield to significant improvements to size and
sustainability of FCC-ee high energy linac
14
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Conclusions & Next steps

- Two Higgs Factory proposals on the table after P5, ILC and FCC-ee, to push our understanding of
Higgs properties far beyond HL-LHC sensitivity reach

Accelerator R&D could enable new capabilities to boost “sustainably” collider performance
C3 technology could play a key role in current HF proposals

C3 accelerating structures have been successfully tested at high gradient
Damping slots have been tested and to be included in the next fabrication iteration

R&D is on going and progress has been made to evaluate alignment and vibration tolerances.

First Quarter Cryomodule, with two structures, will assess them in detail
Expected delivery later this fall

Stage 1/2 will answer the most pressing technical questions: beam loading, damping, alignment

(e |

SiLAL Caterina Vernieri - LCWS - July 8, 2024
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Status and future plans for C? R&D
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November 1. 2021

C? . A “Cool” Route to the Higgs Boson and Beyond

Sustainability Strategy for the Cool Copper Collider

Martin Breidenbach, Brendon Bullard, Emilio Alessandro Nanni, Dimitrios Ntounis, and Caterina Vernieri
PRX Energy 2, 047001 — Published 26 October 2023
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https://sites.google.com/view/ec4c3
http://web.slac.stanford.edu/c3/

web.slac.stanford.edu/c3/
3 arXiv:2110.15800
C Recap: the Cool Copper technology PRAB 23.9 (2020) 092001

C3is a new linac normal conducting technology

Distributed power to each cavity from a common RF manifold

modern super-computing for solution

Seemingly complex structure can easily and inexpensively be built with modern CNC Machines
Cryogenic temperature elevates performance in gradient

Operation at 77 K with liquid nitrogen is simple and practical

RF Power

T, T T T

e b b b b o b b b

Electric field magnitude for equal power from RF manifold

: »,‘l}’
RN

First C3 structure at SLAC
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https://arxiv.org/abs/2110.15800
http://web.slac.stanford.edu/c3/

web.slac.stanford.edu/c3/
arXiv:2210.17022

3
C Why cool?
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Cryogenic temperature elevates performance in gradient

Increased material strength for gradient

Increase electrical conductivity reduces pulsed heating in the material
Operation at 77 K with liquid nitrogen is simple and practical

1l A
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https://arxiv.org/abs/2210.17022
http://web.slac.stanford.edu/c3/

arXiv:2110.15800

3
C Expected gradient

Robust operations at high gradient: 120 MeV/m
Start at 70 MeV/m for C3-250
Scalable to multi-TeV operations

i
—_—
-

High Gradient Operation at 150 MV/m High Power Test at Radiabeam
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Cryogenic Operation at X-band
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pOSt'P5 rOadmap P5 report

(4, plasma, pp R&D) - 10TevpeM

90-350 GeV CM _ Factory (ILC/FCC)
HL-LHC

S LHC
—t

2030 2040 2060
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https://www.usparticlephysics.org/2023-p5-report/

post-P5 roadmap P5 report-

(1, plasma, pp R&D) 10 TeV pCM
90-350 GeV CM [Off-shore Higgs Factory (ILC/FCC)
HL-LHC
LHC
T B
2030 2040 2060
H couplings to: 0(5-10)% 0(0.1-1)%
H self-coupling to: 0(50)% 0(20)% O(1)%
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pOSt'P5 rOadmap P5 report

(4, plasma, pp R&D) - 10TevpeM

90-350 GeV CM _ Factory (ILC/FCC)
HL-LHC

S LHC
—t

2030 2040 2047 2060
FCC-ee
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post-P5 roadmap P5 report

(1, plasma, pp R&D) 10 TeV pCM
90-350 GeV CM [Off-shore Higgs Factory (ILC/FCC)
HL-LHC
LHC
2030 2040 2047 2060
FCC-ee

\4

European Strategy for Particle Physics Update
FCC feasibility study report
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A couple of highlights More in Ankur's talk

S-Band injector linac development: low emittance for up to 14 nC bunches while accelerating them at 18 MV/m
Targeting Efficient Acceleration of High Charge Bunches
S-Band structure assembly and tuning is complete

Prototype C3 Linac with a resistive heater was used to test vibration within LN up to 2 kW

Y Displacement seen by Beam

E Preliminary
2 N2
&,
G GE)
S |
g~
., o
B - ‘?g B4, & |
PR 5 TR 0O
n:'-‘;%:;{.f: % .
Q>
0 Q Q Q Q Q Q
¥ ¥ &

>
)

U
rl-
(

22


https://agenda.linearcollider.org/event/10134/contributions/54207/

arXiv:1908.11299
arXiv:1506.07830

Why 550 GeV?

Collider HL-LHC | C3 /ILC 250 GeV | C% /ILC 500 GeV
A factor two in the top-yukawa Luminosity | 3ab !t in 10 yrs | 2ab !'in 10 yrs | + 4 ab™! in 10 yrs
coupling wrt 500 GeV Polarization = P+ = 30% (0%) P+ = 30% (0%)
guzz (%) 3.2 0.38 (0.40) 0.20 (0.21)
10 gaww (%) 2.9 0.38 (0.40) 0.20 (0.20)
s grvn (%) 4.9 0. 80 (0.85) 0. 43 (0.44)
§ : : YHcc (%) B ( ) ( )
5 i @5ooeevp(ee){0803) JHgg (70) 2.3 6 (1.7) 0. 92 (0.93)
3 4 grrr (%) 3.1 0.95 (1.0) 0. 64 (0.65)
© G (70) 3.1 4.0 (4.0) 8 (3.8)
. g~ (%) 3.3 1.1 (1.1) 0. 97 (0.97)
: guzy (%) 1 39 (8.9) 5 (6.8)
® 10 ' ~ ' guu (70) 3.5 - 3.0 (3.0)*
S g st guuH (70) o0 49 (49) 22 (22)
\'s/GeV Ty (%) 5 1.3 (1.4) 0.70 (0.70)
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https://arxiv.org/pdf/1506.07830.pdf

arXiv:1908.11299

arXiv:1506.07830
Why 550 GeV?
Collider HL-LHC C3 /ILC 250 GeV | C° /ILC 500 GeV
A factor two in the top-yukawa Luminosity | 3ab ™ tin10yrs | 2ab !'in 10 yrs | 4+ 4 ab~! in 10 yrs
coupling wrt 500 GeV Polarization - P.+ = 30% (0%) P+ = 30% (0%)
grzz () 3.2 0.38 (0.40) 0.20 (0.21)
o 10 T —————— —— | 9aWww (%) 2.9 0.38 (0.40) 0.20 (0.20)
3 - guvy (Y0) 4.9 0. 80 (0.85) 0.43 (0.44)
§ YHce (C/() - ( ) 1.1 (]. 1)
s Pt T GHaq (%) R 6 (1.7) 0.92 (0.93)
o :,,;,,;,.E,’.;;:;,,,;;;,;;,;;;;,;,,;;;,._§¢,;::;,,,;;ay,yf;;a;%ff,,;é,,;;,,,: g+ () 3.1 0-95 (1.0) 0.64 (0.65)
s Pl | g (%) 3.1 4.0 (4.0) 3.8 (3.8)
s s e | g5 (%) 3.3 1.1 (1.1) 0.97 (0.97)
= .................. d gz~ (%) 11. 8.9 (8.9) 6.5 (6.8)
- - g (%) 3.5 3.0 (3.0)*
500 550 600 grnn (%) 50 19 (49) 22 (22)
\s/GeV Ty (%) 5 1.3 (1.4) 0.70 (0.70)

0O(20%) precision on the Higgs self-coupling would allow to exclude/
demonstrate at 50 models of electroweak baryogenesis
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arXiv:2205.02140

Top physi cs at ete- arXiv:2209.07510

Unique opportunities for theoretically clean precision observables

- The measurement of the tt cross-section with a threshold scan can determine the top mass with 50 MeV
uncertainty

- Global fits demonstrate et+e- sensitivity of10-100 times above HL-LHC for some operators top electroweak
couplings at energies > 500 GeV

—_ B HL-LHC B HL-LHC + CEPC HL-LHC + CC B HL-LHC + ILC - HL-LHC + CLIC

Top pole mass : IET

-@- Total - o _
— Experimental — . HEP[

— - Theo. + trans.

Mass from decay _ 5
-y= Total —
— EXperimental -
— - Interpretation
PS mass ate’e’
- Total

— EXxperimental
"~ —-.Theo. + trans. 10

)

[

o
o

1071 I B

400

95% Interval (TeV—2
J
]
!

200

| LA

1073 = ' ' + =
0 | p— — o—— o— — Co Cw Cor Clf Coo Cz Cop Cep Ceo Cn Cf Cee Cr Gy

LHC HL-LHC Lepton Operator Coefficients
13.6 TeV colliders
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https://arxiv.org/pdf/2205.02140.pdf
https://arxiv.org/pdf/2209.07510.pdf

Current benchmarks and next steps

The goal of measuring Higgs properties with sub-% precision translates into ambitious requirements for detectors at ete-

- Requirements mostly driven by Physics goal Detector Requirement

2 —5
) . Opr /P7 =2-107°/ GeV for pr > 100 GeV
Technological advances can open Calorimeter | 4% particle flow jet resolution

new opportunities and additional EM cells 0.5%0.5 cm?2, HAD cells 1x1 cm?
physics benchmarks (i.e. H—ss) EM o5 /E = 10%/VE @ 1%

can add more stringent shower timing resolution 10 ps
requirements hbb/hce Tracker orp = 5@ 15(psin 02)"lym

Sum single hit resolution

Arxiv:2209.14111 Arxiv:2211.11084 DOE Basic Research Needs Study on Instrumentation

Relevant /s [GeV]
Topic Lead group | 91 161 240-250 350-380 > 500
1  HtoSS HTE v v v
2 ZHang HTE (GLOB) v v v
3 Hself GLOB v v v

1l A
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https://science.osti.gov/-/media/hep/hepap/pdf/202007/11-Fleming_Shipsey-Basic_Research_Needs_Study_on_HEP_Detector_Research_and_Development.pdf?la=en&hash=1D6CE7C7AEFCE124E6AA3A6914332B3F4D78A525
https://arxiv.org/pdf/2209.14111.pdf
https://arxiv.org/pdf/2211.11084.pdf

Current benchmarks and next steps

The goal of measuring Higgs properties with sub-% precision translates into ambitious requirements for detectors at ete-

- Requirements mostly driven by

Physics goal

Detector

Requirement

(Higgs) specific benchmarks

» Technological advances can open
new opportunities and additional
physics benchmarks (i.e. H—ss)
can add more stringent
requirements

hZZ sub-%

hbb/hce

Tracker

Calorimeter

Tracker

0pr /P7=0.2% for pr < 100 GeV

Opr /D7 =2-107°/ GeV for pr > 100 GeV
4% particle flow jet resolution

EM cells 0.5%0.5 cm?, HAD cells 1x1 cm?
EM og/E = 10%/VE & 1%

shower timing resolution 10 ps

Ory = 5® 15(psinf2) = ym

Sum single hit resolution

Arxiv:2209.14111 Arxiv:2211.11084 DOE Basic Research Needs Study on Instrumentation

Relevant /s [GeV]
Topic Lead group | 91 161 240-250 350-380 > 500
1  HtoSS HTE v v v
2 ZHang HTE (GLOB) v v v
3  Hself GLOB v v v

Focus topics for the ECFA study on Higgs / Top / EW factories should provide
further detector design guidelines (2401.07564) by Spring 2025

1l A
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https://science.osti.gov/-/media/hep/hepap/pdf/202007/11-Fleming_Shipsey-Basic_Research_Needs_Study_on_HEP_Detector_Research_and_Development.pdf?la=en&hash=1D6CE7C7AEFCE124E6AA3A6914332B3F4D78A525
https://arxiv.org/pdf/2209.14111.pdf
https://arxiv.org/pdf/2211.11084.pdf
https://arxiv.org/abs/2401.07564

arXiv:1908.11299
arXiv:1506.07830

Why 550 GeV?

Collider HL-LHC C3 /ILC 250 GeV | C° /ILC 500 GeV
Afact.or two in the top-yukawa Luminosity | 3ab !t in 10 yrs | 2ab !'in 10 yrs | + 4 ab™! in 10 yrs
coupling Polarization - P+ = 30% (0%) P+ = 30% (0%)
9grzz (%) 3.2 0.38 (0.40) 0.20 (0.21)
gaww (%) 2.9 0.38 (0.40) 0.20 (0.20)
grwy (70) 4.9 0. 80 (0.85) 0. 43 (0.44)
% 10 - YHcc (%) - ( ) ( )
O : GHgg (V0) 2.3 6 (1.7) 0. 92 (0.93)
S g (%) 3.1 0.95 (1.0) 0. 64 (0.65)
© g (%) 3.1 4.0 (4.0) 8 (3.8)
S, | G~ (%) 3.3 1.1 (1.1) 0. 97 (0.97)
> gz (%) 11, 3.9 (8.9) 5 (6.8)
b gr (%) 3.5 - 3.0 (3.0)*
§ - | . JHHH (0/6) 50 49 (49) 22 (22)
10 560 550 660 L'y (%) 5! 1.3 (1.4) 0.70 (0.70)
\s/ GeV

SLAZ Caterina Vernieri - LCWS - July 8, 2024 26


https://arxiv.org/pdf/1506.07830.pdf

The Higgs self-coupling

arXiv:2209.07510

HL-LHC projections are conservative, as they have still to be updated since 2018

collider Indirect-h hh combined
HL-LHC [78] 100-200%  50% 50%
ILCa250/C°-250 [51, 52] 49% - 49%
ILCs00/C3-550 [51, 52]  38% 20% 20%
CLIC3g0 [54! 50% - 50%
CLIC1500 [54! 49% 36% 29%
CLIC3000 [54 49% 9% 9%
FCC-ee [55] 33% — 33%
FCC-ee (4 IPs) [55] 24% — 24%

FCC-hh [79] - 3.4-7.8% 3.4-7.8%

w(3 TeV) [64] X 15-30% 15-30%
©(10 TeV) [64] - 4% 1%

. HL-LHC

ILC500
CLIC3000
FCC-ee
FCC-hh
nl0TeV

0O(20%) precision on the Higgs self-coupling would allow to exclude/
demonstrate at 50 models of electroweak baryogenesis
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https://arxiv.org/pdf/2209.07510.pdf

Beam Format and Detector Design Requirements rccvia Tem fepon

~1 ~2
ms N 00ms N

S _ — — — ILC Trains at 5Hz, 1 train 1312 bunches
Bunches are 369 ns apart

~/700ns ~8ms

N C3 Trains at 120Hz, 1 train 133 bunches
\ Bunches are 5 ns apart
~150ns ~20ms | |
[ CLIC Trains at 50Hz, 1 train 312 bunches
\ Bunches are 0.5 ns apart

-+ Very low duty cycle at LC (0.5% ILC, 0.08% C3) allows for trigger-less readout and power pulsing
- Factor of 100 power saving for front-end analog power

- Impact of beam-induced background to be mitigated through MDI and detector design

- O(1-100) ns bunch identification capabilities (hit-time-stamping) can further suppress beam-backgrounds and
keep occupancy low - same as for FCC-ee
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https://arxiv.org/abs/2003.01116
https://new-cds.cern.ch/records/zh1gz-52t41
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New “sustainable” parameter set ?

Baseline (=)= — — —= = = — =@ — — —

~1.4us. ~16ms
Double-flat top @i_\_ _

Double-flat top
S
Halved bunch spacing \

Caterina Vernieri - LCWS - July 8, 2024

C3 Trains at 120Hz, 1 train 133 bunches
Bunches are 5 ns apart

C3 Trains at 60Hz, 1 train 266 bunches
Bunches are 5 ns apart

C3 Trains at 60Hz, 1 train 266 bunches
Bunches are 2.65 ns apart

Constant luminosity

29
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New “sustainable” parameter set ?

scenario C3 -250 | C3 -550 | C3 -250 s.u. | C? -550 s.u.
Luminosity [x103% 1.3 2.4 1.3 2.4
Gradient [MeV/m 70 120 70 120

Effective Gradient [MeV /m| 63 108 63 108
Length [km] 8 8 8 8

Num. Bunches per Train 133 79 266 150
Train Rep. Rate [Hz] 120 120 60 60

Bunch Spacing [ns 5.26 3.5 2.65 1.65
Bunch Charge [nC 1 1 1 1

Crossing Angle [rad] 0.014 0.014 0.014 0.014

Single Beam Power [MW]| 2 2.45 2 2.45

Site Power [MW| ~150 ~175 ~110 ~125

Caterina Vernieri - LCWS - July 8, 2024
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C3
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Technical Timeline for 250/550 GeV CoM

Ef&tgY upgrade in parallel to operation with installation of additional RF power sources

2019-2024 |

2025-2034 |

2035-2044

2045-2054 | 2055-2064

Accelerator

Demo proposal
Demo test

CDR preparation
TDR preparation
Industrialization
TDR review
Construction
Commissioning

2 ab™! @ 250 GeV
RFE Upgrade

4 ab—! @ 550 GeV
Multi-TeV Upg.

H I I

Caterina Vernieri - LCWS - July 8, 2024

HL-LHC
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Luminosity optimization

7
s | Lumi nosity CLIC Stage 3

S 4 I

> A

E 3 W ToR CLIC Stage 2
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o ST SSeetetetetetettttt (oSt ol G @ <18 17 38 1 2631 . - *[CLIC Stage 1
;5, ; fl LC TDR
<
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— Eem (GeV)
= 16
S s Beam Power
= 212 - |CLIC Stage 3
S 210
— & 8
5 6 L TOR ~ [cuic stage 2
o 4 ILC New| ..
o @ ¢ |CLIC Stage 1 https://arxiv.org/abs/1711.00568
7 (2) LC TDR https://arxiv.org/abs/1608.07537
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Rapid Construction with a Surface Site

e “Cut and cover” construction

e Precast concrete housing elements made on site First level precast elements installation

e Limited waster material — reuse material to cover | | R

tunnel 8hibase and
acast

yes A &C)

|
T

e Requires low density site e.g. Hanford

Two-level zone — Typical cross-section

10

First level ical pins
T 1 precast element
{77]_d castinplaceconcretesiab ; T C
V rezs : YPE
E /( 6.6 z _ TPO Waterproofing
: é Precast element § "
7N Type D ;
K s
; Z Precast element ;
; % Type C ; Single-level zone — Typical cross-section
17— N
i é : Castn situ concrete A 717 :'%‘};&f;ageg;&a&;""";7 .
W77 725 Precast element W :
: - Type B // “ 7k
i : 8 .
1| = Precast element’! ':é/ ! ¢
i |Type A ; - | Precast element’ ;
E E Type A 7 i
1/ & Castin place concrete /3 l/ 3 i
] ; 1% :
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Power Consumption and Sustainability

Snowmass
250 GeV CoM - Luminosity - 1.3x1034
AL L roance  Unis | value
Pulse Format Gradient (MeV/m) 70 S
Reliquification Plant Cost MS$/MW 18
133 1 nC bunches spaced by ;{(I):Oenvelope Flat TOp PUISe Length 07 .
30 RF periods (5.25 ns) ™ (us) Single Beam Power (125 MW 2
GeV linac)
Cryogenic Load (MW) 9 Total Beam Power MW 4
Main Linac Electrical 100 Total RF Power MW 18
Compatibility with Renewables _ Load (MW) Heat Load at Cryogenic MW 9
Cryogenic Fluid Energy Storage Site Power (MW) ~150 Temperature
Electrical Power for RF MW 40
Electrical Power For MW 60
Cryo-Cooler
Intermittent and variable Accelerator Complex MW ~50
power production from Power
" renewables mediated with Site Power MW ~150
commercial scale energy
. TN : storage and power
" HighviewPower  Production Y



