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What is 10 TeV pCM?
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» expand reach to coloured exotics (SUSY...) » 2nd generation specific new physics

» multi-Higgs in WBF and GF . » aWeollider!

» WBF + multi-boson in many channels v fine-grained picture of EW/ 4 sector
v unitarisation, /7 off-shellness, ...
» challenging environment: QCD/pile-up...

v elw. Sudakovs... 56 ¢ Englert's talk!


https://conference.ippp.dur.ac.uk/event/1357/contributions/7835/attachments/6143/8272/2024_ECFA.pdf

Why collider experiments?

Collider experiments allow you to sample a huge space
of theories with one experimental setup!

iR
W/Z mass Flavor physics pdf
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Gauge A :
i Evolution of early Universe Axion-like particles
Higgs couplings Matter Antimatter Asymmetry
Nature of Dark Matter ok
Higgs mass Nature Origin of Neutrino Mass Mg e
_ of Higgs Origin of EW Scale ‘
Higg=F Origin of Flavor | ‘ Long lived particles
Rare decays Top Exploring SUSY
Top mass .
Leptoguarks
Top spin FCNC New scalars Heavy neutrinos

Very useful if you don’t know where to look...



Why 10 TeV pCM?
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Collider Concepts

1
FCChh ' Muon Collider
e Mostly existing technologies in abig ! e Precision of a lepton collider with
(~100 km) tunnel. | energy reach of a hadron collider.
e Potential e*e” collider as first stage. I o Significant accelerator R&D needed.
e Alternatively the SppC in China. ' o No official site. ot mentons Pt
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Muon Collider: Accelerator Complex

Compact ring to minimize
muon travel time

This is the hard part
(last attempt in UK)

H Injector

Muon Collider
>10TeV CoM
~10km circumference

IP2

(00 | | o) —
i 4 GeV Target, wDecay pCooling  Low Energy
i Proton & pBunching Channel  uAcceleration
%, Source Channel

C Rogers this morning

Accelerator
Ring

== ofii===""

Energy Luminosity
Scale as 1/s2 Staging  Staging
Parameter Symbol unit Scenario 1 Scenario 2
\ Stage 1 | Stage 2 || Stage 1 | Stage 2
Centre-of-mass energy Eow TeV 3 10 10 10
[™ Target integrated luminosity f Ltarget ab~! 1 10 10
Estimated luminosity Lestimated | 103%cm 2571 2.1 21 tbe 14
Collider circumference Ceoll km 4.5 10 15 15
Collider arc peak field Birc T 11 16 11 11
Luminosity lifetime Niurn turns 1039 1558 1040 1040
Muons/bunch N 10™2 22 1.8 1.8 1.8
Repetition rate fr Hz | »5 5 5 5
§ Beam power Pian 53 14.4 144 14.4
: RMS longitudinal emittance eVs 0.025 0.025 0.025 0.025
& Norm. RMS transver; ittance €1 um 25 25 25 25
d ich length a mm 5 15 the 15
i —] IP betafunction B mm 5 1.5 tbc 1.5
TrlggerleSS IP beam size o um 3 0.9 tbe 0.9
Protons on target/bunch Ny 10 5 5 5 5
Protons energy on target E, GeV 5 5 5 5
BS photons Npgso per muon 0.075 0.2 tbe 0.2
BS photon energy Egs MeV 0.016 1.6 the 1.6
BS loss/lifetime (2 IP) Egs tot GeV 0.002 1.0 the 0.67

IMCC Interim Report



https://conference.ippp.dur.ac.uk/event/1357/contributions/7693/attachments/6157/8297/2024-09-25_rogers-muon-accelerators.pdf
https://arxiv.org/abs/2407.12450

Muon Collider: Beam Induced Background

e BIB = muon beam decays and strike the detector

e Two key mitigations

o 10° tungsten nozzle to shield from beam decay products
o  Precision timing information from detectors

cm

Tungsten
nozzle

FLUKA simulation of BIB before reaching the detector.
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hadronic calorimeter

¥ 60 layers of 19-mm steel
absorber + plastic
scintillating tiles;

¥ 30x30 mm? cell size;
® 7.5\,

electromagnetic calorimeter

¥ 40 layers of 1.9-mm W
absorber + silicon pad
sensors;

¥ 5x5 mm? cell granularity;
» 22Xg+ 1A,

muon detectors

¥ 7-barrel, 6-endcap RPC
layers interleaved in the
magnet's iron yoke;

¥ 30x30 mm?cell size.

Muon Collider: Detector Concept

superconducting solenoid (3.57T)

4D tracking with 30-60 ps resolution.

¢ Vertex Detector:

* double-sensor layers
(4 barrel cylinders and
4+4 endcap disks);

* 25x25 pm? pixel Si
SEensors.

¢ Inner Tracker:
» 3barrel layers and
7+7 endcap disks;
* 50 gm X 1 mm macro-
pixel Si sensors.

¢ Outer Tracker:
* 3 barrel layers and
4+4 endcap disks;
* 50 ym x 10 mm micro-
strip Si sensors.

shielding nozzles

# Tungsten cones + borated
polyethylene cladding.

L_Could be instrumented?.




S Gibson this morning

FCC-hh: Accelerator Complex

The LHC tunnel could be used for injection at 3.3 TeV.
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Main challenge is high field magnets.

Parameter

collision energy cms [TeV]
dipole field [T]
circumference [km]

beam current [A]

bunch intensity [10""]

bunch spacing [ns]

synchr. fad. power) ring [kW]

SR power / length [W/m/ap.]

long. emit. damping time [h]
beta* [m]

normalized emittance [um]
peak luminosity [10%* cm?s]
events/bunch crossing
stored energy/beam [GJ]
integrated luminosity [fb"']

Discuss: At what level does FCChh imply an FCCee?
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https://conference.ippp.dur.ac.uk/event/1357/contributions/7691/attachments/6159/8298/240925ECFA-UK-HadronColliders.pdf

FCC-hh: Detector Concept

Delphes card available for quick studies.
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Roughly same size as ATLAS.

Increased focus on forward object (ie: tracking up to |n|<6)
e Needed for pile-up rejection and VBF processes.
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Very similar requirements for both machines.

DeteCtOI' R&D ** Sorry for tracking bias.

Source: The 2021 ECFA detector research and development roadmap (with updates).
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https://cds.cern.ch/record/2784893?

Original from ESG 2020 by UB B proton collider W Construction/Transformation
Updated July 25, 2022 by MN B Electron collider -
¢ Preparation / R&D
B Muon collider P

[ ] [ ]
2038 start physics
1meiines 5
5 years 20km tunnel
©

500 GeV
4 ab?

2ab?

© m 2035 start physics
S o u rce : g { 06k unnci E;F/):/:;Os:{’iso/zao GeV
Snowmass 2021 Energy Frontier Report

Driven by HL-LHC schedule.
(13.6TeV, 450 fb")

2048 start physics

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

-1s0pg/sant i FCChh: 100 TeV =30 ab™
-

31km tunnel 40 km tunnel

SppC: 75-125 TeV, 10-20 ab!

100km tunnel, installation

CERN

Add your own
uncertainties! O ccoocov s e

- 29 km tunnel 50 km tunnel
ESEEE EEEEEEEEE EEESEEEEE EEEEEEEEE IEEEEEEEE SEEEEEEEE EEEEEEEEE EEEEE
2020 2030 2040 2050 2060 2070 2080 2090
CcCcC 2040 start physics

2TeV
=4 ab?

CCC: 250 GeV 550 GeV

Estimated cost of ESIRETTU

. RF upgrade
FCChh is 2.5x uC
I S " X “ n 13 muC:stage1 Stpe?
years 4km & reuse Tevatron ring 3Tev 10TeV;
~10ab* Note: Possibility of
OR 4km+6km km ring 10km & 16.5 km tunnels 125 GeV or 1 TeV at Stage 1

N EEEEEEEET SEESEEEEE EEEEEEEEE EEEEEEEEE EEEEE
0 2050 2060 2070 2080 2090

USA

EEEEE EEEEEEEEE EEE
2020 2030

Will slip 1 year / 1 year without R&D funding.
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https://arxiv.org/pdf/2211.11084

International Considerations

P5 Panel Report US has shown strong interest in a uC, but nothing decisive.

Support a comprehensive effort to develop the resources—theoretical, computational and technologi-
cal—essential to our 20-year vision for the field. This includes an aggressive R&D program that, while
technologically challenging, could yield revolutionary accelerator designs that chart a realistic path to
a 10 TeV parton center-of-momentum (pCM) collider. In particular, the muon collider option builds on Fermilab
strengths and capabilities and supports our aspiration to host a major collider facility in the US.

CEPC Planning and Development

. » CAS is planning for the 15t 5-year plan for large science projects, and a steering
Chinese 100 TeV pp committee has been established, chaired by the president of CAS.

collider is not
constrained by
HL-LHC timelines.

Go directly to FCChh? > A final report was submitted to CAS for consideration, this process is within
CAS, and the following national selection process will be decisive. 14

> High energy physics and nuclear physics is one of eight groups (fields).

» CEPC is ranked No. 1, by every committee (2 domestic and 1 international).



https://www.usparticlephysics.org/2023-p5-report/
https://indico.cern.ch/event/1291157/contributions/5890038/attachments/2898444/5087183/2024-ICHEP-CEPC-Overview-HaijunYang.pdf

Contact Andy, Sarah or | if you

Final Thoughts would like to get involved!

100 TeV pp and 10 TeV pu colliders physics competitive by design.
Accelerator: uC requires significant R&D for novel collider.
o FCChh does require much larger infrastructure.

Detector: high pile-up makes FCChh environment more challenging.
o MC has similar challenges due to BIB, but “easier”.

FCChh studies are advanced, but uC is ramping up.

o Improved understanding of pile-up/BIB is important for predictions.
Don’t forget the non-scientific considerations.

Further Reading:

Future Circular Collider Conceptual Design Report Volume 3
Towards a muon collider
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https://link.springer.com/article/10.1140/epjst/e2019-900087-0
https://link.springer.com/article/10.1140/epjc/s10052-023-11889-x

