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The Physics

Will a Muon Collider
satisfy the physics goals?

* Precision Higgs
couplings

« BSM at higher energies




Muons are elementary = full beam energy used in collision
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https://arxiv.org/abs/2103.14043

Concept of EW PDFs useful for Standard Model (background) cross-sections.
parametrizing productions. VBF (solid) dominates over annihilation (dashed).
102 T T T T T T T — T 105."'1' —r + 1 +~ ¢+ ¢+ + | + ¢t t | *t t *+ ¥ [ Tt Tt T 3
_ .‘ i +,,—
B Mgt iaZ —Q=3Tev WH A wew
10! . sagusgileN | 108 VBF—» H
S Ve Wsse ™ These are calculable! - o :
é 100 L é .............................................................. tt
| _ tt H
]_0_1 e M E
10_2 - [ [ l ‘l l .........................
1073 5 10 15 20 25 30
Vs [TeV]
arXiv:2007.14300

Muon collider is a vector-boson collider



https://arxiv.org/abs/2007.14300

A few common BSM signals (left)
and backgrounds (right).
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Tentative event reach competitive

14Tev  with FCChh for EW states.

| 10 Tey  Reachistentative as detector effects and more detailed

analysis needed.
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T The low FCC-hh mass reach on Top Partners
could be due to a non-optimal analysis



https://arxiv.org/abs/2012.11555

Muon Collider Higgs Precision Projections (SMEFT) HL-LHC ILC (500) ECC-ee/hh uC (10 TeV)
[l HI-LHC i 3TeV.C [ 10 TeVuC hzz 1.5 0.17 0.12 0.33
10- 1| (B 10 TeV + 125 GeV uC _ wi/wo T ﬁ" hww 1.7 0.20 0.14 0.10
hbb 3.7 0.50 0.43 0.23
3 hyy 3.4 0.58 0.44 0.55
g hgg 2.5 0.82 0.49 0.44
A 107 hce ; 1.22 0.95 1.8
htt 1.8 1.22 0.29 0.71
hyz 9.8 10.2 0.69 5.5
L0-3 hpp 4.3 3.9 0.41 2.5
sgiogy ™ ol sgl ogii ogl ogly gl ogy ol o htt 34 > g2 10 3.2
Mot 5.3 0.63 1.1 0.5

* >10 TeV uC required for Higgs physics

* Precision competitive with FCC-ee/hh
» Except couplings with small BR’s




Multi-TeV collider is

required for higgs self-

coupling

collider Indirect-h  hh  combined
HL-LHC [78] 100-200%  50% 50%
ILC250/C°-250 [51)[52]  49% — 49%
ILC500/C?-550 [511[52]  38% 20% 20%
CLIC3s0 [54 50% — 50%
CLIC1500 |54 49% 36% 29%
CLIC3000 49% 9% 9%
FCC-ee 33% — 33%
FCC-ee (4 1Ps) [55 24% — 24%

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

n(3 TeV) (64 - 15-30%  15-30%
(10 TeV) |64 - 4% 4%

LHC (now)

<¢>

V(g) = 1*¢'¢ + A(¢' )’

4C (10 TeV)

Credit: R. Petrossian-Byrne, N. Craig




Towards a muon collider

Universal Composite Higgs
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https://link.springer.com/article/10.1140/epjc/s10052-023-11889-x




10 TeV concept developed for EPSSU

MUSIC Detector Concept

Muon Collider
Simulation

Hadronic Calorimeter —

Solenoid —_

Electromagnetic Calorimeter

Nozzles

Silicon Tracker —

Muon System

yF S aaES—— %
[

e ——————————.

A similar concept being developed in “US”. e ———
MAIA: A new detector concept for a 10 TeV muon collider



https://muoncollider.web.cern.ch/design/muon-collider-detector
https://arxiv.org/pdf/2502.00181https://arxiv.org/pdf/2502.00181

arxiv:2105.09116

* BIB = muon beam decays and strike the detector

* Several main mitigation

« 10° tungsten nozzle to shield from beam decay products

« Precision timing information from detectors

Background hits overlay in [-360, 480] ps range
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FLUKA simulation of BIB before reaching the detector. _ Particle energy spectra with (Y) and without (N) nozzle. _


https://arxiv.org/pdf/2105.09116.pdf
https://arxiv.org/abs/2105.09116

Plots from 1.5 TeV detector concepit.
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Muon Collider
Simulation

Material description
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Plots from 1.5 TeV detector concepit.
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Plots from 1.5 TeV detector concepit.
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https://cds.cern.ch/record/2669540/files/ATL-PHYS-PUB-2019-014.pdf
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Similar plots exist for MAIA.

Tracking Photons
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https://arxiv.org/abs/2502.00181

—3 tracks

b jet

------ b hadron
—————— impact
parameter
- - secondary
* Important for Higgs studies.
do
. light jet :
« Most common decays is into two b-quarks. ‘7 - primary vertex
’ light jet
by explicit secondary vertex reconstruction by Machine Learning (ATLAS SALT framework)
MUSIC Detector Concept
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Source: The 2021 ECFA detector research and development roadmap (with updates).

Similar challenges at FCChh and pC, but uC is easier.

** Sorry for tracking bias.
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https://cds.cern.ch/record/2784893?

Muon Collider is competitive with FCC, but “simpler”.

Physics
 Increase in activity as part of ESPPU/Snowmass studies.
« 10 TeV collider meets the necessary goals.

Accelerator
« See all other talks today!

Detector
« Beam Induced Backgrounds creates a very unclean environment.
« Two concepts with advanced object reconstruction studies.

« Created since Snowmass. Shows maturity of framework.
e [ots of progress, but still need to understand effect on physics goals.







hadronic calorimeter

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

¥ 30x30 mm? cell size;

® 75\,

iU VTG TG L W CALU ) T

¢ 40 layers of 1.9-mm W
absorber + silicon pad
Sensors;

¥ 5x5 mm? cell granularity;
® 22 Xp+ 1A,

muon detectors

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

¥+ 30x30 mm? cell size.

heavily based on CLIC detector

superconducting solenoid (3.57T)

10 TeV concept developed for EPSSU

tracking system

+ Vertex Detector:

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

* 25x25 pm? pixel Si
Sensors.

¢ Inner Tracker:
« 3 barrel 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 pm x 10 mm micro-
strip Si sensors.

shielding nozzles

¢ Tungsten cones + horated
polyethylene cladding.



https://muoncollider.web.cern.ch/design/muon-collider-detector

1)Muon trajectory, decay and transport of products via
FLUKA

« Full beam optics present through LineBuilder Interface
2)GEANT simulation of particles entering the detector

Beam Induced Background Energy spectra
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Concept developed at KITP workshop at Santa Barbara

Summary by B. Rosser

Removed double layers in tracker
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But scattered muons from ZZh are more forward (nozzle)

BIB is less of an issue. M. Forslund, Muon Collider Workshop at FNAL, Dec. 15, 2022
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https://www.google.com/search?client=firefox-b-1-d&q=kitp+muon+collider
https://indico.cern.ch/event/1313131/contributions/5618361/attachments/2754083/4794910/pitt_muc_ten_tev.pdf
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