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Muon Collider

 High Energy
10 TeV uu collider ~ 100 TeV pp collider (especially EW BSM)
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Muon Collider

* A strong physics case -

« EWBSM

* Higgs Physics
* Compositeness
* Higgs Potential
* Higgs Portal

* Dark Matter

g-2
* Etc.

What else?
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The physics case of a 3 TeV muon collider stage, de Blas,

Jorge et. al.
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Light Physics at Muon Collider

* Naively, direct search for invisible light new physics not the best idea
* Cross-section for s-channel production, when m%p, « s, is roughly apmd~§

* Muon colliders overcome this because Luminosity scales ~s
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Forward Detectors at Muon Collider

* uinteract very weakly and hence can pass through stuff and can be detected in the forward

region

tracking system

* Therefore, t-channel processes can be tagged efficiently
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* How effective is this? We look for dark portals... superconducting salencid (3.577)

* We also compare the reach to other future lepton colliders

Invisible Higgs from forward muons at a muon collider, Ruhdorfer, Maximilian et. al.

Higgs Width and Couplings at High Energy Muon Colliders with Forward Muon Detection, Li, Peiran et. al.

¢ Vertex Detector:

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

* 25x25 pm? pixel Si
sensors.

¢ Inner Tracker:

« 3barrel layers and
7+7 endcap disks;

* 50 pm x 1 mm macro-
pixel Si sensors.

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

shielding nozzles

¢ Tungsten cones + borated
polyethylene cladding.




Dark Portals

* Well-motivated BSM paradigm
L= ﬁSM + £dark + Lint

* Possibilities at renormalizable level Invisible Higgs from forward muons at a muon collider,
Ruhdorfer, Maximilian et. al.

) ; ; 9 Higgs Width and Couplings at High Energy Muon Colliders
 Higgs Portal- H'HS+ H'HS with Forward Muon Detection, Li, Peiran et. al.

* Vector Portal- B, F'™" oytipZ),

Focus of
this talk

* Neutrino Portal- LHN  workin

Progress

Heavy Neutral Leptons at Muon Colliders, Li, Peiran and Liu, Zhen and Lyu, Kun-Feng



Hypercharge Portal

* Anew U(1) gauge boson that kinetically mixes with hypercharge
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Hypercharge portal (invisible)
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* For mp << mz,
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Serendipity in dark photon searches, Illten et.al.



Hypercharge Portal at u Collider

Mm 1
* We consider the following channels

o Mono-photon (conventional search) -
pt+puT =y +9p I
o t-channel (forward search) v
+ — + —
pttp = pt T YD /JPJf
* Primary Backgrounds m %
1

o Monophoton _
put+puT — v+ Z(inv.)
o t-channel

put+pum — put + pm + /X (forward, undetected) or pt + p~ + Z(inv.)
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Hypercharge portal at i collider

* Spectrum with detector effects using De10lphes
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Hypercharge portal at u collider
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Serendipity in dark photon searches, Illten et.al.
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FCC-ee

* Rare Z decay, 101% Zs!! Formp, < M,,

ATECC < ecalap(z 4 0t") = 21072

FCC —~ LEP | NLEP
(AFZ_H-—FT— ~ APZ—)T+T_ NFCC>

* Mono-y search at the ZH threshold ~ 10 ab™?

e?’

0-
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Hypercharge portal at future lepton
colliders
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— L, portal at future lepton colliders
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Neutrino Trident Production: A Powerful Probe of New Physics with
Neutrino Beams, Altmannshofer et.al.
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Other Portals

* Neutrino Portal (invisible) — Results very soon
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+ Reducing cosmological small scale structure via a large dark matter-
M‘<’ neutrino interaction: constraints and consequences, Bertoni et.al.
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VBF like processes forward detectors can help

Heavy Neutral Leptons at Muon Colliders, Li, Peiran and Liu, Zhen and Lyu, Kun-Feng
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Conclusions

Future Lepton Collider are great probe of light invisible new physics

Despite the high center of mass energy, a muon collider can explore new regions
of parameter space for “light” dark portals

would be one of the best probe for Dark Photons

Perhaps, forward detector could also improve sensitivity to Neutrino Portals and
Higgs Portal

Watch out for our paper 2406.XXXX
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Questions?



