
Muon Collider 
&

LLPs
Zhen Liu

University of Minnesota
05/28/2021



05/28/2021MuC LLP         LLP9      Zhen Liu 2

Why LLPs at 
Muon Colliders?

Why LLP? No need here.

Why Muon Collider? Quick answer.
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The power of cleanness ⊕ power of high energy!

NO 
Brainer
*no (and no need for) 
a no-lose theorem 
(narrowly defined as 
discovering a new particle).
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Current Status: US Snowmass & International
Around O(10) muon collider themed online meetings of various sizes (up to 350 participants) this year. 

Many 
LOIs

International muon collider 
collaboration: 
https://simba3.web.cern.ch/
simba3/SelfSubscription.asp
x?groupName=MUONCOLL
IDERDETECTOR-PHYSICS

Muon Collider Forum: 
SNOWMASS-MUON-
COLLIDER-
FORUM@FNAL.GOV at 
https://snowmass21.org/ene
rgy/start#communications.

A four-session muon collider 
symposium is organized in 
the recent APS April 
meeting:
https://indico.fnal.gov/even
t/48798/

Recent theory paper collection from N. Craig See Intro by Simone 
Pagan Griso

https://simba3.web.cern.ch/simba3/SelfSubscription.aspx?groupName=MUONCOLLIDERDETECTOR-PHYSICS
https://snowmass21.org/energy/start#communications
https://indico.fnal.gov/event/48798/
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Why LLPs at 
Muon Colliders?

How to think about
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Signal & Background
• Background: a generically clean environment, QCD does 

not dominate.
• Beam-induced background

• Signal
• Let’s revisit our program

See talk by Simone Pagan Griso
See talk by Federico Meloni



05/28/2021MuC LLP         LLP9      Zhen Liu 7

A cook book
• 9th LLP workshop @ virtually, May. 2021
• 8th LLP workshop @ virtually, Nov. 2020
• 7th LLP workshop @ virtually, May. 2020
• Ghent 6th LLP workshop, Nov. 2019
• CERN 5th LLP workshop, May. 2019
• Online LLP opportunity discussion, Mar. 2019
• Amsterdam 4th LLP workshop, Oct. 2018
• LBNL LLP opportunity workshop, Jul. 2018
• CERN 3rd LLP workshop, May. 2018
• Trieste 2nd LLP workshop, Oct. 2017
• CERN 1st LLP workshop, May. 2017
• Umass Amherst LLP workshop, 2016
… …

1903.04497

https://indico.cern.ch/event/793591/timetable/#20190305
https://indico.physics.lbl.gov/indico/event/633
http://arxiv.org/abs/arXiv:1903.04497
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Classification: Production

• Factorize production and decay;
• Production affects kinematics of LLP 

and trigger consideration (except for 
LLP triggers, which are rare 
currently);

• Decay affects search strategy in 
picking up the LLPs, convoluting with 
lab frame geometries;

LLP community report 1903.04497
Also seen in Review by Lee, Ohm, Soffer, Yu 1810.12602

http://arxiv.org/abs/arXiv:1903.04497
http://arxiv.org/abs/arXiv:1810.12602
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Another class of signals
Singly produced LLPs:
• HNL
• ALP
• Dark Photon
…

Clean environment (and technology advancements) may 
allow for triggerless data taking? 
It will overcome one of the painful point of current searches. 
Particularly critical for this class of rate limited processes. 

See theory talk by 
Maxim Pospelov

Long Lifetime = Low Production Rate

Hook, Kumar, ZL, Sundrum, 1911.12364

Also, dark shower shall be very 
visible.  See program yesterday.

https://arxiv.org/abs/1911.12364


A truly High Energy Machine

10+ TeV MuC outperforms 100 TeV collider in almost every aspect 
(except for dijet resonances; particles only color charged, no EW charges)

For electroweak states, already winning if MuC have 3+ TeV energy
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𝛽𝛽 ≡ 𝜎𝜎𝑝𝑝𝑝𝑝/𝜎𝜎𝜇𝜇𝜇𝜇
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Muon has (pseudo-) structure
When colliding high energy 
leptons, we are colliding a 
bunch of electroweak states.
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MuC is also a Vector Boson Machine

For light (<)(EW-charged) LLPs: 
VBF dominants the production.
In particular, there is a 
logarithmic enhancement and 
longitudinal enhancement.

Han, Ma, Xie, 2007.14300

https://arxiv.org/abs/2007.14300
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An upgrade of observables
Missing ET

Missing ET, Missing Pz, and Missing Mass

Han, ZL, Wang, Wang, 2009.11287

DT search  see talk by Federico Meloni

https://arxiv.org/abs/2009.11287
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A typical reach

Cui, Joglekar, ZL, Shuve, to CLIC 
physics book, 1812.02093

A typical high E lepton 
collider reach:
• Pair production sensitivity 

directly to the threshold 
(so long decays being 
visible);

• High mass region with low 
boost can reach long 
lifetime easily;

https://arxiv.org/abs/1812.02093


The Dream Machine

125 GeV 
Higgs 
factory

3-6 TeV 
High 
Energy 
MuC

10-100 
TeV Very 
High 
Energy 
MuC

Pheno 
Probes

Dark Matter

Baryogenesis

Naturalness

Physics Driver
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Thank you!
International muon collider collaboration: 
https://simba3.web.cern.ch/simba3/SelfSubscription.aspx?groupName=MUONCOLLI
DERDETECTOR-PHYSICS 
Muon Collider Forum: SNOWMASS-MUON-COLLIDER-FORUM@FNAL.GOV at 
https://snowmass21.org/energy/start#communications. 
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High Energy Rules

Slide from T. Cohen’s talk
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The power of cleanness
• LEP still is a headache/treasure of 

theorists
• 1M Higgs Higgs factory v.s. 0.5B 

Higgs HL-LHC
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Complimenarity
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A side note

You will always hear two leading “criticism” (excuse of not thinking) on muon colliders:
• Where is the beam? (cooling and luminosity)

• Solution: participate, understand, appreciate the muon cooling researches (as well as LEMMA), and be optimistic

• Background from muons decaying in flight
• Solution: try to estimate and convince yourself it won’t be a problem. 

MAP (US program)
is an extremely 

valuable contribution 
to the field.

95’00’10’20’??

The muon quartet: 
Gunion, Barger, 
Berger , Han hep-
ph/9504330

Establishment of the 
MICE & MAP program Higgs Discovery & much 

improved understanding 
of the physics of Higgs 
muon factory
Han & ZL, Eichten et al

Increasing interests from 
international efforts, new 
LEMMA scheme

Discontinued 
funding for MAP

MuC meeting, many 
institutions (globally) 
expressed interests, more 
than 250 participants

Overall physics 
evaluation: 
physics/9901022
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https://arxiv.org/abs/hep-ph/9504330
https://arxiv.org/abs/physics/9901022

	Muon Collider �&� LLPs
	Slide Number 2
	The power of cleanness ⊕ power of high energy!
	Current Status: US Snowmass & International
	Slide Number 5
	Signal & Background
	A cook book
	Classification: Production
	Another class of signals
	A truly High Energy Machine
	Muon has (pseudo-) structure
	MuC is also a Vector Boson Machine
	An upgrade of observables
	A typical reach
	The Dream Machine
	High Energy Rules
	The power of cleanness	
	Complimenarity
	A side note

