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The	Future	of	Colliders
How	and	where	do	we	look	for	new	physics?
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• LHC	has	enormous	discovery	potential
• Precision	experiments

Expand	energy	frontier	into	O(10)	TeV

Construction	of	new	colliders
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Muon	Colliders	(MuC)
Complementary	probe	into	SM	and	BSM	processes
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Muon	Colliders	(MuC)

Future	multi-TeV MuC provide	a	complementary	
and	robust	physics	program
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The	focus	of	this	talk	is	a	new	physics	scenario:	
vector	leptoquarks



Leptoquarks
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U1 = (3, 1)2/3

Leptoquarks	are	motivated
• Emerges	in	Pati-Salam	spectrum	from	GUT
• Address	various	flavor	anomalies
•MuC explores	complementary	parameter	space
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Production	from	!+ !- collisions

Minimal U1	Leptoquark	EFT:



Leptoquarks

5/26/21 Pheno 2021 Symposium 6

U1 = (3, 1)2/3

LU1 = �1

2
U1

†
µ⌫U

µ⌫
1 +m2

U1
U†
1µU

µ
1 � igsU

†
1µT

aU1⌫G
µ⌫

�igY
2

3
U†
1µU1⌫B

µ⌫ +
gUp
2
Uµ
1

⇣
�ij
L Q̄i

L�µL
j
L + h.c.

⌘

Minimal U1	Leptoquark	EFT:

• Only	include	left-handed	couplings
• Assuming	U1 is	fundamental
• Additional	βij structure ansatz
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Direct	production

First	gen.	couplings	
constrained	by	low	energy	
experiments
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Free	Parameters	of	the	Model
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U1 = (3, 1)2/3

Low	energy	flavor	observables
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U1 = (3, 1)2/3

Low	energy	flavor	observables

RK anomaly:
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Simulated	with	MG5
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Production	Modes

Pair	Production Single	Production Drell-Yan†
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Production	Modes

Pair	Production Single	Production Drell-Yan†
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U1 = (3, 1)2/3

Pair	Production SM	Background



Leptoquarks

5/26/21 Pheno 2021 Symposium 24

U1 = (3, 1)2/3

Pair	Production
Mitigated	by	
mbb cut	
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U1 = (3, 1)2/3

Drell-Yan SM	Background
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U1 = (3, 1)2/3

Drell-Yan

ηb

ηb

Bin	in	η
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U1 = (3, 1)2/3p
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Conclusions

5/26/21 Pheno 2021 Symposium 15

Future	MuC can	probe	complementary	parameter	
space	to	LHC

Leptoquarks	are	a	motivated	model	to	consider	
Parameter	space	of	leptoquark	models	that	resolve	

current	anomalies	within	reach!


