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Muon Colliders (uC)
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Leptoquarks Q uC explores complementary
parameter space to existing experiments
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Leptoquarks

Flavor observables
Observable Experimental Bounds Relevant Couplings
Ry Ric = 08467000 113y 1) 2 x g2
Ry~ = 0.6850 565 +0.047
BR (B, — ) 3.097048 % 1079 [133-136] 32 22
R Rp = 0.340 + 0.030 137 3 20
Rp+ = 0.295 + 0.014
RY/ 0.995 = 0.022 + 0.039 [138] 32 22
BR (1 — wy) <4.4x107% [139] 33 x 872
BR (7 — uo) < 84x1078 23 x 322
BR (Ds — uv) < 5.49 x 107° 22 % 392
BR (Ds — Tv) < 5.48 x 1072 23 x 323
BR (B — K7u) <28x107° 32 % B33 | By x B2
BR (Bs — Tp) < 4.2x107° 32 x B2 | BB x B2
BR (Bs — 77) <21x1073 33 x 823

U, = (3,1)2/3
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Flavor observables
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Production Modes

Drell-Yan" Single Production  Pair Production

Simulated with MG5
2104.05720 CC, P. Asadi, R Capdevilla, S. Homiller



Leptoquarks

50 confidence limits
3 TeV uC

(22
L °

23
T

>3) = (5;%,0.1,1)

1t SINGLE; ?‘?1'
0.500} & ‘1 S
| 5 %
P At
0.100f /| .-G

25 0.050

0.010}
0.005]

Pair Production

0.001

PAIR

All Production Channels
\Js =3 TeV
Flavor Scenario 4

[TeV]

My,

10 20 50

mrLQ [TGV]




Leptoquarks

50 confidence limits

3 TeV uC

(22 23
L FL >

>3) = (5;%,0.1,1)

0.500}

0.100¢
%f 0.050%~

Pair Production

T T
R
R

.
R

L
/',
L 4

All Production Channels
\Js =3 TeV
Flavor Scenario 4

5 10 20 50

mrLQ [TGV]



Leptoquarks

50 confidence limits
3 TeV uC
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50 confidence limits

3 TeV uC
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Leptoquarks

50 confidence limits

14 TeV uC
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Future multi-TeV uC provides a
complementary physics program
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A beam dump experiment at the uC allows us to

push into both the energy and the intensity

frontier
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A beam dump experiment at the uC allows us to
push into both the energy and the intensity

frontier
Can probe NP scenarios with:

e Very weak couplings

e Couplings to 2nd gen. leptons
e Masses < 100 GeV Liar
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We search for vector new physics signals at uC

beam dump

\/EN TeV

mnp ~ 10 MeV — 10 GeV

We consider 2 models:
@ Dark Photon

e Gauged Flavor Symmetry L, — L,
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Number of signal events depends on [, and
experiment geometry
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Number of signal events depends on [, and
experiment geometry
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Number of signal events depends on [, and
experiment geometry
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Number of signal events depends on [, and
experiment geometry

N,

Number of u

E,

X =
Ebeam

ABSORBER
Q.
<>
DETECTOR

2202.12302 CC, S. Homiller, R. Mishra, M. Reece



Number of signal events depends on [, and
experiment geometry
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Number of signal events depends on [, and
experiment geometry
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Number of signal events depends on [, and
experiment geometry
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Beam Dump Outlook

Work in progress:

@ More NP scenarios (scalars, ALPs...)
e Different \/E . low (R&D) and high (10 TeV collider)
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Summary

Future multi-TeV uC provide a complementary and robust

physics program
Leptoquarks are a motivated and novel signal to consider at uC

We should take advantage of a TeV uC to probe intensity
frontier with a uBD

Progress can be made in studies along the way






Leptoquarks

Flavor observables
Observable Experimental Bounds Relevant Couplings
Ry Ric = 08467000 113y 1) 2 x g2
Ry~ = 0.6850 565 +0.047
BR (B, — ) 3.097048 % 1079 [133-136] 32 22
R Rp = 0.340 + 0.030 137 3 20
Rp+ = 0.295 + 0.014
RY/ 0.995 = 0.022 + 0.039 [138] 32 22
BR (1 — wy) <4.4x107% [139] 33 x 872
BR (7 — uo) < 84x1078 23 x 322
BR (Ds — uv) < 5.49 x 107° 22 % 392
BR (Ds — Tv) < 5.48 x 1072 23 x 323
BR (B — K7u) <28x107° 32 % B33 | By x B2
BR (Bs — Tp) < 4.2x107° 32 x B2 | BB x B2
BR (Bs — 77) <21x1073 33 x 823

U, = (3,1)2/3

2103.16558



Leptoquarks

B — KeTe™
Ry =
B— Kutu~
b T
U, S
ﬁgZ 32

Flavor observables
Observable Experimental Bounds Relevant Couplings
BR (B, — i) 3.09704% x 1079 [133-136] 32 » §22
R Rp = 0.340 £ 0.030 137 5 g0
Rp+ = 0.295 + 0.014

R/ 0.995 = 0.022 = 0.039 [138] 32 22

BR (7 = uy) <44x107% [139] 23 x 332

BR (7 — pd) <84x10°8 23 % 322

BR (D, — pv) < 5.49 x 1073 i’ x B1

BR (Ds — Tv) < 5.48 x 1072 23 % 323
BR (B — Kp) <28x107° 32 % 23 | B3 x B2
BR (Bs — Tu) <4.2x107° 32 % 23 | B3 x B2

BR (Bs — 77) <21x107° 23 x %

L —1.98x% 1073 Tev2
m%]1

2103.16558



Leptoquarks

- T ]
Drell-Yan' Production SM Background
o b - 0
Z [y
Uy
ut b M+ b
t-channel s-channel

Simulated with MG5



Leptoquarks

Pair Production

U — u b, t™b

B~ e '

b

\

pt T Uf
W= Ui

Z[y
Wt U{

SM Background

Simulated with MG5



Leptoquarks

Pair Production

SM Background

Z Ut | B~ __—
| Z [~ ;

+ UIT ] put =

[ 4 U W
//Yv\/\/\/\‘/// !

Z[y
U1

L Z/y A U] W+ vl |

No direct coupling to muons

Simulated with MG5



Leptoquarks

Pair Production
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Pair Production
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Muon Beam Dump (xBD)

Existing BD literature At future experiments

Beam Dump Experiment at Future Electron-Positron Colliders

At existing experiments

New Fixed-Target Experiments to Search for Dark Gauge Forces
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James D. Bjorken,! Rouven Essig,! Philip Schuster,! and Natalia Toro? Leptophilic Gauge Bosons

at ILC Beam Dump Experiment
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Dark Photon Projection
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Dark Photon Projection
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