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Muon Colliders (1 C)

Complementary probe into SM and BSM processes

LHC (pp)
. V5§ </
e Color production

e Hadronized final
states
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* Electroweak production

« Small QCD background
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Complementary probe into SM and BSM processes

LHC (pp) uC ete”

 Less power loss (107°) e Synchrotron radiation

. 2" gen couplings » 1% gen couplings
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Community effort to explore physics case of uC
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Leptoquarks at 1 C

Leptoquarks are motivated

 Emerges in Pati-Salam spectrum from GUT

e Address various flavor anomalies

» uC explores complementary parameter space

U, = (3»1)2/3



Leptoquarks

Uy = (3,1)y3
Minimal U, Leptoquark EFT
|
Ly D - EUIZVUW + mUlUlTU”‘ — lgSUlJfT"U G“H
0 .
~igy=U,U; B + LU (ﬁgQ’LyﬂLi 4 h.c.)

; Vi



Leptoquarks

Uy = (3,1)y
Minimal U, Leptoquark EFT

1

Ly, D - EUIZWU’"” + mUlUJUﬂ - zgSUJTaU G*H
2

—18y UlTUl B+ —= gU

IOy LE + h.c.)
3 \ﬁ (IBLQ[]’M T

Direct production with uC



Leptoquarks
Uy = (3,1),3

Minimal U, Leptoquark EFT

1
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2 g1 R
—ng—UIZUl B +—=U" (ﬁI’;’Q’LyﬂLi + h.c.)

3 \/5
* Only including LH couplings
« Assuming U is fundamental

- Additional p;; ansatz
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Minimal U, Leptoquark EFT
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Minimal U, Leptoquark EFT

SU ij i T
SZUl D —U{‘ (,BL’QLyﬂLL + h.c.)

V2

U, = (3,1)2/3

0 O

Relative strength
determines final states

First gen. couplings constrained by
low energy experiments (1603.04993)
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Leptoquarks

Free parameters of the model

0 0 O

U, = (3,1)2/3

Vs =3, 14 TeV
0 ,622 23
IBL — L L my, € (1, 50) TeV
32 33
0 B /i
Final states of U, decays
Scenarios 1 2 3 4

(B2 55 ) 0,0,00 (420,00 (0,01, 1)  (FH0L 1)




Leptoquarks

Production Modes

Drell-Yan' Single Production Pair Production

Simulated with MG5
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50 confidence limits
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50 confidence limits
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Leptoquarks

Parameter space of leptoquark models that resolve current anomalies
within reach!
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Future multi-TeV uC provides a complementary and robust physics
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How do we effectively explore parameter space?
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If we build a uC, we should
consider a beam dump!
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A beam dump experiment at the MuC allows us to push into both the
energy and the intensity frontier

Can probe NP scenarios with:
* Very weak couplings
~ TeV

* Couplings to 2nd gen. leptons {ON
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Work in Progress

Search for vector or scalar new physics signals at muon beam dump

Vs ~ TeV

myp ~ 10 MeV — 10 GeV

This talk: vector scenarios
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Vector NP (Z’) Scenarios
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Vector NP (Z’) Scenarios
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Vector NP (Z’) Scenarios
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Experimental Setup

Can we probe interesting parameter space with a realistic experimental set up?

Relevant parameter: Z’ lifetime (/)

Example (dark photon):

2
» L'z ~ e“agymy
1 E, E, E,
. o p— }/CT p— p— A
mZ/F 7' € ZOCEMm%, € 2C¥EMm2/
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Experimental Setup
~ TeV

N - sighal events
E,

x-—Z. AN ~—Noplodo ¢ —(Ltar+Len)/! —Laec /1
Eo dx _ da?(e 0_1)6 h 0(1_6 d O)

Muons on target ( ~ 10%)
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Experimental Setup
~ TeV

_ ZEEO
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Target material detalils
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Experimental Setup
~ TeV

_ ZEEO
N -lszignal events mz: 1’
.z dN Noploldo
X S 0’0 0 Ltar [ _ Ltar_|_Ls [ —L ecC !
E, - = N, I (6 /0—1)6 ( h)/o(l_6 d /o)

Differential cross section (3 — 2)



Muon Beam Dump (¢BD)

Experimental Setup
~ TeV

Balance of target, shield, fiducial volume
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Dark photon Water target
| ' '_H] Ltar = 10m
0.001f p——_—
[ N AWARE 0. 5" Belle—ii™ ) Lgec = 100 m
105} L
10—7- e
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0.001 0.010 0.100 | 10
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Dark photon

0.001 N

AWAKE 50

10—5_
10-7} .

10—9_

\
!

{

. T Ay x)v'\\__ -
L= .
Belle-Il

mz [GeV]

0.00l 0010 0100 1

Water target

Ligr = 10 m
Lsh:::H)n1

Lqec = 100 m

\/§=3TeV—>10TeV
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Dark photon Water target
Ltar = 10m
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Muon Beam Dump (¢BD)
L, —L

1 T T — Water target
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Muon Beam Dump (¢BD)
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Conclusions & Outlook

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






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

Flavor observables U, = (G,1)y
Observable Experimental Bounds Relevant Couplings
B — Ke e~
Ry =
. B— Kutu~
BR (Bs — up) 3.097948 109  [133-136] 32 B2
Rp = 0.340 + 0.030 _
Rp 7 137 7 x B
Rp+ = 0.295 + 0.014
R/ 0.995 + 0.022 + 0.039 [138] 32 22 h ut
BR (7 — wy) <4.4x107% [139] 23 x 332
BR (7 — ud) < 8.4 x 1078 23 % 322 Uy S
BR (Ds — uv) < 5.49 x 1073 22 % 322
BR (Ds — Tv) < 5.48 x 1072 23 x B2 '322 32
-5 32 423 | ;333 ., 22 LPL 1.98 % 1()_3 T V—2
BR (B — K7pu) <28 x10 7% %X b1 20 X B% 5 — 1. e
BR (Bs — 1) <42 x107° 32 % 823 | B33 x B2 m U;
BR (Bs — 77) <21x10°3 33 » 523

2103.16558



Leptoquarks

- T ]
Drell-Yan' Production SM Background
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Simulated with MG5
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Pair Production
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Leptoquarks

Pair Production

SM Background
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Z[y
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No direct coupling to muons

Simulated with MG5



Leptoquarks

Pair Production
U — u b, t™b
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Simulated with MG5



Pair Production

T Ui

Leptoquarks

" /
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1
. 0, SM Background
— Mitigated with m,, cut 2N
b pt
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1 i ]
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Simulated with MG5



Muon Beam Dump (¢BD)

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

Shinya Kanemura ®, Takeo Moroi(®), Tomohiko Tanabe(¢)

James D. Bjorken,! Rouven Essig,! Philip Schuster,! and Natalia Toro? Leptophilic Gauge Bosons

at ILC Beam Dump Experiment

Kento Asai(“’b), Takeo Moroil® and Atsuya Niki(@)
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