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The Future of Colliders

000

How and where do we look for new physics?

_ _ (1902.04222 cc w/ Y. Soreq, M. Strassler,
* LHC has enormous discovery potential J. Thaler, W. Xue)

(1810.07736 ccw/ Q. Ly,

* Precision experiments
A. Parikh, Y. Nakai, M. Reece)

Expand energy frontier into O(10) TeV

L; Construction of new colliders

5/26/21 Pheno 2021 Symposium 2



Muon Colliders (MuC)
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Complementary probe into SM and BSM processes

LHC MuC



Muon Colliders (MuC)

000

Complementary probe into SM and BSM processes

LHC

Vi < /s

5/26/21

MuC

&

Y

Vs

Pheno 2021 Symposium

>
®
.l
£

500

200

1

00

50

20

1901.06150




Muon Colliders (MuC)
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Complementary probe into SM and BSM processes

LHC
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Color production
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Muon Colliders (MuC)
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Complementary probe into SM and BSM processes
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Muon Colliders (MuC)
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LHC MuC ete
Vi< /s V3§~ /s
Color production Electroweak production

Hadronized final states Small QCD Background
Less synchrotron radiation Synchrotron radiation

5/26/21 Pheno 2021 Symposium



Muon Colliders (MuC)

000

Complementary probe into SM and BSM processes

LHC MuC ete
Vi< /s V3§~ /s
Color production Electroweak production

Hadronized final states Small QCD Background
Less synchrotron radiation Synchrotron radiation

Second gen. couplings First gen. couplings
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Muon Colliders (MuC)
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Future multi-TeV MuC provide a complementary
and robust physics program



Muon Colliders (MuC)
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Future multi-TeV MuC provide a complementary
and robust physics program

The focus of this talk is a new physics scenario:
vector leptoquarks



Leptoquarks Ui = (3,1)93

9000

Leptoquarks are motivated

* Emerges in Pati-Salam spectrum from GUT

* Address various flavor anomalies
* MuC explores complementary parameter space



Leptoquarks Ui = (3,1)93

o060
Minimal U, Leptoquark EFT:

1
L‘,Ulz—iUlLVU{‘”ij%]lU{qu“ igs Uy TUy, G**

2
~Ul UL, B - ‘\Q;U“ (5 Qi v, L+ hc)
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5/26/21 Pheno 2021 Symposium 6



Leptoquarks Ui = (3,1)93

o060
Minimal U, Leptoquark EFT:

1
Ly, = —iUleU{W + m%]lUqu“ zgSU IU L, G

2
~Ul UL, B - ngU“ (BYQLyuL], + b

Production from u* u collisions
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Leptoquarks

U1 = (3,1)9/3

o060
Minimal U, Leptoquark EFT:

1 y .
Lu, = —§U1L,,U{‘ +mg, U UL —

2
3
* Only include left-handed couplings

_igY U]J_r,uUl I/B'LW |

* Assuming U, is fundamental
« Additional Y structure ansatz



Leptoquarks Ui = (3,1)93

o060
Minimal U, Leptoquark EFT:

Lu, D g_UUlu (527(227#[*3: T h'C°>

V2
si=0  af=|0 g2 By

0 5%2 %3
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Leptoquarks Ui = (3,1)93

o060
Minimal U, Leptoquark EFT:

gu A
Lu, > 75Ut (87 Quyulh, + he.)

First gen. couplings

O O O constrained by low energy
Zj - Z] o 29 23 experiments
6 R 0 6 L 0 B L L

0 5%2 %3
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Leptoquarks Ur = (3,1)9/3

—000
Minimal U, Leptoquark EFT:

U rru ( nig A j
£U1 D ﬁUl ﬁLQL")/'uLL—F h.c.
First gen. couplings
constrained by low energy

” /0 _0_ 0 aiec
gi=0 B = 0.6%3 "
0 3

Direct production
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Leptoquarks Ui = (3,1)93

—000
Free Parameters of the Model

0 0 0 Vs =3, 14 TeV
o — |0 5%2 %3
- 0 f2 pB mrLqg € (1,50) TeV
Scenarios 1 2 3 4

(62, 82, 833) = | (0, 0, 0) | (832, 0, 0) | (0, 0.1, 1) | (832, 0.1, 1)

Final state of U, decays
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Leptoquarks

U1 = (3,1)2/3

Observable Experimental Bounds Relevant Couplings
R 0. 846+0 .044
Ry K= 0.041 [131, 132] 32 22
R+ = 0.6851( 40 £ 0.047
BR (B, — pp) 3.097048 x 109  [133-136] 832 x
Rp = 0.340 + 0.030
Rps P [137] 2 x B
Rp- = 0.295 + 0.014
RY/ 0.995 + 0.022 + 0.039 [138] 832 x
BR (7 — py) <44x107% [139] 53 x B2
BR (7 — u¢) <84x10°8 %3 x (322
BR (Ds — pv) <549 x 1073 22 x p#2
BR (D — Tv) < 5.48 x 1072 23 x B3
BR (B — K7p) <2.8x107° 32 % §23 | B33 x 22
BR (Bs — Tp) <4.2x107° 32 % B2 | B33 x B2
BR (Bs — 77) <21x1073 33 x B33
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Leptoquarks

U1 = (3,1)2/3

—000
Observable Experimental Bounds Relevant Couplings
Ry = 0.84610-044
K Rk~ = 0.685t8,3é§;? ooy LI L XA
BR (B, — pp) 3.097048 x 109  [133-136] 832 x
R Bp=0340+0030 5 g2
Rp+~ =0.295 £ 0.014
RY/ 0.995 + 0.022 + 0.039 [138] 832 x
BR (7 — py) <44x107% [139] B33 %
BR (7 — u¢) <84x10°8 %3 X %2
BR (Ds — pv) <549 x 1073 22 x p#2
BR (D — Tv) < 5.48 x 1072 23 x B3
BR (B — KTpu) <2.8x107° 32 x B3| B x p72
BR (Bs — Tp) <4.2x107° 22 x B3| B x B
BR (Bs — 77) <21x1073 33 x B33
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Low energy flavor observables

Rcanomaly:

Uy s

A L — 1.98 x 1073 TeV 2
mLQ



Leptoquarks

o060
Production Modes
2 U K ——~______”g======55 " b
7 b e el wo
ut uf e “
/ Z/VM\MUl ; U,
Z/y U, W~ Uy
Z/y uf W+ uf
Z|vy Uy
—— Pair Production Single Production Drell-YanT
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Leptoquarks

9000

Z[y
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— Pair Production
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Z/y
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Production Modes
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Leptoquarks Ui = (3,1)93
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ut
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Leptoquarks

U = (3,1)23

Pair Production

B U
Z[y
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Leptoquarks Ui = (3,1)93

ee0e0
Drell-Yan - SM Background
p b . b
Z [y
Ux
+ _ put A
H b
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Leptoquarks
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Drell-Yan

Normalized Distribution

1
L B =1
s =3 TeV SM Bkg. _
0.15} F==t---, = emma- mio=1TeV |
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Leptoquarks

Vs =3TeV, L

: -, ——
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Leptoquarks Ui = (3,1)93

—0-00
Vs=14 TeV, L =20 ab™*
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Conclusions

9000

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!



