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Why now?

Clearly something “in the air” about
muon colliders.

Progress: MAP, MICE, LEMMA, MCC

—uropean Strategy Update, Snowmass

Systematic case being worked out;
opportunity to define landscape.

[t's extremely interesting and potentially
the best of all worlds, erodes the
dichotomy of energy vs. precision.

MUOTHON




The Muon-Smasher’s Guide
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Annihilation: Muons vs. Protons

In the spirit of [Maltoni et al. 2005.10289]

2-to-1 production 2-to0-2 production
USG 1SG|
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Bands are NNPDF3.0 LO vs. CT18NNLO

Comparison favorable to MC inthat § = s, = M? for 2-to-1 and § = 5. = 4M? for 2-t0-2
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VBF: uCs as Vector Factories

[Han, Ma, Xie, 2007.14300]

5 [Han, Ma, Xie, 2007.14300]
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VBF: uCs as Vector Factories

Vs =30 TeV 1SG Vs =30 TeV [4SG]
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Annihilation vs. VBF

VBF is important due to log(s) growth compared to 1/s falloff for annihilation, but also goes like 1/M?
c.f. [Maltoni et al. 2005.10289]

Logio[0ann/ovBF] for SU(2) singlet Logo[0ann/ovBF] for SU(2) doublet




Annihilation vs. VBF

For sufficiently distinctive final states, production in muon annihilation sufficient to give limit at kinematic threshold

Uty - tptp > tt + XX urum—- trt; - tt + XX utum—- trtr + vwo tt + Xy +vv
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95% CL exclusion in simplified parton-level analysis w/ optimized invisible pr cut, VBF tf background
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uGC is a Longitudinal Vector Factory
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Naively, longitudinal contribution is small... But in many processes is O(1) contribution

Extraordinary laboratory for longitudinal vector physics...
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10 TeV @ 10ab™* [1SG]
Production Decay Rate [fb] | A-€ [%] | Ac/o [%]

bb 485.7 7.4 0.17
CC 24 .4 1.4 1.71
77 721 37.2 0.19
T 53.1 0.0 Y
WW*(500) | 528 20.7 0.30
| WV (43 357 1.9 0.49
W-fusion ZZ*(EM)) 0.1 6.6 11.74
ZZ7Gj0T ) | 21 3.9 2.32
77 (4)) 10.8 1.6 1.4
Yy 1.9 33.0 1.25
AL, 0.9 270 1.99
TN 0.2 36.7 O 37
. b 50.6 3.1 0.49
WW*(4)) 3.9 6.2 1.34
W -tusion ttH bb 0.05 8.0 14.95

Ballpark numbers: Fast sim,
No physics backgrounds or

DELPHES muon collider detecto
SIB; latter plausibly under control
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r card, minimal cuts, tagging.
Bartosik et al. 2001.04431]



k-0 |[HL-LHC[LHeC[HE-LHC| ILC | CLIC |CEPC|FCC-ee|FCC-ee/|putp™
fit S2 S2’ [250 500 1000|380 1500 3000 240 365| eh/hh (10000

kw |%]| 1.7 |0.75 1.4 0.98 1.8 0.29 0.24[0.86 0.16 0.11[ 1.3 |1.3 0.43] 0.14 | 0.06

% (%] 23 | 36 19 12 2309706625 13 09| 15 |L7 10| 049 | 0.15
iy (] 10. | — |57 3.8 |90« 86x 85x[120x 15 69| 82 |8« Tox| 0.69 | L0

oo (%) | 33 | — 28 17— 69 16| — — 27| — |— —| 10 | 749
% (%] 46 | — 25 17|15 94 62320« 13 58| 89 |10 89| 0.41 | 195

JZS€]

K fit in “x-0” scenario (no invisible/untagged BR, no HL-LHC combination)
Other entries: [de Blas et al. 1905.03764]. Also: hhh 5.6% [Han, Liu, Low, Wang 2008.12204]

“‘Ballpark estimate” ~ Higgs factory numbers, warrants optimization & treatment of backgrounds.

Off-shell contributions likely powerful |Buttazzo, Franceschini, Wulzer, 2012.11555].
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Unitarization in 1t
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—xpect Higgs-top coupling to remain an interesting target after HL-LHC/Higgs factory

_ m = "
Yt — yt(l -+ 5]331\/[) M(WI—LI_WL — t??) ~ Q}2t 5BSM\/E \/g P ur
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L [ab™1]

Unitarization in 1t
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Expect | oggnm | < 0.06 after

L-LHC

Meaningful sensitivity with O(10/ab) across range of collider energies, “Higgs without Higgs™ program powerful.
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Fusing Vectors into Scalars
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Fusing Vectors into Scalar Loops

USG) |
/>-symmetric singlet coupling to Higgs (beloved for 0.020F iM751§ oy
=W phase transition, naturalness, dark matter, ...) | "
“Nightmare Scenario”
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can also use longitudinal
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Fusing Vectors into Scalar Pairs
Z2-symmetric singlet coupling to HIggs /L/ \\Y// AN 7L//
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Minimal Dark Matter

Powerful prospects for a uC in final states with missing energy:
large electroweak production rates, low backgrounds compared to hadron colliders

[Han, Liu, Wang, Wang, 2009.11287, updated for uSG]
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The Gravitino 2
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Higher-order is interesting

N

Tired: looking for states @ uC using t
Wired: looking for states @ uC usi
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Complementarity

—.g. next-gen. electron EDM expts sensitive to ~20 TeV particles in Barr-Zee diagrams
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Muon g-2 [Capdevilla, Curtin, Kahn, Krnjaic, 2006.16277; Buttazzo & Paradisi, 2012.02769; Capdevilla,
Curtin, Kahn, Krnjaic, 2101.10334; Chen, Wang, Yao 2102.05619; Yin, Yamaguchi 2012.03928]

B,K flavor anomalies |Huang, Quelroz, Rodejohann, 2101.04956;
Huang, Sana, Queiroz, Rodejohann, 2103.01617]
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Why now?

® High-energy muon colliders are
potentially the best of all worlds:
precision and energy

® Now Is the time to develop the
systematic case, identity targets. New
environment, new opportunities.

® Muon collider operating at ~tens of TeV
and ~tens of ab-1 can comprehensively
cover SM and BSM physics of interest,
e.qg. EWSB, dark matter, naturalness...

MUOTHON

“The muons are calling,
and we must go”




