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Muons vs hadrons
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QD physics: 14 TeV pp ~ 100 TeV pp [ = relative strength of the heavy particle
.14 TeV pup ~ 200 TeV pp interactions with the partons / muons

[Snowmass; 2203.07256]
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Production modes

— ——— s-channel — VBF
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Production modes

Energy at which VBF dominates over Parton luminosities
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fractional scattering scale VT = Myyi /s

A high-energy muon collider is effectively a vector boson collider
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The SMEFT
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Global SMEFT fits

e (Constraints on Higgs effective couplings

* Production channels: e
VBF, s-channels, Higgs decays )
e global Higgs&EW fits i
up to 6(10) improvements on =D e T
Higgs couplings at 10 TeV uu P
compared to HL-LHC Ll d s IIH. okl

[Snowmass; 2203.07261]
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Higgs potential at HL-LHC

e Trilinear interaction: constraints on the shape of the Higgs potential

1 1
Inthe SM:  V(H) = ~m?3 H? + \svH> + Zl)‘4H4

A3 = M = Mm% /202 = s

e HH notoriously difficult at LHC (o ~ 30 fb)
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[Cepeda et al.; 1902.00134]
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VBF as a probe of Higgs couplings
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Higgs potential in the SMEFT

o©)
Relevant SMEFT operators LsmerT = Lsm + Z v g
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Higgs potential in the SMEFT

(6)
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Higgs potential in the SMEFT

(6)

C; Y
Relevant SMEFT operators Lsmprr = Lsm+ ) 450 +O(A™°)
2\ 3
O, = (@Tcp — %) > v H? + gv2H4,
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Higgs potential in the SMEFT

14 TeV
3 3 T T
2+ 2k J
95% CL:
1
= 5 i:‘ﬁ'(U_USM)‘<2
'E 0 'E VB vVL-osmy
1k 3 TeV 14 TeV
C, | [-3.33,0.65] | [-0.66, 0.23]
ot Cpa | [-1.31, 1.39] | [-0.17, 0.30]
— Linear — Linear
— Quadratic — Quadratic
33 -3 ~2 1 0 1 2 3 33 =3 ~2 - 0 1 2 3

C, [Tev—2] C, [Tev—]

Individual bounds (68% CL)
FCC combination Cp, ~ [-0.79,0.79] TeV™? and C,q ~ [—0.03,0.03] TeV*

14 TeV muon collider  C, ~ [—0.02,0.02] TeV~2 and C,q ~ [—0.002,0.002] TeV 2

0¢d constrained in single Higgs: only O¢ relevant
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Decorrelating 4, and 4,

can be correlated in the SMEFT at dim 6
A3 = Asm (14 03) = K3dsu

2

3
A = Aspm (14 04) = Kadsy O, = (<p*<p— ﬁ) — > d4 = 603

Need to measure 4, independently

* sensitivity at tree level in HHH
/14//12M € [—2,+ 13] at 20 at FCC-hh

e atloop-level in HH
Al 23M € [-2.3, + 4.3] at 16 at FCC-hh

[Chiesa, Maltoni, Mantani, Mele, Piccinini, Zhao; 2003.13628]
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Decorrelating 4, and 4,

correlated in the SMEFT atdim 6
A3 = Asm (14 03) = K3dsu
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[Chiesa, Maltoni, Mantani, Mele, Piccinini, Zhao; 2003.13628]
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Decorrelating 4, and /14
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HH as a probe of VVHH

1 2H H? 1
2 + - 2 3 4
H

Cloq V2
H Axy = —fﬁ Akyy = —2C,

A2
correlated in the SMEFT
Expected 95% CL bounds at muon colliders:

1 10 20 2TV 99 1 1
e S R
o
Arsyy A [ 207001 } ~5% at LHC
Akz H H <1% at ee Higgs factories
Ak, | ——H —H—— ~1% at FCC-hh (100 TeV)
Arsl  HH - — ~5% at FCC-hh (100 TeV)
[Han, Liu, Wang; 2008.12204]
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Top Yukawa In tt VBF

Higgs without the Higgs: off-shell H production 0% g - 14 Tev, Unpolarized Beams
i 60 :
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[Muon Smasher’s Guide; 2103.14043] E s Rl . .
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Muon Yukawa

* Yukawa couplings of the second generation are T :TLASR””Z
still poorly measured g0

Anomalous muon-Higgs couplings in HEFT il 3 ..
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Muon Yukawa

TLASRun2

* Yukawa couplings of the second generation are E' — 2
still poorly measured g0t L -
Anomalous muon-Higgs couplings in HEFT L L .
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Muon Yukawa
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- Combine all processes (10 TeV) _ f
S = 1 e
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Great potential for a 10 TeV muon collider!

current bounds at LHC: | Aa, | € [-0.2,0.4]

SME

HEF

~1: uy — HHH constrains |Ag,| < 0.05
| Aa; | < 0.1 (combination)

sign determination in HH, HHH,ZZZ
simultaneous constraints in (a;, a,) contour plots
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Summary & conclusions

* A high energy muon collider is a vector boson collider
* probe Higgs interactions via VBF and longitudinal scattering amplitudes

e promising results for
- triple & quartic Higgs self coupling: better than FCC-hh already at 6 TeV
- HHVV: competitive with FCC-hh at ~ 6 TeV
- top Yukawa: %-level precision at 1/s > 14 TeV and & ~ 100 ab™!

- muon Yukawa: 5% precision at a 10 TeV collider

Great prospects for Higgs physics motivate further studies
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