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Muon Collider
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Muon Collider

Vs (TeV) 3 6 L0 S )
benchmark lumi (ab™1)| 1 4 10 | 20 | 90
o (fb): WW — H | 490 | 700 | 830 | 950 |1200
27 — H ST BRSO MO GRS RS
WW — HH 0.80| 1.8 | 3.2 | 4.3 | 6.7
4/ — HH 0.11]0.24 | 0.43 {0.57|0.91

O(10° — 10°%) Higgs = O(107% — 10~ %) precision
O(10° — 10°) di-Higgs = O(1072 — 10™*) precision
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Higgs at MuC
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Higgs and BSM
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R ElEently at LHC
O (X—Z) ~ O(5%) for A~1 TeV
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Single Higgs Production
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Single Higgs Production

 Inclusive channel: events from WW fusion and from
// fusion without detecting muons

- Exclusive Iy channel: events from ZZ fusion with at
least one muon detected.
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Single Higgs Production

* Focus on the leading decay channel

H — bb
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V-V-H Coupling

B lRcle parameter fit:

Vs (TeV) 3 6 10 14 30
benchmark lumi (ab™1)| 1 4 10 20 90

(AR )in 0.26%(0.12%10.073%0.050%0.023%
(AK 2 )in 2.4% | 1.1% | 0.65% | 0.46% | 0.20%
(AK )1, L7 BLve s | LB | L5
. . Statistical uncertainty only
4t \/§:3Teyl'
S fi o Fotab
do NN
o 3 TeV
-5 10 TeV
-4 30 TeV
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Double Higgs Production

A(WEWE T HH) = -ASM + AlAliWQ 4 AgAlig

Agv, As ~ constant

D 2 when £ > My
1 Y
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Double Higgs Production

EREElor the leading decay channel

BR(4b) ~ 34%

pT(b) > 30 GeV, 10° <6, <170°, ARy > 04

paired by minimizing (m;,;, — mg)* + (mj,;, — mmg)°

\mjj Ssr] mH| < 15 GeV

Mrecoil = \/(p,ﬁ R e pH2)2 > 200 GeV
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Double Higgs Production

0 = oy [1 + 11 Akw, + T2Aks + 130K, Aks + 14 (Akw, ) + 15 (Aks)’]
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0, 350) 15 —2.7 — 17 PeReuamL
350,450) 24 —34 —12 52 7.8 0.95
450,550) 24 —4.0 —0.91 4.6 12 0.52
550,650) 21  —4.6 —0.70 4.7 17 0.36
650,750) 17  —5.3 —0.60 5.1 26 0.28
750,950) 24 —6.9 —0.52 6.3 46 0.23
950,1350) 23 —11 —0.47 8.7 120 0.19
1350,5000) 15  —18 —0.30 7.2 240 0.075

Vs =10 TeV
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H-H-H & W-WAH-H

* Single parameter fit:

Vs (TeV) 3 6 10 14 30
benchmark lumi (ab™1)| 1 4 10 20 90

(AKW, )in 5.3%11.3%10.62%0.41%0.20%
(AK3)in 25% | 10% | 5.6% | 3.9% | 2.0%
- Statistical uncertainty only
Vs =3 TeV
150t L=1ab"]
D) it
M 3 TeV
L 10 :Ev
g 30 TeV
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~
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Result Summary

A |[TeV] =
1 10 20 MV o 1 1
s H stV
. b=l 6TeV,4ab-1
. =l 10Tev,10ab1
. H 14Tev,20ab1
AKw " = 30Tev,90ab-1
Arzl HH——F— =+ HH
A“WQ- I—I—I-H—I—H—I—I
ARzt H—H—I—-—H—I—I—I

1 10! —

T T T S 1 T

AK

T

B ToV/i68k = 10-20TeV

Xing Wang, UCSD

xiw006@physics.ucsd.edu

0T

1


mailto:xiw006@physics.ucsd.edu

Result Summary

» Great potential on Higgs precision measurement.

« Distinct/novel kinematical feature.

Vs (TeV) 3 6 10 14 30 Comparison
0.1%
WWH (Asw) | 0.26% | 0.12% | 0.073% | 0.050% | 0.023% | (coorcyp ) ELIC
0.13%
ZZH (Akz) | 14% | 089% | 0.61% | 046% | 021% | o 0 ) | GEPC

5% , 1% LIC/
(68% C.L.) FCC-hh

5% FCC-hh
HHH (Ars) 257 10% 5.67 3.9% 2.0% (68% C.L.) |sppC

WWHH (Akw,) | 5.3% | 1.3% | 0.62% | 0.41% | 0.20%
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Axion-Like Particles at MuC
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ALP Couplings

* Axion interactions via dim-5 operators

Leff i CGOG i CEOE S CWOW Sin Ca,CIDOaCI)

T e U

Og=—5GuGt, Oy=—FWiW",
> oM RS

O G @ = fa(clﬂpﬂcb) ,

a a

»  Axion couples to SM gauge bosons
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ALP Production

» Associated production

e V4, Yl
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ALP Production

* Vector-boson-fusion (VBF)

S e (0]
/7 —a

Wi = Gl
WTW- = a

(a) Parton description (inclusive)

e R el S ORI
=5 | FlHe@nG.e+as)

(b) Final state muons tagsed (exclusive di-muon)

10° < 0,+ < 170° my+,~ > 200 GeV
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ALP Production

B Hhicatenersies,

» Associated production goes flat
*  VBF has log-enhanced

*  Di-muon limited by angular cuts

Xing Wang, UCSD
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ALP Production
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Bounds @ MuC

Bl @er decay channel 45 vy

» |eading backgrounds for
» Associated production
ptum = Vyy, V=92
* Inclusive VBF
WTHT =Y with ISR
»  Exclusive di-muon

S Pas|ic cuts

pr(y) > 10 GeV, |n(y)| <25, AR,y >04

i SmALTIEPEE
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Bounds @ MuC
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Testing CP

U Zg-I" ¢ (Vs=10 TeV) uusut ¢ (Vs=10 TeV)

— ALP (m,=1TeV, C;=C;) — ALP (m,=1TeV, C=C;)

o
w
wn
<
L
Q
Q
7
o
w
n
<
L
Q
Q
®

i
E'LJ
e e ¥y

s
vt hmd -
} _,---r'}- 1 o - 1.___;--\.4" el .
W L Jl‘

o
—

(1/0) daldgy, (1/6°)
2
—

(1)0) da/dcp" (1/é°)

y 4

Xing Wang, UCSD xiw006@physics.ucsd.edu

25


mailto:xiw006@physics.ucsd.edu

Conclusion

- Muon colliders have great physics potential

» Hundreds of Millions Higgs produced

* Higgs couplings to great precision

» Jest double Higgs production

B Ccniion Fleavy ALPS

Xing Wang, UCSD

* y7v-fusion dominates ALP production

* Angular correlations can reveal the CP property
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Back-ups
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/5 (TeV) 3| 6 | o S
benchmark lumi (ab™!)| 1 4 10 | 20 | 90
o (fb): WW — H | 490 | 700 | 830 | 950 |1200
27 — H b1 | 72 | 89 | 96 | 120
WW — HH OO S S 28 e TSN BN
4/ — HH 0.11 1 0.24 | 0.43 |{0.57]0.91
WW — ZH 9o 2258 B SR R4S IS
WW — ttH 0.012{0.046|0.090{0.14 | 0.28
WW — Z 2200 | 3100 | 3600 |4200|5200
WW — ZZ b7 | 130 | 200 | 260 | 420
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Selection Efficiencies

Vs (TeV)
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uty- - HH+ X

o = oo [1+ Rk, + Ralris + RyAkiws, Aris + Ry (Akiw,)* + Rs (Aris)’]

\/E [TGV] OSM [fb] Rl RQ R3 R4 R5

3 TeV 091 —-3.5 -0.653.1 14 0.49
6 TeV 2Rl o O () (ISR S B2 U (161 )
10 TeV 3.6 —4.3 —043 2.7 54 0.29
14 TeV 4.9 —4.4 -0.38 2.6 830 0.25
30 TeV 76 4.4 028 2.3 210° 0219
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CH 6

A~ X v

V5 (lumi) |3 TeV (1 ab=1)| 6 (4) [10 (10)|14 (20)[30 (90)| Comparison

WWH (Akw) 0.26%  |0.12%|0.073%|0.050%[0.023% ||  0.1% [43]

A/\/C; (TeV) 4.7 700|090 [ 11 16 SN GE e e

ZZH (Aky) 14%  |0.89%) 0.61% | 046% | 0.21% | 013% 7] | Ly

A/\/C; (TeV) 2.1 o6 | 3.2 || 36 |5 |FNEsENN

WWHH (Asw,)|  5.3% 1.3% | 0.62% | 0.41% | 0.20% | 5% [38], 1% [24]| ey 1y
A/\/C; (TeV) 1 01| 31 | 38 | 55 | (68% C.L) [FCC=hh
HHH (Axs) 25% 10% | 5.6% | 3.9% | 2.0% || 5% [22, 23] |FCC=-hh
A/, (TeV) 0.49 0.77 | 1.0 | 1.2 | 17 | 8% cL) | SPPC
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