Probing axion and new physics at muon collider

Ningqiang Song
with Haitian Li and Zuowel Liu

Institute of Theoretical Physics, Chinese Academy of Sciences
October 14, 2024




Why Muon Collider?

** Precise measurement = lepton collider

* Higher energy = hadron collider

** A balance between the two?

Low background and high energy muon collider



The NA6411 Experiment

2022 pilot run
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Events at NAG64 .
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Events at NAG64 .
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Events at NAG64 .
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Events at NAG64 .
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Events at NAG64 .
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New physics



New Physics Search at NA64 .
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New Physics Search at NA64 .

Thermal Dark Matter, g, = 51072, mz = 3m,
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What else?



Axion-Photon Interaction
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Axion production through photon-photon fusion
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Production Rate
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Cross Section
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Decay Probability
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Visible vs Invisible

Hin ‘I
\[1 (}Ighdl (}IJBAQ ‘JI{(3}&IJ
- YY
_ — W
1074 __
—_— yZ
1079 — eé
— uf
- — TT
10 12--——de
%) 10—15 i
O,
U= 10—18 -
10—21_
10—24-
10—27_
o

m; [eV]

(}IBIVI3f4 ‘

L 10—1!
L 10—7
-10~4
-1071
. 102
L 105
. 108
_1011

+10%

Alonso-Alvarez et al, EPJC/1811.05466

150

50

W e I G S | [ G e

D

visible

invisible

| R W I | S AR | PR BN | R (GO R | |

o

200

10

16



Constraints on Axion-Photon Interaction
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Axion-Muon Interaction
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Axion production through muon bremsstrahlung
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Cross Section

Nuignat = Natornes Lia / do(uN — uNX)ePony
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Constraints on Axion-Muon Interaction

10_1 T r T
BaBar
_ 1072
= NAB4. 2 x 10'°MOT _~
o) |
3 \ l
U I
> 10-2 NA64y 102MOT _. -
SN1987A _
Preliminary
104 | ‘
1072 101

mga [GeV]

Buen-Abad et al, JHEP/2104.03267

20



Muonphilic Dark Sector
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Massless L, — L, mediator with a dark sector
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Cross Section
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Muophilic Millicharge?
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Constraints on Muonphilic Dark Sector
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Flavor Changing Scalar?
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Flavor Changing Scalar?
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*** Muon collider as a good option for precise measurement at high energies

% Search for New Physics at NA64u

*** New gauge boson

%* Axion-photon interaction
%* Axion-muon interaction
* Muonphilic dark sector

¢ Flavor changing scalar






Back up



Millicharge Particles from Proton Bremsstrahlung

Fermi-Weizsacker-Williams (FWW) approximation with the splitting-kernel approach
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Millicharge Particles Flux

Meson decay+Proton Bremsstrahlung+Drell-Yan
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