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Axion and New Physics SESEEEEEE
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Neutrino Physics and Experiments i

* Neutrino Physics related to New Physics
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Outline SSES IS

* Search long-range axion-v coupling by v experiments

* Search non-v axion couplings by reactor v experiment RELICS



ALP related to muon g-2 i

- Positive value and a 4.2 o (Fermilab + Brookhaven)

Aa,=a, " — a/fth = (25.1+5.9)%x 10719

w ... cyclotron frequency

w,: spin precession frequency

w.=w,ifg =72,
SRR measure g — 2 by measuring w, — .
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Ultra-light ALP for Muon g-2

* The Lagrangian for ALP is P. Agrawal, et al. PRD 108 (2023), 015017
H. Davoudiasl, et al. PRL 130 (2023), 181802

= 2,0,y y + gaNN

Non relativistic |Imlt/ \ Farth as source

da(r) g, [ ” )
H=-gVa-& = — 2| ny(O)Edf
8a ¥ dr 2 J,

d? — < dAi : A Muon rest frame

— - wxS. —t—le,Si] S0, = — 28,0,
i N
-+ Inlab frame: 0w = osoa TE 8485 € [4-6 X 107%7,1.7 X 10_28] GeV~!
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R D - CP violating coupling
v v, Z =9,a (DZLKZ v + et kje] + eRKReR> + g.aNN
K, =KL = — KR Weak
Z - S t
gint — gaaaaf}/aysf + gSCZNN k/ e

» This leads to a gradient interaction between neutrinos and matter

AH=xNVa-pl|p]

il da(r) _ _ & 2
S ar o WO dE
S 7 Fang, Guo, Liu, XPW, Phys.Rev.D 110 (2024), 035037




 Total time evolution: A=AyA

- Oscillation probability: P = [AL]°

Preliminary reference Earth model (PREM)

----- Adam M. Dziewonski, et al.



Solar Neutrino SRS

Inside Sun: adiabaticity approximation
each eigenstate evolutes independently.

dvj N
— ~ 1ag1/j
dx

* From Sun to Earth: very long propagation length

3 y) y)
Py 2, |Ugo)| | Up
=1

(U™: the matrix diagonalizes the total Hamiltonian)

N Only depends on production position
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E, (GeV)

The oscillation probability
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Outline SSES IS

* Search non-v axion couplings by reactor v experiment RELICS
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* 6 Institutes, ~40 members.

RELICS Collaboration -
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RELICS Experiment

- Sanmen Nuclear Power Plant, Zhejiang Province
* Thermal Power ~3.4GW, baseline ~22m

« Neutrino flux ~1e14 v/cm?2/s
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RELICS Experiment SRS

2o (N — (1 —4sin® Oy ) 2)?

AR RE R BIE
PRARA iR )
RRPETR
PGl

Neutrino cross sections

—
(-
N

—
(-
I IIIIIIII I IIIIIII|

coherent scattering

—A

—A
<

ged cross section (107 cm?)

inverse beta decay

—— Reactor
# COHERENT |..
:| v XENON

é 4 6 8 10
| ¥ CONUS (Ge) E L E C S E, [MeV]
7T ¥ CONNIE (Si) [

REactor neutrino Llquid xenon
0 10 20 30 Nejt?on nu?r?ber 60 70 80 90 Coherent elastic Scattering

Flux-gvera
(-
o

..... 15



xperimenta

e
_____ <e+

_ Inverse Primakoff ) .
Primakoft | - . T— et
nverse Ccompton-like e
P .
Nuclear excitation N oo % L
. Y a ’ 7
Compton-like W,
o '\ Axio-electric process Axion decay
v a @ € o e~
. Nuclear de-excitation ™, - .
SRS N AN S o
S N N N v . "

..... 16



Reactor ALP flux at detector S

e Photon from fission:

Primakoff, m, = 10 keV
== Primakoff, m, =1 MeV
Compton, m, = 10 keV

-- Compton, m, = 1 MeV

— ¢ 091 MeV
a’E}, MeV sec \ MW

d®, 58x10" ( P ) £,

e ALP from Photon T
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Electronic recoil energy spectrum OSSR

The energy spectrum for signal IS
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RELICS background

Top PMT array
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RELICS background

- We use Geant4 simulations for the background
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RELICS Sensitivity i

- RELICS sensitivity on ALP coupling with 20 kg-year exposure
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 Axion have the potential to solve strong CP problem.

» Neutrino oscillation experiments can be used to detect long-range muon spin
force via ALP which can explain muon g-2.

» RELICS has rich physics, competitive in the search for axions, which can

explore or close the Cosmological Triangle.
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