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Strong CP problem = i
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» Low-energy QCD done predict I
égSZ ~ n | 13 | n
Z D —GG
3272

* Based on above QCD, we can build a theory for meson, then induce the neutron eDM
at nucleon level

- eégAC+M A2 _16A
d, = —v logm—% ~3X 1070 e cm

e Pression measurement
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Solution to Strong CP problem i
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*The neutron eDM In classical formula
d =) gr

-Use the neutron has asize r, ~ 1/m_

d,| ~ 10713y/1 — cos fe cm

n

.Comparing to the experiment results, we need cos 6 = 1
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Solution to Strong CP problem i
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. The EFT consists of a single new particle, the axion (a), and a single new coupling (f )

~/

GG

5 (4£+0) 5

1, 3272

*The axion obeys an anomalous symmetry

a—>a+aof,0—>0—«

UV completions of the QCD axion will occasionally generate other couplings, (To quark coupling can
be generated by RG evolution)
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» The axion potential is

4dm m 2 Am. m _
— 2 12 u''d . 29 _ 2 2 u'"d - D a | 0
V = — mﬂfﬂ\/l ( . S11 5 * V= mﬂfﬂ\/l ( ~ S1n <2fa | 2)

m, + md)

*To solve strong CP problem

d = O8AC+H logﬁ ~ 3 X 10_166_’6(:111 * dn X = T é =0

nT g2 m? g

*QCD axion mass relationship, expand V at the minimal potential, with small a/fa
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...... HEP at a cross-road: explore all directions!

000000

000000



...............
................
................

Ultralight Dark Matter-Axion ~  ::ocoooooeeeeee

................

................

‘Production: Misalignment
a(t) = a (H > ma)

a—+ 3H(t)a + mga =0 —
a(t) = aysin (myt) (H < m,)
*QCD Axion having a very small mass

m, ~ 6 x 10~%V ( 10 Gev )
o fi

* The Axion energy density will be | T e
: _
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PN
$ ~ 0.1 ( 1012GeV)
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Ultralight Dark Matter-ALP
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* The ALP Lagrangian

a Ca 0,a - i Cun
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* The ALP energy density will be

3/4 —3/4

1/2 2 2
QMIS hz — O 12 m, fa th 1+Zeq ®2
ALP ' 4.7 x 1019V 1016GeV 0.15 3.4 % 103 :

10~%° 10~ 102
Sub-dominant
The QCD Axion

dark matter
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Nuclear magnetic resonance method  ::::::-::00000
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* Axion couples to SM particles @

7) —_— —> /

— ALP X
T ON=VBaALp 0 / l
Y

* Oscillate the mass at Larmor frequency

%0 — gaNN\/zpDM COS (mat)

BALP = gaNN\/zpDM cos(m, t) = gaNN\/Z,ODM cos(w, 1) (3.2)  signal«fy

* Bloch Equations

ViBy=w:
P M — - +udi A
,,,,,, — =yMx B Generate transverse from longitudinal |
...... dt Frequency (Hz)
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------ Time varying Axion BALP drives spin precession — produces transverse magnetization
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Torque: generates transverse from longitudinal
Decaying excitations: causes stabilization
Creating macroscopic polarization :generates a non-trivial steady state solution
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Magnetometers can measure ALPs. Alkali magnetometers are easy to work with, while
Noble magnetometers are more sensitive.
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JHEP 01 (2020) 167

. ... .1. any magnetic noise (at low frequencies) has no effect on the alkali spins!

... 2. the two species are “in resonance”, allowing for a fast response to sudden changes.
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Comagnetometer—Optical pumping S
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. The *!'Ne polarization rate is

dPy
dte = l'gp (PA_PNe) — I'\ePne

- Spin-exchange Rate: ['qp = k¢[K] + kg [RD]

2 ™
o+ pump light (\Rg ~IOKA @/

Ngo,  ~23%
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Magnetometers can measure ALPs. Alkali magnetometers are easy to work with, while
Noble magnetometers are more sensitive.
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e Method: tune external B field to make | - Nowse /\
Larmor frequency equal (HSR region) Jl/ \
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gbp: Is uniform random variable in [0, 2Pi]
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- ALP have potential to solve strong CP problem
- Ultra-light ALP can be dark matter

-+ ALP dark matter can be detected with spin precession experiments.
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. Thank you!
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