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Introduction
• There are still several problems in the SM

• One of these problems is strong CP problem

QCD Lagrangian:
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• There are still several problems in the SM

• One of these problems is strong CP problem

QCD Lagrangian:

• Neutron EDM à
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Introduction
• Well-known solution: Axion, Axion-Like Particles (ALPs)

• a has appropriate value à strong CP problem is solved

• These particles are well motivated theoretically
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Peccei and Quinn, PRL 38 (1977) 1440; PRD 16 (1977) 1791
Weinberg, PRL 40 (1978) 223
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ü In particular, we focus on ALP in this work
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Introduction
• They have rich phenomenological interests
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ü DM candidates   Preskill, Wise, Wilczek, PLB 120 (1983) 127

ü Flavor puzzle   Wilczek, PRL 49 (1982) 1549

ü Inflation   Freese, Frieman, Olinto, PRL 65 (1990) 3233

ü Flaxion Ema, Hamaguchi, Moroi, Nakayama, JHEP 01 (2017) 096

ü Axiflavon Calibbi, Goertz, Redigolo, Ziegler, Zupan, PRD 95 (2017) 095009

ü …



Introduction
• They have rich phenomenological interests

• An interesting and important feature: photon coupling
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ü DM candidates   Preskill, Wise, Wilczek, PLB 120 (1983) 127

ü Flavor puzzle   Wilczek, PRL 49 (1982) 1549

ü Inflation   Freese, Frieman, Olinto, PRL 65 (1990) 3233

ü Flaxion Ema, Hamaguchi, Moroi, Nakayama, JHEP 01 (2017) 096

ü Axiflavon Calibbi, Goertz, Redigolo, Ziegler, Zupan, PRD 95 (2017) 095009

ü …

à some signal in the experiments is expected



Introduction
• Current status of constraints on axion-photon coupling
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Bauer, Neubert, Thamm, JHEP 12 (2017) 044
Depta, Hufnagel, Schmidt-Hoberg, arXiv:2002.08370 [hep-ph] Note: notation of a-γ-γ coupling should be checked…

examples:



Introduction
• When ma = 140 MeV, around pion mass, ALP signals are 

hidden behind the pion background
à constraint from beam dump experiments can be omitted

• In this sense, there are remarkable “loopholes” around 
this mass region
à it is difficult to search this region by beam dump experiment
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Introduction
• When ma = 140 MeV, around pion mass, ALP signals are 

hidden behind the pion background
à constraint from beam dump experiments can be omitted

• In this sense, there are remarkable “loopholes” around 
this mass region
à it is difficult to search this region by beam dump experiment

• We propose how to search in this mass region:
by using
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Flavor physics induced by ALP



Introduction
• ALP generally couples to fermions

• Both tree- and loop-level processes are induced

• Combined measurements of these processes will leave 
some hints of ALPs
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ü Leptonic meson decay ü Lepton flavor violations (LFVs), muon g-2



Introduction
• Short summary:

we can determine by complementary measurements

• Significant help to explore
the parameter space of ALP

• Our conclusion:
we will cover all the blank area,
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Model Details
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Model Details
• Lagrangian

- couplings to fermions (flavor-violating ones)

- couplings to photon

Note: for our discussions, couplings to up-type quarks and neutrinos are
irrelevant, then we omit it
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Ishida, Matsuzaki, YS, arXiv:2006.02725



Model Details
• Related couplings to our discussions:
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Model Details
• Related couplings to our discussions:

• Should check the following processes:
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Model Details
• Observable  - relation to the couplings

- (from lattice results)
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Model Details
• Observable  - relation to the couplings

- (from lattice results)

-
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• Observable  - relation to the couplings

-

Y. Shigekami (HUST) A new perspective in searching for ALP from flavor physics 11

Bs ! µ+µ� and e±µ⌥

<latexit sha1_base64="VwM7wqWk2eZ/rOAydb8BQJmzmJU="></latexit>

Ishida, Matsuzaki, YS, arXiv:2006.02725

BR(Bs ! µ�µ+)

BR(Bs ! µ�µ+)SM
= |S|2

 
1�

4m2
µ

m2
Bs

!
+ |P |2

<latexit sha1_base64="J556EIBFJ6GBprA1GFAUETmDwto="></latexit>

gSM = �4GFp
2
VtbV

⇤
ts

↵

4⇡

<latexit sha1_base64="5o80iHlANdpa5/McKaszkkUn0NQ="></latexit>

S =
m2

Bs

2mµ

CS � C 0
S

|CSM
10 |

= 0; P =
m2

Bs

2mµ

CP � C 0
P

CSM
10

+
C10 � C 0

10

CSM
10

; CP � C 0
P = g�1

SM

mµ

m2
Bs

�m2
a

(gdA)23
f

(g`A)22
f

<latexit sha1_base64="cMIMHiQZ/WKyqrc3xhqgCwEdgJc="></latexit>

Ø

Altmannshofer, Paradisi, Straub, JHEP 1204 (2012) 008



Model Details
• Observable  - relation to the couplings

-

Y. Shigekami (HUST) A new perspective in searching for ALP from flavor physics 11

Bs ! µ+µ� and e±µ⌥

<latexit sha1_base64="VwM7wqWk2eZ/rOAydb8BQJmzmJU="></latexit>

Ishida, Matsuzaki, YS, arXiv:2006.02725

BR(Bs ! µ�µ+)

BR(Bs ! µ�µ+)SM
= |S|2

 
1�

4m2
µ

m2
Bs

!
+ |P |2

<latexit sha1_base64="J556EIBFJ6GBprA1GFAUETmDwto="></latexit>

gSM = �4GFp
2
VtbV

⇤
ts

↵

4⇡

<latexit sha1_base64="5o80iHlANdpa5/McKaszkkUn0NQ="></latexit>

S =
m2

Bs

2mµ

CS � C 0
S

|CSM
10 |

= 0; P =
m2

Bs

2mµ

CP � C 0
P

CSM
10

+
C10 � C 0

10

CSM
10

; CP � C 0
P = g�1

SM

mµ

m2
Bs

�m2
a

(gdA)23
f

(g`A)22
f

<latexit sha1_base64="cMIMHiQZ/WKyqrc3xhqgCwEdgJc="></latexit>

Ø

Ø BR(Bs ! e±µ⌥) '
m3

Bs
f2
Bs

32⇡�Bs

[�(1, r21, r
2
2)]

1/2

(1� r2a)
2

����
(gdA)23

f

����
2 c2eµ
f2

r22

<latexit sha1_base64="ZJiuIBhRGlVLm9UMJdzsBVPXxDk="></latexit>

�(x, y, z) = x2 + y2 + z2 � 2xy � 2yz � 2zx

<latexit sha1_base64="4DTxa9ziCqrEWaKbU9lvmeaXUcY="></latexit>

ri =
m`i

mBs

ra =
ma

mBs

<latexit sha1_base64="HaaTqUofWs7ZDtjW/8pAPctllCg="></latexit>

ceµ ⌘ 1p
2

q
|(g`V )12|2 + |(g`A)12|2

<latexit sha1_base64="SfS6mDneHmitH98b5O1Ed0wUfEk="></latexit>

Altmannshofer, Paradisi, Straub, JHEP 1204 (2012) 008



Model Details
• Observable  - relation to the couplings

-

Y. Shigekami (HUST) A new perspective in searching for ALP from flavor physics 11

Bs ! µ+µ� and e±µ⌥

<latexit sha1_base64="VwM7wqWk2eZ/rOAydb8BQJmzmJU="></latexit>

BR(Bs ! µ�µ+)

BR(Bs ! µ�µ+)SM
= |S|2

 
1�

4m2
µ

m2
Bs

!
+ |P |2

<latexit sha1_base64="J556EIBFJ6GBprA1GFAUETmDwto="></latexit>

gSM = �4GFp
2
VtbV

⇤
ts

↵

4⇡

<latexit sha1_base64="5o80iHlANdpa5/McKaszkkUn0NQ="></latexit>

S =
m2

Bs

2mµ

CS � C 0
S

|CSM
10 |

= 0; P =
m2

Bs

2mµ

CP � C 0
P

CSM
10

+
C10 � C 0

10

CSM
10

; CP � C 0
P = g�1

SM

mµ

m2
Bs

�m2
a

(gdA)23
f

(g`A)22
f

<latexit sha1_base64="cMIMHiQZ/WKyqrc3xhqgCwEdgJc="></latexit>

Ø

Ø

BR(Bs ! µ�µ+)exp = (3.0± 0.4)⇥ 10�9

BR(Bs ! µ�µ+)SM = (3.65± 0.23)⇥ 10�9

<latexit sha1_base64="gDOWAV9+AkUfMqraQlOh9R4ghrw="></latexit>

BR(Bs ! e±µ⌥)exp < 5.4(6.3)⇥ 10�9

(90% (95%) CL)

<latexit sha1_base64="tSKQz4ljGITcIvxR8WybbwQlYQ0="></latexit>

Experimental results and SM prediction:

BR(Bs ! e±µ⌥) '
m3

Bs
f2
Bs

32⇡�Bs

[�(1, r21, r
2
2)]

1/2

(1� r2a)
2

����
(gdA)23

f

����
2 c2eµ
f2

r22

<latexit sha1_base64="ZJiuIBhRGlVLm9UMJdzsBVPXxDk="></latexit>

�(x, y, z) = x2 + y2 + z2 � 2xy � 2yz � 2zx

<latexit sha1_base64="4DTxa9ziCqrEWaKbU9lvmeaXUcY="></latexit>

ri =
m`i

mBs

ra =
ma

mBs

<latexit sha1_base64="HaaTqUofWs7ZDtjW/8pAPctllCg="></latexit>

ceµ ⌘ 1p
2

q
|(g`V )12|2 + |(g`A)12|2

<latexit sha1_base64="SfS6mDneHmitH98b5O1Ed0wUfEk="></latexit>

LHCb Collab., JHEP 1803 (2018) 078PDG & Bobeth et al., PRL 112 (2014) 101801

Ishida, Matsuzaki, YS, arXiv:2006.02725

Altmannshofer, Paradisi, Straub, JHEP 1204 (2012) 008



Model Details
• Observable  - relation to the couplings

-

Y. Shigekami (HUST) A new perspective in searching for ALP from flavor physics 12

(g � 2)µ µ ! e�

<latexit sha1_base64="YjqN8JIrpuHahNAJ+i7zzzSMBk4="></latexit>

�aµ = �
m2

µ[(g
`
A)22]

2

16⇡2f2

"
h1(x) +

2↵Ce↵
��

⇡(g`A)22

✓
ln

⇤2

µ2
� h2(x)

◆#

<latexit sha1_base64="Hocnvkw0jggZYngWPNG4lC4IHd4="></latexit>

�(µ ! e�) =
↵m5

µc
2
eµ

4096⇡4f4

���(g`A)22g1(x) +
↵

⇡
Ce↵

��g2(x)
���
2

<latexit sha1_base64="3V61aAUvbKSdgCoYcWZ2PrD950g="></latexit>

h1(x), h2(x), g1(x), g2(x): loop function

Note: loop contributions à

Bauer, Neubert, Thamm, JHEP 1712 (2017) 044
Bauer, Neubert, Renner, Schnubel, Thamm, PRL 124 (2020) 211803

Ishida, Matsuzaki, YS, arXiv:2006.02725



Model Details
• Observable  - relation to the couplings

- CP asymmetry in 
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Model Details
• Observable  - relation to the couplings

- CP asymmetry in 

• and    can be estimated by loop calc.

Y. Shigekami (HUST) A new perspective in searching for ALP from flavor physics 13
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Model Details
• Reference values for numerical analysis
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Model Details
• Reference values for numerical analysis
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• Result for reference values

ß SM pred.

constraints from SN1987A & ΔNeff

Ishida, Matsuzaki, YS, arXiv:2006.02725

red, blue: different overall sign of (gdV )23
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• Result for reference values

predictions deviates by > 10% from SM prediction!

ß SM pred.

constraints from SN1987A & ΔNeff

red, blue: different overall sign of (gdV )23
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Numerical Results
• Case where Δaμ = 0
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ß SM pred.

Predictions can be largely deviated from SM prediction!

constraints from SN1987A & ΔNeff

red, blue: different overall sign of (gdV )23
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• dependence current bound on BR(Bs --> e μ)
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• We discuss flavor physics of 140 MeV ALP

• We find                              with and without Δaμ deviation
also any update on                      and

• However, the experimental situation is not interesting
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Thank you for your attentionJ
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Back up
• Relevant operators
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Back up
• Details of dep. on couplings
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