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Axion/Axion like particles (ALPs)

2

• Axion/ALPs are prominent candidates of light new particle. 

• They emerge as pseudo Nambu Goldstone boson by  
spontaneous symmetry breaking of global U(1) symmetry. 

• While axion was originally proposed to solve the strong CP problem,  
ALPs may rerate to BSM phenomena. 

- Dark matter - Baryogenesis

- Neutrino mass - Inflation etc.

We can pursue new physics model  by studying axion. 
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Axion/ALPs couplings
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The couplings such as  and  have been surveyed in various 
laboratory experiments and astrophysical environments.
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Usually, interactions of ALPs are assumed to be CP conserving.
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Lint. 3 � gafaf̄f � igafaf̄�5f

E.g., Stellar energy losses, direct/indirect detection of DM, meson decays, etc.

How about  CP violating case?
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Short summary 

4

We consider the CP violation in the dark sector and construct a simple 
renormalizable model that only involves  a dark Higgs singlet field.

  The predicted ALP has CP-even scalar couplings.


 The ALP couplings are controlled by the mass of ALP.

 At ILC, the ALP can be probed thorough the SM-like Higgs 
boson decay into ALPs. 

The ALP can be DM in keV-MeV range and probed by the Higgs 
invisible decay. 

Various signals: Higgs invisible decay, displaced vertex,  Higgs exotic decay
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Scalar potential : CP symmetric dark sector
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mH, cos α, m2
s , μS, λS

SM Higgs doublet field: Dark Higgs singlet field: 

• In the potential, global dark U(1) symmetry is imposed. 
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U(1) symmetric part:

• The potential has accidental discrete symmetries.

-  Spontaneously broken by        . 
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-  Massless nambu Goldstone boson      is obtained.  
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→  ρ and s  mix
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Soft breaking terms:
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Scalar potential : CP violating dark sector
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mH, cos α, m2
s , μS, λS

SM Higgs doublet field: 

-  It scales the mass of ALP  
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• The accidental discrete symmetries are broken by δV.

, 
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•  κ corresponds to the order parameter of breaking of dark U(1). 

U(1) symmetric part:

Soft breaking terms:

Dark Higgs singlet field: 
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CP violating dark sector predicts a CP-even ALP!
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mH, cos α, m2
s , μS, λS

• The ALP fields mix with the CP-even components ρ and s’.
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●  Though the mixing with the SM Higgs boson, couplings of ALP with SM fields are generated. 
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→ ALP has the couplings of CP-even scalar. 
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→ The couplings scale with the mass of ALP. 

SM Higgs doublet : 

Dark Higgs singlet: 
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h : SM-like Higgs boson
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Why is ALP CP-even?
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Cdark · CP :

• In κ≠0 ( i.e. δV≠0 ), 
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Cdark · CP : Conserved 

Broken,
<latexit sha1_base64="Ap1QpFbtEm7xhwcghRdl5q31GR8=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKeyq+DoFcvEYwTwgWcPs7GwyZGZ2mZlVwpL/8OJBEa/+izf/xkmyB40WNBRV3XR3BQln2rjul1NYWl5ZXSuulzY2t7Z3yrt7LR2nitAmiXmsOgHWlDNJm4YZTjuJolgEnLaDUX3qtx+o0iyWd2acUF/ggWQRI9hY6b7ez3pKoBCrEZpc98sVt+rOgP4SLycVyNHolz97YUxSQaUhHGvd9dzE+BlWhhFOJ6VeqmmCyQgPaNdSiQXVfja7eoKOrBKiKFa2pEEz9edEhoXWYxHYToHNUC96U/E/r5ua6NLPmExSQyWZL4pSjkyMphGgkClKDB9bgoli9lZEhlhhYmxQJRuCt/jyX9I6qXrn1dPbs0rtKo+jCAdwCMfgwQXU4AYa0AQCCp7gBV6dR+fZeXPe560FJ5/Zh19wPr4Br0SR9g==</latexit>

Cdark : Broken 
<latexit sha1_base64="PVhzKJ9nzM6Om73cnNA8GAkxJm8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyq+DoFcvEY0TwgWcLspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxG1anffEKleSQfzThGP6QDyfucUWOlh2rttlssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/2Uy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwaZ2Xvsnx+f1Gq3GRx5OEIjuEUPLiCCtxBDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MHsaONZA==</latexit>

CP :

→ The simple model involving dark Higgs singlet predict CP-even ALP.

<latexit sha1_base64="e46Zr+FnXwVGTP9IPY9BWMOQNHs="></latexit>

Lint. 3 �✓ah
mf

v
af̄f � igafaf̄�5f

• Actually,        breaks                    .
<latexit sha1_base64="WeXw4iootBcOQCtOQPUjvt9FRGA=">AAAB/nicbVDLSgMxFL1TX7W+quLKTbAIrsqMio9doRuXFewDOkPJZNI2NJMMSUYoQ8FfceNCEbd+hzv/xrSdhbYeCBzOOZd7c8KEM21c99sprKyurW8UN0tb2zu7e+X9g5aWqSK0SSSXqhNiTTkTtGmY4bSTKIrjkNN2OKpP/fYjVZpJ8WDGCQ1iPBCszwg2VuqVj+q9zFcxirAaoYlPImlQvdErV9yqOwNaJl5OKpDD5r/8SJI0psIQjrXuem5iggwrwwink5KfappgMsID2rVU4JjqIJudP0GnVolQXyr7hEEz9fdEhmOtx3FokzE2Q73oTcX/vG5q+jdBxkSSGirIfFE/5chINO0CRUxRYvjYEkwUs7ciMsQKE2MbK9kSvMUvL5PWedW7ql7cX1Zqt3kdRTiGEzgDD66hBnfQgCYQyOAZXuHNeXJenHfnYx4tOPnMIfyB8/kDHwuU7A==</latexit>

Cdark · CP
<latexit sha1_base64="8BlEyUbQvbXRkl2pZOCllA8IKv8=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWZUfOwKblxWsA9oh5JJM21sJhmSjFCG/oMbF4q49X/c+Tem7Sy09cCFwzn3cu89YSK4sZ73jQorq2vrG8XN0tb2zu5eef+gaVSqKWtQJZRuh8QwwSVrWG4FayeakTgUrBWObqd+64lpw5V8sOOEBTEZSB5xSqyTmoNeRqJJr1zxqt4MeJn4OalAjnqv/NXtK5rGTFoqiDEd30tskBFtORVsUuqmhiWEjsiAdRyVJGYmyGbXTvCJU/o4UtqVtHim/p7ISGzMOA5dZ0zs0Cx6U/E/r5Pa6DrIuExSyySdL4pSga3C09dxn2tGrRg7Qqjm7lZMh0QTal1AJReCv/jyMmmeVf3L6vn9RaV2k8dRhCM4hlPw4QpqcAd1aACFR3iGV3hDCr2gd/Qxby2gfOYQ/gB9/gDAsI86</latexit>gaf

The potential has the Cdark・CP symmetry.
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Search of CP-even ALP
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mH, cos α, m2
s , μS, λS

The interaction between ALP and  the SM-like Higgs boson is not necessary small, 
differently from the interaction with fermions. 

<latexit sha1_base64="y3xrvImSOYcwnsBacIYcw0FKoBE=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQL2FXRcVT0IvHCOYB2SX0TmaTIbMPZmaFsOQ3vHhQxKs/482/cZLsQRMLGoqqbrq7/ERwpW372yqsrK6tbxQ3S1vbO7t75f2DlopTSVmTxiKWHR8VEzxiTc21YJ1EMgx9wdr+6G7qt5+YVDyOHvU4YV6Ig4gHnKI2kltF10eZBZPg9KZXrtg1ewayTJycVCBHo1f+cvsxTUMWaSpQqa5jJ9rLUGpOBZuU3FSxBOkIB6xraIQhU142u3lCTozSJ0EsTUWazNTfExmGSo1D33SGqIdq0ZuK/3ndVAfXXsajJNUsovNFQSqIjsk0ANLnklEtxoYgldzcSugQJVJtYiqZEJzFl5dJ66zmXNbOHy4q9ds8jiIcwTFUwYErqMM9NKAJFBJ4hld4s1LrxXq3PuatBSufOYQ/sD5/AFO3kTs=</latexit>

(af̄f) :
<latexit sha1_base64="zP3PFWOv2RE4ilAljVQjF+yIVsE=">AAACDHicbZA7SwNBFIVn4yvGV9TSZjAINoZdFbWM2FhGMA/IhnB3MpsMmX0wczcQlgVbG/+KjYUitv4AO/+Nk0ehiRcGDuecYeZ+XiyFRtv+tnJLyyura/n1wsbm1vZOcXevrqNEMV5jkYxU0wPNpQh5DQVK3owVh8CTvOENbsZ5Y8iVFlF4j6OYtwPohcIXDNBYnWLpxMU+R+ik0M9cXwFLg46fpcMMXA9U6mc+NS27bE+GLgpnJkpkNtVO8cvtRiwJeIhMgtYtx46xnYJCwSTPCm6ieQxsAD3eMjKEgOt2Olkmo0fG6VI/UuaESCfu7xspBFqPAs80A8C+ns/G5n9ZK0H/qp2KME6Qh2z6kJ9IihEdk6FdoThDOTICmBLmr5T1wRBBw69gIDjzKy+K+mnZuSif3Z2XKtcPUxx5ckAOyTFxyCWpkFtSJTXCyCN5Jq/kzXqyXqx362NazVkzhPvkz1ifPx4jnLU=</latexit>

�✓ah
mf

v
af̄f

<latexit sha1_base64="7wAmt/e8FpZFR3ij7ObsSpG4LSE="></latexit>

⇠ ch
m2

a

mhm�

<latexit sha1_base64="le2bPEHxMq1SvHHEggdllcxCk4Q=">AAAB+3icbVDLTgIxFO34RHyNuHTTSExgQ2bQqHFFdOMSE3kkMJI7pQMNnc6k7RgJ4VfcuNAYt/6IO//GDsxCwZPc5OSce9t7jx9zprTjfFsrq2vrG5u5rfz2zu7evn1QaKookYQ2SMQj2fZBUc4EbWimOW3HkkLoc9ryRzep33qkUrFI3OtxTL0QBoIFjIA2Us8ulIalbgxSM+AYyg/V8lXPLjoVZwa8TNyMFFGGes/+6vYjkoRUaMJBqY7rxNqbpI8STqf5bqJoDGQEA9oxVEBIlTeZ7T7FJ0bp4yCSpoTGM/X3xARCpcahbzpD0EO16KXif14n0cGlN2EiTjQVZP5RkHCsI5wGgftMUqL52BAgkpldMRmCBKJNXHkTgrt48jJpVivueeX07qxYu87iyKEjdIxKyEUXqIZuUR01EEFP6Bm9ojdrar1Y79bHvHXFymYO0R9Ynz/WJ5MF</latexit>

(h(@a)2) :
<latexit sha1_base64="7zxCGoPlbn4sO1bAKq20RJzk+bY=">AAACF3icbVDLSgMxFM34rPVVdekmWIS6aJmpoi6LblxWsA/otMOdNNOGJjNDkimUoX/hxl9x40IRt7rzb0wfC209EDicc0+Se/yYM6Vt+9taWV1b39jMbGW3d3b39nMHh3UVJZLQGol4JJs+KMpZSGuaaU6bsaQgfE4b/uB24jeGVCoWhQ96FNO2gF7IAkZAG8nLlYpuIIGkLjeZLnjV4TgVnuqUi8Lrd8rjfsGNQWoGHMNZp+zl8nbJngIvE2dO8miOqpf7crsRSQQNNeGgVMuxY91OJ1cSTsdZN1E0BjKAHm0ZGoKgqp1O9xrjU6N0cRBJc0KNp+rvRApCqZHwzaQA3VeL3kT8z2slOrhupyyME01DMnsoSDjWEZ6UhLtMUqL5yBAgkpm/YtIH05M2VWZNCc7iysukXi45l6Xz+4t85WZeRwYdoxNUQA66QhV0h6qohgh6RM/oFb1ZT9aL9W59zEZXrHnmCP2B9fkDLWOfSQ==</latexit>

� �P v

m2
s �m2

h

h(@a)2

If                   , the coupling can be sizable.
<latexit sha1_base64="oBu0rX0a2Yjahj8efyRqh/LBClM=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZFXVZdOPOCvYBnWHIZDJtaJIZkoxQhrrxV9y4UMStf+HOvzFtZ6GtBwKHc87l5p4wZVRpx/m2FhaXlldWS2vl9Y3NrW17Z7elkkxi0sQJS2QnRIowKkhTU81IJ5UE8ZCRdji4HvvtByIVTcS9HqbE56gnaEwx0kYK7H2PmXCEgoanKM89jBi8HVXd48CuODVnAjhP3IJUQIFGYH95UYIzToTGDCnVdZ1U+zmSmmJGRmUvUyRFeIB6pGuoQJwoP59cMIJHRolgnEjzhIYT9fdEjrhSQx6aJEe6r2a9sfif1810fOnnVKSZJgJPF8UZgzqB4zpgRCXBmg0NQVhS81eI+0girE1pZVOCO3vyPGmd1Nzz2undWaV+VdRRAgfgEFSBCy5AHdyABmgCDB7BM3gFb9aT9WK9Wx/T6IJVzOyBP7A+fwBUUZYp</latexit>

�P ⇠ O(1)

→ The SM-like Higgs boson decay into ALPs can be significant. 
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Numerical result for BR(h→ aa)
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mH, cos α, m2
s , μS, λS

<latexit sha1_base64="NizJU4SQI5ZEigU9zLfg3azTIk0="></latexit>

BR(h ! aa) ' |�haa|2

8⇡mh�h

<latexit sha1_base64="jTogHAhjWzaBzUTgs0Vh1fLe3dc="></latexit>

�haa '
�P

2
v cos ✓hs +

vs
p
2
�H sin ✓hs +O()

<latexit sha1_base64="GU/ImhGAoUS+ud+lgCEArZ52BgY="></latexit>

V 3 +�P |H|2|�|2 + �H |H|4

→ If the mixing angle between h and s, θhs is 1% ~10%, BR(h—>aa ) can exceed 1% 

<latexit sha1_base64="3a5KlWe0g61ydE365NQH/67p6eU="></latexit>

500GeV < ms, vs < 10TeV

0 < ci < 1, 10�10 <  < 10�2

• Input parameters

• Branching ratio

[KS, W. Yin]
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Collider signature at the ILC
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mH, cos α, m2
s , μS, λS

何故~1GeVあたりにkinkがあるか

<latexit sha1_base64="KhJdCOoKXuYY3IkflE7Hq6jIjLM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVaa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzUL8vV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwBxfmM7Q==</latexit>a

<latexit sha1_base64="KhJdCOoKXuYY3IkflE7Hq6jIjLM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVaa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzUL8vV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwBxfmM7Q==</latexit>a

<latexit sha1_base64="4yONmp3qVNSz6mA5yPIDpdcuyEc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKepKCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSvd0rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeV7xrioX9cty9TaPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/ALchjOA=</latexit>

X

<latexit sha1_base64="4yONmp3qVNSz6mA5yPIDpdcuyEc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKepKCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSvd0rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeV7xrioX9cty9TaPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/ALchjOA=</latexit>

X

<latexit sha1_base64="4yONmp3qVNSz6mA5yPIDpdcuyEc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKepKCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSvd0rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeV7xrioX9cty9TaPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/ALchjOA=</latexit>

X
<latexit sha1_base64="4yONmp3qVNSz6mA5yPIDpdcuyEc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKepKCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju6nfekKleSwfzDhBP6IDyUPOqLFSvd0rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeV7xrioX9cty9TaPowDHcAJn4ME1VOEeatAABgjP8ApvzqPz4rw7H/PWFSefOYI/cD5/ALchjOA=</latexit>

X

<latexit sha1_base64="2G5x5zNbv9ChFrqTf2DUK2u8Dgs=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJUZFRUXUnDjRqhoH9AZSiZN29BkZkgyQhkq/oobF4q49Tvc+Tem7QjaeuDC4Zx7k3tPEHOmtON8Wbm5+YXFpfxyYWV1bX3D3tyqqSiRhFZJxCPZCLCinIW0qpnmtBFLikXAaT3oX478+j2VikXhnR7E1Be4G7IOI1gbqWXvNM4fUk8KdHvtoRhLzQinw5ZddErOGGiWuBkpQoZKy/702hFJBA014VippuvE2k9/3it4iaIxJn3cpU1DQyyo8tPx+kO0b5Q26kTSVKjRWP09kWKh1EAEplNg3VPT3kj8z2smunPmpyyME01DMvmok3CkIzTKArWZpETzgSGYSGZ2RaSHJSbaJFYwIbjTJ8+S2mHJPSkd3RwXyxdZHHnYhT04ABdOoQxXUIEqEEjhCV7g1Xq0nq03633SmrOymW34A+vjG7VulVQ=</latexit>

X : SM particle

<latexit sha1_base64="IAJXEzBXxSJHeCchSUvF4VS8XZ8=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5UVCwkYmNhEcF8QO4Ie5u9ZMnu3rG7J4Qj/gwbC0Vs/TN2/hs3yRUafTDweG+GmXlhwpk2rvvlFBYWl5ZXiqultfWNza3y9k5Tx6kitEFiHqt2iDXlTNKGYYbTdqIoFiGnrXB4PfFbD1RpFst7M0poIHBfsogRbKzk44vHzFcCXd3Wx91yxa26U6C/xMtJBXLUu+VPvxeTVFBpCMdadzw3MUGGlWGE03HJTzVNMBniPu1YKrGgOsimN4/RgVV6KIqVLWnQVP05kWGh9UiEtlNgM9Dz3kT8z+ukJjoPMiaT1FBJZouilCMTo0kAqMcUJYaPLMFEMXsrIgOsMDE2ppINwZt/+S9pHlW90+rx3UmldpnHUYQ92IdD8OAManADdWgAgQSe4AVendR5dt6c91lrwclnduEXnI9vX0iRPw==</latexit>

a : ALP

<latexit sha1_base64="3tkxJJWXRe7IbXXBJpdujPw23pc=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmYyIcstoAcPHiKaBZIh9HQ6SZOenqG7RwhDPsGLB0W8+kXe/Bs7i6CiDwoe71VRVS+IOVPacT6szNr6xuZWdju3s7u3f5A/PGqpKJGENknEI9kJsKKcCdrUTHPaiSXFYcBpO5hczP32PZWKReJOT2Pqh3gk2JARrI10e92/7OcLju3UikWvjBzb9aqVmmdI1fUMRa7tLFCAFRr9/HtvEJEkpEITjpXquk6s/RRLzQins1wvUTTGZIJHtGuowCFVfro4dYbOjDJAw0iaEhot1O8TKQ6VmoaB6QyxHqvf3lz8y+smelj1UybiRFNBlouGCUc6QvO/0YBJSjSfGoKJZOZWRMZYYqJNOjkTwten6H/SKtpu2fZuSoV6aRVHFk7gFM7BhQrU4Qoa0AQCI3iAJ3i2uPVovVivy9aMtZo5hh+w3j4BW5aN1A==</latexit>

LD

<latexit sha1_base64="NgaeiT8Lo5pszoL865NCETr33uk=">AAAB6nicdVDLSsNAFL3xWeur6tLNYBFchaQpfewKbly4qGgf0IYymU7aoZNJmJkIJfQT3LhQxK1f5M6/cfoQVPTAhcM593LvPUHCmdKO82GtrW9sbm3ndvK7e/sHh4Wj47aKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gsnl3O/cU6lYLO70NKF+hEeChYxgbaTb60F7UCg6tlMvlbwKcmzXq1XrniE11zMUubazQBFWaA4K7/1hTNKICk04VqrnOon2Myw1I5zO8v1U0QSTCR7RnqECR1T52eLUGTo3yhCFsTQlNFqo3ycyHCk1jQLTGWE9Vr+9ufiX10t1WPMzJpJUU0GWi8KUIx2j+d9oyCQlmk8NwUQycysiYywx0SadvAnh61P0P2mXbLdiezflYqO8iiMHp3AGF+BCFRpwBU1oAYERPMATPFvcerRerNdl65q1mjmBH7DePgF23o3m</latexit>

LV

<latexit sha1_base64="Kk26H0E8JzbdXns/DOf4yyLz5n0=">AAACCXicbVA9SwNBEN3z2/h1ammzGASrcKdBxUoxhUWKCEaFJBx7m7lkyd7usbsnhiMpbfwrNhaK2PoP7Pw3buIVGn0w8Hhvhpl5YcKZNp736UxNz8zOzS8sFpaWV1bX3PWNKy1TRaFOJZfqJiQaOBNQN8xwuEkUkDjkcB32zkb+9S0ozaS4NP0EWjHpCBYxSoyVAhdXg8rxsBmH8i6rACX9IQfRMd2hjIan1doAB27RK3lj4L/Ez0kR5agF7kezLWkagzCUE60bvpeYVkaUYZTDoNBMNSSE9kgHGpYKEoNuZeNPBnjHKm0cSWVLGDxWf05kJNa6H4e2Myamqye9kfif10hNdNTKmEhSA4J+L4pSjo3Eo1hwmymghvctIVQxeyumXaIINTa8gg3Bn3z5L7naK/kHpf2LcvGknMexgLbQNtpFPjpEJ+gc1VAdUXSPHtEzenEenCfn1Xn7bp1y8plN9AvO+xeuRJpK</latexit>

LD : Decay length of ALP
<latexit sha1_base64="13xFZPpk0T7WZlSY7Xo3nQiw2Uw=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBCswq4GFauAFhYWEcwDkmWZndwkQ2Z3lplZMS4J2PgrNhaK2PoRdv6Nk0ehiQcGDufcy51zgpgzpR3n21pYXFpeWc2sZdc3Nre27Z3dqhKJpFChggtZD4gCziKoaKY51GMJJAw41ILexciv3YFUTES3uh+DF5JOxNqMEm0k385d+9XzYTMMxH16CRqoFnKo2AMMB9i3807BGQPPE3dK8miKsm9/NVuCJiFEmnKiVMN1Yu2lRGpGOQyyzURBTGiPdKBhaERCUF46DjHAB0Zp4baQ5kUaj9XfGykJleqHgZkMie6qWW8k/uc1Et0+81IWxYmGiE4OtROOtcCjRnCLSROb9w0hVDLzV0y7RBKqTW9ZU4I7G3meVI8K7knh+KaYLxWndWRQDu2jQ+SiU1RCV6iMKoiiR/SMXtGb9WS9WO/Wx2R0wZru7KE/sD5/AF0tmIc=</latexit>

LV : Detector size
<latexit sha1_base64="crHCgQuU2hNyk+DWZP35jEDJs0s=">AAACE3icbVA9SwNBFNyLXzF+RS1tFoMgFuFOg4pVwMbCQsWokISwt3mnS/Zuj913knAkv8HGv2JjoYitjZ3/xr2YQhMHFoaZN7x948dSGHTdLyc3NT0zO5efLywsLi2vFFfXroxKNIcaV1LpG58ZkCKCGgqUcBNrYKEv4drvHGf+9T1oI1R0ib0YmiG7jUQgOEMrtYo7p62Lo0Ej9FU3vQCjZJLpAxUMbAqhO2gDAkel+7RVLLlldwg6SbwRKZERzlrFz0Zb8SSECLlkxtQ9N8ZmyjQKLqFfaCQGYsY77BbqlkYsBNNMhzf16ZZV2jRQ2r4I6VD9nUhZaEwv9O1kyPDOjHuZ+J9XTzA4bKYiihOEiP8sChJJUdGsINoW2h4se5YwroX9K+V3TDOOtsaCLcEbP3mSXO2Wvf3y3nmlVK2M6siTDbJJtolHDkiVnJAzUiOcPJAn8kJenUfn2Xlz3n9Gc84os07+wPn4BkWFn6M=</latexit>

LR : Resolution of vertex detector

• At the ILC with                        , the ALP can be 
produced via                  , followed by            .

<latexit sha1_base64="tO3Y5Xm5HFVN5VD8N0S7Eglg9vU=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWZ+upGKLjQZQX7gM5QMmmmDU0yY5IRyjiCv+LGhSJu/Q13/o3pY6GtBy4czrmXe+8JYkaVdpxvK7ewuLS8kl8trK1vbG7Z2zsNFSUSkzqOWCRbAVKEUUHqmmpGWrEkiAeMNIPB5chv3hOpaCRu9TAmPkc9QUOKkTZSx97z1J3UqcouyqfOY+pJDq9II+vYRafkjAHniTslRTBFrWN/ed0IJ5wIjRlSqu06sfZTJDXFjGQFL1EkRniAeqRtqECcKD8d35/BQ6N0YRhJU0LDsfp7IkVcqSEPTCdHuq9mvZH4n9dOdFjxUyriRBOBJ4vChEEdwVEYsEslwZoNDUFYUnMrxH0kEdYmsoIJwZ19eZ40yiX3rHR8c1KsVqZx5ME+OABHwAXnoAquQQ3UAQYP4Bm8gjfryXqx3q2PSWvOms7sgj+wPn8AgDOVvQ==</latexit>p
s = 250 GeV

<latexit sha1_base64="Y0l8LQLa8gEYrUHiJEf4AuprqTY=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiAIYpjRoB4DXjxGMAsmk9DTqUma9Cx29wTCkO/w4kERr36MN//GznLQxAcFj/eqqKrnxYIrbdvfVmZldW19I7uZ29re2d3L7x/UVJRIhlUWiUg2PKpQ8BCrmmuBjVgiDTyBdW9wO/HrQ5SKR+GDHsXoBrQXcp8zqo3kYvsM2+ctHZFH0u/kC3bRnoIsE2dOCjBHpZP/anUjlgQYaiaoUk3HjrWbUqk5EzjOtRKFMWUD2sOmoSENULnp9OgxOTFKl/iRNBVqMlV/T6Q0UGoUeKYzoLqvFr2J+J/XTLR/46Y8jBONIZst8hNBzJOTBEiXS2RajAyhTHJzK2F9KinTJqecCcFZfHmZ1C6KzlXx8r5UKJfmcWThCI7hFBy4hjLcQQWqwOAJnuEV3qyh9WK9Wx+z1ow1nzmEP7A+fwBC75EV</latexit>

e+e� ! Zh
<latexit sha1_base64="4AbNXPq87Eq2G+PMD2sMZ51aA7E=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsxoqS4LblxWsA9oh3InzbShmcyQZIQy9CPcuFDErd/jzr8xbWehrQcCh3PuJfecIBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUUdaisYhVN0DNBJesZbgRrJsohlEgWCeY3M39zhNTmsfy0UwT5kc4kjzkFI2VOuO+iQnioFxxq+4CZJ14OalAjuag/NUfxjSNmDRUoNY9z02Mn6EynAo2K/VTzRKkExyxnqUSI6b9bHHujFxYZUjCWNknDVmovzcyjLSeRoGdjNCM9ao3F//zeqkJb/2MyyQ1TNLlR2EqiM04z06GXDFqxNQSpIrbWwkdo0JqbEMlW4K3GnmdtK+qXr16/VCrNGp5HUU4g3O4BA9uoAH30IQWUJjAM7zCm5M4L86787EcLTj5zin8gfP5A+wPj0M=</latexit>

h ! aa

• Different collider signatures are possible depending  
a relation between LD and LV (also LR). 



Testability of the CP-even ALP at ILCKodai Sakurai 

Probe of CP-even ALP[1/5]

12

mH, cos α, m2
s , μS, λS

何故~1GeVあたりにkinkがあるか

Decay length (LD)
[KS, W. Yin]



Testability of the CP-even ALP at ILCKodai Sakurai 

Probe of CP-even ALP[2/5]

13

mH, cos α, m2
s , μS, λS

何故~1GeVあたりにkinkがあるか

Resolution of vertex detector (LR)

ILD: [ILD, 1912.04601]

Higgs exotic decays 

<latexit sha1_base64="aYbXabGqt5NkrE4vVZi8gOJPTiM=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWARXIWkKX3sCrpQ6KKKfUBTy2Q6bYfOJGFmIpRQN/6KGxeKuPUv3Pk3Th+Cih64cDjnXu69x48Ylcq2P4zU0vLK6lp6PbOxubW9Y+7uNWQYC0zqOGShaPlIEkYDUldUMdKKBEHcZ6Tpj06nfvOWCEnD4FqNI9LhaBDQPsVIaalrHlS7VzeJJzi8qJ5NPEl5Hno8hrxrZm3LLudybgHaluOWimVXk5Ljagody54hCxaodc13rxfimJNAYYakbDt2pDoJEopiRiYZL5YkQniEBqStaYA4kZ1k9sEEHmulB/uh0BUoOFO/TySISznmvu7kSA3lb28q/uW1Y9UvdRIaRLEiAZ4v6scMqhBO44A9KghWbKwJwoLqWyEeIoGw0qFldAhfn8L/SSNnOQXLvcxnK6VFHGlwCI7ACXBAEVTAOaiBOsDgDjyAJ/Bs3BuPxovxOm9NGYuZffADxtsnZm+WNw==</latexit>

LILD
R ⇠ 4µm

BR(h→aa→cccc)< 10-3  (2σ, 2ab-1 )

Decay length (LD)

[Z. Liu, et al., Chin.Phys.C 41 (2017) 6, 063102]

[KS, W. Yin]



Testability of the CP-even ALP at ILCKodai Sakurai 

Probe of CP-even ALP[3/5]

14

mH, cos α, m2
s , μS, λS

何故~1GeVあたりにkinkがあるか

Resolution of vertex detector (LR)

ILD: [ILD, 1912.04601]

Higgs exotic decays 

<latexit sha1_base64="aYbXabGqt5NkrE4vVZi8gOJPTiM=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWARXIWkKX3sCrpQ6KKKfUBTy2Q6bYfOJGFmIpRQN/6KGxeKuPUv3Pk3Th+Cih64cDjnXu69x48Ylcq2P4zU0vLK6lp6PbOxubW9Y+7uNWQYC0zqOGShaPlIEkYDUldUMdKKBEHcZ6Tpj06nfvOWCEnD4FqNI9LhaBDQPsVIaalrHlS7VzeJJzi8qJ5NPEl5Hno8hrxrZm3LLudybgHaluOWimVXk5Ljagody54hCxaodc13rxfimJNAYYakbDt2pDoJEopiRiYZL5YkQniEBqStaYA4kZ1k9sEEHmulB/uh0BUoOFO/TySISznmvu7kSA3lb28q/uW1Y9UvdRIaRLEiAZ4v6scMqhBO44A9KghWbKwJwoLqWyEeIoGw0qFldAhfn8L/SSNnOQXLvcxnK6VFHGlwCI7ACXBAEVTAOaiBOsDgDjyAJ/Bs3BuPxovxOm9NGYuZffADxtsnZm+WNw==</latexit>

LILD
R ⇠ 4µm

BR(h→aa→cccc)< 10-3  (2σ, 2ab-1 )
[Z. Liu, et al., Chin.Phys.C 41 (2017) 6, 063102]

Displaced vertex

Decay length (LD)

Detector size (LV)
TPC (ILD): 180 cm [ILD, 1912.04601]

[KS, W. Yin]

<latexit sha1_base64="sF96wfZFntpvNe3RwkmoDmu3dj4="></latexit>

BR(h ! aa) . 2⇥ 10�4

✓
106

NH

◆
(2�)



Testability of the CP-even ALP at ILCKodai Sakurai 

Probe of CP-even ALP[4/5]

15

mH, cos α, m2
s , μS, λS

何故~1GeVあたりにkinkがあるか

Decay length (LD)

Resolution of vertex detector (LR)

ILD: [ILD, 1912.04601]

Higgs exotic decays 

<latexit sha1_base64="aYbXabGqt5NkrE4vVZi8gOJPTiM=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWARXIWkKX3sCrpQ6KKKfUBTy2Q6bYfOJGFmIpRQN/6KGxeKuPUv3Pk3Th+Cih64cDjnXu69x48Ylcq2P4zU0vLK6lp6PbOxubW9Y+7uNWQYC0zqOGShaPlIEkYDUldUMdKKBEHcZ6Tpj06nfvOWCEnD4FqNI9LhaBDQPsVIaalrHlS7VzeJJzi8qJ5NPEl5Hno8hrxrZm3LLudybgHaluOWimVXk5Ljagody54hCxaodc13rxfimJNAYYakbDt2pDoJEopiRiYZL5YkQniEBqStaYA4kZ1k9sEEHmulB/uh0BUoOFO/TySISznmvu7kSA3lb28q/uW1Y9UvdRIaRLEiAZ4v6scMqhBO44A9KghWbKwJwoLqWyEeIoGw0qFldAhfn8L/SSNnOQXLvcxnK6VFHGlwCI7ACXBAEVTAOaiBOsDgDjyAJ/Bs3BuPxovxOm9NGYuZffADxtsnZm+WNw==</latexit>

LILD
R ⇠ 4µm

BR(h→aa→cccc)< 10-3  (2σ, 2ab-1 )
[Z. Liu, et al., Chin.Phys.C 41 (2017) 6, 063102]

Displaced vertex
Detector size (LV)

TPC (ILD): 180 cm [ILD, 1912.04601]Higgs invisible decay 
<latexit sha1_base64="x0zbRlbjZacsil/Tp7rx0SiXX4g="></latexit>

LD � LV or LD & LV
<latexit sha1_base64="5+oJksrXS4fGzZHfhYgPzMsPBx8="></latexit>

BR(h ! aa) . 2.3⇥ 10�3 (2�, 900fb�1)

[Y. Kato, 2002.12048]

[KS, W. Yin]

<latexit sha1_base64="sF96wfZFntpvNe3RwkmoDmu3dj4="></latexit>

BR(h ! aa) . 2⇥ 10�4

✓
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Testability of the CP-even ALP at ILCKodai Sakurai 

Probe of CP-even ALP[5/5]

16

mH, cos α, m2
s , μS, λS

何故~1GeVあたりにkinkがあるか

Model predictions

Resolution of vertex detector (LR)

ILD: [ILD, 1912.04601]

Higgs exotic decays 

<latexit sha1_base64="aYbXabGqt5NkrE4vVZi8gOJPTiM=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWARXIWkKX3sCrpQ6KKKfUBTy2Q6bYfOJGFmIpRQN/6KGxeKuPUv3Pk3Th+Cih64cDjnXu69x48Ylcq2P4zU0vLK6lp6PbOxubW9Y+7uNWQYC0zqOGShaPlIEkYDUldUMdKKBEHcZ6Tpj06nfvOWCEnD4FqNI9LhaBDQPsVIaalrHlS7VzeJJzi8qJ5NPEl5Hno8hrxrZm3LLudybgHaluOWimVXk5Ljagody54hCxaodc13rxfimJNAYYakbDt2pDoJEopiRiYZL5YkQniEBqStaYA4kZ1k9sEEHmulB/uh0BUoOFO/TySISznmvu7kSA3lb28q/uW1Y9UvdRIaRLEiAZ4v6scMqhBO44A9KghWbKwJwoLqWyEeIoGw0qFldAhfn8L/SSNnOQXLvcxnK6VFHGlwCI7ACXBAEVTAOaiBOsDgDjyAJ/Bs3BuPxovxOm9NGYuZffADxtsnZm+WNw==</latexit>

LILD
R ⇠ 4µm

BR(h→aa→cccc)< 10-3  (2σ, 2ab-1 )
[Z. Liu, et al., Chin.Phys.C 41 (2017) 6, 063102]

Higgs invisible decay 

<latexit sha1_base64="5+oJksrXS4fGzZHfhYgPzMsPBx8="></latexit>

BR(h ! aa) . 2.3⇥ 10�3 (2�, 900fb�1)

[Y. Kato, 2002.12048]

<latexit sha1_base64="NizJU4SQI5ZEigU9zLfg3azTIk0="></latexit>

BR(h ! aa) ' |�haa|2

8⇡mh�h
<latexit sha1_base64="jTogHAhjWzaBzUTgs0Vh1fLe3dc="></latexit>

�haa '
�P

2
v cos ✓hs +

vs
p
2
�H sin ✓hs +O()

CP-even ALP can be probed by h→aa.

Displaced vertex
Detector size (LV)

TPC (ILD): 180 cm [ILD, 1912.04601]
<latexit sha1_base64="x0zbRlbjZacsil/Tp7rx0SiXX4g="></latexit>

LD � LV or LD & LV

[KS, W. Yin]

<latexit sha1_base64="sF96wfZFntpvNe3RwkmoDmu3dj4="></latexit>

BR(h ! aa) . 2⇥ 10�4

✓
106

NH

◆
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Testability of the CP-even ALP at ILCKodai Sakurai 

CP-even ALP as DM

17

mH, cos α, m2
s , μS, λS

何故~1GeVあたりにkinkがあるか

The ALP can be thermally produced through 
the interaction:

The correct relic density can be obtained:

Vera Rubin 

observatory 

→ The ALP DM can be probed by the future 21 cm line measurements, 

     Vera Rubin observatory (structure formation limit). 

→ Future  X-ray and γ-ray  observatories also has sensitivity in this parameter region. 

→ Higgs boson invisible decay can also probe  ALP DM with                      . 

[KS, W. Yin]

<latexit sha1_base64="FyH93zqi7i4j5sfjXI8gX8BkFrI=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSaFGPBS9ehAr2A5oQNttpu3Q3CbsboYRc/CtePCji1Z/hzX/jts1BWx8MPN6bYWZemHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVFFo05rHshkQBZxG0NNMcuokEIkIOnXB8M/U7jyAVi6MHPUnAF2QYsQGjRBspsI9EQLDHQSnFBM48KbB7B+08sKtOzZkBLxO3IFVUoBnYX14/pqmASFNOlOq5TqL9jEjNKIe84qUKEkLHZAg9QyMiQPnZ7IEcnxqljwexNBVpPFN/T2REKDURoekURI/UojcV//N6qR5c+xmLklRDROeLBinHOsbTNHCfSaCaTwwhVDJzK6YjIgnVJrOKCcFdfHmZtM9r7mXt4r5ebdSLOMroGJ2gM+SiK9RAt6iJWoiiHD2jV/RmPVkv1rv1MW8tWcXMIfoD6/MH06qV4A==</latexit>

ma . 1MeV



Testability of the CP-even ALP at ILCKodai Sakurai 

Summary

18

mH, cos α, m2
s , μS, λS

何故~1GeVあたりにkinkがあるか

• We discussed a simple renormalizable model with CP violation in the dark sector. 

• The model predict ALP being CP-even. 

• The ALP can be probed by ILC though  h—> aa .

-  Depending on the decay length, different signatures are possible:

• In case of                 , the ALP can be searched by future 21 cm line measurements, 
Vera Rubin observatory as well as future X-ray, γ-ray observatories. 

<latexit sha1_base64="FyH93zqi7i4j5sfjXI8gX8BkFrI=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSaFGPBS9ehAr2A5oQNttpu3Q3CbsboYRc/CtePCji1Z/hzX/jts1BWx8MPN6bYWZemHCmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqziVFFo05rHshkQBZxG0NNMcuokEIkIOnXB8M/U7jyAVi6MHPUnAF2QYsQGjRBspsI9EQLDHQSnFBM48KbB7B+08sKtOzZkBLxO3IFVUoBnYX14/pqmASFNOlOq5TqL9jEjNKIe84qUKEkLHZAg9QyMiQPnZ7IEcnxqljwexNBVpPFN/T2REKDURoekURI/UojcV//N6qR5c+xmLklRDROeLBinHOsbTNHCfSaCaTwwhVDJzK6YjIgnVJrOKCcFdfHmZtM9r7mXt4r5ebdSLOMroGJ2gM+SiK9RAt6iJWoiiHD2jV/RmPVkv1rv1MW8tWcXMIfoD6/MH06qV4A==</latexit>

ma . 1MeV

Higgs invisible decay, displaced vertex, Higgs exotic decay

-  Also, the Higgs invisible decay can probe ALP in this mass range.



Buck up



Testability of the CP-even ALP at ILCKodai Sakurai 

Coupling of ALP with Higgs boson

20

• Axion/ALPs are prominent candidates of light DM. 

• They emerge as pseudo Nambu Goldstone boson by  
spontaneous symmetry breaking of global U(1) symmetry. 

• The general mass range

TeVGeVMeVkeVeVmeV…

Axions can be DM if  
<latexit sha1_base64="r4c2R52K8lExQAocdWw0Mdk2eeE=">AAACEHicbVC7SgNBFJ31GeMramkzGESruOvbQghYxDKCUSEblruTSRwys7vM3BXCEv/Axl+xsVDE1tLOv3HyKDR6YOBwzrncuSdMpDDoul/OxOTU9Mxsbi4/v7C4tFxYWb0ycaoZr7FYxvomBMOliHgNBUp+k2gOKpT8Ouyc9f3rO66NiKNL7Ca8oaAdiZZggFYKCls+QhrAqbfjV0ApCID6bbR5Rb0D9z7ztaKVru4FhaJbcgegf4k3IkUyQjUofPrNmKWKR8gkGFP33AQbGWgUTPJe3k8NT4B1oM3rlkaguGlkg4N6dNMqTdqKtX0R0oH6cyIDZUxXhTapAG/NuNcX//PqKbaOG5mIkhR5xIaLWqmkGNN+O7QpNGcou5YA08L+lbJb0MDQdpi3JXjjJ/8lV7sl77C0d7FfLJ+M6siRdbJBtolHjkiZnJMqqRFGHsgTeSGvzqPz7Lw578PohDOaWSO/4Hx8AxnCm/0=</latexit>

⌧a = 1/�a & 150 Gyr

[K. Enqvist, S. Nadathur, et al., JCAP 04 (2020) 015]

This talk



Testability of the CP-even ALP at ILCKodai Sakurai 

Relations for scalar couplings in the limit κ=0

21

<latexit sha1_base64="GV0kwlAkSoT/42hN+5bulL3iV3w="></latexit>

V = �m
2
�|�|2 + �|�|4 + �P |H|2|�|2 + �H |H|4 � µ

2
H
|H|2 ,



Testability of the CP-even ALP at ILCKodai Sakurai 

Branching ratios for the ALP

<latexit sha1_base64="+NMkfnkoKl5OxFzB9X0OyBpOJQc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lU1GPRgx4r2A9IQ9hsJ+3S3STsbgol1F/ixYMiXv0n3vw3btsctPXBwOO9GWbmhSlnSjvOt1VaWV1b3yhvVra2d3b37P2DlkoySaFJE57ITkgUcBZDUzPNoZNKICLk0A6Ht1O/PQKpWBI/6nEKviD9mEWMEm2kwLZFQPCTl3elwHfQmviBXXVqzgx4mbgFqaICjcD+6vYSmgmINeVEKc91Uu3nRGpGOUwq3UxBSuiQ9MEzNCYClJ/PLp/gE6P0cJRIU7HGM/X3RE6EUmMRmk5B9EAtelPxP8/LdHTt5yxOMw0xnS+KMo51gqcx4B6TQDUfG0KoZOZWTAdEEqpNWBUTgrv48jJpndXcy9r5w0W1flPEUUZH6BidIhddoTq6Rw3URBSN0DN6RW9Wbr1Y79bHvLVkFTOH6A+szx/c6ZMr</latexit>

ma [GeV]

<latexit sha1_base64="1FKAPvqgti987y+xeCUe9OZAMSM=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjcQEL6RVox4JXjyiEWhCG7JdtrBhd9vsbjWk8lO8eNAYr/4Sb/4bF+hBwZdM8vLeTGbmhQmjSjvOt1VYWV1b3yhulra2d3b37PJ+W8WpxKSFYxZLL0SKMCpIS1PNiJdIgnjISCccXU/9zgORisbiXo8TEnA0EDSiGGkj9exy5ksOG3eTKvJ1DD3vpGdXnJozA1wmbk4qIEezZ3/5/RinnAiNGVKq6zqJDjIkNcWMTEp+qkiC8AgNSNdQgThRQTY7fQKPjdKHUSxNCQ1n6u+JDHGlxjw0nRzpoVr0puJ/XjfV0VWQUZGkmgg8XxSlDJonpznAPpUEazY2BGFJza0QD5FEWJu0SiYEd/HlZdI+rbkXtbPb80q9kcdRBIfgCFSBCy5BHdyAJmgBDB7BM3gFb9aT9WK9Wx/z1oKVzxyAP7A+fwC9nJMF</latexit> B
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Testability of the CP-even ALP at ILCKodai Sakurai 

Branching ratios
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ILD detector
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[ILD, 1912.04601]

Amputated view of the detector

Detector sizes
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Time schedule of the future X, gamma ray obsearvatries
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