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• p-wave annihilation + Sommerfeld Enhancement
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Why Dark Matter?



WIMP scenario
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• SM and DM sector are in thermal equalibrium in Early Universe


• Expansion of the Universe makes the departure from the equilibrium 
(i.e. Freeze-out)


• The amount of relic abundance is related to the annihilation cross 
section at Freeze-out
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• Annihilation and/or Decay of Dark Matter produces energetic 
astrophysical signals, e.g. gamma-ray, cosmic-rays, neutrinos.

Indirect Search for WIMP
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• FermiLAT provides gamma-ray map with a ~ 15-years of data set 
in a wide range of Galactic coordinates.

FermiLAT data in Gamma-ray sky

• Backgrounds of gamma-rays are usually dominated by 
- Galactic Diffusion Emission induced by cosmic-ray interacting 
with the interstellar medium (ISM), inverse compton scattering 
and bremsstrahlung. 
- Isotropic Diffuse gamma-rays 
- Point sources (Pulsar, SNR, etc.)



• Totani recently presented an analysis for halo-like gamma-ray 
excess in the 15-years data set of FermiLAT observation

Halo-like excess in 15-years data of FermiLAT

Totani (25')
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Excess around 
E ~ 20 GeV



• Totani recently presented an analysis for halo-like gamma-ray 
excess in the 15-years data set of FermiLAT observation

Halo-like excess in 15-years data of FermiLAT

Totani (25')

Excess around E ~ 20 GeV is shown in both 
GALPROP and Fermi-provided GIEM models.

Both annihilation-like and decay-like fit 
show meaningful statistical significances



• DM interpretation

Halo-like excess in 15-years data of FermiLAT

Totani (25')
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bb̄,W+W→ preferred



• Annihilation cross section is large


• Strong constraints from dwarf spheroidal galaxies


• A vanilla scenario with s-wave annihilation is problematic


• What scenarios will be available?

Does Standard WIMP scenarios 
can explain the excess?
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→ωv↑ = (5↓ 8)↔ 10→25cm3/s
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→ωv↑FO = 3↓ 10→26cm3/s



• Effective Lagrangian

Our model

<latexit sha1_base64="aRxZekfFvuD6l4XE11L8DbyhDuk="></latexit>

Leff → mωe
→ε/f ω̄ω ↑ ↓mω

ε

f
ω̄ω+mω

ε2

2f2
ω̄ω+O(f→3)
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Leff → yb sin ωεb̄b

A dilaton-like DM-mediator interaction
SM coupling from Higgs-mediator mixing

Y. Jho, J.H.Park, M.G.Park, S.C.Park 
(2512.24662)
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The (perturbative) annihilation cross section is p-wave
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→ωv↑ωω→εε = bv2 +O(v4)



• The Sommerfeld Enhancement is a non-perturbative phenomena 
increasing the amplitude of some processes in the presence of 
long-range interactions, originated by the amplification of the 
wave function around the interaction point.


• For arbitrary partial waves with angular momentum   , the 
enhancement (the ratio total cross section/perturbative cross 
section) is given by

Sommerfeld Enhancement
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• In our model, a light scalar mediator induces a Yukawa potential 
which is responsible for Sommerfeld Enhancement.
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• The Sommerfeld Enhancement factor in the Coulomb limit is 
typically given by

Sommerfeld Enhancement
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• Usually, this effect is saturated around 
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v → mω/mε

• However, near the resonance of zero-energy quasi-bound state, 
the effect is significant down to further low velocities.



• 1-D analogy of resonant scattering

Resonant scattering  
in Sommerfeld Enhancement
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2mV0

⊋2 a → qa = nω

The strength of interaction (potential) 
determines the condition of resonance.

Near the resonance, the amplification of the wave 
function is further enhanced.



• The Sommerfeld Enhancement factor in the Coulomb limit is 
typically given by

Sommerfeld Enhancement
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Sl →
(ωε

v

)2

• Usually, this effect is saturated around 

<latexit sha1_base64="/WNUNQxLPb9ZiIF0YjorVb5+g6E="></latexit>

→ωv↑ = Sl · →ωv↑(pert.) ↓ 1/v

<latexit sha1_base64="RU3Km24/w/Y1uIbUcLPM2kMKuUg=">AAACAHicbZDNSsNAFIVv6l+tf1EXLtwMFsFVTUSqy6IblxWsLTQhTKaTZuhMEmYmhVK68VXcuFDErY/hzrdx2mahrQcGPs69lzv3hBlnSjvOt1VaWV1b3yhvVra2d3b37P2DR5XmktAWSXkqOyFWlLOEtjTTnHYySbEIOW2Hg9tpvT2kUrE0edCjjPoC9xMWMYK1sQL7aIg8xQQSgTfEMovZuSESs8CuOjVnJrQMbgFVKNQM7C+vl5Jc0EQTjpXquk6m/TGWmhFOJxUvVzTDZID7tGswwYIqfzw7YIJOjdNDUSrNSzSaub8nxlgoNRKh6RRYx2qxNjX/q3VzHV37Y5ZkuaYJmS+Kco50iqZpoB6TlGg+MoCJZOaviMRYYqJNZhUTgrt48jI8XtTceq1+f1lt3BRxlOEYTuAMXLiCBtxBE1pAYALP8Apv1pP1Yr1bH/PWklXMHMIfWZ8/PemWNA==</latexit>

v → mω/mε

• However, near the resonance of zero-energy quasi-bound state, 
the effect is significant down to further low velocities.


• For the Yukawa potential, the zero-E resonance occurs around 
<latexit sha1_base64="GhMhFp7vzrANzedmb9fk4SCVfTA=">AAACFnicbZBLSwMxFIUz9VXrq+rSTbAIbhxnRGrdFd24rGAf0CnDnTTthCYzQ5IplKG/wo1/xY0LRdyKO/+N6WOhrQcCH+fcS7gnSDhT2nG+rdzK6tr6Rn6zsLW9s7tX3D9oqDiVhNZJzGPZCkBRziJa10xz2kokBRFw2gwGt5O8OaRSsTh60KOEdgT0I9ZjBLSx/OKZBzwJwc88KTCRTNtj7Ckm8LXtVLDwvSHIJGTnhkjI/GLJsZ2p8DK4cyihuWp+8cvrxiQVNNKEg1Jt10l0JwOpGeF0XPBSRRMgA+jTtsEIBFWdbHrWGJ8Yp4t7sTQv0njq/t7IQCg1EoGZFKBDtZhNzP+ydqp7lU7GoiTVNCKzj3opxzrGk45wl0lKNB8ZgEknjGASggSiTZMFU4K7ePIyNC5st2yX7y9L1Zt5HXl0hI7RKXLRFaqiO1RDdUTQI3pGr+jNerJerHfrYzaas+Y7h+iPrM8fu8OefQ==</latexit>

ωcrit. → 9.08mω/mε

• Near the resonance, the saturation velocity is given at the order 
of the amount of off-resonance

<latexit sha1_base64="JjjhDB/wnkyShKxh7L1DC+UoknY=">AAACEHicbZA7SwNBFIVn4yvGV9TSZjCINoZdkWgjBLWwjGAekF3C3ckkGTL7YOauEJb8BBv/io2FIraWdv4bd5MVNPHAwMc59zLc44ZSaDTNLyO3sLi0vJJfLaytb2xuFbd3GjqIFON1FshAtVzQXAqf11Gg5K1QcfBcyZvu8CrNm/dcaRH4dzgKueNB3xc9wQATq1M8tK+5RKA2yHAA9OIHjjPoxEwJLI87xZJZNiei82BlUCKZap3ip90NWORxH5kErduWGaITg0LBJB8X7EjzENgQ+rydoA8e1048OWhMDxKnS3uBSp6PdOL+3ojB03rkucmkBzjQs1lq/pe1I+ydO7Hwwwi5z6Yf9SJJMaBpO7QrFGcoRwlAerhglA1AAcOkw0JSgjV78jw0TspWpVy5PS1VL7M68mSP7JMjYpEzUiU3pEbqhJEH8kReyKvxaDwbb8b7dDRnZDu75I+Mj2/mvJvp</latexit>

!ω = ω→ ωcrit.



• Numerical solution of radial Schrodinger equation

Sommerfeld Enhancement

<latexit sha1_base64="q2RG2LhFrCnXHQXj8IJFStht240=">AAACK3icbZDLSgNBEEV74ivGV9Slm8YguDHMqKgbIUQXLiMYI2TiUNPpJI09D7prAmHI/7jxV1zowgdu/Q87yQhqLGg4fW8VRV0/lkKjbb9ZuZnZufmF/GJhaXllda24vnGto0QxXmeRjNSND5pLEfI6CpT8JlYcAl/yhn93NvIbfa60iMIrHMS8FUA3FB3BAI3kFavuOZcI1AUZ94CefsNeBl7KlMDykLpaBNSxb9O9g+zT91INxvKKJbtsj4tOg5NBiWRV84pPbjtiScBDZBK0bjp2jK0UFAom+bDgJprHwO6gy5sGQwi4bqXjW4d0xyht2omUeSHSsfpzIoVA60Hgm84AsKf/eiPxP6+ZYOeklYowTpCHbLKok0iKER0FR9tCcYZyYABGmQhGWQ8UMDTxFkwIzt+Tp+F6v+wclY8uD0uVahZHnmyRbbJLHHJMKuSC1EidMHJPHskLebUerGfr3fqYtOasbGaT/Crr8wuUuaYb</latexit>

!ω = ω→ ωcrit. ↑ 10→3 ↑ vsat.

Radial wavefunction Enhancement factor

Y. Jho, J.H.Park, M.G.Park, S.C.Park 
(2512.24662)



• The resulting annihilation process will make two pair of quarks in 
the final states with an increased cross section.

Signal process

 
Gamma-rays



Annihilation cross section
Y. Jho, J.H.Park, M.G.Park, S.C.Park 
(2512.24662)



Annihilation cross section

Perturbative 
p-wave annihilation

Y. Jho, J.H.Park, M.G.Park, S.C.Park 
(2512.24662)



Annihilation cross section

very light mediator mass 
(or very near the resonance)

Y. Jho, J.H.Park, M.G.Park, S.C.Park 
(2512.24662)



Annihilation cross section

Perturbative 
p-wave annihilation

Y. Jho, J.H.Park, M.G.Park, S.C.Park 
(2512.24662)



• There are three main regimes:

Annihilation cross section

<latexit sha1_base64="ghHK0MY9Qpk0Y7Ora5uRA9u+BuE=">AAACGXicbVDJSgNBEO1xjXEb9eilMQjxEmZEogcPQS8eo5gFMiH0dCpJk56F7ppgGPIbXvwVLx4U8agn/8bOctDEBwWP96qoqufHUmh0nG9raXlldW09s5Hd3Nre2bX39qs6ShSHCo9kpOo+0yBFCBUUKKEeK2CBL6Hm96/Hfm0ASosovMdhDM2AdUPREZyhkVq24yE8YOoWaBkUJso3+gDoHXRFACPq0bzHZNxj9JIOTLknLTvnFJwJ6CJxZyRHZii37E+vHfEkgBC5ZFo3XCfGZsoUCi5hlPUSDTHjfdaFhqEhC0A308lnI3pslDbtRMpUiHSi/p5IWaD1MPBNZ8Cwp+e9sfif10iwc9FMRRgnCCGfLuokkmJExzHRtlDAUQ4NYVwJcyvlPaYYRxNm1oTgzr+8SKqnBbdYKN6e5UpXszgy5JAckTxxyTkpkRtSJhXCySN5Jq/kzXqyXqx362PaumTNZg7IH1hfP1OWnpI=</latexit>

1. Perturbative Regime (ω < v < 1)

Non-perturbative effect is negligible and 
the perturbative piece is only relevant one.

Y. Jho, J.H.Park, M.G.Park, S.C.Park 
(2512.24662)



• There are three main regimes:

Annihilation cross section

<latexit sha1_base64="ghHK0MY9Qpk0Y7Ora5uRA9u+BuE=">AAACGXicbVDJSgNBEO1xjXEb9eilMQjxEmZEogcPQS8eo5gFMiH0dCpJk56F7ppgGPIbXvwVLx4U8agn/8bOctDEBwWP96qoqufHUmh0nG9raXlldW09s5Hd3Nre2bX39qs6ShSHCo9kpOo+0yBFCBUUKKEeK2CBL6Hm96/Hfm0ASosovMdhDM2AdUPREZyhkVq24yE8YOoWaBkUJso3+gDoHXRFACPq0bzHZNxj9JIOTLknLTvnFJwJ6CJxZyRHZii37E+vHfEkgBC5ZFo3XCfGZsoUCi5hlPUSDTHjfdaFhqEhC0A308lnI3pslDbtRMpUiHSi/p5IWaD1MPBNZ8Cwp+e9sfif10iwc9FMRRgnCCGfLuokkmJExzHRtlDAUQ4NYVwJcyvlPaYYRxNm1oTgzr+8SKqnBbdYKN6e5UpXszgy5JAckTxxyTkpkRtSJhXCySN5Jq/kzXqyXqx362PaumTNZg7IH1hfP1OWnpI=</latexit>

1. Perturbative Regime (ω < v < 1)

Non-perturbative effect is negligible and 
the perturbative piece is only relevant one.

<latexit sha1_base64="CwT/zqzJ6sXISiMpD5LZivrxNx8="></latexit>

2. Sommerfeld Regime (!ω < v < ω)

The Sommerfeld Enhancement becomes 
efficient and the cross section scales  
as ~1/v

Y. Jho, J.H.Park, M.G.Park, S.C.Park 
(2512.24662)



• There are three main regimes:

Annihilation cross section

<latexit sha1_base64="ghHK0MY9Qpk0Y7Ora5uRA9u+BuE=">AAACGXicbVDJSgNBEO1xjXEb9eilMQjxEmZEogcPQS8eo5gFMiH0dCpJk56F7ppgGPIbXvwVLx4U8agn/8bOctDEBwWP96qoqufHUmh0nG9raXlldW09s5Hd3Nre2bX39qs6ShSHCo9kpOo+0yBFCBUUKKEeK2CBL6Hm96/Hfm0ASosovMdhDM2AdUPREZyhkVq24yE8YOoWaBkUJso3+gDoHXRFACPq0bzHZNxj9JIOTLknLTvnFJwJ6CJxZyRHZii37E+vHfEkgBC5ZFo3XCfGZsoUCi5hlPUSDTHjfdaFhqEhC0A308lnI3pslDbtRMpUiHSi/p5IWaD1MPBNZ8Cwp+e9sfif10iwc9FMRRgnCCGfLuokkmJExzHRtlDAUQ4NYVwJcyvlPaYYRxNm1oTgzr+8SKqnBbdYKN6e5UpXszgy5JAckTxxyTkpkRtSJhXCySN5Jq/kzXqyXqx362PaumTNZg7IH1hfP1OWnpI=</latexit>

1. Perturbative Regime (ω < v < 1)

Non-perturbative effect is negligible and 
the perturbative piece is only relevant one.

<latexit sha1_base64="CwT/zqzJ6sXISiMpD5LZivrxNx8="></latexit>

2. Sommerfeld Regime (!ω < v < ω)

The Sommerfeld Enhancement becomes 
efficient and the cross section scales  
as ~1/v

<latexit sha1_base64="OroI5rdktfEwWX6p3cxPet3ikhU=">AAACFXicbVDLSgNBEJz1GeMr6tHLYBAUZNlViR48BL14jI8kQhLC7KQTh8w+mOkNhiU/4cVf8eJBEa+CN//GySYHTSxoKKq66e7yIik0Os63NTM7N7+wmFnKLq+srq3nNjYrOowVhzIPZajuPKZBigDKKFDCXaSA+Z6Eqte9GPrVHigtwuAW+xE0fNYJRFtwhkZq5g7qCA+YHNn0hmGsUpVeQ0f4MKB1utejZ7TXTDRDe7DfzOUd20lBp4k7JnkyRqmZ+6q3Qh77ECCXTOua60TYSJhCwSUMsvVYQ8R4l3WgZmjAfNCNJP1qQHeN0qLtUJkKkKbq74mE+Vr3fc90+gzv9aQ3FP/zajG2TxuJCKIYIeCjRe1YUgzpMCLaEgo4yr4hjCthbqX8ninG0QSZNSG4ky9Pk8qh7RbswtVxvng+jiNDtskO2SMuOSFFcklKpEw4eSTP5JW8WU/Wi/VufYxaZ6zxzBb5A+vzB4wKnc0=</latexit>

3. Saturation Regime (v < vsat.)

Sommerfeld Factor is saturated, and the 
cross section recovers its perturbative 
behavior (                 ). 

<latexit sha1_base64="eaFevh3QjDTd0xvfAoTFhhdNiy4=">AAACDXicbVDLSgMxFM34rPU16tJNsAquykyR6rLoxmUF+4DOWDJpZhqax5BkCqX0B9z4K25cKOLWvTv/xrSdhbYeCBzOuZebc6KUUW0879tZWV1b39gsbBW3d3b39t2Dw6aWmcKkgSWTqh0hTRgVpGGoYaSdKoJ4xEgrGtxM/daQKE2luDejlIQcJYLGFCNjpa57GjAkEkZgoGnCERzCQOVCqmRqJBw+VLpuySt7M8Bl4uekBHLUu+5X0JM440QYzJDWHd9LTThGylDMyKQYZJqkCA9QQjqWCsSJDsezNBN4ZpUejKWyTxg4U39vjBHXesQjO8mR6etFbyr+53UyE1+FYyrSzBCB54fijEEbcloN7FFFsGEjSxBW1P4V4j5SCBtbYNGW4C9GXibNStmvlqt3F6XadV5HARyDE3AOfHAJauAW1EEDYPAInsEreHOenBfn3fmYj644+c4R+APn8wegy5tL</latexit>

→ωv↑ ↓ v2

Y. Jho, J.H.Park, M.G.Park, S.C.Park 
(2512.24662)

The constraints from dwarf galaies can 
be naturally avoid.



• In our model, the scalar mediators in the final state are highly 
boosted with a factor 

Gamma-ray signal spectrum

 
Gamma-rays

<latexit sha1_base64="hlOBnUOxdtynq60jATGJIedKWHw=">AAACBXicbVDLSgMxFM3UV62vqktdBIvgqs6IVJdFNy4r2Ad0SrmTZjqhSWZIMoVSunHjr7hxoYhb/8Gdf2PazkJbD1zu4Zx7Se4JEs60cd1vJ7eyura+kd8sbG3v7O4V9w8aOk4VoXUS81i1AtCUM0nrhhlOW4miIAJOm8Hgduo3h1RpFssHM0poR0BfspARMFbqFo/9PggB2NdMYNH1ScTObRuCSiLWLZbcsjsDXiZeRkooQ61b/PJ7MUkFlYZw0LrtuYnpjEEZRjidFPxU0wTIAPq0bakEQXVnPLtigk+t0sNhrGxJg2fq740xCK1HIrCTAkykF72p+J/XTk143RkzmaSGSjJ/KEw5NjGeRoJ7TFFi+MgSIIrZv2ISgQJibHAFG4K3ePIyaVyUvUq5cn9Zqt5kceTRETpBZ8hDV6iK7lAN1RFBj+gZvaI358l5cd6dj/lozsl2DtEfOJ8/C2eYTw==</latexit>

ω → mω/mε

• After considering the Lorentz boost  
effect, the spectrum becomes flat  
and box-like.



Gamma-ray signal spectrum
• Signal spectrum with benchmark parameters

<latexit sha1_base64="Z0T/5XxEciTUbhFKycYXDAs5DSI=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQPIUZMYkXIehBjxHMAkkIPZ1K0qRnobtGDEO8+CtePCji1b/w5t/YWQ6a+KDg8V4VVfW8SAqNjvNtpZaWV1bX0uuZjc2t7R17d6+qw1hxqPBQhqruMQ1SBFBBgRLqkQLmexJq3uBq7NfuQWkRBnc4jKDls14guoIzNFLbPvDbTd4X9ILmi3naRHjAhF5DddS2s07OmYAuEndGsmSGctv+anZCHvsQIJdM64brRNhKmELBJYwyzVhDxPiA9aBhaMB80K1k8sGIHhulQ7uhMhUgnai/JxLmaz30PdPpM+zreW8s/uc1YuyetxIRRDFCwKeLurGkGNJxHLQjFHCUQ0MYV8LcSnmfKcbRhJYxIbjzLy+S6mnOLeQKt2fZ0uUsjjQ5JEfkhLikSErkhpRJhXDySJ7JK3mznqwX6936mLamrNnMPvkD6/MHNlWVew==</latexit>

mω = 575 GeV
<latexit sha1_base64="VEQNSWQcpa2gvzgeOteOWaUALTo=">AAACBXicbVDJSgNBEO2JW4xb1KMeGoPgKcyIRC9C0IMeI5gFMkPo6VSSJj0L3TXBMOTixV/x4kERr/6DN//GznLQxAcFj/eqqKrnx1JotO1vK7O0vLK6ll3PbWxube/kd/dqOkoUhyqPZKQaPtMgRQhVFCihEStggS+h7vevx359AEqLKLzHYQxewLqh6AjO0Eit/GHQcgdMxT1BL6njFEvURXjAlN5AbdTKF+yiPQFdJM6MFMgMlVb+y21HPAkgRC6Z1k3HjtFLmULBJYxybqIhZrzPutA0NGQBaC+dfDGix0Zp006kTIVIJ+rviZQFWg8D33QGDHt63huL/3nNBDsXXirCOEEI+XRRJ5EUIzqOhLaFAo5yaAjjSphbKe8xxTia4HImBGf+5UVSOy06pWLp7qxQvprFkSUH5IicEIeckzK5JRVSJZw8kmfySt6sJ+vFerc+pq0ZazazT/7A+vwBMPGXHg==</latexit>

mω = 11.6 GeV
<latexit sha1_base64="G7iAB3K6X62ZTU9ic8HvGK2I3ZY=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4GmZUYi5C0IvHCGaBZAw1nZ6kSc9Cd48ShvyHFw+KePVfvPk3dpaDJj4oeLxXRVU9PxFcacf5tnIrq2vrG/nNwtb2zu5ecf+goeJUUlansYhly0fFBI9YXXMtWCuRDENfsKY/vJn4zUcmFY+jez1KmBdiP+IBp6iN9NBBkQyQXBHHdivn3WLJsZ0pyDJx56QEc9S6xa9OL6ZpyCJNBSrVdp1EexlKzalg40InVSxBOsQ+axsaYciUl02vHpMTo/RIEEtTkSZT9fdEhqFSo9A3nSHqgVr0JuJ/XjvVQcXLeJSkmkV0tihIBdExmURAelwyqsXIEKSSm1sJHaBEqk1QBROCu/jyMmmc2W7ZLt9dlKrX8zjycATHcAouXEIVbqEGdaAg4Rle4c16sl6sd+tj1pqz5jOH8AfW5w8HNZDq</latexit>

ω = 0.183



• For our benchmark parameters, the most relevant constraints 
come from i) the direct detection, ii) Thermal equilibrium 
condition. Available mixing between SM Higgs and the scalar 
mediator should be in the range 

Other Constraints & Future prospects

<latexit sha1_base64="TovpNpVCCRm1S2n7wtsuzskhzlE=">AAACA3icbZC7SgNBFIZnvcZ4W7XTZjAINoZd0cTCImhjGcFcIFnD7GQ2GTJ7YeasEJYFG1/FxkIRW1/CzrdxstlCE38Y+PjPOZw5vxsJrsCyvo2FxaXlldXCWnF9Y3Nr29zZbaowlpQ1aChC2XaJYoIHrAEcBGtHkhHfFazljq4n9dYDk4qHwR2MI+b4ZBBwj1MC2uqZ+7Z1n5xUU3yJuzBkQDRk1nnaM0tW2cqE58HOoYRy1XvmV7cf0thnAVBBlOrYVgROQiRwKlha7MaKRYSOyIB1NAbEZ8pJshtSfKSdPvZCqV8AOHN/TyTEV2rsu7rTJzBUs7WJ+V+tE4N34SQ8iGJgAZ0u8mKBIcSTQHCfS0ZBjDUQKrn+K6ZDIgkFHVtRh2DPnjwPzdOyXSlXbs9Ktas8jgI6QIfoGNmoimroBtVRA1H0iJ7RK3oznowX4934mLYuGPnMHvoj4/MHM7qVWA==</latexit>

10→7 < ω < 10→5

• Interestingly, searching for the light scalar with a O(10) GeV mass 
coupled to SM sector can be promising in future long-lived particle 
searches at terrestrial experiments, such as MATHUSLA, SHiP. 
FASER

• This p-wave + Sommerfeld Enhancement scenario might be 
naturally compatible with i) various Milky-Way gamma-ray and/or 
cosmic-ray anomalies, ii) dwarf galaxy constraints at much low 
velocities in general.

• Antiproton bound from AMS-02 data will be a strong constraints on 
some WIMP scenarios. In our case, the mass of mediator is very 
low, and the production of secondary nucleon is very suppressed, 
and the spectrum becomes much soften and reduced.



Other Constraints & Future prospects
• This p-wave + Sommerfeld Enhancement scenario might be 

naturally compatible with i) various Milky-Way gamma-ray and/or 
cosmic-ray anomalies, ii) dwarf galaxy constraints at much low 
velocities in general.

Thermal Freeze-out xsec.

• How about GCE? 
or other anomalies?



Summary
• Regarding 15-years data set of FermiLAT, Totani recently provided 

an analysis on Halo-like excess of gamma-rays around 20 GeV.


• A minimal model of Dark Matter with a CP-even scalar mediator 
successfully explains i) freeze-out annihilation cross section, ii) 
Halo-excess and iii) the dwarf galaxy constraints.



Thank you





backup slides


