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DM candidates

in a point of view of particle physics
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In a wide range of Dark Matter mass :
Various DM candidates has been suggested.
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in a point of view of particle physics
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Ultralight (wave-like) DM

In a wide range of Dark Matter mass
Various DM candidates has been suggested.

In the ranges of keV-GeV masses, DM can be actively upscattered by
energetic and neutrinos In our universe.




Current Status on
light DM direct detection
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Conventional searches on halo DM using nuclear/electron recoils

usually have cliffs around 10-100 MeV,
due to tiny kinetic energies which are lower than E thresholds.
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Conventional searches on halo DM using nuclear/electron recoils

usually have cliffs around 10-100 MeV,
due to tiny kinetic energies which are lower than E thresholds.

One way to probe light DM (< MeV-GeV, depending on

interaction strength) ==> is to find the boosted DM?
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Conventional searches on halo DM using nuclear/electron recoils

usually have cliffs around 10-100 MeV,
due to tiny kinetic energies which are lower than E thresholds.

One way to probe light DM (< MeV-GeV, depending on

interaction strength) ==> is to find the boosted DM?

by energetic cosmic rays and neutrinos
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How many electrons?:
Observed spectrum of electron CR
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(*) A caveat: All of these observation has been performed in the local region.



Neutrino energy flux E¢ [cm™2s™"]
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How many neutrinos?:
Spectrum of neutrinos in our universe
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How many neutrinos?:
Spectrum of neutrinos in our universe
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How many neutrinos?:
Spectrum of neutrinos in our universe
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How many neutrinos?:
Spectrum of neutrinos in our universe
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How many neutrinos?:

Spectrum of neutrinos in our universe

DSNB  [Fig. from arXiv:2007.13748 [hep-ph]]
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Boosting keV-GeV DM with

® Electron Cosmic rays (based on observed data)
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Boosting keV-GeV DM with

® Electron Cosmic rays (based on observed data)

105 | T T II| | iy III T TTT
'._A : X ‘.‘"’4 &
' ] ] [ ] ‘I_U) 100 o RS -~ . b
extragalactic origin 3 . _
(] N S ]
= I X 1
w . 5| ]
DSNB & 108 - \ ]
r L DR N B L7ap Gy avey av. 74 IR ] IE :_ === CR ﬂUX ‘.“ :
Lo SK Excluded m & - Voyager (2016) L' .
14l 90% C.L. — % [ 5 10710 | AMS-02(2014) \\. _
. - & DAMPE (2017) i
L, = 5 \
12 © -—— Fermi-LAT (2017) ]
:(I) 10; ] 10'15 1 llll |} III| 1 l\ll | XIJI | IIIl | IlI‘ 1 IH| N1l
g ; 10° 10" 10® 10® 10* 10° 10° 10" 10°
T> 0.8F Inv p . TCR (MeV)
= 1
&S 0.6 =
0.4/ -
0.2H .
: | o by T—— 1
0'00 10 20 30 40 50

E, [MeV]



Boosting keV-GeV DM with

® Electron Cosmic rays (based on observed data)
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® Stellar neutrinos (Galactic/Extragalactic origin, This work)



Boosting keV-GeV DM with

Y. Ema et al. (18')
C. V. Cappiello et al. (19')

® Electron Cosmic rays (based on observed data)
Electron CR (2 MeV - 90 GeV for the observed data)
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® Stellar neutrinos (Galactic/Extragalactic origin, Our work)
Neutrino (O(100) keV - 20 MeV) & precisely measured by solar neutrino detection exp.



How to detect them?: The low threshold
frontier of electron recoils in DM/neutrino exp.
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How to detect them?: The low threshold
frontier of electron recoils in DM/neutrino exp.

Low-E solar neutrinos (e.g. 7Be neutrino)

- E threshold ~ 200-300 keV (JUNO/Borexino)
- Typical Exposure ~ O(20) kton-yr
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How to detect them?: The low threshold
frontier of electron recoils in DM/neutrino exp.

N}
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DM direct detections
- E threshold ~ 1 keV (XENON, LZ, PandaX)
- Typical Exposure ~ O(1-10) ton-yr
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Then, How about neutrinos?

Q1: Can Cosmic "Neutrinos"
boost light Dark Matter in the halo?

Q2: Cosmic-Neutrino-Boosted Dark Matter
can be probed at
various ground experiments/observatories?



Then, How about neutrinos?

Q1: Can Cosmic "Neutrinos" |

boost Ilght Dark I\/Iatter Ig the halo’?

Q2 Cosmlc Neutrino-Boosted Dark Matter
can be probed at
various ground experiments/observatories?
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(Galactic Neutrino-Boosted
Dark Matter

The expectation of total Galactic Star neutrino BDM

Individual star contribution

DM halo d@l () 1 [ .dNSwm pom(|Z]) 1
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e N /d37nstar(7) d(I)DM(?)

dKDM dKDM
In a realistic estimation,

-Assumption in the evaluation- Production of BDM is highly

1. Symmetric population of Stars&DM anisotropic, and depends on

2. All stars have same luminosity as the Sun spectrum of injected neutrinos.



(Galactic Neutrino-Boosted
Dark Matter

The expectation of total Galactic Star neutrino BDM
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Extragalactic contribution to
Neutrino-BDM

: . . YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,
® Main contribution to EG-nuBDM (work in preparation)

Dominant contributions coming from the region

iIn which both and are populated.




"Extragalactic” contribution
to Cosmic-Neutrino-BDM

YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,
® Schematic pictures for main contribution to EG-nuBDM (work in preparation)

"EG-near"

|

"EG-med"

"EG-far"




"Extragalactic” contribution
to Cosmic-Neutrino-BDM

YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,
® Schematic pictures for main contribution to EG-nuBDM (work in preparation)

"EG-near"

"EG-med"

"EG-far" Each galaxies can be
good sources of boosted DM!
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Recipes to evaluate
Extragalactic contribution

YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,
(work in preparation)
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ws. Mass composition of Galaxies

(based on HST Survey data) The estimation of Halo/Stellar Mass ratio, Size of
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Estimation of BDM flux

Most typical (spiral) galaxy = (Sersic Bulge + Exponential Disk + Spherical Halo)

: "_',Galéct,icbulge.':' iy 7 " DM halo

A
Exp. Disk

GaEctic

Bulge

- Galactic disk * . -

" Galactic halo -

(a)

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Addison-Wesley.




Estimation of BDM flux

Most typical (spiral) galaxy = (Sersic Bulge + Exponential Disk + Spherical Halo)

Stellar DM
e BN c.g.) For the Milky Way,
PN a representative density profile choice gives
e s Parameter Value
Bulge
M, 2.6 x 1019 Mg
b 0.5kpc
I'b, max 3kpc
Stellar disc
Md 5% 1010 M@
M, Rq4 2.5kpc
pbulge(rs) — ° 3e—r§/2rg [MCD kpC_3] R4, max 19kpc
(v 2mrs) Zi 0.3kpc
_ 2 _
pdisc(Ts, 2s) = po - € /T -sechz(—s) [Mg kpc™?] DM halo
“d on 0.5 x 107 Mgkpc3
Ph _ M 4.8x 1011 M
phalo(rx) — - . 2[M® kpc 3] rhh 20 kpc ’
(%) (1 -+ %) Th, max 100 kpc

arXiv:1806.03306 [astro-ph.GA]



Estimation of BDM flux

Most typical (spiral) galaxy = (Sersic Bulge + Exponential Disk + Spherical Halo)
Stellar DM

A

Usually, Bulge mass compositions ~ 30-90%
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Based on HST survey datain0.14 <z < 1.0 arXiv:2202.02332 [astro-ph.GA]



Estimation of BDM flux

® Extragalactic BDM flux

<I>EGI dK’ ) BT (Mgal) 1 [ d?*ngar(z, Maa) o (TGal(Mgal) 2
/dMGaI/ dK;( ] [ dMg, dz ] | ra)]” ( r(z) )

dr dK L (2) A5 (Mga1) 1 rd®ngal(z, Mga) 2
/dMGaI/dz 7 IK H Moy dz ] - 4m(rga(Maal))
/zmax . /Mglgx M 1 dK’( )dcpsal(MGal)] [d2nGal(z, MGal)] Arc[rga(Mcal))?
2 dK';< dMga dz Hy(1 + z)\/ﬂm(l + 2)3 + Qp

® BDM flux contribution from each individual galaxies

dq)sal(MGal) — jZ(MGal) /dK dq)SOIaI‘ daux
dK!, My " dK, dK/




Estimation of BDM flux

® Extragalactic BDM flux

d(I)EGI /zmax 7, /Ménaalx M 3 1 dK’( )dq)gal(MGal)] [dQTLGa](Z, MGal)] 47T[TG3,1(MG&1)]2

dK!, dMgal dz 1 Hyo(1 + 2)/Qm (1 + 2)3 + Qp

® BDM flux contribution from each individual galaxies

3™ (Mca) _ Jo(Moa) / e AR doyy
dK!, My Y dK, dK

® “Outward” Line-of-sight integral (approximated to isotropic limit)

To(Maal) = T8 (Maa) + T3 (Mga),
j(bulge)(MGal) N/ drx/ Xdrs 27rr3/ df, sinf,
Tx,min 0 0

X [nbulge (MGah 'rs) X Phalo(MHalo(MGal), rx) X (

. o0 Tx o0
jz(dlsc)(MGal) ~ / dry / dr, 2nr, / 2 des
Tx,min 0 0

X [ndisc(MGalar&zs) X phalo(MHalo(MGal)a Tx) X (



Extragalactic contribution of nu-BDM
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Left. O —ge€y"€Xy — gy PLv X, — gpmX 7" XX, YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,
gegDM = gugpm = 107° (work in preparation)
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Q1: Can Cosmic "Neutrinos"

boost light Dark Matter in the halo?
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Conclusion

® A new mechanism to boost light DM by neutrinos emitted from stars in

our/distant galaxies is proposed. Extragalactic contributions are
especially important as we can treat each massive galaxies as a
gigantic source of boosted dark matter.

® Future neutrino exp (JUNO) and Direct detection (XENON/LUX) will

have excellent sensitivity to probe neutrino-DM interactions in near
future.



Thank you for your attention



Backup slides



Boosted DM flux
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Transfer function T(k)
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gauge coupling gp_

Constraints on light mediator

R. Harnik et al. [JCAP 07 (2012) 026] [1202.6073] [hep-ph]
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Kinetic mixing €
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Constraints on light mediator
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