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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 107 eV — 107 "* Mgy, ,
Various DM candidates has been suggested.
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Ultralight (wave-like) DM

In a wide range of Dark Matter mass 107 eV — 107 "* Mgy, ,
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.




The limits on light DM direct detection

~ ultralight mediators 1

SENSE||

1077, heavy mediators 102

Dark Matter—electron g, [pb]

Dark Matter-electron g, [pb]

—
<
w
N
|
A
Q
%

%
—
o

—_

—
(@)
N
—
/s
S
S
—
(@)
(¢

-39 ‘ T | ‘ R R ‘
10 1 10 100 1000

| L L L L \1\ | L L L L \1\ L
10 20 000 Dark Matter Mass [MeV/c?]
Dark Matter Mass [MeV/c"]

Conventional searches on halo DM using nuclear/electron recoils

usually have the cliffs around 10-100 MeYV,
due to tiny kinetic energies which are lower than E thresholds.
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https://supercdms.slac.stanford.edu/dark-matter-limit-plotter

The limits on light DM direct detection

https //supercdms slac stanford edu/dark matter—llmlt plotter
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Conventional searches on halo DM using nuclear/electron recoils

usually have the cliffs around 10-100 MeYV,

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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The limits on light DM direct detection
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Conventional searches on halo DM using nuclear/electron recoils

usually have the cliffs around 10-100 MeYV,

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 is in the local region.
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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

1018

—

o
—
N

—_
o
(o))

RN
o
o

—
2
(o)}

—

o
AN
N

10—18

Bl T T T T T | T T T T T | T T T T T | T T T T T |
E We will focus on E
E olar (thermal) E
C | Reactors Observed .
- | prevd -
- I | /W -
- Geoneutrinos - ~\ ;
- | DSNB § S -
_ Not yet S Observed ]
- A  Atmospheric -
E We will focus on \ Observed ;
- «. lceCube data -
N . (2017) i
_ S _
" Observed? Ty -
" Cosmogenic_ > -
T ] ] | ] ] | ] ] | ] ] | ] ] | ] ] | ] ] | ] |~ I\\_:
1076 1073 109 103 10° 10° 1012 100 1078

Energy E [eV]
[Raffelt, Tamborra, Vitagliano et al. 19']



N N
—_ N o o
o o = =
(@] oo o N

-
o
S

T IIIIIII'I T llnml T lllllﬂl T nllm'l T llllm'l T lllllﬂ'l T lllllﬂ'l TTI1T

Solar Neutrino Flux [cm™2 s™" MeV ~']

—
o
N

T Illlﬂ'll TTIT1IT

How many neutrinos?:
Spectrum of neutrinos in our universe
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* The solar neutrino spectrum has
maximum around 300 keV

- Dominant contributions to fluxes are
very well measured by experiments
(e.g. Borexino, Gemma)

* & Includes several bumps/peaks from
each nuclear channels.
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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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- Thermally produced from neutronization in
1 proto-neutron stars

- Usually has Boltzmann peaks around 5-10

MeV (depending on flavor

- The amount of flux is determined by star-

formation-rate (SFR) including high redshift.

- Extragalactic origin & almost isotropic

A direct detection of DSNB suggested by [Beacom. 10']



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)

* DSNB (extragalactic origin)
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Boosting keV-GeV DM with

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



Boosting keV-GeV DM with

_ first suggested by Y. Ema et al. (18')
* Electron Cosmic rays (based on observed data)

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



eCR-Boosted Dark Matter (BDM) &
Observation of BDM at DM Direct detectlon
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Charged Cosmic ray (electron) BDM
provides an interesting possibility In

DM direct detection/neutrino
observatories.

Caveat) Large e-DM interaction can be suffered from
the constraints by cosmology and SN.
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eCR-Boosted Dark Matter (BDM) &
Observation of BDM at DM Direct detection

 The flux of DM, boosted by CR electron

d(I)DM J(Z% l) / dq)e dUDMe—>DMe
K b.l) = dK.
df) ( DML ) ™TMpM df) dKDM

J(b7 l) — fl.o.s dé'ODM

CR flux e(_]R + Xhalo — e + XBoosted

e Boosted DM-electron (in the detector) cross section with light mediator X

daX(DMe — DMG) (gegx)2 2me(mDM + KDM)2 — Ke ((me —+ mDM)2 -+ QmeKDM) + mer

dK, 47 (2mpmKpm + Kfy) (2me K, 4+ m5)?



eCR-Boosted Dark Matter (BDM) &
Observation of BDM at DM Direct detection

YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,

Py FaVO red parameters PLB 811 (2020) 135863 [2006.13910] [hep-ph]
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eCR-Boosted Dark Matter (BDM) &
Observation of BDM at DM Direct detection

e Constraints (mediator mass/coupling)

YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,
PLB 811 (2020) 135863 [2006.13910] [hep-ph]
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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?
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| Q1: Can Cosmic "Neutrinos"
 boost light Dark Matter in the halo?
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Galactic Neutrino-Boosted
Dark Matter

Dark Matter boosted by neutrinos emitted from the Sun

Ko(Bom, 6) = 2(KDM—Z?’CO@

p'(Kpm) = \/szMKDM + K-

Sun
Earth ;"0 R
d(I)DM _ / V ,ODM 1 /Km X@dO’V DM KDM7 0) ( @ _) . d2(I)SOIar 1% | d_@ 2
dKpp mpM T2/ semin dKpnm 4r’ sin 0 dQd K, r!

XTe \ ,

N
Ny
47r

2
(It is valid in the point source limit, 7o — 0) ik




Galactic Neutrino-Boosted
Dark Matter

Dark Matter boosted by neutrinos emitted from the Sun

Earth|.--" 8

dPpm N, ppm 1 dK, do,_pwMm 1
~ dV — X — X X —
dKpnm 8T MpwMm r2 do |5_g, dKpnm 5—7, r’2 sin 6,

For a single neutrino source (here, our Sun) contribution!
(The volume integration for DM coordinates)



Galactic Neutrino-Boosted
Dark Matter

The expectation of total Galactic Star neutrino BDM

Individual star contribution

DM halo deby () 1 deEHH /dg?pDM(WI) 1
5 - > dKpwm - 872 . dK, mpm |? o 7|2
. G
’ y de dUVDM
- () (el
Galactic Disk 1 1 7 -7
<z (-5

Total Galaxy contribution

(1)
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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Galactic Neutrino-Boosted
Dark Matter

The expectation of total Galactic Star neutrino BDM

Galactic, Total
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Galactic Neutrino-Boosted
Dark Matter

The expectation of total Galactic Star neutrino BDM
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Galactic Neutrino-Boosted
Dark Matter

The expectation of total Galactic Star neutrino BDM
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— Arrival direction
distribution of BDM

Non-trivial distribution of BDM arrival
direction could help to probe nuBDM
scenario.

YSJ, J.-C. Park, S.-C. Park, P.-Y. Tseng
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e Kpwm > mpwm : Forward scattering is dominant (small effective volume)
e Kpwm < mpwm : Large-angle scatterings are allowed (arge effective volume)

myx — 700 keV

mMpM — 500 keV

KDM =1 MeV

KDM — 10 keV
T —

20 40 60 80
6 [deg.]

. Effectlve volume



Extragalactic contribution
to Neutrino-BDM

. . . YJ, J.-C. Park, S.-C. Park, P.-Y. T ,
e Main contribution to EG-nuBDM T erk in preparation,

Dominant contributions coming from the region

In which both and are populated.




"Extragalactic” contribution
to Cosmic-Neutrino-BDM

YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,

e Schematic pictures for main contribution to EG-nuBDM (work in preparation)
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"EG-near"
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"EG-far"




"Extragalactic” contribution
to Cosmic-Neutrino-BDM

YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,

e Schematic pictures for main contribution to EG-nuBDM (work in preparation)
V —>
"EG-near"
|24
"EG-med"
"EG-far" Each galaxies can be

good sources of boosted DM! |
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Recipes to evaluate
Extragalactlc contribution

YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,
(work in preparation)

) Mass composition
- of Galaxies (based on obs.)

The estimation of Halo/Stellar Mass ratio, Size of
Halo/Disk are mostly based on observation data.
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Extragalactic contribution of
neutrino-BDM flux
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Q1: Can Cosmic "Neutrinos"
boost light Dark Matter in the halo?

Q2 Cosmlc-Neutrlno Boosted Dark Matter
| can be probed at |
. various ground experiments/observatories? |



Sensitivity limits on DM/
neutrino experiments

0 ' ; . __YJ,J.-C. Park, S.-C. Park, P.-Y. Tseng,
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Sensitivity limits on DM/
neutrino experiments

YJ, J.-C. Park, S.-C. Park, P.-Y. Tseng,
(work in preparation)
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Conclusion

* A noble mechanism to boost light DM by neutrinos emitted from stars
in our/distant galaxies is proposed.

e Future neutrino exp (JUNO) and Direct detection (XENON/LUX) &
distribution of arrival direction will help to probe neutrino-BDM scenario

INn near future.

e Extragalactic contribution to neutrino-BDM also has interesting features
and depends on DM/mediator masses.
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Thank you for your attention
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Transfer function T(k)

Ly-alpha constraints
on neutrino-DM interactions

[0812.0010] [hep-ph]

1 o >~10% fraction of

i light DM component
can be constrained by
Ly-alpha.
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Constraints on light mediator

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

Constraints on light mediator

R. Harnik et al. [JCAP 07 (2012) 026] [1202.6073] [hep-ph]
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