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 On top of theory motivation, there are various real & hopefully-real
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 γ, ν: (almost) straight line 
from where it is created

 𝑝/𝑒±: diffusive trajectory due to interaction with interstellar 
medium, galactic magnetic field

 They (especially 𝑒±) may not reach the Earth if too diffused 
(i.e., too distant).

GC: 
high-density DM



[PAMELA] 
Nature (2009)

[Fermi] PRD (2010)

 PAMELA, Fermi-LAT, AMS-02:

 Excess in e+/e- fraction and e++e- flux

 Require new sources of e+ & e-

[AMS 02] PRL (2013)

[AMS 02] PRL (2014)



 I will talk about a New Mechanism for e+ excesses having DM interpretations in mind.



 Dominant contribution by e+’s from DM annihilation near the Earth (< ~1 kpc)

Φe+ ∝ 𝜌2 𝜎𝑣 : not enough flux expected from known 𝜌 & 𝜎𝑣 (~10-3 -10-4 smaller)
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< ~1 kpc

𝜎𝑣 FO ~ (2-3)×10-26 cm3/s𝜌⨀~ 0.3-0.4 GeV/cm3

DM
𝑒+



Φe+ ∝ 𝜌2 𝝈𝒗 : Enhancing 𝝈𝒗

 Only in the current universe: Sommerfeld enhancement [Hisano et. al. (2002), Arkani-Hamed et. al. (2008)]

 Even in the early universe: Relic from late decays of other dark-sector particles [Fairbairn & Zupan (2008)]

 Strong constraints from γ-ray flux (in particular, from GC & dwarfs)

 Cf. decaying DM models: Φ ~ 𝜌Γ (τ~1026 sec) [Chen, Takahashi, Yanagida (2008)]
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8.5 kpc

< ~1 kpc

Φe+ ∝ 𝝆𝟐 𝜎𝑣 : Enhancing DM density itself

 Local DM clumps near the Earth 

Not enough local clumps to produce the observed e+ flux

 N-body simulation  enhancement by a factor of < ~10 [Lavalle et al. (2007)]
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Φe+ ∝ 𝝆𝟐 𝜎𝑣 : Enhancing DM density itself

 Local DM clumps near the Earth 

Not enough local clumps to produce the observed e+ flux

 N-body simulation  enhancement by a factor of < ~10 [Lavalle et al. (2007)]
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“Challenging” to explain e+ excesses

with minimal (typical) DM scenarios!
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8.5 kpc

We already have a big DM clump at the GC.
D. Kim, JCP & S. Shin [1702.02944]
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Neither enhancing annihilation strength nor the introduction of additional DM clumps

( no severe conflicts/issues associated with conventional mechanisms)

e+’s created near the GC can not reach the Earth!

DM clump
@ GC



 “Transporting” (effectively) DM at the GC to the vicinity of the Earth via a “proxy” ψ

 2𝜒ℎ → 2𝜓 & 𝜓 → 𝑒+𝑒−𝜒𝑙 + …

 𝜒ℎ: heavier DM, dominant relic, no direct coupling to SM

 𝜓 : heavy “meta”-stable dark sector state 

 𝜒𝑙: lighter DM, subdominant relic, direct coupling to SM 

D. Kim, JCP & S. Shin [1702.02944]

8.5 kpc

𝑒+

Transporting via 𝜓

𝜓

Retarded decay

Transporting
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Parameter choice

 𝜎𝑣 ~ 3 ∙ 10−26 cm3/s (conventional value: to be consistent with relevant observation) 

 𝜏𝜓
𝑙𝑎𝑏 = 1/Γ𝜓

𝑙𝑎𝑏 = ~ 1012 s (~time needed to travel from GC to the Earth, theoretically viable)

 With ordinary DM halo profiles, 𝑂(1) enhancement ( not enough to produce 𝜓?)

 Large uncertainty in DM density near the GC

 Simple “toy” DM density profile:

𝜌𝜒𝐴
(𝑦) =  

𝜌⨀

(𝑦/𝑦𝑠)
−1

(1 + 𝑦/𝑦𝑠)
2

≡ 𝜌NFW 𝑦

𝒩 × 𝜌NFW 𝑦𝐶

for 𝑦 ≥ 𝑦𝐶

for 𝑦 < 𝑦𝐶

𝑦𝐶: core size, 𝑦𝑠: scale radius

𝜌NFW: Navarro-Frenk-White DM density profile 



Complete story in a nutshell

𝑛𝜒ℎ

DM “Transporting”
via 𝜒ℎ annihilation to 𝜓

𝑛𝜓,𝑒𝑓𝑓

Source term

 
𝑑𝑁

𝑑𝐸𝑒+ injection

≅ 𝐹in 𝑚𝜒ℎ
, 𝑅

Retarded decay
of 𝜓 to 𝑒+

 𝑚𝜒ℎ
≫ 𝑚𝜓 ≫ 𝑚𝜒𝑙

limit with 

𝑅 = 𝑚𝜒𝑙
/𝑚𝜓

 
𝑑𝑁

𝑑𝐸𝑒+ obs.

≅ 𝐹obs. (vs. observed data)



 The best-fit with the variations of yC, N, and the propagation model

D. Kim, JCP & S. Shin [1702.02944]

𝒎𝝌𝒉
= 𝟏𝟎𝟒𝟎 GeV, 𝑹 = 𝟎. 𝟐, 𝜞𝝍

𝐥𝐚𝐛 = 𝟏𝟎−𝟏𝟐𝐬−𝟏



 The fit sensitivities to 𝑚𝜒ℎ
and 𝑅 = 𝑚𝜒𝑙

/𝑚𝜓

 Affecting the region towards higher E  Affecting the region towards lower E

D. Kim, JCP & S. Shin [1702.02944]

𝑹 = 𝟎. 𝟐, 𝜞𝝍
𝐥𝐚𝐛 = 𝟏𝟎−𝟏𝟐𝐬−𝟏, 𝒎𝝌𝒉

variation 𝒎𝝌𝒉
= 𝟏𝟎𝟒𝟎 GeV, 𝜞𝝍

𝐥𝐚𝐛 = 𝟏𝟎−𝟏𝟐𝐬−𝟏, 𝑹 variation



 More interesting results from cosmic-ray measurements

 Rising interest in non-minimal dark sector physics (Doojins Kim’s talk)

 Non-minimal/flavorful dark sector scenarios may provide dramatic 

phenomenology different from that in the minimal one.

 DM “collider”: new DM search strategies (Seodong Shin’s talk)

 DM “transporting” mechanism: new mechanism for cosmic-ray excesses

We can use an already existing big DM clump at the GC.
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Back-Up



Positron spectrum from diffusion Eq.

 𝛻 𝐾 𝐸,  𝑥 𝛻𝑓 +
𝜕

𝜕𝐸
𝑏 𝐸,  𝑥 𝑓 + 𝑄 𝐸,  𝑥 = 0, 

𝑑Φ

𝑑𝐸
=

𝑣

4𝜋
𝑓, v=c

 𝑄 𝐸,  𝑥 = 𝑛𝜙(  𝑥)Γ𝜙
𝑙𝑎𝑏 𝑑𝑁

𝑑𝐸



&            



diffusion E loss source



yC



 γ-ray constraints from point-like sources become weaker for a long-lived intermediary 
state.

[Rothstein et al. (2009)]



[Poulin et al. (2016)]

Ξ=(ρ/ρDM)∙(Decay E into γ’s & e±)



[AMS02 (2016)]



[Ilten et al.  (2015)]



Einasto

NFW

Toy (N=200)

EinastoB
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 Two species of DM: ψh, ψl with mh>ml (e.g.                                        )           

 ψh : dominant DM component, no direct coupling to the SM

 Assisted Freeze-Out Mechanism: required!

 ψl: sub-dominant, direct coupling to the SM (                                   )

ψl ψh

Thermal 
Plasma

can be metastable
E. J. Chun & JCP (2011)

BDM
γ=mh/ml

G. Belanger & JCP (2011)

Yh Yl


