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1398 founded as the highest educational 
institution in Chosun dynasty

Sungkyunkwan University (SKKU)

1996 “renew” by Samsung 

1443
Korean Alphabet (Hangul) invented	



-Many scholars from SKKU participated	



-strong and well-known in nano-physics so far 	


-has vision for fundamental sciences (particle/astro/bio)
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Two campuses 
www.skku.edu

Humanities 	


and Sciences	



Campus in Seoul

Natural Sciences	


Campus	


in Suwon 

(~15km south of 
Seoul)

http://www.skku.edu


SISAC 2012, 2013 	


& 2014

http://astrophysics.skku.edu/SISAC201X/
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http://astrophysics.skku.edu/SISAC201X/


Physics Disclaimer

• I learned in grad school that DM is in GeV - 
TeV..	



• ..if not K(SVZ) axion..	



• ..no other place is worth considering	



• In Korea, we almost too much emphasize the 
importance of Lee-Weinberg paper (1977) 
that I even feel guilty when I have to talk 
some other stuff…
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Lee-Weinberg
“The 1st paper, which open 	



modern particle-cosmology”

PRL (1977)

“WIMP miracle”

• showed how to calculate the DM abundance in BB framework
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Unitarity bound
j-th partial wave:

[Griest, Komionkowski, PRL 1990] 

Don’t even think about it!
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• We only had listened that no evidence 
found  in all attempts to detect DM on 
earth.. (other than DAMA/LIBRA)	



• ..in colliders as well as direct detection 
experiments below TeV all failed so far	



• Cosmic ray observations, on the other 
hand, recently produce a lot of noise 
everywhere	



• SPACE (PAMELA, FERMI-LAT, AMS2..) as 
well as under ice (IceCube)
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Two PeV neutrinos 
observed by IceCube 


in 615.9 days

“Bert” “Ernie”
[Aartsen et. al. (IceCube) Phys.Rev.Lett. 111 (2013) 021103] 

~consistent with fully contained simulated particle showers 
induced by neutral-current νe,μ,τ or charged-current νe 
interactions within the IceCube detector.
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-Too low in energy for GZK

-Too high in energy for 

atmospheric nu.

**Expected:

~E-2 ??

The observational result looks odd ..

upshot:

The source is unidentified 

even though E-2 is typical..
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IceCube collaboration, Science [2013]



In addition, 

26 more neutrinos observed in 1TeV-300TeV window, 


(cf) background is 10.6+-4.5
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IceCube collaboration, Science [2013]

The gap in Edep between 300 TeV and 1 PeV does not 
appear to be significant: Gaps of this size or larger 

appear in 28% of realizations of the best-fit continuous 
power-law flux.

Bert and Ernie

26 more events

??
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+showers	


X muon-trck

8% significance

No strong indication of clustering found
Essentially isotropic (slightly more south..)



Properties of observed 
neutrinos


 “Continuous” in 1-250 TeV

-“Peak” at ~1 PeV 


- Consistent with isotropic 
distribution

-1:1:1 neutrino flavour

understandable since after a long enough 
propagation, neutrino flavour info. would 

disappear
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IceCube collaboration, Science [2013]



The “peak (+gap)” may imply 
particle DM~PeV!

continuum

signal
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**Tracks (nu_mu) 

**Cascades (nu_e+nu_tau)

IceCube collaboration, Science [2013]



“WIMPZILLA”

DM born out of equilibrium

[Chung, Kolb, Riotto PRL1998]

[Mazumdar et.al. 1311.5297]

non-thermal production	


e.g. by inflaton decay	


would be a source for	



superheavy DM

[J.Park and SCP, Phys.Lett. B728 (2014)]
“dark radiation”
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[Kohri, SCP, Rott ]
Directional information
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Preferred



Annihilating

Decaying

Ann vs Decay

-inconsistent with unitarity bound (<120 TeV)	


-expected events are too small	


-centered (50% within 25o)	



would fit the “peak”

-broadly distributed (50% within 65o)	



(preferred)
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A benchmark

Model for PeV events

seesaw mechanism + small mixing in n & DM
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This is low energy plot.	


we want to cover higher energy!

Old	

IceCube

���22



Derived limit on decaying DM NEW!	


Kohri, SCP, Rott

J=2.0	


NFW

-neglect extra galactic contribution (minor)	


-NFW taken (other profile changes ~%)	


-Feldman Cousin Method used
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-Poisson distribution	


-Upper end of conf. level

bgrd,obseved => bound

���24



OLD NEW
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Fit “peak”
The benchmark model:

[Kohri, SCP, Rott]

-peak by νL	


-continuum by nu from Higgs decay

**Tracks (muon neutrinos) 

**Cascades (sum of electron and tau 
neutrino events)
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contributions to CR

*bottom line:

it looks safe in <TeV 

regime
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gamma by ICS
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*bottom line:

it looks safe in <TeV regime

“PPPC 4 DM ID”  	


A Poor Particle Physicist Cookbook for 

Dark Matter Indirect Detection
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Summary
•DM can be heavy (>200 TeV) if non-thermally 

produced


•IceCube, with its big size, has a great 
advantage to test DM by observing HE 
neutrinos …if there’s one in >100TeV, IceCube 
is the place we should look at.


•We set the bound on lifetime-mass based on 
IceCube result for PeV-neutrinos using a 
benchmark model (see-saw+mixing)


•“peak” around PeV may be a hint of DM … will 
be clarified in the future
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