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What is Dark Matter (DM)?

A lot of observational evidences

Does not interact with light but does have 
mass

Forms large clouds or halos around galaxies

About 85% of the matter in the universe

Dark
Energy
(68%)

Matter
(32%)

Dark
Matter
(85%)

Ordinary
Matter
(15%)
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What is Dark Matter (DM)?

A point-like particle? or a composite particle?

One kind of particles or more than one?

Interacting with Standard Model particles? 
(weakly, …)

Absolutely stable or not?

Connected to other unsolved problems in the 
particle physics (like SUSY, CP violation, …)?

and others…

A lot of observational evidences

Does not interact with light but does have 
mass

Forms large clouds or halos around galaxies

About 85% of the matter in the universe



G
ra

vi
ta

ti
o

n
al

-w
av

e 
u

n
iv

er
se

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
  S

eo
u

l N
at

io
n

al
 U

n
iv

er
si

ty

4

How to study/find DM?

SM

SM

DM

DM

SM: Standard Model particles

Collider 
searches

Indirect detection

D
ire

ct
 d

et
ec

tio
n

Collider: Produce DM particles with high-energy
SM particles with particle colliders.

Direct : Measure the recoil of SM particles due to 
the scattering with DM particles with 
underground sensitive detectors.

Indirect: Search for the secondary SM particles
from collision and/or decay of DM
particles with space- and ground-
based telescopes.
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Indirect dark matter search

Search for the secondary SM particles from collision and/or 
decay of DM particles with space- and ground-based telescopes.

Particle physics
to understand 
the process 

from DM to SM

Astrophysics to guess 
the amount of DM in 
the sky or an object

Engineering
to build 

telescopes
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Indirect dark matter search

Search for the secondary SM particles from collision and/or 
decay of DM particles with space- and ground-based telescopes.

Particle physics
to understand 
the process 

from DM to SM

Astrophysics to guess 
the amount of DM in 
the sky or an object

Engineering
to build 

telescopes
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Dark matter specturm
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Indirect dark matter search

Search for the secondary SM particles from collision and/or 
decay of DM particles with space- and ground-based telescopes.
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Engineering
to build 

telescopes

J factor
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Indirect dark matter search

Search for the secondary SM particles from collision and/or 
decay of DM particles with space- and ground-based telescopes.
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Indirect dark matter search

W e a k l y
i n t e r a c t i n g

m a s s i v e
p a r t i c l e s

( W I M P s )  o r
u l t r a - h e a v y  d a r k  

m a t t e r  ( U H D M )

D w a r f  s p h e r o i d a l
g a l a x i e s  ( d S p h s )

V E R I TA S

( I m a g i n g  
A t m o s p h e r i c  
C h e r e n k o v
Te l e s c o p e s ,  

I A C Ts )

Search for the secondary SM particles from collision and/or 
decay of DM particles with space- and ground-based telescopes.

*VERITAS: Very Energetic Radiation Imaging Telescope Array System.
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Very Energetic Radiation Imaging
Telescope Array System

Four 12m IACTs located in Arizona, US

First light with VERITAS in 2007

Energy range: 85 GeV to > 30 TeV

Field of view: 3.5°

Energy resolution: 15-25%

Angular resolution (68% containment): 

<0.1° @ 1 TeV

Point source sensitivity: 1% Crab in ~25h

IACT: Imaging Atmospheric Cherenkov Telescope
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VERITAS observation

We have more data from many 
dSph observations (> 600 hours) 
with improved methods.
- The previous study 

(VERITAS+2017, Tak+2023) uses 
the VERITAS observations from 
2007 to 2013 (totally 220 hours). 
- The reconstruction pipeline has 

been updated with the boosted 
decision trees and other technique.
- The DM density profile has been 

updated.

* Three deep-exposure dSphs
  : Segue 1, UMa II, and UMi
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Updated J profile

GS+15 (Geringer-Sameth et al., 2015) is widely 
used for the indirect DM search.

We adopt the recent J-factor study by Ando+20, 
which computes the J-factor of dSphs with 
more physically-motivated priors.

Generally, GS+15 tends to have much higher 
J-factors for the DM dense dSphs, compared 
to Ando+20.

This implies that with the same dataset, the 
use of Ando+20 will set a less stringent but 
more accurate upper limit on the dark matter 
cross section.

* Three deep-exposure dSphs: Segue 1, UMa II, and UMi
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No DM signal has been observed.
We do not see any excess above the expected 

background level from the target regions.
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Combined upper limits from 17 dSphs

- J-Factor has large effect on results
- Sample J profiles from Ando+20
- 68% and 95% containments from 300 
realisations

- Null hypothesis: ULs with background fluctuation
- Random sampling from background events
- Observed ULs are consistent with the null 
hypothesis
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Compare to the previous work

Positive effect: Increased data and improved methods in the data reduction and analysis
Negative effect: Lower (but accurate) DM density
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Compare to the other works

With Ando+20, our work provides a competitive result
With GS+15, we expect the most stringent result.
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UHDM constraint

For the UHDM as a composite particle, 
we exclude a certain range of values 
for the radius of the composite particle.

If the mass of UHDM is less than 1 PeV, 
its radius should be smaller than the 
proton charge radius.
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 Donggeun Tak
 Seoul national university

donggeun.tak@gmail.com

Link to my orcid

Thank you

- Indirect searches for dark matter with gamma-ray telescopes are a key part of dark 
matter search

- For WIMPs and UHDMs (up to 30 PeV), we could not find any evidence of their 
annihilation signal.

- VERITAS producing competitive limits with state of the art methods

Summary

mailto:donggeun.tak@gmail.com

