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After nearly 100 years, scientists may have detected

dark matter ([T

https://www.u-tokyo.ac.jp/focus/
en/press/z0508 00433.html

Public Relations Office Graduate School of Science / Faculty of Science

November 26, 2025

In the early 1930s, Swiss astronomer Fritz Zwicky observed galaxies in space moving faster than their mass should
allow, prompting him to infer the presence of some invisible scaffolding — dark matter — holding the galaxies
together. Nearly 100 years later, NASA's Fermi Gamma-ray Space Telescope may have provided direct evidence of
dark matter, allowing the invisible matter to be “seen” for the very first time.

Dark matter has remained largely a mystery since it was proposed so many years ago. Up to this point, scientists
have only been able to indirectly observe dark matter through its effects on observable matter, such as its ability to
generate enough gravitational force to hold galaxies together. The reason dark matter can't be observed directly is
because the particles that make up dark matter don't interact with electromagnetic force — meaning dark matter
doesn't absorb, reflect or emit light.

Theories abound, but many researchers hypothesize that dark matter is made up of something called weakly
interacting massive particles, or WIMPs, which are heavier than protons but interact very little with other matter.
Despite this lack of interaction, when two WIMPs collide, it is predicted that the two particles will annihilate one
another and release other particles, including gamma ray photons.

Researchers have targeted regions where dark matter is concentrated, such as the center of the Milky Way, through

. astronomical observations for years in search of these specific gamma rays. Using the latest data from the Fermi Gamma-ray image of the Milky Way halo. Gamma-ray
T Tota n I Gamma-ray Space Telescope, Professor Tomonori Totani from the Department of Astronomy at the University of intensity map excluding components other thag the halo,
Tokyo believes he has finally detected the specific gamma rays predicted by the annihilation of theoretical dark spanning approximately 100 degrees in the '0” of the
J CAP 1 1 y 080 (2 025)maﬂer particles. Galactic center. The horizontal gray bar in the central region

corresponds to the Galactic plane area, which was excluded
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Papers to be Discussed

20 GeV halo-like excess of the Galactic diffuse emission

and implications for dark matter annihilation

Tomonori Totani, JCAP 11, 080 (2025) & Slides for Second International
Workshop on the Physics of the Two Infinities

Resonant Annihilation of WIMP Dark Matter for Halo Gamma Ray Signal
Hitoshi Murayama, arXiv:2512.01404

Constraining the dark matter origin of the halo-like 20 GeV y-ray excess with the

AMS-02 antiproton data
Xiao Wang, Kai-Kai Duan, arXiv:2512.12176

Combined dark matter search towards dwarf spheroidal galaxies with Fermi-LAT,

HAWC, H.E.S.S., MAGIC, and VERITAS
The Fermi-LAT, HAWC, H.E.S.S., MAGIC, VERITAS Collaborations, arXiv:2508.20229 & Slides for
Second International Workshop on the Physics of the Two Infinities

Possible Dark Matter Annihilation Signal in the AMS-02 Antiproton Data
Ming-Yang Cui+, PRL 118, 191101 (2017)

The Fermi-LAT Galactic Center Excess: Evidence of Annihilating Dark Matter?
S. Murgia, Annual Review of Nuclear and Particle Science 70, 455 (2020)

Legacy Analysis of Dark Matter Annihilation from the Milky Way Dwarf Spheroidal

Galaxies with 14 Years of Fermi-LAT Data
Alex McDaniel+, Phys. Rev. D 109, 063024 (2024)
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https://doi.org/10.1103/PhysRevD.109.063024

Physics of the Two Infinities

Prof. Totani presented at one of parallel sessions (Slides)

Dwarf galaxy results also presented at the same session
(Slides)
Also, number of great talks on related collider searches and

direct searches Second International Workshop on the Physics
¥l of the Two Infinities (Hongo, Nov 17-21, 2025)
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3 Ways of Dark Matter Srches

Collider

Production

CMS

CMS observed exclusion 90% CL
Vector med., Dirac DM; ) 0.25, o™ 1.0

T T T

[em?]

SM

DM-nucleon

Boosted dijet (77 fb™)

Phys. Rev. D 100 (2019) 112007
_____ Dijet+ISRj(18.3 ")

Phys. Lett. B 805 (2020) 135448

b-tagged dijet (19.7 fb™")

Phys. Rev. Lett. 120 (2018) 201801

Dijet (137 fb™)
JHEP 05 (2020) 033

DM +Z, (137 fb™)

Eur. Phys. J. C 81 (2021) 13
DM + vy (3591b)

ol 1

JHEP 02 (2019) 074
DM +JV, (137 o)
JHEP 11 (2021) 153

DD observed exclusion 90% CL
CRESST-llI
Phys. Rev. D 100 (2019) 102002
DarkSide-50
Phys. Rev. D 107 (2023) 063001
PandaX-4T
Phys. Rev. Lett. 130 (2023) 021802
XENONNT
Phys. Rev. Lett. 131 (2023) 041003

Lol L Lol

1 0-46 L

https://twiki.cern.ch/twiki/bin/view/

i CMSPublic/SummaryPlotsEXO13TeV

Lz
— Phys. Rev. Lett. 131 (2023) 041002

9

102 10°
Dark matter mass mp,, [GeV]

arXiv:2405.13778
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Indirect Detection at ~20 GeV

102! . _—
T. Totani, JCAP 11, 080 (2025) :—fegmied - :éfﬁ" o
. . 10722 ¢ 95% Co : e —gll ;5.441
analyzed Milky Way halo using o o 7 v S ol
. —-23 L Km-win et a[. [51]
15-year Fermi-LAT dataand ="

found 20 GeV excess, 5 1073
suggesting DM at 0.5-0.8 TeV /f“)

Galactic center excess

suggests DM at ~50 GeV

Could be from millisecond pulsars

T Y A
M, [GpV] McDaneil+'24

BOth in tenSiOn Wlth ||m|tS from canonical thermal relic cross section
dwarf spheroidal galaxies (CamD)y & 3 x 10726 cm? ™!
. Ik Z= N
(dSph, %ﬁ”%% . 1$ﬁ§/@) by X2-3 Figure by Totani,
Also. in tension with thermal relic originally from PRD 109, 063024 (2024)

cross section by more than x10
(this could be reconciled; H. Murayama, arXiv:2512.01404) 12
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Scale Heights:
Bulge: ~ 0.5-1 kpc
Bar ~ 5 kpcin length
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FIG. 1 (color online). Known dwarf spheroidal satellite galaxies of the Milky Way overlaid on a Hammer-Aitoff projection of a 4-year 1 3
LAT counts map (E > 1 GeV). The 15 dwarf galaxies included in the combined analysis are shown as filled circles, while additional
dwarf galaxies are shown as open circles.
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Searches with Dwarf Galaxies

Faint, DM dominated galaxies

Low background from stars

Close to Milky Way

(they are satellite
galaxies)

Current best limits
obtained from
Fermi-LAT, HAWC,
H.E.S.S., MAGIC,
VERITAS combined

Searches also with
neutrinos etc,

Highly
depends on
DM density
profile
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Past Excesses in Dwarf Galaxies

Reticulum Il excess (~30) > AL 6- -year
from Fermi-LAT data
PRL 115, 081101 (2015)
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Offset found for Reticulum 11

F 4 & a 10 12 14 16 18

from Fermi-LAT 12-year data
(On the other hand, new excess found Reticulum Il center
for Bootes Il and Willman 1 (~20)) Excess

PRD 104, 083037 (2021) (background?)
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Fermi Bubbles and Sgr dSph

* Fermi Bubbles unexpectedly found in 2010. Initially DM
Interpretation was considered, but now considered to be
from past activities of Sgr A* SMBH [Nature Astronomy 6, 584 (2022)]

« Brightest part of the Fermi Bubbles could be from gamma-
ray emission from the Sagittarius dwarf spheroidal galaxy
due to millisecond pulsars (not DM) [Nature Astronomy 6, 1317 (2022)]

Sgr stream

Mag Clouds
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=
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https://www.nature.com/articles/s41550-022-01618-x
https://www.nature.com/articles/s41550-022-01777-x
https://www.ipmu.jp/ja/20220906-darkmatter
https://www.ipmu.jp/ja/20220906-darkmatter
https://www.ipmu.jp/ja/20220906-darkmatter

Galactic Center Excess (GCE

« Found in 2009 (arXiv:0910.2998) usms
consistent with DM of 10-40 GeV

(depending on annihilation channels)
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Fermi Millisecond Pulsars

294 gamma-ray millisecond pulsars found
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Millisecond Pulsars (MSPS)

- Unresolved MSPs e
can also explain
the GCE
energy spectrum

Cherenkov Telescope Array

. If MSPs, CTA [
can test by observing L - . ._ |

0 20 40 60 80 100
- E |GeV
IReD\‘I/O7Y 12?%18 2023 Phys. Rev. D 109, 123042 (2024) o
’ ( ) FIG. 6. The GCE energy spectrum is 1llustrated in linear scale
Slide by Joe Silk to highlight the £ > 10 GeV tail. Our results obtained with
~40 6 “evidence” for the nature of dark matter: skyFACT for energies larger than 10 GeV are shown in magenta.
Fermi LAT excess y—rays from the GC The measured spectra from the template-based analysis of
~50% chance Fermi excess is from DM Ref. [11] 1s reported with blue points, where the shaded band
encloses the systematic uncertainties on the GCE spectra when
varying the Galactic diffuse emission modeling. Model inter-
MSP PUCIN pretations assuming dark matter annihilations (Ref. [21], yellow
spectrum P dot-dashed line, rescaled by a factor 1.5) or MSP prompt (purple
amplitude dotted) plus IC emission (dashed) from Ref. [24] are ofafjaid for

morphology _
hypothesis comparison.
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https://doi.org/10.1103/PhysRevD.107.103001
https://doi.org/10.1103/PhysRevD.107.103001
https://doi.org/10.1103/PhysRevD.109.123042
https://doi.org/10.1103/PhysRevD.109.123042
https://indico.in2p3.fr/event/35255/contributions/161765/attachments/98507/151903/111725P21silk.pdf
https://indico.in2p3.fr/event/35255/contributions/161765/attachments/98507/151903/111725P21silk.pdf

Searches With Milky Way Halo

» Searches with MW halo can avoid y-rays from the
GC and the disk

* Fermi-LAT team ApdJ 761, 91 (2012) used 2-year
data and placed upper limits

« Totani JCAP 11, 080 (2025) used 15-year data
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Best Fit Spectra

~20 GeV excess can be seen when fitted excluding
the disk

This halo excess remains even if DM emissivity
profile is changed
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Systematics

t Halo excess spectra (NFW—p%)
Similar spectra
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Dark Matter Interpretation

 Excess fits well with DM annihilation
 Tension, but still viable as there are various uncertainties
* Interestingly, DM mass is similar to Retlculum Il excess
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https://indico.in2p3.fr/event/35255/contributions/161612/attachments/97982/150962/totani_Phys2Inf2025.pdf
https://doi.org/10.1103/PhysRevD.109.063024

Resonant Annihilation

Resonantly enhanced for

1 Resonance happenS When velocities for Milky Way halo,

We are interested in a resonance for non-relativistic

incoming particles, and hence

in the CM frame. Therefore, the resonant velocity is
9 o M —2m

DM

DM mass: m

DM

1
E=2 (ch + imv%{) = Er = Mc?

UR:C

m
We study the regime where M —2m < m so that vg < c.

Medi

Fine-tuned?

SM

SM

but not for dwarf galaxies or at
the time of freeze-out

dwarf galaxy \
Milky Way
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H. Murayama, arXiv:2512.01404

FIG. 1. The schematics of a resonant annihilation cross sec-
tion in the freeze-out, Milky Way halo, and a typical dwarf
galaxy, as a function of the resonant velocity vr (km/s).
The vertical axis is in the unit of (km/s)~" and should be
multiplied by JH% to obtain {ov,.). See Eq. (14). We
took vo = 10 km/s and vese = 33 km/s for a dwarf galaxy,
vp = 170 km/s and v... = 567 km/s for the Milky Way, and
ry = 20 for the freeze-out. For vy in the range from a few
tens to a few hundreds of km/s, the resonant apnibilation is
absent in dwarf galaxies, of little importance ;:Qlt freeze-

out, but is significant in the Milky Way halo.



https://arxiv.org/abs/2512.01404

EkzFlux (GeV m?Zs sr'])

AMS-02 on ISS

AMS-02 (Alpha Magnetic Spectrometer-02) ON
International Space Station
measures antimatter in cosmic rays

* In PRL 118, 191101 (2017), \
possible DM in antiproton data reported

. In agreement W|th GCE
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https://doi.org/10.1103/PhysRevLett.118.191101

AMS-02 Search

« If 20 GeV y-ray excess in

MW halo is from DM,
AMS-02 should also
see antiprotons, but

not there

p Flux from DM Annihilation and Background
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https://arxiv.org/abs/2512.12176

Summary

Excess everywhere

Hope some of them will be
explained by future analysis &
observations

Science requires
- Ambition
- Curiosity
- Integrity
- Tenacity g WS
Critical thinking alone is not enough! * 4 S
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