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近況報告
• Google-UTokyo量子パートナーシップ
学部学生研究体験活動

• 単一光子検出器を
使った実験

• KAGRA IFO 

characterizations
klog #36249, klog #36238

klog #36283

• 日本-シンガポール共同研究
2026年4月に日本でキックオフ会議？
2026年6月にシンガポールで第2回会議？ 2

https://klog.icrr.u-tokyo.ac.jp/osl/?r=36249
https://klog.icrr.u-tokyo.ac.jp/osl/?r=36238
https://klog.icrr.u-tokyo.ac.jp/osl/?r=36283


暗黒物質がついに見えた！？

3
T. Totani,

JCAP 11, 080 (2025)

https://www.s.u-tokyo.ac.jp/

ja/press/10983/

https://iopscience.iop.org/article/10.1088/1475-7516/2025/11/080
https://iopscience.iop.org/article/10.1088/1475-7516/2025/11/080
https://iopscience.iop.org/article/10.1088/1475-7516/2025/11/080
https://iopscience.iop.org/article/10.1088/1475-7516/2025/11/080
https://www.s.u-tokyo.ac.jp/ja/press/10983/
https://www.s.u-tokyo.ac.jp/ja/press/10983/
https://www.s.u-tokyo.ac.jp/ja/press/10983/
https://www.s.u-tokyo.ac.jp/ja/press/10983/


May have detected dark matter
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T. Totani,

JCAP 11, 080 (2025)

https://www.u-tokyo.ac.jp/focus/

en/press/z0508_00433.html

https://iopscience.iop.org/article/10.1088/1475-7516/2025/11/080
https://iopscience.iop.org/article/10.1088/1475-7516/2025/11/080
https://iopscience.iop.org/article/10.1088/1475-7516/2025/11/080
https://iopscience.iop.org/article/10.1088/1475-7516/2025/11/080
https://www.u-tokyo.ac.jp/focus/en/press/z0508_00433.html
https://www.u-tokyo.ac.jp/focus/en/press/z0508_00433.html
https://www.u-tokyo.ac.jp/focus/en/press/z0508_00433.html
https://www.u-tokyo.ac.jp/focus/en/press/z0508_00433.html


Sulk in Bed

5https://x.com/tomonoritotani/status/1993662409329025448

https://x.com/tomonoritotani/status/1993662409329025448


NHK News
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https://news.web.nhk/newsweb/

na/na-k10014989961000

https://news.web.nhk/newsweb/na/na-k10014989961000
https://news.web.nhk/newsweb/na/na-k10014989961000
https://news.web.nhk/newsweb/na/na-k10014989961000
https://news.web.nhk/newsweb/na/na-k10014989961000


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 γ-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://iopscience.iop.org/article/10.1088/1475-7516/2025/11/080
https://indico.in2p3.fr/event/35255/contributions/161612/attachments/97982/150962/totani_Phys2Inf2025.pdf
https://indico.in2p3.fr/event/35255/contributions/161612/attachments/97982/150962/totani_Phys2Inf2025.pdf
https://arxiv.org/abs/2512.01404
https://arxiv.org/abs/2512.12176
https://arxiv.org/abs/2508.20229
https://indico.in2p3.fr/event/35255/contributions/161609/attachments/97991/151003/Physics-of-the-Two-Infinities_19112025_Kerszberg.pdf
https://indico.in2p3.fr/event/35255/contributions/161609/attachments/97991/151003/Physics-of-the-Two-Infinities_19112025_Kerszberg.pdf
https://doi.org/10.1103/PhysRevLett.118.191101
https://doi.org/10.1146/annurev-nucl-101916-123029
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
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Second International Workshop on the Physics 

of the Two Infinities (Hongo, Nov 17-21, 2025)

https://indico.in2p3.fr/event/35255/contributions/161612/attachments/97982/150962/totani_Phys2Inf2025.pdf
https://indico.in2p3.fr/event/35255/contributions/161609/attachments/97991/151003/Physics-of-the-Two-Infinities_19112025_Kerszberg.pdf
https://indico.in2p3.fr/event/35255/
https://indico.in2p3.fr/event/35255/


3 Ways of Dark Matter Searches
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DM

DM SM

SM

Collider 
(Production)

arXiv:2405.13778https://twiki.cern.ch/twiki/bin/view/

CMSPublic/SummaryPlotsEXO13TeV

LHC CMS

LHC ATLAS

https://arxiv.org/abs/2405.13778
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV
https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV


3 Ways of Dark Matter Searches
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DANCE

Atul Prajapati

Laura Baudis,

Nuclear Physics B 1003, 116473 (2024)

KAGRA

https://indico.in2p3.fr/event/35255/contributions/161615/attachments/97993/150983/XenonNT_Atul.pdf
https://www.sciencedirect.com/science/article/pii/S0550321324000397


3 Ways of Dark Matter Searches
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Indirect Detection 
(Annihilation)

Fermi-LAT
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https://escape2020.pages.in2p3.fr/

virtual-environment/home/

sp-dark_matter/dm-indirect/

https://escape2020.pages.in2p3.fr/virtual-environment/home/sp-dark_matter/dm-indirect/
https://escape2020.pages.in2p3.fr/virtual-environment/home/sp-dark_matter/dm-indirect/
https://escape2020.pages.in2p3.fr/virtual-environment/home/sp-dark_matter/dm-indirect/
https://escape2020.pages.in2p3.fr/virtual-environment/home/sp-dark_matter/dm-indirect/
https://escape2020.pages.in2p3.fr/virtual-environment/home/sp-dark_matter/dm-indirect/
https://escape2020.pages.in2p3.fr/virtual-environment/home/sp-dark_matter/dm-indirect/
https://escape2020.pages.in2p3.fr/virtual-environment/home/sp-dark_matter/dm-indirect/
https://escape2020.pages.in2p3.fr/virtual-environment/home/sp-dark_matter/dm-indirect/
https://escape2020.pages.in2p3.fr/virtual-environment/home/sp-dark_matter/dm-indirect/


Indirect Detection at ~20 GeV
• T. Totani, JCAP 11, 080 (2025)

analyzed Milky Way halo using

15-year Fermi-LAT data and

found 20 GeV excess,

suggesting DM at 0.5-0.8 TeV

• Galactic center excess

suggests DM at ~50 GeV
Could be from millisecond pulsars

• Both in tension with limits from

dwarf spheroidal galaxies

(dSph; 矮小楕円体銀河) by x2-3

• Also, in tension with thermal relic

cross section by more than x10
(this could be reconciled; H. Murayama, arXiv:2512.01404) 12

Figure by Totani,

originally from PRD 109, 063024 (2024)

https://iopscience.iop.org/article/10.1088/1475-7516/2025/11/080
https://iopscience.iop.org/article/10.1088/1475-7516/2025/11/080
https://iopscience.iop.org/article/10.1088/1475-7516/2025/11/080
https://arxiv.org/abs/2512.01404
https://indico.in2p3.fr/event/35255/contributions/161612/attachments/97982/150962/totani_Phys2Inf2025.pdf
https://doi.org/10.1103/PhysRevD.109.063024


Galaxies
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Local Group (局所銀河群)

アンドロメダ銀河(~780 kpc)

さんかく座銀河(~850 kpc)

しし座I (dSph)

Virgo Cluster (おとめ座銀河団)

~15-22 Mpc

Fermi-LAT, PRD 89, 042001 (2014)

Milky Way (天の川銀河)

https://doi.org/10.1103/PhysRevD.89.042001
https://doi.org/10.1103/PhysRevD.89.042001


Searches with Dwarf Galaxies
• Faint, DM dominated galaxies

• Low background from stars

• Close to Milky Way

• 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
14

arXiv:2508.20229

(they are satellite 

galaxies)

JCAP03(2025)058

https://arxiv.org/abs/2508.20229
https://iopscience.iop.org/article/10.1088/1475-7516/2025/03/058


Past Excesses in Dwarf Galaxies
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Reticulum II excess (~3σ) 

from Fermi-LAT data

PRL 115, 081101 (2015)

Offset found for Reticulum II

from Fermi-LAT 12-year data
(On the other hand, new excess found 

for Bootes II and Willman 1 (~2σ))

PRD 104, 083037 (2021)

Reticulum II center

Excess 

(background?)

12-year9-year

3-year 6-year

https://doi.org/10.1103/PhysRevLett.115.081101
https://doi.org/10.1103/PhysRevLett.115.081101
https://doi.org/10.1103/PhysRevD.104.083037


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)]
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Fermi bubble

RR Lyrae stars 

from Gaia data

https://www.ipmu.jp/ja/20220906-darkmatter

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), 

consistent with DM of 10-40 GeV
(depending on annihilation channels)

• Later found millisecond

pulsars can also explain
17

GCE
PRD 109, 063024 (2024)

DM model
(halo density profile 

slightly more cusped 

than NFW)

Diffuse

backgroundTeV point 

source

https://svs.gsfc.nasa.gov/11513/

After known 

sources removed

http://arxiv.org/abs/0910.2998
https://doi.org/10.1103/PhysRevD.109.063024
https://svs.gsfc.nasa.gov/11513/


Fermi Millisecond Pulsars
• 294 gamma-ray millisecond pulsars found

18https://svs.gsfc.nasa.gov/5157/

https://svs.gsfc.nasa.gov/5157/


Millisecond Pulsars (MSPs)
• Unresolved MSPs

can also explain 

the GCE 

energy spectrum

• If MSPs, CTA

can test by observing

TeV γ-rays
PRD 107, 103001 (2023)

19

Phys. Rev. D 109, 123042 (2024)

Slide by Joe Silk

Cherenkov Telescope Array

MSP

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 γ-rays from the 

GC and the disk

• Fermi-LAT team ApJ 761, 91 (2012) used 2-year 

data and placed upper limits

• Totani JCAP 11, 080 (2025) used 15-year data

• Fitted data with known sources 

and Fermi bubble template 

made with 4.3 GeV map 

20

Fermi bubbles

Model map templates

https://iopscience.iop.org/article/10.1088/0004-637X/761/2/91
https://iopscience.iop.org/article/10.1088/1475-7516/2025/11/080


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

21

Fit including the disk Fit excluding the disk

Same level at 4.3 GeV

(Since Fermi bubble 

template made at 4.3 GeV) Excess 

at ~20 GeV

GCE (known excess)



Morphology
• Looks like

“known sources

+ halo” fits

better

22

Fit residuals without 

halo model

Fit residuals with

halo model

Halo model

Fit residuals +

halo model



Systematics
• Excess remains even

DM profile is changed

or Fermi bubble 

template or model 

parameters are changed

23

Similar spectra

for 4 quadrants



Dark Matter Interpretation
• Excess fits well with DM annihilation

• Tension, but still viable as there are various uncertainties

• Interestingly, DM mass is similar to Reticulum II excess 

24

Figure by Totani,

originally from 

PRD 109, 063024 (2024)

https://indico.in2p3.fr/event/35255/contributions/161612/attachments/97982/150962/totani_Phys2Inf2025.pdf
https://doi.org/10.1103/PhysRevD.109.063024


Resonant Annihilation
• Resonance happens when

• Fine-tuned?

25

H. Murayama, arXiv:2512.01404

When DM number 

density freezes out 

Resonantly enhanced for 

velocities for Milky Way halo, 

but not for dwarf galaxies or at 

the time of freeze-out

DM

DM SM

SM

Mediator mass: M 

DM mass: m 

https://arxiv.org/abs/2512.01404


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 with GCE

26

Excess
AMS-02

p excess

GCE
dSph limit

https://doi.org/10.1103/PhysRevLett.118.191101


MW halo

γ-ray excess

AMS-02

p excess

AMS-02 Search
• If 20 GeV γ-ray excess in 

MW halo is from DM, 

AMS-02 should also 

see antiprotons, but

not there

27

arXiv:2512.12176

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

• Critical thinking alone is not enough!

28
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