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First research experiences:
• QFT in curved geometries
• Galaxy/SMBH coevolution
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We have no idea what dark matter is, 
but we know it’s there.



Which planet has the highest (orbital) speed?

Principle: Gravitational 
force & Circular motion

𝑣!"# = 𝐺𝑀(𝑟)/𝑟



Mercury (NASA Science)
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Dark Matter Landscape: A Theorist’s View 

10°21 10°18 10°15 10°12 10°9 10°6 10°3 100 103 106 109 1012 1015 1018 1021 1024 1027 1030

Dark matter mass [eV]

10
°15

10
°14

10
°13

10
°12

10
°11

10
°10

10
°9

10
°8

10
°7

10
°6

10
°5

10
°4

10
°3

10
°2

10
°1

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

10
10

10
11

10
12

10
13

AU RØ R© km m mm µm nm pm fm
Wavelength [m]

10
°6
10
°5
10
°4
10
°3
10
°2
10
°1
10

0
10

1
10

2
10

3
10

4
10

5
10

6
10

7
10

8
10

9
10

10
10

11
10

12
10

13
10

14
10

15

µHz mHz Hz kHz MHz GHz THz PHz

Frequency [s°1]

10
°12
10
°11
10
°10
10
°9
10
°8
10
°7
10
°6
10
°5
10
°4

pg ng µg MPl

Mass [g]

e µ ø

ud s c b t

W,Z h
DNA Cell Mosquito∫...

Lightest DM mass
BHSR

Bosons Fermions or bosons Lee-Weinberg
Unitarity

Pre-inflation Post-inflation

zeV aeV feV peV neV µeV meV eV keV MeV GeV TeV PeV EeV ZeV YeV MPl

Ciaran O’Hare

~1070

[C
iar

an
 A.

 J.
 O

'H
are

]



Dark Matter Landscape: A Theorist’s View 
[C

iar
an

 A.
 J.

 O
'H

are
]

10°21 10°18 10°15 10°12 10°9 10°6 10°3 100 103 106 109 1012 1015 1018 1021 1024 1027 1030

Dark matter mass [eV]

10
°15

10
°14

10
°13

10
°12

10
°11

10
°10

10
°9

10
°8

10
°7

10
°6

10
°5

10
°4

10
°3

10
°2

10
°1

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

10
10

10
11

10
12

10
13

AU RØ R© km m mm µm nm pm fm
Wavelength [m]

10
°6
10
°5
10
°4
10
°3
10
°2
10
°1
10

0
10

1
10

2
10

3
10

4
10

5
10

6
10

7
10

8
10

9
10

10
10

11
10

12
10

13
10

14
10

15

µHz mHz Hz kHz MHz GHz THz PHz

Frequency [s°1]

10
°12
10
°11
10
°10
10
°9
10
°8
10
°7
10
°6
10
°5
10
°4

pg ng µg MPl

Mass [g]

e µ ø

ud s c b t

W,Z h
DNA Cell Mosquito∫...

Lightest DM mass
BHSR

Bosons Fermions or bosons Lee-Weinberg
Unitarity

Pre-inflation Post-inflation

zeV aeV feV peV neV µeV meV eV keV MeV GeV TeV PeV EeV ZeV YeV MPl

Ciaran O’Hare

Dark matter spans over 
80 orders of magnitude in 

mass (+ interaction strength)

proton
m~10-27 kg

all baryonic matter in 
the observable Universe

m ~ 1053 kg

(c) Pablo Carlos Budassi
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Dark Matter & New Physics
Ultra-faint dwarf galaxies Galaxy clusters Gamma-ray Bursts

• Ursa Major III: deepest LAT search of any dwarf to 
date

• No gamma-ray signal → strongest WIMP limits 
up to ~4 TeV*

• Framework scalable to large LSST/Rubin dwarf 
population
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Dark Matter & New Physics
Ultra-faint dwarf galaxies Galaxy clusters Gamma-ray Bursts

• Ursa Major III: deepest LAT search of any dwarf to 
date

• No gamma-ray signal → strongest WIMP limits 
up to ~4 TeV*

• Framework scalable to large LSST/Rubin dwarf 
population

• Modeled annihilation signal from early-Universe 
“prompt cusps”: cosmological relevance

• 15 years of LAT data on 7 clusters → cluster-based 
exclusion of thermal relic cross-section below 
~400 GeV

• Currently leading limits on cusp-enhanced 
annihilation*
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Dark Matter & New Physics
Ultra-faint dwarf galaxies Galaxy clusters Gamma-ray Bursts

• Ursa Major III: deepest LAT search of any dwarf to 
date

• No gamma-ray signal → strongest WIMP limits 
up to ~4 TeV*

• Framework scalable to large LSST/Rubin dwarf 
population

• Modeled annihilation signal from early-Universe 
“prompt cusps”: cosmological relevance

• 15 years of LAT data on 7 clusters → cluster-based 
exclusion of thermal relic cross-section below 
~400 GeV

• Currently leading limits on cusp-enhanced 
annihilation*

• Developed first ALP search using LAT’s low-energy 
photons  (down to 10 MeV)

• Independent channel relative to standard LAT 
analysis

• Limits competitive with conventional analyses
• Fermi GI Cycle 15 Grant (PI: Crnogorčević)
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Gamma-ray astronomy
Dwarf AGN The Sun KM3-230213A

• 74 eROSITA dwarf AGNs
• No individual detections, but ~2.2 sigma soft 

excess in the JLA
• First gamma-ray constraints on intermediate-mass 

black holes
• Opens a new window for MeV/GeV studies of low-

mass accretion

[Crnogorčević et al., accepted to PRD ‘26]
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• Mapped the solar inverse-Compton halo out to 
45° (requiring a new background modelling 
method)

• Used 15 years of Fermi-LAT data → first full solar-
cycle measurement

• Probes cosmic-ray modulation by solar magnetic 
fields [Linden et al. incl. Crnogorčević, PRD ‘25]
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Gamma-ray astronomy
Dwarf AGN The Sun KM3-230213A

• 74 eROSITA dwarf AGNs
• No individual detections, but ~2.2 sigma soft 

excess in the JLA
• First gamma-ray constraints on intermediate-mass 

black holes
• Opens a new window for MeV/GeV studies of low-

mass accretion

• Mapped the solar inverse-Compton halo out to 
45° (requiring a new background modelling 
method)

• Used 15 years of Fermi-LAT data → first full solar-
cycle measurement

• Probes cosmic-ray modulation by solar magnetic 
fields

• Modeled expected gamma-ray cascades for 
hadronic origin

• Deep spatial + temporal Fermi-LAT follow-up
• No counterpart, but → first constraints on 

redshift–IGMF plane
• Identified a new hard-spectrum gamma-ray source 

in the region[Linden et al. incl. Crnogorčević, PRD ‘25] [Crnogorčević et al., JCAP ‘25]

[Crnogorčević et al., accepted to PRD ‘26]
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Multimessenger astronomy
GW X gamma rays neutrinos X gamma rays

• Offline Fermi-GBM + Swift-BAT search during LVK O3
• Looked for gamma-ray signals coincident with GW mergers
• No confirmed detections → limits on EM emission for BBH, NSBH, BNS
• Pipeline now informs real-time GCN notices

[Fletcher et al. for Fermi-GBM, Crnogorčević et al. for Swift-BAT, LVK Collaboration, ApJ ‘24]



Multimessenger astronomy
GW X gamma rays neutrinos X gamma rays

• Offline Fermi-GBM + Swift-BAT search during LVK O3
• Looked for gamma-ray signals coincident with GW mergers
• No confirmed detections → limits on EM emission for BBH, NSBH, BNS
• Pipeline now informs real-time GCN notices

• First analysis linking IceCube neutrinos with Fermi’s unresolved gamma-ray 
background

• Includes emission below LAT detection threshold
• No correlation found → upper limits on neutrino flux from unresolved blazars
• Framework now a baseline for next-generation multimessenger studies

[Fletcher et al. for Fermi-GBM, Crnogorčević et al. for Swift-BAT, LVK Collaboration, ApJ ‘24] [Negro, Crnogorčević, et al., ApJ ‘23]
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- DM capture in rotating neutron stars in GC
- DM spikes around IMBHs + gamma rays

- superluminous supernovae in gamma rays
- voids and blazars
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https://glast.sites.stanford.edu/fermi-mentoring-program-mp
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𝝂Dark Paths


