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Dark Matter Landscane: A Theorist's Uiew
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3.

Our search strategies are

inherently biased

model dependency bias: theory guides our
search strategies

observational bias: disparity between the
data we have and the data we need

identifiable signature bias: required for
observation
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y-rays (past/present) *approximate scale

HESS. (30 GeV -100 TeV)
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y-rays (past/present) *approximate scale

y-rays (future)
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Slide adapted from the Fermi Summer School 2020.
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...but not understand completely.
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The Galactic Genter Excess

Credit: NASA/DOE/FERMI LAT COLLABORATION; T. LINDEN



The Galactic Genter Excess

Credit: NASA/DOE/FERMI LAT COLLABORATION; T. LINDEN
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Well-established bright excess in gamma rays (peaking at 1--3 GeV)

detected in LAT
- Morphology: vs. smooth?

Hooper, Goodenough (2009, 2010) Hooper, Linden (2011), Abazajian, Kaplinghat (2012) Gordon, Macias (2013) Daylan, et al. (2014),
Calore, Cholis, Weniger (2014) Murgia, et al. (2015) Ackermann et al. (2017),
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-Did we reach the instrumental limits? What about theoretical models?

Diffuse models are not representative of the data
Confirming pulsars: future detections of radio emission by MeerKat and SKA
Confirming dark matter: check for signals elsewhere (or build a better instrument?)
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Combined dSph Analyses
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Shaded regions: blank-field analysis
Think: VTS ~ o



Combined dSph Analyses
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Many underlying assumptions: dark matter distribution models, parametric/non-parametric approaches, observational limitations - can result in at least a factor of few difference to the
real value.[e.g., Bonnivard+ 15, Geringer-Sameth+ 15, Hayashi+ 16, Ando+ 20, etc.]



How many dwarf galaxies do we 7éa//y need?

M. Crnogorcevi¢ — Dark Matter & Gamma Rays — Dark Matter Beyond Weak Scale Workshop, 3/27/24
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How many dwarf galaxies do we 7éa//y need?
Mayhe just one, but a good one?

M. Crnogorcevi¢ — Dark Matter & Gamma Rays — Dark Matter Beyond Weak Scale Workshop, 3/27/24
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[Discovery: Smith+ 2023]

[J-factor: Errani+ 2023] 10—24-

— Unstable unless large DM
content

10—25_

— Nearby (~10 kpc) T
—» Strong constraintson DM~ 5 5
annihilation ~

.}

— Confirming the dark matter ~ .
density requires deeper optical 107"

surveys

Ursa Major III Limits

10 100 1000
M, [GeV] [MC & Linden ‘23]



Galactic Centre

Extragalactic
diffuse

[Conrad & Reimer 2017]

Galaxy clusters /

Galactic diffuse

~
£

Also: Solar System (Sun, Jupiter), brown dwarfs, exoplanets, etc.
Nguyen+ 25, 26, Leane+ 23, Blanco+ 24, 25, etc.




TARGET

Galactic Center
Dwarf spheroidals
Galaxy clusters
DM subhaloes
Galactic halo

MeV / sub-GeV sky

CURRENT STATUS

Bright GeV excess; disputed

Thermal (ov) excluded below 100 GeV
Strong limits (high-latitude halo, groups)
Candidates in LAT unassociated sources
Most constraining at E > 1TeV (HESS)

Largely unexplored

FUTURE

Diffuse re-modelling; sub-threshold source ID
LSST/Rubin: hundreds of new dSphs/a few good ones/JLA
J-factor + CR systematics

MLidentification + Gaia follow-up

CTAO improves HESS by up to x10

AMEGO-X, e-ASTROGAM, VLAST
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we are here
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-,
Future Innovations in Gamma rays

Science Analysis Group

. to explore gamma-ray science priorities, necessary capabilities, new
technolog|es and theory/modeling needs drawing on the 2020 Decadal to



https://pcos.gsfc.nasa.gov/sags/figsag.php

