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Dark Matter is cold

we “see”  it! And its not baryons CMB:  b ~ m/6 

Dark matter is weakly interacting particle 

WIMP motivation
Lee & Weinberg, Ellis  ………
predicted by SUSY! 
freeze-out  at kT~ 0.1 m for electroweak 

It’s been dubbed a miracle!

SUSY  not  found at subTeV  scales 
 FCC may be the future

WIMP remains most
attractive DM candidate
 

Cirelli  2025



Freeze-out → at kT~ 0.1 m

observe h2=0.12+_0.0012            

→ m=0.1-1TeV    and   annv> = 3.10-26 cm3 s-1  

compelling option for DM as WIMP

ann> =a(vrel/c)n    with n=0  (s-wave)
                                                      2  (p-wave)
                                                                      4  (d-wave)                                               
                                                          -1 (Sommerfeld)                                                      

Boltzmann equation + weak cross-section

 = 6.10-27 cm3s-1 / annv>  and annv> = w
2 (m/TeV2 )-1

Piccirillo + 2022

weakly interacting  massive particles 

Spin-independent nuclear recoils

limit from scattering off baryons
are running into solar floor

WIMP freeze-out  at kT~ 0.1 m

FCC

Window of opportunity



THE  WIMP  WINDOW

Leane + 2018

Dark matter by thermal freeze-out sets lower mass limit

Unitarity bound sets upper mass limit

Self-annihilations are high energy probe for past 40 years

Only one “detection” of DM to date



Excluded       by 
HESS

FERMI reach

Excluded by 
EGRET

microwave haze towards the galactic 
centre

Hooper and Zaharias 2007
Finkbeiner 2007

gamma ray prediction in 2007

Fermi bubbles

Excess microwave emission
interpreted as synchrotron emission 
from WIMP annhilations via +- 

Hooper, Finkbeinere, Dobler 2007



Galactic centre    ray excess 

~40  galactic center excess
11 yrs of Fermi data  Di Mauro 2021

Fermi  gamma ray telescope launch 2008
 inner galaxy excess of diffuse gamma ray emission
Could this be signature of dark matter?

predicted as a DM signal  
before Fermi! 
self-annihilations of majorana WIMPS

    Finkbeiner, Hooper…



Bottom-up formation: look in the galactic center

But its  not so simple!



Fermi 3rd pulsar catalogue

This model is equally compelling 

Fermi gamma ray detections of millisecond pulsars



The diagnostics

•spectrum
•normalization
•morphology



GCE spectrum
Fermi MSPs

Two explanations: astrophysics or particle physics

Manconi + 2024

Di Mauro + Winkler 2021

WIMPs



GCE normalization
annihilation of dark matter particles of mass 40+-10 GeV (95% CL) to b quarks with a cross-
section of ⟨σAv ⟩=1. 4 +-0.5×10-26 cm3 s−1 provides a good fit to the GCE excess      Cholis  + 2022

Either less than 39% of the GCE is generated by pulsars, or the millisecond pulsars in the 
Inner Galaxy are at least  5 times less luminous on average than those in the Galactic Disk
Holst and Hooper 2024

only DM candidate that fits the GCE spectrum and fulfills all constraints obtained with the 
combined dSphs analysis and the AMS-02 pbar and e+ data annihilates purely (or very 
dominantly) into μ+μ-, has a mass of ∼60 GeV and roughly a thermal cross section. 
Di Mauro and Winkler 2021

spectral energy distribution, spatial morphology, and  source count distribution are 
consistent with expectations  for a population of  MSPs that explain the gamma-ray excess.
Malyshev 2024

Need more than 105  point sources in GCE region   
 List +   arXiv:2507.17804



Bulge template

NFW

Data
Old stars

DM

This is wrong!



Building blocks of MWG suggest nonspherical dark halo

The GAIA story: simulations and data

Horta + 2024
Helmi 2024



GCE morphology: MSP hypothesis
Old star template for bulge

All DM predictions assume spherical NFW
But bulge substructure from  past major mergers  

DM has nonspherical morphology

DM2

Moorits Muru + 2025

Constrained simulations: DM hypothesis

Song + 2024



DM in dwarf spheroidal galaxies:  limits

highest J factor (~ DM density2) dwarf:  UMa3
Crnogorcevic + Linden 2024

+-, W+W- are ruled out  but bbbar is good!

But new data removes binaries, adds stars: no DM!

Zhao + 2024

McDaniel + 2023

Dwarf constraints: not yet!

4 TeV WIMPS ruled out?



~40   “evidence”  for the nature of dark matter: 

      Fermi LAT excess −rays from the GC

~50% chance Fermi excess is from DM

old millisecond pulsars  OR  ~50 GeV WIMP annihilations  

spectrum 
amplitude
morphology
hypothesis

MSP                 DM



CTA
CTA predictions provide ultimate test 

Keith + 2022

MSPs

GCE
Dwarf galaxies



Gamma rays (GCE + dwarf spheroidals) are best bet for detecting particle DM

MSP interpretation of GCE is  plausible alternative,  motivated by astrophysics

Need   new data over  10-1000 GeV  to sort this out 
CTA will  be a major contributor above ~20 GeV

Galactic Center excess is key to DM

~40  galactic center excess 
with ~ 50% odds on DM origin



ありがとう!
谢谢!
Merci!
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