The Expansion of the Universe
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Qutline

» The Universe Expansion
» Historical Context

» Various probes of Expansion and recent
results

» Hubble Constant Tension ?
» Gamma-rays to measure distances!

» CTA contribution to Cosmology !

Jean-Paul Kneib - Swiss CTA days - November 24th, 2020



The Universe Expansion

» Historical Context

» 1929: Hubble first measure the
expansion of the universe: V=CZNHO.D

» 1990: Launch of Hubble Space Telescope
with key project to settle the value of F,

» 1999: SNe-la as standard candle

measure the redshift distance relation
and reveal the recent acceleration of the
expansion
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Possible Models of the Expanding Universe
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2003: Precise
measurement
of the CMB

* [emperature
fluctuations (AT~10-9)

are the seed of
structure formation in
the Universe.

 The size of the
fluctuation is directly
linked to the curvature
of the Universe.

e Our Universe is flat !

2006: Nobel Prize




Precision Cosmology
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The Dark Side of the Universe

Atoms
Dark
4.6% Energy
Dark 71.4%
Matter
24%

TODAY

95% of the Mass-Energy content of the Universe is unknown!
24% of Dark Matter - non identified particles

71% of Dark Energy - non identified nature
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_CMB+SN+BAO

Flatd Universe, and vams /7//73 radiation
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Cosmology results

« Stage-ll (2010): WMAP + SNe + SDSS/2dFGRS BAO
« SDSS: 50x improvement in curvature/Ho/sigma8/wo/neutrino mass relative to
Stage-l|
- largest improvements in curvature, Ho, and neutrino mass precision
- Stage-Il + SDSS: Hp = 67.6 +/- 0.9 km/s/Mpc
* Planck+Pantheon+DES: additional 20x improvement
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Hubble Constant Tension ???
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Gamma-Ray journey to CTA

Gamma-ray flux
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EBL optical depth to gamma-rays
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| Density of EBL photons
Optical depth Parameter y P

r(Eo, 20) = | dz (z) | de—(e 2)

— EBL light is the
integral of photon
3 contribution as a
z function of wavelength
5 .l | and thus is directly
£ DUST # . .
2 . | linked to star formation
w 437 T Model dependent conztraints
7 NMasel-ndepandent conataints SR Cemu-l AT (2012) processes acrOSS the
—&—  rays + local H.ES.S. (2013) .
E # FEE 1.13 % Gilmore+12 Universe
&x10" : — : — .
1 10 10% |2

Wavelength [un]



Ho dependence

Optical depth, 7
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CTA competitive !

® Proposed follow-up of 50 gamma-ray sources for 830h

® Can we control systematics!?

e Constraints of (EBL light, Hp and €2, ) but also Magnetic

Field and CMB photon interaction ...
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Conclusion

® Cosmology studies use multi-probes (CMB, SNla, BAO,
... T lensing, +GW ...) to constraints parameters.

® Current Ho tension (local measurement problem or
new physics?)
® (Gamma-Ray contribution to cosmology measurement!?

® Likely not by itself ! But possibly useful with multi-
probes approach.

® But sensitive to different physics: EBL light (star
formation history), B field, possibly more to discover!
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