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Definition of synergy in English:

synergy

Pronunciation: /'smadzi/ (?)

(also synergism /'sinad3z(a)m/)

[MASS NOUN]

The interaction or cooperation of two or maore organizations, substances,
or other agents to produce a combined effect greater than the sum of

their separate effects:
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CORRELATIONS

. Cosmological perturbation f(t,x)
[temperature anisotropies, density fluctuations...]

» Correlation function Sf (L, |x—y|) = (f(t,x)f(t,y))

. Power spectrum <fk (t)f;, (t)) =0p(k — k’)Pf(k;, t)
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. Cosmological perturbation f(t,x)
[temperature anisotropies, density fluctuations...]

. Correlation function f J (t, ‘X — y\)

(ft:x)f(ty))
. Power spectrum <fk (t)f;, (t)) =0p(k — k’)Pf(k;, t)

. Example #1: Cosmic microwave background temperature anisotropies

A
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. Cosmological perturbation f(t,x)
[temperature anisotropies, density fluctuations...]

. Correlation function f J (t, ‘X — y\)

(ft:x)f(ty))
. Power spectrum <fk (t)f;, (t)) =0p(k — k’)Pf(k;, t)

. Example #1: Cosmic microwave background temperature anisotropies
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9 [deg] [Planck Collaboration, 2015]
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. Cosmological perturbation f(t,x)
[temperature anisotropies, density fluctuations...]

- Correlation function ff (t, |x —y]) = (f(t,x)f(t,y))
. Power spectrum <fk (t)f;, (t)) =0p(k — k’)Pf(k;, t)

. Example #2: Matter power spectrum
F(t,x) = 6,(t,%) = by (£)3(t, %)
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[SDSS-I11 BOSS Collaboration, 2012]

o CMASS
-~ ACDM (Q_ = 0.282)

Nggptieg

s |Mpc/h]
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[Klypinetal.,2016]
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D CROSS-CORRELATIONS

- Cosmological perturbation f(t,x)
. Correlation function ffg (t,|lx —y|) = (f(t,x)g(t,y))
- Power spectrum <fk (t)gr (1)) = 0p(k — k/)Pfg(k, t)
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- Cosmological perturbation f(t,x)
. Correlation function ffg (t,|lx —y|) = (f(t,x)g(t,y))
- Power spectrum <]?]€ (t)gr (1)) = 0p(k — k/)Pfg(k, t)

- Measurement
[noise, systematic effects, cosmic variance...]

2
ACToPs — f o ofsys o arf
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. Synergies: Why and how?

. Synergies vs Cosmic Variance: Multi-tracing galaxy number counts
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. Particle dark matter established ingredient of concordance cosmology

. Weakly interacting massive particles (WIMPs)

Indirect detection experimentrs: WIMP-sourced cosmic & gamma rays
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NASA'’s Fermi telescope reveals best-ever view of the gamma-ray sky
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Space Telescope Credit: NASA/DOE/Fermi LAT Collaboration
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- Hunting down signals of annihilations/decays of dark matter particles

- Gamma-ray energy spectrum ,
[Fornasa & Sa 6 hez-Conde, 20

DGRB energy spectrum (Ackermann et al. 2014)

Foreground system. error (Ackermann et al. (2014) 0
Blazars (Ajello et al. (2015)

Misaligned AGNs (Di Mauro et al. 2014)

Star-forming galaxies (Tamborra et al. 2014)

Dark mwatter 0
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- Hunting down signals of annihilations/decays of dark matter particles

- Gamma-ray anisotropies angular spectrum

[SC, Fornasa, Fornengo & Regis, ApJL 2013]

Auto-correlation y-rays
E>1GeV

1 (1+1) C, /(2m)

1000

Multipole 1
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[Lukic et al.; Image: Casey Stark]
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. Find an optimal tracer of the cosmic dark matter distribution on large
scale to filter out astrophysical non-thermal emission from the dark
matter gamma-ray signal

. Main tracers of the cosmic large-scale structure:

Weak gravitational lensing (cosmic shear, CMB lensing...)
[SC, Fornasa, Fornengo & Regis, Ap]L 2013;
Fornengo, Perrotto, Regis & SC, Ap]L 2015; Shirasaki et al. 2013; 2015]

Clustering of structures (galaxies, galaxy clusters...)
[Fornengo & Regis, 2014; Ando et al., 2014; Xia et al., Ap]S 2015;
Regis et al., PRL 2015; Shirasaki et al., 2015, Branchini, SCet al., Ap)S 2017]
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[SC, Fornasa, Fornengo & Regis, Ap]L 2013]

shear - blazar , bbla = bh(M(me)) ] shear - blazar , bb]a = bh(M(Lb]a))
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[SC, Fornasa, Fornengo & Regis, 2015]

Uncertainty on dark
matter properties

Uncertainty on unresolved Sl
. y R - " Fuclid+'"Fermissimo”
astrophysical emission 50 detection for CJ*
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[Troster, SC et al., 2017]
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[Branchini, SCetal., 2017]
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. Synergies: Why and how?

. Synergies vs Noise: Indirect search of particle dark matter signatures
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. Proxy of the matter power spectrum

F(t,%x) — 6,(t,x) = by (£)5(t, %)

- Primordial non-Gaussianity

One of inflation’s 4 ‘smoking guns’

. Tightest available constraints from

fnr > 0
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. Proxy of the matter power spectrum

f(t,x) = 04(t,x) = by(t)0(t, x)

- Primordial non-Gaussianity

One of inflation’s 4 ‘smoking guns’

Tightest available constraints from CMB: [fy;| < ~10
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. Proxy of the matter power spectrum

F(t,%x) — 6,(t,x) = by (£)5(t, %)

- Primordial non-Gaussianity

One of inflation’s 4 ‘smoking guns’

. Tightest available constraints from CMB: |fy.| < ~10
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GALAXY NUMBER COUNTS

187

The Universit
of Manchest

. Proxy of the matter power spectrum

F(t,x) = 6,(z,0) = Ng(z,;) (Z>Ng(z)
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GALAXY NUMBER COUNTS

187

The Universit
of Manchester

. Proxy of the matter power spectrum

0z(z,n) 6V (z,n)
p(z) — V(z)

[Yoo, 2010; Bonvin & Durrer, 2011;
Challinor & Lewis, 2011; Bertacca et al., 2012]

Ng(zaf_l) — Ny(2) ~ op(z,n) d
Ng(2) p(Z) d

N | Q|
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Proxy of the matter power spectrum

Ny(z f_l) N, (2) N op(z,m) dpdz(z,n) OV (z,n)
: p(z) 0 V(z)

Ny (2) o(z)  d
[Yoo, 2010; Bonvin & Durrer, 2017;

Challinor & Lewis, 2011; Bertacca et al., 2012]

Newtonian density fluctuations

Redshift-space distortions

Lensing

Gravitational redshift, time delay, Sachs-Wolfe and integrated Sachs-Wolfe
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ACCESSINGTHELARGEST SCALES

. Probe huge volumes
[high sensitivity at high-z over large sky areas]

[SDSS-I11 BOSS Collaboration, 2012]

|
Ftandard

. Beat cosmic variance : s

——honl="1 modgl

[we have only one Universe to observe!] e, P=b15 / b8
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MULTI-TRACER TECHNIQUE

. Comparing the relative clustering of different populations of tracers
[Seljak, 2009; Seljak & McDonald, 2009]
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MULTI-TRACER TECHNIQUE

. Comparing the relative clustering of different populations of tracers
[Seljak, 2009; Seljak & McDonald, 2009]

[Fonseca, SC, Santos & Maartens, Ap) Lett. 2015]
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- Great time for synergies among cosmological surveys at various wavelengths

. Cross-correlations valuable for:

Cross-checking validity of cosmological results

Accessing signal buried in noise or cosmic variance
[e.g. particle dark matter signatures, multi-tracing for non-Gaussianity]

Removing/alleviating contamination from systematic effects
[e.g. radio-optical cosmic shear]
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