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Definition of synergy in English:

synergy

Pronunciation: /'smad3i/ (?)

(also synergism /'sinad31z(a)m/)

NOUN
[MASS NOUN]

The interaction or cooperation of two or more organizations, substances,
or other agents to produce a combined effect greater than the sum of
their separate effects:
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+ Unveiling the cool
and dusty Universe
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¥ Cosmological porturbati@ﬂ f (tv X)
. Correlation function ff (t, ‘X — }’D — <f(t7 X)f<t7 y>>
- Power spectrum <fk (t) A;:/ (t)> = 0p (k _ k,)Pf(k7 t)
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¥ Cosmological porturbati@ﬂ f (tv X)
. Correlation function ff (t, ‘X — }’D — <f(t7 X)f<t7 y>>
- Power spectrum <fk( )fk/( )> (k k,)Pf(k t)

+ Example #1: Cosmic microwave background temperature anisotropies

—

01 (trec, 0)
TcMmB

ft,x) =
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¥ Cosmological porturbati@n f (tv X)
. Correlation function ff (t, ‘X — }’D — <f(t7 X)f<t7 y>>
- Power spectrum <fk( )fk/( )> (k k,)Pf(k t)

+ Example #1: Cosmic microwave background temperature anisotropies

A

fi (t) — Ay
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¥ Cosmological porturbati@ﬂ f (tv X)
. Correlation function ff (t, ‘X — }’D — <f(t7 X)f<t7 y>>
- Power spectrum <fk( )fk/( )> (k k,)Pf(k t)

+ Example #1: Cosmic microwave background temperature anisotropies

565/ mm’ CT

<a’€ma2’m’> — 14
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[Planck Collaboration, 2015]
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¥ Cosmological porturbati@ﬂ f (tv X)
. Correlation function ff (t, ‘X — }’D — <f(t7 X)f<t7 y>>
- Power spectrum <fk( )fk/( )> (k k,)Pf(k t)

+ Example #2: Matter power spectrum

f(t,x) = 04(t,x) = bg(t)o(t, %)
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[SDSS-IIT BOSS Collaboration, 2012)
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-o— CMASS

-- ACDM (Q_ = 0.282)

(s =|x—yl)
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(Klypin et al., 2016)
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Cross-Correlations

¥ Cosmological porturbati@ﬂ f (tv X)
+ Correlation function ffg (t, |x—y|) = (f(t,x)g(t,y))
- Power spectrum <fk (t)ﬁ;/ (t)> = 0p (k — k/)Pfg (ka t)
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Cross-Correlations

- Cosmological perturbation f(t,x)
. Correlation function 90t Ix —y|) = (f(t,x)g(t,y))
. Power spectrum (fr@®)gr (1)) = 6p(k — K )YPT9(k, 1)
+ Measurement

[systematic eff ects, noise, cosmic variance...]

2
ACToPs — f o ofsys o arf
C, \/(2€+1)fsky (C£+C€ +N£)
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Synergies: Why and How?

Synergies vs Cosmic Variance: Multi-Tracing Galaxy Number Counts
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galaxy
galaxy cluster

lensed galaxy images

distorted light-rays

Earth

convergence shear + shear X

Stefano Camera Multi-Wavelength Synergies for Radio Surveys [CTP June 2016



MANCHESTER
1824

Cosmic Shear

18%

The Universit
of Manchester

l

+ Cosmological perturbation f(t’ X) N ”Y( 2, )
- Correlation function £+ (Z , 2 /; v )
- Power spectrum CZ (2,2")
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[Brown, SC et al., 2015)

—  Euclid (15000 deg®)
—— SKA-2 (37 steradians)

14
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The Dark Energy Survey Collaboration: T. Abbott!, F. B. Abdalla?, S. Allam?, A. Amara*,
J. Annis®, R. Armstrong®, D. Bacon®, M. Banerji”®, A. H. Bauer?, E. Baxter'’, M. R. Becker!'!12,
A. Benoit-Lévy?, R. A. Bernstein'®, G. M. Bernstein!®, E. Bertin'#1®, J. Blazek'®, C. Bonnett!”,
S. L. Bridle'®, D. Brooks?, C. Bruderer*, E. Buckley-Geer®, D. L. Burke!''®, M. T. Busha!'l2,
D. Capozzi®, A. Carnero Rosell?*?!, M. Carrasco Kind???3, J. Carretero”!”, F. J. Castander?,
C. Chang?, J. Clampitt!?, M. Crocce?, C. E. Cunha'!, C. B. D’Andrea®, L. N. da Costa?!?°, R. Das**,
D. L. DePoy?, S. Desai?®?”, H. T. Diehl?, J. P. Dietrich?®?¢, S. Dodelson®??, P. Doel?, A. Drlica-
Wagner?, G. Efstathiou”®, T. F. Eifler’®!?, B. Erickson??, J. Estrada®, A. E. Evrard®*3!, A. Fausti
Neto?!, E. Fernandez!”, D. A. Finley?, B. Flaugher?, P. Fosalba”?, O. Friedrich®?2?®, J. Frieman®%3,
Gangkofner?®27J. QGarcia-Bellido*®, E. Gaztanaga®’, D. W. Gerdes?*, D. Gruen’*%,
. A. Gruendl?®?3, G. Gutierrez®, W. Hartley*, M. Hirsch?, K. Honscheid!®3* E. M. Huff'¢34,
. Jain'®, D. J. James!, M. Jarvis'’, T. Kacprzak?®, S. Kent?, D. Kirk?, E. Krause!!, A. Kravtsov?’,
. Kuehn®®, N. Kuropatkin®, J. Kwan®®, O. Lahav?, B. Leistedt?, T. S. Li**, M. Lima?!¥", H. Lin?,
. MacCrann'® *, M. March!®, J. L. Marshall?’, P. Martini'®3® R. G. McMahon”®, P. Melchior3*19,
. J. Miller3124, R. Miquel?®'7 J. J. Mohr3?2726 E. Neilsen®, R. C. Nichol®, A. Nicola*, B. Nord?,
. Ogando?!?°, A. Palmese?, H.V. Peiris?, A. A. Plazas®®, A. Refregier*, N. Roe*?, A. K. Romer?!,
. Roodman'®!!, B. Rowe?, E. S. Rykoff'"!?, C. Sabiu*?, I. Sadeh?, M. Sako!?, S. Samuroff'®,
. Sanchez!”, E. Sanchez??, H. Seo'®, I. Sevilla-Noarbe?32?3, E. Sheldon*?, R. C. Smith!, M. Soares-
Santos®, F. Sobreira®?!, E. Suchyta’*16, M. E. C. Swanson??, G. Tarle?*, J. Thaler**, D. Thomas®.
M. A. Troxel’®, V. Vikram3®, A. R. Walker!, R. H. Wechsler'>:12 J Weller3?26:2% Y. Zhang?*,
J. Zuntz'®{

APFTQAZRE IO
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The Dark Energy Survey Collaboration: T. Abbott!, F. B. Abdalla2 S. Allam®, A. Amara®,

J. Annis®, R. Armstrong®, D. Bacon®, M. Banerji”® , A. H. Bauer”, E. B(LXTO 10 M. R. Becker! 12
A. B()n()lt—L()Vyz, R. A. B()Ulstoln'l’3 G. M. B(\lns‘r(\m , E. B(‘IUHHI J. Bl(LA(‘k]() C. Bonnet tl7
S. L. Bridle'®, D. Brooks?, C. Bllld(‘l(‘ , BE. Buckley- Goo D. L. Bmko” 9 M. T. Busha'!!'?,
D. Capozzi®, A Carnero Rosollzo’m, M. Cdeb(/O KdeZ’B, J. Carretero™ 177 F. J. C&bt&lldbl'7
C. Chang*, J. Clampitt'®, M. Crocce?, C. E. Cunha'!, C. B. D’Andrea®, L. N. da Costa®!?", R. Das**,
D. L. DePoy25 S. Desai?®?", H. T. Diehl®, J. P. Dietrich?®?¢, S. Dodelson®??, P. Doel?, A. Drlica-
Wagner®, G. Efstathiou”®, T F. Eifler 30,10 . B. Erickson®*, J. Estmdcﬁ A. E. EVldldz“l A. Fausti
Neto?!, E. Fernandez'”, D A. Finley®, B. Fldughel P. Fosalba , O. Fne(hl(h” 28], Fuemdnz”
Gclllok()hlel'% 27 J. Garcia- Belhdo46 E. Ga,ztcumga), D. W. Gerdes*, D. Gluenuzg,
. A. Gruendl®?23, G. Gutierrez3, W. Hdltley4 M. Hirsch?, K. Honscheid!%3*, E. M. Huff!¢34
Jain'® D. J. Lunos M. Jarvis'®, T. K(m(plzakl S. Kent?, D Kirk?, E. Kmusoll A. Kravtsov®,
.Kuehn%) N. Kluopafkm , . Kwan , O. Lahav?, B. LG‘ISTG‘(“Z T. S Li%, M. Llllldﬂ 37 H. Lin?,

MacCrann'® . M. March'®, J. L. Mar bh(ﬂl)r’ P. l\f"[(ntml“’» = R. C. 1\~Id\f[&h()117/8, P. 1\101(/11101 ”/‘“’,
J. Miller*"**, R. Miquel®*'", J. J. Mohr?*#"2¢ E. I\T(\11S‘(‘,1‘1“";7 R. C. Nichol®, A. Nicola*, B. Nord?,
Ogando?!2Y A Palmese?, H.V. Peiris?, A. A. Plazas™ A Refregier 4 N. Roe®, A. K. Romer*!,
R()()(hn(ml“l B. Rowe?, E. S. Rykoff“” C. Sablu . I. Sadeh?, M. Sako!’, S. Samuroff'®,
Sanchez!’, E. Sanchez33 H Seo'®, I. Sevilla-Noarbe33:23. E Shold()n“, R. C. Smith!, M. Soares-
Santos’, F. S()brum“' E. Su(hyfd” 16 M. E C. SW(LILH()HZZ G. Tarle**, J. Thaler**, D. Thomas®*°,
M. A. Tl()XCllS, V. Vikram®. A. R. Walker!, R. H. Wechsler!911:12, J. Weller3#26:28 Y Zhang??
J. Zuntz'®{
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Cosmic Shear

+ Cosmological perturbation f (t) X) N 7( 2, _))
+ Correlation function 4 (Z , 2 /; v )
- Power spectrum CX (2,2)
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Cosmic Shear

+ Cosmological perturbation f (t) X) N 7( 2, _))
+ Correlation function f + (Z , 2 /; v )
- Power spectrum Cg (2,2)

<V?BSVFBS> = ()

Stefano Camera Multi-Wavelength Synergies for Radio Surveys [CTP June 2016



MANCHESTER

1824

18%

The Universit
of Manchester

Cosmic Shear

Stage IV

— Radio
— Opt/NIR
RadioxOpt /NI
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CY5=0.05xC7 Stage IV

— Radio
— Opt/NIR
RadioxOpt /NI
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CY5=0.15xC7 Stage IV

— Radio
— Opt/NIR
RadioxOpt /NII

Stefano Camera Multi-Wavelength Synergies for Radio Surveys [CTP June 2016



MANCHESTER

1824

er

Cosmic Shear

18%

The Universit
of Manchest

CY5=0.30xC7 Stage IV

— Radio
— Opt/NIR
RadioxOpt /NII
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[SC, Harrison, Bonaldi & Brown, 2016]
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Stage IV

— Opt/NIR
RadioxOpt /NI
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. Cosmological perturbation F(t, %) — (2, 0)
. Correlation function E(z,2';0)
- Power spectrum C/(z,2')
Y3(z,0) =y (2)7(2, 0) + (2, 0)
(ier) = (1) o + (]
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[SC, Harrison, Bonaldi & Brown, 2016]
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Stage Il

Radio —
Opt/NIR —
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Synergies: Why and How?

Synergies vs Systematics: Radio-Optical Synergies for Cosmic Shear
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Galaxy Number Counts

+ Proxy of the matter power spectrum

f(t,x) = 04(t,x) = by(t)0(t, x)
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Galaxy Number Counts

+ Proxy of the matter power spectrum

Ftx) = 8, (=, ) = "al2 1)~ Tg(2)
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Galaxy Number Counts

+ Proxy of the matter power spectrum

f(t,x) = 0,(z, 1) = Ny (2, 1) — Ny(2)

N,(2)
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Galaxy Number Counts

+ Proxy of the matter power spectrum

f(th) — 59(Z7ﬂ) — Ng(z,ffi(z> V(Z)
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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)
dz p(z)  V(z)

Ny(2) p(2)
(Yoo, 2010; Bonvin & Durrer, 2011;

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

Newtonian density fluctuations

redshift space distortions

lensing

eravitational redshift, time delays, Sachs-Wolfe and integrated Sachs-Wolfe
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+ Relativistic corrections

[Yoo & Desjaques, 2013

T

k |h/Mpc]
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Relativistic corrections

Primordial non-Gaussianity
Predicted in many scenarios of inflation

Tightest available constraints from CMB
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Galaxy Number Counts

Relativistic corrections

Primordial non-Gaussianity
Predicted in many scenarios of inflation

Tightest available constraints from CMB
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Galaxy Number Counts

Relativistic corrections

Primordial non-Gaussianity
Predicted in many scenarios of inflation

Tightest available constrai

from CMbB

\ \\;

In > 0
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Galaxy Number Counts

Relativistic corrections

Primordial non-Gaussianity
Predicted in many scenarios of inflation

Tightest available constraints from CMB

faL > 0N
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Galaxy Number Counts

Relativistic corrections

Primordial non-Gaussianity
Predicted in many scenarios of inflation

Tightest available constraints from CMB

{NL>O
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il Accessing the Largest Scales

+ Probe huge volumes
[high sensitivity at high-z over large sky areas)

(SDSS-IIT BOSS Collaboration, 2012)

- Peat cosmic variance L Standard

« CMASS DR®

(we have orﬂy one Universe to observe!] TN best—fit model
, .
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Comparing the relative clustering of different populations of tracers
[Seljak, 20095 Seljak & McDonald, 2009]

Stefano Camera Multi-Wavelength Synergies for Radio Surveys [CTP June 2016



MANCHESTER
1824

ty
er

Multi-Tracer Technique

The Universi
of Manchest

+ Comparing the relative clustering of difterent populations of tracers
[Seljak, 2009; Seljak & McDonald, 2009]
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Multi-Tracer Technique

+ Comparing the relative clustering of difterent populations of tracers
[Seljak, 2009; Seljak & McDonald, 2009]

e ssions -
Fossil Fuel Data Assimilation System (FFDAS)

kg of COy / m2 / year
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Multi-Tracer Technique

+ Comparing the relative clustering of difterent populations of tracers
[Seljak, 20095 Seljak & McDonald, 2009]

e = ssions -
o P S -l - —— Fossil Fuel Data Assimilaﬁon System (FFDAS]

-
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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]

Noise level

Forecast error on fnr, far
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Neglecting horizon-scale effect could undermine future cosmological
experiments’ accuracy
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+ Neglecting primordial non-Gaussianity 'SC., Carbone, Fedeli & Moscardini, 2015]

3 .
Y euclid
—1 -0.96 ~1.04 -1
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: Neglecting relativistic effects
[SC, Maartens & Santos, MNRAS Lett. 2015]

Biased reconstructed best fit

True value

SAUARE KILOMETRE ARRAY

2.96 2.98 3.00 3.02
In(10'°A,)
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Summary

+ Great time for synergies between radio surveys and cosmological
experiments at other wavelengths

Cross-correlations valuable for:
Cross-check validity of cosmological results

Removing/alleviating contamination from systematic effects
le.¢. radio-optical cosmic shear]

Helping in accessing signal buried in noise/cosmic variance
le.g. multi-tracer technique for horizon-scale effects]
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Thank You!
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