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- Constraining Compensated Isocurvature
- luminosity weighted clustering
(w/ Maayane Soumagnac, Rennan Barkana, Avi Loeb ++)

- Testing gravity
- Higher Order Statistics
- can we distinguish GR+LCDM from others?
(w/ Changbom Park, David Mota, Claudio Llinares)

- Model-independent estimates of cosmic observables &OV\@"
- utilizing the Alcock-Paczynski effect (O@@“ &OV\Q”
- Higher dimensional BAO (0
W


http://adsabs.harvard.edu/cgi-bin/author_form?author=Soumagnac,+M&fullauthor=Soumagnac,%20M.%20T.&charset=UTF-8&db_key=AST
http://adsabs.harvard.edu/cgi-bin/author_form?author=Soumagnac,+M&fullauthor=Soumagnac,%20M.%20T.&charset=UTF-8&db_key=AST

Isocurvature from LSS CoskKN\:|

Scale-Dependent Bias of GGalaxies from Baryonic Acoustic
Oscillations .

arxiv: 1009.1893
Rennan Barkana' and Abraham Loeb?*

L' Raymond and Beverly Sackler School of Physics and Astronomy, Tel Aviv University, Tel Aviv 69978, Israel
2 Astronomy Department, Harvard University, 60 Garden Street, Cambridge, MA 02138, USA

Following up the theoretical prediction of Barkana & Loeb
(2010) we looked for the scale dependent bias of the
luminosity weighted correlation function using BOSS DR10

The initial BAO density enhancement leads to extra
clustering of baryons on large scales.

However the large scale different between the clustering
of galaxies and of luminosity weighted galaxies could also
have a more significant primordial origin....



Isocurvature from LSS SKI\SI

Standard Inflationary scenario: primordial perturbations are
adiabatic (all particle species are in phase)

More complex scenarios: could have isocurvature fluctuations
in relative number density of different spices (out of phase)

isocurvature is not favored by CMB experiment. However
there could exist a primordial, compensated isocurvature
component (CIP) to the overall fluctuations between DM and
baryons.

&y = B2 & + 2B, 1By aasa + B2 ABepécp,

1 = Bi ot + 2B B aaaa + B%,ABCIP%CIPa



Isocurvature from LSS CoskN\|
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At the moment the data cannot give strong arXiv:1602.01839

constraints on either the large scale bias induced
by extra baryon clumping or by primordial CIP...

We are currently updating this work with DR12 CMASS + LOWZ
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Probing Scalar Field Theories Ce SKI\SI

Light scalar fields coupled to matter (baryons) are predicted by
many theories beyond the standard model.

Coupled means we have a fifth—force in nature. If it exists, is
there any room for cosmological signatures (of the fifth—force)?
A fifth—force is strongly constrained from local gravity
experiments (inverse square law, solar--system tests, EP).
Naive conclusion: Either very short range or very weakly
coupled, in other words: no cosmological effects of the fifth—
force!

Not the case if the field has a screening mechanism. The fifth—
force can remain ’hidden’ to local experiments!

We consider two models that have this property: Chameleon &
Symmetron



Probing Scalar Field Theories

in redshift-space SKI\SI
with Changbom Park &

We focus our analysis in two

specific scalar tensor models: the David Mota
symmetron model and a arxiv:1603.05750
particular case of f(R) theories.
Npart=512/3
Both models include screening Side=256Mpc/h
mechanisms, which reduce them at z=0.0
to general relativity in high Dark matter and FoF halos
density regions and thus pass
del A
solar system tests. i 0258 B Model nIfpol Ao
SymmA 1 || =7
fotrd 1 10 28001
Symm B 1 24l _s
: : fofr5 1 10 Jig®
N-body simulations from SymmC 1 20 e S e b e
Llinares, Mota etal (2013) SymmD 1 ol '
arXiv:1307.6743 Symmetron Model f(R) Gravity Model

Hinterbichler & Khoury (2010) Hu & Sawicki (2007)


http://arxiv.org/abs/1307.6748
http://arxiv.org/abs/1307.6748
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Probing Scalar Field Theories
n redshift-space CoskKN\: |

Symmetron Power Spectrum

— .
« 09 Davis etal 201 |



Probing Scalar Field Theories
in redshift-space KN
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- Using iso-2PCF, more deviation from LCDM in redshift-space

- FOFR4 and SymmD models show largest difference > ~5%
- Maybe we can investigate velocity effect more specifically....



Probing Scalar Field Theories
in redshift-space SKI\SI
R Halos

+ Mpaih]

- In anisotropic proj again FOFR4 shows large variation in DM

- Halo clustering exhibits wider dispersion amongst models
- So what! Can we construct a smoking gun test! maybe...



Probing Scalar Field Theories Cos

in redshift-space K,\SI

3-Point correlations (Fourier Dual of Bispectrum)

The complete statistical description of a field may require
higher-order statistics,

((r1,72,73) = (0gat(r1)dga1(12)0ga1(73))

Probability of finding pairs/triplets of objects:
dP = n>(1 4+ &(r1) + E(ra) + &(r3) + C(11, 72, 73) ) dVidVad Vs

N

random correlated correlated
pairs triplets
It’s difficult to compute and cpu intensive...
Im developing a code to do this using MPI, kd-trees, and
some other tricks: https://bitbucket.org/csabiu/kstat
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Probing Scalar Field Theories

in redshift-space CoskKN\: |

The 3pcf in various modified gravity simulations
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L . . d :
there is significant dispersion between models WhICﬁ:l suggest that the
a more powerful probe of modified gravitational clustering.

The redshift space clustering tends to flatten the 3PCF, with FOFR4 displaying
an extreme case of this.



Probing Scalar Field Theories

in redshift-space S
The 3pcf in various modified gravity simulations
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| hope to update this work using other modified gravity
models and larger simulations. Let me know if you are

interested! «“You onfy [ose what you cfing to.” -

Buddha.



Pure Alcock-Paczynski Measure CeosiN\I

TheOI’etica,]_]_ythe 740:— ,.,,,...Ir: ‘. ,t,q 140:-v - ,,.,,]....]r. : I\\.l“..l.<
geometric distortions of the | 10%variation & | - 10%variation |
120 in Da , - 120 inH
AP effect can be modeled r
exactly: - ~
f“d(r(r, r,,) = _{-‘"“"((hr(,,a”r,,), 1 50 d ;
D gd(Zcﬂ‘) H"™(Ze5) oo ’ ) g
@, = true ’ Q'” = fid ’ 1
D ™ (Zerr) Hd(z.4) 40 :

N
o

\ - R
)
L '
aa e LA A o 1 . o Ao Al o oA | . P P Amdebadedanhanl ) Lo ol 1 o

Da, H vary peak positions — . :
. 20 40 60 80 100 120N anN 20 an Ny nn 100 120 14N
off the BAO ring. o (h™"Mpc)

200

We want to avoid fitting the full shape of the
anisotropic correlation function, as it depends on
unknown systematic and physics, like scale
dependent bias, etc.

150
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7 (Mpc)

A cleaner method would be to just measure the
shape of the BAO ring.

We can do this by looking at many thin wedges in
this 2D projection, i.e. many ‘directionally

constrained’ |-D correlation functions. 50 100 150 300
o (Mpc)




Anisotropic BAO Peaks

(Mpc)

Eu(s) X s°=As" + B.s+ Ee_(S_D)Q/C + F.

A simple function to

approximate the shape of ST e

the correlation function

We use a quadratic plus a .
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Anisotropic BAO Peaks
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Anisotropic BAO Peaks
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Anisotropic BAO Peaks

CoskKN\i |
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Anisotropic BAO Peaks CosKN|

Will certain systematic uncertainties effect our
methodology to reliably estimate the peak location?
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Anisotropic BAO Peaks

Modeling the RSD effect

We show the derived distance
measurements using models with

. . 1ol Figure 6. The D(p) curve for 4 values of o, = 2,8, 11,14 Mpc.
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degeneracy. minimal cosmological dependance



Anisotropic BAO Peaks
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Modeling the RSD effect

Modeling the RSD effect allows us
to make percent level predictions

of Da, H for future surveys, like
DESI

Ava s vaasa g ~

Firstly we fit the case without RSD. If we do not cor-
rect for the RSD effect we know from previous tests that
our results on H ' will be necessarily biased. We find D, =
155.154+0.51 Mpc and D, = 154.044+0.30 Mpc that results
in the following constraints; D4 = 1399.7173'_;11(0.32;8:%8%)
and H ' = 3196.7971057(—1.17 £ 0.32%), where the per-
centage denotes the deviation from fiducial model.

. A AV aaa U saaaUva sy MV s

D) = 154927930 Mpc and D; = 153.907532
Mpc with o, = 6.872%2 Mpc, which leads to
Dy = 1401.017322(0.427014%) and H~ ' =

32016611035 (—1.02%33%).
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Figure 6. The D(p) curve for 4 values of o, = 2,8, 11, 14 Mpc.
_The dashed black lines are for 1 and 4% increase in H 1.
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Using 600 mock catalogues
mimicking the BOSS survey

Modeling and marginalizing out
the FoG systematic degrades the
los BAO distance and hence H.
However is provides a less
biased result.

obtain constraints on DA & H at
the level of 2% and 5% resp.

H " (Mpc)

50 1300 1350 1100 1450 1500 1560

1,).1 (Mp(')

Sabiu & Song (2016)
arxiv:1603.02389



The AP effect in the 3PCF

2 fid \4
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The relations between two coordinates are give by,
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Triangular configuration

for the 3PCF
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The anisotropic 3PCF

Using 400 Quick-Particle-Mesh
(QPM) mock catalogues mimicking
the BOSS DR 12 CMASS survey

We calculate the 3PCF for

equilateral configurations at
different angles to the line-of-sight

When one side of the triangle lies
close to the los we see the usual
kaiser suppression.

This suppression disappears when
looking at triangles that lie flat on
the plane of the sky.
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The 3-point BAO
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From the mean of the mock . - 154
catalogues we determine the . . 170
peak location as a function of AL | e ' L v
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The 3-point BAO SKI\SI

Isotropic (angle averaged) equilateral 3PCF
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The 3-point BAO CoskKN\:|

Anisotropic equilateral 3PCF
Again using the DR12 Galaxies
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The 3-point BAO

This is work in progress and will
be completed soon. . . I155
Only thing left to do is fit the ' - o
DA and H by varying the peak ) . : | |15
points measured in DRI2 to the . T 160
simulated membrane structure.
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Originally | thought that | could
fit to a simulation template, [0 [
however the ‘off-peak’ shifts
must be modeled....
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. “To understand everytﬁin 1S wc
Conclusions (v everything - Buddha, “®S
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We used the luminosity correlation function to put limits on
compensated isocurvature.

- Soon hope to update this work with DR12 CMASS+LOW/Z

We hunted for mod. grav. induced variations in the velocity
field and the local environment density...

- Measured the redshift-space clustering statistics
- Although this is only a qualitative study so far, it is the Ist
regarding redshift-space bispectra/3PCF in modified gravity.

We wanted clean measurements of Da and H(z) as they are
fundamental quantities that describe the geometry and
evolution of the background universe.

- we have measured the higher order BAO structure in the
3PCF of BOSS DR 12 galaxies

- soon we will extract Da and H measurements



