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[Motivation] Inflation & PNG Basics

Primordial Potential: @ = ¢ —|-]'31\IL¢2

Inflaton (Gaussian) /

Primordial potential is non-Gaussian — non-zero 3-point correlation function

1

FNL X . klg()g( ) (K1, ko, ks3)

Planck 2018: fn1, = —0.9 £ 5. 1 o]
Galaxy Clustering (BOSS): fnp, = —33 &+ 28
LSS + kSZ based forecast: Miinchmeyer et al. |

[1] Y. Akrami et al. (2020) [1905.06697]; [2] G. Cabass et al. (2022) [2204.01781]; [3] Miinchmeyer et al. (2018) [1810.13424]
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[Motivation| Multifield Inflation:
Primordial Potential: & = ¢ + ¢ + fan(1 + H) W <¢2>]

Additional Gaussian Field (Curvaton) / \ — 19

[1]

Py
* Non -zero 3- & 4- point correlation functions:
L . 3 5\ 1
INL o< klllgof( (K1, koo, kes) (5) e oc g lim €9 (ky, ko, kg, Ke)

6 2
TNL = (ngL) (1 +1I)
2]

» Planck 2018: 7n1, = (—5.8 & 6.5) x 10*
« LSS based (multi-tracer) forecast: Ferraro & Smith!?!

[1] Tseliakhovich et al. (2010) [1004.3302]; [2] Y. Akrami et al. (2020) [1905.06697]; [3] Ferraro & Smith (2014) [1408.3126]



Qi"" JOHNS HOPKINS
i’ KRIEGER SCHOOI

[Motivation] Larger Picture

*arXiv: 2205.03423

Primordial Potential: & = ¢ 4+ 1 + fNL(l + H)QWQ — <¢2>]

6 2
TNL = <ngL) (1+10)

Model Distinguishability: ]
[1,2
-> Larger allowed non-Gaussianity: fNL Z 1 or enhanced TNL

-> Multi-field parameter:
ran = (5/6)%7TNr — for

[1] Tseliakhovich et al. (2010) [1004.3302]; [2] Lyth et al. (2002) [astro-ph/0208055]

[1]
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[Measurement| Basic Methodology

22T (k)G (2)
30, H2

Om(k,z) = alk,z)P(k) where a(k,z)=
\ Matter Overdensity Field
1. Method 1: Measure bispectrum/ trispectrum of 0,,(k, 2)

-> Convoluted by gravity-induced non-linearities
-> Is there a way to rely only on power spectrum measurements?

2. Method 2: Scale Dependent Bias Measurement!!!!
-> Halos are a biased tracer of matter —» PNG causes bias relation depend on k
-»  Only measure power spectra of halo and matter distributions!

[1] N. Dalal et al. (2008) [0710.4560]
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[Measurement] Scale Dependent Bias

Gaussiiowp Galisthnzd= bnlly)dii (k) 2 b Diffhis 6, 2) b1, (2) P (K, 2)

Bias relation parametrized by {fnL, 7NL} / Note the scale dependence

Method 2: Scale Dependent Bias Measurement (Galaxy Data)

-» Use galaxy survey data to obtain Ppp, (k) & fit to bias parametrization

-> Signal most dominant on large scales Sample Variance Limited!

Method 2.5: Scale Dependent Bias (Multi-Tracer) Measurement [ 1)

-» Galaxy Data + kSZ Tomography

[1] Ferraro & Smith (2014) [1408.3126] ; [2] U. Seljak (2008) [0807.1770]
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[Measurement]| kSZ Tomography

What is kSZ Tomography?
-» kSZ Effect: Scattering of CMB photons off bulk motion of free e’
-» As a function of z : Cross-correlate CMB map with Galaxy density field!!]

-» Allows for large scale reconstruction of radial velocity field (!

faH
k

-» Noise in reconstructed matter over-density field 12/

vr(k, z) = om (K, 2)

k
faH

2
Nﬁf;%o(/ﬁQ( ) as k — 0

[1] Deutsch et al. (2018) [1707.08129] ; [2] K. Smith et al. (2018) [1810.13423]
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[Measurement] Scale Dependent Bias

Method 2.5: Scale Dependent Bias Measurement (Galaxy Data + kSZ Tomography)

-» Galaxy Survey Data: Py, (k) 9
-» kSZ Tomography data: P,,(k) —— Py (k) = (faH> Prm (k)

k
-> Two independent tracers of matter

Pin(k) = ba(k) P (k) Pun(k) = (£57 )ba(b) P

k

Both biases parametrized in terms of {/Nr, 7NL}

Sample Variance Cancellation!
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|Forecast] Bias & Noise Models

Signal:
5 2
Pan(k) = bh2+zbhﬁf% +6J%(g) (gL P (k)
T T ol 2} — 22T (K)G(2)
Pyn(k) = bvfkaH bh+ﬁf% Prm(k) where | 38 Hy .
N B¢ =20.(bp, — 1)

Noise: -» Npj: Shot noise + photo-z errors
-5 N,,,,: Based on bispectrum model in Smith et al.l!

Includes photo-z errors

[*] May need a different approach, see A. Barreira (2022) [2205.05673 ]; [2] K. Smith et al. (2018) [1810.13423]



S JOHNS HOPKINS 3TXV: 2205.0423

BN

| Forecast]| Experiment Specifications

-» Assumed Redshift (z) = 1.0
-» Photo-z errors only included for DESI

-» Parameter values chosen to match Miinchmeyer et al. [

LSST + CMB 54 DESI + SO

survey volume V 100 Gpc? 100 Gpc3
halo bias b . 1.6 1.6
galaxy density Ngal 102 Mpc3 2 x 10+ Mpc3 -
hoto- 0.06 -
photo-z error o, -

[1] M. Miinchmeyer et al. (2018)
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DESI + SO
Galaxy Galaxy + kSZ
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LSST + CMB S4
Galaxy Galaxy + kSZ )
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|[Forecast| Results (LSST + CMB S4)
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|[Forecast| Results (LSST + CMB S4)
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|[Forecast| Results (LSST + CMB S4)
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Redshift Binning Specifications taken from Table II of M. Miinchmeyer et al. (2018)
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Future Direction

1. Key Takeaway: Addition of kSZ data hugely improves constraints on some
primordial physics parameters
-» Maybe we can attempt to constrain other characteristics : Uncorrelated CIP ?
2. Implications of having an independent tracer of Oy, (k, z)
-> Estimator construction via mode-by-mode comparison — CIP!

-5 Not cosmic variance limited — only limited by measurement errors [!)

L
2| PNA(F)/F (k)|

L ——

bg(sm k

[1] Anil Kumar et al. (2022) [2208.02829]
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|Forecast| Bias Models

What happens when we eliminate the assumption 3 = 20.(bp, — 1)?

Signal:
- TN,
Pin (k) = |bn* +%@£2’%L I%%%LN%M(/{)
e e L
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DESI + SO
Galaxy Galaxy + kSZ
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LSST + CMB 54
Galaxy Galaxy + kSZ
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| Forecast| Experiment Specifications
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LSST + CMB 54 DESI + SO

redshift >~ 1.0
survey volume V 100 Gpc? 100 Gpc?
halo bias bh 1.6
galaxy density Ngal 102 Mpc3 2 x 104 Mpc3
photo-z error o, -
CMB resolution 0 1.5 arcmin 1.5 arcmin
FWHM
CMB sensitivity S 1 uK - arcmin 5 uK - arcmin

Parameter values chosen to match Miinchmeyer et al. [

[1] M. Miinchmeyer et al. (2018)

I 11
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|Forecast] Forecast Results

LSST + CMB 54 DESI + SO

JNL error o-gal 5.8 6.0
fNL

g}%iljksz 5.9%10"1 3.1
gal +2 +2

TNIL, error OTNL 2.9%10 3.6X10
gEITKSZ 1.5 6.9x10*1
gal +2 +2

T'NL error T 2.0x10 2.5%10
oIS 1.0 48x10*1
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|Forecast| Results (CMB Sensitivity)
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|Forecast| Results (CMB Resolution)
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|Forecast| Results (Photo-z Error)
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|[Forecast| Results (LSST + CMB S4)
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