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During Radiation Domination

® Pressure stabilises sub-
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During Matter Domination

® Perturbations grow as
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Radiation- vs Matter
Domination

Pristine relativistic era
fluctuations

Suppressed dep on how
much time spent w/in
horizon during relativistic
epoch
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\Voael-independent
- approacn

Localising Turmover scale similar to
what we do with BAO (compressed

P BAO (here

@ S/?rggewt?risation following [Poole et 3 SyS J[ema J[|C>

® two slopes (m, n)

® One amplitude P, .,

P(k) = Pl P(k) = Pl

max max
® One tumn-over scale k., :
: log (k Mpc/h)
® K fia = 0.01662/Mpc X = -1

- log (kmaX Mpc/h)

® Probability of m > 0 gives turn-over
detection probability k in h/Mpc
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\Voael-iIndependent
approacnh: Deprojecting
modadelling Systematwcs

® 4-parameter power spectrum good
approximation around turnover, but fails at
smaller scales

® Scale cuts remove important broad-band
information

O Increase covariance matrix
C = C + lim tfBACFBAOT 1y expected

T— 0
inaccuracy of model

1 %
fBAO Pﬁd(k) Peq Q%FX

® Method does not bias ktg-measurement
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Turnover scale vs PNG

® [0 shifts by less than 1% for

reasonable values of f\}’f

|Cunnington 2022]

® Finding 1O In the right spot
thus provides confidence for
potential detections of PNG
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@ But, DES! has £33 blinding
with potentially stronger PNG
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10O as standard ruler

® Analogous to BAO, define ry-independent standard ruler
Rl e

fid
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Application o cBOSS

) |“ ‘
SS + eBOSS quas

eBOSS quasar clustering

® MNost redshift surveys in the past didn't probe enough volume to probe scales

® [ argest volume Stage |l spectroscopic data set: eBOSS QSO
® 343 708 Quasars, 0.8 < z < 2.2, 4699deg?

® \\Ve use Rezaie et al. (2021)'s P(k) measurement and randoms with systematic weights
optimised for eBOSS DR16 fiyp measurement [Mueller et al. 2021]
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eBOSS ultra-large-scale
systematic treatment

Train neural network on 60% of the
100000 — |inear treatme '

Il <<\ Validate on 20%, test on
e REREELC A 'cMaining 20% (SYSNet |[Rezaie et al.
50000 | 2@21 ])
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! 1/ systematic maps (stars, dust,
25000 imaging depth, airmass, etc.)

50000

Great flexibility for response shape
(though overfitting is a problem)

eBOSS QSO DR16 [Mueller et al. 2021]

Allows 10 Incluge cross-correlations

between foregrounds
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cBOSS results

® At largest scales: Gaussian
assumption on power spectrum
ikelihood breaks down

® \Vindowed P(k) hypo-
exponentially distributed
\Peacock&Nicholson91]

® \\ell-approximated by Gamma-
distribution Wang+19]

® (Gaussianisation through Box Cox
transformation Z = [P(k)]

0.010 0.012 0.014 0.016 0.018 0.020
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cBOSS results

® Unfortunately, no evidence for
m > () L

0.010 0.012 0.014 0 016 0.018 0.020

® However, we do Tind inflection
ooint at the expected scale @
® Fiducial value: A
krosq = 16.6 X 107°h/Mpc |8 Rs
® \Vith Gaussianised I -distributed m
P(k) [Wang et al. 2019
1. g ]
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cBOSS results

® Unfortunately, no evidence for
m > ()

0.010 0.012 0.014 0.016 0.018 0.020

® However, we do find inflection
ooint at the expected scale @
® Fiducial value: A
kroga = 16.6 X 1073n/Mpc AN
® \\Vith Gaussianised I -distributed m
P(k) \Wang et al. 2019]:
i +1.9 3 RN AL -~ f}
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cBOSS results

® Assume inflection point is turnover

TO
TO + SN
TO + BAO

® cf. a., = 1.025 £ 0.020 [Neveux et al. 2020]

® Assuming 3 standard massless neutrino species, direct measurement of

th2 = 0.1591“8:8‘3‘%, consistent with Planck (th2 = (0.1430 £ 0.0011)

® In combination with €2 from BAO or SNe, we get
H, = (74.7 £9.6) km/s/Mpc (with Pantheon) and

Hy = (72.913%°) km/s/Mpc (with eBOSS LRG and Lya BAO) without

any sound horizon information
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CucClid Ha Torecasts

Euclid Large Mocks from Pinocchio lightcones (credit: Pigi Monaco)

Simulations performed with PINOCCHIO v4.1.3 and (mostly) vo:
® ACDM cosmology similar to Flagship 1

® M=1.510.M./h, smallest halo has 10 particles

® outputs at z=1, O + lightcone + histories

" 0 penodlc boxes available on request
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CuUcClid Ha Torecasts

Constraints on mock mean

Lightcone vs box size

® Allow for different P(k) amplitude in
redshift biNs

® Other 3 parameters kept equal at all
redsnifts

=
e
O
o
—
-~

= +0.028 -
® apo = 0.9817 75, errors 4 times

smaller as eBOSS errors

—— Small box

—— Large box

1500 2000 2 3000 3500

® Detection probability (m > 0): 85% | e/

Credits: J. Salvalaggio
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Blind DESI results

® Already twice as many QSOs
observed in DESI Y1 than by eBOSS

® Are DESI | RGs a contender?

® P (m>0) =096
6 (o) = 0.077 with blind QSO

® & (m>0)=0483,
o (o) = 0.083 with blind LRG

® Note that DESI-blinding strategy
changes detection probability
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Conclusions

| P— ® Power spectrum turnover provides AR

Cepheid+SN [Riess+22]

TRGB+SN [Freedman+20] alternative standard ruler independent of i

TRGB+SN [Scolnic+23]

EHICLES
Megamasers [Graziani+19] BAQ

CMB [Planck+20]
BAO+CMB [Alam+21]
BAO+BBN [Schoneberg+22]

BAO+ShapefFit [Brieden+22] ‘ eBOSS QSO pov\/er SpeCtrum HOJ[

LSS Full Shape [Zhang+22]

PAOITO loanr ke 2 precise enough to determine gradient
on scales larger than the turnover

® Scale of turnover In agreement
expectation

blind DESI Y1 QSOs and forecast
Beelicl
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