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Principal component analysis and direct projections:
what Is the recombination epoch telling us?

Model independent constraints using Planck and
extending into physical models.

Luke Hart
Jodrell Bank Centre for Astrophysics, Manchester

1




Mativation

(errors are MCMC results: Planck Collaboration [2015], H([2017])

—— AAy, =061

0P foo = 2.1 - Physical variations are mode|

—— Aagm/apmo = 0.0025
— AYp=0.02 dependent

Variations sometimes very

weakly constrained

- Plan: Let’s see what the data

favours

Artefacts of non-standard

recombination
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Methodology

Orthonormal set of
perturbations dXe
(CosmoRec)

Boltzmann code/computation of likelihood

FEARec+

Fisher Eigen Analyser
for Recombination

|

Convert abstract vector
back into dXe
(i.e. interpolate)

Luke Hart

(e.5. CAMB, COSMOM()

e \

Analytical Directly sourced
derivatives likelihood

N /

Construct a matrix

" Figenanalvsis representation of data
ISENdNalysls responses (i.e. Fisher)
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Generallsmg recombmatmn
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- SMoath perturbations in Xe across
d redshift arid
- Rescale the recombination history
Propagate through to the (MB
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Generalising recombination

Perturbation response for X_with perturbation redshift z = 460

Decaying upwards tilt

quge oscillations around Thomson peak

Downwards tilt

500 1000 2000

TT

£ o

500 1000 1500 2000 2500 3000 3500
[

https://sites.google.com/view/pca-recombination/
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Ana‘yti[a‘ mEthDd Tilt of the power spectrum

— El(ﬁ), o1 = 0.008
_— l’?g(ﬁ)7 09 = 0.027
—_— E?,(Z), 03 = 0.04

Peaks of modes ¢
and 3
.\ behave similarly

. Consistent with previous study including analytics M"mgﬁﬂgﬂﬁﬂf (MB
- Predominant effect is a tilt of the spectrum

- Secondary effect is oscillations between the modes

- Huge overlaps between second and third principal components
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Direct method (Planck)
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Smearing of the tilt in mode 1

s>moothing of the peaks in mode 2 Correlation | Planck 2015 | HC 2019
Decoupling of modes 2 and 3, with the €1 -0.05 2 x 10°°
third mode developing high redshift §31 -0.09 1 x 1077
fEEI[UFES £39 -0.07 4% 10°

Convergence, marginalisation: all tested
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- Consistent with standard

- Tilt in spectrum of

1St mode similar to ns

- Last scattering surface resonant with mode ¢
- Orthogonality strides forward (0.1% after MCM()

=04 -0.2 0.0_.02

H1

-0.6-03 0.0 03 -1.2 0.6 0.0 0.6

2 K3

Parameter Plancklb + 1 mode + 2 modes + 3 modes
Qph2 0.02224 + 0.00016 | 0.02232 & 0.00020 | 0.02235 & 0.00021 | 0.02240 + 0.00022
10003,c 1.04073 4 0.00033 | 1.04071 + 0.00032 | 1.04058 & 0.00038 | 1.04070 + 0.00040
n, 0.9652 + 0.0048 | 0.9671+0.0064 | 0.9672+0.0065 | 0.9672 + 0.0067
1 — —0.08 +0.11 —0.08 + 0.12 —0.08 +0.12
11 — — —0.13+0.18 —0.14+0.19
13 __ I — —0.30+0.35
H, 67.25 + 0.65 67.35 + 0.68 67.45 + 0.71 67.54 + 0.74
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Direct projections

—— AAy, =061

10%4A fonn = 2.1
—— Aagm/agmo = 0.0025
—— AYp =10.026

1000 1500

Low redshift variations

- (ast physical variations onto principal components
- Check which modes project best

Projections and amplitudes —> X¢ —> minimise
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Results of the projections

All the projection results are consistent to < 0./

Ay 1074 fomn Yp M/ OEM,0

Two phaton decay Dark matter Primordial helium  Fine structure constant
annihilation
Most information in Larger variations from higher  Strong drive from the Consistent value to within

modes 1 and ¢ modes (extreme redshift ~ third mode, similar story 0.lo
behaviour)
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Conclusions

- Time de
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http://github.com/hulktear/FEARec

‘Updated fundamental constant constraints from Planck 2018 data..

Hart and Chluba (2019, submitted to MNRAS, arXiV on Tuesday)
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Questions or comments: Juke.hart .
Around all week: please come and chat!

Thank you!
Luke Hart 12 The recombination epoch and direct projections



mailto:luke.hart@manchester.ac.uk

Troubleshoating the likelihood

|_0W—| ”kE”hOUd, SOME nOiSE WE d()n"[ |(|’]0W —  Planck TTTEEE+lowTEB (higher order) =~ —— Planck TTTEEE+lowTEB
ahout?

Numerical instabilities around fiducial.
All 0|< around our eigenmodes.
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