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Overview

m  The global 21cm signal and kinetic Sunyaev Zeldovich effect are complementary

probes of reionization.
m The Karhunen-Loeve basis highlights this complementarity.

m  Working in this basis facilitates the detection and removal of systematics.



The ionization history

m  We have some bounds for its midpoint, end, and duration.
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The ionization history

m  We have some bounds for its midpoint, end, and duration.

m  Few limits on precise shape.
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The global 21cm signal
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The global 21cm signal
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The global 21cm signal
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m During reionization, the global signal closely tracks the ionization history

m  The global signal is most sensitive to rapidly evolving reionization histories

due to spectrally smooth foregrounds



The kinetic Sunyaev-Zeldovich eftect (kSZ)

m CMB photons scattering off of energetic

electrons with bulk relative velocity



The kinetic Sunyaev-Zeldovich eftect (kSZ)

m CMB photons scattering off of energetic

electrons with bulk relative velocity

m Power spectrum
changes with
midpoint, duration,
morphology of

reionization
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The kinetic Sunyaev-Zeldovich eftect (kSZ)

m CMB photons scattering off of energetic

electrons with bulk relative velocity

m Power spectrum
changes with
midpoint, duration,
morphology of

reionization

m Sensitive to extended

ionization histories.
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The global signal is sensitive to

rapidly evolving ionization

histories, the kSZ to extended
ionization histories.



The Karhunen-Loeve (KL) Transtform

m A transformation whose eigenvalues represent the ratio of two signals.

m Familiar example: signal—to—noise analysis and data compression.
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The Karhunen-Loeve (KL) Transtform

m A transformation whose eigenvalues represent the ratio of two signals.

m Familiar example: signal—to—noise analysis and data compression.
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The Karhunen-Loeve (KL) Transtform

m A transformation whose eigenvalues represent the ratio of two signals.

m Familiar example: signal—to—noise analysis and data compression.

-

-

Signal
covariance

~

)

-

-

Noise
covariance

~

-

KL
transformation

J

Tegmark, Taylor & Heavens (1996)

\_

~

/

KL eidenvalues

High signal-to-noise end

Signal-to-noise
eigenvalue spectrum and

o PR T SR T RS

1

0 50

Mode number

100

150



The Karhunen-Loeve (KL) Transtform

m Inour case: kSZ-to-21cm analysis
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The Karhunen-Loeve (KL) Transtform

m Inour case: kSZ-to-21cm analysis
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21cm-to-kSZ eigenvalues and modes
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21cm-to-kSZ eigenvalues and modes
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21cm-to-kSZ eigenvalues and modes
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21cm-to-kSZ eigenvalues and modes
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21cm-to-kSZ eigenvalues and modes
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21cm-to-kSZ eigenvalues and modes
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21cm-to-kSZ eigenvalues and modes

kSZ-to-21cm information eigenvalues

—_
2

f—
o
o

= — —
T s =
: o0 wn

High kSZ information
content

High 21cm

information content

10

Mode number

KL eigenmode

0.51

\__~

S
o

|
e
)

12

KL eigenmode

0.075+

0.050

0.0251

g
o
S
S

—={.025 1

—0.050 1

J\XNW

10

12




21cm-to-kSZ eigenvalues and modes
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Overlap modes

m  Some modes are well measured by both signals

m We can use these common modes to perform
consistency checks, allowing us detect and

project out systematics
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How do systematics perturb data in the KL basis?

Ionization history KL amplitude
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How do systematics perturb data in the KL basis?

)= YO

1

KL modes

Ionization history KL amplitude

17 18 19
Mode number

— D)
S e
hnh O wn o

und residual [mK]

10.0 £

~
n

b
W

()]
o
Amplitude of foreg



How do systematics perturb data in the KL basis?

Ionization history KL amplitude
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How do systematics perturb data in the KL basis?

m  Model foregrounds as

power law

o
vV
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history, do KL transform
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How do systematics perturb data in the KL basis?

m  Model foregrounds as

power law

o
vV
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m Addtoionization

history, do KL transform

KL(QZ‘H[ —+ ijg)

Ionization history KL amplitude

8
6 ES
NG

4 / \\
No systematics, :'I ‘f

7| e.g. measured by ¥ A k

. kSZ
o/

17 18 19

Mode number



How do systematics perturb data in the KL basis?
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The Linear Matched Filter

m  Used to detect presence of template shape in data
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The Linear Matched Filter

m  Used to detect presence of template shape in data
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The Linear Matched Filter

m  Used to detect presence of template shape in data

(Mgasurement of ionization history by kSZ) - (measurement by 21cm)
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The Linear Matched Filter

m  Used to detect presence of template shape in data

(Mgasurement of ionization history by kSZ) - (measurement by 21cm)
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Cable reflection and foreground systematics
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CMB and tSZxCIB residuals
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CMB and tSZxCIB residuals
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Conclusions

m The Karhunen-Loeve basis highlights the complementary relation between
the kSZ and 21cm global signal.

m By performing statistical tests on modes that are well measured by both

probes, we can detect to the presence of systematics.

m Thisis a general framework that can be generalized to any two probes.
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Simulating covariances: global 21cm signal

m We use the Fisher information matrix formalism
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Simulating covariances: global 21cm signal

m We use the Fisher information matrix formalism
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Simulating covariances: global 21cm signal

m We use the Fisher information matrix formalism

Global signal temperature

8T21(ZZ')

= Ha
aﬁ Z .CEHI Za) 58513[-[](2[3)

Neutral fraction



Simulating covariances: global 21cm signal

m We use the Fisher information matrix formalism
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Simulating covariances: global 21cm signal

m We use the Fisher information matrix formalism

Global signal temperature
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Simulating covariances: global 21cm signal

m We use the Fisher information matrix formalism

m Entries of Fisher matrix tell us how good 21cm signal is at constraining the

ionized fraction in a redshift bin
Global signal temperature
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Simulating covariances: global 21cm signal

m We use the Fisher information matrix formalism

Global signal temperature
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Simulating covariances: global 21cm signal

m We use the Fisher information matrix formalism

Global signal temperature
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Simulating covariances: global 21cm signal
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Simulating covariances: global 21cm signal
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Simulating covariances: global 21cm signal
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Simulating covariances: kSZ
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Simulating covariances: kSZ
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Simulating covariances: kSZ
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Simulating covariances: kSZ
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