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Overview

21cm studies provide a way of probing the first galaxies
(Barkana & Loeb 2004)

Fluctuations in the Lyman o flux lead to 21cm fluctuations
via the Wouthysen-Field effect

Previous calculations have assumed all photons emitted
between Lyman  and Lyman limit are converted into

Lyman o photons

Quantum selection rules mean that some photons will be
lost due to the 25->1S two photon decay

Here consider atomic physics to calculate the details of the
cascade process and illustrate the effect on the 21cm
power spectra
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21cm Basics

eObserve difference of spin temperature against CMB
temperature

n,/ny=3 exp(-hv,,/kT,)

eSpin temperature determined by radiative, collisional x. and
Wouthysen-Field x_, coupling
eFluctuations: density, Lyman o flux, x,;, velocity gradient

Bharadwaj & Ali 2004
eAnisotropy of velocity gradient term allows angular separation
Pr,(k) = ' Pya + p? P2 + Pyo Barkana & Loeb 2004
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Wouthysen-Field Effect

Hyperfine structure of HI

Effective for J_>10-2lerg/s/cm?/Hz/sr

TSNTaNTk

W-F recoils

Field 1959

NeL; Lyman o

LSis Selection rules:
AF= 0,1 (Not F=0>F=0)
1OSI/Z
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Higher Lyman Series

e Two possible contributions

= Direct pumping: Analogy of the W-F effect
= Cascade: Excited state decays through cascade to generate Lya

e Direct pumping is suppressed by the possibility of
conversion into lower energy photons
» Ly a scatters ~10° times before redshifting through resonance
= Ly n scatters ~1/P_, .~10 times before converting
= Direct pumping is not significant
e (Cascades end through generation of Ly a or through a two
photon decay
= Use basic atomic physics to calculate fraction recycled into Ly o
= Discuss this process in the next few slides...
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Lyman

Asp 2s=0.22x108s"1 Agp 1s=1.64x108s1

Y
A,=8.2s"

eOptically thick to Lyman series
= Regenerate direct transitions to
ground state

eDecoupled from Lyman «
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| eTwo photon decay from 2S state
v >

recycle,[3=0
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eCascade via 3S and 3D levels
allows production of Lyman «

of

recycle,y

=0.26
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eGoing to higher n offers more
routes to the 2P level

.frecycle,6= 0.31
eFollowing individual decay paths

gets complicated!
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Calculating Recycling Fractions

f
eJterate from low to high n
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Lyman Series Cascades
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No. Photons: (pop III) 2670
j;'f’t‘Lﬂ(‘Fe“ : 1.0
Lya Contribution: 2670

Shell size @z = 20 (Mpc): 278

Total
810 4896

(.35 0.62
2068 2056
22

ePhotons redshift until they hit Lyman
series resonance

e~62% emitted photons recycled into

& Lyman o

eContribution limited to scales within
Lyman o range and outside HII region of

galaxy E> nmax=23 Groningen 28/6/2005




Origin of Density Fluctuations

eQOverdense region modifies
observed flux from region dV

dA — (1 + gé)dA

n— (1+b(z)d)n
dz — (1 + 5037,1,7,)d2
Barkana & Loeb 2004

*Relate Ly o fluctuations to overdensities [N

oExtract power spectrum [N SEPYENGY L + =2
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Density Fluctuations
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eEXcess power on
scales less than 24
Mpc1

eRecover shape of
matter power
spectrum on small
scales

oCutoffs from width of
21cm line and
pressure support on
small scales

eFluctuation o« flux
= Reduction ~ 0.65
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Origin of Poisson Fluctuations

Pin-sk) = P — — = ( —
LT ALy e 1 jjIH.L

eSmall number statistics
eDifferent regions see some of the same sources
though at different times in their evolution
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Poisson Fluctuations
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eHigher Lyman
transitions increase
correlation on
small scales

eNO correlation on

scales larger than
twice Ly a range

eEXcess power in
wavenumbers
larger than 0.01
Mpc1

eFluctuation o flux?
= Reduction ~ 0.4
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Conclusions

Including correct atomic physics is important for extracting
astrophysical information from 21cm fluctuations

Cascade generated Lyman o photons increase the

theoretical signal, but not as much as has previously been
thought

~62% emitted Lyman series photons recycled into Lyman

(@

Recycling fractions are straightforward to calculate and
should be included in future work on this topic

Basic atomic physics encoded in characteristic scales
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