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Review of CMB (u-type) Spectral Distortions



Photon thermodynamics: early times

e carly universe: hot photon-baryon-electron plasma;

e before z, ; ~ 2 x 10°, double Compton scattering (e~ +y — e~ +2v) and Bremsstrahlung
are very efficient;

e then: perfect thermodynamical equilibrium. Any perturbation to the system is thermalized.
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Photon thermodynamics: u-era

e between z, ;, ~ 2 x 10° and z, r ~ 5 x 10* double Compton scattering and Bremsstrahlung
are not efficient enough to create photons:

e elastic Compton scattering (e~ 4+ — e~ 4 7y) maintains kinetic equilibrium;

e photon number effectively frozen (except at low v).

Sunyaev, Zel'dovich, 1970; Danese, de Zotti, 1982; Burigana, Danese, de Zotti, 1991

energy Injections Hu, Silk, 1994; Chluba, Sunyaev, 2011; Kathri, Sunyaev, 2012: Chluba, 2016
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Generation of u-distortions

NB_E(T(E+6E,M),M) = Np(T(E)) ':> p = 1.40000 x 5fE

What 6E/E?

Silk damping
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average over a period of oscillation

_____ Ap: Silk damping scale ----- Aps: photon mean free path

kD(ZM’f) ~ 50 |\/|pc_1 , kD(Zu,,i) ~ 104 |\/|pc_1
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After end of the u era
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e after z, r: Inefficient energy exchange between electrons and photons
e photon number is still effectively frozen = y-distortion of the spectrum

e (several astrophysical foregrounds create y-dist. (e.g. SZ effect): not as clean as u-dist.)
but... See Ravenni et al. (2017)

=g [ IS cOnserved from z = z, ¢ to the last-scattering surface!

we will go back to this later...
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1 anisotropies and non-Gaussianity
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IL(,—T CorrEIationS Pajer and Zaldarriaga, 2012; Emami, Dimastrogiovanni, Chluba, Kamionkowski, 2015

Short-scale power spectrum is correlated with the long mode — is correlated with the

long-wavelength T perturbation! Angular power spectrum Ce“<T1oo ~ 12f5<C, "

However! In every patch a local observer cannot see the coupling with {, in single-
field inflation! No w-T correlations in this case?

But — be careful about projection effects! E.g.: CMB squeezed bispectrum

dlog(£2C,.")
~ dlog¥s

Z S 100 Creminelli, Pitrou, Vernizzi (2011)
Bartolo, Matarrese, Riotto (2011)

TTT _ ~TT~TT

any deviation Is
o fne — (1 — ns)
e.g..

Pajer, Schmidt, Zaldarriaga (2013)
Mirbabayi and Zaldarriaga (2014)
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Projection effects

iInation appears at different angular sizes to the observer

photons experience a different redshift in different directions due to the presence of the long mode

-
‘ for C;

1. same physical length in the local patch at recomb
2.
1
2. W does not redshift
Df,
— Y —0=
dA

. we are looking at the average u in a patch — no “ruler’ whose length the long mode can perturb

—~

E
Tobs = E?:j rec
| Hobs = Mrec

No correlation from evolution from the LSS to the observer. .. \What is the leading effect?
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Evolution after the end of the u-era

damping of u inhomogeneities! Pajer and Zaldarriaga, 2012

no effect on (u). ..

Let's check the fluid limit
of the Boltzmann equation

PE=EWU +m"), u=px"m") po= | o

Giovanni Cabass (MPA) PASCOS 2019 @ Manchester, 01/07/2019 11/16



Fluid limit of Boltzmann equation — 1

for ty — O the distribution
IS brought to equilibrium
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U'Vou+ m"Vyou+ (UP + mP)(V,m")P

In the tight-coupling limit, only the monopole will be relevant:
e expand u = ug — BmVPVprul (monopole + dipole: higher multipoles will be suppressed)
e take moments f dM mkm¥ ... only first two moments are needed
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Fluid limit of Boltzmann equation — 2

mixed equations

U,U, for o and 1
!
acceleration 6% gives
0" = UV, U" complicated mixing

at 2nd order

But! \We are interested in the effect
of a long mode on short modes!
If (g is practically uniform — (6*), =0

We can obtain an equation for ug only!

' D)DY  (V,U* 1
UV, (UPV,) ——= ( “3 t )U”vu
Y

(Dp = F,"Vy) =0(1) +O(¢)

o =0

> an homogeneous ug 1s conserved along the fluid lines: UV, ug = 0!
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What happens during the u-era?

Effect of the long mode on u production! In principle, complicated non-linear dynamics. . .

\ 4

Exploit another nice difference with CMB bispectrum: horizon at end of i erais ~ 1071 Mpc ™1

Up to very high £ > 100 we can treat the effect with the separate universe approach!
similarly to halo bias... E.g.: Dai, Pajer, Schmidt, 2015

Long mode modifies the expansion history and adds curvature K < 8°R to the FLRW:

1. modification the duration of the u era

2. direct effect on the evolution of short modes

3. additional coupling to Kg o< 8?R from inflation. It is of order 1 — ns: can be neglected
unless there are (unlikely) cancellations of 1. and 2. GC, Pajer, Schmidt, 2016

b1

Model this by a bias parameter: (us)e, (M, @) = (Us)¢, —g — ﬁc’ﬂzg(n, x) (1s)¢, =0

with: A = H(Z'u,’f), b1 = 0(1)
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Will this effect bias constraints on £,0¢?

* check with a forecast for full-sky cosmic variance-limited experiment!
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Conclusions

» CMB u-type distortions probe small scales, 50 Mpc™! < k < 10* Mpc ™1
» very sensitive to primordial local non-Gaussianity through p anisotropies

» in single-field inflation (practically) no u-T correlations:

— no projection effects from last-scattering surface to observer
— no effects from tight-coupling evolution

— bias effect on u production: absolutely negligible impact on f,\'IOLC forecasts!
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Backup slides



Hydrodynamical description of 1. generation

. . . S
Viscous corrections — entropy production: U“’VM ( E) — —

ATH'V U,
nl

s, n: entropy and number density for observer U*. For a black-body —

S Sty

21+ (As— A Vo= o
- X _I_( < n)'u, — U V,/u 15(An_AS)O-/M/O'
O',ul/O"uu ~ a_Q(aiVj)Q ' t’Y ~ 32/—///([2)
' Oiv;)? -
= % ~ ( ;(21) — 1 production suppressed by 87 /kg
D
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Some details of tight-coupling evolution

Ol M — Ho
omA ty

U'Vou~+ m“V,u+ [(mpGp + mpmaépa)mA — 0 — mpépx]
oH = UVV,/U“ 9,“/ = PM'OVPU,/ Pu,u = GJuv + Up,Uu

Assume p = po — 3m" P,V ,u1 and take moments: [ 2% and [ 97 mH

UUVV,U'O =+ 49UDUIU'1 — DI/DUIU'I =0

DY 46(vP) D 20D DY
,U,Q . p:u’]. . ,U,]_ I 39[/pr’“1 L QI/UPVIO,U:]_ L DI/(U'OV,O,UI]_) — ,U:]_
3 5 5 ty
e assume uniform ¢y = 0,, = VpTUpPW, o =0

e take D, of second equation

U'Vyuo — D,D" 1y =0
DVDV,LLO ( v 1

UYV,(UPY pi0) ;
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