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1. Addendum to the light mediator workshop last week
(cosmological consequences of light mediators)

2. Non-standard thermal history without new particles
(Silk damping at redshitt one billion)

Jeong, JP, Chluba, Kamionkowski PRL 2014



L ooking for new species
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L ooking for new species

\'” - -l
ol D> v S
SN SRl AN - .
. . E E"

. AYER " 5 & o od )
b“ n-—“\mg m b & 'ﬂ"‘ ‘”‘V m,
' ~v.R

L - e e

TuperCDMS Soudan CDMS Iue

SuperCDMS Soudan Lo Threshold
ENON 10 S2 (2013
,CDMS -l Ge Low Threshold 1201 1 )

' \ ‘ CoGeNT
10-%0! \ \\ (2012)

Information gain
In this direction
s big!

reen ovals) Asymmetric DM

E (Violet oval) Magnetic DM S = /

—48 | (Blue oval) Extra dimensions 1105

= 10 (Red circle) SUSY MSSM ‘ oRERE eutrin®
A MSSM: Pure Higgsino ,"\'\leﬂc

10—49 - @ MSSM: A funnel \ gt prenosP

@ MSSM: Bino-stop coannihilation

W MSSM: Bino-squark coannihilatif)n

11

-
S O
L

—_ = = = =
233 %8 3
e R s T =AY

: 5
- o
WIMP—nucleon cross section [pb]

| 10-12

1
[w—
<

L

(]

1 T
WIMP Mass [GeV/c?]

—_ [
@)
b
<
s

3

CF1 Snowmass report
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Light Dark Matter
relic abundance

Recall the Lee-Weinberg bound:

Annihilation of a heavy neutrino
through SM mediators excludes
masses below ~ few GeV

log10 (Q,/ h2)

(ov) ~ GEm?2 /2T

A way out are new, light mediators ¢

Gr — g°/mj



Search for light mediators is
a field of its own now

For example:




Do light mediators
imply enhanced
detection rates”

DM SM
VS.
DM SM

mx<m¢

DM DM

SM SM
i :I |
DM ¢
mX = me

The situation at the right can completely elude direct detection,

because couplings to SM can be tiny.

=> mediators can be long lived with implications for cosmology.
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The Universe
at redshift one billion
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Beyond SBBN
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Beyond SBBN
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Beyond SBBN
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Beyond SBBN

Change in timing non-equilibrium BBN catalyzed BBN

Fig. from
Mukhanov



AY/ Y sgeN

Dark radiation

0.24<Y, < 0.26

-04 -0.2 0 0.2 0.4 0.6
Apsm /psm (T < 0.1 MeV)

0.8

Prad =
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Visible decays > 1 sec
are not necessarily
excluded, even for
very large mediator
abundances!

Invisible decays > 1 sec
can still yield constraints!

B —e +Vetvy,

|

Uo+p—n+er

Be+n—"Li =% He+*He

can solve Lithium problem.

Mediator decays
one example
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Visible decays > 1 sec
are not necessarily
excluded, even for
very large mediator
abundances!

Invisible decays > 1 sec
can still yield constraints!

B —e +Vetvy,

|

Do +p—n+ter

Be+n—"Li =% He+*He

can solve Lithium problem.

Mediator decays
one example
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Plan

1. Addendum to the light mediator workshop last week
(cosmological consequences of light mediators)

2. Dissipation of acoustic modes
(Silk damping at redshift one billion)

Jeong, JP, Chluba, Kamionkowski PRL 2014
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The Standard Lom

Standard Cosmology

Common belief: SM + DM field content leads to an “uneventful” standard
thermal history between the CMB epoch and BBN (or even DM freeze out)

Nb,c,z/ — NB,E,D
S

B Nb,c,v — NE,E,D
S

CMB BBN/FO

Cosmological concordance test from BBN, viability of DM models,
parameters for successful baryogenesis, possible extensions of
neutrino sector all depend on this assumption.

That rationale carries the implicit assumption JA%(k)dlnk «1
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S

Primordial scalar
curvature perturbations

A% (k) = k° P (k)/(27°) Inflation:
!
power spectrum of scalar Cxe ~ (5?V'> N <H_2>
curvature perturbations ¢ VN ¢ /Ny
L ns—1
AR (k) = A% (k_o) V' = —3Ho, 5¢ ~ H/2x
A% (k) = {¢]?) = const  (n, = 1)
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e

Primordial scalar
curvature perturbations
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EXisting INsIg -

CMB, galaxy clustering, Ly-alpha forest: e.g. Nicholson et al 2009
Bird et al 201 |

AZ (k) ~ O(1079) 1072 Mpc™! <k < 3Mpe™!

Constraints on PBH (gravitational and evaporation)
A% (k) <0.01 0.1

see, e.g., Josan et al 2009

Spectral distortions on the CMB e.g. Chluba et al 2012
AZ (k) <107° k < 10* Mpc ™!

Ultracompact Minihalos (indirect, model dep. DM annihilation)

A%(k) <1077 k<107 Mpc_l e.g. Bringmann et al 2012

For k= 10*Mpc™* , power spectrum remains rather unconstrained
from direct observables.

|7



After inflation, adiabatic curvature

perturbations re-enter horizon as
universal perturbations in energy/

—

mode starts oscillating,
damped “acoustic wave’

T(t) ~ 3cos [krs(t)] e * /Fp(®)

=> damping set by scale kp = 27/\p

For z > 10° Universe perfectly thermalizes perturbation in the photon field

18



Temperature fluctuations [ i K? ]
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Diffusion AAMBIAG - Photons s

mean free path number of scatters

N ~ O'TneH_l

1
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(p+ p)i (g/cm?)

Diffusion

mean free path number of scatters
1

OTNe

Amfp X N ~ opn.H™*

1
=> Ap ~ A VN

exponential drop in e* during BBN
=> corresponding increase Iin the
photon damping scale
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© Consequenteor

damping of acoustic modes?

Particle production!
Consider perturbed photon fluid with ©(t,x,n) = AT/T | T = (T)

Energy and number densities:

Py = <aBT4> Ny = <bBT3>
~ apT* (1+6(0%)) ~bpT” (1+3(O%))

=> not a blackbody (out of eq.)

For given energy density there is a momentary lack of photons

AN, /N, ~ (3/2) (%) => replenished when perturbations
are thermalized (e.g. through double
Compton)

22



damping of acoustic modes”

Non-standard evolution of photon number |
(and similarly for any relativistic species in thermal eq.) | T

3C% (* I'(k
N,(z) ~ NJ(z)exp [—TL A% (kp) (HD)dz]
Damping rate (at high-T) \
, dln ]CD > Z
Dk t) = = S ; n(t) dIn z no spectral distortions
3a*(p +p)
to CMB are created at
Shear viscosity dissipates waves T>05keV (z> 1076)
1
N = le_gpq/tfy + 1_5,01/tu@(T - Tl/,dec)

=> photon production dilutes Baryon number, affects DM freeze out,

changes neutrino/photon number ratio
23
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What really happens:

Neutrino diffusion wipes out all acoustic
modes that would have dissipated by photon diffusion during BBN
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Cons

Corrections to BBN come from modes
that dissipate after BBN (present
during BBN)

=> elevated baryon asymmetry
=> modified avg. energy/particle

Mb,c(t) /Mb,c(tcmb) A% = 0.1

percent deviation

Y, : A%, < 0.007
(D/H), : A%, < 0.2
104 Mpc_1 < k<10’ Mpc_1

constraint from direct
early Universe observable
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Diluting p

n_i — GSA%O @p

My

Dilution

It quarks are thermalized,
principal bound:

(N = Np)/Ny 5 O(1)

=> A%O < 0.3

It baryogenesis happens
above 11eV.

Weak bound, but

1. applies on very small scales

2. dilution factor is substantial

numbpers

Extrapolation for SM

temperature 7* [MeV
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redshift z
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Dilutin

Dark Matter:

For WIMPs the effect
can be a factor 2 on the
annihilation cross section

But for DM particles with
UV-dominated production
(e.g. gravitinos) effect
can be very large!
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