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EM constraints and particle ensembles

Electromagnetic processes in the early universe
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EM constraints and particle ensembles
Extra dimensions predict an ensmeble of decaying fields

Compactification produces moduli

@ Axion-like particles generic in
string theory

@ Possibly many light zero modes

@ Expect logarithmic mass
distribution

@ Bulk axions yield KK tower of
states

@ Entire spectrum can interact
with SM

@ More masssive fields generally
decay earlier
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EM constraints and particle ensembles

String axiverse can contain light fields coupling to E - B

Decays | I{:S::;d

Anthropically Constrained

Black Hole Super-radiance

’ 3x1078 ‘ 108
2 x 10720 3 x1071°
. . CD axion
Axion Mass in eV Q

y Use analytic approximations

o Estimate single component
constraints from g and y.

@ Extend to decaying ensemble

@ Apply to “axiverse” example,
Arvanitaki et. al. 0905.4720
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Maximum allowed mass fraction of Qpw#®
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Spectral distortions to the CMB

Thermalization freezes out = heating alters blackbody
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Distortion type depends on injection time

Photon occupation number
-+ Any An = y(ﬁ [x coth (%) — 4]
ny ~ nb —|—An§‘+AnX, Anxz,uﬁ[ —1], for p < 1

ny = ex+u x)
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Spectral distortions to the CMB

Electromagnetic injection heats ez, which then heat yp¢

Compton scattering maintains kinetic

Frequency(GHz)

" Tooron a1 s equilibrium as DC and BR freeze out
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Figure: Al, = [ — [Pl oc x3An, see

Khatri and Sunyaev 1207.6654. Assuming p, y. < 1 and xj,; > 1

Analytic approximations are valid and
uniform decay is accurate

N
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Spectral distortions to the CMB

Use Greens functions to calculate ;1 S 1074, y.

< 107°

Y
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Extend to ensemble of particles
Need subdominant , y. regions for multipe decays

w1 from uniform decay ye from uniform decay

O (T S tEc) ~ Qrl/2e—(t0/7)*/" dye (tEC STS tMRE) ~ Qrl/2

dye (ture S 7 S trs) ~ Qr?/3

Add intermediate and late regions,

take tec — tg and fit seperately Add early region, take tec — tg
op (tg ST < tmre) ~ Qrl/? dye (1 S tg) ~ Qr1/2a—(to/7)**
op (tmre S 7 S trs) ~ Qr?/3 p

vy

Multiply correction for 7 2 tg

(1 —exp[—(t12/7)"?])

Multiply correction for 7 2 tg

(1+ (t1o/7)*2)

Intermediate Greens functions
suggested in Chluba 1304.6120
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Extend to ensemble of particles
Analytic contstraints on multiple decaying particles

D > Y AR/ 2exp [ (tn/m)]
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Extend to ensemble of particles

Can reporoduce single component limits with analytic fits
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Figure: Limits on EM injection from ;i-type distortion and y-type distortion.

Patrick Stengel (University of Michigan) Cosmological Constraints on Ensembles August 29, 2017 10 / 16



Apply to an “axiverse” example

Consider log mass spacing, thermally produced ensemble

Am i fEM m3
p— Q‘ pr— 79 2 r' pr— !
mj mo ( GGV> i CX DMO DM M; i

Freeze out with universal Cx Decays — 77, universal coupling

@ Self annihilation cross section @ Assume width ~ m?3,
oj ~ Cx/m,? dimensionally need I/\_2

@ Normalized to current relic @ For simplicity, assume
abundance Qpp ~ 0.25, with mg = 10 GeV, but constraints
opm =~ 1pb valid so long as mg > Tiperm

@ fgnm is branching fraction to @ For ensemble of n particles,
EM particles | {Am, fep/Cx, N}
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Apply to an “axiverse” example

What does an ensemble with n = 3 look like?
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Apply to an “axiverse” example

Set limits on fgy/Cx as functions of A and Am

fem/Cx fem/Cx
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1000) 1000 o /"
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T 5x10'1x10"® 5x1001x10" NGV o 5 10 208GV

Figure: A with Am = 2GeV constant and Am with A = 3 x 10*° GeV constant.
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Apply to an “axiverse” example

Now try for n = 9 packed into same mass range

fem/Cx fem/Cx

10° 10°
1000 1000)

10| 10) e —
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5x10°1x10"7 5x10"71x10"® 5x10®1x10™ 12 14 16 18 20

Figure: A with Am = 21/% GeV constant and Am with A = 3 x 10 GeV
constant.
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Summary and outlook
Can look at light elements and/or DDM in more detail

Dedicated light element code

@ Uniform decay can map onto
arbitrary injection history

@ Include hadronic decays

@ Make code publicly available

Look at DDM ensembles
@ Indirect detection and CMB
jonization become dominant

Maximum allowed mass fraction of Qpy/?

10-11
100 107 1012 10Y7 102 1077

Decay lifetime (s)

Figure: Limits on abundances of EM

© Highly depedent on decay decaying particles, see Slatyer 1211.0283.

channels

@ Use direct detection and this
work to constrain DDM
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Summary and outlook
Thank you!

THE EXTRA DIMENSIONS
ARE WONDERFUL, BUT OY,
THE PROPERTY TAXES.
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Interaction rates suppressed by new physics at high scales
Lqcp € O pa s
___“____Q____"___ QD € g2
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Gravity mediated SUSY breaking Break PQ symmetry to cancel ¢

@ Stable neutralino LSP is @ Axion field left over from

WIMP dark matter candidate solving strong CP problem
@ Weak scale gravitino NLSP @ Can take almost any mass
o Decays through G — ¥y @ Decays through a — v
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Decays before matter domination underconstrained
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Figure: Gravitino lifetimes for several Figurg: Limits- on abundances of EM
canonical mMSUGRA cases. see decaying particles, see Slatyer 1211.0283.

Kawasaki et. al. 0804.3745.
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Multicomponent ensemble that balances I'x and Qx
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