technische universitat
dortmund

De-coannihilation: bound states rouse

Technische Universitat Dortmund
Wei-Chih Huang

25 May 2017

Planck 2017, Warsaw

Mathias Becker, Joachim Brod and WCH: 1706.XXXX



technische universitat
dortmund

Outline

Motivations
Boltzmann equations
Freeze-out scenario
Freeze-in scenario

Conclusions and outlook



technische universitat
dortmund

Motivations

* Heavy states always lower the DM density?

« Strong DM-SM interactions with correct DM

density?

* Multi-component DM
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Boltzmann equations
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where Y =n/s, z = m, /T and H is the Hubble parameter, while
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v is the decay rate in thermal equilibrium, defined as
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where | M|? is the squared amplitude summed over initial and final spins
Giudice et al., hep-ph/0310123
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Boltzmann equations

For 2 <+ 2 processes, the thermal rate can be expressed as

e o fifs) = i | dsvsso K (YY),

Smin
Si square Of Center—of—mass energy
Smin = INax [(mal T ma2)2> (mfl + mf2)2]'

o: reduced cross-section

For a decay of the particle a;, the thermal rate becomes

Y (a1 < ff2) = ng; ()
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where z = m,, /T and I',, is the decay width of particle a; at rest.
Giudice et al., hep-ph/0310123
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Freeze-out scenario

5 Xv“jgwf N W‘j@%f n (fﬂ”fj\ JZ /L h.c.) + YUy

x (¢): DM (heavy state) charged under U(1)" , f: SM fermions

¢: light scalar mediator for Yukawa potential , Aj23: scales of heavy mediators

e Yukawa interactions are always attractive

regardless of particles or antiparticles
o =1 (Ryy), 1 — v (Ryy) and ¥ —1p (Ryyp)
o Ryj < ff is induced by Yy f,f /A3
o Ryy (Ryy) <> ff is forbidden by U(1)" and/or U(1)g

o Ryy (Ryy) can decay back to DM + f + f via
XV b /AT 3 (my —my) > Ep(= y'my/(647%))
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Bound state dissociation
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Lifshitz, Quantum Electrodynamics
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Freeze-out scenario
XX & [I00 & FFIXT 0 0f|Rypd & 00| Rygo < 0| Ry > ff
X v i
Y vV (8) V V V
Ry Vv
By Vv v

All relevant interactions for x, ¥, Ry, (bound state of ¥ — 1)), Ry

(bound state of 1 — 1)), where S denotes the Sommerfeld enhancement.
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Freeze-out scenario
(mx, m¢) = (1, 103) TeV with A1 = A2 = A3 = 2.2 TeV

= Q, < Q% without bound states

e Freeze-out of y and 1) is determined by

1012k X A operators of Ay o3

e Ep~ 107°my < my = bound state

formation is still active for 1" << my,

e [reeze-out of Ry, takes place too late to

have any significant impact on the DM density

Y =n/s, z=m,/T
Preliminary results!!
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Freeze-out scenario
(mx, m¢) = (1, 103) TeV with A1 = A2 = A3 = 2.2 TeV

= Q, < Q% without bound states

o Fp ~ 0.8my = stable Ry,

—12L
10 I o Ryypo® — Y1) becomes ineffective at 2z ~ 35
107PF o ) (xx) — Ryy¢ becomes ineffective

- at z ~ bd
10—18 L

: e Freeze-out of y and v is driven by that
10—31 L
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i 2(QX + QRW)) < QOD]OI\S/I
YE’R/S, z:mX/T

UAE e R,; always follows the equilibrium densit
Preliminary results!! v SWEY d y
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Freeze-out scenario
(mx, m¢) = (1, 103) TeV with A1 = A2 = A3 = 2.2 TeV

= Q, < Q% without bound states

o Ep~12my = mg,, < my
1071
i o Ryyp — Y1) becomes inefficient early
5> 1071 - enough such that 2Qp,, ~ QY
10-18 _ e Conversions among x, ¥ and R, are
| similar to the case of y = 4.8
10~

Y =n/s, z=m,/T
Preliminary results!!



technische universitat
dortmund

Freeze-In scenario

£ 56 (ybur +y 0) + Lt g,

| x () and ¢’ are odd under Zy = multi-component DM]|
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Freeze-in mechanism was proposed by Hall et al., 0911.1120
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Freeze-In scenario

my =1 TeV with y =y and z = my /T

ih < Y
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Preliminary results!!

Density of 1" for different values
of (y, my (GeV), y")

Sommerfeld enhancement when

switching on ¢” (blue lines)
Larger y”, larger density Yy

Lighter my, larger density Yy
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Freeze-In scenario

(my, my) = (1,10) TeV with y = ¢’ and z = my /T
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Preliminary results!!

Densities of Yp , and Yy

Larger y”, earlier Yg, catches up

with Yy

After freeze-in, the correlation between
Yr,, and Yy is determined by chemical
potentials

for y” ~ 0.69, one has multi-component
DM with ©, ~ Qs after Ry — 2x + f---

No need for Yukawa coupling = 5 as before
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Conclusions and outlook

» We provide two examples where heavy states increase the DM density

» DM abundance is stored at the bound state which is free from

annihilating into SM particles

» The existence of bound states can yield the correct DM density

regardless of DM-SM interactions
» Multi-component DM can be naturally realized

» In the freeze-in scenario, long-range interactions (m;~0) between
might solve small scale problems of ACDM (L. G. van den Aarssen et
al. 1205.5809)



