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Outline

# Breit-Wigner enhancement

# Kinetic decoupling

# Breit-Wigner enhancement with Kinetic decoupling




|. Large Boost factor
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Dark matter implication
annihilating DM
decaying DM

annihilating dark matter implication

Large positron flux-> large (ov) in the galaxy halo
~1023 cm3s1

Thermal relic density-> (sv) in the epoch of
freeze-out ~1025cm3st

5L, oV |halo

RO G S
Non-thermal production
DM substructure
Sommerfeld enhancement Feldman, Liu, Nath 2008
Breit-Wigner enhancement

Boost factgr

Guo, Wu 2009

Ibe, Murayama, Yanagida 2008



Cross section via resonance

s-channel resonance
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Parameterize the cross section as
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Solving Boltzmann equation

Boltzmann equation

dY
dx

27°0.5 m’ 3 -
s(X) = g - H(x)=/jgmg§’: - A'=s/H|,,~0264(g.,/g*)m,m

The DM relic density can be obtained

Q h? =2.74x10° 1y ~0.1
GeV

— =—A'X ‘2<av> Qs 5) X=m/T Yo=0y S

(ov) can be parameterized as g, x™" (voc T?) , associate with partial
waves s,p, ...with powers of n=0,1,...

Aslongas I'~ H then Y ~ Ye . The particles will freeze out if the
annihilation rate is smaller than universe expansion rate

Y ~(+D)xi™ /Ao, X, ~In[c(c+2)al'c,]




=5 poost factor predicted by Breit-
- Wigner effect

Rewrite Boltzmann equation as
G- 3% 3+ v°

dx SRR (DR X )RR T
The cross section of DM increase as temperature drops, DM continue to
annihilate after X; until the cross section reaches maximum value

- o ~ . '
X, N§ maX[5,7/] xd |xf Xp|  B=11073
The solution of Boltzmann equation y<<107

can be obtained as
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Boost factor
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A f X ¢ 0 (1 0) ‘%erayama, Yanagida 2008
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# Large boost factor for very small parameters

# Large boost factor for both physical pole and unphysical pole
# Different behaviors due to different evolution of cross sections




Il. Kinetic decoupling

# Chemical equilibrium: particle number reaction rate is fast Geimini 2010
Chemical decoupling: particle number reaction is not efficient

(T ) ~H(T;) I'(T;)=nov |Tf

g SM DM | DM
Ly oM SM | SM

# kinetic equilibrium: momentum exchange rate is fast

kinetic decoupling: the exchange of momentum with the radiation is
not efficient

F(de) ~ H (de)
It is important to study kinetic decoupling for structure formation.
For example, what is the smallest mass scale of DM structures




DM temperature

# Define temperature of DM

15 e e
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# |If the DM particles keep in kinetic equilibrium with SM radiation
Ty =T e RE A AT TR

2
Vo m #=3
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# After kinetic decoupling, DM temperature decrease as

T, o R YR 3 v
# DM temperature is determined by Vo = TVE
i 0 I Vio
X Tz/de’Tngkd
X freezeou t Xin
Dent, Dutta, Scherrer 2009 « =




More precise results

# Solving equation
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Kinetic decoupling of SUSY
particles
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# Momentum transfer AP, T

Py m
:
momentum transfer rate n (ov,)—
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# Kinetic decoupling temperature T, ~[0.0012 2 it

mx (mfz oF mf)

typical value O(]_O)~O(102) Mev Chen, Kamionkowski, Zhang 2001
Hofmann, Schwarz, Stocker 2001




Kinetic decoupling effect for
velocity-dependent interaction
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# P wave scattering and Sommerfeld effect




=" Il Resonance cross section with
e kinetic decoupling

# DM temperature
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# Thermal averaged cross section
e apl Aanid' S
Gaelt By iy rmorat)
eq 7T X

I m3
g KZ(XX)

el O e

s Xy /'S
, Peit Wesr Koy ( ® )ds

4m

N

2

1
W, =4EE,ov Per ) S—4m




18* 1-.|'. |
1=':, By 1 “r s
1:'[ _I 1l.|"Er -.__!
[ i s
Ty z [ i ]
o | ) |
I — ]
- 3 ] "1
%‘_ulr . .! % .r .!
.1:'.r '| 1l.|:r '|
1:'.r 1 1-.|'Ir :
1 E -'.F.'-: P | 1
P e el - - o = = o =
=T wurr T

# After kinetic decoupling, DM temperature decreases rapidly and the cross
section increases significantly

# The cross section for Small x, 4 increases more quickly
# The maximum value of cross section increases as 9, y decrease



Relic density
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# Small x,,will decrease DM relic density significantly, and only allow

small boost factor



DM elastic cross section

# We need the Xf->Xf elastic scattering cross section
# Assume effective interaction Lagrangian
=3 2 nggBlROallMa’ll
dQQ 647°s Ns—4m
for annihilation

. = 1 9,958 J‘l
BRI 2 AN A B ) 47z
for elastic sca{tering e
G 3 9 5 4 jl £ dQ
16zm* M 47z

we can express OV, hy O'o . Finally we achieve
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For example, for Z2° model |M |—32m |Mst| =8m EI ~8m°T
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Numerical results of boost
factor

A0

Boost factor
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discussion

After kinetic decoupling, rewrite Boltzmann equation as
(Y i 44 5%+ y°
dx X2 (S +EXG X+
X, ~ max[&, 7] ™% X

B~ x /X, ~max[&,y]"?
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It seems we could still achieve a arbitrary large boost factor, but it is not
the case

for 5227 <O(10°) oy, ~aH (A NE,) <

To understand maximum boost factor, we set Z~Vr21a|o ~:|.OJ6
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Ssummary

# |f the kinetic decoupling occur at nearly the same epoch as chemical
decoupling, the DM annihilation becomes more important and reduces
the DM relic density

# It is difficult to achieve large boost factor to explain PAMELA/ATIC in
the simplest model

# The damping mass of subhalo maybe smaller than usual WIMP model
due to high kinetic decoupling temperature. Need more detailed
studies

M, ~10°M_(m/100GeV ) >'*(T,, /30MeV )~

# Some complicated models could still work. For example, there exist a
s-channel resonance to enhance Xf->xf scattering, the kinetic
decoupling temperature may be as low as no effect on reducing DM
relic density
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