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1. Introduction : connection particle physics - clumps distributio

\ 1. General motivations

Our global interest

v

Sub-galactic structuring of Dark Matter (DM) particles

v

DM makes clumps/mini halos inside the Milky Way

v

Important to explain differences between simulations and observations

> Important to make precise predictions for detection experiment

Our current tools

> Generic model for the clump distribution in Galaxies (Stref+17)

> But need to seta minimal mass for clumps (free parameter of the model)

Particle physics side

> Interest in generic models (e.g. low mass scalar mediator (Winkler19))
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1. Introduction : connection particle physics - clumps distribution
1. General motivations

Our main goal in this study

Phenomenology of generic particle physics models for
the distribution of clumps

Clumps . ..‘

=%  minimal mass _>

Particle physics Distribution of clumps
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1. Introduction : connection particle physics - clumps distribution
2. A generic dark matter model

Credits Sandbox Studio - Sy y

Our approach

Thermally produced massive particles: WIMPs

Generic model : bottom-up study
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1. Introduction : connection particle physics - clumps distribution
2. A generic dark matter model

Generic Lagrangian

1
,C = (1 + C)l:lnt + Llnt T Emt < ‘Ckm I Lmass ar ACSM

L ik T 5 i vk
—Ling = »_ [ 5BVl bs + N B U by + VY (aig + bigry )1/)‘>’<X#}
ijk
—Lie = [Ny diuiel + LB ViG] + i @iy + bigy* X
ij
_‘Cmt - 1)2 [ Cljk¢s¢J¢s ] zjk C)s(71101):| +v Z (7270 XlX} o
ijk '7 & %)
In this presentation we will focus on the case :
> A single species of majorana dark matter { =0

> Free parameters: m,y, ms, mp, mx, A°, A*, AP, AP a, b, ...
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1. Introduction : connection particle physics - clumps distribution

3. WIMP thermal history in the early Universe

—

‘ End of the inflation era : thermal production of WIMPs and SM particles ‘

Y.

Inflation . Thermodynamical equilibrium Thermal equilibrium Free streaming
n#nd  T,=T n#nS  T,ET
8
= NR WIMPs NR WIMPs
o a*n, ~ cst a'n,~cst T, T?
UR WIMPs NR WIMPs
n, o 73 ", The—% Hllbble rate ; 1
8 I'
Temperature T : ant

v v

xXEmI/T

No interactions
between DM and SM
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1. Introduction : connection particle physics - clumps distribution ‘

& 3. WIMP thermal history in the early Universe

Radiation dominated era MD era
Therm?iiyx}amlcal Thermal equilibrium Free streaming
equilibrium i
Acoustic damping Free streaming damping
(collisional damping) (collision-less damping)

V3 o 2 tea p(t) O\
£ kv " Hta) SR TN </ o)

Over-density field

f((::tti)) = (1 3 (%)3 o (7 (%)2 - <£)2>
4

4m _ 27\? 4r _ 2r\?
JV[halo > max |:?pm(tkd) (kd> a?Pm(teq) (F&) :|

(Green+05, Loeb+05, Gondolo+12, ...)

Perturbations growth
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3. WIMP thermal history in the early Universe

1. Introduction : connection particle physics - clumps distribution ‘

—
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2. How to make the connection
1. A consistent resolution

Particle physics model

Free streaming length / acoustic damping

Minimal mass of DM halos
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2. How to make the connection
2. Kinetic and microscopic descri

Liouville theorem

w = —det (guv) dz® Adzt Adz? Adz® Adp® Adpt Adp® A dp®

Lx(w) =0, with X generator of the geodesics

Distribution function in phase space f, : Ny = g fy(z", p")w

Lx(fyx) =0 for collisionless particles

Boltzmann equation

Lx(fy) =Cl[fy] with C collision operator

> Zeroth moment gives evolution equation for 7,

1 d3p R 1 d’p
/LX(fX)EX(p) (27)? = /CUX]EX(P) (2m)3
dny

—= + 3Hny = (Gannv) ((n;q)2 — ni) s Lomm = Wy (@mm®)

dt
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2. How to make the connection

2. Kinetic and microscopic description

Liouville theorem

w = —det (guv) dz® A dz' Adz® Adz® A dp® Adp' Adp? Adp®

Lx(w) =0, with X generator of the geodesics

Distribution function in phase space f, : N, = g, fx(z", p")w

Lx(fy) =0 for collisionless particles

v
Boltzmann equation

Lx(fy) =Cl[fy] with C collision operator

> Second moment gives evolution equation for 75, = <p2> /(3my)
2 3 2 3
p- d’p / A p- d°p
L =/C
| B o = [ By
dT;

TtX +2HT, :’y(T)(T—TX), Dscatt. :’Y(T)

G. Facchinetti - 21/05/



2. How to make the connection

Equations numerically solved

Introduce two new quantities : (with s entropy density )

> Comoving number density of WIMPs : Y, = n, /s

> Dimensionless "temperature" : vy, = m, Tys /3

dYx _ 1 e mympl 1/2 eq\2 2
doy (45) g o (o) () - %)
mynd

0,th;2 X .
Qpuh™ = xmy lim Yy (zy)
xx—)oo

dIny, __ (14 dIn (hee (7)) \ v(T) 1 (e
dlnzy 3dIn (T) H Yx

_ 1
Tias™ > (Txa) = — lim_yy ()

mX Ty —> 00
> Chemical decoupling : (Lee+77, Bernstein+85, Gondolo+91, Edsjo+97)
> Kinetic decoupling : (Bertschinger+06, Bringmann+09, Binder+16-17)
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2. How to make the connection

3. Main equations and code implementation

Our numerical tools

> Can evaluate any annihilation tree level cross-section analytically

> Can evaluate any scattering tree level cross-section analytically

> Evaluate the different propagators width consistently with the model

> Can solve the two main equations with different numerical schemes

> Can deal with an arbitrary amount of new mediators

> Can consistently compute the sum over the relativistic degrees of freedom

> Can/Will evaluate certain annihilation cross section into photons through
triangle diagrams (even at low DM mass where perturbative QCD may
break down - Domingo+17, Winkler+19)
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3. The example of a single pseudo-scalar mediator

1. The correct universal coupling

Consider now universal couplings )\ and a single pseudo-scalar mediator

> One DM particle of mass m, + one pseudo-scalar mediator of mass m,,
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3. The example of a single pseudo-scalar mediator

\ 1. The correct universal coupling

Consider now universal couplings )\ and a single pseudo-scalar mediator

> One DM particle of mass m, + one pseudo-scalar mediator of mass m,,

1. - i i
—Line = 5 Moy Uxdp + AZW%%
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3. The example of a single pseudo-scalar mediator

1. The correct universal coupling

Consider now universal couplings )\ and a single pseudo-scalar mediator

> One DM particle of mass m, + one pseudo-scalar mediator of mass m,,

Annihilation cross section : small temperatures expansion

oo T n o0
(o) = S an (1) = e

n=0
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3. The example of a single pseudo-scalar mediator

\ 1. The correct universal coupling

Consider now universal couplings \ and a single pseudo-scalar mediator

> One DM particle of mass m, + one pseudo-scalar mediator of mass m,

Annihilation cross section : small temperatures expansion

oo} n [e o)
Z T Z n
(UannvM¢|> = an p— = anxx
n=0 x n=0

In our example here we have, (with i SM fermions of mass m; < my)

2)1/2

)\742 mx (mx

0= or (mf, — 4m2) +m2T2

i
In the limit m; < my for all fermions i such that m; < m,

4 m2

N* X
27 (m2 4m2) +m2I'2
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3. The example of a single pseudo-scalar mediator

\ 1. The correct universal coupling

Consider now universal couplings \ and a single pseudo-scalar mediator

> One DM particle of mass m, + one pseudo-scalar mediator of mass m,

Annihilation cross section : small temperatures expansion

oo

(TannVmgl) = Z ( > Z anTy

Since the abundance satisfies
1

O~ —
x <UannUM¢|>

if we fix its value to be Q)h* = 0.1188 (Ade+15) we expect to have

—1/2

2 1/4 .
2 o 1 ~ (m,zJ — 4mi) + mg o mpmg/z if m, < my
- My if my >myp




The example of a single pseudo-scalar mediator

1. The correct universal coupling
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3. The example of a single pseudo-scalar mediator

1. The correct universal coupling
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3. The example of a single pseudo-scalar mediator

1. The correct universal coupling
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3. The example of a single pseudo-scalar mediator

1. The correct universal coupling
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3. The example of a single pseudo-scalar mediator

1. The correct universal coupling
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3. The example of a single pseudo-scalar mediator

1. The correct universal coupling
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3. The example of a single pseudo-scalar mediator

2. Subhalos minimal mass

log,o {%}’j"]
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Dominant effect (since free-streaming mass dominates) :
smaller m,, — higher speed at kd — smaller k¢ — higher minimal mass

G. Facchinetti - 21/05/2



The example of a single pseudo-scalar mediator
2. Subhalos minimal mass

Limits of the current resolution

Freeze-in production mechanism instead of freeze-out
Chemical and kinetic decoupling happening simultaneously (Binder+17)
Importance of the self-interaction (for large couplings)

Sommerfield enhancement
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The example of a single pseudo-scalar mediator

3. Impacts on the clump distribution

log;o Neuws
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(am :

mass index, ¢ : disruption parameter)

(Using Stref+17 model)
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4. Conclusion

—

Conclusion on this study

> Numerical implementation still needs some improvements

> Phenomenological study of the impact of microscopic properties on min-
imal mass of macroscopic mini-halos using constraints from abundance

> Important for CDM predictions and model constraints (influence on the
number of clumps, the boost factor, etc.)
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