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Dark Matter in The Universe

COMPOSITION OF THE COSMOS

Neutrinos;
0.3%

Free Hydrogen
and Helium:
4%

Dark Mattor:
25%

Dark Energy:
0%

VM: 5%,DM: 25%,DE: 70%. )
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Evidences :

1933 : Zwicky
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Evidences :

Gravitational Lensing
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Evidences :

Bullet Cluster
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Evidences :

CMB Anisotropy
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Evidences :
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1933 : Zwicky Rotation Curves Gravitational Lensing

Bullet Cluster CMB Anisotropy Structure Formation
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Dark Matter Nature & Candidates
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Dark Matter Nature & Candidates

@ Nature :

I Non-baryonic.
1 Cold.
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Dark Matter Nature & Candidates

Susmita Kundu (SINP)

@ Nature :

Non-baryonic.
Cold.

o Candidates :

signal from Dark Matter annihilation in Sun

Weakly Interacting
Massive Particles
Neutralino : SUSY
Kaluza-Klein Particles :
Extra dim.
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DM Distribution in Our Galaxy
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DM Distribution in Our Galaxy

o VM distribution :
@ Spherical bulge
@ Axisymmetric Disc
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DM Distribution in Our Galaxy

o VM distribution :
@ Spherical bulge
@ Axisymmetric Disc

@ DM distribution :
Unknown .
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DM Phase Space Distribution Function :
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DM Phase Space Distribution Function :

PSDF : fox;u)  f(E)= f(( x)+ %uz)
z
Density Distribution : (x)=  f(x;u)du
Z
Velocity Distribution : f(u) = f(x; u)d®x
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DM Phase Space Distribution Function :




DM Phase Space Distribution Function :

0 PSDF f(x;u): Isothermal
0 Velocity Distribution f(u): Maxwellian

0 Parameters:
DM density at solar location = 0:3 GeV=cn?.
Velocity Dispersion at solar location v = 270 km s 1.




DM Phase Space Distribution Function :

9 PSDF f(x;u): Isothermal
9 Velocity Distribution f(u): Maxwellian

0 Parameters:
DM density at solar location = 0:3 GeV=cn?.
Velocity Dispersion at solar location v = 270 km s 1.

9 Velocity : u: (0;1 ).

QO In nite Extent in con guration space as well.
O Divergent Total Mass.

9 Asymptotically at rotation curve.
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DM Phase Space Distribution Function :




DM Phase Space Distribution Function :

0 PSDF f(x;u) : Truncated Isothermal or King Model.

O Parameters:
DM density at solar location , , Truncation Radius r.




DM Phase Space Distribution Function :

0 PSDF f(x;u) : Truncated Isothermal or King Model.

O Parameters:
DM density at solar location , , Truncation Radius r.

9 Velocity : u: (0; Unay)-
O Finite Extent (ry).

O 2-t to rotation curve data is done for wide range of values of the
parameters.
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Gravitational effect of VM on DM distribution is self consistently taken into account.




Effect of VM on DM Distribution :

Gravitational effect of VM on DM distribution is self consistently taken into account.

wot(X) = w(X)+  om(X) ; X)) = wx+ ou(x)

Poisson's Eq. is separated in VM and DM components.

Visible : rz2 wx)=4G6 w
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Effect of VM on DM Distribution :

Gravitational effect of VM on DM distribution is self consistently taken into account.

wot(X) = w(X)+  om(X) ; X)) = wx+ ou(x)

Poisson's Eq. is separated in VM and DM components.

Visible : rz2 wx)=4G6 w

Dark : r2 om(X) =4 G pul tot(X)]

Rotation Speed V2(r) = rg [ tot(r)]
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Best Fit Parameters :

100
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Best Fit Parameters :

100

Susmita Kundu (SINP)
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Best- t re
Models GeV=cm? kpc kms 1
M1 0:2 1200 3000
M2 0:3 80:0 4000
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Rotation Curve Plots :
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King Model Velocity Distribution:
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King Model Density distribution :
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Outline

@ Implication of New Halo Model on Indirect Detection of WIMPs.
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Brief Outline of Indirect Detection Method

Capture Condition : Uy < Vesc.
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Annihilation Channels :

#
. # &
quark pairs lepton pairs gauge boson pairs
(qa) (~+ee; " ;" ) (WW;ZZhh)
+ + +
hadronization decay decay
+ + +
hadrons ~— + others ~— + others
+
— + others
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Calculation of Capture Rate

Given,

©

DM velocity distribution f(u) (with best- t parameters).

Local DM density.

Radius, density, composition of the capturing body (i.e. Sun).
Escape velocity at Sun.

Rotation velocity of Sun w.r.t galactic center to perform Galilean
Transformation.

¢ © O ¢
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Calculation of Capture Rate

Given,

©

DM velocity distribution f(u) (with best- t parameters).

Local DM density.

Radius, density, composition of the capturing body (i.e. Sun).
Escape velocity at Sun.

Rotation velocity of Sun w.r.t galactic center to perform Galilean
Transformation.

¢ © O ¢

One can calculate the WIMP capture rate C in Solar core, as a

function of WIMP mass M and WIMP-nucleon elastic scattering cross

section (spin-dependent or spin independent) SD;NS'.

Susmita Kundu (SINP) signal from Dark Matter annihilation in Sun DAE-2010 17125



Capture Rate - WIMP Mass Plots :
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Capture Rate - WIMP Mass Plots :
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Calculation of Annihilation Rate

dN
dt

=C 2

@ N : No. of WIMPs getting accumulated in Sun.
Q . Annihilation Rate



Calculation of Annihilation Rate

dN

—=C 2
dt

@ N : No. of WIMPs getting accumulated in Sun.
Q . Annihilation Rate

@ Assumption : Capture & Annihilation processes are at equilibrium in Sun
(t 4:2 billion yrs).



Calculation of Neutrino Flux

dN X dN

Br

dEdAdt ~ 4 DZg . | dE .

@ Bg : branching fraction corresponding to channel F.
@ We will assume 100% annihilation in each channel.

0 Dgs= Distance between Sun and Earth.



Calculation of Event Rate at Super-Kamiokande Detector
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Calculation of Event Rate at Super-Kamiokande Detector

Given,

O Annihilation Rate (M ;

O Neutrino ux at Earth.
O Detector geometry.

NE 3C )
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Calculation of Event Rate at Super-Kamiokande Detector

Given,
O AnnihilationRate (M ;  n)(= 3C )
O Neutrino ux at Earth.
O Detector geometry.

Event Rate ReventCan be calculated as a function of M and SD’S' J
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Event Rates at Super Kamiokande
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Event Rates at Super Kamiokande
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O 100% annihilation into each channel ( * ;bb; cT) .
O LowM (2 20 Ge)\) can explain DAMA, CoGeNT, CDMS data.
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sl; SD
M

Exclusion Plots : Constraints on parameter space.
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Exclusion Plots : Constraints on °">° M parameter space.
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Exclusion Plots
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M parameter space.
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Exclusion Plots : Constraints on °3° M parameter space.
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Summary and Conclusion :

O DM Distribution in Galaxy :

Susmita Kundu (SINP) signal from Dark Matter annihilation in Sun DAE-2010 2425



Summary and Conclusion :

O DM Distribution in Galaxy :

I The DM halo is described by self-consistent Truncated Isothermal
or King model instead of Isothermal model.

I Truncation in both velocity and con guration space.

I Gravitational effect of VM is self-consistently taken into account.
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Summary and Conclusion :

O DM Distribution in Galaxy :

The DM halo is described by self-consistent Truncated Isothermal
or King model instead of Isothermal model.

Truncation in both velocity and con guration space.

Gravitational effect of VM is self-consistently taken into account.
Good t to 60 kpcrotation curve data.

Shorter Core radius, increased core density, Dark Disk.

O WIMP Properties :

Events at S-K induced by s from DM capture and subsequent
annihilation in Sun.

Spin Independent : annihilationto *  isrestrictedto 6%
however, there is no restriction on bb and ct channels for Sl case.
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Summary and Conclusion :

O DM Distribution in Galaxy :

The DM halo is described by self-consistent Truncated Isothermal
or King model instead of Isothermal model.

Truncation in both velocity and con guration space.

Gravitational effect of VM is self-consistently taken into account.
Good t to 60 kpcrotation curve data.

Shorter Core radius, increased core density, Dark Disk.

O WIMP Properties :

Events at S-K induced by s from DM capture and subsequent

annihilation in Sun.

Spin Independent : annihilationto *  isrestrictedto 6%

however, there is no restriction on bb and ct channels for Sl case.

Spin Dependent : annihilation to * s restricted to  0:025%,
0:1% for both bb and cc channels.
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Isothermal
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Construction of Self-consistent Model for the DM Halo

Two component coupled Poisson's Eq. is solved numerically.

r2(x)=r ?2(x)= 4G (x
R R
where (x)= f(x;u)d®u=f[( x);u]d®u

R
sa  r?2(x)= 4G f[( x);u]ldu

0 Def: Relative potential : ( X)= ( X)+ o

o with ( x)= W)+ ou(X)and (x)= w(x)+ ou(x)

rz wx)= 4G KX

r2 )= 4G l(N= 46 ol @)+ w(x)]
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VM and DM Models

r2 3=2
Bulge: b(r) = (0 1+ —
Disc: d(r) = —e (R R )=Ry ej Z=h

2h

where r = (R? + Z)

8 .
3 1 03

2 2= exp 1 for (x) 3u2>0

fc(x;u) =

0 for (x) ¥ 0
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King Model Density distribution :

«(X) = 1 exp (—;() erf (&) 4( >2<) et 2; ;()
_ [ ],
[]

Q@ ((X)= Oatr = r¢i.e truncation radius.
0 BCs: p(0)=0= (0),r oujo=0=r1 ujo.
@ Choose o= ( r)sothat ( r)= 0.

o ( X)= ( rt) ( X)z[ DM(rt)+ VM(rt)] [ DM(X)+ VM(X)]

L@, @ o .
Ve(R) = Rgl( Rz=01= Rzl ou(Rz= 0+ w(Rz=0);
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Halo Model : Results
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Calculation of Capture Rate

dc _ T g f(u)
— = —— W (W)
dv ZO u
I'sun 2dC
c = drd r
8 dv
O f(u)= fk(R ;U Uops) : Normalized WIMP speed distribution at Sun
(after Galilean transformation).
0 w2 = P+ Vi Vescbeing escape velocity.
O  y(w)= (g)nwP: : probability per unit time with which a WIMP
entering the Sun will be captured.
O (g) : WIMP-nuclei elastic scattering cross section (spin-indep. or spin-dep.).
QO ()= oF(ddj?,F(g))j?is the Form Factor.

Minimum energy loss by WIMP to hav&, < Vesc
" Maximum energy loss by WIMP in an elastic collision
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Calculation of Capture Rate

O Spherical body.. WIMPs entering from all direction
O Speed distribution of WIMP halo is f(u)
O uis WIMP velocity at in nity .. w? = u?+ V2,
O w: WIMP velocity at r & v: escape velocity of body at r
O By Galilean transformation get f(u) in observer's frame
9 (w) is the probability that a WIMP will have w < Vegc
after scattering per sec
2 2 2
viw) = nw  — =z % =z #
: —  Mwimp . — 1
with = "h’“p : = -

=WIMP-nucleon int X-section. n =no of nucleon

Susmita Kundu (SINP) signal from Dark Matter annihilation in Sun DAE-2010 7112



Calculation of Annihilation Rate

O Let N be the no of WIMPs getting accumulated in Sun

o = 1A N?is the Annihilation Rate

9O where A = V—;f’f is annihilation cross section times  velocity per unit volume

O E N isthe Evaporation Rate

oy

5C tantf(t =

O t =4.5billion years
O g=(C A ) ¥? time required to reach equilibrium

O forSunt =g 1so =%C
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Calculation of Neutrino Flux

dN X dN
dE " 4D  °F GE
4 DES E F

@ Bg : branching fraction corresponding to channel F.
@ Assume 100% annihilation in each channel.




Calculation of Neutrino ux

. Z
dN lab;core 1 E. dEO 1 dN rest
aE (Es;E )= 2 . B B (E9
where = 1 2 = E; and E = _E
Mg T )
dN (i 2 dN lab;core
dE . (E)=(1 E ) dE . (E)
1 dN hadron E. E. E.
——  (EgEg) = — = =
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Calculation of Event Rate at a Detector

Event Rate at Super-Kamiokande:
ZZ

1dN d
= ——— —(E :yR (E NadE d
Revent > dE dy( Y)R (E ) ApetNa Yy
+ anti-neutrino contribution
o = neutrino-nucleon interaction cross section.

© R & E are muonrange and energy.
oE =(1 yE
0 Apet = Effective detector area.
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Exclusion Plots....
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