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COMPOSITION OF THE
UNIVERSE
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DIRECT METHOD

(::}———qp- Nucleus
in laboratory

WIMP (v=10 km's)
From galactic halo
{v ~ 200 kmv's) /
(::)WHMP
Elastic WIMP
scafttering

,‘Hp_
Nucleus w3 -

STUDYING WIMP RECOILS WITH TARGET
NUCLEI IN DEEP UNDERGROUND MINES..TO
SUPRESS BACKGROUNDS LIKE COSMIC RAYS..
SHIELDS TO WARD OFF LOCAL RADIOACTIVITY
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CDMS-II has seen two events but ascribed them to background..
XENON-100 has reported null result and provide more

stringent bounds on the cross section..(arxiv:1104.2549)
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DIFFERENTIAL SPECTRUM

for a single nuclei species
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NFW PROFILE..

N-body simulations have become the
standard way to investigate the structure,
dynamics and evolution of dark halos.
Navarro-Frenk-White (1996) found that they

revealed “universal’ properties..

Cuspy density profile..
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VM PROFILE OF A TYPICAL
MILKY WAY TYPE GALAXY..




VM COMPONENTS

» Central bulge:

* Exponential disk:
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Solving for the Rotation velocity
profile..

* Density profiles known from constant mass-luminosity
ratio.

pVM - pBulge t pDisk

« Solving Poisson's equation.

% ((I)VM-I- (I)DM) =4nG (pVM+pDM)

* Rotation velocity(r) follows from

\/ RV(I)HI ) =0)




« MCMC analysis to fit the recently compiled set
of Rotation curve data by Sofue [ Ref: PASJ 2012,
Vol 64, 75] .

* VM prior ranges were set to consistent with
observation.

DM parameter space generated with
marginalising over all VM parameter space..



RESULTS



DM PARAMETER SPACE
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MOST LIKELY ROTATION CURVE

Data:Y. Sofue, Ref: PASJ 2012, Vol 64, 75
standardised at LSR: RSu

=8 kpc, v =200 km/sec
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DERIVED QUANTITIES..

Derived Quantities Unit Values
Total Bulge Mass 10" Mg | 3.53775,
Total Disk Mass 10" Mo | 455792,

Total Baryonic Mass (M;) | 10 Mg | 8.07752]
Halo mass < Rg 10'° Mg 1.89710°72
Halo Virial Mass (Mp,) 10 M | 8.6171%5"
Total Mass of Galaxy My, | 10* My | 9.421 1421
Virial Radius (7viy) kpc 199.0775 .
Concentration Parameter(%) 6.5515:01
Total Mass< Rg 10" Me | 7.091175,
Total Mass< 50 kpc 10" Me | 33571700
Total Mass< 60 kpc 10" Mo | 3.9377 4
Total Mass< 100 kpc 10" Mo | 5.9275322
Local Circular velocity km s™! | 2064777557
Local escape velocity km s~ [516.027 2%
Total Surface Density Mg pe™?| 11317572




EDDINGTON-S FORMULA

Given a spherical system of collisionless particles like NFW halo,
Eddington's formula can be used to derive the Phase Space
Distribution Function assuming the Velocity profile to be isotropic..

1 [fE dW d2p+ 1 dp |
Ve P VE'-W 4w VE dW,

F(E')=

f, ( \Y; ) =F (E ') /p ( r) 1s the velocity profile at any location r

with v _(r)=v2y(r).

'
Here, E = the negative of the total energy E per unit WIMP

2
Mass. = P — v where, IP = the negative of the total

2

gravitational potential.




LOCAL f_ (v)..PROPOSED FIT..

n 2 _

Proposed fit: f(v)ocdxvin(p)—m(B,e)]
T](X>:(1+X> e B:V /VO ﬁmax:vmax,sun/v()

O Ll L L B L L

—osf e

-'*5*0'5 = Via Lactea i

@ - Aquarius o

€DL04F Ling et. al. ——— ==

= - Parametrized Fit — 3

~ = .Y\ Closest Maxwellian -

o 0.3 =

O = -

=02 =

= :

0.1 =

"

2 3 4 5
v [100 km/sec]

339 kml/sec, k = -1.47 with k —) 0 gives standard Maxwellian profile..
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Nomalised v} {100 km/sco)®

f(v) at other galactic positions..
deviations from close fit Maxwellian

1




Effect on Experimental rates
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The ratio is ~100 at the minimum probed
mass..
(With E | set at a typical value of 2 KeV..and t at

June 2nd..)



WRAPPING UP..

.Obtained best fit profile with NFW halo extended
rotation data upto 300 kpc

The most likely halo scale radius=30.36 kpc, local density
0.19 Gev/cc(<0.3 GeV/cc), Halo mass 8.6X10711 Solar
Mass, Local escape speed 516 km/sec unlike the
customarily used value of 544 km/sec (RAVE Survey)

Local f(v) turned out to be better fitted with a non
Maxwellian form as indicated by recent
simulations..Even f(v) at other galactic positions
appears to be non Maxwellian..

The effect of f(v) Is significant (as much as two orders of
magnitude) on the direct detection rates..below closest
Maxwellian..
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e F.Zwicky in 1933 measured the dispersions (1019 \pm 360 km/sec ) of 7
galaxies of coma cluster and estimated total dynamic mass of the cluster

by virial theorm. ) GM
2<T>=—<V> Vo=
g

« Estimated the Mass with the mass to Light ratio of nearby spirals with
luminosity concluded :

M tot ~ 400 X M Visible Mass

e Same conclusion for unaccounted mass was drawn by Smith in 1936 for

Virgo cluster..
DARK MATTER; DIRECT DETECTION




Via Lactea non-Gaussianity and anisotropy
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SPIN INDEPENDENT: the DM interacts with the mass of the nucleus as a whole
Scattering amplitude from nucleons add coherently..

SPIN DEPENDENT: the DM interacts with the non zero total spin angular momentum o
the nuclei..

— 2 / 4 / 2 n anSnav +a S av
Co"=A%Cp =3 [AL T (J+1) alr=mrmermesees

Ja,,

A=mass no of nucleus

J=spin angular momentum of the
nucleus

a a = WIMP-nucleon coupling

S' or S'p =Average nucleon spins

F(ER) = Form Factor arising due to finite mulcear size.

: —(Qs)
FSI<Q):3%6 : Q=v2Egmy




WEAKLY INTERACTING MASSIVE PARTICLE
currently the most favoured DM candidate.

particles at GeV-TeV scale that produce the DM
thermal relic density at EW scale.

ABUNDANCE GOVERNED BY BOLTZMANN EQUATION

' -
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Nature???

Electrically neutral & no Strong interaction.

*Gravitational interaction..

*Expected to have Weak Interaction; Weakly Interacting Massive particles
(WIMP-s) can reproduce cosmological DM relic density..

*Neutralino (Lightest SUSY) is one of the favoured WIMP-s

CMB and Primordial nucleosysnthesis indicates them as mostly non baryonic.
LSS scales indicates 'Cold' nature..

*CDM simulations suggest towards a Cuspy profile for the DM Halos..

HELIUM 4
RV RTINS
& ,.-—-'-"_'_'_-_-___

Cwrves : calculated abundances |

— best cosmological estmate
I WMAP

1 Achar
1 Boomerang
1 CBI




MCMC RESULTS WITH 68% CL

BOUND..
Parameter| rs | ppvm.o Obo T 210 Ra
Unit kpc |GeV /ce[10*GeV /ce| kpe | M pe™?| kpe
Best-Fit [30.36| 0.19 1.83 0.092 57.9 3.2
Lower |14.27( 0.17 1.68 0.083[ 55.51 12.99
Upper [53.37| 0.23 2.0 0.102 58.0 3.27
Mean [41.35] 0.20 1.84 0.092( 54.30 |3.14
S. Dev. 120.51( 0.02 0.059 0.001 3.47 0.11
R, =8.0 Kpc & R, =340 pc




COMPONENTS OF UNIVERSE:

Visible Matter: It's all that we can see..stars,galaxies,
gases,dust etc.

Dark Matter:Mostly new form of non-baryonic
matter..outside SM

Dark Energy:Exerts negative pressure..leads to
accelerated expansion of universe in present
epoch..type-la supernovae with known intrinsic
brightness can be taken as standard candles to
estimate the expansion rate of universe..

showed nonlinear Hubble relationship due to
acceleration..how?



MODULATION

dR(E.,t)
dE,

=S,(E.)+S.(E, )cos[at —t,)]

|]:IR E ,J 2nd nd y []
Sm(Er)=1|:I (E.,June 2°") dR(E,,Dec 2 )D
2 H dE dE g

r r




Scintillation : Recoil energy of nucleus taken up by electrons
which radiate through scintillation detected by photomultiplier
tubes.[DAMA,XENON]

Tonization : As the nucleus moves through the target mass it
ionizes other target atoms and Electrostatic field detected.

[CDMS,CoGeNT,XENON]

Phonons : Detected by semiconductor and superconductor-
junction sensors. Recoil energy is detected by change of

semiconductor (doped Ge) resistance in a bolometer under
cryogenic condition (<50 mK).[CDMS,CRESST?]
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