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“Discovered" byFritz Zwicky in 1933 : “Virial discrepancy”in the Coma cluster

Coma Cluster

Virial Theorem=> (v2) ~ %%

Measuredv2)2 ~ 1000 kms—! = (pEr ) ~ 400(pyisible)!!

— Radial velocities of galaxies in the Coma cluster are togddo be bound in the cluster with the
known "visible" mass of the cluster

Note Zwicky used (wrong)Hg = 558 km s~ Mpc~—1! (as measured by Hubble!).

; _ —1 —1 vir ~ o
With HO = 70kms Mpc , WE 96t<pcoma> Pijuéf?ogg‘éh%]tgéﬁzrjee . TCGC, Presidency University, Kolkata, 09 A2§dst— p. 3



Galactic scale Dark Matter seriously studied only begimmagy 1970sVera Rubin Rotation Curve of

Spiral galaxies. Circular Rotation Speed?2(R) = Rg—j’; = G—MJ(QR)

Rotation Curve of Milky Way
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Milky Way’s Rotation Curve (to~ 20 kpc)
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The local group

Plane of Mitky Way
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Milky Way’s Rotation Curve (to~ 200 kpc)
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PB, S. Chaudhury & S. Kundu, ApJ (2014) [arXiv:1310.2659]
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Rotation Velocity (Km/fsec)
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The gravity of the visible matter in the Galaxy is not enough to explain the high orbital
speeds of stars in the Galaxy. For exarmnple, the Sun iz moving about 60 kmfsectoo fast,
Thepart of the rotation curve contributed by the visible matter only is the bottorn curve,
The discrepancy berween the two curves is evidence for a dark matter halo.
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Rotation Curve
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Rotation Curve fit with Einasto density profile of DM
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PB, S. Chaudhury & S. Kundu (2014)
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Rotation Curve fit with Einasto density profile of DM
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Rotation Curve fit with Einasto density profile of DM
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Rotation Curve fit with Einasto density profile of DM
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DM must benon-baryoni¢
dissipationless> collisionless
= very weakly interacting

Clustered on small (sub-galactic)
scale=- Must becold

= Weakly Interacting (Massive?)

Particles
11 11
Bullet Cluster

In thermal equilibrium
(n/s)®% o< (m/T)3/2e=—™/T =
negligible abundance todhy
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WIMP abundance today:

~26 3
Q,h? ~ 0.1 (3X10 <mf;n /Sec> + log corrections

Typically,c ~ a?/m, ~ 1078 GeV ™2 ~ 4 x 10736 cm? (with & ~ 1072 m,, ~ 100 GeV),
and(v)  ~ 0.25c. Also,h ~ 0.7.

Thus,if there is a WIMP, it is a natural DM candidate!

WIMP annihilation into SM particless WIMPs must also have some (weak) interaction (albeit small)
with nuclei, via crossing symmetey- Direct detectiorof WIMPs may be possible.

Also, WIMPs captured within astrophysical bodies would anntkita- annihilation products (e.g.,
~v-rays,v’'s) may be detectables- indirect detectiorthroughy’s from the Sun;y-rays from Galactic

Centre, dwarf Spheroidal galaxies,.
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Direct Detection: Order-of-magnitude Estimates

neutralino e
T~ 220km/s\

\

recoil
E~ O(10keV)

Event rate :
For a single detector nucleus, the rate of WIMP scatteriRys, n,vo, ~ , gives

~ —25 .—1 Px 100 GeV v TxN
R ~2.7x10 yr (0.3Gchm_3) ( My ) (300kms_1) (10—37 cm2>

No. of nuclei ofatomic numberd in 1 gm is6 x 1023 /A. So, total rate

~ —1...—1 (100 Px 100 GeV v Ox N
Riotal ~ 1.6 eventskg™ " yr=! (57°) (0.3Gevcm—3) ( T ) (BOOkms_1> (10—37 cm2)

Recoil Energy :
For a WIMP ofmassm, andvelocity v striking anucleus of masd/ at restAp ~ m,v. = Recoll
energy of nucleus,

2
2 my 2 v 100 GeV
Er ~ (Ap)=/2M ~ 50keV (100GeV) (300kms_1> ( M
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Proper calculations:

Recoil energy:E = (u*v?/M)(1 — cos 0*), wherey = m, M/(m, + M) = reduced
massv = WIMP speed relative to the nucleus, afid= scattering angle in the center of
mass frame.

Differential recoil rate per unit detector mass (typicattgasured in units of
counts/day/kg/keV

% — % pn(E,t) = Particle Physics ® Astrophysics,
X

with ¢ = vV2M E = nucleus recoil momentuma,(q) = WIMP-nucleus cross-section,

U(E,t) - fv>vmin f(Z’t) dgv )

Vmin = ]2”71;3 — minimum WIMP velocity that can result in a recoil energy

f(v,t)is the (time-dependent) velocity distribution of the WiMftive to detector at
rest on Earth.
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Modulation Signal
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WIMP-Nucleus (Effective) Interactions

The effective WIMP-Nucleus X-section can be obtained from fundamental
WIMP-quark/gluon x-section: Oy— A Oy_N < Oy_g

do(q 1 )
M- oA
dg* 4dm v . .

V= WIMP-nucleus relative velocity _ Form factor:
Coherence |oss of coherence

Spin-independent (SI) interaction:

WIMP-nucleon x-section
WIMP-nucleon redtced mass = nucleon mass for m_WIMP>>m_n

Spin-dependent (SD) Interaction: dd(?} = > NG J(J+DF(g)
dg- V- |
1 : .
A=_ q ! — T measure the amount of spin carried by
J [HF’ ( P> T <9" )] <SP-"> <‘N Sﬂ-" N) the p- and n-groups inside the nucleus

ap, an: effective coupling of the WIMPs to protons and neutrons, typically ot/mw?
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Nuclear Recoil Spectrum

WIMP Differential Event Rate
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dR/dQ (events / kg/ keV ! day)

Low mass WIMP: Si vs Ge
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*Scintillation : Recoil energy of nucleus taken up by
electrons which radiate through scintillation detected by
photomultiplier tubes..some part is lost as phonons.
[DAMA,XENON]

ng— E obs — q X E r

For some energies and incident angles:

g=1: Channeling [Drovyshevski,arxiv:0706.3095]

*Ionization : As the nucleus moves through the target
mass it ionizes other target atoms and Electrostatic field
detected.JCDMS,XENON]

*Phonons : Detected by semiconductor and
superconductor-junction sensors.

*Heat : 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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Go underground to reduce the background :
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Underground Laboratories
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Direct Detection Technology Summary
[Proect  [swensths  [Weknesss

Cryogenic Ge detectors (CDOMS,
Edelweiss, CRESST)

Threshold Detectors (COUPP,
SIMPLE, PICASSO)

Single-phase LAr, LXe (DEAP, Clean,
XMASS)

Dual-phase LAr (Darkside, WARP)
Dual-phase LXe (Xenon, LUX)

Low pressure TPCs (DMTPC, Drift)
Scintillating Crystals (DAMA/LIBRA,

KIMS)

lonization Detectors (CoGeNT,
DAMIC,...)

Proven background rejection,
experience

Ultimate EM rejection, inexpensive,
easy to change target material

Simple and reasonahly inexpensive

Excellent EM rejection and relatively
inexpensive compared with Xe, Ge

Suitable target for both 51 and SD,
low E threshold possible

Directional detection of WIMPs
possible

Annual modulation with large target
mass

Very low E threshold and good E
resolution

Expensive to build/test detectors

Alpha backgrounds, no energy
spectrum, scaling to large mass?

Mot clear if rejection good
enaugh, E thresholds high

39Ar reduction needed, ~x10
more target mass needed than
Ge or Xe, E threshold high

Poor intrinsic EM rejection, low E
performance not understood

Very hard to get sufficient target
mass, backgrounds unknown

Mo background rejection. Long-
term stability crucial

Background rejection difficult
and small target masses

There may not be one clear winner; all experiments run into backgrounds!
More than one technology will be needed to establish a WIMP signal

(From Dan Bauer (2012))
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2-6 keV
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Direct Detection: CDMS Limits
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140.2 kg. day of Si data (July 2007 — Sept 20@)ow-mass { 8.6 GeV) WIMP candidate events!
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Exclusion Plot
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But ... new results from Large Underground Xenon (LUX) detedor

First results from the LUX dark matter experiment at the Sanford Underground
Research Facility

D.S. Akerib,? H.M. Araiijo,* 3. Bai,® A.J. Bailey,? J. Balajthy,'% S. Bedikian,'® E. Bernard,?
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P. Phelps.? L. Reichhart,! T, Shutt,? C. Silva,” W. Skulski,!'” C.J. Sofka,'? V.N. Solovov,” P. Sorensen,®
T. Stiegler,'¥ K. O'Sullivan.'® T.J. Sumner.,* R. Svoboda,'” M. Sweany.!'® M. Szydagis,'® D. Taylor.”
B. Tennyson,'? D.R. Tiedt.® M. Tripathi,’® S. Uvarov,!? JR. Verbus,! N. Walsh,'® R. Webb, "
J.T. White, 2T D, White,'* M.S. Witherell,'* M. Wlasenko.? F.L.H. Wolfs,'™ M. Woods,'® and €. Zhang'®
' Brown University, Dept. of Physics, 182 Hope St., Providence RI 02912, USA
2 Case Western Reserve University, Dept. of Physics, 10900 Fuclid Awve, Cleveland OH 44106, USA
* Harvard University, Depl. of Physics, 17 Ozxford S, Cambridge MA 02138, ['SA
HImperial College London, High Energy Physics, Blackett Laboratory, London SW7T 2BZ, UK
® Lawrence Berkeley National Laboratory, 1 Cyclotron Rd., Berkeley CA 94720, USA
® Lawrence Livermore National Laboratory, TO00 East Ave., Livermore CA 94550, [J5A
TLIP-Coimbra, Department of Physics, Universily of Codmbra, Rua Larga, 3004-516 Coimbra, Portugal
ESouth Dakota School of Mines aond Technology, 501 Fast St Joseph St., Rapid City SD 57701, USA
*South Dakoto Science and Technology Auwthority,
Soanford Underground Research Facility, Lead. S0 537754, USA
N Teras A B M University. Dept. of Physics, College Station TX 77842, UUSA
U prpiversity College London, Departiment of Physics and Astronomy, Gower Street, London WCIE 68T, UK
Y2 University of California Berkeley, Department of Physics, Berkeley ©A4 94720, 7SA
13 University of California Davis, Dept. of Physics, One Shields Ave., Dawvis €4 95616, USA
4 iniversity of California Sante Barbare, Dept. of Physics, Santa Barbara, €A, L'SA
L8 Urniversity of Edinburgh, SIUPA, School of Physics and Astronemy. Edinburgh, EHO 3JZ, UK
Yo University of Maryland, Dept. of Physics, College Park MD 20742, USA
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18 (iversity of Seuth Dakota, Dept. of Physics, 414E Clark St.. Vermellion SD 57069, 'SA
19 Vale University, Dept. of Physics, 217 Prospect St., New Haven CT 06511, USA
(Dated: October 30, 2013)

The Large Underground Xenon (LIUTX) experiment, a dual-phase xenon time-projection chamber
operating at the Sanford Underground Research Facility (Lead, South Dakota), was cooled and filled
in February 2013, We report results of the first WIMP search dataset, taken during the period April
to August 2013, presenting the analysis of 85,3 live-days of data with a Aducial volume of 118 kg.
A profile-likelihood analysis technigue shows our data to be consistent with the background-only
hypothesis, allowing 90% confidence limits to be set on spin-independent WIMP-nucleon elastic
seattering with a minimum upper limit on the cross section of 7.6 x 107 em® at a WIMP mass
of 33 GeV /c?. We find that the LUX data are in strong disagreement with low-mass WIMP signal
interpretations of the results from several recent direct detection experiments.
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LUX Exclusion Plot
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FIG. 5. The LUX 90% confidence limit on the spin-
independent  elastic WIMP-nucleon cross section (blue),
together with the 10 variation from repeated trials, where
trials Huctuating below the expected number of events for
zero BG oare forced to 2.3 (blue shaded). We also show
Edelweiss I1 [41] (dark yellow line), CDMS II [42] (green line),
ZEPLIN-III [43] (magenta line) and XENON100 100 live-
day [44] (orange line), and 225 live-day [43] (red line) results.
The inset {same axis units) also shows the regions measured
from anmial modulation in CoGeNT [46] (light red, shaded),
along with exclusion limits from low threshold re-analysis
of CDMS 1II data [47] (upper green line), 95% allowed
region from CDMS IT silicon detectors [48] {green shaded)
and centroid (green x), 0% allowed region from CRESST
I [49] (yellow shaded) and DAMA /LIBRA allowed region [50]

interpreted by [51] (grey 5113[1&(8_,_ . ) ) . .
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SuperCDMS results

Lindhard nuclear-recoil energy [keVnr]
2 3 4 5 6 7
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& aflaTsz AL :
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=
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T
]
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Total phonon energy [keV]

SI

oSl < 1.2 x 107*2cm? atm, ~ 8 GeV (Butin tension with the results of LUX, CoGeNT,

CDMS-Si, DAMA)

SuperCDMS collaboration: arXiv:1402.7137
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Indirect Detection: WIMP annihilation

Low-energy photons Posi
2 ositrons
Quarks NS T

o'
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Medium-energy
gamma rays

N

Supersymmetric .
neutralinos

Bosons

AMS-2 positron excess, Fermirays from dwSph, Galactic center, ...
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Astrophysical issues

Expected number of events in direct detection (DD) or irdtidetection (ID) experiments, and thus
the interpretation of the results of these experimentsg@pipon the density and velocity distribution
of the WIMPs in the Galaxy.

No. of events (DD or ID) = Particle Physics ® Astrophysics

\J \J
(mx,oxn) ® (PoMm,0 5 f(V))
1 1
e.g., LHC ® Galactic Dynamics (e.g., rot. curve)

e Need to fix Astrophysics to extract particle physics of DM { , ).
e Use the observed rotation curve data of the Galaxy to deterthie phase space DF of DM patrticles,

€. oon,@ 5 (V).
e Galactic rotation curve near solar location is significanfluenced by visible matter.

e Self-consistent approacbetermine the DF of the DM particles by self-consistentigiuiaing the
effect of known visible matter (VM) such that together (DMMYthey give a good fit to the observed
rotation curve data
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= Phase space DF satisfies collisionless Boltzmann (Viaspgten (CBE),
df _ Of of _

Jeans Theorem: Any steady-state solution of the CBE depends on the phase-space coordinates

only through integrals of motion in the galactic potential, and any function of the integrals yields a

steady-state solution of the CBE.

Simplest choicef(x,v) = f(E),with E = & + 102
Isothermal DF
f(x,v) = P—O3 exp [—E/02] )

(2wo2)2

with (v2?) = 302 and boundary conditiof?(0) = 0, so that

p(x) = [ f(x,v)d>v = pgexp |[-P(x)/0?]| ,andV?® = 47pg exp [—P(x)/c?] .
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DM Velocity Distribution: Simulations

Ag-A-1

1
I

0 150 300 450 600
v [km s™]

(From Vogelsberger et al, arXiv:0812.0362)

The velocity distribution can be described byoaasi-Maxwellian'
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The ‘Standard halo model’

Local WIMP velocity distribution, in the Galactic rest frams taken aslaxwellian
(isotropic isothermal spheye

fG(V) = N[exp(—|v|2/’uz)—exp(—vgsc/vz)] V| < Vesc ,
ffv)y = 0 V] > Vese s

whereN is a normalization factor. ~ 220km s~ ' andves. ~ (450 — 730) kms™~ " are
the local circular and escape speeds respectively.

Usual fiducial value for the local WIMP density, = 0.3 GeV cm™°.

; ; ; 2\1/2 __ 3
For anisothermal gravitating spher@?)*/2 = \/;vc,oo.
ASSUMINGUc, 00 = Ve, = 220kms ™!, one hagv?)1/? = 270 km s~ *.

Standard Halo Modg[SHM) = Maxwellianvelocity distribution with
pom,o = 0.3 GeV/cm? and(ﬁ)éﬁ@ = 270kms ",
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Problems with SHM

" Isothermal spherhasp oc r—2 for larger. = M (r) — co asr — oo.
= Need to truncate ,bbut must do s@elf-consistentlyelse not a solution of CBE.

™ DF of DM at solar neighborhood is strongly influenced by Visimatter Need to

self-consistently include the effects of visible mat@determineppy, o and f (vpa ) o -

Two approaches:

e Make a reasonablensatz for the Dfef a finite gravitating system that is a solution of CBE,
self-consistently include the effect of VMNnd determine the parameters of the model so &sttee
rotation curve data of the Galaxy

Or,

e Assume a parametrized form of the density profile of Idsed on, e.g., results of numerical
simulations)in presence of the (known) VMletermine the parameters b¥iteto the rotation curve

datg and therlinvert’ the density profileo derive the DF byeddington’s (1916) method
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Truncated (“lowered") Isothermal — “King model”

p1(2ma2)~3/2 (65/‘72 - 1) fore > 0,
flz,v) = fle) = (1)
0 fore <0,
with
€ = (I)O - (%/U2 + (I)) ) and® = (I)Vis + Ppy = (I)total .

V2®pum (R, 2) = 41Gpom(R, 2), V2®is(R, 2) = 41Gpuis(R, 2) .
port = poum[Puis + Pov] = [ f d°v. NoteSelf-consistency

Three parameterg: , ¢ and®y .
ppum Vanisheatr = r, wheree = 0.

Three“measurable’parameters of the model:
pom,e = poum(R = Ro,0), <UQ>%>/1\§,@ = <U2>113/1\i(R = Ro,0), and 7.

Pijushpani Bhattacharjee : TCGC, Presidency University, Kolkata, 09 A@@lst — p. 42



Self-consistent DM Density Profile

T L T LELLRRL | T 1T Ty - T T L T LA | T T T T ]
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(S. Chaudhury, PB, R. Cowsik, JCAP (2010))

Visible matter “pulls in" the DM; DM density profile made sps with enhanced density in the inner

Galaxy

= Impact on DM annihilation signals from the Galaxy Centreoag
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Rotation Curves for Truncated Isothermal Models

v2(R) = RE4(R,0) = R2 [¢pom(R,0) + dvis(R,0)] .

1e+13 T T T T
DM: King: r=120 kpc, o= 300 km/sec, ppp syn=0-2 GeV/cmS: DM:King: r= 120 kpc, 0=300 km/sec, ppy 5yn=0-2 Gevicm?®
(VM+DM) s
] le+1l |
D c 1le+09 |
£ 7
£ =
S = 1e+07
2 A =
o X
> -
: 100000 |
7 : 1000 Mm+pm)(r)
.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII- 1 1 1 1
0.01 0.1 1 10 100

0O 5 10 15 20 25 30 35 40 45 50 55 60

R (Kpc) r (kpc)

Rotation curve data out to 60 kpc (Xue etal (2008)) is used.
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Self-consistent DM Velocity Distribution

A Kihg: [r; (kpc), o (:ILOO km/sec), Ppm sun (GeV/cm?’I)]: 05
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King: [r; (kpc), 0 (100 km/sec), ppy sun (GEV/IEM™)]
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Non-Maxwellian velocity distribution; cutoff speed datgned self-consistently
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DM velocity distribution at various locations
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VDF from p : Eddington’s Formula

For a given DFF(x,v), we geto(x) = [ d°v F(x, V).
Can we invert thisGiven ap(x) (or equivalentlycb(x)), can we get a uniqué?

Eddington (1916) Possible for spherical systems with isotropic V,DE.,
if F(x,v)=F(F), whereE = l 2 + ®(r) = Total energy, i.e., if the system'isrgodic”. Here
v = |v|, r = |x]|. Isotropic VDF:> (v2)1/2 = (v§)/2 = (v2)!/2. Eddington formula:

£ 2
F(E) = 1 [ AW dp2+ 1 (dp) },
\/§7T2 0 vg—‘I’d\I’ \/E dv =0
whereV(r) = —®(r) + ®(r = co) = relative potentiaand

= —E + ®(r = 00) = ¥(r) — sv% = relative energy

Note,]—">0for5>O,and]—":Ofor£<O

Also, p(r) < F (&) isunique ifff0 \/7 j&’, IS an increasing function df.

TheVDF, f.(v) = F/p(r), has anatural truncatio@tv(r) = vmax(r) = /2W (7).

Eddington inversion also possible for anisotropic VDF atam special forms (Osipkov-Merrit)
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VDF of DM patrticles by Eddington’s Formula

£ 2
F(E) = 1 [ AW dp2_|_ 1 (dp) },
\/gWQ 0 vg—‘I’d\Ij \/E dv U=0

with U (r) = —®(r) + ®(r = c0) and £ = U(r) — 107

We takep(r) = ppwm (7). But notethat®(r)#APpum(r).

Rather,®(r) = ®pu(r) + Pyis(r), Since the DM particles “see" and move in the total
gravitational potential including that of the visible nettActually, sincevisible matter is
still the dominant component in the solar neighborhd®@M dominates at larger

distances), th& DF of DM in the inner regions of Galaxy is essentially detered by VM,
not DM.

Parametrizeb, ;s and®py; (Or ppn), and determine the parametersN\dZMC fit to the

observed rotation curve dat@nd then use Eddington formula to firfigd(v) at anyr.
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Parametrize the densities:
Pvis = Poulge + Pdisk, V- Puis(R,2) = 47Gpyis(R, 2) .

Poutge(r) = pyo (1+ (r/rs)?) >*

pais(R, 2) = 52 exp[—(R — Ro)/Ra] exp|—|2|/zd],

2
pou (r) = poae (2) (%) . V2®pu(R, 2) = 4nGpou(R, 2)
Rotation curve:
v2(R) = R-2 {@DM(R, 2 =0) + ®yis(R, 2 = 0)}

The seven parameterss, pou, o, Pb0: T, 20, 24, aNA R4, and their uncertainties are
determined by MCMC fit to rotation curve data.

Eddington formula works for spherical systems. But diskdsymmetric.

= Spherical approximationd,is(r) ~ [ C;M%;Mdr’ (error< 10%)
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Rotation curve with best-fit values of DM and VM parameteratdare from Y. Sofue, PASH
(2012) 75; arXiv:1110.4431
(PB, S.Chaudhury, S. Kundu, S. Majumdar, PRD (2@13)
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Figure 1:The 2D posterior probability density function for Dark Matparameterérs — ppwm, @ ), marginalized
over the visible matter parameters.

(PB, s.Chaudhury, S. Kundu, S. Majumdar, PRD (2013)
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Dark Matter VDF
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Figure 2:Normalized local speed distributioffic, (v), corresponding to the most-likely set of values of the Gidac
model parameters determined from fit to rotation curve datd,its uncertainty band (shaded) corresponding to the
68% C.L. upper and lower ranges of the Galactic model parenset

Best-fit (non-Maxwellian) speed distributiofficy (v) ~ 4mv? (£(8) — £(Bmax)) , Where
E(z) = (1+x)k e
k= —1.47.

, B = '02/’08, Bmax = Ur2nax,®/v(2), Vo = 339kms~! and
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o(q®°=2my ER)
QmX,u2

: . dR
Recoil spectrum: F==(ER, t) =

ng(ER7 t) 3
with . = mympy /(m, + my) = reduced mass, and
Umax (t) d3u
o(En.t) = | TU o (w4 VE() O (umax — tmin)
u>umin(ER) u

u (with u = |u|)=relative velocity of the WIMP with respect to the detecibrest on Earth

vg(t) = time-dependent velocity of the Earth relative to the Gataetst frame.

umin(Er) = (mnER/2u?) /2 _ minimum WIMP speed required for producing a recoil energy
E r of the nucleus,

umax (t) = lab frame (time-dependent) maximum WIMP speed correspgridiv,.x = /2%
(defined in the Galactic rest frame).

Can show that( E'r, t) is a monotonically decreasing functiion Bfz, and thus takes itsirgest value
atErp = Eip.

The lowest WIMP mass that can be probed by a given experiment:

1/2 —1
My min =— TN |:(2mN('UmaX,® + UE)Q/Eth) / - 1i| .
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Define( = g(Er = Fin)/gnvaxwell (Er = Ein)

>F Sodium
10 _ Xenon

L i H L L Ll I
m, [Gev] 10

Figure 3:The ratio¢ for most-likely f (v), with E};, = 2keV. The shaded bands correspond to the
uncertainty bands of (v) from rotation curve. The calculations are for 2nd June, wihenEarth’s
velocity in the Galactic rest frame is maximum.

Effect of departure from Maxwellian VDF is important for lomt,,

—2
¢ ~ 1077 at my = My min!
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Summarizing . .

" WIMPs are natural candidates for the Dark Matter in the Uisige

™ Direct Detection experiments have already achieved sehsit the level of~ 10~ ?pb for
SI WIMP-nucleus cross section. Some kinds of WIMPs may bgecto detectionf they are
there!

™ Expected number of events in direct detection experimegpgiids oppy;, ¢ and
f(v) b, Must determine these parameters from observational data Rotation Curve)
by self-consistently including the gravitational effeofghe visible matter

™ DM DVF is in general non-Maxwelligrandeffect of departure from Maxwellian VDF is
important for low-mass WIMPS- Maxwellian overestimates VDF at both high and
low-velocity ends.

" Properly determined VDF will impact the interpretation aofsfiron excess etc., from WIMP

annihilation (Sommerfeld enhancement etc.).
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PICASSO/PICO @ SNOLABMainly sensitive to
spin-dependennteractions

(mini)-DINO@ (Jaduguda)-INOLalMainly sensitive to
spin-independenhteractions
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WIMP Dark Matter Search with
Superheated Droplet Detector

_—- Nucleus Detect the recoiling nucleus with a
- in laboratory

Superheated Droplet Detector
WIMP (v =0kmfs) e o :
A superheated liquid drop can vaporize
From galactic halo ;
(v ~ 200 km/s) / due to energy deposited by the passage

__ of the recoiling nucleus.
WIMP
Elastic WIMP Vapour bubbles larger than a

scattering critical size expand and finally burst
, sending out acoustic waves through the
— O Bpecon medium (gel) in which the liquid drops are
\ suspended. This acoustic signal can be
picked up by suitable electronic sensors.

}).'-::pr.-t o

» Superheated droplets atambiemt T& P°
= 150um dropiets of cambofisorides
dispersed m polymerised gel
“active Bgukt C.F ., T,=- §75%C)
= Radiation triggers phase transkion
= Events racerded by pezo-slectric traneducars

AF
Viktor Zacek, Uiy, of ddomdreal _

P -

Tarmperalure (O}

Fig. 2. Bveolution of the energy threshold for '*F recoils as a fimection of
temperatuee {123 bars) m P (b 11720y

At threshold the 5F recoil delectron eficienoy rses gradually and the broken
{oontnncnis) lines  inchoate 50% (B0%4) detection efficiencies, respectively
WIRAF induced recoil energies are smaller than 100 ke and becorme
detectable above 309070 al arouned 15700 the detector becomes sansitive to alpha

pedticles o LIV Th contamanations.

Barnabe-Heider e al Plgs Lo B2 4 (2005) 186
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The PICASSO Collaboration

CANADA

LIPS

Cizech Republic INMA

NS
- '-'.""-.IJ.

University of Alberta, Laurentian University, Universite de Montreal, Queen’s University,
SNOLab, Bubble Technology Industries, CANADA

Indian Universty, Southhend, USA, Crech Technical University in Prague,

CAPP, Saha Institute of Nuclear Physies, INDIA

9 organizations from 4 countries with 28 people (at present)
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May 2009
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PICASSO Results
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Dark-matter@INO (DINO) Ton-scale 2020

T LOADING BAY

e e e
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AUXILARY TUNNEL 7.5m 'D' SHAPED : 224.6m
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Mini-DINO @ UCIL-Jaduguda Mines

™ A 15-30 kg Si/Ge detectdor low-mass (< 10 GeV) WIMPs

™ Two possibilities being explored:
(i) Useonly ionization signal— canoperate at 77 K or 4 Kvith few keV threshold.
No phonon sensors (which would require TES operating at miésatures)
(i) Use both ionization and phonon signals at sub-keV thoés

™ New iZIP detector technology developed at TAMtAN pick up low-ionization
events due to nuclear recails

™ Discriminationagainst high-ionization events due to electron recoilsibdsby
pulse-shapdased analysi€R&D going on at SINP & TAMU)

Multi-institutional collaborative effort:
SINP (Kolkata), Texas A&M (TAMU, USA), NISER (BhubaneswafFR, loP-Bhubaneswar,
PRL-Ahmedabad,. .
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With several DD and ID experiments running + LHC, the DarkeSodl the Universe is
looking bright indeed!
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