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We don’t know yet what DM is... but we do know many of its properties

Good candidates for Dark Matter have to fulfil the following conditions
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« SIMPs, CHAMPs, SIDMs, ETCs... log(my/(1 GeV))
... they have very different properties
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Complementarity of DM searches

Direct Detection Indirect Detection

DAMA/LIBRA PAMELA
CDMS Fermi
XENON MAGIC
KIMS AMS
COUPP ANTARES
ZEPLIN IceCube
CoGeNT CTA
CRESST WMAP
ANAIS
SIMPLE
Many DM models can be Accelerator “Redundant” detection can
probed by the different searches be used to extract DM
experimental techniques LHC (ILC) properties
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Direct detection, where do we stand?

DAMA/Nal (DAMA/LIBRA) signal on annual
modulation

Limits: 90%

cumulative exposure 427,000 kg x day Contours: 90%, 30" |

(13 annual cycles)
DAMA/LIBRA Coll. ‘10

... however other experiments (CDMS,
Xenon, CoGeNT, ZEPLIN, Edelweiss, ...) did

not confirm (its interpretation in terms of
WIMPSs).

10—41 L

10—42 L

10—43 L

WIMP-nucleon cross section ogj[cm?]

Possible explanations in terms of “exotic”
dark matter also constrained

1074 ¢ vo = 220 km/s, Vese = 550 km/s -

» Spin-dependent WIMP couplings 10! 10 103
» Pseudoscalar DM my [GeV]

« Inelastic Dark Matter Kopp, Schwetz, Zupan '11
* Very light WIMPs

« None of the above...?
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Hints of light WIMPs in recent experimental results...?

« DAMA/LIBRA region extended to very light WIMPs (channelling, quenching factors, ...)
Bottino, Fornengo, Scopel ‘09, DAMA/LIBRA ‘11

» CoGeNT finds irreducible background that can be compatible with 7-10 GeV WIMPs
... annual modulation (2.8 in 15 months data) in CoGeNT

« CRESST finds an excess over the expected background
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Belli et al. ‘11

Collar et al. ‘10, ‘11

CRESST '11

Many efforts in reconciling
these results

See, e.g., Andreas et al. '10;
Schwetz, Zupan '11;
Hooper, Kelso ‘11;

Farina et al. '11;

McCabe ‘11;

Arina et al. '11;

Uncertainties in
determination of DM
parameters
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However very light WIMPs have not shown up in other experiments
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XENON100 (2011)
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* SIMPLE: Further constraints on DAMA/LIBRA (but not in the CoGeNT region)
SIMPLE ‘11

« DAMA-LIBRA interpretation in terms of channelling is challenged

Gelmini, Gondolo, Bozorgnia, ‘09 ‘10
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CDMS does not see annual modulation

A recent analysis of CDMS II data has shown no evidence of modulation.

This means a further tension with CoGeNT observation
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Spin-dependent searches have also become more sensitive

Dedicated experiments with targets sensitive to spin-dependent WIMP couplings

SD coupling to protons SD coupling to neutrons
=10 T hitpljdmtdols brown edi 2 10" . T RAp//dmtools brown edw
8 Gaitskell, Mandic,Filippini 8 Gaitskell,Mandic,Filippini
T‘é DAMA-LIBRA T‘é
A g o7 DAMA-LIBRA
= 2 o channelling)
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8 W n o S o Tevatron
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10 10 10°, 10 10 10" 10” 10’
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The DAMA-LIBRA interpretation in terms of spin-dependent couplings is not consistent
with other detectors

21/09/2012 - ULB David G. Cerdefio



Future searches...

DAMA-LIBRA
Future experiments (or upgrades of existing %, (no channelling)

ones) will reach sensitivities ~ 10-°-10 pb

Advances in the light WIMP window are
subject to improvements in low threshold
experiments

(e.g., CDMS, CRESST or CoGeNT?)

Cross—section [sz] (normalised to nucleon)
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How do these sensitivities compare with
theoretical predictions for WIMP models? 10

P
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WIMP Mass [Ge V/c?]

Plotted with DMTools

In case of a detection... (how well) can we determine the DM parameters?
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Direct Detection of Dark Matter (main ingredients)

e
WIMP scattering with nuclei can be measured through //
’
s’
s’
« Tonization \?VCIal\zEered 7
. Scintillation light T TTTEEEEEEE '§
« Increase of temperature (phonons) ﬁicc?émg
* Bubble nucleation
Detection rate
o0 o0 T .
R= [ dEz—2° down o gy
T R ’Uf(’U)\ dE ( ) R) v
Experimental setup Astrophysical parameters Theoretical input
Target material (sensitiveness Local DM density Differential cross section
to spin-dependent and - Velocity distribution factor (of WIMPs with quarks)
independent couplings)

Detection threshold o
Nuclear uncertainties
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The WIMP-nucleus cross section has two components

dO'WN dO'WN dO'WN

dEx dEg ) s \dEg ) o

Spin-independent contribution: scalar (or vector) coupling of WIMPs with quarks
S—. = V - —
LD ayxxqq + o, Xv7uxav"q

Total cross section with Nucleus scales as A2
Present for all nuclei (favours heavy targets) and WIMPs

Spin-dependent contribution: WIMPs couple to the quark axial current

L2 o (X7 5) (@1u759)

Total cross section with Nucleus scales as J/(J+1)
Only present for nuclei with J¥ 0 and WIMPs with spin
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In general WIMPS... all seem to be alike

Supersymmetric WIMP Dark Matter:
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In general WIMPS... all seem to be alike

Kaluza-Klein dark matter can have similar interaction cross section
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Not really if we look at the whole parameter space...

There can be correlations in the “phenomenological parameters”

Information on spin-dependent WIMP couplings can prove important to distinguish models
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Can we determine to which DM model it corresponds?

There can be correlations in the “phenomenological parameters”

Information on spin-dependent WIMP couplings can prove important to distinguish models
Belanger, Nezri, Pukhov ‘08

alar DM

RH—Neutrin@

KKDM

Determining the full set of parameters provides crucial information

my o ol oD
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Can we determine the DM model from future data?

All WIMPs behave very similarly (not surprisingly)

_ o Combination direct/indirect
The complete identification of the WIMP may not be searches with LHC results

possible from just the phenomenological parameters

Determining the full set of phenomenological parameters

Vi 'D 'D Direct searches with different
my OSp OS p OS n targets
Is nevertheless important to distinguish between Combination from different
different WIMP models experiments
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If there is a positive detection the DM parameters can be determined

oo 0. @)

d
R = dER PO vf(v)m(v,ER) dv
dER

Er M 1My

Umin

From the observed rate and
differential rate the cross section and
mass of the WIMP can be determined

Green '07-10; Drees et al. '08'09 ?

o

X

dR dR Er\ =
—— =~ |—) F*E ——

dEr (dER)o ( R)exp( E) 2

E. = (a2uive)/mn &
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If there is a positive detection the DM parameters can be determined

R: / dER Po

From the observed rate and
differential rate the cross section and
mass of the WIMP can be determined

Green '07-10; Drees et al. ‘08’09

dR dR Er
—— =~ |—) F*E ——
dEn (dER)o ( R)exp( E)

E. = (e12u3v7)/mn

Direct detection can only determine
“phenomenological” WIMP parameters

I
my o'

[ s . B o

Umin dER
o -6 TTT T[T T T T[T T T T T T T T TTTT]
oF - -
I -6.5 —
DR :
c B =
o]} — ]
L - .
75 F -
u Green '07
_8_||||||||||||||||||||||_

0O 100 200 300400 500
m, (GeV)

Example: my=100 GeV
Exposure: 3000 kg day (Ge target)

The determination is affected by uncertainties
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Astrophysical uncertainties in direct DM searches

—6 :lllllllll]lllllllllllll- —6 :lllllllllllllllilllllll-‘
For example, on the 6.5 4 _g5E -
central velocity of the - . - .
DM halo -7 F G = -1 =
Y -7.5 - = -7.5 = =
;.‘ — :lllllllljlllllllllllll- _8 :llllllllllllllllllllll:
} 0 100 200 300 400 500 0 100 200 300400 500
\-r?. _6 _‘Tl]ll]l’l]‘l]fl]'l1[l“ _6 .
% - . -
~ —-6.5 4 -6.5F
-7 —(ﬁl 3  —7E
—7.5 | 1 -75F
_8 :llllllllllllllllllllll-‘ _8;
0O 100 200 300400 500 0 100200 300400 500
And also on the shape of the My (GeV)

DM halo and the velocity Green '07
distribution function.
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Parameterizing astrophysical uncertainties

. . Nuisance parameter Range
Generalization of the SHM for the velocity 0.2, 0.6] GeV cm?
distribution function PWIMP,© 4 U

Based on Binney, Tremaine ‘08 Vese 478, 610] km s~ *
. Ve (170, 290] km s~ *
1 vese=? Y 1|7 it w < v K 0.5, 3.5]
flw) =< w7 [P (7 S Vese ’
0 if W > Vege Lisanti et al. ‘10

3 T T T T T LI T T T T T T T —~ T T T T T T 1 7T I T T T T T T 1T
2 p,=0.4 GeViem’, v, =544 ks, v =230 ks, k=1 ’ & T p,=0.4:0.1 GeV/er’, v, =544:33 ks, v =230:30 ks, k=0.5-35
a® ad |

- - M Xe

i [ Xe+Ge

107~

i B xe

B [ Xe+Ge

i _ Xe+Ge+Ar i

Il Il Il Il | I I Il * DM ber]Chmarkls Il

3 50 1 02 3

10
m, [GeV]
Pato, Baudis et al. ‘11

10
m, [GeV]
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There are degeneracies in reconstructing the phenomenological parameters.

The same detected rate can be due to different combinations of SI-SD interactions

R=/<wwiii/ wxﬂgwamd

ET mN mX

Umin

d
OWN — ﬂ( OIFSI(ER)_i_O_OSDFSD(E ))

2 .2
R L S 4
Nuclear form factors

Integrating in energies and velocities
L eumm,y 2
A ST [P SD, n’ / SD n
Ry = A10}'0 + (Bf P —|1 B )
Target-dependent

A single experiment cannot determine the three WIMP couplings (the shape of the
differential rate allows a determination of the WIMP mass)
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I SD, SD.n
Ry = Aot + | BY'\/oy”? 4+ B/ o

Determination of both SD and SI cross section

ot
001r i fect :
(nfjasg‘ﬂ;”n‘;‘er?t %?rtehce The same rate can be explained by a
R1 WIMP mass) candidate with
1074F
Q Mostly spin-dependent interactions
107 o
Mostly spin-independent interactions
107°F
10-7} NB: in fact we should take into account SD-
interactions with protons and neutrons
. separately (i.e. 3D plots) — not in this talk.

: . . ' 01 [pb]
10072 1m0 107 10 107® 10—57
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//:. Rl _ Alo_OSI_l_ B}f SD,p+Bn S’Dn

RQZAQO_OSI_I_ Bg SD,p_|_Bn / SDn

Determination of both SD and SI cross section

2

Complementarity of targets

OggD [pb]
1 .
\J (mAsaS;’u”:é”rﬁeft %?rffhcé - One target mostly SI and the other
Rl WIMP mass) mostly SD
1074~ Bertone, DGC, Collar, Odom 2007
10-5 « Large exposure - smaller area
Rz

107

Analytical determination of the parameters
1077} without uncertainties (ideal)

Cannoni, Gémez, Vergados 2010

- : : ' ' ‘ Cannoni 2011
O™ o 100 100 10° 107 P
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Rl :Alo_OSI_l_ B}f SD,p+Bn S’Dn

RQZAQO_OSI_I_ Bg SD,p_|_Bn / SDn

Determination of only the SI cross section

2

The most common situation

osp [pb] I
0.001 (Assuming a perfect *+ Most targets are more sensitive to
measurement of the the SI component
0 R;  WIMP mass) (e.g. Ge, Xe, I)
Upper bound * Heavy targets or heavy WIMPs
on SD

« Small SD cross section

The inclusion of uncertainties is CRUCIAL

Astrophysical uncertainties

Nuclear uncertainties:

Uncertainties in the Spin-dependent form
Fsi [pb] factor can lead to a misreconstruction of
WIMP parameters

10_8 12 : 11 : 10 . 9 . 8 .
1072 107" 1070 107° 107 10°
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Detection with one experiment

Ge detector (e.g. Super CDMS)

2
R, = Ajo5! + (Bf\/JOSD’p + B?\/JSYD’”)

_1 T T

“ideal” case:
1 Ton experiments
—2r 1 year of data

\

—6[ BM2
7 Data: R/IScan: R
-11 -10 -9

log(c™'/pb)

-8

ool =10""pb
ooP =10"°pb
mw = 50 GeV

e = 300 kg yr

The degeneracy cannot be fully
removed unless assumptions are
made on the WIMP model

Uncertainties lead to a poorer
reconstruction of parameters
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Detection with one experiment

Ge detector (e.g. Super CDMS)

BM2

Data: R/ Scan: R

“ideal” case:
1 Ton experiments
1 year of data

]

7
-8
o)
—
U)\D/ o]
(@)
S
~10f
~11
1

2

3

Iog(mX/GeV)

2
R, = Ajo5! + (Bf\/agD’p + B{‘\/J?D’n)

ool =10""pb
o5 =10""pb
mw = 50 GeV

e = 300 kg yr

The degeneracy cannot be fully
removed unless assumptions are
made on the WIMP model

Uncertainties lead to a poorer
reconstruction of parameters
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Detection with one experiment

Ge detector (e.g. Super CDMS)

BM2

Data: R/ Scan: R

“ideal” case:
1 Ton experiments
1 year of data

]

2 3
Iog(mX/GeV)

2
R, = Ajo5! + (Bf\/JOSD’p + Bf’\/agD’n)

ool =10""pb
o5 =10""pb
e = 300 kg yr

The degeneracy cannot be fully
removed unless assumptions are
made on the WIMP model

Uncertainties lead to a poorer
reconstruction of parameters
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Uncertainties in the spin-dependent form factors

do 16G my (J+1 2 12
o N ) (0, (Sy) + an(Sn))” F2p(Er)
dER XY J
ag = Gp + Ay,
2
S( ) = CLOSOQ( ) + CL()CL1301<Q) + alsu(Q) a1 = ap — An
! | | | (|
., E ShM COMPUTATIONS:
Ao PGe N
10 E_ % ; g E Ressel, et al. ‘93
E i i %’m Dimitrov, et al. ‘94
» ) : |
107 | § 5
1 2 ; 5
- : - By — Uzbi_ : .1 \Variationsin
i ’ w” my; ’ e Zero-momentum value
10-3I i | | | x e Slope
0 0.2 04 06 08 1 « plateau
u
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Uncertainties in the spin-dependent form factors

do 16G my (J+1 2 12
7 FN (T D) (4,05,) + a(S,))? F2p(Er)
dER TV J
ag = Gp + Ay,
2
S( ) = CLOSOO( ) + aoalsOI(Q) + Cl1511(CI) a1 = ap — An
107g ; | 5
- | - ShM COMPUTATIONS:
b | 129y,
3 1 Bonn A / Nijmegen II
-2 3 _ Ressel, Dean ‘97
10 ¢ o E
: ol : gcn5020 interaction
= I ] Menéndez, Gazit, Schwenk ‘12
w 3 |
2 B 1 Variations in
107k e Y e Zero-momentum value
: | | | ' Tn ] e Slope
0 0.5 1 15 2 ° Plateau
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Uncertainties in the spin-dependent form factors

We use an empirical fitting formula that allows interpolation between the various models

Sij(u) = N ((1 - B)e” " + B)

N « I5;

BGe | 0.12—-0.21  0.020 — 0.042 5.0 — 6.0

129Xe | 0.029 — 0.052 4.2 —4.7 1.0x 1072 —=7x 1073
B31Xe | 0.017—0.027 4.3 —-5.0 42 %1072 —6.1 x 1072

The three fitting parameters are included as “nuisance parameters” in the scan of the
parameter space

Of particular importance are the zero momentum value and slope (they affect the
determination of the cross-section and mass, respectively)
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Varitions in : : : .
We introduce a 3-dimensional parametrization

e Zero-momentum value

. —au
e Slope Sij(u) =N ((1 — pPe + 5)
e Plateau N o 3
o5 =107 pb BGe | 0.12—0.21  0.020 — 0.042 5.0 — 6.0
SD _3 129Xe 1 0.029 — 0.052  4.2—4.7 1.0x 1073 —7x1073
o5 =10""pb
B81Xe | 0.017 —0.027  43—-5.0 42x1072—-6.1 x 1072

Reconstruction with a fixed model for the SD form
factor

T 90 o 8 7
log(c>"/pb)
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Variations in : : : .
We introduce a 3-dimensional parametrization
e Zero-momentum value

. —au
e Slope Sij(u) =N ((1 — pPe + 6)
e Plateau N o 3
o5 =107 pb BGe | 0.12—0.21  0.020 — 0.042 5.0 — 6.0
SD _3 129Xe 1 0.029 — 0.052  4.2—4.7 1.0x 1073 —7x1073
o5 =10""pb
131Xe | 0.017 —0.027 4.3 —-5.0 42 %1072 —-6.1 x 1072

mw = 100 GeV

BLACK = Reconstruction with uncertainties in the
SD form factor

BLUE = Astrophysical uncertainties

Effects are only important when the SD
contribution is sizable

gl BM3

Germanium

290 0 8 7

log(c°"/pb)
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Variations in : : : .
We introduce a 3-dimensional parametrization
e Zero-momentum value

. —au
e Slope Sij(u) =N ((1 — pPe + 6)
e Plateau N o 3
o5 =107 pb BGe | 0.12—0.21  0.020 — 0.042 5.0 — 6.0
SD _3 129Xe 1 0.029 — 0.052  4.2—4.7 1.0x 1073 —7x1073
o5 =10""pb
131Xe | 0.017 —0.027 4.3 —-5.0 42 %1072 —-6.1 x 1072

mw = 100 GeV

BLACK = Reconstruction with uncertainties in the
SD form factor

BLUE = Astrophysical uncertainties

Effects are only important when the SD
contribution is sizable

Quantitatively similar for XENON or CDMS
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Uncertainties in the SD form factors affect the reconstruction of the WIMP mass and SD
Cross section

I ILL‘ z::lrfanium 773 1 J‘;:Ei}‘ﬁ
0.8 0.8} | 0.8 } g7 _9
3 3 | E | oy = 10""pb
206 206 206 | D .
5 T | S 3 _ —
=04 =04 3 = 0.4f ; oy~ =10""pb
0.2 0.2} BM2 B 0.2} BM2 4 mw = 50GeV
Germanium Germanium L
0—*> 3 4 A FRT = 2
log(m_/GeV) log(c®'/pb) log(c°C/pb)
1t | — 1t
0.8 ; 0.8} 0.8 o5 = 107" pb
3 | 3 3
206 | 206 2 0.6 SD __ -3
s | s 3 0 = 107" pb
X ! X X
= 0.4 1 = 0.4t = 0.4t ]
0.2 BM3 0.2} BM3 . 0.2} BM3 | Mw = 100 GeV
‘[— Germanium Germanium Germanium
0— 3 3 4 oo T = S—— T 2
log(m /GeV) log(c®'/pb) log(c>C/pb)
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The effect of uncertainties in Spin-Independent form factors is negligible

Fermidistribution

1 — . _l &xr o 3,-. i T) = i . i - — 6
Fsr(q) —/c, “pa(x)d e, : pa(r) Tt oxp((r— Ra)jal | @ 0.52 fm

Density Fsi(q)
- 1
1.0 ——
- 0.01F
08 -
1074 F
0.6 -
107° F
0.4 -
0 °F
0.2

Trr= R (M

—— Realdata —— Fermi distribution

| 1 ! | 1 1 q (l;'lfl]l)
- 20
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Detection with one experiment
Ry = Aot + | B'A/ o3 PP + By o3P
Ge detector (e.g. SuperCDMS)

SuperBayeS v 1.36

SuperBayeS v 1.36

SuperBayeS v 1.36

—of
—3F
S -4 g
[m] [m]
QOU) _5 Q_O(D
-6 ob QP@eri?r@df'
-7 Q Geqﬂon-
Background ?nd halo uncert.l
2 3 4
Moy (GeV)
ST -9
oy, = 107" pb
SD __ -5
oy~ =10""pb The degeneracy cannot be fully removed unless
assumptions are made on the WIMP model
mwy — 50 GeV P
e =300 kgyr (e.g., usually the SD contribution is considered negligible)




2
. . . D [ SD,
Detection with two experiments Ry = Ajoy' + <B1 o PP + B/ o) n)

Ge detector (e.g. SuperCDMS) / 2
R2 _ AQO'OSI + Bg SD,p 4+ Bn SDn

Xe detector (e.g. Xenon)

-7 —1 —1
SuperCDMS + XENON1T + LiF (30 kg) SuperCDMS+)iENON1T+LiF (30 kg) SuperCDMS + XENON1T + LiF (30 kg)
L-SI —2F L-sI - -2 L-sI
_8_ LiF bkg: 1 event/ikev _ LiF bkg: 1 event‘SkeV LiF bkg: 1 event/5keV
— I —~ -3f I 1 = -3} -
id-ai-- &
= -9Or . O Qb e o - — . [ Y | S —
‘Dg | cop/a mpr
8_10_ : 8 -5r b 8 —5F .
I —6f 1 —6
~11 : _7 7
1 2 3 4 1 2 3 4 -1 -10 -9 -8 -7
Iog(mDM/GeV) Iog(mDM/GeV) log (OSI /pb)
I _ 10° Both experiments are mostly sensitive to the spin-
P :
5 - independent component
= 10""pb
my = 50 GeV Degeneracies cannot be completely removed but the
upper bound on the spin-dependent component is more
e = 300 kg yr stringent

Better determination of the WIMP mass



Ideal for complementarity: targets which have large spin content

3 He 19F QQSi 23Na 73Ge 1271* 1271** 207Pb+

Q0(0)  1.244 1.616 0.455 0.691 1.075 1.815 1.220 0.552
0;(0)  -1.527 1.675_-0.461 0.588 -1.003 1.105_1.230 -0.480
(,(0)  -0.141 {1.646 -0.003_0.640 0.036:1.460 :1.225 0.036
Q,(0)  1.386 -0:0300.459 0.051 1.040}0:355 -0.005  0.516

Lih 291 -050 2.22
lewp 2.62 -0.56 2.22
% 0.91 0.99 0.57

From Vergados ‘09

Ideally one also wants to further discriminate SD-proton and SD-neutron

Fluorine? - e.g., used in COUPP
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Detection with three experiments

Ge detector (e.g. Super CDMS) (no spectrum measurement —

Xe detector (e.g. Xenon) no mass reconstruction)

SuperBayeS v 1.36 SuperBayeS v 1.36 SuperBayeS v 1.36

-8.7 -5 0
-8.8 -61
g -89 g :
— a
o w _ol o w
o) 9 o) _g}
-91 Posterior pdf Posterior pdf
~Xe~CF,| 1ton -9 GeyXe—CF,| 1ton-
—9.2 , und and hlalo uncert.- 7 und gnd hlalo uncert.
1.6 1.8 2 1.6 1.8 2
Mo (GeV) Moy (GeV)
ool =107 pb
SpD _5 More stringent upper bound on the spin-dependent
o5 =10""pb component
No improvement in the determination of the WIMP mass
e = 300kgyr




How large do we need the target to be to obtain complementarity?

We studied scintillating-bolometric targets for the ROSEBUD collaboration

Optical detector (Ge Scintillating crystal

disk)
\ 20 mK 20 mK
X ¥ o/
A )
é
% . .
AV % AV The signal is heat (phonons)
Light . Heat and scintillation light
%
2 LiF
AT ILIS SIS TLY . LSS SD C a F
\ Cawo
- Al,O
Ge-NTD Reflecting internal Ge-NTD BGZOB(Bi Ge, 0)

cavity
(Ag-coated Cu)
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How large do we need the target to be to obtain complementarity?

We studied scintillating-bolometric targets for the ROSEBUD collaboration

2000

1750

L
[
]

=
[
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i

Light pulse amplitude (mV)

s Sapphire

. o events 2

T, P L T Wt TR, A L
Y O et e e
N A e R ki Sk e
x = 1 1 1

Nuclear recoils .

PR R X i
1000

1 L 1 1 I
2000 300% 4000

Heat pulse amplitude (mV)

S00C

The signal is heat (phonons)
and scintillation light

LiF

CaF

Cawo

Al,O4

BGO (Bi, Ge, O)
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Detection with three experiments

Ge detector (e.g. SuperCDMS)

Xe detector (e.g. Xenon)

-7
SuperCDMS + XEN” T + LiF (100 kg)
_8_ II:H:Sl!)kg: 1 event/5n %
—_ { —_
s %, 2
R | f/’/ Q
n o
= v, b
8 + S
= -10f s
~11
1 2 3 4
log(mp,/GeV)
I'=10"%pb
D' —107°pb
my = 50 GeV
e = 300kgyr

+ EURECA (LiF)
100 kg yr
-1 -1
SuperCDMS + XEN’ A LiF (100 kg) SuperCDMS + XE" + LiF (100 kg)
_2 i II:E: bkg: 1 event/5keV @ ’ _2 i Iljzst;kg: 1 event/5ke @Q
-3t 1 = -3 2,
o)
%, | 2 2,
-4} {1 a -4}
| ke
-5} i \8’) -5}
—6F -6}
7t -7t
1 2 3 4 -11 -10 -9 -8 -7
Iog(mDM/GeV) Iog(oS'/pb)

Degeneracies can be removed and the phenomenological
parameters determined

The needed exposure depends on the actual point in the
parameter space

In progress: testing other possible targets and the whole
parameter space



Detection with three experiments

Ge detector (e.g. SuperCDMS)

Xe detector (e.g. Xenon)

-7
SuperCDMS + XEN™ 1T + AIZO3 (300 kg)
L-SI A
-8f '?@
2 “, z
s UG 3
[4p)
2 R/ )
2 % k3
= -10f 9
-11
1 2 3 4
Iog(mDM/GeV)
SI __ -9
oy, = 107" pb
SD __ -5
oy = 10""pb
e = 300kgyr

+ EURECA (Al,O5)
300 kg yr
-1 : A .
SuperCDMS + XEN" +Al_O, (300 kg) SuperCDMS + XEM "+ AlLO, (300 kg)
A 273 A 273
-2} L-sI —2F L-sI
% %
%, 127 %
2 | & %
-4F E o —4F
% | %
-5f 1 D -5
-6} -6
7t -7t
1 2 3 4 -11 -10 -9 -8 -7
Iog(mDM/GeV) log (oS' /pb)

Degeneracies can be removed and the phenomenological
parameters determined

The needed exposure depends on the actual point in the
parameter space

In progress: testing other possible targets and the whole
parameter space



The goal is to completely characterise these targets, determining for which regions of the
parameter space they provide complementarity

These results depend on the mass and cross section of the WIMP

Jsp [pb] OsD [Pb]

a) Li F (100 kg yr)

[ ]
A BDEE - G
5

o) Li F (100 kg yr)

0.001

B mw
o ﬂnrﬁwmnma o
o 10 I o0 OV O O O )
COUPP-1T" sapcopdasdates 1 o
"""" ae UL- !
|- BRREE
L R Qﬂm Tn !'I

=SR2

==Y
<
J
L
[
&i
s
a B0
,..ni. ng_
&a
i
By o5 =adnoo
I—SMgD
=Y
<
By 0G-adnog

BuSz-SNODS

107° a a osi [pb] 107 Y a o1 [pb]
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Conclusions

e We have studied the effect of UNCERTAINTIES in the spin-dependent form
factors for the reconstruction of WIMP parameters

They affect the determination of the WIMP mass and SD cross-section off nuclei

Comparable to astrophysical uncertainties (if the SD contribution dominates)

e Spin-dependent sensitive targets can provide COMPLEMENTARY information to
determine the WIMP phenomenological parameters

Germanium and Xenon experiments might be unable to fully determine the
WIMP phenomenological parameters (no measurement of the SD cross-section)

~100 kg of LiF or Al,O5 (bolometric targets that could be used in EURECA) can
be complementary
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Some of the SD targets used in Direct DM detection

isotope Z J*™  abundance (%) experiment
SHe 2 1/27F <<1 MIMAC
ML 3 3/2” 93 Kamioka
13C 6 1/2~ 1.1 PICASSO, SIMPLE, COUPP
170 8 5/2F <<1 ROSEBUD, CRESST
19F 9 1/2% 100 SIMPLE, PICASSO, Kamioka, COUPP
2INe 10 3/2% <<1 CLEAN
Na 11 3/2° 100 DAMA, NAIAD, ANAIS, LIBRA
Kamioka
2TAl 13 5/2° 100 ROSEBUD
261 14 7/27F 4.7 CDMS
3BC1 17 3/27F 76 SIMPLE
5TC1 17 3/27 24 SIMPLE
BCa 20 7/27 <<1 CRESST-II, Kamioka
677n 30 5/2° 4.1 CRESST-II
BGe 32 9/2% 7.8 HDMS, CDMS, GENIUS, EDELWEISS
1277 53 5/2t 100 DAMA , NAIAD, KIMS, ANAIS, LIBRA, COUPP
129%e 54 1/2% 26 ZEPLIN
131Xe 54 3/2* 21 ZEPLIN
133Cs 55 7/27 100 KIMS
18w 74 1/27 14 CRESST-II
209Bi 83 9/2~ 100 ROSEBUD
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Example: Two targets in COUPP

The detection rate for a given target is a function of the spin-dependent and
independent couplings of the WIMP

—_ i D (use WIMP relation among
R~A4;, 0", + B, 0P,

PP and OSD)
n p
R~A4, OSIP + B, OSDp

WIMP detection in two complementary

targets can be used to discriminate WIMP

models —
=

Bertone, D.G.C, Collar, Odom ‘07 8

b
K2

E.g., for COUPP with CF;I and C,F,

(See also Belanger, Nezri, Pukhov ‘08) 107 l%houm; / 1K0g4 /dlao; 1o 107
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Example: Two targets in COUPP

The detection rate for a given target is a function of the spin-dependent and
independent couplings of the WIMP

R~A,0 + B, P (use WIMP relation among
! ! P ! p GSDnand OSDp)

WIMP detection in two complementary 107
targets can be used to discriminate WIMP
models

Bertone, D.G.C, Collar, Odom ‘07 103

p

GSI/GSD
p

104

E.g., for COUPP with CF5I

103

10

107 10°  10% 10% 10° 107 10"
counts / kg /day
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Taking into account the background

For the inclusion of a background for CDMS we have assumed that the new interleaved
detectors will make Surface Electron Recoils a negligible background.

Runs 125-8: Bulk Electron Recoils ~5x10-4
Cosmogenic Neutrons ~0.04
Radiogenic Neutrons ~0.04

from M. Fritts PhD Thesis

Estim. for 333 kg yr of Ge: (in the same site) ~16 Events

dF

E
max (R dRpac
A =c¢ / <+ $
Jg, dE dFE

Flat (energy-independent) background - conservative choice (worse parameter reconstruction)

For other experiments (Xenon and COUPP) we also assume a factor 10 improvement in the
background
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Astrophysical uncertainties in direct DM searches

ET

A. Bottino, F. Donato, N. Forjiengo, S. Scopel (2008) .
¥ T

10‘35: T T T [T I:l T . . .
- Uncertainty in the local density
i parameter leads to an indetermination
1028 of the total scattering cross section
r:;'\ 1Q-40 = "".""""______.... .........
E
I Variations in the velocity distribution
— 41 f .
T factor affect the potential reach for low
EE mass WIMPs and the reconstruction of
B oy ke WIMP mass
o TR
10-49 |
Both effects are correlated
T Ty —— . : A
5 10 50 100 500
m, (GeV)
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Mono-jet and Mono-y (plus MET) searches constrain the region of light WIMPs

Dark matter production with initial state
radiation

Bounds depend on the DM effective
operators to fermions

LHC data 2011 (see also previous results from Tevatron)

q f
X X
q X f X
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Uncertainties in Xenon SD Structure Functions
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log(c>"/pb)

log(c>"/pb)
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Germanium
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