


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

It is a NEW particle

* Neutral

« Stable on cosmological scales

* Reproduce the correct relic abundanc
* Not excluded by current searches

* No conflicts with BBN or stellar evolutior

Many candidates in Particle Physics

* Axions

* Weakly Interacting Massive Particles (W
* SuperWIMPs and Decaying DM

* WIMPzillas

* Asymmetric DM

* SIMPs, CHAMPs, SIDMs, ETCs...
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NUCLEAR SCATTERING

e “Canonical” signature
» Elastic or Inelastic scattering
e Sensitive to m >1 GeV

WIMPs and Neutrons A Tk
| ‘;;‘};’C"z’;;"g\\ Mo ELECTRON SCATTERING

» Sensitive to light WIMPs
ELECTRON ABSORBPTION
* Very light (non-WIMP)
EXOTIC SEARCHES

e Axion-photon conversion in the
atomic EM field
e Light lonising Particles
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Total mass: ~ 9 kg v " ,, -
Physics run: 2009-2012 : AT




The SuperCDMS Experiment

High purity Germanium crystals

~ Arranged
towers

Protected by a very
clean shielding

LEAD
POLYETHILENE

And an international
team of ~100
scientists from 30
different instutions




SuperCDMS at SOUDAN

Poly and lead shielding Muon veto

g

«The Icebox» | b >
Surface A base temp. ~ 50 mK ‘7 L/

P .
Z =

Soudan W 7w
Underground ;
Laboratory

Minnesota
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and monitoring

10



heecin
y f(‘AHMJ_
— N
e e

Gowac’m ( anipilasion / dwk}umm'eh)
X N
_CoLutomapoeg @ v
X
In P X € +
Sm ~
e f’
§m p X 3NP0(MM/}€A'-
m: (moon)



EL;'JL_&QM—

/ X - -
*\(/T / B= va - V'i ~ 40 cm S

4”% \ g m (M/{Mw)
\ Vo 200tm s’ (o la pomoion dd Y
f% 0.3 GV w3
Problema: inloraccin % iy AbC

e —

Jolvwon: avm,tr g,( +cha;'70 0/“ o

Peoblema:  fondo o jnl grodon A M
S&'/vu‘o‘n: Aemh;l(n ol W%'Mwb — Espv;vvw\b Lojs era

—> Vebh GMI‘OZVO)

Prdloma: cOve guamn? —— o g podema. iy

,__é_-
Fimpy

axin ke poiches

O(‘im’w Disead wanwn’«b

B

Wimnls. . X (Ww x

Cf/&&'[u (@m}:)« ok &lt)

N [ 4
. = y Pmaavon (2= ghyads)
worwd e T (?}\onorg)

Poca s ilidlac- vd) » k Eo meom ok Jlm. (b«L«Jm

tade
e s b o MRS oo b o
in n



O tie & € Lopes waohr 7
Gligon Uaslice (no- relehinsiz) Myv

e - _?):m,(vz b mxmy (I»r(a&)

(mxrmg® z
Em: = 2 mxX v omy "t (a Mzc
Lan-Mnf)z ;’: _A—Mﬂz ~ _22 Mx
Mmx = bw J
/,W'x-“ 4 bV~ =>Em\4e)\/J
Momuk Yoo fido: E—

ﬂ’ﬁM/EL ~ Mo/

Lo 1 ~ A0 — 400 fumn

Golision  cohareie < WMayo g od cadho pcler
(Vemo ol cuces mdes)

— 7

/[
/—

Toon oo dedecoion el ephimuth ) clow
] 0’( | E!! 0
s(// / e elﬂc'fom)

NNy -0 e
N A/ ‘l} V- N7 .7 No 44‘}7\, %\30 (W;Zm IT:M'MJ
s/p _Aj\_/ ~ t ﬂ(\_/ﬁ dﬁ: %(v)
| R d€e dEe



L/ 3
: N _ kg J de (ch\,V)
mww . dte

N7 = Mo dEe

W /

Wi 72 grento
P eaded ok G

E)vogvri; ( E)(fo%m-on)
€

Emax AS’TZO

N — € A(,e Jv ciﬁ VJ dv
Ynxm,/

dte
Vimin = JM—
2%
ooty focwola f]&f‘
darect  geFectin

Exi

EXvEL)MENTO




Flux of DM particles

We can easily estimate the flux of DM particles through the Earth. The DM typical velocity
is of the order of 300 kms~—! ~ 1073 ¢. Also, the local DM density is pg = 0.3 GeV cm~3,

thus, the DM number density is n = p/m.

7
b= 17}71_[) ~ % cm 2! (3.1
Kinematics
1 9 4mympy 1+ cosf
Er= o't (my +mn)? 2
1 1 1 m
Ema:c__ 2 _ — ><10—6 _( X)kv
Y YA 2 \1Gev/ *©
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Master formula for direct detection

We want to determine the number of nuclear recoils as a function of

the recoil energy

dN o N do
— =1TNv - .
dER " dEg

n = DM number density

t =time

v = DM speed

NT = number of targets

The DM speed is not unique, it is distributed according to f(v)

dN do
—— =tnN U dv
dER n T/’l; /Uf(/U) dER v 9

min

Umin = \/mx ER/QMiN

17/09/2019
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Using Np = Mp/mpy

n = p/my
€ — tMT
dN 0
—— =€
dER my TN

17/09/2019

/v R

U

)

do
dER

dv .
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Conventional direct detection approach
%-N

dO’W

R = dERL vf(v)——=—|(v, Er) dv

Er my My Sy dER
Experimental setup Astrophysical parameters Theoretical input
Target material (sensitiveness to Local DM density Differential cross section
. . — .
different couplings) Velocity distribution factor (of WIMPs with quarks)

Detection threshold A

Nuclear uncertainties

17/09/2019

?

14



Conventional direct detection approach
L WA
e wink |

o dow N
dE pn—— Er)dv

@ RmN mX o Uf( ) dER (U R)

\ )

Experimental setup Astrophysical parameters Theoretical input

Target material (sensitiveness to Local DM density Differential cross section

different couplings) Velocity distribution factor (of WIMPs with quarks)
Detection threshold

Nuclear uncertainties

Experimental challenges:

WIMP expected fingerprint:
e Discriminating Nuclear ond)
Electron recoils Exponen’nol spectrum
« Reduction of backgrounds * Annual Modulation of the signal Ctrhy

* Increment Target Size Q‘/lt t) € * Directfionality
* Low Energy threshold

17/09/2019 15



Conventional direct detection approach

d
R= | dEx—" | o)=Y (4, Bg)dv

By my My Sy dER
Experimental setup Astrophysical parameters Theoretical input
Target material (sensitiveness to Local DM density Differential cross section
different couplings) Velocity distribution factor (of WIMPs with quarks)

Detection threshold

Nuclear uncertainties

dO'WN <dO'WN> 1 <dO'WN)
dEp dEg ), \ dEg )gp
Spin-independent and Spin-dependent components,

stemming from different microscopic interactions
leading to different coherent factors

17/09/2019 16



Detecting Dark Matter through elastic scattering with nuclei

do
We want to describe the (elastic) scattering cross WN (?} E )
section of DM particles with nuclei dER y R

COW‘O OE Oo],)qfw/k to b. ?\I\,J{/c.ao:\/;r\. X
X X IR N

‘:G'U[V de Q\FW\Q ek . F (Q\,) P,V\ L%

But our microscopic theory generally provides the interaction with quarks and gluons

Quarks = Nucleons (protons and neutrons)

Nucleons = Nucleus Nuclear models (encoded in a Form Factor)

15



The WIMP-nucleus cross section has two components

dow N dow N X dow N
dER dER g7 dERr <D

Spin-independent contribution: scalar (or vector) coupling of WIMPs with quarks
S = V - —
LD ay Xxqq + ag Xvuxavq

Total cross section with Nucleus scales as A2 <—— A2l
Present for all nuclei (favours heavy targets) and WIMPs Dovmne

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

L ol (" 5x)(@7u759)

: . 9
Total cross section with Nucleus scales as J/(J+1) — ‘/Z/

JNO

Only present for nuclei with J# 0 and WIMPs with spin

16



IF(q)[?

WIMP-nucleus (elastic) scattering cross section

dJWN my

dEr 211202

(00°"NEG (ER) + 00" PN E5p(ER))

4 2
SI.N _ *HN 2
Where the spin-independent and 90 - [Zfp+ (A= Z)fn]",

spin-dependent conftributions 2 12

g sp.N _ 32unGE 2 (J+1
rea o0 = ———[apSy + anSp]” | ——

s J
]OO “I-v.,' T =TT 0 11 T=T1
- W s
102 |- Y T Remeensitn — The Form factor encodes the loss of
10-8 N coherence for large momentum exchange
TO=*
. 2
10-5 |- 3]1(qR1)
F? q) = | —== | exp —q232
106" = ( ) qu ( )
10-7
10-8 :
For ~keV energies, F(q)~1

10-9

107]0 11|
0




Detecting Dark Matter through elastic scattering with nuclei
V'”-l""-’f/‘dadl () F&fﬁo}wz T

o !

Po > WN 2
— . Er)d R
o / of @) 0 By o

min

Minimal DM velocity for a recoil of energy Eg

Umz'n(ER) —

lsothermal spherical halo Mawntd Bolfpr~

£l0)=o (“V‘%M S04 Yiag) = (27r)1%a_36$p ((Uéfé“g) )

Astrophysical parameters

—1
Local DM density o =150 kms

Velocity distribution factor Vlag = 230 kms™
18



Uncertainties in the Dark Halo affect 5t SHM
significantly the prospects for direct
detection
’/-
® SHM+DD
k7 e
. £ o |
For example, there might be non- @
thermalised components: dark disk or o
streams =
Stream
40+ ]
Iy -
301 | /
l
20 !
|
1
10 l
5 . l ‘
0 200 400 600 800 1000

Tkms™

Kavanagh and Green 2013



Discriminating a DM signal: ENERGY SPECTRUM b

v Eeo

\
DM scattering would leave an exponential signal in the differential rate

R—/ dERL/ vf(v)daWN(v,ER)dv
dER

Umin

The slope is dependent on the DM mass and the target mass

Light WIMPs expected at very low
recoil energies

5
Favours light targets ,E
o
Low-threshold searches >
o
o
dev = frpd =
g g !
—_

OKC9/2/2016



I\f:‘. Emu{
The challenge of low-mass WIMPs Eqn

SuperCDMS low-threshold
analysis range

+ The signalis expected at very low 10° —
recoil energies — 5GeV WIMP
— 10 GeV WIMP

10 — 20 GeV WIMP |/

Favours light targets

Low-threshold searches

+ Usual DM targets are relatively heavy
so the threshold has to be significantly |
reduced. ) . sensitivity toﬁg‘hter W%IMPs :

07 2 (j) 5 5 10 12 12 16 18
recoil energy [keV]

WIMP scatters / kg / d in Ge

. lower recoil energy

» Backgrounds are more difficult to discriminate (this is in general not a
background-free search)

« Relies on the goodness of the background model and MC simulations

17/09/2019 23



£

Discriminating a DM signal: ANNUAL MODULATION - Ohrecsio-
’ :@ + V(z) 'H/‘f' (4))

The relative velocity of WIMPs in the Earth
95 reference frame has an annual modulation.

60° C\%

This implies a modulation in the rate.

— 30 km/s @ km/s iR

dR

+ i . — x| — | (1 4+ A(F t))).

T [{\Uﬁw Drukier et al. 86 dEn (dER) ( + ( R) COS(O‘( )))
18 Mo ge m\

w°
16| & Target: Ge ZZO ‘? L 8 +)

osi = 1x10* pb + Q kv (

E MXS; 10 GeV/cm? O@. -—(‘:_-

—
o

The modulation amplitude is small (~7%)
and very sensitive to the details of the
halo parameters

R/JE [kg keV d]”

g
NN A OO @

(9 8} 2P Wm

C)O

35




DAMA (DAMA/LIBRA) signal on annual modulation

cumulative exposure ,000 kg day (13
annual cycles) WIT

dR dR
——~ | — | [1 4+ A(Ep)cosat
T (dER)[+ (Er) cos (1)
2-6 keV
= O%; 1———‘—  DAMA/Nal~ 100 kg - DAMA/LIBRA ~250kg —>
) ERE (029 tonxyr) | | (0 87 tonxyr) .
£ 006 b A
Poo b b fm o b
2 AR Y ﬁ%ﬁﬁx PNPN
RS- S Gl ki d R s %@%W?\W
‘éfoo@sis%i%s%i%s%i_
fgfo.oagij:§i‘i‘i‘i;i‘s“i‘i;;‘s;
o ENEE s b
“E'OO.?EJ I o L L L1
l [ 1000 2000 3000 4000 5000
Time (day)

.. however other experiments (CDMS, Xenon, CoGeNT, ZEPLIN, Edelweiss, ...) did not

confirm (its interpretation in terms of WIMPs).

26



CDMS did not see annual modulation

An analysis of CDMS II (Ge) data has shown no evidence of modulation.
SE——

This means a further constraint on CoGeNT claims

/2 (~Apr.1)

=
n
I

r'+';|;:-|-|;|;r*--rh:+*-|-:|ﬂ“l';-ﬁ.-‘-\-—|--

Rate [kg day keVnr] ™!
)

|
=
th

0 200 400 600
Days Since Jan. 1st

CDMS 1II 2012

» CoGeNT: smaller amplitude of the DM modulation signal in second year of data
Collar in IDM 2012

IPPP 2015 26



No modulation in ANAIS

No|

0.2

0.1

)
-
[T

mod hyp: Sm = (-0.0044 = 0.0058) (cpd/kg/keV) — »*/NDF = 47.4 / 52 [pval=0.65]
[2'6] keV null hyp — x%NDF = 48.0 / 53 [pval=0.67]

DAMA mod hyp: Sm = 0.0102 (cpd/kg/keV)

;

cpd/kg/keV
o
N

=3

mod hyp: Sm = (-0.0015 = 0.0063) (cpd/kg/keV) — x*NDF = 62.0 / 52 [pval=0.16]
[1 -6] keV null hyp — x%NDF = 62.0 / 53 [pval=0.18]
DAMA mod hyp: Sm = 0.0105 (cpd/kg/keV)

ATIRTRTR 4

pe

} Tt t it Jr‘"

17/09/2019

OII

q00 200 300 200 500
Days after August 3, 2017
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Discriminating a DM signal: DIRECTIONALITY

V\' Wi N octor Experimental challenges
\

Low-pressure TPC to measure direction

Large exposure needed (from current limits)

WIMP' ;
wind &
M=
Spergel ‘88
Characteristic dipole signal
WIMP signal - Poor resolution
(recoil map) - Low- number of WIMPs vs. Background
Angular distribution of Fluorine J. Billard et al., 2010
recoils [5;50] keV

Ring-like structure

- Requires low-recoil energies and heavy
WIMPs
- Also aberration due to Earth’s motion

Bozorgnia ef al., 2012

Ex=5keV (CS,)
Mwime = 100 GeV

OKC9/2/2016 ‘ 41
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Constraints on the DM-nucleus scattering cross section

Single or double phase noble gas detectors excel in searches at large DM masses

XENONIT, LUX, Panda-X (Xe), DARKSIDE, DEAP (Ar)

Easily scalable
DARKSIDE 1802.07198
~10000 kg day

1 o=

DEAP 1707.08042

] 9870 kg day
10 > 3

g . PICO-60 ]

i ! ~ CDMS-II 1 PANDAX 1708.06917
10_44 “ —— DarkSide-50 = 54000 kg day

T ”"E

— DEAP-3600
LUX 1608.07648

+

L1l 41111

S| WIMP-nucleon cross section (cm

=" 1 33500 kg day
10 E 3
- ; 3 XENONIT 1705.06655
Ay :_‘,’ 22— 1 34200 kg day
46 |.° ] — LUX i
10 E % el —— XENON1T E
C My < e = = « DEAP-3600 projection B
F T T = = - XENON1T projection q
1047 P N - 5 8 O PO O
10° 10° 104
m, (GeV/c?)

17/09/2019 29



Constraints on low-mass WIMPs

CDMSlite, SuperCDMS, Edelweiss, CDEX (Ge), CRESST (CaWO,), NEWS-G (Ne) complete the
search for WIMPs at low masses.
Low-threshold experiments (with smaller targets) are probing large areas of parameter space

—36
] . " " . " . . . =
1 0 ) oamavLisrA [ Jcresstazom2(20 ) comssizoragoncL) |
B cocent 2013 CRESST-11 2015 m— COMSiite 2015 —
s EDELWEISS-IIl 2016w LUX 2016 s SUpErCOMS 2014 :
PANDAXAI2016 e DAMIC 2016 e XENON100 2016 (S2-0nly)
1 0—37 s 10 oxpocted seositvity [} 2 0 expoctod sensitviy

RRRLL
Lol

.......................................

—t
S
8

—t
<
8

SuperCDMS

141 lllllll

1

WIMP-nucleon cross section [cm?]

I EE ; ; —z“ W G
5x107" 1 2 3 4 5 6 7 8910
WIMP Mass [GeV]

-
o
5

17/09/2019
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Constraints on low-mass WIMPs

10738 E
. . . . . 3 -39 B
Using only the ionisation signal, ¥ YFE
liguid noble gas detectors (e.g., & 104
XENON, DARKSIDE) are also § JFE AL T
: 4 10T E
advancing on the search for low- g = Tl \ e, T
mass WI M PS é 107 _E 3:§tgig::gg :ingl:i:ihing Fluctuation
P [ —— NEWS-G 2018 ... LUX 2017
+H [~ = XENON1T 2017 e PICO-60 2017
g 10*43 PICASSO 2017 -.=. CDMSLite 2017
= CRESST-III 2017 PandaX-II 2016
~ = XENON100 2016 DAMIC 2016
15 — = = CDEX 2016 CRESST-II 2015
g 10744 f:—-- - - - SuperCDMS 2014 cDMSlite 2014
= COGENT 2013 CDMS 2013
- CRESST 2012 DAMA/LIBRA 2008
— Neutrino Floor
10°%° L PR T : ) : DT |
5x107! 1 2 5 6 7 8 910

3 , 4
M, [GeV/c®]

/DISCLAIMER: \

THESE PLOTS ASSUME

* Isothermal Spherical Halo

*  WIMP with only spin-independent interaction
* coupling to protons = coupling to neutrons

& elastic scattering J

31



Astrophysical input and uncertainties

Uncertainties in the parameters describing the Dark Matter halo affect bounds and
reconstruction

\\\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
5 — ] — Generalised NFW (free v)
&_ i _0 4+01 GeViem®, v o5 =044233 kmis, v -230+30 km/s, k=0.5-3.5 108! Best-fit B
¥ oL B 68% confidence interval |
B e [ 95% confidence interval 7]
[ Xe+Ge Bestfit (p,=0.3 GeV cm”) -
i i Xe+Ge+Ar R \\ V.
o DM benchmarks‘_'_,,-'"" = r
o= i
OX
-9
10 10°
oud|s et al. 20111 L |
e I - I?GC Fornoso Green, Peer 2016
50 10 10 L1 I I IR |
m, [GeV] 10 102

m, [GeV]

» Incorporating uncertainties is crucial in order to compare results among different
experiments. Halo-independent analyses.

+  Veryrelevant to combine direct and indirect detection constraints.

* Low mass region is especially sensitive
17/09/2019



Effect of the Gaia Sausage on direct detection searches

10-40_ LIRS A P UL ULy ISI-III\I/II
Existing bounds are affected :
. -42
(especially at low masses) 0
]
. . . ‘Em"‘“:g """"

Predictions for directional searches =R
shghﬂy modlfled RS 10
(dipole signal elongated) b
1048k
i

10750 =T

Round halo Sausage SHM*+

17/09/2019

90

m, = 20 GeV
O'SI = 1074 cm?
po = 0.55 GeV cm ™

dngg [107% ton™! year™! keV ! sr71]

Gas: He:SFg (740:20 torr)
E, =5 keV

Evans, O'Hare, McCalbe 1810.11468
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Theoretical prejudice

Example: “Isospin violation”: the scattering

amplitudes for proton and neutrons may interfere
destructively

/M\/‘}“‘;"‘

2

Op Zm%hi [Z + (Ai — Z)fn/€2
fulfy =[-2/(4- 2) pet
—_— — :_> R—so

The interference depends on the target
nucleus

For Xe (Z=54, A~130) > [n/fp = —0.7

-~
il

107% —

CDMS-Si

—41 L MR |
10 5 10

m, [GeV]

XENON100 (Xe) and CDMS I (Si)
results “reconciled”

Frandsen et al. 2013

The effective interaction of DM particles with nuclei can be more diverse than

previously considered

17/09/2019
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Are we being too simpilistic in describing
WIMP-nucleus interactions?

> Po ” down
R = dE Erld
-/ET RmN mX/U Uf(v{dER (Ua R} v

min

dUWN . (dUWN) +_(dmyN>
dEg dEr )¢, \ dEg ),

17/09/2019 35



Effective Field Theory approach

The most general effective Lagrangian contains up to 14 different operators that
induce 6 types of response functions and two new interference terms

17/09/2019

Haxton, Fitzpatrick 2012-2014

Lint () = ¢ U3 (Z) Oy Uy (T) Uy (Z)On ¥ ()

O, =1,1 - 7
' XN = O =1 N'mi
Oy = iSy - ixﬂ N
; ﬁmN (911_isx.i
o 7 O =S, - | Sy x 7+
Os =1 x'{LXUL] 12 X {N v}
. fa ~11l& q
. 6‘7 . ‘T 013:Z|:SX U:| SN e
o-io 8]fs2 ;
my my 0 g q G gk
0r—@. - =i |8 S| S
_f@n L B . B .
Og =8y v ) O = — |5, q} [(SNXUL» q]
- 5 q my mn
0y = {8y [SNXA]
my

(x2) if we allow for different couplings to protons and neutrons

(isoscalar and isovector) -



Effective Field Theory approach

The most general effective Lagrangian contains up to 14 different operators that

induce 6 types of response functions and two new interference terms
Haxton, Fitzpatrick 2012-2014

Lint () = ¢ U3 (Z) Oy Uy (T) Uy (Z)On ¥ ()

Spin-Indep. O =11y o

B . O =1 N'mi
Oy = iSy - qxﬁl} N
) ﬁmN @nzisx.i
Spin-Dep. Oy =8y -Sn N
o 7 O =S, - | Sy x 7+
O5 = iS5, [anUJ_] 12 X [N v}
N ) ) .
I N Oy =i [ - 7] [SN-‘]]
ol ][5 ;
my my e q G ik
Or = G -5 O =i |8 | [Sn 7]
_ g =L - ) ,
O =S5y -7 Ors=— |8 - —L| |(Sy x o+) - 2
o o q X my mn
Oy =S, - [SN x ]
my

(x2) if we allow for different couplings to protons and neutrons

(isoscalar and isovector)
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Effective Field Theory approach

The most general effective Lagrangian contains up to 14 different operators that

induce 6 types of response functions and two new interference terms
Haxton, Fitzpatrick 2012-2014

Lint () = ¢ U3 (Z) Oy Uy (T) Uy (Z)On ¥ ()

Spin-Indep. O =11y - q
N — 010 = iSn - m_
ngisN-{ixaL —
MmN O =i8, - —L
Spin-Dep. O4= 05, - Sy my
— al al =1
O5:i§-[ixﬁL] Oz =5 |5 x|
L ( ) . g )
Ors =i |S- 7| [Sn - L
Momentum o —1g . 9] 1g,. T " X Ny
dependence ST ] 7Y ma Tl
O, =Sy -7t OM:Z[SX m_N} [SN‘ ]
_ g oL = ~ -
Velocity Os = 5 - Oy = — [SX . i] |:(SN X ﬁL) i]
dependence Og =i, - [gN » L] MmN MmN
my

(x2) if we allow for different couplings to protons and neutrons

(isoscalar and isovector)
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These operators can be obtained as the non-relativistic limit of
relativistic operators (e.g., starting from UV complete models)

Spin-0 DM particle + scalar mediator

A Microscopic Model
T _m2ate _ S atgy2
QSTOMS —mgS'S 9 (5'5) W (relativistic description)
1

1
50000 — Jmig? — oL Lo

3 4
_ S Y
/ —1msS 5S¢ — Q;STSQSZ — hgad — ihagqe, | € Q)L‘Uh
El Lr\‘ Mo v reokefo \:
s Usual “spin- Microscopic Model
b S independent” (non-relativistic reduction)
- contribution
N 7 (-_9/\"/ N
~ - '0/) T o hl g1 ) \
o (515)(qq) — ( mz ) O spin indap
v

;¢ (819)(@°q) — (hf:;jl)(')m &

]7 1
Momentum-dependent
“spin-dependent”
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We might MISS a DM signature

The spectrum from some 005 EFT event sample for 10 GeV WIMP in Ge
interactions (momentum — EFT event sample
dependent) differs from the -- @ 10 GeVWIMP

0.20f- ' — Standard S| 5 GeV WIMP
— Standard SI1 10 GeV WIMP
Standard S| 20 GeV WIMP

standard exponential
signature

o
a
[l

We might misinterpret a DM
signature (if we reconstruct it
with the usual templates)

normalized event rate
(=}
>

0.05}

0.00

2 4 6 8 10 12 14
Nuclear recoil energy [keV]

A low threshold is extremely beneficial

—

-—
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We might MISS a DM signature

The spectrum from some
interactions (momentum
dependent) differs from the
standard exponential
signature

We might misinterpret a DM
signature (if we reconstruct it
with the usual templates)

We might miss a signature (if
we misidentify it as a
background)

0.040

0.035|-

o
o
@
o

0.025

0.020

0.015

0.010

normalized event rate

0.005

0.000

EFT event sample for 300 GeV WIMP in Ge

— EFT event sample
-- O3 300 GeV WIMP i
— Standard SI 50 GeV WIMP
—— Standard SI 300 GeV WIMP [}
Standard SI 1000 GeV WIMP

20 40 60 80 100
Nuclear recoil energy [keV]

A low threshold is extremely beneficial
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6, 6,

Example: reconstruction in the usual SI-SD-mass plane (h«.\{;l , (},07

A single experiment cannot determine all the WIMP couplings, a combination of
various targets is necessary.

log(c>P/pb)
Iog(oSD/pb)

0 - 8 7
log(m, /GeV) log(m /GeV) log(c°'/pb)
o5l =10""pb
SD — 107 pb We use simulated data to assess the
9 p .
reconstruction of DM parameters
Prospects for SuperCDMS (Ge
e = 300 kg yr P P (Ge)
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Example: reconstruction in the usual SI-SD-mass plane

A single experiment cannot determine all the WIMP couplings, a combination of
various targets is necessary.

log(m /GeV) log(m /GeV) log(c°'/pb)
SI _ 109
o,- = 107" pb Germanium and Xenon might not be able to fully
0691) — 1075 pb reconstruct the DM parameters
e = 300 kg yr
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Example: reconstruction in the usual SI-SD-mass plane

A single experiment cannot determine all the WIMP couplings, a combination of
various targets is necessary.

T ' e ' g B S
Ge+Xe+AI203 _2 | Ge+Xe+AI203 _2 - -
-8}
g g9 g -3
~ Lo N o)
m\o/ -9 B (DO -4 U)o -4
()] < \6’ \6
9 S 5} S 5t
-10}
-6 -6 L-sI
Ge+Xe+AI203
-1 4 7 2 3 4 T 40 9 8 =
log(m, /GeV) log(m /GeV) log(c>'/pb)
03! =107 pb i i
0 — p Germanium and Xenon might not be able to fully
0691) — 1075 pb reconstruct the DM parameters
mw = 50 GeV Targets with different sensitivities to SI and SD cross
section are needed (e.g., F, Al)
e = 300 kg yr
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