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Direct WIMP Search

WIMP

Elastic Scattering of
WIMPs off target nuclei WIMP
= nuclear recoll v ~ 230 km/3

? Nuclear Recoil
Er ~ O(10 keV)

Detectable
Signal

gamma- and beta-particles
(background) interact with the
atomic electrons

— electronic recoil
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Direct WIMP Search

Argon
Xenon

m, = 100 GeV/c2
o =4x10 “3cm?
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Summary:

tiny rate R < 0.1 evt/kg/yr
low energy E_ <50 keV
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Direct WIMP Search

Summary:

tiny rate R < 0.1 evt/kg/yr
low energy E_ <50 keV

How to build a WIMP detector?

e large total mass, high A v

* low energy threshold v oy xenon detector
e ultra low background v

 good background rejection v

We are dealing with

« extremely low rates (1 — 1000 Hz)

» extremely low thresholds (2 keV)

» extremely low radioactive backgrounds
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32 ' of

neutrons from

(a,n) and sf Electronic Recoils Nuclear Recoils

(gamma, beta) (neutron, WIMPS)

only single scatters
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Dual Phase TPC

Dolgoshein, Lebedenko, Rodionov, JETP Lett. 11, 513 (1970)

TPC = time projection chamber
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Dual Phase TPC
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Dual Phase TPC

S1 [PE]
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I The current WIMP Landscape
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The XENON Future
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The XENON Future
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Cosmic Neutrino Sources
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‘He + *He

pp-l

‘He + ‘He '»’Be+7_ *He + p = “He + ¢

high E neutrinos
(solar+DSNB) interact
with Xe nuclei
l — nuclear recaoll

| — looks like a WIMP

[0.016%

.
‘Be+e — L Be+p—=°B+y

» ‘He + 2p Li+p— 2 *He B » 2 ‘He + e°
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neutrons from.

neutrons from = d ] ] ' ]
(a,n) and sf - il Electronic Recoils Nuclear Recoils

(gamma, beta) (neutron, WIMPS)

only single scatters



DARWIN
The DARWIN goal > -

L
=™ I I I I I I I I T I I I I I I [
1040 |
— e CoGeNT (2013) -
— A \ e —
» | ] ‘ '\.., /(Dh-ls—‘}l (2013) ﬂ\h]ﬂ” |
107 = ; ™ N\ XENON10 (2013) —=
— ﬂ p—
— L —
_‘ Y e T A a N
10+ L e CRESST-I (2012) ]

10+

1 ['}-45 B

10

WIMP-Nucleon Cross Section [cm ?]

10

107

,neutrino detection limit"
M. Schumann (AEC Bern) — DARWIN: Science Opportunities 18



DARWIN
DARWIN The ultimate WIMP Detector = -

L

wWww. dar W n- observat ory. org

* aim at sensitivity of a few 10™*° cm2,
limited by irreducible v-backgrounds

* international consortium, 21 groups

* R&D ongoing
- challenges include
background rejection
HV stability (—150..200 kV)
target purity, electron drift
intrinsic radiactivity (®°Kr, 22?Rn)
calibration, stability

Baseline scenario
~40t LXe TPC
~30 t fiducial mass

—

« DARWIN is on the European
astroparticle physics APPEC
roadmap and endorsed by the
Swiss State Secretariat (SERI)

* Timescale: start after XENONNT

il Ml
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i not yet detected...
1 CNNS bg ~-z~.-* & f-.

pp+’Be neutrinos 5 Hle s‘lgna_tur(?w}& L\_h J' *3: £ 1,,
— ER signature | iy iiN Tk
o Q\ y / A 10° I S1+52 combined (LY= 8 PE/keV)
: S1-based (LY=8 PE/keV)
el S1+S2 combined (LY=12 PE/keV)

Sl-based (LY=12 PE/keV)
------ infinite resolution

10 GeV/c? WIMP

6 =2x10""cm?

40 GeV/c® WIMP

a=2x10" cm?
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(gamma, beta) (neutron, WIMPS)

only single scatters



CNNS
solar v

pp-Neutrinos in DARWIN

a new physics channel!

Rate [evts xt! x y! xkeV]

Realistic, detailed background study

|
-
=t
&
=

Materials

Energy [keV]

* pp-neutrinos dominate low E spectrum

* main ER spectrum from 2v(3[3 of **Xe

* 85Kr (0.1 ppt "kr) and ???Rn (0.1 uBg) small,
detector materials irrelevant
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Neutrino interactions
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DARWIN

:Borexino
’

e

—— 3B neutrinos

—— pep neutrinos

._.
S M

30t target mass, 2-30 keV window

— 2850 neutrinos per year (89% pp)

— achieve 0.8% statistical precision
on pp-flux (- Pee) In 5 years

22



solar v

DARWIN

136Xe: Ov double-B decay ° -

f

JCAP 01, 044 (2014)
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also accessible: 13*Xe, 1?6Xe, **Xe

N. Barros et al., J. Phys. G 41, 115105 (2014)
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& L R °B
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136 : I
EXO-200 no ¥%Xe enrichment!

limit

L —

Background (6t out of 14t):
— 4.6 evts/tly in =30

» 0/E~1% at Qpp, combined E-scale
- signal in plot assumes T ,=1.6 x 10®y

« sensitivity: T, ,=5.6 X 10°° y (95% CL, 6t x 5y)

Energy [keV]

2100 2200 2300 2400 2500 2600 2700
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DARWIN

- 136Xe: Ov double-B decay

to be published

O .

107 =

= T s
2 s

107 = Normal Hierarchy

1{-}4—\ ] | |||||||

10°* 10° 1072
mlightest [EV]

M. Schumann (AEC Bern) — DARWIN: Science Opportunities 24



A " WIMP Backgrounds

e o _ss@e. _assume 100% effective shield
ke b Q) 28%high-E neutrinos "% [N (~14m diameter,

s :‘-L.f?-‘-'"'.’-l*_,; < paga — CNNS bg s e R S 10x better than
pp+'Be neutrinos =5 ~ NR signature gy s S & XENONAT shield)

ER signature ' b IENT g S
—_— gt Wk Iy | +"h & y L § A 7 T
S e E WY EARI0, 016 (2015)
i S TRLE AN N
2., S TR E . ; AR g2 l &1 .;"‘.’ L8 %

e
Bl - /'-:_-‘ _ .
ey N

i L /
/y-bg materials

- e Xe-intrinsic bg[

__ v ® 22Rp, 85Ky, 2uBRY , , ,
~neutrons from | L ’ . . :
/' (a,n) and sf | Electronic Recoils Nuclear Recoils

(gamma, beta) (neutron, WIMPS)

only single scatters



solar v

Backgrounds

All relevant backgrounds are considered:

DARWIN

i

JCAP 10, 016 (2015)

Source Rate Spectrum C'omment
[events, (t-y-keVxx)]
~y-rays materials 0.054 flat assumptions as discussed in text
neutrons™ 3.8x10"” exp. decrease average of [5.0-20.5] keVnr interval
intrinsic *°Kr 1.44 flat assume 0.1 ppt of 'Ky 8Kr: 2x below XENONLIT design
intrinsic 22Rn 0.35 flat assume 0.1 uBq/kg of ?2Rn (0.03 ppt achieved: EPJ C 74 (2014) 2746)
20303 of 1%Xe 0.73 linear rise average of [2-10] keVee interval 222Rn: 100x below XENONLT design
pp- and ‘Be v 3.25 flat details see [19] ‘ 136X assume natural xenon
CNNS* 0.0022 real average of [4.0-20.5] keVnr interval
consider all relevant neutrinos
3.5 _
= - 8:_ ER background exposure' 200 t X y
30 pp+'Be neutrinos - . ]
— O F T at rejection levels >99.95%,
‘D 2s5F low-E solar neutrinos 2 b NRs from CNNS dominate
% dominate ER backgrounds e E
=< 2.0 - Sp~ solar neutrinos
X F 2vBp g OE |
= - / = 4 - ~ — NR background
X  1.5= e - Acc=50%
R [ 85 b.ﬂ F-TTTTTTTTT T :‘"‘- --------------------------------------------------
= a Kr =< 3k s Acc=40%
Y 1.0 - T~ T T e
2 10 o - T~ Acc=30%
~ C 2= ~
0.5 *Rn e LR b R D CL b N
= 1=
:7/ materials -
0. -ttt 4= — = = == | T e
2 4 6 8 10 12 14 99.75 99.8 99.85 99.9

Energy [keVee]
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- DARWIN
DARWIN WIMP Sensitivity o

JCAP 10, 016 (2015)

e exposure: 200t X y; all backgrounds included
* likelihood analysis (~99.98% ER rejection @ 30% NR acceptance)
« S1+S2 combined energy scale, LY=8 PE/keV, 5-35 keVnr energy window

spin-independent couplings spin-dependent couplings (n-only)
10+ g - - 10% g — 2
?‘J 30 f_
0+ E 10 3 N
R Fore W
=104 = F
8 - §10YE
3 m'”;— 3 m“;—
§: E § 43 -
L ”}435_ J 10 g_‘_-.-----—J —— R TR
NN T e
107 - E """"""""""""""""""""
:Illlll 1 1 1 IIIII| | 1 1 11111 I{}--‘-:‘ IIIII| 1 1 IIIIII| 1 1 IIIIII| 1 1 11 1 111
10 10 10° 10 10 ,10° 10*
WIMP mass [GeV/c?] WIMP mass [GeV/c7]
best sensitivity: 2.5 x 10° cm? @ 40 GeV/c? excellent complementarity to LHC searches

— also sensitive to inelastic WIMP interactions
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DARWIN

WIMP Spectroscopy ° -

L

2X10~* cm? solar neutrinos, 2X10~*" cm?

10

Discriminator [e< log (S2/S1)]
(=)

27 signal events in box

i : :85Kr’ 222Rn’
s 2VPP, materials

ST SWIMP: 30 GeVic?, g=2x10-8 cm2 107°F >

8 5 10 15 20 25 30 35
Energy [keVnr]

CNNS+neutrons

40

Exposure: 100ty; 200ty

num. events:

77154 112,224 29, 60,

S
e

m 100ty |
m 200ty

10 100 1000
my[GeV/c?]
Update of Newstead et al., PRD 8, 076011 (2013)
Capalbility to reconstruct WIMP parameters
 m =20, 100, 500 GeV/c?

» 10/20 CI, marginalized over
astrophysical parameters

* due to flat WIMP spectra, no target can
reconstruct masses >500 GeV/c?
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Supernova Neutrinos

DARWIN

“

f

Chakraborty et al., PRD 89, 013011 (2014)

v from supernovae could be detected via CNNS as well

* signal fom accretion phase of a ~18 Msun supernova
@ 10 kpc is visible in a DARWIN-LXe detector

* signal: NRs plus precise time information
- complementary to water Cerenkov detectors

* challenge: theshold
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events above threshold [40 ton]
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e full DARWIN target (40t) 3
- no fiducialization due to time information
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_ _ DARWIN
Solar Axions and Galactic ALPs —° -

i
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Conclusion: hDARWII\I
Many Science Channels!

www.darwin-observatory.org

o

4 0.77=
. 10° S1+82 combined (LY= 8 PE/keV) ! Borexino — "B neutrinos
_ 10 = e L —————————— :i;bsa;eifr%b‘f;i Ff‘il:l\;)PE/keV) 06—___ iDARWIN — bep neutrinos
= CH Si-based (LY=12 PE/keV) —
% 0% E 0] e infinite resolution r
2 X 3 05—
g - > 1 i 10 GLV{E WIMP =¥ r
& 10 X "
“ 0% = o C
o™ ; 107 1 I L 0'3:_
> 24 6 8 10 12 14 16 18 20 T i i
WIMP mass [GeV/c?] Energy [keVnr] E, [MeV]
WIMPs CNNS low-E solar Neutrinos
ww p g
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2‘ 5 Inverte ierarch 1y
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Supernova Neutrinos Axions and ALPs Neutrinoless double (3-Decay
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