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e Summary of 3™ lecture

WILHELMS-UNIVERSITAT
MONSTER

4 )

Problems: background and small signal energy
— go underground and smart screening techniques
— observe signal in various variables:

charge, light, heat (and annual modulations)

Possible evidences at low WIMP masses
are fading away by better experimental data except DAMA/LIBRA result

DAMA signal: still under discussion, but excluded by many exp.
CoGeNT: explanation by MALBEK

CRESST: new design solves problem with too many alphas

Large progress by cryo-bolometer technology

Christian Weinheimer Dark Matter, Astroteilchenschule 2014 2
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Problems: background and small signal energy
— go underground and smart screening techniques
— observe signal in various variables:

charge, light, heat (and annual modulations)

Various possible evidences at low WIMP masses
are fading away by better experimental data
except DAMA/LIBRA result

DAMA signal: still under discussion, but excluded by many exp.
CoGeNT: explanation by MALBEK

CRESST: new design solves problem with too many alphas,

Large progress by cryo-bolometer technology

~

Christian Weinheimer

Summary of 3" lecture

( "
Problems come most of the time
from surface contaminations

— increase volume/surface

Dark matter not yet detected
— need to have larger detectors
to get sensitive to lower o

— use the most clean large mass
materials available:
cryogenic liquids

|ldea similar to succssful v exp.

KamLA D

Dark Matter, Astroteilchenschule 2014 3
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WILHELMS-UNIVERSITAT

e MONSTER

Liquid noble gas detectors

Liquid Boiling point Electron  Scintillation  Scintillation Long-lived  Triplet molecule
density at 1 bar mobility  wavelength yield radicactive lifetime
(g/cc) (K) (cm?/Vs) (nm) (photons/MeV) isotopes (us)
LHe 0.145 4.2 low 80 19,000 none 13,000,000
LNe nene
1.2 27.1 low 78 30,000 269 15
LAr @ 87.3 400 125 ((40,000) @ 2Ar
LKr 2.4 120 1200 150 25,000 Slr, 8% 0.09

LXe 165 2200

Scintillation by forming excited dimers
— noble gas is transparent for scintillation light

Different live times of singlet and triplet states
— discrimination between nuclear recoil and
electron recoil possible for Argon detectors

Charge vs light (charge quenching)
— discrimination between nuclear recoil and
electron recoil possible

J/

\.

Christian Weinheimer

210?17y

Xe* +Xc+XcXc?
SERC

Xe' + Xe — Xe,",
Xe, +e — Xe™ + Xe,

Xe** — Xe* + heat,

Xet+ Xe + Xe Xe,

SEI@
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= Dual phase liquid noble gas detectors:

— ——— WESTFALISCHE
Monsrer two basic concepts
[

Single phase Dual phase

PMT array

position PMT array position
resolution: ~cm 4 resolution: ~mm
St
- St
+ PSD 82
> time , time

following a slide from L. Baudis, TAUP 2013
Christian Weinheimer Dark Matter, Astroteilchenschule 2014 5



- Dual phase liquid noble gas detectors

Mowsren edg. XENON 100: basic principle

Detector: liquid xenon time projection chamber (-91 °C)
in passive shield (y and neutron shield)

WIMP interaction
= prompt scintillating light S1
electrons drifted into gas phase
by drift field in LXe (0.5-1 kV/cm)
= proportional light (S2) by electro-luminescense
in GXE (10kV/cm)

200
- 15:|:| 52
2 S
uj 190 1 drift time
A B0 4 -
0 |
0 20 40 B0 B0 100 120
time [usec]

Christian Weinheimer Dark Matter, Astroteilchenschule 2014 6



= Dual phase liquid noble gas detectors

were - €¢. XENON 100: position reconstruction

Drift time of charge to liquid / gas interface = Dt(S1-S2):
in LXe: 0.53 kV/cm: vy = 1.7 mm/us

— vertical position precision: Az = 0.3 mm

200
- 150 52
B
uj 190 51 drift ime
[i 50 ~ -
v | I\
1] 20 40 &0 a0 100 120

[+ 1N Y N D D (=~

@“WEE @M= Electroluminescence in GXe
o » BT, ~ .
A ’..‘\Q\\sﬁ’.”’"{? — light pattern on top PMT array
o 158 . . .y
“Q,m provides horizontal position
= ’2/!_?!};

g
Tt e

with AXx =3 mm = Ay precision

Christian Weinheimer Dark Matter, Astroteilchenschule 2014 7



= Dual phase liquid noble gas detectors, e.g.

WILHELMS-
e MONSTER

XENON 100: nuclear recoil and e-/y separation

Distinguish nuclear recoill
(WIMP, n — charge quenching)
from electronic recoil (background)
using S2/S1 ratio

Gamma
200
gamma
. 150 S2
= s
uj 100 1 drift time
o =3 -
50 - -
i 1 \
0 20 40 60 B0 100 120
time [usec]
200
50 WIMP (here neutron)
g S2
* 100 g
;'_4 drift time
50 S1 . > l
0 |
0 20 40 60 80 100 120
time [usec]

= 99.5% background rejection

@ 50% nuclear recoil acceptance

Christian Weinheimer
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i Dual phase liquid noble gas detectors, e.qg.

WILHELMS-UNI

were - DarkSide: nuclear recoil and e-/y separation

Distinguish nuclear recoil (WIMP, n — charge quenching)
from electronic recoil (background)
using triplet-to-singlet ratio (light decay time)

‘ 3
e = —
E B Y . 10° ™
2: --Ej - 5
E — . 0 F:_:j;_ef_ o el - N
- B { . - .= D_
: E o - 0
g o LS 1)
: -. . 811 o r ©
w0 — ' m
- S 2
- - - 1
— -
§°F ERs 5
8 E =
__3_llllllIJlIlJll]ll]JIl]lll]llllll]ll]]lllll]lll]ll
1] 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

F90

LAr (DarkSide-10)

= very high background rejection of O(10-7) possible
but it is needed because of 3%Ar

Christian Weinheimer Dark Matter, Astroteilchenschule 2014 9



= Dual phase liquid noble gas detectors:

:ILL:SE;?RS-UNNERSITKT chal Ienges

rChaIIenges: ultra-pure liquid noble gas (<1ppb O,)
reduction of radioactive noble isotopes (3°Ar, 8Kr, 222Rn)

efficient charge extraction
high E-field (e.g. 0.5-1kV/cm in LXe, 10kV/cm in GXe)
efficient light collection @178 nm (LXe), @128 nm (LAr)

Christian Weinheimer Dark Matter, Astroteilchenschule 2014 10




= Darkside-50: 2-phase Ar in LNGS

WILHELMS-UNIVERSITAT

depleted in 3°Ar, aim: 0 = 2 10-% cm?

from D. McKinsey, Aspen 2013 Darkside G2: 5t Ar, aim: o = 1047 cm?

DS-10 data DS-50 model

"
k=]
Tl

8.9 pe/keV

Rate (mBg/p.e.)

-
<
—

w

1000 2000 3000 4000 5000 6000 7000
Bl (p.e.)

Am-Be Source

Log (82/81)

Log (82/81)

Christian Weinheimer Dark Matter, Astroteilchenschule 2014 11
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WlLHELMS-UN;VERS;TKTA DM
MONSTER r

Other Ar detectors:
in Canfranc, Deap/Clean in SNOLab

from D. McKinsey, Aspen 2013

ArDM

miniClean: 500 kg LAr
commissiong in 2013
39Ar spiking for PSD tests

Calibration

Slide from A. Rubbia
Optical
Module

Fully PMT-based readout =
(initial configuration) Gas __{ Pootomusplien )
: | Eeeeorooory © — o
o= a~ w1 Top PMT array in gas phase ~ ||g ol tomday . N r
N L = L@| | scintillation light l ®
and bottom array in liquid, % . [ole E ikt ¥ °
= - ; o o| Drifting E !
o both will be newly built : = E,;% \ ]cmm  le1s g
2 T . ¥ 5
| ® . | 5 el o P
2 . ’ new PMT supportlng Z é*g WIMP Conversion of * g
E:.! e E __5,.:'{‘.: " indirect VUV : E
A . A1 9 s photons =
£l » new layout with |2 PMTs E : - ' \ : = )
£3 ) . SHe|2| vy o _
2 p fresh coating with wave- %ol N AP | Steel Sh ” o S
3 length shifting TPB 1B - S :
{,= _ P o B NN il S e S e = L 100 kV
- 1 | HV feedthrough | - e RS
for drift field qumd [ Photomultipliers ]
Modified field cage

Christian Weinheimer

Deep-3600: 3.6 t LAr
commissiong in 2014

Dark Matter, Astroteilchenschule 2014 12



—— " ——wemuse  Arguments for a Xenon detector
e MUNSTER

]
Heavy nucleus (A~131):
— good for spin-indenpendent interaction

(coherent scattering off all nucleons) - WIMP Scattering Rates
SD sensitivity too (~50% odd isotopes) _,E‘ - — Xe (A=131)
D 18 evts/100-kg/year
High nuclear charge (Z=54) S (Ege=5 keVr) Ge (A=73)
— very good self-shielding ? 8 eots/100-kgfyear | AT (A=40)
ﬁ 6l (Ep=15 keVr)

Ultraclean material > 10°¢
liquid noble gases are among the most o F
clean materials E
no long-lived isotope except
136Xe: t,, =2 102" yr, 8.9% nat. abund.

10°F

Very high charge & light yield: i
42,000 y/ MeV at 178nm (PMTs exist)

Proven XENON technology with My =100 GeV,05—p = 10‘[“5cm2 1
high efficiency & low energy threshold, 1009020 30 20 50 80 70 8
background rejection methods, fiducialisation, .}. Recoil Energy [keVr]

Moderate cost (<1k$/kg), (for details see E. Aprile, T. Doke,

effort scales with surface not volume Rev. Mod. Phys. 82 (2010) 2053)
Christian Weinheimer Dark Matter, Astroteilchenschule 2014 13



= —— pemsae o 1HE XENON collaboration

e MONSTER

2012- ...
XENONAIT

XENON: WIMP search in staged phases

2005-2007:

- 2008-2014:
XENON100

PURDUE

INFN Purdue RPI

b
S e ‘ 0 u
:)Ub() te R_h E:Lsur:f:rlrniwrisnkr N I E F T
: b MPI FUR L higranjvallywia A

KLRNPLLYSIK WELTRAANN INSTITLITE CF SCIEMNCE '::;:‘ls“l'
Bologna Subatech Muinster Heidelberg Nikhef — Weizmann Mainz

Christian Weinheimer

Bern
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m— m— O STFALISCHE XENON1 00 /aN [ =
WILHELMS-UNIVERSITAT 2 et
MONSTER XENON

NMatter Project

TPC:
161 kg two phase GXe & LXe TPC

TPC: 30.5 cm diameter
30.6 cm height
— 62 kg active target
99 kg LXe veto (> 4 cm)

98 + 80 (+64) 1“ x 1 R8520-AL PMTs
Xe purified by distillation to ~ 20 ppt Kr

| & = E. Aprile et al., Astropart. Phys. 35 (2012) 573
Christian Weinheimer Dark Matter, Astroteilchenschule 2014 15



——"—— pomue . XENON100 @ LNGS

e MONSTER

~_

passive shield: H,0, lead, polyethylene, copper

o ﬁ E . ey
— --""‘\\ ,n?" [ ‘" : -l:t H o

- _h

LNGS: 1.4km rock
(3700 mwe)

Christian Weinheimer ' ' ' ' Dark Matter, Astroteilchenschule 2014 16
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XENON100 Dark Matter run 10:
— e iproved background at low energies

E D 0 o 1 Excellent agreement
- B - ““Ac —— Mo (" 120 ppt) . . .
3 i/ I :EFEE:':-'&B?I@21W'; No fine tuning required
b OE o ol (g Radioactivities taken from
v F— . 11.2 live days i t
: e M g . measurements
E 1rr‘§ ...... ) : H ﬁ il * Ti '
NN flih
S S i
104 = | lllll : k ! Run 10 Daia
g_ L | | o s B |____1.___1___1___4_."::_1"'_:--- i Total MC Simulation
Krypton
u i " Erry ) o o "™ 220 live days ot
E. Aprile et al. Phys.Rev.D83 (2011) 082001 . = '
":; Ir i dL"Ia. ." i : %
: 0L fqgf fﬁﬁﬁfﬁ 1”31%“‘:?31#*? % ;1. x
. . l;..:’_" =2 4 _||rrl'—+'lt"-'"3,'1*'+l_+'_, L bt 3 4
Rate below 100 keV significantly WHHJ_; , Y
2 g ¥ Mg TR
reduced | émjiﬁﬂmﬁ mlf'{li-]ﬂ AN %;1
Krreducedto 19 £ 1 pptinrun10 £ = it Rl '1H|h¢ H:||||-| J||}i| | -|H_ fﬁ
s I |
as measured by i k H\
rare gas mass spectrometry -
10" 0200500 B00 1000 12001200 1600 180C " 30

Christian Weinheimer

Encrgy (keV )
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WILHELMS-UNIVERSITAT
e MONSTER

Run 10: 225 live days in 2011/2012

7 [em]

-30

Radius [cm] S1 [PE]
2 4 6 10 12 14 153 5 10 15 20 25 30
- J.- n L T I 1 I I T T I T T T 1 T | T T I T I
L 04+ | : |
C .- o1 " : ... .
0-2_:'| * i . e '.- . .E. . .'o‘ ?}'l. .-l
T o . R . ‘_ . : et - ’ . e, ot
S % 0.0 — -‘t Ry I cr .:.' e ‘,‘:?'..',‘ "?"’_::' : "'4'\ ..'%'fu
A0 I A M SRR (Lt St
m - F: : s ‘I. ‘. i - > | .| - 3 :
. m-02 [ .. kst . .'. E . g Y
A5 A - . ) |
s v 04 _—%‘ """""""""""""""""""""""""""" prmmeeee oo T I --------
] ~ —— -—T
@9-0.6_— | PLLEESSIS ST T
U S — |
. —
L — 08— —
25 - o e |
1.0 :—/1/ |
| | I [l [l _1 ’) :I/I I\|.I"I|‘| 111 _IJ_ [ 11 1 r 11 1 1 | :I L1 1 I L Ll I 11 1 || I L1 1 1
0 50 100 150 200 250 s 10 15 20 25 30 35 40 45 50
Radius? [em?] Energy [keVnr]
s \

Christian Weinheimer

blind analysis, use 34 kg fiducial mass

cut-based analysis:

expected background: 1 event, measured: 2 events
— statistical consistent with no signal

 — no dark matter found, only upper limit

J

Dark Matter, Astroteilchenschule 2014 18



e XENON100 run 10:
— 225d data of 2011/2012

E. Aprile et al., Phys. Rev. Lett. 109 (2012) 181301 Profile Likelihood Analysis:

10°% - all observed events

- full energy information,

no discrimination
- incorporate calibration informations
- include systematic uncertainties

(Voger Lofrr ---)
- method makes smooth transition

\ LI I 1 1 I I 1 1 L I 1 L] 1 1 1 1
XENON100 (2012)
] \ QDAMAJ.\I& = observed limit (90% CL)

“\ . Expected limit of this run:
% \

%

I = | o expected
+ 2 o expected

5
L
/

-
C-

1 |JIIIIIlIJ] IIIIIIII] IIIIIII:I

LML

, (012

H
<%
(5]

S T =

WIMP-Nucleon Cross Section [cmz]
%

E
10"‘4|§—
E

_________ between rejection/discovery
— calculate only one true 90%CL limit
o Details of the profile likelihood analysis:
8510 20 30 4050 100 200 300 400 1000 E. Aprile et al.,
WIMP Mass [GeV/c*] Phys. Rev. D 84 (2011) 052003

World’s best sensitivity on WIMPs
but nothing found yet !

disfavours DAMA & CoGeNT (& CRESST) possible signal regions
(also IDM@DAMA ruled out, E. Aprile et al, Phys. Rev. D 84 (2011) 061101)

Christian Weinheimer Dark Matter, Astroteilchenschule 2014 19




N/

— XENON100 Dark Matter run 10: Ae

WILHELMS-UNIVERS] ey

v Limits on spin-dependent interaction (L

Matter Project

Some data selection and analysis as 225 days run 10 analysis (PRL 109 (2012) 181301)

Sensitivity to SD interaction by odd isotopes 22Xe (J=1/2, 26.4%) and 13'Xe (J=3/2, 21.2%)
%ﬂ?)’n 2J +1 O'SD(Q)

Single particle cross section limits opn(q) =
p,n 4 2 ap==1ay
HaA ™ S5y (9)
34
10 ) P LR § ¥ L) LS SN T X * IR P TR », L3 % P L O} T T T
\ — XENON100 limit (2013) neutron o ] — XENON100 limit (2013) proton
+ 26 expected sensitivity 10 7F + 20 expected sensitivity
-35( [0+ 10 expecled sensitivity I = 1o expected sensitivity

=
I
B

—
[=

|
[
o
1
L]
o

—_

o
—
o

SD WIMP-neutron cross section [cm2]
SD WIMP—proton cross section [cm2]

10 10 10° 10° 10’ 10 10° 10

WIMP Mass [GeV/c?] WIMP Mass [GeV/c?]
E. Aprile et al., Phys. Rev. Lett. 111 (2013) 021301

Christian Weinheimer Dark Matter, Astroteilchenschule 2014 20



WILHELMS-UNIVERS]

e Limits on spin

XENON100 Dark Matter run 10:  BXd@
. . 58 W\
-dependent interaction F&ErEL

AN

Matter Project

107

Some data selection and analysis as 225 day:

Sensitivity to SD interaction by odd isotopes ' .10

Single particle cross section limits

SD WIMP-neutron cross section [cm2]
5

—
=4

—
D{

—
c{

107

€
~J
T

L]
o
I

1
]
o

S
=)

Nl —xeNoN1oo iimit (2013)

neutron
+ 20 expected sensitivity
I+ 16 expected sensitivity

g
10"

XMASS

— — — — — —— — — — — — —

[ IIlIII|

—L
o
N
—
(@]
("]
—
C.?-
Mo
—
O
—

ni m, [keV/c?]

A"a'yses Undey Ower 85y, concentr, P

. Way: annug Moduy[asi AL

ecently PUbJi OW ma ation
IS Ss
S he Xlons ( R IMP (82 On’y) «
' D 99 (2014) 062009)
10’ 0 0 10 o 0 0 10

WIMP Mass [GeV/c?]

E. Aprile et al., Phys. Rev. Lett. 111 (2013) 021301

Christian Weinheimer

WIMP Mass [GeV/c?]
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z LUX: 2-phase Xe, measurement started

WILHELMS-UNIVERSITAT

in Homestake mine, aim: o = 2 1045 cm?

from R. Gaitskell, Aspen 2013

Thermosyphon

Titanium Vessels

= - N
T !'l’i?\ ,;\ | PMT Holder Copper Plates
i:l | I W
F 'F.'E- ad 20 Dodecagonal field cage
; J_ | 4 | + PTFE reflector panels

I__ b

» 370 kg (300 kg active) LXe
« 122 PMTs (2" round)

» Low-background Ti cryostat

* PTFE reflector cage

; 2” Hamamatsu R8778
* Thermosyphon used for cooling (>1 kW) Photomultiplier Tubes (PMTs)

Christian Weinheimer Dark Matter, Astroteilchenschule 2014 22



s

|
— —— WESTFALISCHE
WILHELMS-UNIVERSITAT
s M UNSTER

LUX: 2-phase Xe, first results
— no signal found (arXiv:1310.8214)

o 10-39 = T ' l I 1 | =
&£ E\ DAMA (Savage, 2009) —
5 104 B2 —
1(5_ = =
_E 1041 ;_ """" SIMPLE (2012) _;
% E\ —
o 10-42 g _E
S =\ ZEPLIN- @011
O 1 -43 =1\ .me'l"""“.mlm o e —
S 0 = VNNl e e e A RIS L g (201‘”2”1” =
% 10°# _ \\ //ENono(z_ﬂm/:
= \ =

S 10¥ = \ =
10-46 I \\ e v v i

= TS~l == =TT T ENONTT (2017

10-47 B | N | .--T__T--T-T_| L | ]

6 7 8910 20 30 40 50 60 100 200 300 400 1000
WIMP Mass [GeV/c?]

Christian Weinheimer
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— ot XENON1T at LNGS

WILHELMS-UNIVERSITAT
e MONSTER

Christian Weinheimer Dark Matter, Astroteilchenschule 2014



WILHELMS-UNIVERSITAT
MONSTER

e XENON1T in hall B at LNGS

Septembe;iz :

Christian Weinheimer Dark Matter, Astroteilchenschule 2014 25



T e s XENON1T at LNGS:

WILHELMS-UNIVERSIT

MONSTER Removal of radioactive noble gases

Cryogenic distillation

8S5Kr:

10-% - 10-% in commercial xenon gas,
2*10-11 fraction of 83Kr in natKr,
— need very efficient purification method

up to now Kr in Xe concentrations reached
in LUX, PandaX, XENON100, XMASS: 1-3 ppt

XENON1T requires < 0,5 ppt

cryogenic distillation with Munster column (3kg/h):
< 0.026 ppt (MPIK measurement)

219Rp, 220Rn, 222Rn:
comes from walls, weldings, ..
— purification by absorption (e.g. on cold charcoal)

or by cryogenic distillation (never demonstrated yet)

Christian Weinheimer Dark Matte



B | XENON1T at LNGS: X@

WILHELMS-UNIVERSITAT

I v Sensitivity

Statistically signiicant WIMP signal
after 2 ton-years of data
—100 avents if cross saction at 10-*cm?

i

=
=

-

1 el e

—
f==]

IS

=3

= - 100 Gy
SRR . i1 events _»

! ..auhn B

E_ ! +.f_”ﬁ.i”r

.‘F!‘."
1.1 (R

—
=
&

a o]
== E
\ I‘."-I.l\-'_l ]

WIMP-Nucleon Cross Section [em’]
=

c‘IJ.IIIIIII| T Illﬂ] |||||rrr| IIIIIII| IIIIIIII| [ .I

:u:-u Gey
25 eyaphs _
10‘45 t=$ "v Er: -
107 I Po "ﬁ I
XENONIT (2017)
]0."' = A | ] i | | 1 | . =— 1|:|*F 1 1 1 1 L 1 1 1 I N | e
73910 20 30 40 30 100 200 300 400 1000 10 0¥ iy

WIMP Mass [GeV/c’ Mass [GeV]

Example of discovery

= 2 x 104 cm? for 50 GeV/c2 WIMP

Probe majority of SUSY-favored phase space

- - Buchmueller et. al, arXiv:1112.3564 (2011)
= Strong dlscovery pOtentlal AuFowIiuet.aI,arXiv:lllI;.3564(2012)

Ethan Brown TAUP, Sept 8 - 13 2013
Christian Weinheimer Dark Matter, Astroteilchenschule 2014 27



— = soms Finally, the sensitivity will be limited by

e Mivsren neutrino background !

SuperCDMS Soudan COMS-lite
SuperCDMS Soudan Low Threshold
XENON 10 82 (2013)

10—39 . ot ,CDM@—JJ Ge Low Threshold (2011) : S ——— : R —— 10—3
'\_0 . CoGeNT
10_40 \'-6 4 10—4
\O
\
— 10-41 ‘ 107 —=
5 0\2 =
g 1074 09 (1070 g
.o I\‘ 0:0 n - v
5 10748 R SBE107 G
o \‘/’:"SSN \ O2) >
2 ' 2SNoLag 50 z
%) _ ~ L S 2 72
2 10~ o, 108 8
= Be s ; = W \-'_’_:" o
Neutrinos : ' e
~45| B i -9 g
g 10 Neutrinos A1 ; 10 8
% ’ —46 é@@-—- _]0 T)
= 10 10 =
= T
| s
ol 10_47 - (Green ovals) Asymmetric DM q 10_11 %
2 (Violet oval) Magnetic DM =
— : .
1n—48 (Blue oval) Extra dimensions 1n—12
B 10 (Red circle) SUSY MSSM 10 B
A MSSM: Pure Higgsino
10_49 & MSSM: A funnel 10_13
# MSSM: Bino-stop coannihilation
10_50 Y& MSSM: Bino-squark coannihilation 14
1 10 100 1000 10

WIMP Mass [GeV/c?]
from R. Gaitskell
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e The Karlsruhe Tritium Neutrino Experiment

WILHELMS-UNIVERSITAT

— M UNSTER KATRIN - OverVieW

Tritium source Transport section

Pre spectrometer Spectrometer

Detector

1 =

1 >

1

1

! \ 10 ¢ /s

\ E=18.6 keV
\

1

1

AT

Karlsruhe Institute of Technology

Sensitivity on m(v ):
2 eVic? — 200 meV/c?

Christian Weinheimer '
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5 __ Influence of a 4" sterile neutrino
WILHELMS-UNIVERSITAT near the endpoint EO

MONSTER

dN/dE = K F(E,Z) p E. (E,E.) ((cos(6)V(E,E,)2 —m(v,,4)? + sin%(6)V(E,E,)2 — m(v,)?)

;‘?E e.g.

v m(v,) =2 eV
/ sinz(G) — 03
e.g.

m(vy,;) ~ 0eV

/cosz(e) =0.7

18570 18571 18572 18573 18574 18575
E/ev

Dark Matter, Astroteilchenschule 2014 30
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— Normal (“differential“) or

integral p-spectrum

3 1.2f
N 1E. Differential, normal
o 08F
e.g. Mg, .. = 2.5 keV 2 0.6 -
sin?(8) = 0.25 0.4F
(unrealistically high O'ZE_I T .
for Warm Dark Matter) 18000 16000 17000 18000
E/eV
5 1.2F
i 1B Integral
o O8E™ typically for MAC-E-filter
~ wqé 0.6F
— obviously much better 0.4F
signal-to-background-ratio 02k
for differential p-spectrum P T R L
w.r.t. integral p-spectrum 15000 16000 17000 1800(/)
. _ E/ eV
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z Statistical sensitivity for integral and

m, (keV)
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S. Mertens et al., ,Sensitivity of Next Generation
Tritium p-Decay Experiments for keV-Scale Sterile
Neutrinos®, S. Mertens et al., arXiv:1409:0920,
see also S. Mertens, proceedings of TAUP 2013
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E— —— WESTFALISCHE Summary Of 4th IeCtu re

WILHELMS-UNIVERSITAT
MONSTER

N

Liquid noble gas experiments (LAr, LXe):

- combine large mass (nicely scalable to ton masses)
with low background (intrinsic clean, fiducialisation, self-shielding;
vy-WIMP distinction)

- well-established technology for dual phase LXe TPC
Best WIMP sensitivity by XENON100 and LUX

Many experiments under construction or commissionig
(e.g. DarkSide, DEAP-3600 ...)

New projects with fiducial mass O(1t) are being constructed
(e.g. XENON1T, ...) aiming at a sensitivity of O(10-47) cm?
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