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Dark Matter Indications

Astronomy

DISTRIBUTION OF DARK MATTER IN NGC 3198
200

LANLINL I B I N B B B L B B L B B L B

NGC 3188

g

100

Vo (lem/s)

50

o e by

ol v o by b b i b
0 1o 20 40

@
-

Radius (kpe)

Gravitational Lens in Abell 2218

PF95-14 - ST Scl OPO - April 5, 1995 - W. Couch (UNSW), NASA

HST - WFPC2

Cosmology

7000 :

T
Planck TT spectrum
6000 [

5000 | E

4000 [ 1 o 500 12Ky

3000 |- : ]

W+1)C,/2m [uKk?]

2000

1000

2,

500 200

250 100

0

2
A9, [uK?]
o

—250 4 -100

~500 —200

2500

L i’ L I I L
2 5 1020 500 1000 1500 2000

Dark Matter 4SRN

DA 08.3%



Colliding Pizza, Heidelberg 2016 3

(Some) Dark Matter Candidates

Gint (pb)

MOND/TeVeS: fails (so far) to simultaneously describe all different scales
MACHOs: likely ~ 20% of DM are massive astrophysical compact halo objects (but not all of it)
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Prerequisits:

cold (structure formation: no large free-
streaming)

electrically neutral (searches for CHAMPs)
abundance of 27 % (CMB)

cosmologically stable (gravitational effects
today)

no strong interaction (cluster collisions)

+ additional metivation (smallness of
neutrino masses; hierarchy problem; weak
and strong unification; ultra high-energy
cosmic rays; strong CP-problem)

g + signals within reach

- - WIMPs
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mass (GeV)

see last weeks talk_from Nishita Desai
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Dark Matter Searches

Indirect detection Direct detection Particle colliders

Direct or by decay
production DM

DM annihilation into J§ DM scattering off SM
SM particle particle
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Direct DM Detection — What to expect?

WIMP
WIMP

Recoil energy of the

= 0.3GeV/em?
Py eV/em nucleus: O(10 keV)

R

Scatt. Rate Al ssomhoa il uesad
e N, - :'r"nlfii_j\:'fi“ nsity veloe. distribution
dR ,0 d{," ” i "\ g
—(E,t) = % / —(v,E) v fe(7.,t) &0
dE My, Vmin GF

Dif f. Cross Section (arXiv:1605.08788)

j—; = ;;szQ *(q) +S (9))
/ AN

requires nucleus
with non-zero spin

proportional to A (e.g. °Xe, *'Xe)
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Detector requirements
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WIMP-Nucleon Cross Section [cm

107

10748

WIMP expectation rate
Signatures of dark matter signals

Nuclear recoll, single scatter
Spectral shape: exponential
Dependance on material
Annual modulation of rate
Directional dependance

Theory prediction: cMSSM
Strege et al, (2012)
Fowlie et al. (2012)
Buchmuller et al. (2011)

1 event/kg/y

A dark matter detector
Large target mass

Low energy threshold

1 event/ton/y

| | Very low background

67810 20 3040 100 200 300 1000 good background discrimination
WIMP Mass [GeV/c?]

Spin independent scattering
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Signal contour and exclusion curves

Cross section

N counts in ROI for a given exposure:

— Statistically significant for given background?

Reference
limit

e @Contou r

Smaller target
nucleus

Lower
energy
‘threshold

Increased
Exposure

WIMP mass

Sensitivity

target mass

Reference
sensitivity

Improved

Increased

discrimination

Increased
background |

Exposure
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Direct detection experiments

COUPP
PSI?I'L?PSLSEO (cryogenic bolometers/
PICO superheated liquids)
(cryogenic bolometers /\
+charge collection) PHONONS/HEAT
SuperCDMS _ CRESST (scintillating cryogenic
EDELWEISS = bolometers)
CHARGE LIGHT
L hY
COGENT LZ DEAP
TEXONO ArDM CLEAN (scintillating crystals/
DAMA/LIBRA Jiqui /
(Ge detectors/ CDEX XENON A iquid noble gas
- O DMTPC DARKSIDE SS detectors)
directional detectors) KIMS

DRIFT PANDA-X

MIMAC DM-Ice

Newage SABRE

(dual-phase liquid noble

gas detectors + TPCs)
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Liquid xenon (LXe) as detection medium
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* Large mass number A (131), higher rate for Sl interactions (proportional to A2)

- 50% odd isotopes (12°Xe, 131Xe) for SD interactions

« No long-lived radioisotopes (with the exception of 136Xe, T12 =2.2 x 1021 y)

« High stopping power (Z = 54, p =3 g cm=3), self shielding

- Efficient scintillator (80% light yield of Nal), light output @ 178 nm (VUV, WLS not needed)
» Liquid at ~182 K @ 2 bar
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Xe scintillation light: excited dimers

Excitation:
e +R—-> R +e”
RELR-—SR”
R5"+R—>R5+R
R5 - R+R

lonization:
& LR SR} 2e
R"™+R+R— Ry +R
e +Ry - R™+R
R*™ +R — R" + R+ heat

R*+R+R — R5+ R+ heat
R5 —>~R+R@

impact excitation
excimer formation
relaxation

VUV emission

onization

@mbination

VUV emission

arXiv:1207.2292
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2-phase time projection chamber (TPC)

Top PMT array
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2-phase time projection chamber (TPC)

Top PMT array
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2-phase time projection chamber (TPC)
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XENON Dark Matter Program @ LNGS
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XENON Dark Matter Program @ LNGS
4

7 'm { XEONlT ) XENONlOO
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The XENON Dark Matter Program

XENON10  XENON100 XENON1T/XENONnT

Livetime = 2005-2007 Livetime = since 2008 Exposure = 2 t x year Exposure =20 t x year
Xenon mass = 25 kg Xenon mass = 161 kg Xenon mass = 3500 kg Xenon mass = ~ 7500 kg
Target mass = 15 kg Target mass = 62 kg Target mass = 2000 kg

Achieved sensitivity Achieved sensitivity Expected sensitivity

8.8 x 107 em? 20x107% em? 1.6 x107% ¢ 1.6 x 10748 em?
@ 100 GeV(2007) @ 55 GeV(2012) @ 50 G’eV(2018) @ 50 GeV(QOQ:L')
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XENONI1T world map
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Direct detection limits (SI model)
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Figure adapted from XENON100 Coll., Phys. Rev. Lett. 109 (2012) 181301
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Direct detection limits (SD model)
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XENONIT — next generation DM detector
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Construction of the TPC

0.96 cm of drift length, 1 m diameter, 2 t of LXe
in the target

~1 kV/cm drift field

74 ultra-radiopure copper rings supported by
24 PTFE pillars connected to the uppermost
stainless steel ring and the latest ring.

2 resistor chains connected to the shaping
electrodes ring to keep the field uniform
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Construction of the TPC
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XENONIT - our first event

Event 1 from 160518 1342
Recorded at 2016/05/18, 13:42:45 UTC, 476027136 ns
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Backgrounds in XENONIT

S1[PE]

Expectation values of events in XENONI1T, in 2 t-y exposure 5 i = - 55 i
No 99.75%ER_;| =R TR SO R ST AR TR RE RS
discrimination c;ihi_scrimina,ti%/ |

Signal () g
6 GeV/c2 WIMP (o =2-107% cm?) 0.68 0.27 g
10 GeV/c2 WIMP (¢ = 2 - 10746 ¢cm?) 4.65 1.86 &
100 GeV/c? WIMP (o = 2-107%" ¢cm?) 7.13 2.85 @
1 TeV/c? WIMP (o = 2 - 1070 cm?) 8.85 3.54 2]
Background g
Total ER (ju5R) 3.25 ‘ TP

NR from necutrons 1.10 0.44 B R SRR DT .-

NR fI‘OITl CNNS ].18 047 -12 '|g| 1 \HTBW \'|l|5‘|'\ 1 |2]U4 L1 |2\.5| L \‘30'| k| \3|5| | |4|D| L1 |4|5\ L =0
Total NR. (v g) .98 0.91 Bargy ks

XENONLIT collaboration, arXiv:1512.07501 ] ,
52 XENONAIT collaboration, arXiv:1512.07501
- F — Total 222pn —— materials

Nuclear Recoils (NR) & &

neutrons (radiogenic, muon-induced) o DA e apy iy TS -

— water tank as muon veto b/ = —

coherent neutrino-nucleus scattering e fo— i ——

g : s ei——
E . o0 - o~

Electronic Recoils (ER) - f

radioactivity (B,y) from detector components o i

— shielding, self-shielding of xenon - 10_6*_

intrinsic background from *Kr and **Rn < F

=7 Lo e g o 0w g w @ | 9 g 9 g 1§ 4 g 3
s 100 150 200 250

=]
n
=]

Electronic Recoil Energy [keV]
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Intrinsic (radon) background

*?2Rn decay chain

L
ZDEP
223y stable

Intrinsic Background
Rn distributes homogeneously in the LXe target

Radon progenies (**Pb) can induce background

No shielding possible!

Emanation as radon source

Traces of *°U in every material

Radioactive noble gas **Rn emanates from detector
materials

Emanation is a permanent source of Rn

XENONI1T collaboration, arXiv:1512.07501

- — Total — Mgy ==="Toigl except materials
ki —3 L 39 -
s 10 [ —-— *Rn — BKr — materials
:} B PR _/
© C i i R P per s il
" 10 e T3
& F o
2 [ e
=11 "
o, 1 =
o = _.;-F"-FH-F
g f -
§ 5 -
S8 C /
5
I{]—? / 1 L1 1 J 1 L1 I. e I 1 1 | L 1 | 1 I

200 400 600 800 1000 1200 1400 1600 1800
Fiducial Mass [kg]
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XENONIT radon budget

My personal contribution to
‘Enlightning the Dark'

eémanation
' measurement
at XENONI1T

Integral measurement of
the cryostat including TPC

preliminary result:
(19 +/- 4) mBq

(9 +/- 1) mBq\

(1.9 +/- 0.2) mBq (2.4 +/- 0.3) mBq

electric
feedthroughs

inner piping
heat exchanger
(0.12 +/- 0.02) mBq

Purification system
OooooOQ .

TPC "
recirc. pumps

PMTs (9 +/- 1) mBq

cables

fefon - = 0l

]

inner vessel getters

(1.9 +/- 0.3) mBq (1.6 +/- 0.1) mBq
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Detour: cryogenic distillation

3
) 10 = XENON Preliminary - RGMS
& F
;é B - In situ analysis
= 107 E =
VA= 3
10 —
1 =
10"
107

XENON100-1 XENONI100-2 XENONI100-3 XENONIT

XENONT100-1: 100 Live Days publication = XENON100-3: Beginning of SR3
XENON100-2: 225 Live Days publication XENONIT: Commissioning Run

Raw Xenon

% Purified Xenon

5.5 m height
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HeXe setup — probe Rn distillation

heating
catridges

pt-100
sensors

copper v 7. :
cold-finger T~ 5 ; gas outlet
liquid xenon *~ EF g — main flange
funnel = o
’ insulation
vacuum

camera bell

scale
pt-100
SENSQrs quuid
xenon
reservoir
heating

plate

The Heidelberg Xenon system (HeXe)

Single-stage distillation
Measurement of radon depletion in the
boil-off gas phase

Cold-head for xenon liquefaction
Bell-structure separates gas volume
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HeXe setup — probe Rn distillation

TE recuperate cryostat with f = 0.55 slpm hat Struc-ture no hat StI’llCtllI'E
E i 4 rad. mon. rad. mon.
el I {
= [ 2‘.".23'3’32" PRI hiriase Aie 10 J prop. counter prop. counter
L radon accumulation i ; v
/ i?1 theE:iqcuid I';:v.:'rh::u‘:'n -“ Xe_rllﬂl 46+4+0.1 stat 4 . 548 353401 stal { ]sys
ity ' 3.6+04 -
e o | xe- e 53101 -L03% G001 LE
107 | |l 4.91+0.6 -
o il xe_run3 - T D10 4™
jé?-ff %q—c - 8 :t 1
Eﬁlmlllllll stat 5Ys
o s Shn o e xe_rund - 372013 £04%
time [min] = -
8 N s :
g B data radon monitor s 1 _g‘ Measured reduction factor R = Rn“quid;’ RngEls
E r # data prop. counter EE = 1Dg
— 7L u_i‘.; o
= =17 =
1= u . - .
8 e Jr i B Proof of radon reduction in boil-off gas!
=3 U .
S 6l 58 Mﬁﬁ ,E > Radon reduction by a factor ~5 measured
- | 4% F s
R e : : N - -
Ak #H; %;;}% it + s T Com_plementary measurements with proportional counters
5|+ Hg i Y | confirm results
o - - i ~ : :
; ,x” ik Measurements at higher recuperation flows of up to
- > = o 6 slpm show same reduction factor
:H*“l“”"#l | -—-~I | -2 Systematic 'bell-effect’ still under investigation
32IZEIIIIZII | I3IIZII]II = I-’-'I-DDI = IEMZII:_II IEIIIIIIII i I]r'iIIDI = IE!E:I[I

runtime [min]
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XENON10O distillation campaign
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Rn-detector XENON100

Alpha-peaks of **Rn and progenies easy to identify
BiPo analysis for complementary radon monitoring

Extension of gas purification loop
Integration of XENONL1T krypton column in purification loop
Integration of a radon emanation source

XENONL10O gas system

gas
recup.

to

detector

from
detector

interface gas system

® buffer

- P
port 2
o port 1
recirculation
I & pump
$ MFC

MFC

particle

filter recirculation

/ pump
=}

getter

i i—rﬂ:l«l} 3
radon source

distillation column

MFC

i
top

input
condenser

package tube

particle
filter

condenser

reboiler

recover system
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XENON10O distillation campaign
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Active Muon Veto

oy
700 m?® of demineralised water acting as
active Veto and shielding

Equipped with 84 high QE PMTs
Lined with a reflector

Presently under commissioning

“JINST 9 (2014) 11006 arXiv:1406.2374”
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Detector calibration

"~ XENON1T is calibrated via:

LED: to periodically measure the gain of the PMT
- inside the TPC

INTERNAL CALIBRATION SOURCES: short-lived
radioactive isotopes mixed to the xenon stream:

+ 83mKr to calibrate the ER energy scale

- * 220Rn and TCHjs for low-energy ER

'NEUTRON GENERATOR: the size of the XENON1T
' TPC allow to identifying double scatters of 2.5 MeV
mono energetic neutrons produced by a D-D neutron
1 generator

Deutesinm-Deuterinm.-
Fusion Neution Generator

EXTERNAL CALIBRATION SOURCE to measure
the purity of the LXe in the target and self shielding
‘capability



Colliding Pizza, Heidelberg 2016

XENONIT(-nT) enters the game

|—|10_39 =
E C:DDAMﬂfNEI XENONIT Sensitivity in 2 t-y
—40 Lt —— Expected limit (90% CL)
O 1077 Byl N\ e DAMA/I B 1o cxpected
: . CDMS-Si (2013) T
= 10741 E / +2 G expected
.g ; ~ XENONI10 (2013)
- PN = _\_ SuperCDMS (2014)  panda®! " parkS
s 10 \ - s P R :
A o e 7013
— 12) k(2
(.E} 107 ; \ KENONIOY & =
: 10_45 T— - lt.ﬁrj
S a6 \ NONIT ¢
_._..-l"'
i
E 10 \ \ — S
S 107 L. e __ — —xgnonet & e 201
_48 ~ e e L e SH—  amyVETY “ﬂ-"ﬁ \=
10 \ — ---1: Neutnnd L
A Al
i - pillard &t
310_49 IIIII H‘-I-—_I.Pi-l-.li-ﬁlll | | JIIIIII ] 1 1 1 1 11
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WIMP mass [GeV/c?]
arXiv:1512.07501
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Some final propaganda...
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ORLHTENNNT

o e
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s ) gecmr

Lot

=AW Cogr

"Alon with Anhma’o{-er ahd ‘Dark Ma%er’

we've vecently discovered the existence of

“Doesn’t Mattey, which appears to have no
effect on the universe whatsoever.”

Thank you for your attention!
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