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Liquid xenon for dark matter
searches

Scalability: relatively inexpensive for
very large detector (today ~$1000/kg )

Xe nucleus (A~131): good for Sl.plus WIMP scattering rates
SD sensitivity (~50% odd isotopes)

Self shielding: High atomic number
Z=54 and density 2.8kgl/l

Charge & Light: highest yield among
noble liquids and best'self-shielding

Low energy threshold: photosensors
within liquid for efficient light-detection

background,reduction: by charge-to-
light ratio and 3D-event localization

Intrinsically pure: no long-lived
radioactive isotopes; Kr/Xe reduction to

ppt level with established methods ' 50 60 70 80
Recoil Energy [keVr]
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The XENONiOO de‘tector

XENONl@O’was de5|gned to be
~100 times more sensitive than -
XENONlO .-

et: 30 cm drift x 30 ‘cm *
lameter TPC

* 162 kg ultra pure LXe (target +
-veto)ie * 5 -

L

'Cryocoole.r arad ETs. outS|de shield

. g ° Selettion of materlals for low
. radioactivity '

- = *1 mBg (U/Th) and ~30% QE * «
1-inch square PMTs" )
« "LXe veto around target on all sides .

o Multllayer passive shield (Cu,Poly,
Pb+Water) .
. ...- » . . -
* GLA2011,Jyvaskyld, June 8th, : ik . . R Antonio J. Melgarejo™®
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The XENON two phase TPC

e’ly: electron recoil

GLA2011,Jyvaskyld, June 8th

- Top PMT Array

S

proportiona

_—
drift time

drift time

(52151 .:Im mp << (S2/51 }-"-arr-n'ua

Single electron and single photon measurement sensitivity

>99.5% ER rejection via Ionization/Scintillation ratio
(S2/S1)

3D event-by-event imaging with millimeter spatial

resolution
Antonio J. Melgarejo
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xéNoNioo TP'C e

'+ The XENO TPC s made i %4
PTFE interlocking pannels The high-
reflectivity of PTFE for xenon
wavelength increases-the light -

- collection. It contains 62kg of LXe

- A cathode placed near the bq,ttom of the
detector is supplied wr.‘nlgh voltage to
“generate an electrlc fleIcUn the TPC

. Field S?plng rngs Qqually‘;paeeﬁ i'n}
the TPC at different voltages make the

field hbmoge‘neous acRss-the.vhole -
drift length o .

+ The anode mesh staek.ln the top of the

* TPC close the electric field and prewde :
a higher electric field region in the |IC|UId-

_gas interphase to extract the electrons.

and produce pcoportlonal scmtlllatlon .
light . S it | |

i , p =3 AN ‘.' i =N ‘b )

. GLA2011,.J§‘V'eiskylé, June 8thy : . £ A - Antonio J. Melgarejo®™
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‘ . PMT AFrays.' g

= E . . s Fia
». ..~ -. . The bottom PMT array is made of «
78 PMTs T R | .
o - . The PMTs are placed in the liquid -
,*”lmprc_)ve the light collection
+ PMTs in the bottom array are . .
. specially selected for high QE -
L] *» g i ' T g
N R 3 - °* The PMTs are very-packed to .
bl >, . iy ' ma)glmize the amount of Iigm
. _\,._ﬁ — " detected . . ..
° The top PMT array is composed of 98
PMTs 7, .. * .3‘ ‘
* Using a bell'system, the PMTs are kept

~ constantly in.xenon gas » :

« The S2 PMT pattern distribution is”
- related to the interaction pasition. The
radial distribution of the PMTs is * |
~ - optimized t0 reconstruct the position of
* the ir]teraCtions ' -
« GLA2011, J};V'eiskylé, June 8th
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“XENON100 Veto

. . . - .
. . . [ ] - b #’ & . ’ - o ™
-

. The volume surroundlng the TPC |s fllled & ,"

" .with ~100 kg of liquid xenon =
sﬁg/ 8

« This liquid xenon acts as a radlatlon
~thanks to'the high Z and demsﬁy

- Thevolume is ms@mented with 64 PMTs a

- facing the top bottdm and sides of the TPC i
to reject mteracaons with-one deposition =
inside the TPC and dd’e in outS|de iactlve
veto) | P B ,

E GLAZOll,Jyvaskyla, June 8th : ik . . %5 Antonio J. Melgarejo™
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it ... Electronics”
. _.‘.- y ... " ..o % ™ - 0.". 4‘..-
S Requwements i R

- Digitize full Waveform (400” of
242 PMTs | .
-+ No dead tlme w
. ngh rate.capabllity fomallbratlon

. Solution: CAEN /1724 Flash-
ADC, 14 bit, 100MHz -~ |

»
‘.. cwcular buffer veryshert dead tlme

.« on board FPGA Zero Length i
En‘bodmg |

. GLA2011,.Jyvaskyla, June 8th
\



Purification system

Impurities in liquid xenon can reduce
the:amount of light and charge collected
In the detector

from detector to detector o storage

The xenon is
continously
recirculated with a
double diaphragm
pump through a hot
getter at 10slpm

Recirculation
pump

GLA2011,Jyvaskyld, June 8th Antonio J. Melgarejo



Purification system

Sources of impurities:
Leaks: minimized during
construction
Xe gas contamination
Materials outgassing: No
bake out before
construction and hard to
bake-out in situ at high
temperatures due to the
presence of PMTs.
Largest contribution and
time dependent

Continuous monitoring of

detector behaviour

GLA2011,Jyvaskyld, June 8th
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Coollng system

'Xenon is cooled down by a
Helium pulse tube refrigerator.

A system of heaters with variable
voltage input is used to keep'the
coldhead temperature at a .
constant lavel. %

Liquid Xenon drops are collected
with g funnel.and go. into the ~
detector trough a p|pe with a

smaITmcIlnatlon "

. GLAZOil, Jyvaskyld, June 8th, e . : N Antonio J. Melgarejo™



XENON100 Krypton removal
i : B system

« Xe has nolong Ilved |sotopes but has
~ ‘traces of radioactive Kr85 (Emax = 6;
keV, t~11 yr) present In natural Kr
at =10 ' .
-« The Krlevel in XEN'ONlOO fill gas |s_ )
~1ppb, measured with delayed y
'com(:ldence evals gl of X

- Adedicated cryogenlc dlstlllatlon tower
has been commissioned and installed -
next to XENON100 . -

- +An initial distillation reduced.the Kr
concentration to ~140ppt. However, due
to a leakinthe gas system it mcreased to
~700ppt " | ' . =l

: GLA2011, Jyviskyld, June 8th S : : e L. oy 3



g layers .of material .
» Water: Stop neutrons
from the outside

* Lead: Stops gammas from
the outS|de i

¢ Polyethylene Stop |
- neutrons frem oytS|de
and from Iead ' '

&
. .

. Copper Stop gammas
erEn polyethylene

+ GLA2011,Jyvéskyl, June 8th e g j ' Antonio J. Melgarejo®
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-~ XENON100 at LNGS =~
, . . ° | taking data since the first decade of the millenium' . .

R
-

L
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~ XENON100 at LNGS -
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: . o ol ™ .
- -Under.stand:m—g ?he-:detector
...'. : | | o ‘. ® . *:\.’.'_ . : .
i In order fo charactenze the response_"_ & g
" +-of the detectorgie constantly | |

Irradiate it with, dlfferent sources.
|nformat|ons we Want to get are:

-+ Accuracy of‘ﬁosmon
reconstrur‘tlor.f

e

'.. s Tl ’Q’ 7. ." N
. ._ ‘ \ O

- Homogeneity in Ilght and charge _

collectlon andhgh?yleld R

. Eleétron life time evolutlon -

e Dlscr|m|nat1on power‘between
electron like and neutron—llke
' mteractlons ; P -

.
. -
¢ 9 . . .
* .

; z 3 X . o . .° > o e . ‘. N
* GLA2011,Jyvaskyld, June 8th " ; ‘ Antonio J. Melgarejo™
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A typical XENON100 event

Amplitude [W]
Amplitude [\]

Amplitude [V]

285 246 247 2A8 248 270 XM 272 273
Time [158]

GLA2011,Jyvaskyld, June 8th Antonio J. Melgarejo



Calibration of XENON2100:
positioning

- 3 different position APE
reconstruction algorithms have \
been developed \/
- A dedicated setup has been used . o
to test them: a °>’Co source is \ 1 s BN
placed in a lead collimator and A\
data are taken at different radii 1
- Agreement between the results

and the MC yield a resolution =3
mm

ﬂ
vz 113 1 15 16 17 11 118120 121 122 123 128 125 12 121 1z 128130 131 132 |

-150 -100 -50 0 50 100 150
X (mm)

GLA2011,Jyvaskyld, June 8th



Calibration-of: XENON100: Light

* The light response of each PMT is
periodically calibrated with LED light

* A map of the light collection efficiency
for the detector has been measured.
We can correct our results to have a
homogeneous response

O » Measurements from different sources
Gain [x 107]

with different energies give the same
result

1My e, 236 kel
Eimye, keV

64
" Xe, B0 keV

Elastic Recoils

log_(cS2/cS1)

10

relative LCE [%]

B IZ&V

“F, 197 keV

T Ay

50
5y 100 5 o)

25
log, (e51) [pe]
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Callbratlon of XENON100 Charge

" x-y position dependent.S2 correction map defined with
137Cs data taken at low gas anode to minimize PMT
saturation »

¢ Charge attenuation due'to .
Impurities i1s measured in time o S2relative XY variation
to account for purlflcatlon

20 140 160 °

+ GLA2011,Jyviskyld, June 8th : Antonio J. Melgarejo



Neutron/gamma discrimination

 We use an Am/Be neutron source to irradiate the detector. For
each interaction the charge and light are collected

* .Measurements with gamma sources are performed routinarely

* The comparison of the
chrage/light ratiovallows
to define,a region where
we will have most of the
neutron and few gammas
The .discrimination power
IS ~99.5% at low energies
for a 50% ‘neutron
acceptance

e
L2
Ly ]
0
i
(=)
-—
o
o
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Analysis-«of 100 days of data:
Data blinding

» Before starting the cut development we blind the data
below the lower 10% quantile of the electron recoill
distribution

These data are
not available to
anybody in the
collaboration
until the end of
the analysis

—
w
=
Q
o0
o
2
o
oT4)
O
-
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Data.taken during Run08

XENON100 Data Taking

5
Q
u
2
=

unbling Am/Be

Oct/27 Mov/26 Dec/26 Jan/25 Feh/24 Mar/26 Apri25 May/25
Date
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. Analysis cuts

’

) A trigger is generated if
the integrated sum of

ithe PMT signals passesis
a predefined threshold

S2 Trigger

e » Efficiency > 99% for S2 >300

| All the recorded events have to : N , @
be analyzed to see if they correspond - .
: ' to physical interactions inside the TPC > ) s .
.' Y K . ‘ : ' . y B
E ® o 4 ".‘ i : a
. " B
; . ’ * Y . [ 8 . b o .~ r
L ] ! - " B . =" : ., - e A L N\
,- T Y . I Remove multiple scatters §
. . f .
(T ) : . - ) . . . ’ . :
p . Remove events in which the _ - .
: S2 and S1 don't match the ~ . e
v @ . 1 .

| reconstructed position
. GLAZOil,. Jyv'eis-kylé; June 8th i . , o S0 Antonio J. Melgarejo™
. :



Cuts to remove noise events

The biggest S2 must be Most of the signal
large enough to be the in the S1 and the S2
result of an interaction B R AR

[U] [

v
=
=

=
=

S1sTot[0]: 11.6868 pe (1 141, -1”33
S2sTot[0]: 384.103pe || ]

Log(52/51)
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(L)

y (2 (14, 86)

B4 {0: {34, -48)
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mé]— 5 -k 'l e T -: :
002 g ‘ | ; I 1
L xﬁi, WAl

_ Light distributed
B S | T N — homogeneously
between PMTs

11 Illlﬁll

S1 signal must be
simultaneously seen
by at least 2 PMTs
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Remove events where S2 and/or
S1 don't match the po

S1 light pattern compatible
with the event position

S2 distributed between
the top and the bottom
with the proper ratio

188 4@y

S2 Width compatible
with the event depth

=200 -180 -100 -h0

S$2sLowWidth[(]

80 100 120 140 160 180 . 2
dt/ps Antonio J. Melgarejo



Remove multiple sca

tters

L o b L L LT
218 218.5 219 219.5 220
Time [us]

' V[or: (-h19,82) '

[1]: (-113, 66)

:_§ s TR Aed T ] Just 1 large S2
— .. E per event
— Just 1 S1 per event

EE— o; \ —_— I tu_me&A

[0]: 106
In]: 16
1 1 1 I

50 100 150

S2 PMT pattern compatible
with one single interaction

«H\MIIIIHH‘\H\‘\H\IIIIIM\H\.\HI'II\IIII—

GLA2011,Jyvaskyld, June 8th

250

III||III|I|II|III||IIII|-

Veto

No energy deposit in the veto "

Time [u2

0D51=|_|_L_ I A N
216 216.2 216.4 216.6 216.8 217 217.2 217

Antonio J. Melgarejo
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WIMP acceptance

AmBe data are used to compute the probability for WIMPs
passing the analysis cuts

The acceptance for the signal cut is computed independently

8
c
8
a
@
Q
Q
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L X by e
‘33 A AT
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g ARy
i
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oy 8 e
R e g
s AP = i
i,
o,

Energy [keVnr]
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Background:spectrum

Physical:Review D 83, 082001, 2011

| —I+—I dﬂtal (Falll 200!5, nolvetolcuﬂi
——— MC (total) |
—— Mc (*Kr, 120 ppt)
MC (***Rn, 21 1Bg/mkg)
MC ("**Xe 2v BB)

qN

VT TTTTTT

]
-
1]
L
)
[}
o
‘o
-
2
c
@
>
o
[}
g

———
%
e IIII||

1.5
Energy [keV]

Note that all the iIsotopes also contribute to the low, energy background
through Compton scattering

Very good'agreement between data.and Monte@arlo. NO TUNINGMN THE
MONTECARLO, ohly measured activities!!

GLA2011,Jyvaskyld, June 8th Antonio J. Melgarejo




Data unblinding

6 events were observed during the unblinding of the data

However, inspection of the waveferms of these events
show that only 3 of them were real, while all the other were
produced by electronic noise in some PMTs

A full population of these events was identified. below 4 pe
Two cuts were developed to remove this population:
 look at the signal in empty channels

* look at the width of the S1 signal

GLA2011,Jyvaskyld, June 8th Antonio J. Melgarejo



Data Unblinding

Radius [cm]

Background rate
higher than in
previous run

due to a leak

in the gas system

- o 7
Radius® [cm~

GLA2011,Jyvaskyld, June 8th Antonio J. Melgarejo



Some words about energy
measurement

Light quenching
Measured due to electric field
signal for gammas @122keV
S |

Light quenching
due to electric
/ field
. 2 For nuclear
Hght yield “sgintillation eff ol
e Gt for nr at 0 field
@122 keV
+  Some controversy: L e
. arXiv:1005.0380 oI
a aI’XIV10050838 |- — Lebedenko 2010)

« arXiv:1005.2615 o
» arXiv:1005.3723 '

E,. [keVnr]

GLA2011,Jyvaskyld, June 8th Antonio J. Melgarejo



New Leff Measurement

-
o g ™ T rays neutrons B6=450°
A dd neutron generator.is'used to ; O reve

produce an almost monoenergetic
neutron beam. Following an interaction
in our detector the energy of the Xe
recoil atom can‘be computed from
simple kynematics

M,

100 150
Time of Flight [ns]

An interaction is accepted if an energy
deposition is also registered in one of
the scintillators

A TOF cut allows to select only those
neutrons that don't interact in the
detector materials

The average light RH§ T v
is computed

comparing the
result of a detailed
MC with the actual
measurement

GLA2011,Jyvaskyld, June 8th
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Ne_w Leff Méé_sure’me'nt'

.

& Manzur 2010
= Plante 2011

3 4567810 20 30 40
Energy [keVnr]

. GLAZOil, Jyvaskyld, June 8th e . : , ' Antonio J. Melgarejo™®



Antonio J. Melgarejo

30
Energy [keVnr]

20

Data Unblinding
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An alternative statistical
approach

'-Eﬂ — '-Eﬂl ' a, *hrb: €5y €h, "f:eff:- .’E-']EEE.:- Tn‘__‘.{ ..:I

We construct a likelihood
distribution with our-calibration
data, including all the
uncertainties as nuissance
parameters

We divide our signal space in
different regions and count the
number of events on each region

For the actual-measurement we
compute the probability that the
result is signal+background
(limit) and take the ¢ that gives a
10%

GLA2011,Jyvaskyld, June 8th

arxiv:1103.0303
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Inelastic Dark Matter

.
£
2
=
o
=
Q10
L
w
0
n

A

10°
Mass (GeV)

DAMA/TI allowed
CRESST/W excluded

Mass (GeV) ——— XENONI00 accessible

Inelastic WIMP scattering of | nuclei is
excluded as an explantion for the DAMA
modullation signal at 90% CL arXiv:1104.3121

However, nothing can be said about WIMP

scattering‘off Tl 0 80 00 100 110 120 130 140 150
m, / GeV/c”

GLA2011,Jyvaskyld, June 8th Antonio J. Melgarejo




Spin Independent Elastic Dark
Matter

arXiv:1104.2549, submitted to PRL

\ * CoGeNT and DAMA/Na
i, KO DAMANa regions severely
constrained at 90%CL.

CoGeNT DA% This result does not

3 \
§ o \ e strongly depend on the
@ - extrapolation of Leff
g 10" below 3keVr
= %, EDELWEISS - )
3 '- « The best limit on spin
=3 o
% 10 _ Independent dark-matter
S ST to date: 7-10*°cm?
= XENONI100 (2010) —

wte * For the first time we

XENON100 (2011) Blib‘ll:}mueller et al. explore the prec“cted
e region for SUSY
6 78910 20 30 40 50 100 200 300 400 :
WIMP Mass [GeV/c’] candidates

GLA2011,Jyvaskyld, June 8th Antonio J. Melgarejo



The future: Runl0

A new krypton column distillation has reduced the krypton level
to that in 2009

Data taking has resumed in great conditions

Live Days

2011 data: Light Yield

Dark Matter

14104
Date [Day]

AmBe

—n—
0 S R A A ——

25/02 26/03 25/04 25/05
Date in 2011 [Day/Month]

GLA2011,Jyvaskyld, June 8th Antonio J. Melgarejo
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The future XENON1T

‘2.4 tonsQ)f liquid Xenon Wlth al ton flducnal
* volume

- » 5'meter radlus water shleld frgtrumented W|th-
PMTs |

° Approved to be-
builtin . - '
HaII B In LNG&

. GLAZOil, Jyvaskyld, June 8th, . i . : N Antonio J. Melgarejo™
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~The future: XENONAT

T

W B =
NI == =
AR R =
w /| ARREY /| —-—
v [anu ==
NALVAHT L Y

&
&
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Highlights of technologies and
concepts for XENONI1T

« XENONIT Demonstrator for long drift and HV tests (Columbia and
Rice)

» Cryogenics system with heat exchanger high flow rate purification
(Columbia)

* Measured QE at low-temperature of 3" Hamamatsu R1140,and
R8520 with LT Bialkali PC (Columbia & Munster)

» Measured response of 3” QUPIDs in. LXe (UCLA)
* Measured radioactivity of all above PMTs for XENON (Zurich)
» - Measured low activity SS and Ti for XENONIT cryostat (Zurich)

* Designed a.new.system for storage of 3*ton Xe in gas and liquid
phase (Subatech)

» "Designing new Kr distillation column (Munster)

» Developed Atom Trap (Columbia) and Mass Spectrometry system
(MPKI) for <"1ppt measurement of Kr/Xe

GLA2011,Jyvaskyld, June 8th Antonio J. Melgarejo



Improved:cooling-recirculation
system
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Summary

 XENON1O0O: is the first-direct detection experiment
exploring the region of theoretical predictionsfor WIMPs

» A 100 days exposure has been collected in 2010. 3 events
In the signal region have been observed for a background
expectation of 1.840.6 events

» With these data the IDM scattering of | for DAMA has been
ruled out at 90% CL. These data constrain the CoGeNT
and DAMA explanation of a low mass WIMP

* -We have found the most restrictive limit for dark matter up
to date with.a cross section of 7-10* cm?

» \New data are already being acquired. XENONZIT has been
aproved for installation in-'LNGS starting 2011. Tests for
many.of the needed new technologies have already
started
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This event is seen by two PMTs
S1sTot[0]: 3.04141 pe | HOWGVGI’, the Signal in PMT152
S2sTotl0]: 791.362 pe an-be identified as noise
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S1uToll): 316420 o This eventis seen by three PMTs
The signal in all three PMTs
: can be identified as noise
This event does not-have a valid
S1
The event does not pass the new
cut on the S1 width
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This eventis seen by three PMTs

S1sTot[0]: 3.72009 ! .
stTut[O]:SBB.d-OTz The S|gnal in all three PMTs
can be identified as noise
This event does not-have a valid
S1

The event does not pass the new
cut on the S1 width
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