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XENO
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Introduction to Dark Matter:
o What do we know about Dark Matter:

®*  Characteristics of the DM candidate:
- Low interaction with EM radiations and baryon

- Stable (reliC denSitY) 74 % DARK ENERGY _ 22% DARK MATTER
- Non-relativistic (structures) \\

|
| 3.696 INTERGALACTIC GAS
0.4% STARS; ETC.

°* DM candidate:
- WIMPs, Weakly Interactive Massive Particle (

o Direct detection with xenon: X
WIMP Scattering Rates X+tN->xy+N / =
: ‘ uclear

=
3 18 evts/100-kg/year ~ Xe (A=131) .
2 (EthS et — Ge (A=73) _—7 recoil
> 8 evts/100-kglyear |~ Ar (A=40) Nuclei
E ok (Eyi=15 keV¥)
g : E coif < 100 keV
o Some advantages of xenon:
0°F
P *  High stopping power
* Intrinsically pure
TR T R R T B g *  Scalable

1076962030 20 50 80 70 80
Recoil Energy [keVr] . .
*  Spin Independent and Dependent analysis
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The XENONI100 TPC: E Aprile et al. (XENON100), Astropart. Phys. 35, 573-590 (2012) RSSAES
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Materials selected for low radioactivity

Scintillation (S1) and Charge (S2) Signals

ER / NR discrimination

3D Reconstruction for fiducialization:

(Z) — Drift time (+ 0.3 mm)

Multiple scattering rejection

Neutron / WIMP discrimination g
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New data taking in 2011 — 2012 : XENO
o New data taking for Dark Matter search :
- From March 1% 2011 up to April 1% 2012
- More than one year of continuous operation!
- A total of 224.6 live days of data collected
- Excellent detector performance and stability
o Increase Y calibration — . — ——
- 35x more data than science 250f 2010 2011 2012 -
. . . L E.Aprile et al., Phys. Rev. ' ]
data in region of interest 200F  Liet. 105, 131302 (2010) -/ Runto -
. C :' E.A :le il;_:.ﬂ!i’ule)#a;s Rev.
(ROI), taken during all the §. 150k o | b, 19130 5 o)
science run e 100.9 lve days | | ]
- B E.Aprile et al., Phys. Rev. :

o Increase neutron calibration:
- two exposure campaigns:

50}
- At beginning g:

Let. 107, 131302 (2011)

I|.II|I

Juiio2
- At about the end

N —
Dec/31 Julf01
Date [mm/dd]

of the run
o Kr contamination in Xe:

- Reduced by a factor 20 by cryogenic distillation
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Reduced ¥Kr level and background:

O

- Long-lived 8~ emitter (99.6%) with E__ =687 keV
Previous science run sensibility limited because of accidental

©)

science

run
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The ¥Kr isotope:

Naturally present in commercial xenon

leak leading to high Kr/Xe level

Kr reduction:
Before the beginning of the science run, in Fall 2010,

LXe was distilled by on-site dedicated column
Kr/Xe proportion reduced dramatically:

XENON100
distillation

column

7‘1 RGMS Measurement of Run10 Xenon

KriXe [ppt

2|
10%E Weighted mean:

Very good agreement between MC

=== (19+ 1) ppt
RGMS Measurement: [ ‘ (19:1) ppt J ; .
10 =
. ]-0] Run 10 Data i | i !
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simulations for EM background and
measured data in WIMP search region
Background is well understood in the
full energy range
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SI [PE]
. . 5 10 15 20 25 30
o Improved S2 trigger efficiency: Y N A A AL IS AR A
) E r/‘r S2 threshold (S2>15( pe)
- 100% efficiency for S2 = 150 PE osl | |
| Overall t
(N 10 electrons) s [ { «‘L vera I acceptance
- Ability to trigger on smaller signals b |
< 04—
—1 /] |
- o /| NRacoeptance™ .
E 1.|.'I_— WuuuuuLu.lL-LLuJ.u.]_lllLllJ_lJ_]_le“iLlL i } I
E B ﬁ# DO_|I|I‘III|II\I|I\II|\III|IIII||IIII|I\II|IIII|IIII
e B # 5 10 15 20 25 30 35 40 45 50
508 B & Energy [keVnr]
gL
0.6 __ |1.|n_1 0
B # run_08
o . o Lowered S1 threshold
02 - From 4 PE (8.7 keVnr) to
% .'|||||||||||| T T T T 3PE(6.6keVHr)
n'uﬁ e 50 100 150 200 250 300 350 400
s2 [PE]
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Expected Background during the second science run:
o Electronic recoil background: L B

- 99Co and ?*?Th sources used for ER calibration

log “(SQIS 1)

- Data taken weekly during all the science run (40 lives days)

- 35x more data than for Dark Matter search

|
__T]”I[IHIIll]”l]”l]llll”ll” Lm[,u.&
A "

i :
e >

-~ H

~

- Expected events in a benchmark region : 2
0.79 £ 0.16 events

ool

mm

10

log (S2/S1)
&

o Neutron recoil background: B
- 2! AmBe source used for neutron recoil calibration o
. . 14E
- Two exposure campaigns (beginning and end of the run) e o
0 5 10 15 20 25 35 10

Nuclear Recoil Equivalent Energy lkeV |

- Nuclear recoil estimations done with Geant4 simulation

. . E. Aprile et al. (XENONI100), arXiv:1207.3458
- Expected events in a benchmark region : r ¢ )

sy
(=]
dn

from MC in keVr
converted to PE

after Poisson smearing
with acceptances

0.17133% events

10% i

o Total background:

- In the benchmark region, the expected background

-
=
=

1s in total:

[‘ 1.0 + 0.2 events }

Rate [Evis/kg/day/keVr or PE]

1000,

10 20 30 40 50 60 70

E. Aprile et al. (XENONI100), Phys. Rev. Lett. 109, 181301 (2012) Energy [keVr or PE]
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Data analysis: XENO

o Blinded analysis: ST [PE]
5 10 15 20 25 30
04 * j | | | 1 | . I_
- NR and ER discrimination by S2/S1 ratio 0,2:—,'-| SRR o S R S VY BN
. . A T N Ty
- Defined blind region: S 00f ol LA e :‘:',‘.f,-.;":"i-,'.""ﬁ.‘-g'ﬁ:":."';.-' I.‘-\{.a?:"
: - SR L REC A L N SR L
- S1 in benchmark region (3 — 30 PE) |3 02 R | e - "' I ;
- S2 threshold cut (S2 > 150 PE) 2,04 < AR e
- 99.75 % ER rejection line ?DE'”“’ 2 I ﬂ,a——"“""_?’fﬂ__ I
(Not used in PL analysis) T e I i I
=y -~
1.0 - \/v‘f : |
_1‘27|,|III‘I'"|~LII|III|IIIIIIIII|EIIII|III|III|I|IIII
Radius [cm] 5 10 15 20 25 30 35 40 45 50
2 4 6 8 10 12 14 153 Energy [keVnr]
D‘—l‘: 1 ;1{‘4’:‘ “L”
. :— LT _ o
o Fiducialization:
10 = e . . . . .
T I = - Events rejection by defining a 34 kg ellipsoid
S, 15| i
-ZD; .:‘:
'7-’5% . _H__‘__‘,./” E. Aprile et al. (XENONI100), arXiv:1207.3458
50 100 150 200 250
Radius? [em?]

M. Le Calloch, Subatech, Nantes (Fr)



Rencontres de Moriond 2013, VHEPU

Results: no WIMP signal

Matter Projec

o Profile Likelihood analysis: o Crosscheck: using benchmark region
- S1 range from 3 — 30 PE - Sl range from 3 — 20 PE
- Signal region above 97% NR quantile -  Signal region above 97% NR quantile
o Results: - Signal region below 99.75% rejection line for ER
- After unblinding, 2 events were found ] . SUIPE] N .
in the benchmark WIMP search 04 Jl ".' T " e | I
- Both events have an SI signal E 0o _ "L_ '-'-‘"-""'" '; oy "-."z?_"; :ﬁ{’?ﬁiﬁ:ﬁ:
between 3 PE and 4 PE oo il il
- Waveforms are of high quality é: 0(_ I s __I_____,..
- Both events are at the lower edge of | .F : 3 it |
NR band a0 Lo . |
- Probability that 2 events fluctuate over I L T
Energy [keVnr]

the background expectation is 26.4 %

{ =) No WIMP signal !!!J
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Latest SI limit from XENON100 : XENO

Matter Projec

Lowest limit for M, = 55 GeV/c*:
2.0 «+ 10* em? (90% C.L.)

XENON100 (2012)

a0 - observed limit (90% CL) -
E Expected limit of this run: =
— B [ £ 1 o expected -
E — DA% + 2 o expected —
E = —-
§ = Q== T GMPLE (2012 =
7] - —
g 1042 CRESST-II (2012) OUPP (2012) / \
= F ~ > e XENON100
2 sk RO B -
El ST iz - Spin-independent
— g
1 |—
S gul WIMP-nucleon
= cross-section
_45
10 EI 1 I 1 1 1 1 1 L 11 I 1

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

E. Aprile et al. (XENON100), Phys. Rev. Lett. 109, 181301 (2012)
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New XENON100 Spin Dependent limit: | " —rovan iz Y
+ 20 expected sensitivi Matter Projec!
= I+ 16 expected sensitivity

o XENON100 SD Analysis: [ R J

- Analysis for SD coupling of WIMPs to '*Xe
(26.2%) and "*'Xe (21.8%) (unpaired n)
- Event selection and data analysis (Profile

Likelihood) as for SI analysis
- Results by using the new nuclear model from

SD WIMP-neutron cross section [cm2]

Menendez et al. - - 2169 J
- Relatively small impact of nuclear model for WIMP Mass [GeV/cT]

. —XENON100 limit (2013) proton
purc neutron coup hng 107 + 20 expected sensitivity
[+ 10 expected sensitivity

- Strong dependence on nuclear model used for

pure proton coupling [m

‘ Neutron coupling:

lowest limit (WIMP masses > 6 GeV/c?)
M, = 45GeV.c72: 3.5 - 107*% em? (90% C.L.)

-

- -

SD WIMP-proton cross section [cm2]

_____

Ll 1 1 Lol 1 Lol 1 1 L
10 10 10 10*

E. Aprile et al. (XENON100), arXiv:1301,6620 WIMP Mass [GeV/c?]
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Other upcoming results from XENON100:

- A new run has started with new purification from Kr by distillation

- Expected Nuclear Recoil background in XENON100

- MC / Data comparison for XENON100 Nuclear Recoil response

300

Efficiency

2501

- Single electrons charge signals in XENON100

200"
19.05+0.02 pe |

150 7.08=001pe

- Gamma background ““annual modulation™ analysis el

50—/

- Much more ... IR g et
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[ XENONIOO ] [ HallB ] Matter Projec

Next step: XENONIT

o XENONIT Characteristics:

- 1 m drift TPC with 2.4 ton LXe (1 ton fiducial)
- 10 m water shield as Cerenkov Muon Veto
- 100 x less background than XENON100
- Approved by INFN for installation at LNGS
Heat

- Majority of funding secured exchanger

o The Recovering and Storage
system of XENONIT: ReStoX

To XENONIT

Cooling system
cryostat

- Construction starts in Spring 2013
- Science Data projected to start in 2015

- Sensitivity goal:

[ ‘ 2+10™" cm? after 2 years of data taking }

32m
- R&D in Subatech laboratory

- Will be installed in Gran Sasso in 2014
M. Le Calloch, Subatech, Nantes (Fr)




Rencontres de Moriond 2013, VHEPU X @

Summary: XENO

Matter Projec

{ XENON100 }

{ ‘ Latest run: 225 live days of new data, no dark matter evidence }

~

[ ‘ Most stringent Spin Independent results: M, = 55 GeV/c?: 2.0 « 10* em? (90% C.L.)

/

[‘ Most stringent Spin Dependent results: M, = 45 GeV/c*: 3.5 + 10*° em? (90% C.L., neutron)

/

[ ‘ We are currently taking new data J

[ Towards the next generation: XENONIT }

[ ‘ XENONIT construction in Hall B will start in Spring 2013 J

[ Thank you for your attention ]
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