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“History of the background” in Xenon10

e Xenonl0 (prototype):
e Detector operated for more than 1 year
e Some screening has been done.

e A Background estimation based on GEANT4 has been done.

e The desired sensitivity was < 10 cm? @ ~100 GeV

e To reach such sensitivity, assuming a rejection power of 99.5%, the gamma
background had to be kept at the level of ~1 DRU in the ROI (0-40 keV)

Fiducial wvolume cut effect on background, 3.75 mm < z < 150 mm
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The Xenon100 Goals

2)

Improve the sensitivity almsot 2
orders of magnitude over XENON10.

Assuming same energy threshold and same
discrimination power as XENON10, the
required background in the sensitive volume

needs to be 100 times lower with a mass — T
increasing of a factor 10. S iﬁiﬁ?ﬁfﬁf?okfgp;%iﬁEffz_o%;?Sm{m

Roszkowski, Ruiz & Trotta (2007) CMS5M
Ellis et. al (2005) CMSSM

. Edel'wiss I final limit, 62 kg—d Ge
WARP 2.3L, 96.5 kg—d 55 keV thresh
ZEPLIN II (Jan2007) result
CDMS 11 (Soudan) 200442005 Ge
XENONI10 2007 (net 136 kg—d)

WIMP-nucleon cross—section [cm

WIMP Mass [GeV/c?]
In order to fulfill completely these requirements we:
X made an extensive screening campaign in order to select the right materials.
X Add a veto region around the TPM to shield the inner part
X Design the cryogenics and the electronics to be outside the shield

X The existent Xenonl10 shield has been improved in order to reduce the external BG

XWe used a distillation column to reduce the 85Kt contained in the commercial Xe
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Background in Xenon100, 2008.06.06 - 2008.06.09
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High Purity Germanium Detector for
gamma spectroscopy

HPGe detector produced by Canberra
v'2.2 kg HPGe crystal

X coaxial crystal: 82 mm diameter, 81.5 mm height.

¥/ Ultra Low Background Cu housing

Physical Characteristics

Source (isotope) 5Co 0Co

Energy (keV) 122 1332

FWHM (keV) 1.09 2.06

FWTM (keV) 4.04

Peak/Compton 76.0 : 1

Rel. Efficiency 100.5 %




High Purity Germanium Detector for

v N2 Atmosphere gamma SpeCtrOSCOpy GEANT4 simulation for
v Located @ LNGS efficiency estimation
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The Xenon100 Material screening

Stainless Steel

IMaterial

238U

_ [mBa/ke]

60Co
[mBq/kg]

40K

 [mBa/kg]

25 mm SS Nironit (flange)

<13

1.4 £ 0.3

= il

2.5 mm SS Nironit (bottom crvo)

< 2.7

194l

< 12

3 mm SS Nironit (ring for the orid)

3.6 £0.8

[ihi3]!

< 4.92

1.5 mm SS Nironit (cryvostat)

<0.13

8.5+ 0.9

OIS A2

Inner detector materials

PMT Bases (Cirlex)

65 * 8

31 £ 10

< 3.0

< 66

PTFE from APT (planned)

< 0.16

< 0.13

< 0.11

B0 | 4]

PTFE from Zurich (in use)

< 0.31

< 0.16

< 0.11

HI2L25

Copper (TPC inner structure)

< 0.22

< 0.21

0.21 £ 0.07

< 1.34

Field shaping resistors [uBq/pc]

590 £ 180

14+3

115

190 £ 30

Small Screws (SS)

=i

16 £ 4

o mads

< 46.4

Special thanks to Matthias Laubenstein (LNGS screening facility)




The Xenon100 Material screening

Shield (to be measured again)

Sample

238U
(mBq/kg)

232Th
(mBq/kg)

Outermost Lead (shield)

< 5.7

< 1.6

Innermost Lead (shield)

< 0.8

oY

Inner Poly from Shield

< 3.54

< 2.69

Outer Poly from Shield

< 5.76

<06.54

PMTs

238U

[mBq/PMT]

[mBq/PMT]

39 PMTs

0.12 £ 0.01

0.11 £ 0.01

6.9+ 0.7

48 PMTs

0.11 £ 0.01

0.12 * 0.01

0.56 +/- 0.04

7.7 +/-0.8

22 HQE PMTs

< 0.64

0.18 = 0.06

0.6 £ 0.1

1197 Fan DY

23 HQE PMTs

0.16 = 0.05

0.46 = 0.16

0.73 = 0.07

14 £ 2

12 HQE PMTs

< 0.23

0.13 + 0.05

0.7 £ 0.1

152 mEd o)

15 PMTs

0.20 = 0.03

0.20 = 0.03

2.8 0.2

i1 % er g

4 HQE PMTs

< 0.15

0.14 =+ 0.07

0.57 = 0.09

5 EilB

7 HQE PMTs

(92 et (14L2

<0.25

0.7 0.2

1A =I5

11 PMTs

0.30 = 0.19

0.21 = 0.13

0.76 * 0.19

1251 ni2i5




The Xenonl100 Background expectation

Total single scatters in fiducial volume

— total rate
Stainless steel
Teflon

— PMT
Polyethylene
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Simulated gamma and neutron background
from all the materials
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A il A il A il 1 4 1 4 J. 1 A il J. 1 il 1
500 1000 1500 2000 2500
energy [keV]

Average rate in 4.5-30 keV, Vets Threshald > 20 ke [DRU]

=

Gammas

in
(=]

drift length (Z) [mm)]

Stainless Steel DTRG0 22

Teflon 0.18 = 0.02

PMTs 491 £+ 0.60

Polyethylene 510D 540.29

Copper shield 0.026 + 0.002

0 20 40 &0 BO 100 120 140

Radius [mm] XCHOH* 1.03 i 0.02

e scatter events distribution
in the fiducial volume

Total 11.25 £ 0.70




Neutrons

The Xenonl100 Background expectatlon

Detector and shield

| Neutron Spectrum from U in Polyethylene |

| Neutron Spectrum from U in S5 |
<10

Newtron Production rate [nfscm™3]
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Stainless Steel 0.293 = 0.003
Teflon 0.584 * 0.003
PMTs 0.318 £ 0.002
Polyethylene 0.49 £ 0.01
Copper shield 0.110 = 0.002
Lead 0156355 002
Xenon 0.07 £ 0.001
Total 1.74 £ 0.01




The Xenonl100 Background expectatlon

Neutrons Detector and shield

| Neutron Spectrum from U in Polyethylene |

| Neutron Spectrum from U in S5 |
<10

Newtron Production rate [nfscm™3]
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ROI [(
Stainless Steel 0.293 = 0.003
Teflon 0.584 * 0.003
PMTs 0.318 £ 0.002
Polyethylene 0.49 £ 0.01
Copper shield 0.110 £ 0.002
Lead 0156355 002
Xenon 0.07 £ 0.001
Total 1.74 £ 0.01

0.6 single scatter events / year\




Neutrons

|_Neutron Spectrum from U in Polyethylene |

Newtron Production rate [nfscm™3]

Detector and shield
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The Xenonl100 Background expectation
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Neutral spectrum from U in 55 Stainless Steel 0.293 + 0.003
R Teflon 0.584 + 0.003
- PMTs 0.318 + 0.002
Polyethylene 0.49 £ 0.01
Copper shield 0.110 £ 0.002
WO | Lead 0.38 + 0.02
TR Ry Xenon 0.07 + 0.001
Total 1.74 = 0.01

Rock and concrete

| Neutron Spectrum from U in GS rock |
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| Neutron Spectrum from U in concrete |
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The Xenonl100 Background expectation

Neutrons Detector and shield a0 N

- Neuti 25 Spectrum rom U n Polyethylene | - T peseemmten yn S, Stainless Steel 0.293 + 0.003
i i ——— I H . i Teflon 0584 + 0.003
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The Xenonl100 Background expectation

Neutrons

| Neutron Spectrum from U in Polyethylene |
. 10""
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0.434%

The Xenonl10 Delayed

Coincidence analysis
055 212

1(- 0

< 21ZB|

Q _2254 0
514.0083 1 15,5 -

<4.7x107% >16.73_

1/2-

180596
1800.9

3/2-

: : A 2N 4377-; 1679.450
280.986 4 s : : _ SRt — 7 1620.738
15161 g o : : M 1512.70

99.563% 9.47,

5/2-

0 stable

77 ) 727.330

55.46% 7.3 0% 8 0.299 us

164.3 ns

g+ 9
EHP[} 0.299 ps

EI!E—?EEEAE +£12PD |

G0x105% 395 Q. 89:4 13

0.6 ns 3t

0L0104% 27

17 ps 2+

223y

99.0805% 1.0

21{}pb
214Bj from 22°Rn (433U)




The Xenon10-100 Delayed Coincidence
analysis

Xenonl0

Taking into account the

;212Bi] = 44.2 * 5.4 yBq/kg efficiency of all the cuts
**Th] = (11+£ 1) x10-12 g Th g*! applied in the analysis, it’s

. ] ible to estimate the content
24Bi] = 25 + 4 uBq/kg | e | i
:238U] = (2.0 + 0.3) x 1012 e U g'l file 0 evt 1 of 85Kr, 212Bi and 214Bi and

son0; thus of 232Th and 238U (if

25001

[85K1] = 0.35 £ 0.04 mBq/kg sec. equilibriumy:
[*°Kr] = 3.4 £ 0.6 ppb -

1000F

5005

of

5000 10000 15000 20000 25000 30000

Xenonl00

[““Bi] = 1.8 £ 0.5 yBq/kg
[?Th] = (0.4 + 0.1) x 10-12 g Th g

Tiau =201 + 17 ps

Entries

; \ ; : %2 ¢ ndf 17.09/ 11
N LS [2MBi] = 53 + 3 uBq/ke

28U] = (4.320.2) x102 g U g!

85Kr] = 0.31 = 0.6 mBq/kg
5°Kr] = 4.0 £ 0.9 ppb

100 200 350
time difference in selected event pairs [microsec]

Time Difference between S1 peaks (us)




The Xenonl00 puritication
from Kt

Kr Energy spectrum in Xenon10

—
<

events/keV/kg/day

100 200 300 400 500 600 700
E [keV]

All the xenon has been processed through
the column (finished on monday night).
Wait for 3 weeks of data taking in order to
verify the purification efficiency of the

column (ppt level) with the delayed
coincidence analysis.




Conclusions

The Xenonl100 detector is fully operating underground ready to take Dark Matter data

The background of the experiment is very similar to the expectation

data (S1 only) Monte Carlo simulations

| _xe100_os0620_2018 | _I_XELLQNﬂm_MI:_Backurnund |

all single/multiple
E s, all single/multiple

scattering events
S scattering events \
~"‘_|l‘ r'/
I.ﬂ\

¥, W *.”Nm*ﬁ M .
‘IMN # e
| B —ur{? kg fiducial mass
I|ght y|eld 2 6 pe/keV i _
Wl o I . P
2500 3000

|

| | | cut | )
1070 500 1 CIDD 1 500 2000 2500 3000 K 500 1 CI'DO 1 500 2000
51 [keVee] E [keV]

The Xenon has been purified from the K.

edge events with poor light collection,

T‘--____-_ will be removed by radial position cut

Evts/keVee/kglday
Rate [evts/kg/day/keV]

By November 2008 we plan to start the Dark Matter search run

Thank you




XENON10 Discrimination

6- 8 keVee 6 — 8 keVee

____u=0.0086 = 0.007

o=0.133 = 0.005
u=-0.342 = 0.006
o=0.132 = 0.005

ERs

Y :-ﬁ:-.‘ ' ':.' :.
A R R s ,h |
s ¥ Lol Vel LR )
e R R A A T AT " g
J ) - I- III ’ - ..- EU
neutrons -
P _ 10
] i ! ~| I—I_ e B 1 | na

10 12 14 16 18 20 Bs 04 02 04 06

Si {-keyee] (2 2 p.e./keVee) : o A Iomﬂ{SEfSﬂ
2 3 keVee - Primary Rejection Power at 50% NR Acceptance
R A . .

__u=001:001
o=0.137 = 0.007
u=-0.396 = 0.006
o =0.167 + 0.004

1-Rejection

3. . . ) 0.2 0.4 0.6 10 :
A log10(S2/S1) 8 10
S1 [keVee] (2.2 p.e./keV)

e Rejection is > 99.6% for 50% Nuclear Recoil acceptance
= Cuts: fiducial volume (remove events at teflon edge where poor charge collection)

= Multiple scatters (more than one S2 pulse)




