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n’s as background for direct DM search

s EDW: bolometers of pure natural Ge @LSM (4850 mwe):
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» Simultaneous measurement
e Heat @ 17 mK
with Ge/NTD thermometer
e lonization @ few V/cm
with Al electrodes
> Evt by evt identification of the
recoil by ratio Q=Eionization/ErecoiI
e Q=1 for electron recoil
e Q~0.3 for nuclear recoil

n

i

> E(n) ~ 0.6 MeV

rate = ??
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n’s as backaround for direct DM search
J AT
<+ EDW: bolometers of pure natural Ge @LSM (4850 mwe): mm————
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b e Q=1 for electron recoil
Ge/NTD S e Q~0.3 for nuclear recoil
Recoil Energy (keV)
n n

elastic scattering
off nuclei (e.g. ?Ge)

i V

v (X) ~ 300km/s Erec, max 35 keV - E(n) ~ 0.6 MeV
m(y) ~ 70GeV rate < 0.01 evt / kg.d rate = ??
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Sources of neutrons _\S‘(IT

1ute of Technology

n n
% Fission & (a,n) reactions (<10 MeV)
- in rock/concrete
- fission in detector shield(!)
=» Passive shielding:
’ 20cm Pb + 50cm PE shielding (EDW-II)
3He detector inside the shields!
M <300Gev> “* Muon induced neutrons (<1 GeV) produced :
A = In the detector material
Z Veto =» active p-vetoing + Simulations;
%ﬁ /? n u = In the surrounding rock (high-E n!)
O’ \ Cu = Simulations;
(Cryostat)
2 / : _l—\ but ... reliable simulations
/] / 9} J, v nIN n
?/ " Pb => Need explicit LL-N measurement!
’TT,G
%’ : 1m3 Gd-loaded neutron counter

S
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EDW-2 (3) experimental set-up

Pointe du Fréjus
France 2

Alt Shielding: ~ 4850 mwe
Hegy 1296 m 9

p-flux: ~5u/ m?/day

Polyethylene

cryostat

: Neutron
&8 counter

— E.Armengaud (26.07) IEJ(IT

Earlsrubi Indtitute of Technology

Goal o, , = 5-10-° pb (~10- evt/kg.d)

Cryogenic installation (18 mK) :
® Can host up to 40 kg of bolometer
Shieldings :
= Clean room + deradonized air
= Active muon veto (>98% coverage)
=  PE shield 50 cm

= Lead shield 20 cm
= y background reduced by ~3 wrt EDW-1

Background studies :
®=  Radon detector down to few mBg/m3
= thermal neutron monitoring (He3 det.)
®  Muon-veto — bolometer coincidences
= Strong AmBe source calibrations

®  Study of muon induced neutrons
(liquid scintillator 1 m3 neutron counter)
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Edelweiss-2: current background budget %(“‘

Earlsrubi Indtitute of Technology

®  Gamma: 133Ba calib rejection x observed bulk y <1.0
BB B source rejection x observed surface evis 02
m  Neutrons from p’s: 1L veto efficiency x observed muons <0.25 |

l Neutrons from Pb: measured U limits x Monte Carlo simu <01 <045
l Neutrons from rock: measured neutron flux x Monte Carlo simu <0.1 :

SUM (background) for the whole WIMP run (322 kg.d): <1.6 (90% CL)

" # To probe 10 +10719 pb;
# 100 kg - 1 ton Cryo detector;
# ~10° evt / kg.day

— H. Kraus (30.07) # CRESST + EDELWEISS
+ ROSEBUD + ... ;

N4 2 experiments
P (different nuclei, different techniques),
L33%Y e.g. 1 bolometric, 1 noble liquid;
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SHe detector (JINR) for the ambient neutrons %(“‘

50

1 — guard ring; e
2 — signal wire;
s 3 - body;
// | 4 — glass isolators
A (covered inside by 50-60 um Teflon &
1um electrolytic Cu against o background
n+3He -> p +T (5,5333(7) b) Q=764 keV H 4 g grouna)

Thermal neutron measurement

Fast neutron measurement

‘.:-,___;:;-. \

Armnpli

e . “bare”
20cm s | 4 Helium-3 Helium-3
O COUI"ITeI"S 'n PE Coun'rer‘
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Fast neutron measurement @ LSM (pos.#4) Q‘(IT

S C
© 350 operation with weak
o — neutron calibration
g 300 source (20 n/sec) at
S — EDELWEISS area
E’ |
o 250— &
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Change with time

data from Region Of Interests (660-830 keV)

)00 3000 4000 5000 6000
Run number

Dependence on a position of the EDW neutron shield(?)
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Fast neutron flux in long term measurement N(IT
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from winter to end of summer 2008:
8D/ D(n) < 4% with 90% CL

| Change with time | ¥2 [ ndf 69.05/ 79
- r p0 162 + 1.423 | Laser-controlled
3 220F- position of PE
3 200 l shielding since
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162 n/day => ® = 5.3 x 106 n/cm?/ s prelimi“ary
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Thermal neutrons: ,,bare* detectors

_ 1: June - July ‘09

counts per day at ROl (660-830 keV)
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02/06/2009 09/06/2009 16/06/2009 23/06/2009 30/06/2009 07/07/2009 14/07/2009 21/07/2009 28/07/2009

40k 11!1111’5655 1!711‘&'5‘6‘8 m uzaujuuﬂ Do AT 40 Date (ddmmiyyyy|
EDW area, outside the shields <o 2: All data (88.3 days), hours binning
No seasonal effect (1.3 c);
] . § so|- ) ) ] L,
No day / night fluctuations; e ey
@ = (3.57+0.05s1t+0.275y51)-10-6 n/cm2/s £}
arXiv:1001.4383v1 N L A T
. . . 2 , g
s EDW area, inside the shields : T
(274 live days) 3 :
i [) 30—
% T?*++f+1f %za—l i
G =(7.3+1.8)109n/cm?/s  § = Pt (!
. 10:— I 1 1
pre"m'nary | o . u Elogggg !
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Strong AmBe source (2:10° n/s) Q(“’

Earlsrubi Indtitute of Technology

average of all good IDs

Efficiency of Edelweiss shield was
checked with strong AmBe (~10° n/s)
source in middle of March’10.

F 37

Fiducial recoils per bolo per hour

38

10 a1 /43
5 o

* 4 a3
42 +
+ 38 I 4
42 3
43 rd DT
1 L .'.....I.z L " i I:3 1 .......I‘

39, 40 10 Thermal Iezl?mn flux (x10-6 n!}:"i)'nz."s]
41 Fig. Correlation of thermal neutron flux

between 3He detector placed near the cryostat
and Ge bolometers of EDELWEISS.
In red are simulated data (GEANT4).

11 29.07.2010 V.Yu. Kozlov | Neutron backgrond studies in LSM | IDM '10 | 26-30 July 2010 Institute for Nuclear Physics



u-induced background study

LL <300GeV>

A

Veto
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SOANNRCE NN\
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Karlsruhe Institute of Technology

GEANT4 simulations
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Dedicated measurements
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u-induced neutons: neutron counter %(“’

Dimensions (H x W x L):
(50 x 100 x 200 cm)

muon Veto module M T

Leak sensor% | / | . siphon ]
i : i
B i JCIC

7
| = / |
N E :
| © Gd-loaded scintillator
| & n's
N\ L
e o D T O O L e T ¢ 5 8 PMTs (neutrons)
" 3x2 2“ PMTs ()
e [ 4 |

157Gd(n,y)"*8Gd Ey=8 MeV 0©=2.54e+5b
Signature: [1-n coincidence or multiple n's Neutron count rate: ~1 /day (W)
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u-induced neutons: neutron counter %(“’

Earlsrubi Indtitute of Technology

Dimensions (H x W x L):
(50 x 100 x 200 cm)

H T

Leak sensor muon Ve’lto il / | . siphon ]
'|- T |' z[

L _@% i Vd IR

_-__'-'“-_Eg--l

d |0 3x2 2“ PMTs (u)
=L [ { |

250 460

157Gd(n,y)"*8Gd Ey=8 MeV 0©=2.54e+5b
Signature: [1-n coincidence or multiple n's Neutron count rate: ~1 /day (W)
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u-induced neutons: neutron counter %(“’

Earlsrubi Indtitute of Technology

Dimensions (H x W x L):
(50 x 100 x 200 cm)

Leak sensor

muon Veto module /M - . TT

d |0 3x2 2“ PMTs (u)
=L [ { |

250 460

157Gd(n,y)"*8Gd Ey=8 MeV 0©=2.54e+5b
Signature: [1-n coincidence or multiple n's Neutron count rate: ~1 /day (W)
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u-induced neutron: measurement scheme _&‘(l'l'

DAQ time window:
U, ey [|n n n Physics run
0 u l 14 » ~60 pus
yT n T n: AmBe

AmBe source: n + vy
241 Am

L~ o +9Be — 13C
E: 12C +n
122C+n (~60%)
L. 12C + y (4.44 MeV)
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Neutron counter: AmBe neutron measurement
AT

1ute of Technology

~3,94 days

A=238341.9

—
=)
o

T T T TTTTE]

............ Poisson (calc)

Measured

Neutron source ~20 n/s,
A=511.7 T,.q=53.4 us

daq

—
=]
[+

T TTT

10 =7

-
|

10-1IIII|IIII|IIII'il.L.L.L.LIIIIJJJJJJJJJllllLL

0 1 2 3 4 5 6 7 8
#nb of secondaries within T

DAQ
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AmBe neutron measurement: At

» = Entries 248768
c 2500+ Mean 18473.1
8 RMS 123171
N B 2 [ ndf 159.5 /139
; B beckg 434 +11.9
] const E011.1+78.4
S 2000 N Teapuwe  16587.6 + 312.8
o N _ "
© flt(t) = bckg + const "exp(-t/r_,.)
1500 - :
_
1000 _J
N:
f
500 -
| §
i
u - L 1 1 1 |. 1 1 1 | 1 1 1 1 | L 1 1 | L I’ | 1 I | y
0 10000 20000 30000 40000 50000
TDC #ch (ns)
Geant4
Gd content, %  0.18 0.19 0.20 0.21 0.22
Tcapture NS 17800 17100 16290 15600 15000
ﬂ‘l:capmre, ns +100 +100 +90 +80 +80
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AmBe source: ~20 n/s

E,upto~11 MeV,
mean energy at ~4 MeV

Mean capture time on Gd:
19 us

Capture time constant:
16.6 £ 0.3 s

Agreement with Geant4
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AmBe measurement + GEANT4 _\S\‘(IT

itute of Technplogy

1800 CAmBe: 1st ADC hit (meas)

1st | GEANT4 AmBe 1st hit (meas)

. Entries 89665
Mean 4.5
RMS 1.3

1600

1400

Events / 50 keV

1200

1000

AmBe: 2nd ADC hit (meas)

800

600 i
L
i %9
400 B s =9
200 & i
._-j':' i ‘o5 >
e P

o

Q'-III|III|III|III|III|III|III|III|III

B s o m m == 20

L ; - e e
E (MeV)
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Coincidence with p-veto system: secondarie

102

10

107"

20

: _ — Measured

= A=46 . inaly
i A=10

3 A=4

- A=2A=2

- =1 =1
_I_I_I_E.-.|---'---|---|._-l_-1--J--.|-.-| ...... L..l...l..]..J...I...l ...... I -~
0 2 4 6 8 10 12

SKIT

1ute of Technology

#nb of secondaries within TDAQ

Coincidence between
and neutron counter

Tpaq=60 us

~288 live days

Registered muons: 1564
N.,ent (21 secondary) = 67
Nsecondaries =114

t.>1000 ns + At>200 ns
to avoid PMT after-pulses
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Coincidence with p-veto system: Atsec, energy \\‘(“'

Earlsrubi Indtitute of Technology

ATDC spectrum, at least 2 hits:

Counts / 2500 ns

b :_ :1:::195 19912+ 1;;: Energy deposit, at least 2 hits:
B A
e 2 1stADC hit; [
- - 1st ADC hit i
10} e||mlﬂ'ar¥° ~® "M Mean = 4806 ADC ch.
e =} pl’ *E = Z
8- e :>: 9F- s:—[
B 3f_ 45
6 = -
T — 2t
4 6 é_ 3:' ”HH iﬂc'mm] ' illn;u'ﬁ 30000 l] 4000650000 60000
i "
- l | | | - l -%- + 4;_
00~ 10000 20000 30000 _ 40000 _ 50000 | 60000 3L [ Mean = 58050 ADC ch.
A TDC #ch (ns) = |/ \
2k A <
" <At (AmBe)> =19 ys -« 2
: 112
~288llvedays DE' m_ll—lluuuluu|-||...I...I...I...I...I...x3
thit>1000 ns + At>200 ns tO &;ﬂ 60} 80 100 120 140 160 180 200 AZDZg#CZ:O
avoid PMT after-pulses e
®  Kolmogorov-Smirnov test (unbinned data): ~ Delayed n’s, Prompt s, |
prob = 0.27 predominately ~100MeV energy deposit

low energy deposit

- Candidates for y induced n‘s !
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NC selection: multi-hit

10°

10*

102

10

107"

22

o

-

Measured

| A=257.4

—L=18

A=
G CF

A=1 A=1

JJ_‘ HIJJJLLIJ

N
.h.

#nb of secondarles W|th|n TDAQ

29.07.2010

\(IT

| Technodogy
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& i
®  Multi-hit events in neutron counter

® PMT adapted gain
B Tpe=60 us
| ~254 live days
N, ent (21 secondary) =309
Niecondaries = 354
® t.>1000 ns + At>200 ns

to avoid PMT after-pulses
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NC selection, multi-hit : Atsec, energy \\‘(“'

Earlsrubi Indtitute of Technology

ATDC spectrum, at least 2 hits:

Counts / 2500 ns

45? Entries 384 Energy deposit, atleast 2 hits:
40— Mean 19993+ 766 soF
- 4 1st ADC hit; b
e  ipaly  >istapchit
30;— prellm 205
253_ 102 le : Mean = 3450 ADC ch.
20H: % 10f
15: 1 °F
- — n:..,_L.lJ_||... 1w I
10:_ -*‘ ++ _|- ) 5000 10000 15000 20000 25000 30000 SAslgct':U#ch
ot 10—
5 -
- T T + -E}]-l . - 1]
% 10000 20000 30000 4nnoo 50000 60000 i Mean = 13360 ADC ch.
A TDC #ch (ns) | L
= <At (AmBe)> =19 s - | HH_‘ ’ﬂ H
1=
= ~254live days S0 1T o
[ ]

t,>1000 ns + At>200 ns to 20 )40 \/ 100 120 140
avoid PMT after-pulses

: : _ Delayed n’s, Prompt particles,
. Kolmggorov-Smlrnov test (unbinned data): oredominately higher eneray deposit
prob =0.11 low energy deposit

- Candidates for y induced n‘s !
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Summary -\-\\—‘(IT

v" Ambient neutrons:
- Fast component: measurement campaign 2006-2008;
- Thermal neutrons:
outside of the shields: different places are measured, arXiv:1001.4383v1
monitoring inside of the shields;

v' Strong AmBe calibration <& MC normalized;

v" Muon-induced neutrons:
- Neutrons from AmBe are seen;

- Candidates for p induced n’s, (O(1 neutron / day), >250 live days;

- Proof-of-principle article in press in Astropart.Phys.
(doi:10.1016/j.astropartphys.2010.06.001, arXiv:1006.3098v1)

=> Road to 1 ton experiment, EURECA
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http://transregio.e15.physik.tu-muenchen.de/index.html

AT

Earlsrubi Indtitute of Technology

The EDELWEISS Collaboration

~ 50 persons (30 FET);
11 PhD theses;
4 post-docs;
4 countries

N L
LY B

Collaboration meeting X.2009 @KIT

- CEA Saclay (IRFU & IRAMIS) - Detectors, electronics, aquistion, data handling, analysis

« CSNSM Orsay « Detectors, cabling, cryogenics

* IPN Lyon « Electronics, cryo, low radioactivity, analysis, detectors, MC
* Institat Néel Grenoble - Cryogenics, electronics

 KIT: IK, IEKP (+IPE 2011) Karlsruhe | « Vetos, neutron detector, background, analysis, electronics
* JINR Dubna « Background, neutron, radon monitors

 Oxford University « since 2009: Detectors, cabling, cryogenics, analysis

» Sheffield University « since 2010: MC simulations
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Additional slides _\}‘(IT

Earlsrubi Indtitute of Technology

ADDITIONAL SLIDES
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Ambient neutron spectra simulated for LSM .._\}‘(IT

R. Lemrani et al., Nucl.Instrum.Meth. A560 (2006) 454-459

o
3]

0.2

— 0.6 x10°®
T &
) SOURCES Modane Rock E
IE (o,n) + Fission :’
2 ------- Fission “*°U " — GEANT4
> 04r > I MCNPX
v NaCl s
E’ -------------- 60 ppb U + 300 ppb Th m
5 5
T
© E
()]
=
>
=
L

0 2 4 6 8 00 2 4
Energy [MeV] Energy [MeV]
simulated neutron spectrum from simulated neutron energy spectra
U and Th traces in the Modane rock at LSM rock boundary
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Neutron capture spectrum, 3He detector

n+He ->p+T (cp=5333(7) b) Q=764 keV

764 keV (p+T)
calibration with PuBe \
10000 !
!‘ i
H
H :
1
1000 191 keV 573 keV
‘:
\
100 The regnf:u;i \IThere P ‘
The region where T energy if fully zggg?s‘i't:a d ub:t the T
deposited, but the p deposited only depusited!only
a fraction of its energy a fraction
10 of its energy ! i
T4
'| |||I'
|
1 Ll l IIIIIIII l lllllllll l lllllllll 'I IIIIIIII l IIIIIIIII 'l lllllllll l IIIIIIIII l LA J I H‘l
100 200 300 400 500 600 700 800
Energy (keV)
28 20.07.2010

V.Yu. Kozlov | Neutron backgrond studies in LSM | IDM '10 | 26-30 July 2010 Institute for Nuclear Physics



Neutron counter selection: multi-hit

29

Measured (multi n)

N (=1 secondary) = 309
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1ute of Technology
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Multi-hit events in neutron counter
PMT adapted gain

~254 live days
N =1 secondary) = 309
Nsecondaries =354

t..>1000 ns + At>200 ns
to avoid PMT after-pulses

event (
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