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Part I - Introduction Dark Matter Evidences 1/15

Galaxy Clusters & gravitational lensing Cosmic Microwave Background
) N i anisotropies
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0 1 2 > 4 5 & 7 8 from Planck last results :
rayon/rayon lumineux
Dark Matter

Most widely accepted explanation of these gravitationnal effects :
Dark Matter might be composed of Weakly Interactive Massive Particles

-Neutral (electric charge and color) 68,3 %

-Massive 1GeV<M,,,,<10*GeV Ordinary Matter

-Extremely Low interaction cross section with ordinary matter o, <10"° pb Dark Energy
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~
WIMP nuclear recoil S _
fr°mh%‘|*(')a°t'° - Discrimination using a
double sensing technique
- electronic recoil
e,y ———rm——m—

from background radioactivity

A real Challenge :

Background radioactivity CRESST

-Shieldings
-Underground-laboratories
-Clean Materials
-Discrimination Power

CDMS
EDELWEISS
SuperCDMS ™~

Low energy recoils (few 10keV)
-High precision electronic (low threshold

-Cryogenic temperatures

r 4

DARKSIDE

Extremely low event rate (< 10events/kglyear)
-Long exposures
-Large masses CoGeNT
Neutrons mimic WIMPs !!!

IONISATION
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Rare event experiment < 10events/Kglyear — Necessity to protect detectors from background radioativity

i ~
( X Poine dufréjus
Tunnel routier de Fréjus Aitude 2932m

Experiment located at the LSM (Laboratoire Sous-terrain de Modane) FRANCE e

Natural shielding of 1700m of roach :

-allows to reduce the flux of cosmic muons by a factor 107 !

Multiple shields : lead (Pb), polyéthylene (PE), copper (Cu) of the cryostat | -

Muon Veto : used to tag muon-induced neutrons (previous talk by C. Kefelian)

...In the end, residual radioactivity mostly comes from the shields itselfs !

How to Deal with it ?
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Full Inter-Digitized 800g
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k2 Electrode Biases :
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Neutron Transmutation Doped
-3 (Thermistor)

Width : 7cm

-4V

Discrimination of the residual radioactivity /7y by the double measurement :
lonization/Heat
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Discrimination of the residual radioactivity /7y by the double measurement :

lonization/Heat

Y : 356keV
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Discrimination of the residual radioactivity /7y by the double measurement :
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Discrimination of the residual radioactivity /7y by the double measurement :
lonization/Heat

lonisation measurement

Pair creation e-/h+ -
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100,000 Drift of charges Voltage varlgfgr;sﬁ l((): Vteh: electrodes

30,000 El=100keVee
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Full Inter-Digitized 800g

+3 4 lonisation channels
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Veto A=-1.5V
i Fiducial B = +4V
Veto C=+1.5V
° Fiducial D = -4V

2 Heat Channels

Height : 4cm

Neutron Transmutation Doped
-3 (Thermistor)

Width : 7cm

-4V

Discrimination of the residual radioactivity /7y by the double measurement :
lonization/Heat

lonisation measurement
»- Voltage variations on the electrodes

Pair creation e-/h+

Y : 356

100,000

30,000

\Izift of charges

El=356keVee
El=100keVee

Luke Effect

Temperature risex uK

.

Heat measurement

Same Temperature rise Voltage variations on the NTDs

Nn: 356keV

— EHeat _ ELuke

Deposited energy : E Recoil
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+av

Full Inter-Digitized 800g
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Luke effect : proportionnal to the nb of charges and to the biases applied

Low voltages to avoid an enhancement of Luke effect resulting in charge trapping

) i lonisation measurement
Pair creation e-/h+ _ > Voltage variations on the electrodes
100,000 \Tﬂ of charges El=356keVee
30,000 El=100keVee

Luke Effect

Y :356keV | Temperature risex uk \ - Heat measurement
n: 356keV Same Temperature rise Voltage variations on the NTDs
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Capability to reject electronic recoils from nuclear recoils

lonization yield Q defined as : lonization /| Recoil Energy Pt

[Q normalized to 1 for electronic recoils: e,y ]-"/ =T

-_—

[Q =0,16 E;"° for nuclear recoils :  WIMP ,n }"

The recoil energy E , is deduced from the lonization and Heat measurements.

e 133

Ba Ca_libration 44

1.2

B e e Gamma rejection better than 10° for Er above 20keV

Confidence levels are determined both by baseline
resolutions on Heat and lonization channels, voltages
and resolutions at high energies.

0.8

Any resolution improvement is of major importance for
the discrimination of radioactivity from background
origin.
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o Zoom Surface C/D

4 lonisation channels NS SCSESS S8 SV

Veto A -1.5V Fiducial B = +4V
Veto C =+1.5V Fiducial D = -4V
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In semiconductors for one pair e-/h+

v QK=—e(<I>K‘(\r_,:F)—/<I>K(r:F))

Induced charge on electrode K Weighting potentiels at final positions of charges

i I
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In semiconductors for one pair e-/h+

v QK=—e(<I>K‘(\r_,:F)—/<I>K(r:F))

Induced charge on electrode K Weighting potentiels at final positions of charges

Si |
(Signal) On dira Potentiels de Ramo

Weighting potentials are associated to a given set of electrodes : A,B,C or D

A BABADBABABABAB A

Simply obtained by setting to one Volt the
considered electrode....
... and grounding all the other ones
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C DEeDECDCDCDGCDCD G

Weighting Potential Map C 0.1
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In semiconductors for one pair e-/h+

v QK=—e(<I>K‘(\r_,:F)—/<I>K(r:F))

Induced charge on electrode K Weighting potentiels at final positions of charges

Si |
(Signal) On dira Potentiels de Ramo

Weighting potentials are associated to a given set of electrodes : A,B,C or D
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In semiconductors for one pair e-/h+

v QK=—e(<I>K‘(\r_,:F)—/<I>K(r:F))

Induced charge on electrode K Weighting potentiels at final positions of charges

(Signal) . .
On dira Potentiels de Ramo

Simple example of one pair e-/h+

A BABABABABABAB A

EX : hole collected on D & electron collected on B

Qu=—e(®a(rir)~ Pa(rer)) =0
= =( : *
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In semiconductors for one pair e-/h+

v QK=—e(<I>K‘(\r_,:F)—/<I>K(r:F))

Induced charge on electrode K Weighting potentiels at final positions of charges

(Signal) . .
On dira Potentiels de Ramo

Simple example of one pair e-/h+

A B ABAUBABABABAGB A

EX : hole collected on D & electron collected on B B

A

— = => — B

QA__e(EI)A(th)__(I)A(reF))_O A

—— g - S =— B

- = ' A

0 ilr W

| A 0.6

| C
i 2 {05
EXx : hole collected on D & electron trapped | o| Woa
; cl M

- -> - I D
QA=—e(§13§_(r,1,i)_—d>A(reF))=e<I>A(reF)=0.4e | | WO
_ v °l Ho2

D

Veto signals are expected even for fiducial events Weighting Potential Map A 0.1
due to charge carrier trapping ;
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(]
Electric Field Map

Drift of charge carriers along z

) ) Approximation of homogenous electric field
with mean trapping lenghts

For Np pairs created at z=27: Ne(Z)= N e—ue(z—zo) Nh(Z) _ Np e”h(l‘zo)

Trapping outside the bulk is neglected Higher electric field at the near-surface region
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QK=ZN _e((I)K(r-I:F)_ (I)K(r:F))n

P

Charge induced by trapping on veto electrodes

Z, o
Qa,q)(Zo)=—e Z.L\!v‘the”"(z_Z")fI’(A,c)(Z)dZ—Z!Z uN,e” e, (2)dz
.'/ ---- 7 LI R — \’;’ _____ ’

Trapped holes (z) Trapped electrons (z)
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With a first order extrapolation :

N N
EIA-EIC="_*((u+u,) Z,~p,H)  EIA+EIC= " y (uetm) (2~ 2, 1)

2(H+2e€
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T

EIA—EIC < Z,

AM & CM

e ]
I

.
in
T

EIA+EIC vs EIA-EIC : parabola shape

=]
I

i
in
T

CM : Drift of charges along field lines
AM : Drift of charges along z axis

[
]
1

=
in
T

CM : Surface region is taken into account.
AM : Trapping neglected out of the bulk

[Ty
=
|

(],_::lIA +EIC)/ (Deposited Energy) (%)

(EIA-EIC)/ (DepOSIted Energy) (%)

Black markers : computational model
Blue line : AM function
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(EIA+EIC)/EID (%)

With a first order extrapolation :

N
EIA= EIC= = 2((u,+) Z,~u, H)

10

.AM VS DATA

=2 ”l] ”2I”4”I6”I8
(EIA-EIC)/EID (%)
Black markers : events of one detector

Red lines : fits on various detector data
Blue line : AM function centered at zero

N
EIA+EIC=— 2 )(uewh)(Zﬁ—ZgH)

oo
tn

£

2.5
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(EIA+EIC

[]
[ty
[ ]
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I
(EIA-EI
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L.
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I”-SI I -25 I Iﬂl B 25 ISI - I'?.S
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Black markers : computational model
Blue line : AM function
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Ramo Potential

C DeEeDhe DCcDCD G

'y 1
0.9

0.8
0.7
' 10.6

-10.5

0.4

0.3

0.2
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0.1

DC D C 0

Induced charge due to
Trapping

-+

Charge collection

Total Induced Charge

BABABABABABAB A

0.7
' |o.6

- 10.5

Ramo Potential
Map D

0.4

0.3

0.2

DO OO0 QOOr®>m>OD>®

0.1

D, (ZO) . (I)D( ZO) In the bulk region 0<z<H

Induced charge on D = induced charge on C

QD( Zo)z eNpe_MhZO

collected

Holes reaching Z=0 (and thus D)

Q ( Z ) — Q ( Z ) - eN E_M"Z" A collected Charge induces the
D\ ™0 c\“o p

opposit of its charge
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Z,:energy deposit depth
Energy loss on EID oc Zo EIA - EIC o ZO EIA : energy veto A
EIC : energy veto C

Energy loss on EID oc EIA - EIC

Before correction After correction 133 Ba Calibration FID 804 Runl5
3 s z
s Rt 8 = [ D (h*)
= 1400
E g 6 E corrected
S 5 4 S [ FWHM=9.5 kev
= = _ : D (h")
= E 1000 FWHM=13.8 keV
:'ﬁ f_q 0 300
= = B(e)
2 600
-4
400
-6
.8 200
-10100 : ..IZII]l]I — 2:’»1] ;SSGI. - 3:’»0 I I.I4l]l] 0 .Z:Sl]. ' Zilil] . 3ll]l] . 3;0 ' 3:10 . .3:50. . 3él] 400 4;0
EIDcorrected (keV) Energy (keV)

30 % improvement of the resolution at 356 keV
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Before correction After correction
FID 804 Runl15
a 1 a %1 -
W .08 LW .08 | é 800
3 p—3 = [
O .06 O .06 £ 700 [HEAT corrected |  FWHM=10.9keW
w w S [
& 0.04 & 0.04 O 600 |
- - t HEAT FWHM =18.3keW
i 0.02 i 0.02 500 | )
0 0F F 7
400 F
0.02 0.02 F :
: 300 F :
-0.04 -0.04 | ! 1
-0.06 -0.06 | 2 1 |
-0.08 0.08 | 100 | b}\
01050 " T00 150 200 250 300 350 400 Plo 50 100 150 200 250 300 350  40( Goo 250 300 350 400 450 300
HEAT (keV) HEAT corrected (keV) ) Energy (keV)

FID 803 Run20

40 to 45% improvement of the Heat resolution at 356 keV

HEAT corrected FWHM = 8.8keV

Counts/keV
th
-

b

=

-
T

=E + 1505—

100 |

HEAT FWHM =16.6keV

Heat correction : depends on Z0 but also on the ionization yield Q 3

%00 250 300 350 400 450 500
Energy (keV)
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Before correction FID 803 Run?0 After correction
o~ [h 28720 events I 28720 events
g 14 B 242 events 212 events g 1.4 [ 383 events 116 events
: ab) s
O E & i
— 1.2 1 = 1.2
: 7z '
1 '-E; 1
&
0.8 = 0.8
- !.i"' - S
0.6 [ 0.6 |
0.4 [ 0.4 [t
0.2 0.2 [
i 50 100 150 200 250 300 350 400 450 500 i 50 100 150 200 250 300 350 400 450 500

Recoil Energy (keV) new Recoil Energy (keV)

Efficient correction above 100keV
Degradation of the Qplot below 100keV as expected

21
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Conclusion

lonization : Analytical Model, improvement of the resolution ( 30 % at 356 keV)

Heat : Analytical Model, improvement of the resolution ( 40-45 % at 356 keV)

Also an improvement of the rejection at high energy

Perspectives

Necessity define a unique measurement of the ionization

-Using both fiducial anode B and cathode D at low energy

Resoluti tly limit the noi in a factor /2
esolution mostly limited by the noise ( win a factor /2 ) > IDEM for Heat

-Using corrected ionization at high energy
Resolution mostly limited by trapping

And this with a smooth transition from one energy regime to the other y,

Also working on defining new fiducial cuts taking into account veto
correlations induced by trapping... 29






B=+4V E, . cAV<8V

D= -4V

Luke Effect and therefore Heat lowered by charge carrier trapping

12



H Z,

ELuke= eNp J' Mee_.ue(z_zo)v( Z) dZ_ f ﬂh eﬂh(z_zo)v(z) dZ.'l' e_.ue(H_Zo) VB_ e_.uhzoVD |

Z:Zo|‘\ electrons z=0 holes ! ".\ electrons holes
_________________ \\//, S --..___..\\\/,_..___.._
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How to distinguish a neutron from a Wimp ?

non-exhaustive list :

* Neutrons can induce multiple interactions, WIMPs can't !
V,=30km/s

If coincidence between 2 detectors — neutron
* Annual modulation of WIMPs flux of a few % ——» — — /- = g = e

Galactic Plane

* A* dependance of the Spin independent cross section

* Exponential form of the Recoil energy spectrum

December
Vearth = 220km/s

Need Statistics and variety of experiments

107 1073

XENON 10 82 (2013))

1040 CDMS-I Ge LT (2011) 3 \ gg?;)m e
— —41 | EDELWEISS LT (2011) A
NE 10 41 ) 10 5 E
2 -4 B
- 10742 10 §
3 104 07 3 . ;
2 G No sighal doesn't mean No results
2 104 10 3
g ONO gy ey \WIT S
; 10-45 Neutrinos © ZER o 10 &

Neutrinos . . . -
§ £ | o No Wimp signal with a certain exposure (Kg.days)
lé 0 ! 10 & gives a higher limit on the interaction cross section
-47 | oAy
E 10 ‘ » - 10 =
z 1078 L} o e 10-12 =
i and
10—49_ \_ w 1{\'\059“6“0 an ]0‘“13
=50 o e e A 1o S L 4
i 1 10 100 1000 100

WIMP Mass [GeV/c?]



14 :
¢, +P,+d .+, A
B
A
B
() ()] A
0.5\ 2at%e y _ ;
m | Ramo Potential i
®,. ®, Map A 8
C
D
— ——p-Z G
—€ ( H H+¢ &
p e Do EDepC D
Z+€ —Z+H+¢€
z€[0,H] P, (z)=Pgz(z)= d.(z)= z)=
’ A(2)=@(2) 2(H+2¢) c(2)=@(2) 2(H+2¢)
Charge induced by trapping on veto electrodes
Z, H
uh(z Zo) _.“e(z Zo)
Q(A,C)(Zo) —e f\,uthe 0 z—f u,N e dz

Trapped holes (z) Trapped electrons (z)




	Diapo 1
	Diapo 2
	Diapo 3
	Diapo 4
	Diapo 5
	Diapo 6
	Diapo 7
	Diapo 8
	Diapo 9
	Diapo 10
	Diapo 11
	Diapo 12
	Diapo 13
	Diapo 14
	Diapo 15
	Diapo 16
	Diapo 17
	Diapo 18
	Diapo 19
	Diapo 20
	Diapo 21
	Diapo 22
	Diapo 23
	Diapo 24
	Diapo 25
	Diapo 26
	Diapo 27
	Diapo 28
	Diapo 29
	Diapo 30
	Diapo 31
	Diapo 32
	Diapo 33
	Diapo 34
	Diapo 35
	Diapo 36
	Diapo 37

