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 Sub-GeV/c? dark matter:
why Is It attractive

 DEPFT-RNDR detectors:
how do they work

 The DANAE project:
Its current status

* Physics perspective:
what we aim for
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Sub-GeV/c2 dark matter
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NGC 3198

Several astronomical
evidences for the
existence of
dark matter at
different scales

Ve (km/s)

1 L 1
20 30 40 50
Radius (kpc)

Cosmic Microwave Background
+ Big Bang Nucleosynthesis

- ~20% of Universe is Dark Matter
but no unambiguous particle candidate

“February 19, 2019 4



| LE =" ' DANAE - A new effort to directly
==o% wowlite » search for Dark Matter with DEPFET-

“|nstitite of High Energy.Phusics . RNDR detectors

WIMP dark matter

IS a classic particle candidate for DM

« Predicted particle mass 2GeV/c? .. 120TeV/c?

————— | | | =
1 keV/c? 1 MeV/c? 1 GeV/c® 1Tev/c?
« Usual event signature in direct searches: nuclear recoils

Iy O
O S

« Dominated the direct searches until recently
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Dark sector and light dark matter

« Dark sector: interaction between DM and SM mediated by
new particle(s), e.g. dark photons

» Possible event signature in direct searches: electron scattering

:

« Mass prediction from several models (e.g. freeze-out, asymmetric DM,
freeze-in, SIMP, ELDER) including keV/c? to GeV/c? scale

mDM

1 keV/c? 1 MeV/c? 1 GeV/c? 1TeV/A

“February 19, 2019
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Target materials for e~ scattering

Active Detection DM mass Status Time
target threshold threshold scale
Noble liquids ~10eV ~5 MeV/c2 Done with data; existing
(e.g. Xe, Ar, Ne) improvements possible

Semiconductors ~1leV ~ 200 keV/c? (Ey, ~ 40 eV SuperCDMS, DAMIC)  ~1-2yr
(e.g. Ge, Si) E,, ~ 1eV SENSEI, DANAE R&D

Scintillators ~1leV ~ 200 keV/c?2 R&D required SSyr
(e.g. Csl, Nal, ...)

Superfluid ~1leV ~1 MeV/cz R&D required SSyr
(e.g. He) unknown background

Superconductor ~ 1 meV ~1keV/icz R&D required ~10-15 yr
(e.g. Al unknown background

l February 19, 2019 11 I
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Target materials for e~ scattering

Active Detection DM mass Status Time
target threshold threshold scale
Noble liquids ~10eV ~5 MeV/c2  Done with data; existing
(e.g. Xe, Ar, Ne) improvements possible

Semiconductors ~1leV ~ 200 keV/c? (Ey, ~ 40 eV SuperCDMS, DAMIC)  ~1-2yr
(e.g. Ge, Si) E., ~ 1eV SENSEI, DANAE R&D

Scintillators ~1leV ~ 200 keV/c? R&D required S5yr
(e.g. Csl, Nal, ...)

Superfluid ~1leV ~1 MeV/c2 R&D required S5yr
(e.g. He) unknown background

Superconductor ~ 1 meV ~ 1 keV/cz R&D required ~10-15 yr
(e.g. Al unknown background

“February 19, 2019 12
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Target materials for e~ scattering

Active Detection DM mass Status Time
target threshold threshold scale
Noble liquids ~10eV ~5 MeV/c2  Done with data; existing
(e.g. Xe, Ar, Ne) improvements possible

Semiconductors ~1leV ~ 200 keV/c? (Ey, ~ 40 eV SuperCDMS, DAMIC)  ~1-2yr
(e.g. Ge, Si) E., ~ 1eV SENSEI, DANAE R&D

Scintillators ~1leV ~ 200 keV/c? R&D required S5yr
(e.g. Csl, Nal, ...)

Superfluid ~1leV ~1 MeV/c2 R&D required S5yr
(e.g. He) unknown background

Superconductor ~ 1 meV ~ 1 keV/cz R&D required ~10-15 yr
(e.g. Al unknown background

Single DM-e" interactions:
- < le- RMS noise level

“February 19, 2019
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DEPFET-RNDR detectors
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DEPFET-RNDR

Depleted P-channel Eield Effect Transistor with Repetitive Non Destructive Readout

amthler 1

amphﬂer 2

Cleargate i P+ dram 1

N+ clear 1

P+ source

Lo

P+ back contact

DEPFET-RNDR ,super-pixel”

gate 1 ransfer
Qate gate 2 N+ clear
;

P+ dram

Cleargate >

>
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DEPFET-RNDR

Depleted P-channel Eield Effect Transistor with Repetitive Non Destructive Readout

amphﬂer 1 -
mpllﬂer 2
cleargate P+ dram 1
1
P+ dram
N+ clear 1 l
Cleargat
P+ source ohe
(common)

DM

E/

&-‘Z

P+ back contact

DEPFET-RNDR ,super-pixel”

gate 1 ransfer
Qate gate 2 N+ clear
;

>
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DEPFET-RNDR

Depleted P-channel Field Effect Transistor with Repetitive Non Destructive Readout

amplifier 1 —_—
plifier >
cleargate 1 P+ drain 1
gate 1 transfer
Qgate

internal

gate 2 deep

P-wel|

DEPFET-RNDR ,super-pixel*

“February 19, 2019
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DEPFET-RNDR

Depleted P-channel Field Effect Transistor with Repetitive Non Destructive Readout

amplifier 1 =
Mplifier >

N+ clear 1

v

Open transfer gate

interna|
gate 2

P+ baCk Contact

DEPFET-RNDR ,super-pixel*
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DEPFET-RNDR

Depleted P-channel Field Effect Transistor with Repetitive Non Destructive Readout

amplifier 1 =
plifier >
clearqa P+ drain 1
il P+ drain 2
N+ ¢| = : o
e gate; | ‘ransfer Read 1: noise o

Cleargate 3

Jate

Open transfer gate

1L

Read 2: noise o

interna|
gate 2

P+ baCk Contact

DEPFET-RNDR ,super-pixel*
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DEPFET-RNDR

Depleted P-channel Field Effect Transistor with Repetitive Non Destructive Readout

amplifier 1 .
Mplifier >

P+ drain 2
N+ clear 1

gate Cleargate >

interna|
gate 2

P+ baCk Contact

DEPFET-RNDR ,super-pixel*

Read 1: noise o

Open transfer gate

Read 2: noise o

1L
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DEPFET-RNDR

Depleted P-channel Field Effect Transistor with Repetitive Non Destructive Readout

-3
mplifier 1 amplifier »
i N
Cleargate 1 Maal P+ drain % 8
gatey | ‘ranster TR— Read 1: noise o g >
© =
Q=2
T »
Open transfer gate cc
&)
< £
: =9
Read 2: noise o 0 2
Q.
Q g
| e
nterna| iié
. p-el

P+ baCk Contact

DEPFET-RNDR ,super-pixel*

l February 19, 2019 21 I



|| DANAE - A new effort to directly
=% search for Dark Matter with DEPFET-

Institute of High Energy.Phusics RNDR detectors

DEPFET-RNDR

Depleted P-channel Field Effect Transistor with Repetitive Non Destructive Readout

amplifier 1 — ,
P+ draj =&
cleargate 1 o P+ drain 2 o 8
N+ clear 1 transfeF Read 1 nOISe o =
gate 1 gate gat % E
. =
2 % ;
2
Open transfer gate eE
Q
=
. g 2
Read 2: noise o Q 7
Q.
v $ g
interna| i = &
n
gate 1 S Clear charges

transfer channe|

P+ baCk Contact

DEPFET-RNDR ,super-pixel* Effective noise: a.5r = 6/VN
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DEPFET-RNDR

Depleted P-channel Field Effect Transistor with Repetitive Non Destructive Readout

amplifier 1 -
plifier >

P+ drain 2

gate 1 transfer
Qate

Cleargate 3

interna) :
gate 1 Interng|

gate 2 F?-ifé)u

transfer channe|

P+ baCk Contact

DEPFET-RNDR ,super-pixel*

- 0

c N

. Lo

Read 1: noise o S £
g =

(7))

Open transfer gate ==
)

Z g

! =0

Read 2: noise o v 2
S o

* x 2

=

Clear charges

Effective noise: o5 = 0/VN

“February 19, 2019
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DEPFET-RNDR single pixel performance

1,6 : i i
| o ms:f:g"r;“;imulaﬁon Dependency of equivalent noise
Bahr's equation on number of readout cycles
1,44
|
. 1/vn
\ decrease
. 1,2 =
g | / Increase due to
= 7 leakage current
)
= 104 g
O“’ K /
Z -1 >
m - -
0,8 ¢ Minimum as described by
/ Béhr's equation
0,6
0 50 100 150 200
n
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DEPFET-RNDR single pixel performance

1,6

3 : ! t |
e Monts Gatlo Simulation Dependency of equivalent noise
Bahr's equation on number of readout cycles
1,44
. |
—Y
oerf ~ 1/VN confirmed ek

\ decrease

rms)
—
N
|____LL-.-

Increase due to
leakage current/'

as described by
Béhr's equation

0,8 4~ Minimum __

/

0,6

0 50 100 150 200
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DEPFET-RNDR single pixel performance
1,6 : i i
o ms:f:g"r;“;imulaﬁon Dependency of equivalent noise
Bahr's equation on number of readout cycles

1,4

| 1/vn

\ decrease

rms)

1.2
.' / Increase due to
7 leakage current
‘O
— 1,04 _—

0,8 _ﬂ& Minimum __

Minimal noise limited by ] \ ‘//

leakage current @ 233K (-40°C) 06

as described by
Béhr's equation

0 50 100 150 200
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1,6
3 ! |
| o ms:f:g"r;“;imulaﬁon Dependency of equivalent noise
‘ Bahr's equation on number of readout cycles
1,44
i 1/vn
\ decrease
g | / Increase due to
= 7 \ leakage current
2 404 g

as described by
Béhr's equation

Minimum __ |
Béhr's equation
@c=3e ENC
3.5fA/pixel @ RT 0.6

— 20.0°C

2 — 25°C
-15.0 °C . . : .
—-325°C
] st 0 50 100 150 200

— ldeal case

n

s, (6 ENC)

K Predicted temperature dependence

— T | (only DC from thermal excitation)
0+— - - - - - to be verified
0 100 200 300 400 500
n
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DEPFET-RNDR single pixel performance

!
60 ‘#_'_______.- c=021¢
! —— Without laser (Noise peak) I I _
%0 R —Weaklaser{p&:_missonign photon distribution Slngle pIX6| DEPFET RNDR
1 \ — Gauss fit to noise peak e'ﬁ:ectlve nOISe:
P 40 7
c
3 E - 0.2e- RMS @ 203K(-70°C)
: 9 "Few electron”
4 R \ 3. \ signal spectrum . . .
" é I generaie by > Capable to distinguish
N, .
et % \ single electron charge
ol B NN, Nl
53 \ \& \ %
0 ; 'J.".’v:o:ogi : : : \. % %ﬁqn&! Lq d__mn
-1 0 1 2 3 4 5 6
MISFIT ;
background Pulseheight (# Electrons)
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The DANAE project

Direct dArk matter search using DEPFET with repetitive-Non-destructive-readout Application
Experiment

“February 19, 2019
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Prototype test setup

@ HLL

[courtesy of H. Shi]

Stirling-cycle
cryocooler

Vacuum chamber

70 cm

[courtesy of H. Shi]

30



PV - DANAE - A new effort to directly
ns ' search for Dark Matter with DEPFET-

Institdte of High Energy.Phusics RNDR detectors

Prototype test setup
@ HL

[courtesy of H. Shi]

Outer shielding & support

B

Inner shieldig & cooling pad

[courtesy of H. Shi]

Vacuum and cooling test in March 2018:
reached 150K @ cooling pad

e

“February 19, 2019 31
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Prototype test setup

@ HLL —
Outer shielding & support

B

' ’P‘.r 57
" gl

Inner shielding & cooling pad

[courtesy of H. Shi]

Detector assembly:
to be assembled in mid 2019

February 19, 2019
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Detector control and readout electronics

[courtesy of H. Shi]

| — Flexible PCB \

O O

Readout board: gate-control and readout ASICs

“February 19, 2019 33
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Prototype detector matrix

[courtesy of H. Shi]

Prototype detector matrix:

* 64pixel x 64pixel

« Single pixel: 75um x 75um x 450um
« Sensitive volume: 24mg

“February 19, 2019
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[courtesy of H. Shi]

- R /' 'FSP-differential
weoonge . 1eStEEMO:  ows g

[courtesy of H. Shi]

DC power supply
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Components are rea

.. -—— -

I

—-
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RNDR detectors

Read-out sequence
Simplified 5x5 matrix, N=1

I, ;G G, . G,

C N O OO

C HC O O O
//_c HC_ I I I >
" C O O O T >
C N O O
\\_g HC HC HC T
C N O O

C O O O C O

C N O O

One preamp per column ——>

“February 19, 2019
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Read-out sequence
Simplified 5x5 matrix, N=1

Initial charges _(, lﬁ lﬁ lﬁ lﬁ 1}
C O O O OK }\

C O O T 1

/ C O HC O >

T O O O >

C O HC O >

\L DG G, G G,

C O HC O >
OOk 1}/

C O HC O HC >

/
i

“February 19, 2019
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Read-out sequence
Simplified 5x5 matrix, N=1
Initial transfer _(, lﬁ lﬁ lﬁ lﬁ 1}
C O O O OK }\
C O O T O P~
/ C_ I O O O > 8 3
C HC O C R T > E
C I O O O > -
\g HC HC C E
C_ I O O > 2
OOk 1)/
C_ I O O >

/
i

“February 19, 2019 39
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RNDR detectors

Read-out sequence
Simplified 5x5 matrix, N=1
Initial transfer _(, lﬁ lﬁ lﬁ lﬁ 1}
C O O O OK }\

CHC 0 C HC 1o
o / D’ G |G (Gl |G SNVA ¥
© =
O G | G G G (D¢ E
2 (== - (= (- .
E 5
" \L DD G \ G | D, =
D GHD 'GHD /Gl |G, a

/
i

“February 19, 2019
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search for Dark Matter with DEPFET-

Institdte of High Energy.Phusics

RNDR detectors

Read-out sequence
Simplified 5x5 matrix, N=1
Initial transfer _(, lﬁ lﬁ lﬁ lﬁ 1}
C O O O OK }\

CHC 0 C HC 1o
o / D’ G |G (Gl |G SNVA ¥
© =
O G | G G G (D E
2 (== - (= (- .
E 5
" \L DD G \ G | D, =
D GHD 'GHD /Gl |G, a

/
i
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Institdte of High Energy.Phusics RNDR detectors

Read-out sequence
Simplified 5x5 matrix, N=1
Initial transfer _(, lﬁ lﬁ lﬁ lﬁ 1}
C O O O OK }\
C O O T O P~
/ C_ I O O O > 8 3
C HC N C R HC > E
C I O O O > -
\g HC HC C E
C_ I O O > 2
O OO 1)/
C_ C O O >

/
i
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Institdte of High Energy.Phusics RNDR detectors

Read-out sequence
Simplified 5x5 matrix, N=1
Signal readout 1 _(, lﬁ lﬁ lﬁ lﬁ 1}
C O O O OK }\
C 1 O O O -
/ C O O O O 3
C HC N C R HC > E
C OO O O -
\g nC NC nC 1C - NSk
C O OICOIC O O 32
Colc i/
C O O O O

/
i

To preamps
(VERTIAS multiplexer)
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ns ' search for Dark Matter with DEPFET-

Institdte of High Energy.Phusics RNDR detectors

Read-out sequence
Simplified 5x5 matrix, N=1
Signal transfer _(, lﬁ lﬁ lﬁ lﬁ 1}
C O O O OK }\
C 1 O O O -
/ C O O O O 3
C HC N C R HC > E
C OO O O -
\g nC NC nC 1C - NSk
C O OICOIC O O 32
Colc i/
C O O O O

/
i
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“4HEPHY

DANAE - A new effort to directly
search for Dark Matter with DEPFET-

Institdte of High Energy.Phusics

RNDR detectors

Read-out sequence
Simplified 5x5 matrix, N=1
Signal transfer _(, lﬁ lﬁ lﬁ lﬁ 1}
C O O O OK }\

(- - - (= - =
o / C O O O O s
© =
O G | G G G (D¢ E
2 (== - (= (- .
E 5
" \L AC NC nC HC NNz
C O OO O O+ 82

/
i
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DANAE - A new effort to directly
search for Dark Matter with DEPFET-

Institdte of High Energy.Phusics

RNDR detectors

Read-out sequence
Simplified 5x5 matrix, N=1
Signal transfer _(, lﬁ lﬁ lﬁ lﬁ 1}
C O O O OK }\

(- - - (= - =
o / C O O O O s
© =
O G | G G G (D¢ E
2 (== - (= (- .
E 5
" \L AC NC nC HC NNz
C O OO O O+ 82

/
i
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ns ' search for Dark Matter with DEPFET-

Institdte of High Energy.Phusics RNDR detectors

Read-out sequence
Simplified 5x5 matrix, N=1
Signal transfer _(. lﬁ lﬁ lﬁ lﬁ 1}
C O O OHC K }\
C_ O O T O > ~
/ C_ HC O HAC O > 3
O O O O > E
C_ HC O HAC O > .
\g HCHC HC HC NS
C HC O HAC O > 50
OOl _/
C A O H K

/
i
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PV - DANAE - A new effort to directly
ns ' search for Dark Matter with DEPFET-

Institdte of High Energy.Phusics RNDR detectors

Read-out sequence
Simplified 5x5 matrix, N=1
Baseline readout 1 _(. lﬁ lﬁ lﬁ lﬁ 1}
C O O OHC K }\
C_ O O T O > ~
/ C_ HC O HAC O > 3
O O O O > E
C_ HC O HAC O > .
\g HCHC HC HC NS
C HC O HAC O > 50
OOl _/
C O O O >

/
i

To preamps
(VERTIAS multiplexer)
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PV - DANAE - A new effort to directly
ns ' search for Dark Matter with DEPFET-

Institdte of High Energy.Phusics RNDR detectors

Read-out sequence
Simplified 5x5 matrix, N=1
Signal readout 2 _(, lﬁ lﬁ lﬁ lﬁ 1}
C O O O OK }\
C O O T O P~
/ C_ HC O O O 8 3
C HC N C R HC > E
C_ HC O O O -
\g XCHC HC 1 <
D G| (D G Gl )
CHC O HC K ])/
C_HC O O

/
i

To preamps
(VERTIAS multiplexer)
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PV - DANAE - A new effort to directly
ns ' search for Dark Matter with DEPFET-

Institdte of High Energy.Phusics RNDR detectors

Read-out sequence
Simplified 5x5 matrix, N=1
Signal transfer _(. lﬁ lﬁ lﬁ lﬁ 1}
C O O OHC K }\
C_ O O T O > P
/ C_ HC O HAC O > 8%
O O O O > E
C_ HC O HAC O > .
\g N HC HC <
C HC O HAC O > 4}
[ " —"—" -
C_ HC O A O >

/
i
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DANAE - A new effort to directly
search for Dark Matter with DEPFET-

Institdte of High Energy.Phusics

RNDR detectors

Read-out sequence
Simplified 5x5 matrix, N=1
Signal transfer _(, lﬁ lﬁ lﬁ lﬁ 1}
C O O O OK }\

CHC 0 C HC 1o
o / D’ G |G (Gl |G SNVA ¥
© =
O G | G G G (D¢ E
2 (== - (= (- .
E 5
" \L DD G \ G | D, =
D GHD 'GHD /Gl |G, a

/
i
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DANAE - A new effort to directly
search for Dark Matter with DEPFET-

Institdte of High Energy.Phusics

RNDR detectors

Read-out sequence
Simplified 5x5 matrix, N=1
Signal transfer _(, lﬁ lﬁ lﬁ lﬁ 1}
C O O O OK }\

CHC 0 C HC 1o
o / D’ G |G (Gl |G SNVA ¥
© =
O G | G G G (D¢ E
2 (== - (= (- .
E 5
" \L DD G \ G | D, =
D GHD 'GHD /Gl |G, a

/
i
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PV - DANAE - A new effort to directly
ns ' search for Dark Matter with DEPFET-

Institdte of High Energy.Phusics RNDR detectors

Read-out sequence
Simplified 5x5 matrix, N=1
Baseline readout 2 _(, lﬁ lﬁ lﬁ lﬁ 1}
C O O O OK }\
C O O T O P~
/ C_ I O O O > 8 3
C HC N C R HC > E
C I O O O > -
\g HC HC C E
C_ I O O > 2
O O OK ])/
C_ I O O >

/
i

To preamps
(VERTIAS multiplexer)

“February 19, 2019 53



PV - DANAE - A new effort to directly
ns ' search for Dark Matter with DEPFET-

Institdte of High Energy.Phusics RNDR detectors

Read-out sequence
Simplified 5x5 matrix, N=1
Repeat N-ti
Go on 1o next row C I C HC HC
C_ HC O K }\
G} G S| GHD S G s | G ; =
/ C_HC_ O O O > S 3
T O D HC E
C HC I O O > -
\g HC T HC T > E
C HC O O > o
O O OK ])/
C_HC_ I I O >

/
i

To preamps
(VERTIAS multiplexer)
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P o PN W VR NN S SN
wg e

cidence

Simulated waveform
(5 repetition cycle)

Transfer gate

—Cleargate
Gate 1 on Gate 2 on . |
L
I
o ooy wmmen' | wmw’ | wwm womn’ omm o | o momn

VERITAS sequence
read one row
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I . PN AI P o
WEGAET 1~ BTV

Simulated waveform
(5 repetition cycle)

Transfer gate

—Cleargate
Gate 1 on Gate 2 on . |
L
I
o ooy wmmen' | wmw’ | wwm womn’ omm o | o momn

VERITAS sequence
read one row

-
T
]
L]
S
I
——
[ ]
-
=
B
L
-
B
=
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=
B
L0
o
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I
L
o
B
i

CECEEN
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5

v Sequence tested on simulator
= Next: test on running electroni

1 abjaci edecine

February 19, 2019 56



| J, ) A " DANAE - A new effort to directly
==o% ) » search for Dark Matter with DEPFET-

|ristitute of High Energy:Phusics . RNDR detectors

Physics perspective
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PV DANAE - A new effort to directly
ns ' search for Dark Matter with DEPFET-

Inshitute of High Energy.Phusics RNDR detectors

» Expect preliminary results from the prototype setup
(24 mg sensitive volume) in late 2019

[courtesy of J. T‘eis]
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Institute of High Energy.Phusics RNDR detectors

» Expect preliminary results from the prototype setup
(24 mg sensitive volume) in late 2019

» Physics run with significant result requires more

10 asmatrlces [courtesy of J. Schieck, based on QEdark calculations]
E
=,
o 36 !
= 0 [courtesy of J. Trei
= y of J. Treis]
107 excluded by Xenon10
T
Initial goal: 0.9 g.yr
107
1ot B - 40 matrices a 24mg
- ~1g sensitives volume
10 41
. Eq=2e, 0 background events, 1.0 kgy
-4
10 E.=2e, 6 background events, 3.0 kg-y
10~ E.=2e, 6 background events, 0.0009 kg-y
Er=2e, 6 background events, 1.0 kgy
1ﬂ¢4| III ' 1 'l lllllI III
10 107 10°
m, [MeV]
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|ristitute of High Energy:Phusics . RNDR detectors

Summary

« Sub-GeV/c? dark matter is a attractive alternative to classic WIMPs
« Potential signature: electron scattering

* Require semiconductor detectors with sub-e- RMS noise level

« DEPFET-RNDR successfully demonstrate such a low noise level

« DANAE is a new project aiming to utilizing DEPFET-RNDR to search
for sub-GeV/c?2 dark matter interactions in silicon

« Under construction: DANAE prototype with 64pixel x 64pixel detector
matrix

« Expect first test-of-principle measurement in late 2019

—> Stay tuned for future results!
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Additional slides
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10*

10°

10°

Entries

10

1

10t

Expected 1day exposure compared to SENSEI

Exposure: 0.019 gram-days

SENSEI prototype
physics run DANAE prototype 24 mg

1\ one-day exposure
\ zero background

—
/ expected reach
~~ (Preliminary)

T I\IIUIl T TTTTT
1 lIJIIIII L IJIIJLII 1 LIIJIIII 1 IIIJLIIJ

TT HIIIIl

arXiv:1804.00088v1  Charge [e]]

T \IHﬂTl

PR I S O N ! | BT N

L 5 \3 ..4....5...

—
oLt Lol
»,
..
-
.'

T, [em?]

DM-electron cross section

Fom=1/g°
1«@ HHI‘ 1 |H‘H‘ I |\||\|\| ||.|H| | \||H||| ' ol
1 10 107 10° 10* 10°
R my [MeV]  from SENSEI homepage
0
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" DANAE - A new effort to directly

search for Dark Matter with DEPFET-
RNDR detectors

A comparison with skipper CCD

Pixel prototype|operating|  dark readout | readout
Type format mass temp current time noise
[pm] (1sample) | (optimal)
skipper | 15 x 15 x <~1.14 |10 ps/pix/| 0.068
cco | 200 | 90719 | TAOK o pixiday | amplifier | erms/pix
RNDR | 75x 75 x - <1 4 us/ 0.2
DEPFET 450 i | = Al e/pix/day | 64 pix |erms/pix

different architecture, different systematics;

similar concepts of non-destructive readout, compatible performance;

-> good complementary from experimental point of view

24
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DEPFET with RNDR

RNDR : repetitive non-destructive readout

structure of a basic DEPFET cell :
structure of RNDR DEPFET “super-pixel”

a “subpixel”
amplifier 1 5
mplifier >
P+ d
Cleargate 1 g P+ drain 2
N+ clear 1
gatey | ‘ransfer cleargate »
P+ source gate  gate 5

(common) N+ clear

depleteq
n-Sj bulk

P+ back contact

EPJ C, 77(12), 279 (2017)

EPJ ©, 77(12), 279 (2017)

fully-depleted n-Si

25

[courtesy of H. Shi (ICHEP2018)]
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— source [ I—1 1
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el Q00D eutesoumes D000 e
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2 2 = = a 2
compact RNDR & blind g 2 -

structure name RNDR_GPIX

chip size 8.5 x 8.0 mm®
forfqate4xs4 VPG HALBLEITERLABOR

pixel size 75 x 75 pm? DER MAX-PLANCK-GESELLSCHAFT
PXD7 chip D.03 HL L Peter Lechner, 29.11.18

“February 19, 2019 65



,l_ AL ‘e 1 AV A " DANAE - A new effort to directly
28T 1Sl - T 1A + search for Dark Matter with DEPFET-

o Insfitdte of HiGh EnerguiPhysics .« RNDR detectors

Cooling & shielding layout

window

[ ——

bot-out
top inner

outer shielding : support structure
inner shielding : cooling contact

26
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DEPFET matrix control & readout electronics

Detector matrix

Front-end ASICS for the 64x64 matrix
with interface to Switcher-S, VERITAS

Switcher-S 64x2 channel analog multiplexer Readout board

switcher id W N E

Gate clear & transfer

function | Gate 1 &2 common gate

Voltage [V] | -25 ~+5 | -0.5~+20 | -0.5 ~ + 20/25

VERITAS
- VERITAS 2.1 ASIC in the AMS 0.35 pm CMOS 3.3 V technology
- 64 analog readout channels able to process in parallel the
signals coming from 64 DEPFET devices.
ADC

FADC type digitizer

27
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. . MPG'
Detector Structures — Matrix Devices Hu

+ matrix operation
+ readout sequence

DEPFET DEPFET
turned ON CLEAR turned OFF
o
c
@
E
3 1st measurement
i baseline + signal : = = =
w 2nd measurement | | [
w baseline time =——p> I I
n

Correlated double sampling:
1st measurement: signal + baseline

clear: removal of signal charges
|

vertical signal lines
1 active row, other pixels integrating

2nd measurement: baseline

difference = signal
complete clear is mandatory!

+ option to speed up (1)

readout parallelisation
2 x readout channels, 2 active rows

Johannes Treis / Halbleiterlabor der MPG
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