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 Abstract–The EDELWEISS experiment, 
underground laboratory LSM (France), is on
experiments using cryogenic germanium (Ge
direct search for dark matter. For the EDELW
new scalable data acquisition (DAQ) system w
built, based on the 'IPE4 DAQ system', which
used for several experiments in astroparticle ph

I. DARK MATTER SEARCH WITH EDE
ARK MATTER search is currently one of th
particle physics. There is strong evidenc

15.8 % of the mass of our universe cons
(visible) matter; the nature of the remaining p
matter - is unknown (values from [1], ro
experiments search for signals of dark ma
consists of weakly interacting massive particl
EDELWEISS [2] experiment, located in 
laboratory LSM (France), is one of the lead
using cryogenic Ge detectors for a direct sear
WIMP hitting a Ge nucleus within a Ge 
result in an increase of the crystal temperatu
with a charge signal arising from the i
nucleus. The Ge crystals operate as bolom
cooled down to 18 mK and detect sudden 
temperature. EDELWEISS started first measu
with a detector mass of three 320 gr Ge dete
0.96 kg). Since then the experiment has b
extended. EDELWEISS-II started 2009 with
detectors (total mass: 4 kg) and a signifi
background suppression. The actual phase, E
can use up to 40 detectors with 800 gr (tot
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Currently (Nov 2015) 24 detectors
instrumented and in operation (see F

Each bolometer is equipped w
ionization sensors. The bolomet
digitizers and are placed close to th
temperature. They contain 6 A
programmable gate array) and other
detector. Each ADC is sampling 

resolution. Thus, one BB is prod
stream, which is sent to the DAQ
fibers. 

Until EDELWEISS-II, the data 
(rack mounted or standalone boxes),
stream to the final trigger comp
Ethernet, which required one Mac P
2-4 bolometers (see Fig. 2 for details

 
Fig. 1: The EDELWEISS setup (top): the cry
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During EDELWEISS-II operation, config
several times, for some periods the trigger 
further optimized, so the number '2-4 bolom
computer' is an average value and points 
scalability of the existing system had reach
respect to increasing detector mass. Furtherm
reasons 2 or 3 BBs are used to read out one d
a BB has enough ADCs to read out one 
resulted in unused channels within the data str

II. DETAILS OF THE UPGRADED DAQ
For the EDELWEISS-III extension a sca

system was designed. The base of the syst
DAQ system' [3], a highly modular DAQ sy
and manufactured in-house at KIT and used 
particle physics experiments (e.g. Auger 
KATRIN neutrino experiment [5]).  

The system consists of a 6U+2U high 19-
custom backplane providing 21 plugin-slots (
first level trigger (FLT) boards and one secon
and data transfer (SLT) board. Each FLT a
equipped with an FPGA (Cyclone II, A
provides a single lane PCIe External Cable co

 Fig. 3. The EDELWEISS-III update: dispatcher boar

Fig. 2: The EDELWEISS-III scale-up with the dispatcher 
EDELWEISS-II; this configuration would require a large 
and trigger PCs 
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-inch crate with a 
(Fig. 3), up to 20 

nd level controller 
and SLT board is 
ltera). The SLT 
onnection [4] to a 

'crate computer', a standard PC 
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Linux). 

Each FLT board has 6 optical fi
thus may receive data of up to 6 BB
point-to-point serial links from the F
up to 20×30 MB/sec = 600 MB/se
Cable connection from the SLT to th
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the EDELWEISS-III extension with
in a data stream of 48 MB/sec whic
the crate. The measurements in [6] 
capable of streaming data up to 90 M
ready to operate almost twice the p
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One additional IPE4 DAQ system
as a development and test system.
each providing 5 plugin slots, are a
as a development and test system
collaborators. These additional s
installed in the EDELWEISS experi
extensions of the experiment. 

III. THE DATA FLOW IN TH

The traditional EDELWEISS
implemented in software at the DA
used for that is the control and trigg
IPE4 DAQ hardware enables severa
All trigger levels will be used in par
III operation. They represent a flex
advantages and they complement on

A. Full up-stream mode 
This is the traditional EDELWE

The crate computer is sending out 
continuously in UDP packets to the
Samba is the triggering software o
The new DAQ system supports the

rds replaced by one IPE4 crate. It provides 6 optical fiber I/O pairs per F
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number of boards 
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the collected detector data 
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data protocol, thus it integrates seam
EDELWEISS environment. 

The three trigger levels described in the ne
run on FPGAs or a graphics processing unit
the IPE4 DAQ system. 

B. In-crate FPGA trigger 
On the FLT board FPGA triggers on the he

channels are implemented. These triggers a
than the algorithms on the trigger compute
operate massively parallel on the input da
potential to make fast data rejection decisio
reduce the data rate. The FPGA triggered ev
from an SLT buffer by a dedicated DAQ co
DAQ software ORCA [7,8] (see Fig. 4).  

Fig. 4: The FPGA trigger scheme: trigger decisio
FPGAs (left box), event data is transferred through the cr
box) to the DAQ computer (right). 

C. Time resolved ionization channels 
Two ionization channels of one dedica

sampled at 40 MHz. These are the so calle
channels. The 40 MHz sample readout is 
FPGA trigger, as the software trigger is not 
fast channel signals are buffered continuo
memory on the BBs and the event reado
triggered, before the buffers overflow. 

A detailed analysis of first data acquired w
ionization channel is on-going, showing 
discriminating near-surface events via the 
ionization pulse [9]. 

D. GPU trigger 
We use a GPU in the crate computer t

trigger algorithms. Modern GPUs provide tho
computing processors, which run in p
predestined to run an additional trigger level i

 Since the full data stream is read out anyw
to Samba, the data can be streamed to
asynchronously in the background, which
system resources. After a trigger decision on
few event characteristics like channel num
timestamp need to be transferred back to the 
data transfer is required into this direction. 
was implemented in a test setup; several 
realized and tested. The implementation of a
the experiment site in LSM is still in progress

E. Unused channel removal 
An additional benefit of the IPE4 DAQ sy

removing unused channels from the data 
possible, because the data stream is collected 

mlessly into the 

ext three sections 
t (GPU), parts of 

eat and ionization 
are less complex 
er, however they 
ata and have the 
ns and to further 

vents are read out 
omputer using the 
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rate computer (middle 

ated detector are 
ed fast ionization 
triggered by the 
fast enough. The 

ously in internal 
out needs to be 

with the new fast 
the potential of 
rise time of the 

to run additional 
ousands of simple 
parallel and are 
in software. 
way for streaming 
o GPU memory 
h requires minor 
n the GPU, only a 
mber and trigger 
CPU, so no large 
The GPU trigger 
algorithms were 

a GPU trigger on 
s. 

ystem was simply 
stream. This is 
in the IPE4 crate 

and the integrated FPGAs provide en
rearrange the data sets. 

F. Reliability 
The IPE4 DAQ system is now tak

years and proved its stability. All da
phase were taken with the IPE4 DA
exposure time on system crashes oc
an important improvement and c
DAQ system. 

IV. CONCLU

The EDELWEISS DAQ system 
IPE4 DAQ system. The architectur
several advantages and improvem
system integrates seamlessly into t
environment. 2) It improves scalabi
detectors with respect to the numbe
Unused channels can be removed f
early state and thus reduce the data 
have been implemented in the input
to the standard 100 kHz ADC samp
dedicated detector are sampled at
sample readout is triggered by the F
computer can be equipped with GPU
levels in software. 

The new DAQ system was com
2014, is now in use in the new ED
well-prepared for future extensions o
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