
XENONnT from the point of 
view of a pulse
The black box which give you data


+ lots, lots, lots of cables

Peter Gaemers

Nikhef (Amsterdam)



85% of the matter in the universe is “Dark Matter”

https://chandra.harvard.edu/photo/2015/dark/
2
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85% of the matter in the universe is “Dark Matter”
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How is this line influenced by the system we use 
to take data?



XENONnT DAQ Wishlist 
Must haves

• Acquire data from both low (<10 keV) and high (>2 MeV) energy signals

• Handle high data rates (calibration)
• Low dead time 

• Low threshold



XENONnT DAQ Wishlist 
Must haves

• Acquire data from both low (<10 keV) and high (>2 MeV) energy signals

• Handle high data rates (calibration)

• Low dead time 

• Low threshold Low deadtime

High deadtime



XENONnT DAQ Wishlist 
Must haves

• Acquire data from both low (<10 keV) and high (>2 MeV) energy signals

• Handle high data rates (calibration)
• Low dead time 

• Low threshold High calibration rates

Low calibration rates



XENONnT DAQ Wishlist 
Must haves

• Acquire data from both low (<10 keV) and high (>2 MeV) energy signals

• Handle high data rates (calibration)
• Low dead time 

• Low trigger threshold



XENONnT DAQ Wishlist 
Like haves

• Real time processing


• Data available as fast as possible


• Live monitoring


• No/low expert intervention required
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Digitizers

Logic

PMTs
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Neutron 
 veto
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PMTs
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PMTs

From hamamatsu
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Amps Output 0 x10, TPC low E

Output 1 x0.5, high E

In
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Output 0 x10, TPC low E

Output 1 x0.5, high E

In

Amps

23



Output 0 x10, TPC low E

Output 1 x0.5, high E

In

Amps
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From CAEN V1724 User manual

Digitizers
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From Caen User Manual UM5954 DPP-DAW Digital Pulse Processing for Dynamic Acquisition Window 


Digitizers
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From Caen User Manual UM5954 DPP-DAW Digital Pulse Processing for Dynamic Acquisition Window 


Digitizers
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Digitizers
Digitizers
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Logic

Busy 
V1495

Acquisition  
monitor 
V1724

HE veto 
DDC10
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Logic

Busy 
V1495

Acquisition  
monitor 
V1724

HE veto 
DDC10
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Logic

Busy 
V1495

Acquisition  
monitor 
V1724

HE veto 
DDC10
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Hypervisor 
• Solves problems


• restart redax

• restart digitizer

Solve problem

x113

DAQ bot 
• Slack

Readout
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Readout
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Pile-up



Processing
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Processing
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XENON1T Pax

List of event classes

XENONnT Strax

Tables indexed by time 
“Array-Oriented Computing”

Pivarski, Lange, Jatuphattharachat. "Toward real-time data query systems in HEP.”

arxiv:1711.01229

Adapted from J. Aalbers: Strax 
Chicago May 2019

Processing
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XENON1T Pax

List of event classes

XENONnT Strax

Tables indexed by time 
“Array-Oriented Computing”

Pivarski, Lange, Jatuphattharachat. "Toward real-time data query systems in HEP.”

arxiv:1711.01229

Processing
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Chicago May 2019



Processing

41Adapted from J. Aalbers: Strax 
Chicago May 2019



Processing
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Processing
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Monitoring

44

!  There are unacknowledged errors. Please go to the log page to close them

Status History   Time:     Resolution:     Variable:    Update24h 1m Data rate

M
B/

s
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reader0 is  Running

139.02  MB/s

Checked in  0  seconds ago

reader1 is  Running

162.66  MB/s

Checked in  0  seconds ago

reader2 is  Running

113.54  MB/s

Checked in  0  seconds ago

Muon Veto is  Running

1.45  MB/s

Checked in  0  seconds ago

Neutron Veto a is  Running

12.70  MB/s

Checked in  0  seconds ago

Neutron Veto b is  Idle

0.00  MB/s

Checked in  0  seconds ago

TPC controller is  Running

V2718: " # " # (0Hz)

Checked in  0  seconds ago

MV controller is  Running

V2718: " # # # (0Hz)

Checked in  0  seconds ago

NV controller is  Running

V2718: # # # # (0Hz)

Checked in  0  seconds ago

Dispatcher is  online eb0 is  processing 051425 on 6 cores to
event_basics,online_peak_monitor,online_monitor_nv,individual_peak_monitor
Checked in  1  seconds ago

eb1 is  napping
Checked in  8  seconds ago

eb2 is  hosting SKYNET
Checked in  3  seconds ago

eb3 is  processing 051427 on 9 cores to
event_basics,online_peak_monitor,online_monitor_nv,individual_peak_monitor
Checked in  10  seconds ago

eb4 is  processing 051428 on 24 cores to
online_monitor_mv
Checked in  2  seconds ago

eb5 is  processing 051426 on 9 cores to
event_basics,online_peak_monitor,online_monitor_nv,individual_peak_monitor
Checked in  10  seconds ago

  HEALTH_OK  Occupancy:  5.76/10.23TB

OSD 0 Rd: 3 (4.91 MB) Wrt: 14 (30.00 MB/s) OSD 1 Rd: 2 (5.12 MB) Wrt: 10 (14.00 MB/s)

OSD 2 Rd: 3 (6.35 MB) Wrt: 8 (22.00 MB/s) OSD 3 Rd: 2 (4.95 MB) Wrt: 12 (23.00 MB/s)

OSD 4 Rd: 2 (3.49 MB) Wrt: 58 (20.00 MB/s) OSD 5 Rd: 4 (6.49 MB) Wrt: 8 (24.00 MB/s)

OSD 6 Rd: 3 (6.25 MB) Wrt: 16 (37.00 MB/s) OSD 7 Rd: 3 (3.31 MB) Wrt: 9 (27.00 MB/s)

OSD 8 Rd: 0 (2.18 MB) Wrt: 14 (33.00 MB/s) OSD 9 Rd: 3 (5.67 MB) Wrt: 13 (26.00 MB/s)

OSD 10 Rd: 3 (5.87 MB) Wrt: 13 (25.00 MB/s) OSD 11 Rd: 2 (3.12 MB) Wrt: 16 (31.00 MB/s)

Recent Dispatcher Commands

2023-03-29 14:16 UTC: start for detector tpc from lprincipe(2/2)

2023-03-29 14:16 UTC: start for detector tpc from lprincipe(4/4)
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2023-03-29 14:04 UTC: stop for detector muon_veto from biondi(1/1)
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View
PMT Layout: 3D

Live data:

Datarate scale:

Ignore PMTs: 453

Colour scale:

Fading:

PMT Labels:

Time shown 2023-03-29T14:14:19.001Z show

-10  -1  +1  +10  Help (wiki)

Trend view

Time start 2023-03-29T14:13:56.000Z show   use displayed time

Time end 2023-03-29T14:13:56.000Z show   use displayed time

Pmts for line plot

Plot style

Keep latest values 300  

Append live data

draw trendlines  follow last N values

 

live

auto

log

fading

visible

start playback

Scatter

show all

no appending
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!  There are unacknowledged errors. Please go to the log page to close them

Status History   Time:     Resolution:     Variable:    Update24h 1m Data rate

M
B/

s

reader0_reader_0 rate reader5_reader_0 rate reader1_reader_0 rate reader6_reader_1 rate reader6_reader_0 rate reader2_reader_0 rate

15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00 29. Mar 01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00
0

50

100

150

200

250

reader0 is  Running

139.02  MB/s

Checked in  0  seconds ago

reader1 is  Running

162.66  MB/s

Checked in  0  seconds ago

reader2 is  Running

113.54  MB/s

Checked in  0  seconds ago

Muon Veto is  Running

1.45  MB/s

Checked in  0  seconds ago

Neutron Veto a is  Running

12.70  MB/s

Checked in  0  seconds ago

Neutron Veto b is  Idle

0.00  MB/s

Checked in  0  seconds ago

TPC controller is  Running

V2718: " # " # (0Hz)

Checked in  0  seconds ago

MV controller is  Running

V2718: " # # # (0Hz)

Checked in  0  seconds ago

NV controller is  Running

V2718: # # # # (0Hz)

Checked in  0  seconds ago

Dispatcher is  online eb0 is  processing 051425 on 6 cores to
event_basics,online_peak_monitor,online_monitor_nv,individual_peak_monitor
Checked in  1  seconds ago

eb1 is  napping
Checked in  8  seconds ago

eb2 is  hosting SKYNET
Checked in  3  seconds ago

eb3 is  processing 051427 on 9 cores to
event_basics,online_peak_monitor,online_monitor_nv,individual_peak_monitor
Checked in  10  seconds ago

eb4 is  processing 051428 on 24 cores to
online_monitor_mv
Checked in  2  seconds ago

eb5 is  processing 051426 on 9 cores to
event_basics,online_peak_monitor,online_monitor_nv,individual_peak_monitor
Checked in  10  seconds ago

  HEALTH_OK  Occupancy:  5.76/10.23TB

OSD 0 Rd: 3 (4.91 MB) Wrt: 14 (30.00 MB/s) OSD 1 Rd: 2 (5.12 MB) Wrt: 10 (14.00 MB/s)

OSD 2 Rd: 3 (6.35 MB) Wrt: 8 (22.00 MB/s) OSD 3 Rd: 2 (4.95 MB) Wrt: 12 (23.00 MB/s)

OSD 4 Rd: 2 (3.49 MB) Wrt: 58 (20.00 MB/s) OSD 5 Rd: 4 (6.49 MB) Wrt: 8 (24.00 MB/s)

OSD 6 Rd: 3 (6.25 MB) Wrt: 16 (37.00 MB/s) OSD 7 Rd: 3 (3.31 MB) Wrt: 9 (27.00 MB/s)

OSD 8 Rd: 0 (2.18 MB) Wrt: 14 (33.00 MB/s) OSD 9 Rd: 3 (5.67 MB) Wrt: 13 (26.00 MB/s)

OSD 10 Rd: 3 (5.87 MB) Wrt: 13 (25.00 MB/s) OSD 11 Rd: 2 (3.12 MB) Wrt: 16 (31.00 MB/s)

Recent Dispatcher Commands

2023-03-29 14:16 UTC: start for detector tpc from lprincipe(2/2)

2023-03-29 14:16 UTC: start for detector tpc from lprincipe(4/4)

2023-03-29 14:16 UTC: arm for detector tpc from lprincipe(6/6)

2023-03-29 14:16 UTC: stop for detector tpc from lprincipe(4/4)

2023-03-29 14:16 UTC: stop for detector tpc from lprincipe(2/2)

2023-03-29 14:04 UTC: start for detector muon_veto from biondi(1/1)

2023-03-29 14:04 UTC: start for detector muon_veto from biondi(1/1)

2023-03-29 14:04 UTC: arm for detector muon_veto from biondi(2/2)

2023-03-29 14:04 UTC: stop for detector muon_veto from biondi(1/1)

2023-03-29 14:04 UTC: stop for detector muon_veto from biondi(1/1)
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XENONnT’s DAQ Wishlist:


• Acquire data from both low (<10 keV) and 
high (>2 MeV) energy signals


• Handle high data rates (calibration)


• Low dead time 


• Low threshold


• Real time processing


• Data available as fast as possible


• Live monitoring


• No/low expert intervention required
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• XENONnT’s DAQ can read out and process 
in real time data rates up to ~80x higher 
then the maximum expected TPC rate 
without triggering


• Readout: redax

https://github.com/AxFoundation/redax


• Processor: strax

https://github.com/AxFoundation/strax

https://github.com/XENONnT/straxen


Made possible by the (former) 
XENON DAQ group:


• Maricke Flierman


• Carlo Fuselli


• Robin Glade-Beucke


• Andrea Molinario


• Alessandro Razeto


• Daniel Wenz
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