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The XENONnT Experiment:

Sum over all 

PMT signals

S1-Peaks

S2-Peaks

Selftriggered, 10 ns binned data

redax: 50 MB/s

LZ: 98.3 MB/s(1) (triggered)

Atlas: 340 MB/s(2) (triggered)

× 𝑛 𝑃𝑀𝑇𝑠

Pulse

S1/S2-Peak

Event

(1) LZ technical design Report, LZ Collaboration 

arxiv:1703.09144

(2) ATLAS Fact Sheer, Atlas Collaboration
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https://arxiv.org/abs/1703.09144
https://cds.cern.ch/record/1457044/files/ATLAS%20fact%20sheet.pdf


Pulse-

Processing

DAQReader

processing

chain

Data size

Event-

processing

Processing software

Peak-

processing

~10 MB/hr

~1 GB/hr

~100 GB/hr
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Changes in processing 

settings tracked per data-type

• Low level data never 

reprocessed

• High level data regularly 

processed for: PMT gains, 

corrections, etc.

Two types of configuration 

sets:

• Online; for fast monitoring 

and immediate feedback

• Offline; for science 

publications



XENON software
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Data processing:

• Fully in Python

• Strax

• Straxen

Data management:

• Fully in Python

• Rucio

• Admix

Simulation:

• Python + GEANT4

• WFSim

• mc (private)

https://github.com/AxFoundation/strax
https://github.com/XENONnT/straxen
https://rucio.cern.ch/
https://github.com/XENONnT/admix
https://github.com/XENONnT/WFSim
https://github.com/XENONnT/mc


XENON software
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Data processing:

• Fully in Python

• Strax

• Straxen

Data management:

• Fully in Python

• Rucio

• Admix

Simulation:

• Python + GEANT4

• WFSim

• mc (private)

The base environment

The Monte Carlo environment

https://github.com/AxFoundation/strax
https://github.com/XENONnT/straxen
https://rucio.cern.ch/
https://github.com/XENONnT/admix
https://github.com/XENONnT/WFSim
https://github.com/XENONnT/mc
https://github.com/XENONnT/base_environment
https://github.com/XENONnT/montecarlo_environment


Data processing:

https://github.com/XENONnT

https://github.com/AxFoundation

• Split between:
▫ general & optimized code (Strax)

▫ detector specific software 

(Straxen) 

• Continuous integration for

testing:
▫ Github actions

▫ Many more

• The core code is public

• Analyses & detector 

conditions private
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https://github.com/XENONnT
https://github.com/AxFoundation
https://github.com/AxFoundation/strax
https://github.com/XENONnT/straxen
https://github.com/XENONnT/straxen/actions/workflows/pytest.yml


The base environment
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• Build docker image 

from github:

base environment

• Auto builds & deploys

• Tracks configuration 

sets

https://github.com/XENONnT/base_environment
https://github.com/XENONnT/base_environment


Versioned containers

• Dockerized environment ~2x per month

• Distributed via CVMFS
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CVMFS



Fully live processing

Live monitoring

Triggerless data 

digitization and long 

term storage by 

heavy compression

XENON (analyses) sites
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Upload to 

Rucio

Main analysis site

Full copy of 

processed data

GPUs

Private server

Jupiter lab

Mounts Midway
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Main analysis site
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Private server
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CVMFS CVMFS

planned



Rucio
Distributed processing

• (raw) data distributed among Rucio storage sites
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NIKHEF_USERDISK

CCIN2P3_USERDISK

WEIZMANN_USERDISK

CNAF_USERDISK

SURFSARA_USERDISK

UC_OSG_USERDISK

CNAF_TAPE_USERDISK

UC_DALI_USERDISK

LNGS_USERDISK



Rucio
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• (raw) data distributed among Rucio storage sites
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NIKHEF_USERDISK

CCIN2P3_USERDISK

WEIZMANN_USERDISK

CNAF_USERDISK

SURFSARA_USERDISK

UC_OSG_USERDISK

CNAF_TAPE_USERDISK

UC_DALI_USERDISK

LNGS_USERDISK

Data manager 

@ 

LNGS (Italy)

Midway / Dali

@

UChicago

@

Science park!



Rucio
Distributed processing

• (raw) data distributed among Rucio storage sites

• Reprocessing for offline software configuration:

▫ Grid processing! Using outsource

▫ If high level data, even one cluster (midway) 

sufficient for reprocessing (reprox) 
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NIKHEF_USERDISK

CCIN2P3_USERDISK

WEIZMANN_USERDISK

CNAF_USERDISK

SURFSARA_USERDISK

UC_OSG_USERDISK

CNAF_TAPE_USERDISK

UC_DALI_USERDISK

LNGS_USERDISK

https://github.com/XENONnT/outsource
https://github.com/XENONnT/reprox


• Wrapper around Pegasus

• Process data chunks ∼ 𝒪(0.2 − 2) GB per job

• Leverages the Open Science Grid (OSG) and 

European Grid Infrastructure (EGI):
▫ Thanks to e.g. PDP@Nikhef and SURFsara

• Example of workflow:

Distributed processing - outsource
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https://pegasus.isi.edu/
https://www.nikhef.nl/pdp/doc/
https://github.com/XENONnT/outsource


• Ship configuration files

• Source environment: CVMFS

• Download chunk(s) with Rucio

• Stage input(s) for processing

• Process

• Merge outputs & upload

• Repeat?

Distributed processing - outsource
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CVMFS

https://github.com/XENONnT/outsource


Summary & outlook

• XENONnT digitizes triggerless data which is stored long term

▫ Fast software, so data-size is computing's bottleneck

• Data handled and versioned per ‘data-type’

• Processing performed in two configurations:

▫ Online for live feedback & offline for science results

• Software is containerized in docker images:

▫ Distributed via CVMFS to OSG, EGI and analysis sites

• Reprocessing on grid via outsource (Pegasus workflow)

• Future:

▫ GPU containers

▫ Easy ports to Jupyter hubs
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https://github.com/XENONnT/outsource
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