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Common reconstruction tools: two examples

• LArSoft: simulation and reconstruction in LArTPC experiments
• ACTS: tracking for collider experiments

• I will give an overview about: concept, applicability, core functionalities, R&D
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LArSoft
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LArSoft

• Website: larsoft.org
• Paper: E.L. Snider and G. Petrillo 2017 J. Phys.: Conf. Ser. 898 042057
• Contact: scisoft-team@fnal.gov

• Most of the content stolen from Erica’s ”Introduction to LArSoft”
- https://indico.fnal.gov/event/49621/attachments/144683/184499/LArSoft%20introduction%202021-07-08.pdf 
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http://larsoft.org
mailto:scisoft-team@fnal.gov
https://indico.fnal.gov/event/49621/attachments/144683/184499/LArSoft%20introduction%202021-07-08.pdf
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LArTPC Working Principle
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NuMI DATA: RUN 10811, EVENT 2549. APRIL 9, 2017.

• Charged particles produced in neutrino interactions ionize the argon, ionization electrons 
drift in electric field towards anode planes
• Sense wires detect the incoming charge, producing beautiful detector data images
• Fast scintillation light detected by PMT system (not shown below)
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([SORLW�WKH�VLPLODULW\�LQ�WKH�JHRPHWU\�DQG�UHDGRXW�VFKHPHV�WKDW�DUH�FRPPRQ�WR�PDQ\�
/$U73&V�WR�FUHDWH�D�VHW�RI�LQIUDVWUXFWXUH�DQG�DOJRULWKPV�IRU�WKH�VLPXODWLRQ�DQG�
UHFRQVWUXFWLRQ�RI�/$U73&�GDWD�WKDW�FDQ�VKDUHG�DFURVV�GHWHFWRUV�

� 8VH�FRPPRQ�GDWD�VWUXFWXUHV�DQG�LQWHUIDFHV�
� ([SUHVV�GHWHFWRU�VSHFLILF�GLIIHUHQFHV�YLD�FRQILJXUDWLRQ
� :ULWH�DOJRULWKPV�WKDW�ZRUN�IRU�DQ\���PDQ\�/$U73&V

$V�D�UHVXOW��GUDPDWLFDOO\�UHGXFH�WKH�FRVW�RI�GHYHORSLQJ�WKLV�VRIWZDUH�IRU�H[SHULPHQWV�
WKDW�XVH�/$U73&�WHFKQRORJ\

8QGHUO\LQJ�SULQFLSOH�RI�/$U6RIW

�
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7KH�/$U6RIW�&ROODERUDWLRQ

([WHUQDO�VRIWZDUH
SURMHFWV

7KH�ERG\�RI�VKDUHG�VRIWZDUH�LV�DOVR�UHIHUUHG�WR�DV�³/$U6RIW´

�
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7KH�/$U6RIW�&ROODERUDWLRQ

([WHUQDO�VRIWZDUH
SURMHFWV

7KH�ERG\�RI�VKDUHG�VRIWZDUH�LV�DOVR�UHIHUUHG�WR�DV�³/$U6RIW´

� Sim: GENIE, Geant4, … Reco: Pandora, WireCell, … DL: TensorFlow, PyTorch, …
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7KH�/$U6RIW�&ROODERUDWLRQ

([WHUQDO�VRIWZDUH
SURMHFWV

7KH�ERG\�RI�VKDUHG�VRIWZDUH�LV�DOVR�UHIHUUHG�WR�DV�³/$U6RIW´

�

LArSoft is currently used in production by all these experiments
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7KH�EDVLF�SKLORVRSKLHV�DQG�UXOHV�WKDW�XQGHUOLH�FRGH�VKDULQJ�LQ�FRUH�/$U6RIW�FRGH

�� 'HWHFWRU�LQWHURSHUDELOLW\
�� 6HSDUDWLRQ�RI�IUDPHZRUN�DQG�DOJRULWKP�FRGH
�� 8VH�RI�VWDQGDUGL]HG�DOJRULWKP�LQWHUIDFHV
�� 0RGXODULW\
�� 'HVLJQ���ZULWH�WHVWDEOH�XQLWV�RI�FRGH
�� 'RFXPHQW�FRGH�LQ�WKH�VRXUFH
�� :ULWH�FRGH�WKDW�LV�WKUHDG�VDIH
�� &RQWLQXRXV�LQWHJUDWLRQ

/$U6RIW�GHVLJQ�SULQFLSOHV�DQG�FRGLQJ�SUDFWLFHV

��
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7KH�EDVLF�SKLORVRSKLHV�DQG�UXOHV�WKDW�XQGHUOLH�FRGH�VKDULQJ�LQ�FRUH�/$U6RIW�FRGH

�� 'HWHFWRU�LQWHURSHUDELOLW\
�� 6HSDUDWLRQ�RI�IUDPHZRUN�DQG�DOJRULWKP�FRGH
�� 8VH�RI�VWDQGDUGL]HG�DOJRULWKP�LQWHUIDFHV
�� 0RGXODULW\
�� 'HVLJQ���ZULWH�WHVWDEOH�XQLWV�RI�FRGH
�� 'RFXPHQW�FRGH�LQ�WKH�VRXUFH
�� :ULWH�FRGH�WKDW�LV�WKUHDG�VDIH
�� &RQWLQXRXV�LQWHJUDWLRQ

/$U6RIW�GHVLJQ�SULQFLSOHV�DQG�FRGLQJ�SUDFWLFHV

Ɣ &ULWLFDOO\�LPSRUWDQW

Ɣ $OORZV�XVH�RI�/$U6RIW�DOJRULWKP�FRGH�
RXWVLGH�RI�DUW��VXFK�DV�

í /LJKWZHLJKW�DQDO\VLV�IUDPHZRUNV

Ŷ *DOOHU\��/$U/LWH�����

í 6SHFLDOL]HG�GHYHORSPHQW���
GHEXJJLQJ�HQYLURQPHQWV

Ɣ $OORZV�D�IXWXUH�PLJUDWLRQ�WR�DQRWKHU�
SURGXFWLRQ�IUDPHZRUN��VKRXOG�WKDW�EH�
QHHGHG

��
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7KH�EDVLF�SKLORVRSKLHV�DQG�UXOHV�WKDW�XQGHUOLH�FRGH�VKDULQJ�LQ�FRUH�/$U6RIW�FRGH

�� 'HWHFWRU�LQWHURSHUDELOLW\
�� 6HSDUDWLRQ�RI�IUDPHZRUN�DQG�DOJRULWKP�FRGH
�� 8VH�RI�VWDQGDUGL]HG�DOJRULWKP�LQWHUIDFHV
�� 0RGXODULW\
�� 'HVLJQ���ZULWH�WHVWDEOH�XQLWV�RI�FRGH
�� 'RFXPHQW�FRGH�LQ�WKH�VRXUFH
�� :ULWH�FRGH�WKDW�LV�WKUHDG�VDIH
�� &RQWLQXRXV�LQWHJUDWLRQ

/$U6RIW�GHVLJQ�SULQFLSOHV�DQG�FRGLQJ�SUDFWLFHV

3URYLGHV�D�PHDQV�WR�KLGH�GHWHFWRU�VSHFLILF�GHWDLOV�
EHKLQG�FRPPRQ�LQWHUIDFHV

$OVR�DOORZV�OD\HULQJ�RI�DOJRULWKPV�WR�EXLOG�
VRSKLVWLFDWLRQ�

��
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6WUXFWXUDO�FRPSRQHQWV�RI�/$U6RIW�

&RUH�/$U6RIW�
DOJRULWKP�FRGH

³/$U6RIW�REM�VXLWH´

2WKHU�V�Z�
OLEUDULHV

DUW�
HYHQW�

SURFHVVLQJ�
IUDPHZRUN

&RUH�/$U6RIW�DUW�LQWHUIDFH
³/$U6RIW�VXLWH´

2WKHU�
OLEUDU\

LQWHUIDFHV

3DQGRUD :LUH&HOO

3DQGRUD
LQWHUIDFH

:LUH&HOO
LQWHUIDFH

³&RUH�/$U6RIW�FRGH´

��

([WHUQDO�8WLOLWLHV�/LEUDULHV

([SHULPHQW�VSHFLILF�
DUW�LQWHUIDFH�FRGH

([SHULPHQW�VSHFLILF�DOJRULWKP�
FRGH��GRHV�QRW�GHSHQG�RQ�DUW�

³3URGXFW�
LQWHUIDFH�
FRGH´

³([WHUQDO�
DOJRULWKP�
OLEUDULHV´
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:KDW�GRHV�/$U6RIW�GR"�$QG�ZKDW�LV�LQ�LW"

3URYLGHV�WRROV�WR�FDUU\�RXW�VLPXODWLRQ��
UHFRQVWUXFWLRQ�DQG�DQDO\VLV�RI�/$U73&�GDWD��
�1RWH��DQDO\VLV�XVHV�WKH�RXWSXW�RI�DQ\�RI��WKH�
VWHSV�LQ�WKH�ZRUNIORZ��EXW�D�GLVFXVVLRQ�RI�DQDO\VLV�
LV�EH\RQG�WKH�VFRSH�RI�WKLV�PDWHULDO��

Ɣ &RQVLGHU�IRU�LQVWDQFH��DQ�HYHQW�JHQHUDWLRQ��
GHWHFWRU�VLPXODWLRQ��UHFRQVWUXFWLRQ�ZRUNIORZ

(YHQW�JHQHUDWLRQ

*HDQW��VLPXODWLRQ

'HWHFWRU�VLPXODWLRQ

5HFRQVWUXFWLRQ

$�JHQHUDO�JHQHUDWLRQ�±�VLPXODWLRQ�±�
UHFRQVWUXFWLRQ�ZRUNIORZ

��
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*HQHUDO�JHQHUDWLRQ�VLPXODWLRQ�UHFRQVWUXFWLRQ�ZRUNIORZ

(YHQW�JHQHUDWLRQ

*HDQW��VLPXODWLRQ

'HWHFWRU�VLPXODWLRQ

5HFRQVWUXFWLRQ

(YHQW�JHQHUDWRUV

Ɣ *HQLH���
����
AJ�PRGXOH

ż ,QWHUIDFHV�WR�*HQLH�QHXWULQR�HYHQW�JHQHUDWRU
ż H=NOEI�H=NOEI��RAJP
AJAN=PKN�
�����
ż 6HH�CAJEA�B?H�LQ�WKDW�GLUHFWRU\
ż 0RUH�GRFXPHQWDWLRQ�RQ�WKH�1X7RROV�ZLNL�SDJH�
ż KWWSV���FGFYV�IQDO�JRY�UHGPLQH�SURMHFWV�QXWRROV�ZLNL

Ɣ �6LQJOH�SDUWLFOHV���6LQJOH*HQ�PRGXOH
ż H=NOEI�H=NOEI��RAJP
AJAN=PKN

Ɣ �&RVPLF�UD\�JHQHUDWRUV���&256,.$��&5<
ż H=NOEI�H=NOEI��RAJP
AJAN=PKN

2WKHUV�DYDLODEOH�YLD�LQGLUHFW�FRPPRQ�GDWD�H[FKDQJH�IRUPDW��
H�J���1X:UR

��
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*HQHUDO�JHQHUDWLRQ�VLPXODWLRQ�UHFRQVWUXFWLRQ��ZRUNIORZ

(YHQW�JHQHUDWLRQ

'HWHFWRU�VLPXODWLRQ

5HFRQVWUXFWLRQ

*HDQW��VLPXODWLRQ

*HDQW��GHWHFWRU�VLPXODWLRQ

Ɣ 3DUWLFOH�SURSDJDWLRQ�VLPXODWLRQ

Ɣ 0RGHOV�HQHUJ\�GHSRVLWLRQV�LQ�WKH�GHWHFWRU

ż 5LFK��FRQILJXUDEOH�PRGHOV�RI�SDUWLFOH�
LQWHUDFWLRQV��RSWLFDO�SURSHUWLHV��LQFOXGLQJ�
GHWDLOHG�LQGH[�RI�UHIUDFWLRQ��UHIOHFWLYLW\��
HWF��

ż &DQ�SHUIRUP�RSWLFDO�VLPXODWLRQ�DW�VLQJOH�
SKRWRQ�OHYHO

Ɣ 7KH�RQO\�VLPXODWLRQ�FXUUHQWO\�LQWHJUDWHG�ZLWK�
/$U6RIW

��
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*HQHUDO�JHQHUDWLRQ�VLPXODWLRQ�UHFRQVWUXFWLRQ��ZRUNIORZ

(YHQW�JHQHUDWLRQ

*HDQW��VLPXODWLRQ

5HFRQVWUXFWLRQ

'HWHFWRU�VLPXODWLRQ

��

$�VHSDUDWH�ZRUNIORZ�LQ�LWVHOI

Ɣ )DFWRUL]HG�LQWR�WKH�IROORZLQJ�VWHSV��LPSOHPHQWHG�DV�
VHSDUDWH�PRGXOHV���SDUWO\�FRPELQHG�LQ�:LUH&HOO�

ż ,RQL]DWLRQ�DQG�VFLQWLOODWLRQ�OLJKW�PRGHOLQJ�IURP�
HQHUJ\�GHSRVLWLRQV

ż 'ULIW�HOHFWURQ�VLPXODWLRQ

ż $QRGH�UHJLRQ�VLPXODWLRQ��VLJQDO�LQGXFWLRQ�DQG�
QRLVH�PRGHOLQJ��GLJLWL]DWLRQ

ż 3KRWRQ�WUDQVSRUW�DQG�GHWHFWLRQ�PRGHO��
LQFOXGLQJ�³6��OLJKW´�VLPXODWLRQ�IRU�GXDO�SKDVH�
GHWHFWRUV

ż 2SWLFDO�VLJQDO�LQGXFWLRQ��QRLVH�PRGHOLQJ�DQG�
GLJLWL]DWLRQ
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*HQHUDO�JHQHUDWLRQ�VLPXODWLRQ�UHFRQVWUXFWLRQ��ZRUNIORZ

(YHQW�JHQHUDWLRQ

*HDQW��VLPXODWLRQ

'HWHFWRU�VLPXODWLRQ

5HFRQVWUXFWLRQ

��

7KUHH�PDMRU�SDUDGLJPV��HDFK�ZLWK�LWV�RZQ�
YDULDQWV��PRGXOHV��ZRUNIORZV

Ɣ �'�FOXVWHULQJ�DQG�YLHZ�PDWFKLQJ

ż 3DQGRUD�PXOWL�DOJRULWKP�DSSURDFK
ż 7UDM&OXVWHU��'

Ɣ ,PDJH�SURFHVVLQJ���GHHS�OHDUQLQJ�WHFKQLTXHV

ż 3L[HO�OHYHO�WUDFN�VKRZHU�WDJJLQJ�IURP��'�
LPDJHV��FRGH�QRW�\HW�IXOO\�DYDLODEOH��

ż +LW�EDVHG�WUDFN�VKRZHU�GLVFULPLQDWLRQ�

Ɣ �'�LPDJLQJ

ż :LUH�FHOO���WRPRJUDSKLF�FKDUJH�PDWFKLQJ�
DFURVV�ZLUH�SODQHV�LQ�WLPH�VOLFHV

ż 7UDM&OXVWHU�'���&OXVWHU�'���WLPH���FKDUJH�
PDWFKLQJ�DFURVV�ZLUH�SODQHV�XVLQJ�KLWV�
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LArSoft jobs at HPC

• Running LArSoft at large scale on Theta 
(~65,000 cores)
- SBND and MicroBooNE
• Standard production chain
- with only minor modifications to get running
- but significant work to achieve scaling at node level
- LArSoft run using standard releases in SL7 

environment using Singularity containers
- one job per core, no AVX-512

19

P. Green, Manchester
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Parallelization and code optimization for HPC

• art framework provides multi-threading 
parallelization at event level with TBB
• Modules can implement parallelization at 

sub-event level
• Example: hit finder algorithm
- vectorization over data points within 

minimization function: 2x speedup
- multi-threading over wires
• Ongoing effort to natively compile LArSoft 

code on HPC systems using Spack
- first successful tests on Theta, work ongoing to 

deploy dedicated workflow
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S. Berkman et al, arXiv:2107.00812

https://arxiv.org/pdf/2107.00812.pdf
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GPU as a Service
• LArTPC data is image-like: increasing usage 

of DL. Inference time on Grid/CPU is long, 
need to use GPU for quick processing
• Instead of buying GPU for each worker node, 

one can use “GPU as a Service” on a remote 
server
• Proof-of-principle: apply GPUaaS to the 

EMTrackMichelId module in the ProtoDUNE 
workflow.  
- This module uses a CNN to classify hits as being 

shower-like, tracklike, or Michel electron like.
- NuSONIC inference client library deployed in LArSoft
- see https://indico.fnal.gov/event/50528/
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M. Wang et al., Front. Big Data 3 (2021) 48

https://www.frontiersin.org/articles/10.3389/fdata.2020.604083/full
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ACTS
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ACTS

• Website: acts.readthedocs.io

• Most of the content stolen from Xiaocong’s presentations in 2020 
- ACTS workshop: https://indico.cern.ch/event/917970/ 
• https://indico.cern.ch/event/917970/contributions/3861752/attachments/2043758/3424088/ACTS_workshop_Xiaocong.pdf 

- CTD conference: https://indico.cern.ch/event/831165/ 
• https://indico.cern.ch/event/831165/contributions/3717113/attachments/2024363/3396410/ACTS_CTD_Xiaocong.pdf 
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https://acts.readthedocs.io/
https://indico.cern.ch/event/917970/
https://indico.cern.ch/event/917970/contributions/3861752/attachments/2043758/3424088/ACTS_workshop_Xiaocong.pdf
https://indico.cern.ch/event/831165/
https://indico.cern.ch/event/831165/contributions/3717113/attachments/2024363/3396410/ACTS_CTD_Xiaocong.pdf
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ACTS introduction
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ACTS Design and Code Structure
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Detector Geometry and Material
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Kalman Filter Track Fitting
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Kalman Filter Track Finding

28



2021/11/16

Vertex Reconstruction
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ACTS - Multi-experiment support
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See detailed feedback from different experiments at the ACTS 2020 workshop

https://indico.cern.ch/event/917970/
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ACTS - R&D Platform
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See also: Ai, X., Mania, G., Gray, H.M. et al. A GPU-Based Kalman 
Filter for Track Fitting. Comput Softw Big Sci 5, 20 (2021)

https://link.springer.com/article/10.1007/s41781-021-00065-z
https://link.springer.com/article/10.1007/s41781-021-00065-z
https://link.springer.com/article/10.1007/s41781-021-00065-z
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Conclusions

• Shared tools can provide “ready-to-use” solutions for smaller experiments
- providing access to core functionalities implemented in an experiment-agnostic way
- experiment-specific aspects (geometry, material, calibrations, tuning, etc.) still require 

significant effort from each experiment

• They also provide a direct connection to R&D work!
- both for new algorithms (AI) and computing platforms (HPC)
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