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Position/direction reconstruction: S-curve 
θ correction and resolution 

• Latest presentation in the ALLEGRO meetings: 7/12/2023 (link)


• Some updates shown in FCC physics week in Annecy: (link)


• Implemented topological and SW clustering for ECAL based on new segmentation 

• Implemented ECAL+HCAL topoclustering 

• Migrated detector model/segmentation to k4geo 

• Initial S-shape studies 

• Activities performed in the past ~3 months or ongoing


• Calculation of cluster per-layer barycentre with log(E) weights 

• Calculation and persistence of layer energy and barycenter 

• MVA-based e/gamma energy calibration  

• Photon/π0 discrimination 

• Updated event display

Topocluster from charge pion

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://indico.cern.ch/event/1353510/contributions/5708236/attachments/2767665/4821239/2023_12_07%20-%20Noble%20liquid%20calorimeter%20clustering.pdf
https://indico.cern.ch/event/1307378/contributions/5727166/attachments/2789915/4867886/2024_01_31%20-%20Progress%20on%20ALLEGRO%20calorimeters%20implementation.pdf
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ECAL cluster layer barycentres calculation with log(E) weights
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• Calculation of cluster and layer barycenter in θ is biased by limited granularity of detector and nominal positioning of 
digitised hits at centre of cell => S-curve effect (see plot in previous slide)


• Effect can be cured with dedicated S-curve correction (parametrisation or NN 
regression shown in previous meetings)


• Alternative way to restore a Gaussian response: use log(E) weights (reference)


• Each cell c in layer i is weighted by wc,i = max(0, w0 + log (Ec/Ei)) 

• Offset w0 is chosen to minimise the theta position resolution
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A me t hod i s proposed t o ca l cu l a t e t he f i r s t and second momen t s o f t he spa t i a l d i s t r i bu t i on o f t he ene rgy o f e l ec t romagne t i c and
hadron i c showe r s measur ed i n l a t e r a l l y segmen t ed ca l or i me t e r s . The t echn i que uses a l oga r i t hm i c we i gh t i ng o f t he ene rgy f r ac t i on
obse r ved i n t he i nd i v i dua l de t ec t or ce l l s . I t i s f as t and s i mp l e r equ i r i ng no f i t t i ng or comp l i ca t ed cor r ec t i ons f or t he pos i t i on or
ang l e o f i nc i dence. The me t hod i s demons t r a t ed w i t h GEANT s i mu l a t i ons o f a BGO de t ec t or a r r ay. The pos i t i on r eso l u t i on r esu l t s
and t he e / i r sepa r a t i on r esu l t s a r e f ound t o be equa l or supe r i or t o t hose ob t a i ned w i t h mor e comp l i ca t ed t echn i ques .

t . I n t roduc t i on

The use o f ca l or i me t e r de t ec t or s i n h i gh ene rgy
phys i cs has become i nc r eas i ng l y i mpor t an t i n r ecen t
yea r s . A gr ea t dea l o f e f f or t i s s t i l l unde rway t o i nves t i -
ga t e t he phys i ca l pe r f ormance o f such ca l or i me t e r s i n
orde r t o op t i m i ze usua l l y one or a i l o f t he f o l l ow i ng :
t he ene rgy r eso l u t i on . t he pos i t i on r eso l u t i on , and t he
d i sc r i m i na t i on be t ween e l ec t romagne t i c ( e l ec t rons and
pho t ons ) and hadron i c showe r s , ( c / , i r sepa r a t i on ) [1] .
I n add i t i on , s i nce ca l or i me t e r s a r e s t i l l r a t he r nove l
dev i ces , va r i ous t echn i ques o f da t a ana l ys i s t o ob t a i n
t he op t i mum r esu l t s a r e s t i l l be i ng exp l or ed [2] .

La t e r a l segmen t a t i on o f bo t h homogeneous and
samp l i ng ca l or i me t e r s i s f r equen t l y emp l oyed as a
means t o de t e rm i ne t he i nc i den t pos i t i on o f t he show-
e r i ng pa r t i c l e and a l so t o d i sc r i m i na t e be t ween e l ec t ro -
magne t i c and hadron i c showe r s on t he bas i s o f t he
sma l l e r l a t e r a l s i ze o f t he e l ec t romagne t i c showe r s .
Typ i ca l l y , t he l a t e r a l ce l l d i mens i on o f t he ca l or i me t e r
i s chosen t o be compa r ab l e t o t he s i ze o f an e l ec t ro -
magne t i c showe r , t ha t i s , abou t one Mo l i è r e r ad i us
R M . The coord i na t es o f t he showe r may be ca l cu l a t ed
f rom t he we i gh t ed mean o f t he coord i na t es o f t he
de t ec t or ce l l s con t a i n i ng t he showe r [?] . S im i l a r i y , i hv
t r ansve r se s i ze o f t he showe r i s es t i ma t ed f rom t he
second momen t o f t he pos i t i on coord i na t e abou t t he
mean [4] . Howeve r , s i nce t he de t ec t or ce l l s i ze i s t yp i -
ca l l y s i m i l a r t o t he showe r s i ze i t i s f ound t ha t t he
r esu l t i ng coord i na t es o f t he showe r , ca l cu l a t ed by s i m-
p l y we i gh t i ng w i t h t he ene rgy obse r ved i n each ce l l , a r e
h i gh l y dependen t on t he po i n t o f i mpac t . Thus va r i ous
me t hods have been d i scussed t o cor r ec t f or t h i s pos i -
t i on dependence [3 , 5] . L i kew i se , t he d i spe r s i on , or sec -

2 . The s i mu l a t i ons
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and momen t , o f t he showe r ca l cu l a t ed i n t h i s way i s
d i s t or t ed by t he pos i t i on and ang l e o f i nc i dence [6 , 71 .

I n t h i s a r t i c l e a ve r y s i mp l e new t echn i que i s pr e -
sen t ed t o ca l cu l a t e t he showe r coord i na t es and t he
showe r s i ze . The me t hod r equ i r es no f i t t i ng ; t he r e f or e ,
i t i s f as t and shows m i n i ma l sens i t i v i t y t o t he de t a i l s o f
t he ce l l s t ruc t ur e o f t he ca l or i me t e r , and t he r e f or e i t
r equ i r es no pos i t i on dependen t cor r ec t i ons . The
me t hod i s demons t r a t ed on a s i mu l a t ed homogeneous
segmen t ed BGO ca l or i me t e r wh i ch i s desc r i bed i n t he
nex t sec t i on . I n sec t i on 3 t he me t hod i s desc r i bed and
app l i ed t o t he ca l cu l a t i on o f t he showe r pos i t i on . I n
sec t i on 4 r esu l t s a r e pr esen t ed f or t he sepa r a t i on o f
e l ec t romagne t i c and hadron i c showe r s , as we l l as ove r -
l app i ng e l ec t romagne t i c showe r s , based on t he showe r
d i spe r s i on ca l cu l a t ed w i t h t h i s me t hod .

To s t udy t he proposed me t hod , a por t i on o f a
t yp i ca l homogeneous ca l or i me t e r has been s i mu l a t ed .
The pe r f ormance o f a 5 x 5 a r r ay o f BGO (B i IGe 3 0 r2 )
sc i n t i l l a t or c r ys t a l s has been s i mu l a t ed us i ng t he
GEA~ - l T3 [8] v i on t e î a r i o code . Th i s s i mu l a t ed de t ec -
t or cor r esponds i n de t a i l t o a pro t o t ype de t ec t or wh i ch
has been cons t ruc t ed , bu t whose pe r f ormance w i l l be
desc r i bed e l sewhe r e . Thus , each i nd i v i dua l modu l e i n
t he s i mu l a t ed a r r ay cons i s t s o f a BGO c r ys t a l o f 2 . 485
x 2 . 485 x 25 cm 3 ( r ad i a t i on l eng t h , Xo = 1 . 13 cm ,

Mo l i è r e r ad i us , R M = 2 . 44 em) wr apped w i t h 130 Rm
o f Te f l on pape r and 25 Rm o f a l um i n i zed My l a r . I n
add i t i on , a 55 gm a i r gap sur rounds each modu l e . Due
t o t he a i r gap and t he l ow Z ma t e r i a l sur round i ng t he

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://indico.cern.ch/event/1353510/contributions/5708236/attachments/2767665/4821239/2023_12_07%20-%20Noble%20liquid%20calorimeter%20clustering.pdf
https://www.sciencedirect.com/science/article/pii/0168900292908582
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ECAL cluster layer barycentres calculation with log(E) weights

4

• Study done for topoclusters, to be repeated for SW clusters, and to be updated for new ECAL barrel readout (see slide 10)


• w0 found to be reasonably independent of particle hypothesis and energy. Calculation implemented in Gaudi alg (next slide)  


• Ongoing/to-do: 


• compare with regression and with dedicated S-curve correction


• parametrise angular resolution vs E and use in reconstruction of particle direction

Alexis, 
GM

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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ECAL cluster shape parameters
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• In key4hep, clusters can be augmented with “shapeParameters" vectors that can hold user-computed variables of interest


• Metadata in ROOT file can be used to record mnemonic string listing the variables added to the shape parameters


• Written Gaudi algorithm that calculates for each ECAL cluster a set of quantities and saves them as shapeParameters


• Energy, theta and phi barycentre of each layer


• Pull requests: k4RecCalorimeter, LAr_scripts


• Ongoing/to-do: expand alg to calculate more variables of 
interest (e.g. shower shape variables for particle identification). 
Re-use calculated quantities in downstream algos

50 GeV e-, 
E in L3

Alexis, 
GM

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://github.com/HEP-FCC/k4RecCalorimeter/pull/72
https://github.com/BrieucF/LAr_scripts/pull/23
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MVA-based e/gamma energy calibration
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• BDT-based calibration based on measured energies in each layer already shown to perform better than simpler parametric 
correction for estimated upstream and downstream energy losses


• So far, BDT regression can be trained (using XGBoost) and applied offline running some python script on the ROOT files 
produced by the full simulation


• Code to convert the XGBoost model to a portable ONNX format (package) and to import it and apply it to clusters in a Gaudi 
algorithm running inside FCCSW (PRs: k4RecCalorimeter, LAr_scripts has been implemented


• The package with the XGB -> ONNX converter also include a couple of scripts for BDT training and evaluation with an 
alternative tool (LightGBM)


• similar response, very fast training, smaller output files


• Also LGBM model can be saved to ONNX format and used in the simulation, in alternative to XGBoost


• Currently the LGBM training uses the energies per layer calculated by the offline analysis script used also for the 
XGBoost training


• To-do: migrate the training code to using the energies per layer stored in the shapeParameters vector if the decorations 
are found in the input file metadata. 

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://gitlab.cern.ch/gmarchio/fcc-lar-energy-calibration
https://github.com/HEP-FCC/k4RecCalorimeter/pull/68
https://github.com/BrieucF/LAr_scripts/pull/22
https://gitlab.cern.ch/gmarchio/fcc-lar-energy-calibration
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MVA-based e/gamma energy calibration
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CaloClusters

• Training with LGB

50 GeV e-

CaloClusters 
CalibratedCaloClusters

GM

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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γ/π0 discrimination

8

• Goal: discriminate photons vs π0 clusters based on shower shapes, exploiting the different transverse energy profiles


• Start with simpler algorithms (e.g. BDTs based on shower shape variables computed from cells), obtain a baseline 
reference algorithm, before looking into fancier/more refined tools


• Compare performance of different detector design


• Currently implemented the calculation of shower-shape variables (energy fraction, shower width in phi and theta, relative 
difference between local minimum and 2nd local max in energy profile vs theta, …) offline, from the cell collections saved in 
the ROOT files produced by the simulation


• TMVA then used to train a BDT and tune hyperparameters


• Ongoing work/to-do: 


• Consolidate list of input variables and BDT settings and assess performance of baseline algorithm


• Move calculation of shower shape variables to Gaudi algorithm and save them as cluster shapeParameters


• Train BDT with alternative frameworks (eg LGBM) and implement photon-ID algorithm in Gaudi


• Check impact of detector parameters


• Compare to more advanced algorithms

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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γ/π0 discrimination
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Tong

Very preliminary, 
results still under 

scrutiny 

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
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Readout with cell corners projective in φ
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• Current ECAL parameters leads to cell corners that are not projective in φ => particles from the IP do not cross the same 
number of modules per layer depending on phi


• With 11 layers instead of 12, properly segmented longitudinally and slight change of inclination (~0.5o) cells can be aligned


• Used Nicolas’ code to calculate geometrical parameters (angle, layer length) and LAr gap given the active ECAL r_in, r_out in 
the current full sim and desired number of electrodes (1536), and created new xml version of detector (ALLEGRO_o1_v03)


• Re-ran the simulation with new geometry to calculate all parameters needed for reconstruction (sampling fractions, expected 
noise and list of neighbours for topoclustering, MVA calibration, …) => PR:  k4geo, LAr_scripts: code ready but PR not yet 
created - waiting for others to be merged)

R. Chiche, 
D. Fournier, 
N. Morange

GM

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://github.com/key4hep/k4geo/pull/332
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Event display updates
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L3
L4

L5
L6

L1

L2

• Better rendering of some volumes (more polygons)


• Included option to show all ALLEGRO sub detectors (including ECAL endcap, HCAL barrel and endcaps, others)


• Conveniently grouped in main window, with some elements (beam pipe, lumical) off by default


• Can now also draw hits in vertex and drift chamber (in addition to ECAL and HCAL)


• Improved rho-phi and rho-z views (do not show endcaps in rho-phi projection..)


• Make objects to draw, names of collections, cluster energy thresholds run-time options


• Store event display configuration in json file that can be passed at run time as an argument to the main executable


• Event display can work with both full-sim files produced with legacy configuration (gen/sim/digi with k4run) or new config 
based on ddsim + k4run


• probably some more changes that I forgot


• https://github.com/giovannimarchiori/calodisplay 


• Beware: not a “serious” project, mostly for debugging / own education / fun

https://github.com/giovannimarchiori/calodisplay
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Event display updates
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L3
L4

L5
L6

L1

L2

GM
ALLEGRO 

o1_v03 with 
projective cell 

corners
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Conclusion
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• Continuing progress on full simulation of ALLEGRO ECAL @ Paris


• New detector geometry with 11 layers and aligned cell corners implemented, PR created, hopefully merged soon


• Need a decision on which geometry to use as reference for our performance studies


• Focused so far mostly on low-level details, but finally starting to have all ingredients to look at high-level performance


• energy and direction resolution


• MVA-based calibration can be run inside Gaudi, and can be easily re-trained from ROOT file produced from full-sim


• plan to determine direction from layer barycentre positions; first step ongoing = study of theta and phi resolution vs E


• particle ID (eg γ vs π0) 


• optimisation of input variables and multivariate algorithms/parameters


• Looking forward to have even more fun with the ALLEGRO ECAL simulation!


• And many thanks to all the experts that help us so kindly (detector details, code review, ideas/suggestions/feedback) …

https://www.sciencedirect.com/science/article/pii/S0370269318307056
https://www.sciencedirect.com/science/article/pii/S0370269318307056

