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A full slice of the ATLAS experiment has been tested with beams of different particles 

(π’s, µ’s, γ, electrons and protons), at different energies (1-350 GeV) and polarities.

�Inner Detector: 3 layers of Pixel, 4 layers of SCT and 2 modules-barrel slice of TRT

�Barrel EM and HAD calorimeter: 2 barrel modules of EM LAr calo and 3 barrel

modules of HAD TileCal + 3 extended barrel modules of HAD calo

�Muon spectrometer: 





Physics sample
� events from 1 to 9 GeV at eta=0.35, with Calo info  (LAr+Tile) and 

the tracks info from TRT only (pixels have problems)

� 100 k events for each point

� Mixture of e, π and µ

� Reconstruction with release 9.1.1

� Separate the different kind of particles

� Evaluate the fraction of e, π and µ

� Apply clustering algorithms

Ntuples were generated by Vincent with the default values of RecExTB: 

castor/cern.ch/atlas/ctb/test/real_data/reconstruction/Combined/

21010793 GeV

21010782 GeV

21010771 GeV

#Run Energy

21010499 GeV

21010488 GeV

21010857 GeV

#Run Energy

21010846 GeV

21010804 GeV

21010475 GeV

#Run Energy



Energy Reconstruction
� E = Sum of cells with 

|Ecell| >σpedestal

� Only cells in a small volume around the beam axis

� For LAr 

0.25 < η < 0.45

-0.15< ϕ < 0.15

� For TileCal

0.20 ≤η≤ 0.50   

-0.1< ϕ < 0.1

(cells A3, A4, A5, BC3, BC4, BC5, D1, D2)

Because the hadronic shower is wider  than the electronic one, 
and the most of the deposition comes from pions in Tile.



Beam definition
� Selection of good tracks

� trk_nTracks==1Only 1 track

� trk_nTrtHits[0]≥20 More than

20 hits per track

� to separate e from ππππ/µµµµ

� Cherenkov2 counter cut

� for electrons: sADC_C2>650

� for π/µ: sADC_C2<650

� high-level hits (improves the

Cherenkov efficiency)

� for π/µ: nHL>5

� for π/µ: nHL≤2



The Electron sample

Electrons are selected requesting:

�sADC_C2>650 Cherenkov2 counter 

cut 

�nHL>5 number of high-level hits

�No energy in TileCal sample D : to 

remove the µ contamination



Separate pions from muons
Both pions and muons are:

� sADC_C2<650 Cherenkov2 counter 

cut  

� nHL≤2 number of high-level hits

First method: using sample D as a muon veto

Assuming that only muons can reach

sample D and π signal is only coming

from pedestal, we put the cut:

ADVANTAGE: method very efficient and

easy to reproduce with MC

DISADVANTAGE: we can reject pions that reach the sample D, getting a bias.

In order to avoid it, different strategies are followed depending on ET:

a) below 6 GeV : using TileCal last sample as a muon veto. It is supposed that

there is no ET in Sample D from pions (only pedestal)

b) above 6 GeV : use another method� longitudinal profile in Tilecal



Second method: Using the longitudinal profile

Using the fact tha muons leave their ET uniformly (normalizing by the path lenght)

E ∝path in matter

For ET>6GeV, different conditions are applied to ,                  and



Number of Particles

�For electrons, the conditions used seems to be good to select them, and they

decreases at lower ET at the same time that increase the muon contamination.

�Pions in LAr also decrase at smaller ET. In TileCa, it is more difficult to select them

due to the large contamination of high energy muons, coming from the high E line. 



In LAr
�The contamination of muons increase when E decreases

�The number of electrons and pions decrease at low energies

total

electrons

muons

pions



Clustering info in CBT ntuples
� Emcluster: clusters from the sliding window algorithm

� Tbemclusters: clusters from an algorithm used in previous test beam. It 
has been added to allow comparison. It’s a window of 3x3 cells.

� Emclusters and tbemclusters use only cells from the LAr calorimeter.

� Cmbclusters: sliding window clusters but they are done on towers 
(larg+tile) and not anymore on cells. It is not working for the moment 
because of a coordinate problem between LAr and Tile.
� LAr is shifted with respect to Tile by "half module" :

� TileCal has just 3 modules -0.15 < eta < +0.15

� LAr has -0.2 < eta < 0.2,

i.e. there are 3 slices with ∆φ=0.1 in Tile and 4 slices in LAr, shifted by half of the slice

� Topo_EM cluster and Topo_Tile cluster: Finds a seed cell, then cluster 
expands by checking energy in neighboring cells. Thresholds for defining 
seed and including neighbors can be changed. The default values are:
� seed threshold is E/σnoise>6

� neighbor threshold is E/ σnoise>3

(Hadronic TopoCluster is the sum of Topo_EM and Topo_Tile)



e- in Lar: Energy distribution
For electrons at 9 GeV

�For electron it seems as the cuts on TRT

works good 



e- in LAr: Number of Clusters

�#particles and 

#cluster is very similar

� #clusters is very 

similar between them 

for each ET value.

(*) There is a cut (E>2 GeV) in this algorithm by definition

#clusters is very low

� #clusters defined 

increase with the energy.



e- in LAr: Resolutions

11.6410.048.518 GeV

10.488.927.579 GeV

9.627.818.836 GeV

8.516.937.857 GeV

14.7811.4711.044 GeV

17.3415.4713.075 GeV

34.9920.51---(*)2 GeV

20.3914.389.59 (*)3 GeV

48.3880.75---(*)1 GeV

TOPO_EMSW_TBSW

�The best resolution is for SW, but all the algo present very similar results.

�TOPO obtain the worst resolutions
�maybe it will be needed to change the thresholds for seed and neighbor cells.

�In my previous analysis of clustering in VLE in simulation: the best resolution with

seed threshold E/σnoise>4  and neighbor threshold E/ σnoise>2

(but they have been done without noise and pile-up)

�In general, the E resolution is better when E increases

E resolution slightly better than it’s expected, WHY?

Maybe problems in the reconstruction chain

(*) There is a cut (E>2 GeV) in this algorithm by definition



Improvement in the resolution of electrons
New release of Athena is used:

�Optimal Filtering is applied in LAr signal

�Problems in the reconstruction chain have been solved.

Only samples with 9, 7, 5 and 3 GeV have been posible to generate

Now the TopoCluster is the global cluster for Lar+Tile calo:”super3D”, as well as

new values are used for the thresholds:

�There is a importan improvement

of the resolution

�The values are of the order that are expected for VLE particles
(Calorimeter Performance π’s at 9GeV ∼4-5%)



Results for pions and muons

Results are very difficult to interpert, because there is still a mixing of µ’s and π’s

at energies above 7 GeV



New method to separate µ’s and π’s
Third method: using MDT information

Using the variable nMDTdig

to count the number of hits

in the different MDT stations

We can assume that events with more 

than 8 digits in a MDT stations are 

muons (because we have 8 plans

tubes per station)



After applying these cuts, the correct separation of π’s from µ’s above 7 GeV it’s possible



�#TopoClusters is very similar to 

#particles, so the clustering method

seems to works well.

The resolution from π’s is rather similar,

nevertheless the most important results

is the improvement in resolution for µµµµ’s.



Conclusions
� The reconstruction of very low energy particles it’s possible with the tools 

available in the reconstruction package for the Combined TestBeam

inside Athena.

� For the recostruction of 1-9 GeV e-, the two Sliding Windows algo are 

usefull, and the Topocluster results are very competivie with them. The 

energy resolutions obtained are of the order that it is expected

� Nevertheles, it will be necessary to apply some changes in the ET thresholds 

of SW to can apply them at 1-3 GeV e.m. particles

� The reconstruction of π’s and µ’s, first nedeed of a very accuracy 

separation of them. We conclude to use the muon veto 

(ESampleD<0.15GeV) for E<6GeV and the MDT cuts for larger energies.

The values of E resolutions obtained are inside the expected ones.

� However, it will be interesting a tunning work to adapt the E threshold more 

properly to VLE particles (as in the previous simulation analysis)


