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The errors here reported are merely statistical (210k events considered in both data and MC).The errors here reported are merely statistical (210k events considered in both data and MC).

(Data)(Data)
----- TW----- TW
----- CALO----- CALO

TW-CALO matching efficiency (data vs MC)
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TW-CALO matching efficiency (data vs MC)

The fraction of successfully matched TW-points decreases when TW-points increase.The fraction of successfully matched TW-points decreases when TW-points increase.

Data - cols normalizedData - cols normalizedMC – cols normalizedMC – cols normalized
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TW-CALO matching efficiency (data vs MC)

MC – cols normalizedMC – cols normalized

The fraction of successfully matched clusters decreases when clusters increase.The fraction of successfully matched clusters decreases when clusters increase.

Data - cols normalizedData - cols normalized



  

Cluster – tracks matching (MC analysis)
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In ≈ 2% of cases, a cluster corresponds to a In ≈ 2% of cases, a cluster corresponds to a nonnon  
“first-impinging” track, originated from:“first-impinging” track, originated from:

A track impinging on CALO is called “first-impinging” if it crosses AIR→ AIR_CALO → CALO, in A track impinging on CALO is called “first-impinging” if it crosses AIR→ AIR_CALO → CALO, in thisthis order. order.

● inside the CALO (i.e. regions 414-415, 462-463)inside the CALO (i.e. regions 414-415, 462-463)
● primaries (reg. 2) primaries (reg. 2) 
● target (reg. 59)target (reg. 59)

→ → why are fragments skipping the “first-impinging” why are fragments skipping the “first-impinging” 
check in the last two cases? To be investigated...check in the last two cases? To be investigated...

What happens in the remaining ≈ 98% of cases? → next slidesWhat happens in the remaining ≈ 98% of cases? → next slides

In ≈ 0.05% of cases, a cluster is not matched In ≈ 0.05% of cases, a cluster is not matched 
successfully to any track.successfully to any track.



  

Intrinsic Z misidentification (MC analysis)
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Out of diagonal, P(ZOut of diagonal, P(Zrecrec  ≠≠ Z ZMCMC | Z | ZMCMC) → statistics loss) → statistics loss On diagonal, P(ZOn diagonal, P(ZMCMC = Z = Zrecrec | Z | Zrecrec) → “true positives”) → “true positives”



  

Pile-up effect on clustering (MC analysis)
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MC clus = first-impinging tracks on the CALO.MC clus = first-impinging tracks on the CALO.

The larger the number of MC clusters, The larger the number of MC clusters, 
the higher the probability they are the higher the probability they are 
underestimated.underestimated.

Let’s select only the cases when Let’s select only the cases when 
ClusMC = ClusRecClusMC = ClusRec..

The cases where ClusRec < ClusMCThe cases where ClusRec < ClusMC
need further investigation (→ multiple tracks in need further investigation (→ multiple tracks in 
the same cluster?)the same cluster?)
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When ClusMC = ClusRec there is a drastical improvement in Z identification.When ClusMC = ClusRec there is a drastical improvement in Z identification.

Intrinsic Z misidentification (MC analysis)
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What happens when ClusRec > ClusMC? For each possible pair of “first-impinging” tracks, I tried to plot their What happens when ClusRec > ClusMC? For each possible pair of “first-impinging” tracks, I tried to plot their 
mutual distance in order to see how likely it is for them to fall in the same hit (|x| or |y| < 2.1 cm).mutual distance in order to see how likely it is for them to fall in the same hit (|x| or |y| < 2.1 cm).

Pile-up effect on clustering (MC analysis)

Apparently, two tracks fall in the same Apparently, two tracks fall in the same 
hit in with a frequency of hit in with a frequency of ≈ 60%.≈ 60%.
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Resolution degrading at higher energies
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Integral resolution of the Integral resolution of the 
whole calorimeter vs the 16 whole calorimeter vs the 16 

central crystalscentral crystals

→ → small worsening in small worsening in 
resolution for outer crystals at resolution for outer crystals at 

higher energies.higher energies.



  

Hypothesis on resolution worsening*

13

The resolution σ(E)/E, which is standard for calorimeters, The resolution σ(E)/E, which is standard for calorimeters, 
assumes linearity in the response.assumes linearity in the response.

Since the uncertainty propagation involves the derivative, Since the uncertainty propagation involves the derivative, 
response no longer linear → derivative is essentially zero response no longer linear → derivative is essentially zero in in 
the saturation region → uncertainty diverges → resolution the saturation region → uncertainty diverges → resolution 
loss.loss.

Assuming that Assuming that 

The resolution with respect to energy isThe resolution with respect to energy is

*Credits to G. Traini*Credits to G. Traini
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The resolution σ(E)/E, which is standard for calorimeters, The resolution σ(E)/E, which is standard for calorimeters, 
assumes linearity in the response.assumes linearity in the response.

Since the uncertainty propagation involves the derivative, Since the uncertainty propagation involves the derivative, 
response no longer linear → derivative is essentially zero response no longer linear → derivative is essentially zero in in 
the saturation region → uncertainty diverges → resolution the saturation region → uncertainty diverges → resolution 
loss.loss.

Assuming that Assuming that 

strong assumption! There must be some strong assumption! There must be some 
kind of correction factorkind of correction factor

→ → resolution values are not reliableresolution values are not reliable
→ → we can make some considerations on we can make some considerations on 

the optimal energy for resolutionthe optimal energy for resolution

The resolution with respect to energy isThe resolution with respect to energy is

Resolution function has a minimum for a Resolution function has a minimum for a 
given energy (depending on the three given energy (depending on the three 
parameters)parameters)

Hypothesis on resolution worsening*

*Credits to G. Traini*Credits to G. Traini



  

Crystal selection

Protons – Protons – greengreen if E if Eoptopt > 170 MeV > 170 MeVCarbon – Carbon – greengreen if E if Eoptopt > 330 MeV/u > 330 MeV/u
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Crystal selection
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A crystal is “good” if the A crystal is “good” if the 
optimal resolution is for optimal resolution is for 

E > 170 MeV (protons) orE > 170 MeV (protons) or
E > 330 MeV/u (carbon)E > 330 MeV/u (carbon)

→ → small improvement in small improvement in 
resolution for “good” resolution for “good” 

crystals at higher energiescrystals at higher energies

→ → however, the resolution however, the resolution 
trend is still the sametrend is still the same

→ → possible beam sharing possible beam sharing 
contribution.contribution.



  

Correlation for Carbon
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The optimal energy (= optimal The optimal energy (= optimal 
resolution) shows a significative resolution) shows a significative 

correlation with pcorrelation with p11 and p and p22

→ → non-linearity termsnon-linearity terms
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Correlation for Protons

Differently from Carbon, the Differently from Carbon, the 
optimal energy (= optimal optimal energy (= optimal 

resolution) shows a significative resolution) shows a significative 
correlation with pcorrelation with p00 and p and p11 and  and 
no visible correlation with pno visible correlation with p22..
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Clus size distribution for 400k events: data vs MC

Are there noisy clusters? Are there noisy clusters? 
Possible, butPossible, but----- MC----- MC

----- data----- data

→ → Let’s evaluate Let’s evaluate 
““clus size = 2” case.clus size = 2” case.

warning: log scale on y warning: log scale on y 
→  ≃→  ≃ 3% clusters have size > 2.3% clusters have size > 2.

20
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Corrections for clus size > 1

Observation in calibration runs: Observation in calibration runs: 
when hits in neighbour crystals occur, when hits in neighbour crystals occur, 

EE1+21+2nhits = 2nhits = 2 > E > E11
nhits=1nhits=1 + E + E22

nhits=1nhits=1

→ → define ratio = Edefine ratio = E1+21+2nhits = 2nhits = 2 / [(E / [(E11
nhits=1nhits=1 + E + E22

nhits=1nhits=1)/2])/2]

Ratio plot for the 4 crystals in the central spotRatio plot for the 4 crystals in the central spot
C points @ 115, 200, 260, 330 MeV/uC points @ 115, 200, 260, 330 MeV/u

→ → fit with f(x) = 1+ pfit with f(x) = 1+ p00 e e-x/p1-x/p1
..
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Observation in calibration runs: Observation in calibration runs: 
when hits in neighbour crystals occur, when hits in neighbour crystals occur, 

EE1+21+2nhits = 2nhits = 2 > E > E11
nhits=1nhits=1 + E + E22

nhits=1nhits=1

→ → define ratio = Edefine ratio = E1+21+2nhits = 2nhits = 2 / [(E / [(E11
nhits=1nhits=1 + E + E22

nhits=1nhits=1)/2])/2]

Ratio plot for the 4 crystals in the central spotRatio plot for the 4 crystals in the central spot
C points @ 115, 200, 260, 330 MeV/uC points @ 115, 200, 260, 330 MeV/u

→ → fit with f(x) = 1+ pfit with f(x) = 1+ p00 e e-x/p1-x/p1
..

Corrections for clus size > 1
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First attempt for clus size > 1

Carbon function for the 4 central crystals (in MeV/Z) was used on all ion species → definitely not working.Carbon function for the 4 central crystals (in MeV/Z) was used on all ion species → definitely not working.
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Carbon function for the 4 central crystals (in MeV/Z) was used on all ion species → definitely not working.Carbon function for the 4 central crystals (in MeV/Z) was used on all ion species → definitely not working.

Crystal 181 shows Crystal 181 shows 
instability (possible instability (possible 
mechanical trauma)mechanical trauma)
→ → 14% correction 14% correction 
factor applied from factor applied from 
run 7072 onward.run 7072 onward.

First attempt for clus size > 1
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Corrections for clus size > 1

Ratio plot for all the pairs of neighbor crystalsRatio plot for all the pairs of neighbor crystals
p points @ 100, 125, 150, 170 MeV.p points @ 100, 125, 150, 170 MeV.

Ratio plot for all the pairs of neighbor crystalsRatio plot for all the pairs of neighbor crystals
C points @ 115, 200, 260, 330 MeV/u.C points @ 115, 200, 260, 330 MeV/u.

1 + p1 + p00 e e-x/p1-x/p1 1 + p1 + p00 e e-x/p1-x/p1



  

Fits without correction
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First correction for clus size > 1

1) linear interpolation between the two function parameters p1) linear interpolation between the two function parameters p00 and p and p11. Clusters with size > 2 . Clusters with size > 2 excludedexcluded..  
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First correction for clus size > 1 -  mass peaks

1) linear interpolation between the two function parameters p1) linear interpolation between the two function parameters p00 and p and p11. Clusters with size > 2 . Clusters with size > 2 excludedexcluded..



  

Second correction for clus size > 1

2) proton function for Z < 4, Carbon function for Z > 3. Clusters with size > 2 2) proton function for Z < 4, Carbon function for Z > 3. Clusters with size > 2 excludedexcluded..

29
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Second correction for clus size > 1 -  mass peaks

2) proton function for Z < 4, Carbon function for Z > 3. Clusters with size > 2 2) proton function for Z < 4, Carbon function for Z > 3. Clusters with size > 2 excludedexcluded..
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Third correction for clus size > 1

I tried a 3-parameters function, in order not to fix the asymptotic function value at 1.I tried a 3-parameters function, in order not to fix the asymptotic function value at 1.

p points @ 100, 125, 150, 170 MeV.p points @ 100, 125, 150, 170 MeV. C points @ 115, 200, 260, 330 MeV/u.C points @ 115, 200, 260, 330 MeV/u.
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Third correction for clus size > 1

3) 3-parameters proton function for Z < 4, Carbon function for Z > 3. Clusters with size = 2 3) 3-parameters proton function for Z < 4, Carbon function for Z > 3. Clusters with size = 2 excludedexcluded..
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Third correction for clus size > 1 – mass peaks

3) 3-parameters proton function for Z < 4, Carbon function for Z > 3. Clusters with size > 2 3) 3-parameters proton function for Z < 4, Carbon function for Z > 3. Clusters with size > 2 excludedexcluded..
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Fourth correction for clus size > 1 – mass peaks

The number of clusters with size > 2 is much larger in data than in MC → assuming that in those cases The number of clusters with size > 2 is much larger in data than in MC → assuming that in those cases 
(about 3%) it’s clus size = 2 + some kind of noise, I apply the last correction to (about 3%) it’s clus size = 2 + some kind of noise, I apply the last correction to all clusters with size > 1.all clusters with size > 1.



  

Inner (|x| and |y| < 5 cm) vs all clusters
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Is the resolution in the inner part of the calorimeter better? All runs + last correction function on clus size > 1.Is the resolution in the inner part of the calorimeter better? All runs + last correction function on clus size > 1.



  

Inner (|x| and |y| < 5 cm) vs all clusters
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Is the resolution in the inner part of the calorimeter better? For He, Li, Be Is the resolution in the inner part of the calorimeter better? For He, Li, Be yesyes, for H , for H major statistics lossesmajor statistics losses..
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β vs Ekin
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β as a function of Eβ as a function of Ekinkin is given by the following  is given by the following 
formula, where formula, where u = 931.494 MeV/cu = 931.494 MeV/c22 and E and Ekin kin [MeV]:[MeV]:



  

β vs Ekin

39

The nominal mass must be corrected according to The nominal mass must be corrected according to 
the known the known ββ overestimation from MC simulations  overestimation from MC simulations 

→ → (γ-1)(γ-1)-1-1 in MC reconstruction is  in MC reconstruction is underestimatedunderestimated  
with respect to MC truthwith respect to MC truth

→ → from MC simulations, the from MC simulations, the blue curveblue curve was  was 
obtained as a function of Zobtained as a function of Z

β as a function of Eβ as a function of Ekinkin is given by the following  is given by the following 
formula, where formula, where u = 931.494 MeV/cu = 931.494 MeV/c22 and E and Ekin kin [MeV]:[MeV]:

→ → the parameter Athe parameter Anomnom was corrected for each ion species. was corrected for each ion species.



  

β vs Ekin distributions with Anom correction
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β vs Ekin distributions with Anom correction - MC

41
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Main difference between exp and MC clusters

Mass identification performance in MC is still Mass identification performance in MC is still 
way better (almost optimal) wrt exp data way better (almost optimal) wrt exp data 

→ → are clusters created differently?are clusters created differently?

Clusters are created from true EClusters are created from true Ekinkin values in MC,  values in MC, 
from (not equalized) ADC values in exp datafrom (not equalized) ADC values in exp data

→ → I tried a second iteration of cluster shaping, I tried a second iteration of cluster shaping, 
position computing and matching after a “first position computing and matching after a “first 

guess” TW-CALO matching.guess” TW-CALO matching.

43

Z required for calibration Z required for calibration 
→ → initial cluster centroid initial cluster centroid 

computation with raw signals computation with raw signals 

XXTW TW 

YYTW TW 

Two TW hits (bars on) Two TW hits (bars on) 
→ → TW-point TW-point 

→ → ttTWTW, Z, (X,Y), Z, (X,Y)TWTW

Clusters and TW-points are Clusters and TW-points are 
matched according to matched according to 

minimum distance criterionminimum distance criterion
→ → EEkinkin calibration. calibration.



  

Before and after 2nd iteration for 400k events (clus size > 1, run 7072)

Z = 1Z = 1 Z = 2Z = 2

44



  

ADC equalization

Perhaps, the problem lies in the first clustering algorithm iteration, based on amplitude values (in mV).Perhaps, the problem lies in the first clustering algorithm iteration, based on amplitude values (in mV).
Let’s see how crystals respond to C @ 200 MeV/u (calibration runs).Let’s see how crystals respond to C @ 200 MeV/u (calibration runs).

Responses go from 200 to 600 mV, and the Responses go from 200 to 600 mV, and the 
central crystals are not the ones with the highest central crystals are not the ones with the highest 
response; in fact, crystal 17 is the one.response; in fact, crystal 17 is the one.

- ch133 → 260.07 mV,- ch133 → 260.07 mV,
- ch134 → 459.23 mV, - ch134 → 459.23 mV, 
- ch181 → 345.17 mV,- ch181 → 345.17 mV,
- ch182 → 211.01 mV.- ch182 → 211.01 mV.

Let’s implement a gain factor for all crystals wrt Let’s implement a gain factor for all crystals wrt 
to ch17 and re-run energy calibration.to ch17 and re-run energy calibration.
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MBF coefficients after gain correction

Only request is range limited within (0.,1.) - in principle only pOnly request is range limited within (0.,1.) - in principle only p00 should change wrt previous calibration. should change wrt previous calibration.
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Mass plot after ADC equalization (230k events) – no cut on crystal 181
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Cluster size after ADC equalization (230k events)

No improvement in mass distributions No improvement in mass distributions 
coming from the ADC equalization, coming from the ADC equalization, 
however the overall number of clusters however the overall number of clusters 
has increased. has increased. 

According to PADME, it is possible that According to PADME, it is possible that 
different clusters share the same hit(s)?different clusters share the same hit(s)?
→ → in principle yes, but never observed in principle yes, but never observed 
in 400k events (run 7072).in 400k events (run 7072).
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Conclusion and possible future analysis
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1) There is evidence (MC simulations) that multiple fragments might be overlapping in the same cluster1) There is evidence (MC simulations) that multiple fragments might be overlapping in the same cluster
→ → this undermines the energy calibrationthis undermines the energy calibration..



  

Conclusion and possible future analysis

50

1) There is evidence (MC simulations) that multiple fragments might be overlapping in the same cluster1) There is evidence (MC simulations) that multiple fragments might be overlapping in the same cluster
→ → this undermines the energy calibrationthis undermines the energy calibration..

2) A possible explanation for the resolution worsening at 2) A possible explanation for the resolution worsening at 
higher energies was found, as well as possible correlations higher energies was found, as well as possible correlations 
with the calibration parameters → with the calibration parameters → however, we weren’t able however, we weren’t able 
to reduce such worsening with additional cutsto reduce such worsening with additional cuts..



  

Conclusion and possible future analysis
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1) There is evidence (MC simulations) that multiple fragments might be overlapping in the same cluster1) There is evidence (MC simulations) that multiple fragments might be overlapping in the same cluster
→ → this undermines the energy calibrationthis undermines the energy calibration..

2) A possible explanation for the resolution worsening at 2) A possible explanation for the resolution worsening at 
higher energies was found, as well as possible correlations higher energies was found, as well as possible correlations 
with the calibration parameters → with the calibration parameters → however, we weren’t able however, we weren’t able 
to reduce such worsening with additional cutsto reduce such worsening with additional cuts..

3) Three correction methods for clusters with nhits = 2 3) Three correction methods for clusters with nhits = 2 
were tested on mass spectrawere tested on mass spectra
→ → second background peak in 12-C correctedsecond background peak in 12-C corrected, , 
(limited) worsening in resolution.(limited) worsening in resolution.



  

Conclusion and possible future analysis
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1) There is evidence (MC simulations) that multiple fragments might be overlapping in the same cluster1) There is evidence (MC simulations) that multiple fragments might be overlapping in the same cluster
→ → this undermines the energy calibrationthis undermines the energy calibration..

2) A possible explanation for the resolution worsening at 2) A possible explanation for the resolution worsening at 
higher energies was found, as well as possible correlations higher energies was found, as well as possible correlations 
with the calibration parameters → with the calibration parameters → however, we weren’t able however, we weren’t able 
to reduce such worsening with additional cutsto reduce such worsening with additional cuts..

3) Three correction methods for clusters with nhits = 2 3) Three correction methods for clusters with nhits = 2 
were tested on mass spectrawere tested on mass spectra
→ → second background peak in 12-C correctedsecond background peak in 12-C corrected, , 
(limited) worsening in resolution.(limited) worsening in resolution.

 Closure test via MC simulations: efficiency (on acceptancy + Z identification), out-of-target fragmentation Closure test via MC simulations: efficiency (on acceptancy + Z identification), out-of-target fragmentation 
(background modeling improvements) and angular distribution studies are ongoing.(background modeling improvements) and angular distribution studies are ongoing.

 Look at the Look at the ββ distributions per bin of E distributions per bin of Ekinkin and for each Z → evaluation of the peak separation and the  and for each Z → evaluation of the peak separation and the 
background impact.background impact.

4) Isotope identification is 4) Isotope identification is possiblepossible via β vs E plots, by  via β vs E plots, by 
incorporating the systematic β overestimation. incorporating the systematic β overestimation. 
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Normalized mass distributions - data vs MC
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Normalized Ekin distributions - data vs MC
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Normalized β distributions - data vs MC
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ADC/E distribution for clus size = 2
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ADC1 vs ADC2 for clus size = 2

Z=1Z=1 Z=2Z=2 Z=3Z=3

Z=4Z=4 Z=5Z=5 Z=6Z=6
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E1 vs E2 (MeV) for clus size = 2

Z=1Z=1 Z=2Z=2 Z=3Z=3

Z=4Z=4 Z=5Z=5 Z=6Z=6
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E1 vs E2 (MeV) for clus size = 2 (MC truth)

Z=1Z=1 Z=2Z=2 Z=3Z=3

Z=4Z=4 Z=5Z=5 Z=6Z=6

60



  

Cluster distribution (run 7072) Z = 1, 2

More effects of energy calibration can be investigated by looking at clusters distribution.More effects of energy calibration can be investigated by looking at clusters distribution.
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Cluster distribution (run 7072) Z = 3, 4

With increasing Z, the fraction of outer clusters (out of the orange box) decreases.With increasing Z, the fraction of outer clusters (out of the orange box) decreases.
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Cluster distribution (run 7072) Z = 5, 6

With increasing Z, the fraction of outer clusters (out of the orange box) decreases.With increasing Z, the fraction of outer clusters (out of the orange box) decreases.
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Resolution vs optimal energy
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CarbonCarbon ProtonProton



  

The case of crystal 181

From crystal 181 calibration curve, one From crystal 181 calibration curve, one 
would expect a higher ADC response @ would expect a higher ADC response @ 
170 MeV/u!170 MeV/u!

Crystal 181 is also one of the few ones Crystal 181 is also one of the few ones 
showing good quality C calibration points from showing good quality C calibration points from 
115 to 330 MeV/u.115 to 330 MeV/u.
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For fragmentation runs 7029, 7030, 7031, 7032 (For fragmentation runs 7029, 7030, 7031, 7032 (I nightI night) and 7072, ) and 7072, 
7076, 7077 (7076, 7077 (II nightII night) I have:) I have:
- computed the average 12C energy;- computed the average 12C energy;
- evaluated the expected signal amplitude from crystals 133, 134, - evaluated the expected signal amplitude from crystals 133, 134, 
181, 182.181, 182.

Deviation from expected signals is within 2% (or even 1%) in all Deviation from expected signals is within 2% (or even 1%) in all 
cases, except for crystal 181 and only starting from run 7072.cases, except for crystal 181 and only starting from run 7072.

C distributions for C distributions for run run 
70327032 compared with  compared with run run 
70727072, with cluster size = 1., with cluster size = 1.

Ch181 – run 7032Ch181 – run 7032

The case of crystal 181
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Let’s include also crystals 180 and 184, which, Let’s include also crystals 180 and 184, which, 
together with crystal 133 and 182, are neighbors of together with crystal 133 and 182, are neighbors of 
crystal 181.crystal 181.
With the exception of 133, these channels share:With the exception of 133, these channels share:

- same module (21 in HW numeration);- same module (21 in HW numeration);
- same WD board (106) - but different channels;- same WD board (106) - but different channels;
- same channel for LV and HV supply;- same channel for LV and HV supply;

In spite of this, a deviation from the expected ADC In spite of this, a deviation from the expected ADC 
response only appears in crystal 181 response only appears in crystal 181 
→ → possible mechanical trauma. possible mechanical trauma. 

The case of crystal 181

67
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I also tried selecting events in which TW points = CALO clusters, but there is no meaningful improvement.I also tried selecting events in which TW points = CALO clusters, but there is no meaningful improvement.

Intrinsic Z misidentification (MC analysis)
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