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Proton calorimetric 
reconstruction
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• Calorimetric reconstruction discrepancy


• Simulated data Prod4


• Run 5387


• Review on reconstruction parameters


• Remarks
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Stopping protons are only 

considered in this study
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Simulated data  
Prod4

Calorimetric vs Range-based reconstruction
• Two reconstruction methods


• The deposited energy inside the detector 
should match the energy at the detector 
entrance
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Residual range based 
reconstruction

Calorimetric 
reconstruction

Energy at the 
detector entrance

Energy at the last 
section of the beam pipe

~30 MeV discrepancy Range vs Calorimetric
Simulated data  

Prod4
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Comparison with predictions 
Low RR, high RR regions  
show the highest discrepancy from theory

Simulated data  
Prod4
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Direct comparison with prediction

Low RR 
discrepancy

Middle RR region shows 
some discrepancy as well

Simulated data  
Prod4



Three free parameters: alpha, betap, calib_factor
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dQ
dx

=
1

[ρϵβ′ ] Wion
ln( [ρϵβ′ ]

dE
dx

+ α )

Reco parameters
From A. Waldron’s talk, CM May 2021



Abbey’s parameters 
calib_factor = 1.011e-3

alpha = 0.947

betap = 0.213 
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Direct comparison with prediction

Low RR 
discrepancy

Middle RR region shows 
some discrepancy as well

Simulated data  
Prod4



9

Simulated data  
Prod4

h1d_Diff_KErange_KEcalo

Entries  2984
Mean    8.347
Std Dev     13.61

0 10 20 30 40 50 60 70 80 90 100
Delta_KE [MeV]

0

50

100

150

200

250

300

350#

h1d_Diff_KErange_KEcalo

Entries  2984
Mean    8.347
Std Dev     13.61

KErange - KEcalo
h1d_Diff_KEtheory_KEcalo

Entries  404369

Mean    1.505

Std Dev     1.874

0 2 4 6 8 10
Delta_KE [MeV]

0

100

200

300

400

500

600

700

800

900#

h1d_Diff_KEtheory_KEcalo

Entries  404369

Mean    1.505

Std Dev     1.874

KEtheory - KEcalo

Scan on calib_factor
About 1-sigma from central fit parameter

Calib_factor Delta_KE

Calib_factor

Delta_KE = Mean (KErange-KEcalo), full track
De
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Best scan parameter
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Direct comparison with prediction

Low RR 
discrepancy

Middle RR region shows 
some discrepancy as well

After scan 
calib_factor = 9.65e-4

alpha = 0.947

betap = 0.213 

Simulated data  
Prod4
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Comparison for the three sets of parameters

Abbey’s parametersDefault parameters After scan

calib_factor doesn’t seem to play a determinant role

Simulated data  
Prod4



12

Scan on alpha, betap
Fit on modified box model, about 1-sigma

Simulated data  
Prod4

No evident minimum region

Use KErange-KEcalo as a benchmark 
for the (alpha, beta) scan
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Scan on alpha, betap
Fit on Birks model, 1-sigma

Simulated data  
Prod4

No evident minimum region

Use KErange-KEcalo as a benchmark 
for the (alpha, beta) scan



ProtoDUNE Run 5387 
Parameter scan

Default parameters 
calib_factor = 1.029e-3

alpha = 0.93

betap = 0.212 

Abbey’s parameters 
calib_factor = 1.000e-3

alpha = 0.912

betap = 0.195

Best scan parameters 
calib_factor = 1.000e-3

alpha = 0.892

betap = 0.198

Scan of alpha, betap parameters (Modified Box Model)  
within 1-sigma from Abbey’s central fit parameters
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Best scan parameters:  
alpha = 0.928, betap = 0.212 
|∆KETrack| = 1.824 MeV
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Scan on alpha, betap
Abbey’s fit on modified box model, 1-sigma
No evident minimum region

Abbey’s parameters 
calib_factor = 1.000e-3

alpha = 0.912

betap = 0.195
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Calorimetric vs range-based reconstruction 
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h2d_rr_dedx_STOP, Abbey's parameters
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KEcalo improves in the low RR 
region by better estimations on 

(alpha, beta)
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The Landau-Vavilov curve still has a 
good overlap on the mid RR region
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ProtoDUNE Run 5387 
Wider Parameter scan

Default parameters 
calib_factor = 1.029e-3

alpha = 0.93

betap = 0.212 

Abbey’s parameters 
calib_factor = 1.000e-3

alpha = 0.912

betap = 0.195

Best scan parameters 
calib_factor = 1.000e-3

alpha = 0.928

betap = 0.212

Scan of alpha, betap parameters (Modified Box Model)  
within 10-sigma from Abbey’s central fit parameters
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Scan on alpha, betap
Abbey’s fit on modified box model, 1-sigma
No evident minimum region

Abbey’s parameters 
calib_factor = 1.000e-3

alpha = 0.912

betap = 0.195



1-sigma range 
Abbey’s betap

1-sigma range 
Abbey’s alpha
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Detail of KE surface in the parameters spaceΔ
Inflection points visible in the 1-sigma region from central fit parameters
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The KE = 0 lineΔ
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|∆KETrack| = 0.008 MeV
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1-sigma range Abbey’s alpha 

1-sigma range Abbey’s betap 

Extrapolated Zero Line

Mid parameters region 
(0.928, 0.212) - Best parameters scan 
|∆KETrack| = 0.008 MeV

High parameters region 
(0.962, 0.222) 
|∆KETrack| = 0.786 MeV

Low parameters region 
(0.832, 0.175) 
|∆KETrack| = 0.651 MeV
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Three regions on the KE = 0 lineΔ
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Despite KE approaches to zero,  
the calorimetric reconstruction  
in the low parameters region  
doesn’t match the theoretical 

prediction on a hit-by-hit basis

Δ
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Remarks
• This work improved the proton calorimetric reconstruction providing better sets 

of parameters that minimize the discrepancy with the range-based 
reconstruction and the theoretical prediction 


• The difference between range-based and calorimetric reconstructed tracks 
calculated for the entire track approaches zero on a line in the alpha, betap plan.  
The high parameters region seems to match better the theoretical predictions on 
a hit-by-hit basis


• The discrepancy at very low RR hasn’t been fully reabsorbed. This indicates that 
there are possible issues at different steps of the track reconstruction for 
stopping protons.  
Candidates can be the Space Charge Effect and the Bragg Peak reconstruction


• A new determination of reconstruction parameters might be needed at that point
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