
THE DOSE PROFILER  

TRACKING STUDY ET AL.
Alessio, Giacomo, Ilaria, Giuseppe

ARPG Meeting  
7 Novembre 2017



2

Introduction
• We want to study the DP resolution on the reconstructed 

tracks:  
 
 1) CNAO Panduit run: at CNAO (July 2017) we irradiated a 
panduit 1.1 mm thick with a 220 MeV/u 12C ion beam  
 => reconstructing the tracks in the beam axis plane, we 
expect to obtain a gaussian peak with ~ 1.1 mm sigma  
 
2) we want to compare the CNAO panduit result to the DP 
resolution obtained at Trento (July 2017), where a 70 MeV/u 
proton beam (sigma 7mm) was directed towards the DP  
  

• Once we have a reliable result, we can trust our 
reconstruction software and go through the analysis of the 
RANDO runs (Energy Scan, GridXY, Dose Cube)
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MC

Beam Spot XZ distribution
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Study of the Panduit Run

Distributions are 
normalized to the peak.  
We took the setup 
measurements 
correctly!
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FitTracks2D Legend 
HE = High Energy selection:  
          the track has arrived to the end of the DP  
ang =  Theta ≤ 1º selection (cutting also some stuff from the TGT):  
            straight tracks

σX σXHE σXang

MC 8mm 4.5mm 5.4mm

CNAO 1.3cm 1.1cm 7.6mm

TRENTO70 8.8mm 8.8mm 8.4mm

TRENTO70 no Beam 5.3mm 5.3mm 4.6mm

MC TRENTO70 no Beam 5.45mm 5.45mm 4.5mm

Trento 70@iso σX,Y = 7 mm

MC Trento 70@iso σX = 7.9 mm

Resolution Study
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Multiple Scattering
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Residuals vs Angle
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Residuals vs Angle

Beam monitor chambers!

CNAO

lay0

resX resY

lay4

resX resY



11

Residuals vs AngleTRENTO
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Sigma of Residuals (cm) vs IDLay
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Sigma of Residuals (cm) vs IDLay
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Sigma of Residuals (cm) vs IDLay
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. zc = (z0+zN)/2 + distance 

. N = 6 (n detector) 

. L = 10.55 cm 

. σ = σdp (σ residuals)
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Vertex Detectors
The previous result shows clearly the need 
for vertex detectors to achieve a precise
measurements of the impact parameter

The “amplitude” of the error is determined
by the error on the slope
by the distance of the point to which 
we extrapolate
by the size of the measurement error

We should have
small measurement errors σ
large lever arm L

place first plane as near as possible 
to the production point: small zc

Increasing the number of points also 
improves but only as
The technology used is silicon detectors 
with resolution of the order of σ ~ 10 µm
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σX σXHE σXang σXangHE
MC 8mm 4.5mm 5.4mm 4.3mm

CNAO 1.3cm 1.1cm 7.6mm 7.1mm

TRENTO70 8.8mm 8.8mm 8.4mm 8.4mm

Resolution Study
σMSdpHE ~ 540 µm 
σMSairHE ~ 1mm 

σmeas@50cm = sqrt(σfit  + σMSdpHE + σMSairHE + σdp@50cm + σbeam)  
TRENTO70 :: (σfit)@50cm = sqrt(8.42 - (0.542 + 12 + 22 + 72)) ~ 4 mm

σdp(300µm)@50 cm ~ 2mm   
σbeam(70MeV)@50 cm ~ 7mm  

σmeas@50cm = sqrt(σfit + σMSdpHE + σMSairHE + σTgtThick + σdp@50cm) 
CNAO :: (σfit)@50cm = sqrt(7.12 - (0.542 + 12 + 1.12 + 2.52)) ~ 6.5 mm

σTgtThick = 1.1 mm 
σdp(400µm)@50 cm ~ 2.5mm  

MC :: (σfit)@50cm = sqrt(4.32 - (0.542 + 12 + 1.12 + 2.52)) ~ 3 mm

Considering the same reconstructed tracks scenario:

- CNAO gets closer to TRENTO 
- we still have a factor ~ 2 btw CNAO and MC
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About The Wedge Run at Trento…

Dose
Profiler

~ 50cm

Isocenter

Tantalium
Absorber

4.7 Risultati della seconda caratterizzazione 75
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Figura 4.26.
Beam spot di un’acquisizione e�ettuata utilizzando un fascio di protoni a 160 MeV con un
bersaglio a forma di prisma di tantalio posto all’isocentro. A sinistra le tracce ricostruite
sono state proiettate al centro del DP, a destra invece sono proiettate all’isocentro.
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Figura 4.27.
Beam spot di un’acquisizione e�ettuata con un bersaglio a forma di prisma di tantalio
posto davanti al rivelatore utilizzando protoni con energia pari a 40 MeV.
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Conclusions
• We are making the effort to have a MC in agreement with 

CNAO Panduit run: we are on the good way, but some more 
work has to be done  

• We just started the resolution study for the YZ view  

• We are implementing the charge center of gravity method to 
assess the clusters position for the track fitting  

• We are refining the method to assign the cluster size in MC  

• We are improving the 2D track fit:  
- recover the tracks with more than one track candidate  
- assignment of cluster error along z coordinate (140µm)  
- perform the fit with HITS not clustered  

• …
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Beam Spot XZ distribution

Study of Trento 70MeV Run
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Monte Carlo Beam Spot at ISOCENTER

Study of Trento 70MeV Run

XYiso_px
Entries  99927
Mean   0.0004182
Std Dev    0.8043

 / ndf 2χ  423.6 / 167
Prob  24− 3.014e
Constant  20.0±  5028 
Mean      0.0025004± 0.0008919 
Sigma     0.0019± 0.7879 

4− 3− 2− 1− 0 1 2 3 4 50

1000

2000

3000

4000

5000

XYiso_px
Entries  99927
Mean   0.0004182
Std Dev    0.8043

 / ndf 2χ  423.6 / 167
Prob  24− 3.014e
Constant  20.0±  5028 
Mean      0.0025004± 0.0008919 
Sigma     0.0019± 0.7879 

Y vs X ISO

XYiso_py
Entries  99927
Mean   0.002422
Std Dev    0.7971

 / ndf 2χ  387.8 / 158
Prob  21− 2.442e
Constant  20.2±  5094 
Mean      0.002468± 0.003065 
Sigma     0.0019± 0.7779 

4− 2− 0 2 40

1000

2000

3000

4000

5000

XYiso_py
Entries  99927
Mean   0.002422
Std Dev    0.7971

 / ndf 2χ  387.8 / 158
Prob  21− 2.442e
Constant  20.2±  5094 
Mean      0.002468± 0.003065 
Sigma     0.0019± 0.7779 

Y vs X ISO

MC

MCσxbeam ~ 7.9mm

σybeam ~ 7.8mm



23

CNAO Cluster Size
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FLUKA Cluster Size (no tuning)
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TRENTO Cluster Size
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FLUKA Residuals

~ 330µm

LAY0 X
HE

~ 290µm

XClusterMeas - XClusterFit ( = ZClusterMeas * Axz + Bxz)

~ 340µm

LAY0 Y

~ 330µm ~ 320µm ~ 340µm

HE

~ 355µm

TGT|ϑxz|≤1º

|ϑyz|≤1º

~ 350µm

TGT
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FLUKA Residuals

~ 310µm

LAY5 X
HE

~ 240µm

XClusterMeas - XClusterFit ( = ZClusterMeas * Axz + Bxz)

~ 280µm

LAY5 Y

~ 310µm ~ 260µm ~ 320µm

HE

~ 330µm

TGT|ϑxz|≤1º

|ϑyz|≤1º

~ 300µm

TGT
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CNAO Residuals
XClusterMeas - XClusterFit ( = ZClusterMeas * Axz + Bxz)
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CNAO Residuals
XClusterMeas - XClusterFit ( = ZClusterMeas * Axz + Bxz)
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Trento Residuals
XClusterMeas - XClusterFit ( = ZClusterMeas * Axz + Bxz)
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Trento Residuals
XClusterMeas - XClusterFit ( = ZClusterMeas * Axz + Bxz)
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Chi2 XZ VIEW
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Chi2 XZ VIEW
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Chi2 YZ VIEW
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