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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 Imm) 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 (Enexrgy Scan, GridXY, Dose Cube)




MC Study of the Panduit Run
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Study of the Panduit Run
Beam Spot XZ distribution

BeamOrigin

MC

Distributions are
~normalized to the peak.
We took the setup
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correctly!
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Study of the Panduit Run
Beam Spot XZ distribution
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Resolution Study

FitTracks2D Legend

HE = High Energy selection:
the track has arrived to the end of the DP

ang = Theta =< 1° selection (cutting also some stuff from the TGT):
straight tracks
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CNAO
TRENTO70
TRENTO70 no Beam
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Trento 70@iso 0*Y = T mm

MC Trento 70@iso 6* = 7.9 mm




Multiple Scattermg

Multiple Scattering evaluation | rms
(MC truth) - Yplane —

Mtgt = pz/px @ TGT exit face
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Multiple Scattering with Ekin cut

Multiple Scattering evaluation (IMC truth)
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ResT_dptgt_ecut70
Entries 599
Mean 0.004181
Std Dev 0.1904

Tcross@DP layO0 - lay5 Ecross >= 70 MeV (deg)

ResT_dp05_ecut70
Entries 598
Mean -0.01286
Std Dev 0.5036

MS dp
Ekin @ LAYO = 70MeV
STD DEV = 0.5°— @10.66cm ~ 540pm




Residuals vs Angle
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CNAO

layO

res_lay vs ang(deg)
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TRENTO

res_lay vs ang(deg)

Residuals vs Angle
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Sigma of Residuals (cm) vs IDLay
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Sigma of Residuals (cm) vs IDLay
TRENTO
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DP Analytic Resolution

o

= (z0+zN)/2 + distance
. N = 6 (h detector)
| =10.55ecm

. 0 = O4p, (O residuals)

=> 0gp!@ 50cm ~ 2.5mm
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Resolution Study

OmsdpHE ~ 940 pm

o* O*HE | O angHE
MC 8mm . 4.5mm : 4.3mm GTgtThick= 1.1 mm
CNAO 1.3cm | 1.1em | 7. 7411mm Odpa00pm@50 cm ~ 2.5mm
TRENTO70 | 8.8mm : 8.8mm | 8. 8.4mm

de(BOOpm)@SO cm ~ 2mm
CJ'beam(70MeV)<@50 cm ~ 7/mm

Considering the same reconstructed tracks scenario:

r --------------------------------------------------------------------------- -
1

O meas@50cm = SCII"C(O'ﬂt T OMSdpHE T OMSairHE + Odp@50cm + Obeam) :
TRENTO7O (05it)@50cm = sqrt(8.4% - (0.54% + 12 + 22+ 7%)) ~ 4 mm :

O meas@50cm = Sqrt(oﬂt + O'MSdpHE + OMSairHE T OTgtThick T de@SOcm)
: CNAO :: (0rt)@50cm = sqrt(7.12 - (0.54* + 12 + 1.12 + 2.5%)) ~

- CNAO gets closer to TRENTO
- we still have a factor ~ 2 btw CNAO and MC

17




About The Wedge Run at Trento...
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Conclusions

- We are making the effort to have a MIC 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 (140pm)
- perform the fit with HITS not clustered
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Study of Trento 70MeV Run

Beam Spot XZ distribution
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Study of Trento 70MeV Run

Monte Carlo Beam Spot at INOCENTER
MC
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AQO Cluster Size

Fib_ClusSize
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FLUKA Cluster Size (no tuning)
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FLUKA Residuals

XClusterMeas - XClusterFit (= ZClusterMeas * Axz + Bxz)
LAY resX HE resX theta<=1deg esX from TGT

5000 res_layX_0 res_HE_layX_0 res_cutAng_layX_0 res_TGT_layX_0

Entries 31952 Entries 4547 Entries 767

Mean 0.00412 < Mean 0.004544
Std Dev 0.03386 XZ — Std Dev 0.04086

Entries 6404

Mean 0.003486 Mean 0.006032

Std Dev 0.04129 Std Dev 0.04108

%2 /ndf 2223 /66 %2 /ndf 278.3/35 %2 /ndf 47.24127 x2 /ndf 419.5/47

Constant 3640 32.5 Constant 595.4 + 13.9 Constant 85.39 + 4.49

80
Mean 0.003567 = 0.000457 Mean 0.005071= 0.001263

Constant 6725+ 13.1

Mean 0.002796 = 0.000192 Mean 0.006073 + 0.000477

Sigma 0.03257 + 0.00022 Sigma 0.0286 + 0.0005 Sigma 0.03364 + 0.00125 Sigma 0.0355 + 0.0005

~ 34Dum

resY theta<=1deg resY from TGT
res_layY_O res_HE_layY_0 res_cutAng_layY_0 res_TGT_layY_0

Entries 33306 Entries 4983 Entries 3191 Entries 6415

Mean 0.005833 Mean 0.006966 Mean 0.00714 Mean 0.006063
Std Dev 0.03616 Std Dev 0.04086 L I G I Std Dev 0.03886
¥2 /ndf %2 /ndf - x2 /ndf

Std Dev 0.03983

%2 /ndf 2349 /67 320.1/35 272.2/37 4127/ 40

Constant 3677 = 32.0 Constant 577.5+ 123 Constant 3321+9.2 Constant 710.4+ 137

Mean 0.005042 = 0.000205 Mean 0.006366 = 0.000510 Mean 0.006004 = 0.000696 Mean 0.005301 =+ 0.000472

Sigma 0.03358 + 0.00022

30pum

Sigma  0.03219 = 0.00050 Sigma 0.03506 + 0.00072 Sigma  0.03369 = 0.00048

40pum

Opm um




FLUKA Residuals

XClusterMeas - XClusterFit ( = ZClustexMMeas * Axz + Bxz)
LAY5 Xesx resX HE resX theta<=1deg o from TGT

res_layX_5 res_HE_layX_5 res_cutAng_layX_5 res_TGT_layX_5

Entries 25961 Entries 7323 Entries 637

Mean 0.004433 Mean 0.003566 | § < Mean 0.01148
Std Dev 0.04085 Std Dev 0.02893 XZ — Std Dev 0.03792

%2 /ndf 2135/ 67 x2 /ndf 4526 /31

Entries 5199
Mean 0.008186
Std Dev 0.04102
%2 /ndf 91.39/24 x2 /ndf 494.7 /46
Constant 3058 = 30.9 Constant 1122 20.1 80 Constant 76.46+ 4.64 Constant 5682+ 13.0
Mean0.00338 = 0.00021 Mean 0.002314 = 0.000306 Mean 0.008867 = 0.001480 Mean 0.007146 = 0.000538

Sigm®.03108 = 0.00024 Sigma  0.02443 = 0.00032 Sigma  0.02842 = 0.00122 Sigma  0.03302 = 0.00059

~ 280um

resY theta<=1deg resY from TGT
res_layY_5 res_HE_layY_5 res_cutAng_layY_5 res_TGT_layY_5

Entries 26189 Entries 7339 Entries 2666

Entries 4908

Mean 0.008351
I G I Std Dev 0.03958
x2 /ndf

435.4 /41

Mean 0.007587 Mean 0.007934 Mean 0.006629
Std Dev 0.03898 Std Dev 0.03302 Std Dev 0.03821
%2 /ndf 2580 /57 ¥2 /ndf 759.3/38 *2 I ndf 257.9/34
Constant 3018+ 32.1 Constant 997.7+ 20.2 Constant 323.1+10.0 Constant 551.7+ 12,5
Mean 0.006098 = 0.000239 Mean 0.005044 = 0.000406 Mean 0.005457 = 0.000661 Mean 0.007512 x 0.000542

Sigma 0.0312 = 0.0003 Sigma 0.02631=+ 0.00042 Sigma 0.02972 + 0.00069 Sigma  0.03233 = 0.00055
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T0pm

HM




CNAO Residuals

XClusterMeas - XClusterFit ( = ZClustexMMeas * Axz + Bxz)

res_layX_0 res_HE_layX_0 res_cutAng_layX_0 res_TGT_layX_0

30000 Entries 299863 Entries 49288 Entries 9779 Entries 100493

Mean 0.01983 Mean 0.02051 Mean 0.002889 Mean 0.01018
Std Dev 0.06556 Std Dev 0.05806 Std Dev 0.05078 T T Std Dev 0.05828
¥* /ndf 2.263e+04 /77 %2 /ndf 3270/76 %2 /ndf 1081 /69 ¥2 /ndf 6683 /77
Constgrt55e+04 = 6.504e+01 Constant 4245 = 27.3 Constant 1113+ 18.2 Constant 9120£ 422

Mean 0.01739 = 0.00009 Mean0.01827 = 0.00022 Mean 0.004676 + 0.000335 Mean 0.009267 = 0.000135

Sigma  0.04688 = 0.00009 Sigmap.04321 + 0.00019 Sigma  0.03115 = 0.00038 Sigma  0.04099 = 0.00013
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resY theta<=1deg resY from TGT
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Entries 315789
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x? / ndf 2.8876+04 /77 x2 /ndf 4658177 2 /ndf 4992 /77
x

Const@it93e+04 = 9.124e+01

Constant 6485 = 44.1 Constant 2806 = 31.5 Constdri49e+04 = 5.134e+01

Mean 0.007614 = 0.000068

Mean 0.006722 = 0.000141 Mean0.00684 + 0.00023 Mean  0.00645 = 0.00012

Sigma 0.03577 + 0.00008

Sigma  0.03049 + 0.00016 Sigm®.03266 = 0.00030 Sigma  0.03565 + 0.00013
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CNAO Residuals

XClusterMeas - XClusterFit (= ZClustexMeas * Axz + Bxz)

L AY 5 Xesx resX HE resX theta<=1deg resX from TGT

res_layX_5 res_HE_layX_5 res_cutAng_layX_5 res_TGT_layX_5

Entries 269886

Entries 60945 Entries 9271 Entries 92056

Mean -0.02017 Mean -0.02334 Mean 0.01368 Mean 0.02607

Std Dev 0.08718 Std Dev 0.07771 Std Dev 0.05076 Std Dev 0.05864

x2 /ndf 3.181e+04 /77 %2 /ndf 7440 /77 %2 /ndf 996.4 / 67 %2 /ndf 7650 / 77

Constantl.45e+04 = 4.89e+01 Constant 3646 = 25.6 Constant 995.8 = 17.5 Constant 7851 + 39.3

Mean -0.009488 + 0.000155 Mear 0.01345 + 0.00031 Mean0.01155 + 0.00038 Mean 0.0249 = 0.0002
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Trento Residuals

XClusterMeas - XClusterFit ( = ZClusterMeas * Axz + Bxz
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Trento Residuals

XClusterMeas - XClusterFit (= ZClustexMeas * Axz + Bxz
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Chi2 XZ VIEW
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