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Introduction

The new campaign CNAO2023 MC has been updated to take into
account the geometrical survey

We have still the calculated magnetic map. We have not yet received
the results of LNF measurements
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Primary beam There is much more space
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(nozzle | /> cm  respect to CNAO2022



New CNAO2023 MC design: 3 runs in the campaign

Run 1: C target S5Smm ("'C) ~ Run 2: C,H, target 10 mm
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The 2=0 position is always kept at the center of the target, therefore coordinates
of center of pre- and post-target elements are moved by 0.25 cm in Run 2

There is also a Run 3: Air target (same geometry as Run 1)



Magnetic Field

GeoViewer Blue plot
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Could this have some impact? (See Yun’s talk on Beam Monitor status at CNAO2023)



Events

Beam Shape

Beam shape and position taken from approximate fits in VTX for
(see

run 6102

TAGdetector_1(2,3).geo)

VT projection on target Xpos in glb sys

AlignWrtTarget_tgposX_glbsys_final
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AlignWrtTarget_tppos'_glosys_final
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Entries 34803
Mean -0.01309
Std Dev 0.366
o I ndf 1433/ 101
Constant 618.9=50
Mean 0.0316 = 0.0023
Sigma 0.3677 = 0.0027

This demonstrates that
interactions in the
passive materials around
M28 chips might be non
negligible
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The issue of energy loss in target

See Physics Meeting of 9 June 2021:
https://agenda.infn.it/event/25079/contributions/127084/attachments/82194/107977/FOOT_PhysicsMeeting GSI2021-2.pdf
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@2.4 GeV (200 MeV/u):
dE/dx in "3tC (p=1.83 g/cm3) ~0.27 GeV/cm
dE/dx in C,H, (p =0.94 g/cm3) ~0.16 GeV/cm

dE/dX (Gev/cm)

But:
In 0.5 cm of CdE/dx ~ 0.135 GeV

10 dE/dx in C,H, > dE/dx in C

200 MeV/u 6



Energy loss in Target
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C target.
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The case of IT

A fraction of tracks crosses only one
ladder of IT

1
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entrance of IT
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First checks of IT: sensors numbering

_Be?m_ o Front View Back View
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Seems OK

IT simulation has included (since 2016/2017) passive materials around sensors. The missing elements are readout
boards which however are quite outside the lateral acceptance
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Numbers to be checked for IT

It could be different...
It was not easy to measure
This is critical to determine

the 2 energy populations
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Numbers to be checked for IT

X-Z View

jders 8'096 cm .......

- Beam axis
11321cm o

We ask the experts to check carefully all
these numbers:

It was not easy to do that at CNAO with
the full detector mounted
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Energy loss in MISD

C target.
Beam energy at the entrance of MSD
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E vs X at TW crossings

twXcrossE_py
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A small shift in the X position of the beam
spot in TW exists

mm) With the magnets, the run with AIR target is something from the point of view of bending...
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TW 800
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This is achieved by a shift in X of 10.04 cm (survey: 11.5) and in Y of -0.9 cm



Some issues conflicting with geometrical survey

We have moved TW to have primary beam
centered on bar 9 of TW, according to results

from a couple of runs:

x =1.4, y=0.89 run 4224 (C target) local coordinates

x=1.42, y=0.89 run 4124 (C,H, target)

We have moved CALO so to have crystals no.

164,167,171,174 (as

from

Francesca’s

instructions) as the most frequently hit

Crystal ID to be mapped with Board/channel (Back view, side readout boards)

01 2 91011 18 19 20
3 4 5 12 13 14 21 22 23
6 7 8 15 16 17 24 25 26
27 28 29 36 37 38 45 46 47 54 55 56 63 64 65
30 31 32 39 40 41 48 49 50 57 58 59 66 67 68
33 34 35 42 43 44 51 52 53 60 61 62 69 70 71
72 73 74 81 82 83 90 91 92 99100101108109110117118119126127128
75 76 77 84 85 86 93 94 95102103104 111112113120121122129130131
78 79 80 87 88 89 96 97 98 10510610Z114115116123124125132133134
135136137144145146 153154155 1621687164 171%2173 180181182 189190191
138139140147148149 156157158 16516§167 17445176 183184185192193194
141142143150151152159160161 168169179 178179 186187188 195196197
198199200207208209 216217218 225226227 234235236 243244245252253254
201202203210211212219220221 228229230 237238239 246247248255256257
204205206213214215222223224 231232233 240241242249250251 258259260
261262263 270271272 279280281 288289290 297298299
264265266 273274275 282283284 291292293 300301302
267268269 276277278 285286287 294295296 303304305
306307308 315316317 324325326
309310311318319320 327328329
312313314 321322323 330331332

' Back view
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CALO Grystal iap

x10° CryMap

- Entries 1.86995e+07
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This is achieved by a shift in X of 9.5 cm (survey: 11) andin Y of -1 cm

However in simulation crystal positions are very regularly spaced, not really
matching the real situation



Available files:

In Tierl at /storage/gpfs_data/foot/shared/SimulatedData/CNA02023 MC/

-exp CNAO2023 _MC

12C_C 200 1.root 106 primaries -run 1
12C_C2H4 200 1.root 10° primaries -run 2
12C_AIR_200 1.root 10 primaries -run 3

Only a small sample of events to perform general checks, while waiting for:
- Improvements in IT geometry

- True (measured) magnetic map

Production and tracking of e*, e;, y was not included at this stage
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Geometrical acceptance: lateral distribution in TW

Z=1 X at TW crossings Z=2 X at TW crossings

twXYcrossZ1_px twXYcrossZ2_px
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No problem for Z>2
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Geometrical accetance: lateral distribution in MSD

Z=2 X at MSD 5 crossings
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The shift applied to MSD seems to be satisfactory
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FLUKA geometry of the FOOT
Calo: status

A. Mereghetti
CNAO
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The FOOT Calorimeter («Calo») is made of 333 BGO 2 |
crystals in the complete configuration s : . g . .
* 37 modules of 3x3 crystals;
« A crystal has the shape of a truncated pyramid; Sl “ : v
. . . 8 9 5 2
* The crystals are (ideally) arranged as a pointing A h
structure > = 2
10 5

For technical reasons, a single crystal is modelled in the FLUKA geometry of the FOOT

experimental set up as the volume delimited by 6 planes

* While the crystal is identified by a single combination of planes (i.e. 1 logical operation),
the volume outside of the crystal is identified by (at least) 6 logical operations;

* The user can define this region as «the volume outside of the crystal» i.e. the logical
opposite of the crystal;

* At simulation initialisation FLUKA has to logically translate (a.k.a. “parenthesis
expansion”) such a definition in the above-mentioned (at least) 6 logical operations;

-
29(288) |

29 (29.1)

.

240 (239.9)

¥ 20(203) /

20(202) | |



Rationale

Defining the volume outside of the (up to) 333 crystals is extremely
complex: the user has to properly combine all the regions outside of

each crystal

e Current implementation (by E. Lopez Torres) of the macro dealing
with the FLUKA geometry in the FOOT Calo in Shoe:
* Defines the air region around all crystals in a unique module;
e Defines the air region around all the modules;

* All the air region are defined as the combination of the volumes
«outside of each crystal» / «outside of each module»;

* When many CALO modules are used, FLUKA may crash while logically
translating (i.e. performing parentheses expansion) the definition of
all the air regions, unless some precautions are taken, often complex
to implement;

A lot of manual editing of the FLUKA geometry was sometimes
necessary to have a single configuration of the FOOT calo working.




Proposal for a new version a

nd Status of Code

Re-write the macro such that the air region(s) around
crystals/modules no longer require any logical translation (i.e.
parenthesis expansion) by FLUKA at simulation initialisation

« Why CNAO?

* SYNERGY: on a different project, we need to carry out a similar
task, i.e. to build a (portion of) FLUKA geometry in a
programmatic way, repeating a basic geometry on a regular grid;

* Why A. Mereghetti?
* Author of the FLUKA LineBuilder, i.e. a python program for
building FLUKA geometries of accelerator beam lines;

* The LineBuilder is currently used by the FLUKA team @ CERN for
every calculation involving (almost) any CERN machine;

Status
 Code: python;
e Public git repo on github;
* Classes for handling FLUKA entities:
* bodies, including 3D
rotations/translations;
* Regions;
* Geometries, including writing/reading
files;
* Classes for organising basic object(s) (e.g. a
crystal) in a grid;
* This operation must include the “hive”;

Crystals not all of the same lateral size;
Irregular alignment of crystals;
Irregular spacing among modules;

To-do

* Implement cloning of basic object(s);

* lIrregular spacing of crystals inside the
modules and of modules in the Calo;



https://accelconf.web.cern.ch/ipac2012/papers/weppd071.pdf
https://github.com/amereghe/FLUKAcalo

Conclusions:

A first sample of a ~stable simulation for CNAO2023 is available for first evaluation.
Calibration files for TW (Z-id) might require some checks

In order to reproduce observed alignment some difference in Ax of TW and CAL had to
be introduced with respect to survey measurements: Magnetic field? Tilt of setup?
Difference in materials (dE/dx)?

Magnetic field implementation and tracking, provided the map is correct, is under
control. Warning: in case some rotation of the magnet system is needed, some non-
straightforward work may be needed

IT presence may introduce some features in the energy distribution: the knowledge of
the correct geometry of the device is essential for a correct analysis

A high statistics production will be meaningful when the main issues have been checked
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Fraction of primary interactions in different
regions

Total no. of Processed Events: 1000000

Perc. of interactions in Air:  0.92%

Perc. of interactions in STC: 0.15%

Perc. of interactions in BM: 0.13%

Perc. of interactions in TGT: 3.66%

Perc. of interactions in VTX: 0.12% (no passive material around!)
Perc. of interactions in IT: 0.46%

Perc. of interactions in MSD: 0.52% (no passive material around!)
Perc. of interactions in TW: 3.08%

(remaining fraction interacts in CALO)



