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CN7 CNS8
Beam: Carbon ions = Energy: 221 MeV/n Beam: Carbon ions = Energy: 221 MeV/n
Target: Carbon (C) Target: Polyethylene (C2Ha4)
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CN7: S0, S1, S2 stacks
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Layers: 3(x0.35mm) 30 (x1.35mm) 36 (x 0.35 mm)

N
N

tot=55.2 mm

S0: 3 emulsion films = improves reconstruction of primaries
S1: 1mm carbon layers — emulsion films

S2: emulsion films thermally treated = charge identification
Plate 34 and 72: “buffer” emulsions = helps for stacks merging
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MC Reconstructed: NEW Background

« "MC Reco" (same format as data + disalighment + background...)
« Nuclear emulsions integrate cosmic rays since their production up to their
development:
 Base-tracks belonging to cosmic rays tagged from Section 2 Charge
identification analysis in DATA
* Base-tracks due to the cosmic rays integrated when brick is not assembled
- old method: copy lateral region (background only) and paste, filling the
entire plate
- new method: estimate of base-tracks density and angular
distribution in the lateral region. Then, generation of a random
sample with the same features.

Not added hecause it is not
\ / tagged as Cosmig Ray in S2 M
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New MC Simulation

* MC simulation needed to evaluate efficiency and therefore the cross section

* New geometry completed in FLUKA: buffer emulsion added before and between stacks

—> corrispondence with data taking setup

o = n ol o w o -l =
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New MC Simulation: Selection Cuts

* 10runs: 10 x 30000 events

 Cutsin MC True, plotting the residual after each cuts:

3 \ * Events
300 %12 300 X10 {
C - * Events without beam
- C 9 C i C 9 C2H4 Carbon
250 — 250 [ . . .
B - * Eventswith no interactions
200__ 200__ ) .
C - * Interactions notin target
150 150/ i
B - * The number of tracks with 6
B - < 0.03 mrad can’tbe = 2 if
100— 100 the remaining number of
- » tracksis < 2
S0~ 50— » atleast 3 tracks and at least
- - 2 daughters with more than
N | | | | | | - 3 base tracks
0 Eq;,fe No b No int, ' " iy " [ trkg 0 Eny, : No | P | | Be% | | 0y
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DATA vs MC reco
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Improvements in Vertex Reconstruction: DATA vs MC reco

vertex multiplicity n. of fragments vs angle
FOOT Carbon@221MeV/n on C target FOOT Carbon@221MeV/n on C target
[%2] 2]
@ L e L
£ 1200 —!—data fam —;—data
O -3--MC g L F -3--MC
£ 1000F ) = F -+ .
o _ -
R —— ERP S &
2 - N N 2 1500
8 soo—  tEeo- g [ -t
o C ) -
- = < B ~+
600— ’ | -
n 1000~ —_ \
a00[ = SLXL DY B e
= —— : 4
L 500 o
00— .7 Ll = s g
- peininls. dninles -_+- * -+H.-_'I'_-1'-1'-r-|-_'
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Fragment multiplicity tan6

* DATA and MC reco are in a good agreement

« Still optimizing: tracks purity, cuts in the step 1 of vertexing, found why some vertices have no parents
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Vertices: DATA vs MC reco vs MC true

n. of vertices vs layer PRELIMINARY n. of fragments vs layer
'E — ! I I I I [ I I I I I I I I I I I I I = MC True -UE, 1400_ I : ! . J I ' ; p ' I : : : ! I i ’ : — MC True 1400
z — — MC Cut GE’ — —— MC Cut
250 —— MC Reco 250 & 1500 — —— MC Reco 1200
— —  DATA z : —— DATA
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MC reco, without
Low Efficiency? - still things to correct/optimize: buffer emulsions

* solve some issues in the MC reco with the new geometry = and use the new MC for a
full comparison

* some missing parents which are not attached for the formation of the vertex
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Towards Cross Section Estimate

* The energy loss within S1 is not negligible dO'(X) | Y; (X)
- : : — 3. lCcorC,H, — ,
« We divide S1 into sub-sections dx 27 NgNpeAxe€toq, (x)
FOOT Carbon@221MeV/n C. Co2H4:
: F -+ C target - (208 + 5) MeV/n (208 * 5) MeV/n
e - CH,targetl  *(195F 6) MeV/n * (195 F 5) McV/n
W 200(— * (179 £ 7) MeV/n  * (180 £ 7) MeV/n
S —— 1163 T 6) McV/n  * (163 £ 6) MeV/n
E - [ * (146 £ 7) MeV/n  * (147 £ 6) MeV/n
80— 8 |> * (130 £ 6) MeV/n  * (129 £ 7) MeV/n
= H.
= l l .
160 — 1 * (208 + 5) MeV/n
- : ‘ * (195 + 6) MeV/n
140— ® (179 + 7) MGV/H
- _%__+_ * (163 £ 6) MeV/n
1201— * (146 £ 7) MeV/n
b (130 £ 7) MeV/n
Mass Thickness [g/cm?]
Cross Section estimate? - identify the reconstructed number of beam particles Ns N31 1\/B2 N33
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Summary

* New method to add background to reconstructed MC is implemented

* New geometry for the MC simulation is now available

e Stillto correct some issues in reconstruction of this new geometry (MC reco)
» Stillto optimize some features of vertices reconstruction

Everything in order to a better estimate of the efficiency and, identifying the right number of the

reconstructed beam particles in each energy slot = close to the estimate of Charge Changing

and Production Cross Section

CNAOQO 2023: Carbon@221 MeV/n on Carbon Target



Summary

* New method to add background to reconstructed MC is implemented

* New geometry for the MC simulation is now available

e Stillto correct some issues in reconstruction of this new geometry (MC reco)
» Stillto optimize some features of vertices reconstruction

Everything in order to a better estimate of the efficiency and, identifying the right number of the

reconstructed beam particles in each energy slot = close to the estimate of Charge Changing
and Production Cross Section

- | Thank you !!!
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Backup slides
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tracks

MC reco vs DATA

, N0 COSMIC rays

n. of tracks vs crossed plates
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MC reco: purity of tracks

purity purity:nseg {MCEvt()>0}
10° & £ ~
= hiemp a2 - — (3000
I Entries 934242 —
10° & Mean 0.9991 0.9
= Std Dev  0.01676 L —2500
10' -
= 081" 2000
10° = 0.7—
= L 1500
- - "
10° 06— ¥
= - g 1000
: n L]
= - " u " u .. 500
L \_‘ \_‘ 0.4 u u "
= | |_| I I | | I | | 111 1 | 11 1 1 | | I I 11 _I 11 1 | 1 1 1 | L1 1 1 | 1 1 1 | L1 1 1 | 1 1 1 | L1 1 1 | G
0.4 0.5 0.6 0.7 0.8 0.9 1 0 10 20 30 40 50 60 70
purity nseg
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MC reco: protons

t the real lenght of the track

168517

npl of tracks in S2, no cosmics
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MC reco: background

" 1023915 basetracks
" from data

(region with no signal)

1049506 Basetracks
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Charge ldentification

» To better characterize the vertices we need to identify the fragments charge - Stack n. 2

 S2isdivided into 9 groups, each consisting of 4 emulsion films which undergo different thermal treatments

that partially (or totally) erase the base-tracks

c cC
4 5
S

Cc
a3

34

N —
i

35
S.

7
2

S0

1

k

/1 A\

RO R1 R2

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I EHES EEE e
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

RO: Not thermally treated

R2: 24 hat T2 = 34°C and RH = 95%

R1:24 hatT1=28°C and RH =95%

R3:24 hat T3 = 36°C and RH =95%

Variables:

kO, k1, k2, k3:

number of base-tracks belonging to a
given track for each set of thermal
treatments

VRO, VR1, VR2, VRS:

“volume” of the base-tracks (sum of
the number of pixels, each weighted for
its brightness) corresponding to the
sensitized grains in the digital image
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Cross Section

OlC or C,H, =[NBJEVT(%{€MCOJ

o(X)y

1
4

oW, — 200y

Y = # of vertices (total xsec) or fragments
(production xsec)

* Ny = # of ions colliding on the target (includes
the efficiency on beam reconstruction)
dN,

« Ny = # of particles in the target: 4 , with:

* p = target density:
pc = 1.73glcm?
Pe,u, = 0.94g/cm’
e d = target thickness:
dc = 0.1cm per layer
dc, i, = 0.2cm pet layet
*N, = 6.022 - 10**/mol
*A = molar mass:
Ac = 12g/mol

°c,.., — reconstruction factor

CNAO 2023: Carbon@221 MeV/n on Carbon Target



do(x)

|CorCZH4 —

The problem of Ny evaluation

Vi (x)

ions

30000

N _vs Plate ID [CN7]

ions

- i =
dx NBNTGAxETeCO(x) osoo0f -t T
B by
20000|—

15000 FOOT 2023, ’C @221 MeVinonC
——— Fit Function: p0 + p1*x

pO = 27352.3 £ 188.1, p1 =-206.9 +10.2
10000
%2/ NDF = 35.2/29 |

5000|

Plate

* Each passive material layer can be considered a “new
measurement”

* The number of incident beam particle on each layer has to be
evaluated and is affected by its efficiency

e Estimation of carbon tracks?
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Cosmic Rays and Protons Identification

 <VRO0> = average of volumes (ionization) in * <VR1>=average of volumes
RO-type plates, k0= 3 (ionization) in R1-type plates, k0= 3

* Sharp cuts of recognized populations

<VRO> vs tan(6) , <VR1> vs <VR0>
x10
25000 30
é é m - - = == [Eniries 51610
B Mean x 13660
> = ~
v 350 v o Meany 12677
20000 -
300 -
250
15000
200 N
- 100
5000
50
0llllllll\l\Illl\ll\llllll\ll\lll\l\ 111 1 11 0
O 01 02 03 04 05 06 07 08 09 1
tan(0)
cosmic rays protons
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Principal Components Analysis

VP,,; [CN7] VP .3 [CN7]
Entries 35364 "
n - i —
:'QEJ 1000 = WI Mean -0.0009283 :1:: 1000 = Overall Eit
c . c L Z=1
N 900F it W 900 2zs
— — Z=6
- W 800 Entries = 35364.0
800 ! S
= | = x° / NDF = 279.38 / 119
= 700
700 f * =
- | -
600 #Jr } 600 =
500 | tﬁ 500
400 4 } + 400
300 ﬂ+ wﬁﬁﬂq ﬂ 300 E—
— } —
200 +ﬁ+ ﬂ# 200
— + 1 =
100 o Y 100
= mﬁm”fwtth , L
0 il T T T P R I T T TN NN S T TR N TR SR N N’1’*"+«-_+-v- | T 0 il B j| '
-6 -4 -2 0 2 4 6 -6 4 6
VP2, VP 3

k0=3,k123,k223,k3=3

* We canrecognize what we can interpret as helium fragments contribution
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Principal Components Analysis

* We canrecognize primaries (carbon beam): tracks starting from the first two plates
Subtract the beam contribution and investigate the fragment populations
(from a first reconstructed MC we expect a small fraction of fragments with Z = 3, 4, 5)

MC
s[0].eW-70 {s[0].eW-70>0 && s[0].eW-70<8} s[0].eW-70 {s[0].eW-70>=3 && s[0].eW-70<=5}

htemp htemp
Entries 72693 Entries 1192

Mean 3.044 Mean 3.641
Std Dev 2.323 Std Dev  0.8122

35000

30000

25000

20000

15000

10000

5000

L1 L1 v b by ! [ B B B TN T T N R N T | N
1 2 3 4 5 6 7 3 : 4 45 5
s[0].eW-70 s[0].eW-70

=
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