Procedure for Cross Section

measurements analysis
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(ntuple format)
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Read if"I[:ZIL.It events and raqgments identification
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(Raw format)
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Farameters
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DecodeRaw.cc
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DecodeGlIb.cc



DecodeGIlbAna

GlobalRecoAna* glbAna = GlobalRecoAna(exp, runNb, in, out, mc, nTotEv);
glbAna->BeforeEventLoop();

glbAna->LoopEvent();

glbAna->AfterEventLoop();

It initializes a pointer to the class GlobalRecoAna
 For every event, loop methods are called.




glbAna->BeforeEventLoop()

 Reading of the input parameters

* Creation of the output file (trees and plots)
» Setting of variables about beam and target




glbAna->AfterEventLoop();

« Stamp luminosity (needed for cross-section
measurements)

* Writing on files plots of variables computed in
glbAna—LoopEvent();

 Closing files




glbAna->LoopEvent()

Loop on every event

» ClustersPositionStudy(currEvent) ~ Study of variables wrt to cuts for glb track reconstruction
» study of bm tracks: to be moved

« AlignmentStudy(currEvent, nt, 0) ~ studies about alignment

* FragTriggerStudies() ~ study efficiency of hardware trigger (for real data)

* TrackVsMCStudy() ~ TW ghost hits studies (for MC data)

- Loop on every global track

 GlbTrackPurityStudy()

« MC studies
» Crossing region studies
* RECO values

* FillMassPlots() ~ Mass reconstruction
* study on ek binning
* Unfolding




 Loop on every global track (continue)

* FillYieldReco("yield-trkMC",Z true,Z meas,Th_true ); ~ RECO/MC TRACKS
counts for cross section measaurements

« TriggerCheckMC() / TriggerCheck() ~ simulazione del trigger hardware

 Loop on every MC particle

* FillYieldMC("yield-true_cut",charge_tr,theta tr,Ek tr tot); ~ MC counts
for cross section measaurements

 TWAIgoStudy(); ~study of TW charge reconstruction

With these functions | obtain the yields in terms of the variables | am interested in,
From which i compute all the efficiencies and then cross section

I



—

if(fFlagMC){

if ( Z true >0. && Z true <= primary cha && Triggerthéckb’l{:{ == true)
FillYieldReco("yield-trkMC",Z true,Z meas,Th true ); ALL RECO DATA Yield

if (N TrkIdMC TW == 1 && TrkIdMC TW == TrkIdMC) {

if (Z true >0. && Z true < primary cha && TriggerCheckMC() == true){ -
FillYieldReco("yield-trkTWfixMC",Z true,Z meas,Th true ); RECO DATA Yield
((TH1D*)gDirectory->Get("ThReco fragMC"))->Fill(Th_ recoBM); W/ TW AND TRAC
}
}
if (N TrkIdMC TW == 1) {

it (Z true >0. && Z true <= primary cha && TriggerCheckMC() == true) :
FillYieldReco("yield-trkGHfixMC",Z true,Z meas,Th true ); RECO DATA Yield
) w/ TW Filter

if [Z_méas >ﬂ && Z meas <o primary_cha && Triggerchetk[} == —
) {

FillYieldReco("yield-trkTrigger",Z meas,®,Th recoBM );
}

if ( Mid==0 & Reg == TG region && particle->GetCharge()>0 && particle->GetCharge()<=primary cha && Ek true>100
&& theta tr <= 8.

) MC gen DATA Yield

FillYieldMC("yield-true DET",charge tr,theta tr,Ek tr tot);




)

}
}

f (fFlagMC ==

F ( Z_meas >0.

H

& Z meas < primary cha && wdTrig -> GetTriggersStatus()[1l] == 1

{

FillYieldReco("yield-trkREAL",Z meas,@,Th recoBM );
((TH1D*)gDirectory->Get("ThReco frag"))->Fill(Th_recoBM);
((TH1D*)gDirectory->Get("Charge trk frag"))->Fill(Z meas);

ALL RECO DATA Yield




ALL RECO DATA Yield

RECO DATA Yield
w/ TW AND TRACK
Filter

MC gen DATA Yield

Mainly the yields in these 3 folders are used in my analysis.



DecodeGlbAna output

Results of
FillYield()
are in
these
folders:

« ROOT file after DecodeGIbAna.cxx execution
Example from ROOT TBrowser:

|_:_|°_|g 160_C_400_2 MC_DecodeGbAna_newDETcut.root

-5 nsecrec-tkMG: 1
D Z_0#-0.500000_0.500000;1
[]...DZ_I#D.E[IDD[ID_I 5000001

Name of the file

[ Z_2#1.500000_2.500000:1
-[C]Z_3#2.500000_3.500000;1
- [C]Z_4#3.500000_4.500000;1
--[C]Z_5#4.500000_5.500000;1
-[C]Z_6#5.500000_6.500000;1
- [C]Z_7#6.500000_7.500000;1
[ Z_B#7.500000_8.500000;1

| g charge;t

S——

..... [ FIT_vs_Msas:1

| g ;1

{k Enemy;1

{k Charge_trk;1
{k Charge_trk_True;1
{k Charge_purity;1
{k Mass;1

{k Mass_True;1

S

Events are organized in subfolders of Z
<variable name>_<n° of bins>#<lower limit>_<upper limit>

Folders in which there are plots of events from which
Obtaining cross section measurements




First approximation logic

« ROOT file after DecodeGIbAna.cxx execution
Example from ROOT TBrowser:

Every Yield folder is made in this way:

-5 xsecrec-kMC; 1 —

--(Z11Z_0#-0.500000_0.500000;1 -~ Folders in which there are plots of events from which
|EZﬂ5HmEnm Obtaining cross section measurements

D theta_0#0.000000_0.500000:1

| C5jtheta_1#0.500000_1.000000;1
Lk theta_:1
o R migMatrix_Z;
...Dthﬂta_ﬂ#l 000000 _1Y ;

Plots are organized in subfolders of Z
.Dtheta_4#2.ﬂﬂﬂﬂﬂﬂ_2.ﬁﬂﬂﬂﬂ \

[ theta_5#2.500000_3.000000;1
[theta_6#3.000000_3.500000;1
[theta_7#3.500000_4.000000;1
[ theta_8#4.000000_4.500000:1

For every Z, plots are organized in subsubfolders of theta

Events distribution in terms of theta



SHOE dataset results

|_:_|°_|g 160_C_400_2 MC_DecodeGbAna_newDETcut.root

..... . « These are the folders of yield | am
..... Sz using in my analysis:

oS usecrec-ArkMC:1 . 4 ALL RECO DATA Yield

[ Z_0#-0.500000_0.500000:1
-3 Z_1#0.500000_1.500000:1
[ Z_2#1.500000_2.500000:1
-[C]Z_3#2.500000_3.500000;1
- [C]Z_4#3.500000_4.500000;1
--[C]Z_5#4.500000_5.500000;1
-[C]Z_6#5.500000_6.500000;1
- [C]Z_7#6.500000_7.500000;1
[ Z_B#7.500000_8.500000;1

Ik charge;1

..... (psecrec HGHRG RECO DATA Yield

_____ [Cxsecrac-KTWIMC;1 - =

..... [C]xsecrec-tkTrigger;1 W/ TW AND TRACK

..... [ xsecrec-tue_cut;1

..... Dmcrec—trule_DETﬂ F i Ite r

..... [ FIT_vs_Msas:1

gt MC gen DATA Yield

{k Enemy;1

{k Charge_trk;1
E {k o _
{k Charge_purity; 1
{k Mass;1
{k Mass_True;1




Analysis procedure

To compute elemental cross section and angular differential cross section:

Y.

Bkg:
N "

P M

beam”
I J

target”

_ Y(Z)-B(Z)
") = N Nowam 62)

do

do

(Z,Q):

Y(Z,6) — B(Z,0)

Npeam Ntarget £y E(Z 5 9)

fragment counts
background source counts
n° of primary events

n° of scattering centers per unit area

efficiency
angular phase space




Analysis procedure

To compute elemental cross section and angular differential cross section:

Y (Z) - B(Z2) do Y(Z,6)— B(Z,0)

Z) = —(4,0) =
O-( ) Nbeam Nta.rget E(Z) da( ’ ) Nbeam Ntarget Qg E(Z? 0)

Y: fragment CouNts e — — ALL RECO DATA Yield

Zkg" kU SO oS e ___ RECO DATA Yield
beam*® N° Of primary events w/ TW AND TRACK

Ntarget: n° of scattering centers per unit area Filter

&E: efficiency

Qs: angular phase s

MC gen DATA Yield



Analysis procedure

1) Starting from a MC dataset of 10° events generated
by FLUKA to simulate detectors and beams

of GSI 2021 campaign. Z yield and Bkg sources
*g 105% [_Signal
e E Signal error
. . @ ~ []Charge bk
2)Yield of Z obtained from reconstructed tracks T 10t CITbg
* Exploiting charge reconstruction algorithm - 15_
* Exploiting tracking reconstruction algorithm 10°
* Simulating a “trigger” in order to consider
only fragments 107
I
10
3)Background obtained from MC cuts on:
* Charge algorithm mis-reconstruction 1
* Tracking algorithm mis-reconstruction
107 2 3 4 s 6 .

ALL RECO DATA Yield

Ratio between ALL RECO DATA Yield

RECO DATA Yield
w/ TW AND TRACK
Filter



Analysis procedure

4) Track efficiency obtained as:

5 1o
E(Z) L Ntrack(Z) =L 2
— r 2] =
Ntrue(Z) ks 3 § e
R ) =]
08~ 1 S
C ©
L [=3
0.6— 8
L o
where 04
« N, is obtained by tracking algorithm ook
« N, .are generated particles from the simulation T
with angular acceptance 0<8° ol | R | |
1 2 3 4 5 6 7

Ratio between ALL RECO DATA Yield
MC gen DATA Yield



First approximation logic

« ROOT file after DecodeGIbAna.cxx execution
Example from ROOT TBrowser:

El--a wsecrec-tkMC; 1

] [Z3Z_0#-0.500000_0.500000;1

. £5Z_1#0.500000_1.500000;1
_.[C7]theta_0#0.000000_0.500000;1
| Cytheta_1#0.500000_1.000000;1
Lk theta_;1
v 2 | need to sum events in histograms

[C7theta_2#1.000000_1.500000;1

[CQtheta_3#1.500000_2.000000;1 Accordi ng to the cross section
(Ctheta_4#2.000000_2.500000;1 | want to compute

[ theta_5#2.500000_3.000000;1

[C7theta_6#3.000000_3.500000;1 - M OC CAS I N

[C7theta_7#3.500000_4.000000;1
([ theta_8+4.000000_4.500000;1




SHOE organization

FOOT COLE

MC simulation
(ntuple format)

High Level

: * Fragments identification
Data
{Raw format)

' measurement.
Track reconstruction

Farameters
(ROOT ar ASCHII)

MOCCASIN &
Measurements Of Cross-sections Computed Analyzing SHOE Input Ntuples



MOCCASIN - first step

* The first goal is to recollect the specific plots of
‘ events according to requested variables.
* F.e. obtaining a distribution in Z
of events already distributed in theta for every Z

H‘a xsecrac-kMGC;1
e DZ_CI#-{I.ECIEICICID_CI.ECI{IEI[ICI:I

-3 Z2_1#0.500000_1.500000;1
_(Z3)theta_0#0.000000_0.500000;1 .
| Stheta_140 500000_1.000000;1 » Specific theta_ plots are then summed and
g;;_*::;‘:;;_m converted according to the requested variables
| [3theta_2#1.000000_1.500000;1 for final cross section measurement

[ theta_3#1.500000_2.000000:1
[ theta_4#2.000000_2.500000:1
[ theta_5#2.500000_3.000000;1
-[[7theta_6#3.000000_3.500000;1
.[[Z]theta_7#3.500000_4.000000:1

[ theta_8#4.000000_4.500000:1




MOCCASIN logic

* Python code
* https://baltig.infn.it/gubaldi/moccasin

‘ Final

Cros Sections
Plots

DecodeXsec.py




MOCCASIN logic

DecodeXsec.py

supersig = SuperEventManager(inFile, "xsecrec-",outFile,datasheet)

supersig.Write Histos("Z ")

supersig.Write bkg("Z ", ["trkMC","trkTWfixMC"])

—

supersig.Write Efficiency("Z ", ["trkTWfixMC","true DET"])

- n

supersig.Write Efficiency("Z
supersig.Compute migMatrixCorrectionZ("Z ", "Mi

-

supersig.Compute XSection("Z ")

supersig.Compute XSectionMC("Z " FH1a|.
Cros Sections
supersig.ThesisPlot("Z ","TESI MC Plots




MOCCASIN logic

MOCCASIN output

..ﬁgnutm}ﬁdudal.mnt

E-E5xseciec-1

Ela Histo_Z ;1

{k Z_AmRBEAL1 -
| g 2 ATRGHIMC; 1
..... . MigrationMatriZ-7_ tieGHfoMGC:1
| ZArue_eutt
| ZATRMC: 15000
..... l MigrationMatriZ Z_ trkMC;1
| Z e DET:
| hg Z_ATrigger;t 10000
{A Z_ AR TWEMC 1
..... i MigrationMatrdZ Z_ trTWIoC; 1
{k Z Background trkMC trkTWIMC;1 5000
| g Zbkg Yield thMC trkTWiMC;1
{k Z Efficiency trkTWixMG true_DET:1
{k Z Efficiency trkTrigger trkMC;1 0
{k Efficiency-MigrationMatrix-Z; 1

| g xsecst
PN from ALL RECO DATA Yield

25000

20000

\
0 1 2 3 4 5 6 7 8

[ Histo_Z_-theta_;1




MOCCASIN logic

MOCCASIN output

Z_
45000
40000—
..ﬁgnutm}ﬁdudal.mnt =
- rsecrec-1 35000 — -
- Histo_Z_:1 C
- |ga Z AKREAL:1 30000~
| g Z_ATRGHIME1 25000 -
..... . MigrationMatrixZ-Z_ trkGHfixMGC:1 -
“1 Z_-rue_cut;1 20000—
| Z_rkMC: - =
..... I MigrationMatrdZ Z_ trkMC; 1 15000
| Z_-true_DET;1 -
| hg Z_ATrigger;t 10000 -
| g, ZATKTWIMG: 1 E
’ - . 5000 —
..... . MigrationMatriZ-Z_ tricTWieMC; 1 C _ —_— S
{kZEMI‘ﬂUI‘IdII‘kaI‘kTmmi 0:I IIII|IIII|IIII|IIII|\\\\l\llllllllllllllll

|
| g 7 kg Yiekd MG IRTWIMC; 0 1 2 8 4 5 6 ’ 8
{k Z Efficiency trkTWixMG true_DET:1
{k Z Efficiency trkTrigger trkMC;1

| 1a Effcency MiratonatiZ1 from MC gen DATA Yield
| g st

{k sechCi1

[ Histo_Z_-theta_;1




MOCCASIN logic

MOCCASIN output

.F:[gnutmiducial.mnt
E-E5xseciec-1

B Histo_Z_;1
| g Z AKREAL:1
| g 2 ATRGHIMC; 1
..... . MigrationMatrixZ-Z_ trkGHfixMGC:1
| ZArue_eutt
{k Z_-tMGC;1
..... l MigrationMatrcZ-Z_ trkMC;1
| Z e DET:
| hg Z_ATrigger;t
{k Z_ AR TWEMC 1
..... . MigrationMatrixZ-Z_ trkTWHeMC; 1
{k Z Background trkMG trkTWHiMG;1
{k Z bkg Yiel trkMC tikTWFieMC; 1
{k Z Efficiency trkTWixMG true_DET:1
{k Z Efficiency trkTrigger trkMC;1
{k Efficiency-MigrationMatrix-Z; 1
{k xsec;i

{k sechCi1

[ Histo_Z_-theta_;1

4

from

Efficiency

08

0.6

0.4

0.2

0

Z Efficiency trk TWfixMC true_DET

W

Ratio between

For bkg

L
0

1 2 3 4 5 6 7 8
z

ALL RECO DATA Yield

RECO DATA Yield
w/ TW AND TRACK

Filter



MOCCASIN logic

MOCCASIN output

Z Efficiency trk TWfixMC true_DET

—

Efficiency

..ﬁgnuthﬂ}ﬁdudal.mnt
Ea xsecrec-1
0.8

Li—_|..al-ism_2_:1

{k Z_AmREAL;1

| g 2 ATRGHIMC; 1

..... . MigrationMatriZ-7_ tieGHfoMGC:1
| ZArue_eutt

{k Z_-tMGC;1

..... iy MiorationMatriZ Z_ trkC: 1 0.4
{k Z_-true DET;1

{k Z_+Trgger;

| ZATKTWIRMC: 1 0.2
..... . MigrationMatrieZ-Z_ trkTWiRaMC; 1

{k Z Background trkMG trkTWHiMG;1

----{kthg‘f'iEHtﬂ(MﬂtfkT‘i'ﬁxMC:i 0||||||||||||||||||||||||||||||||||||||||||||
....{AZEfﬁ:iencﬂrkWﬁmMGtme_DET:I 0 1 2 3 4 5 6 ! 8 Z
| jg Z Efficiency trkTrigger trkMC;1 4

{k Efficiency-MigrationMatrix-Z; 1

....{kmec;i

....{kmcl'.l'lﬂ:l

..... Hes from

i Ratio between a1 | RECO DATA Yield
(g Fio_Z_theta_ For efficiency .
MC gen DATA Yield

0.6

)




MOCCASIN logic

MOCCASIN output

Putting togheter all plots...

..ﬁgnuthﬂ}ﬁdudal.mnt

Ea xsecrec-1 f‘E' E
Ela Hista 7 -1 5 900 & Cross Section Reco
{k Z_AmRBEAL1 800 g;;::i:::gm
| Z_ATKGHIDMC: 1 ¥
..... . MigrationMatriZ-7_ tieGHfoMGC:1 700
| ZArue_eutt 600
{k Z_AMC;1 500
..... l MigrationMatriZ Z_ trkMC;1
{k Z_-true DET;1 400
| hg Z_ATrigger;t 300
{k Z_ AW TWIMC; 1 200
..... . MigrationMatricZ-Z_ trkTWdC; 1
| ja Z Background tKMC IrKTWIXMC: 1 100 e S e
| g Z bk Yield trkMC trTWIMC: 1 o
O =E
| j Z Efficiency trkTWfMGC true_DET:1 = '5E oS
— 11E

{k Z Efficiency trkTrigger trkMC;1 9 iosE i : i )
| ja Efficiency-MigrationMatrix-Z;1 c BT . ! 1 T :
| g XseCi 0032 ; !
| g ¥secMC:1 0sE ' ' ' ' ' ‘ ‘

Heez 1 2 3 4 5 6 7
..... - Z
..... D e
..... D cin
..... D cdl

[ Histo_Z_-theta_;1

27




MOCCASIN logic

* It is possible to add dinamically new efficiencies
« It is possible to add other subprocesses (es unfolding)




It is possible that every bar layer of the TW is hit by more than a fragment at the same time:
multiple hits / ghost hits mis-reconstruction

Migration MatrixZ,__vs Z,.,

24000

2000
0

o
A\IHlHI\llHI‘\HI‘\IHl\IHlHI\lIHI‘\HI‘\IH

22000

- 20000

18000

16000

14000

12000

10000

8000

i - 4000
ol b b b b b b b
I S R S S - E )
i

Ap plyi ng TW cut: Migration Matrix Z - after TW cut

Matrix more diagonal e 0 24000
9 22000
sé— 20000
E 18000
= 16000
; [ 6;_ 14000
ks 3= 12000
e 10000
35_ 8000
= 2 6000
2? 2589 4000
= 2000
OE\\\\‘\\\\‘\\\\‘\\\\‘\\\\|\\\I‘\\I\‘\I\\‘\\\\‘\\
1 2 R 56 7 g9 i

Ztrue



Reconstruction, Track Algo

However, due to the presence of a lot of secondary fragmentation, some points can belong
to other particles.

Reconstructed track:

Wrong points collected in the track

The Mcld of the track is given by the most present particle in the collection
However, if the TWPoint is of another particle - its Mcld is different
- filter out all the tracks in which Mcld,__, # Mcid

TWPoint







h_theta_before_fitting

h_theta_before_fitting h_theta
L Entries 468630 h_theta
10° Mean 0.1614 I Entries 321275
StdDev  0.1601 10° Mean  0.1207
E StdDev  0.1217
10 10“;
10° = 1035_
102;— 102§
0L e
C 1:_
= E | - | ‘ 3t 1 | | S A - H \’_L‘\ Ll ‘ Lt i | T |
e ’H“.I;H.II. 0 i 2 3 J 5
0 2 4 6 8 10 12 14
Possible vtx tracks - Selected tracks for glb reco

(No study of match between vtx track and tw point)






Implementation of Unfolding

—|— Unfolded data yl | J
[ —}— Experimental data
L X — '1
J 1 I
10* — asrol-
B * Little variation
i because the migration
L matrix is very diagonal
10
9:_ 10*
L oE
4‘—,—.— = 10°
ok
103 j assui\m‘HH‘HH‘HH‘\H\ \H\‘HH‘HH‘HH‘\H\ 52: 10?
L | | | | ‘ | | | | ‘ | | | | ‘ | | | | ‘ | | | | | | | | | | | | | | !
1 2 3 4 5 6 7 8 °F o
£
E
Thanks to Sofia C. T S S A R

E Xl FOOT Collaboration Meeting _
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