/ and A reconstruction with MC simulations
In GSI12021 setup

Aafke Kraan (INFN Pisa), Giuseppe Battistoni (INFN Milano), Silvia Muraro (INFN Milano)




Introduction

There are several questions to answer before going to GSI:

* How many primaries do we expect to use for the next physics run?

* How to divide them over the 2 targets? Should we collect the same amount of statistics for both targets? Not a priori
clear, since targets have different densities and cross sections, and cross section on H is obtained through subtraction

In order to optimize data taking at GSI with 2 targets, we have to keep in mind:
* The cross section subtraction technique
* The limited amount of time available

Last time: Reco results with 12C beams and preliminary MC truth results with 160 beams

TODAY: update of analysis with 10 beams
* |Issues about needed statistics to be collected (see also todays’ presentations by Roberto’s and Giuseppe)
* A-reconstruction by ToF and Calo measurements: some things to consider

WARNING: results here should be seen as just a first look and not well checked



CNAO2020 setup: MC statistics used for evaluation

MC statistics used for evaluation
e 160 at 200 MeV/uon C e 160 at 400 MeV/uon C

* Triggered

106 primaries
37721 events in file
5 mm C target
rho=1.83 g/cm3)

160 at 200 MeV/u on C2H4

Triggered

27677 events in file
106 primaries

5 mm C target
rho=0.94 g/cm3

triggered

106 primaries
36093 events in file
5 mm C2H4 target
rho=1.83 g/cm3)

160 at 400 MeV/u on C2H4

Triggered

27900 events in file
106 primaries

5 mm C2H4 target
rho=0.94 g/cm3

All files: triggered events: inelastic interaction in target



Cross section formulas

* Reminder: cross section for production of fragments i on target (neglecting efficiency factors)

Y. A With:
_ Tig t ~ . . )
= (1) 0 ¢ = cross section to produce fragment i on target t [cm~]
N, Ny pe 8¢

Y; ¢ = Number of fragments of type i [ ]
A; = molecular mass of target [g mol™]
N, = number of primary particles [ ]

* This CNAO data taking: N4 = Avogadro’s number [mol]

p; = density of target [g cm3]

&; = thickness of target [cm™]

Oi ¢

e Cbeam on Ctarget
e Cbeamon C,H, target

Yi,C Ac Yi,CzH4 AC2H4 1
Np N, pc 56 (1a) OiC,H, = (1b) Oi H = Z (O-i,CzH4 — 20-1.’ C) (2)

O; ¢c =
’ N, Ny pc,u, 5CZH4

* What we did: derived formulas for cross section errors and relative errors analytically to have a-priori
estimates, and then verified them with MC simulations with N,=10° primaries: oxygen



Fragment production from 0 @200 MeV/u: yields

Z of fragment i Yi ¢ Yic,H, Yii;; Starting with N,=10, how
1 24802 16789 1.8 many have inelastic
interactions?
2 31189 23290 1.34 From MC simulations:
3 3692 2624 1.41 * Carbon: about 3.8%
4 1742 1276 1.37 * Ethylene: about 2.8%
5 2074 1783 1.16
6 4104 4197  0.98
7 5054 4340 1.16
8 3042 3403  0.89

* These yields from MC are roughly in accordance with what we found for 2C
* More fragments expected for carbon target than for polyethylene target (remember A and rho!!)
* Ratio between Cyield and C,H, yield varies with Z



Fragment production from 12C @200 MeV/u: relative errors

Z of fragmenti Aoy Aoic Adiy Adic
* If N, for the C,H, target = N, for the C target, we obtain: Oin Oic OLH  9iC
oig 033 oic o 2 1.79 0.57 3.2
. . 3 5.79 1.65 3.5
* The numbers in second and third column are larger
than what we derived from 2C. This is just because 4 /.89 2.40 3.3
we ran on 10° events instead of 107!! 5 5.37 2.19 2.4
* Fourth column is in accordance with what we 6 2.96 1.56 1.9
derived analy’FlcaIIy | . 3.45 141 5 c
« Same conclusion as for 12C: relative error on H target
. 8 3.06 1.81 1.7
is large
. _ Agin Ao c
* If doubling N, for the C,H, target w.r.t. C target, we obtain: P 2.5 o
AO",H Ao;
* If 4 times N, for the C,H, target we obtain: =~ 21—
OiH Oic

probably doubling N, for the C,H, target w.r.t. C target is enough



Fragment production from 1**0@200 MeV/u: cross section

So, let’s derive the cross sections for the case where we have:

Cross section [cm? (GeV/u)™]

C target: 10° primaries
C,H, target: 108 primaries
.= Cross section carbon target =21
§ —7=2
1028 ", N
107 E _._..-o-o-"'::’ -0-:-. :::-..'.'-o-_.__._ —Z=4
i'-.’- - ¢ : 3 ‘e Cee =5
10—25 _.-0- - - ....’- _._-.-... |
?f’ w* + *, **1 z=6
10k ﬁ# A¢ 1’ ﬁﬁ
1070005 01 015 02 025 03 085 04
Enucleon [GGV/U]

C,H, cross section is largest.

Cross section [cm? (GeV/u) ]

Cross section C,H, target —Z=1
102
8 RN —Z=2
sl S o eg
10 ® ? t*t... sosed ..—tx'.'_._ Z=3
10724 E‘_ .._-o-...-o-'.' -® % . . "',.__._’ —7=4
e e e s cer t.. Tte-75
25 -
10 EE o ’._._ - ’.._ Z=6
I > - -
1072 + +
10*27;—
10723_” Lol Cl ] [P AR R
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Enucleon [GeV/u]

Errors: heavier fragments have large errors

]

o

2
R

1 0—23

1072

1 0~25

1 0—26

10°%

Cross section [cm? (GeV/u)™

Extracted cross section H

Z=1
E
E —7=2
§_ e Z=3
e EpCae X T
F o e " ’*’ Z=5
LS d - b g >q
AT TR S T =
éTI T * + T+ +
E e * * -
10723:.‘.\..‘.\‘.‘@ PN I ] RIS R B P
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
Enucleon [GGV/U]



What numbers do we expect at GSI?

* Assume that we take data at low intensity: about 1000 primaries/s in the spill 2 given that the duty
cycle is 50%, about 500 primaries/s

* Firing 107 primaries would take 107/500 s, i.e., 5.5 hours... (shift is about 8 hours)

* As said before, run with C,H, target with double number of primaries

N, for Ctarget | N, for C,H, target Total estimated run time

5x106° 107 2.7+5.5~8.2 = 8 hours: ok

* Summarizing:
* we need more primaries for the C,H, targe;c than for the C target
* Given the slow decrease of the error on T' probably for a given energy we can point at n*10° primaries of
C and 2n*10° for C,H, , preferably with n NGt too far away from 5.
* Or double target thickness (see Giuseppe’s presentation)
* Largest relative errors on cross sections for larger Z (say Z=3)



Isotope Identification and A reconstruction:

overview See physics meeting May 5

Goal is to do a combined TW+Calorimeter analysis in order to extract
* Areconstructed vs A true: how good are we in detecting a given fragment with true mass A ?

e Zreconstructed vs Z true: how good are we in detecting a given fragment with true charge Z?

MC truth TW MC truth Calo analysis: MC local reco TW MC local reco Calo analysis:
analysis: Evaluate crystals fired in analysis: Evaluate crystals fired in each
each event and what energy Evaluate bars fired in event and what energy

Evaluate bars fired in
each event, dE
TOF, A truth, Z truth

2 1 4

each event, dE

TOF, Zreco ‘ !

Airue and Z e in “good” TW Areco and Z,., in “good” TW
positions, i.e., TW positions positions, i.e., TW positions
with a crystal behind it ith a crystal behind it

COMPARE event per event in a fired (true) position



Analysis MC local reco . .
See physics meeting May 5

« Determine energy and TOF in front and rear bars .
starting from TWpoints. =

» Select only positions (a crossing between a front
and a rear bar) that are associated with bars with:

e >=1 MeV in Front bar: fired bar
e >=1 MeV in rear bar: fired bar j:!:

» Verify for that position the front-rear consistency:
|Er — Egl
(Er + Eg)/2

< 0.05

* |If position passes, call it "fired position’ EEEEEEEEEEEEEEEEEEEE

* For’good’ positions (calorimeter behind),
evaluate associated calorimeter deposit (see

/0 Z: estimate from Bethe-Bloch formula (good cross check for\

next) TOF and DeltaE calibration!!)
e Store a global event reconstructed value for A e A:reconstruct it from E
and Z for that position  Strictly speaking, should A — calo
« Makes only sense when 1 fragment be Gamma in calorimeter 931.5(y—1)
passes per position (see slice 10) * Look in more detail at Z and A formulas



Analysis to obtain calorimeter deposits

See physics meeting May 5

* MC reco:
 Starting from Clusters, in each event fill 9 crystals (threshold 10 MeV)

* Checked for a fired TW position which crystals can be associated to it
(neighbours), examples below

* Sum the energy of the associated crystals in each event
 Threshold 10 MeV (tested various thresholds)
* Then we have for a given ‘good’ TW position the calorimeter energy

e Same for MC truth but started from TAMCntuhit

2 5|

iu o




MC truth: Zin TW (all positions)

MC truth TW: Z true all POSitngfC o MC truth TW: Z from BB without correcting
7000~ Entries 25749 . MCtru e_2Zscn
Truez SidDev 2535 * Evaluate AEscy 3 v, 4292
soo0f- * Evaluate beta from 3 Std Dev 2.603
- L/TOF o
sooo;— e Zfrom Bethe Bloch: oo— Large!
2000f~ f(AEscy , beta) “E
oo~ I I * Only intrinsic physics ~ “f
%F,“.1,,,,2.“,3,,.,!..,,5,,..6,,,,7“,.8,,,,;.,,,10 uncertainties Zozoz_{éLé\ﬁsﬂﬁ AT | O |
target AEsy beta=L/TOF gives average
velicity somewhere in air
between target and TW, but in
L reality beta is smaller at TW
entrance in front plane, and
even smaller at entrance in

rear plane!! - overestimation
(especially at high Z)



MC truth: Zin TW (all positions)

MC truth TW: Z with beta from L

: i h
MC truth TW: Z with beta at the and TOF, but energy loss corrected

front exit: perfect situation

* Evaluate AEgy Evaluate AE o
S e Ev
 Evaluate true beta MCtrue_Zscn aiuate Btscy wE MCtrue_Zscn
. . . ook Entries 22749 e Evaluate beta from ™ Entries 22749
in at exit of first : Mean 4.243 L/TOF ool Mean 4.205
TW plane : StdDev 2548 P pion e | = Std Dev  2.551
reo0f- . correction for |
e Zfrom Bethe Bloch .} lost in ai e
* Only intrinsic aoof-— ENergy ostin all o
1 600:— ® Z frOm Bethe BIOCh 600f—
physics : . :
" o0~ e Only intrinsic so0f-
uncertainties 3 _ F
GE‘ nil xJ[L;;;ﬂx;..A;;x;ﬂ;.x;l FErE Y | L "EErEy | L "I B phySICS : !
oot r e N uncertainties S
Now ok... But
experimentally
target AEscy . target AEcy
not possible!
Should add
energy lost in
air
; “\\ . I
Beta B
here eta

here (?)



MC reco: Z (all positions)

MC reco TW: Uncorrected Z

MC reco TW: corrected Z2

‘ Evaluate ABsen “E Er':/tlr(li: co_zfofensz * Evaluate AEsqy i E,}'{,Tém
 Evaluate beta from roof-- Mean 4249| o Evaluate beta from  ™F Mean 416
L/TOF ol Std Dev_ 2.386 o 6005_ SHDay 235
* Zfrom Bethe Bloch e - Add correction for =}
3 energy lost in air wE
::: « Zfrom Bethe Bloch
%: ~ Ok central value! J\'“AAJ\A“/\A\
(what happens ]
with O? Ok central value!
Too large (what happens
target AEgcn target AEsc with O?
L I Add estimate
Beta Beta for energy lost

? . .
here (?) here (?) in air



MC reco: Z in good TW positions

MC reco TW: Uncorrected Z Ok central value! MC reco TW: corrected Z
 Evaluate AEy (what happens gy 5juate AE¢cy : — oot
* Evaluate betafrom . with O?...) Evaluate beta from | Sabev 1691
L/TOF Std 726 ] L/TOF ;—

e Zfrom Bethe Bloch @ 5 A EE e G

energy lost in air
» Zfrom Bethe Bloch

73
nlnnInulnlllnnTnnlnulnlllnnln

beta is higher in 1
TW = too high Z O(k ;er;t}:al value!
what happens
target AEgcn target AEgc with O?
L1 L I Add estimate
Beta Beta for energy lost

here (?) here (?) in air



MC truth: A in good TW positions

MC truth TW: A true in good
TW positions

True A - MCtrue_Atrue_cen
e Entries 5736
- Mean 13.23
2500 p—
- Std Dev  3.182
ZOOOE—
1500
1000:—
5005—
0 P S I PRI G | I I I l 1
2 B

6 8 10 12 14 16 18 20



MC truth: A in good TW positions

- N MC truth TW: A from formula in yellow —| MCtrue_ Acalc_cen
* Evaluate AEgcy Entries 5736
* Evaluate beta from 200
or 0 Mean 12
True A / Std Dev  2.948
 Evaluate Ecal as before 100
(from crystals) 140
e Afrom 120
100
_ Ecalo &0
93 1.5()/ — 1) o0
40
* with gamma from beta 20
00 2 B 6 ] 10 12
target ] Average beta between target
and TW is not the one in
calorimeter




MC truth: A in good TW positions

MC truth TW: A from formula in yellow MCtrue Acalc cen
: E"a:”ate ﬁESCNf soobl Entries 5736
Eva uate eta foAIft E i - MCtrue_Acalc_cen Mean 12.78
True A L/TOF so0f] ' Eros 5706 StdDev  3.19
e Afrom - iz Std Dev  0.06739
_ EcalotETW N
931.5(y—1) soof- -
. 200}—
* with gamma from beta -
100f—
r: 2 2 A a2 2 2 lll
OO 2 - 6 8 10 12 14 16 18 20
AEscn Add TW energy brings us closer to
the real kinetic energy lost by
target fragment.
L But still not perfect, energy lost
also in air




MC truth: A in good TW positions

MC truth TW: A from formula in yellow

e Evaluate AESCN
* Evaluate beta from

True A L/TOF
e Afrom

— Ecalo+ETW+ Ecorr
931.5(y—1)

* with gamma from beta
e E corrcorrelated to TW
energy (no details)

AESCN

aw :i e e e s

MCtrue_ Acalc_cen

708

60y

S0

400

MCtrue_Acalc_cen

Entries 5736
Mean 14
Std Dev 0.1274

o 8 8
T

s

o

&

s

o

;L

©w

<k

2

300

200

100

0 L

llllllllllllllll I EEEEEEE]

0 2 + 6

target

Entries 5736
Mean 13.01
Std Dev  3.265

16 18 20




MC reco: A in good TW positions

MC reco TW: A from formula in yellow

e Evaluate AEgcy small MCreco_A_cen

E— - Entries 2904
* Evaluate beta from 0= .F Envies 004 Mean 12.33
- ean . Std Dev 3.457
True A L/TOF ::;_ :Itd Dev 0.1146;;
« Afrom W
_ EcalotETW ool ™
931.5(y—-1)
150 -
* with gamma from beta 100—
50 f—
0 ™ ' l 'l ' '
AEscy ‘ 18 20
target : Uncorrected for loss in air




MC truth: A in good TW positions

MC recoTW: A from formula in yellow [ —

MCreco_A_cen

* Evaluate AESCN i
Entries 2904

e E corr correlated to TW
energy (no details)

* Evaluate beta from 00 | . Enres 004
L/TOF ZWE Mean 14.99 Mean 12.56
True A . Std Dev  3.529
 Afrom o g
Ok!l - N
A = Ecalot ETw™ Ecorr — | \L
150 .
* with gamma from beta m:_

50
AEscn % 2 4 a 8 mAR 14 X‘lﬁ‘ 20
target — =
L A = 4 Resolution ReA;o_I %c'lon Reiolu%c?on
roughly 0.14 MeV utl
= roughly 0.22 MeV | roughly 0.16 MeV




MC truth: Z and A cross feed (with correction)

In good TW positions

MC RECO: Reconstructed A vs true A MC RECO: Reconstructed Z vs true Z
. 20 Areco vs Atrue . o 7 reco vs Z true
@] - —_ -
(&) - O -
o 18 S 9F
™ 16} —
S ™ g o
O - 10° O . 10°
s S o ]
<< 10 =
- | N 5¢
6l 10 s 10
: i + |
4 oF-
- ] l ] -
0 T S 1 O_lllllllllllllllllllllllllllllllllllllllllllllllll 1
0 6 101214161820 0 1 2 3 4 5 6 7 8 9 10

A (MC truth) Z (MC truth)



GSI 2021: in good TW positions

Charged
secondaries <
produced in

target arriving
at TW vs CALO

MC RECO: true A vs true Z

U

na

"a

141 o
12 M-
10— 87

sE

£

of

161
1357 1678
659
84

OO

160 @200 MeV/u — C2H4 target — 10° primaries

10

10?

10

160 @200 MeV/u — C2H4 target — 10° primaries

<

MC RECO: Reconstructed A vs reconstructed Z
20r e .
18F-
16F-
14f-
12}
10F-
sb-
61
af-
of
%

 Seems we loose too much,

check...




Conclusions

1. Updated CNAO2020 analysis to GSI2021 analysis (new_geom)

2. Physics considerations still valid: we can point at n*10° primaries of C and 2n*10° for C,H,,
preferably with n not too far away from 5.

Consider possibility to use target of 1 cm for C,H,

4. We had a first look at A reconstruction with 9 calorimeter crystals, GS12021 setup, 200 MeV/u 0
on C target

5. Run on other files, improve and clean analysis, understand reconstructed hits and TW points, ..........



