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Last update (MC vs runs 7029-7077)
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Selection on Z and cluster position
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After the energy equalization, the shift in (X,Y) is <0.1 cm
for 80% of the clusters — threshold on cluster selection.
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Selection on good-calibrated crystals
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Best-fit MBF parameters for p have wider dispersion than for C - further selection on crystals.
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What changed since then?

v TW @ CNAO2024 is now fully calibrated (thanks Marco and Pisa group) - TOF and Z are now reliable, with known
efficiency in Z identification.

v Yun took care of TW-CALO alignment (to be perfectioned);
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v TW @ CNAO2024 is now fully calibrated (thanks Marco and Pisa group) - TOF and Z are now reliable, with known
efficiency in Z identification.

v Yun took care of TW-CALO alignment (to be perfectioned);
7 | have re-computed calibration parameters for p, by setting the following limits:
Po(C) <po(p) <0.1

P1(C) <p:1(p) <0.2
P2(C) < p2(p) < 4e-04
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What changed since then?

v TW @ CNAO2024 is now fully calibrated (thanks Marco and Pisa group) - TOF and Z are now reliable, with known
efficiency in Z identification.

v Yun took care of TW-CALO alignment (to be perfectioned);

7 | have re-computed calibration parameters for p, by setting the following limits:

Po(C) <po(p) <0.1
P1(C) <p:(p) <0.2
P2 (C) < p2(p) < 4e-04 120

100

v New functions for calibration of CALO hits and TW-CALO 80
matching were implemented in shoe - ready for the merge.

140 MassDistr_Z2

Entries 2954
Mean 3.294
StdDev  1.363

60

* CALO calibration is performed via power-law functions, and

can be enabled in the .cfg file (validated for CNAO2024 only!); 40
« TW-CALO matching is done for all clusters right after 20
computing their position (and not with one clusters at once,

since it was leading to|misidentification). 0




Calibration parameters distribution for p and C
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Calibration parameters distribution for p and C
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Calibration parameters distribution for p and C
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Correlation between MBF parameters
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There is evidence of a correlation between parameters p; and p:

in Modified Birks Function (MBF):
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To keep in mind

>> In the following analysis, all previous cuts will be removed
- only non-fully calibrated clusters (19/320) are excluded.

>> |n all comparisons, distributions are normalized with respect to the total number of entries.
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Normalized mass distributions - data vs MC
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Normalized E, distributions - data vs MC
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Normalized B distributions - data (7072) vs MC INFN o e
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Selection: cluster size=1
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Selection: cluster size > 1
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Selection: cluster size > 1
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Selection: cluster size > 1
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Selection: cluster size > 1
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Arec vs Anom

AHEC [U]

1 1.5 2 2.5 3 3.5 4
ANnm [U]

For Z up to 4, Arec / Anom ratio is = 1.

I N F N Istituto Nazionale di Fisica Nucleare
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Considering peaks from Z = 1 to Z = 6, Lorentz factor
overestimation leads to an underestimation in mass.

However, linear correlation still works.

AFtslc [U]
T

12 5
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Resolution vs A
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4 %2 / ndf 2.315/2

Mass resolution gets closer to MC predictions with increasing A. 5 i s 1.104 £ 0.3099
o 35k N 0.001194 + 0.03355
E c 0.8292 + 0.2531
3
— F 2
F 16— s +C?
% - 25E > %
. 14— 20
- 15l ¢
12— i
: 0.5:—
1D_— =
B Do_' "oFsl :1|5 - 2|2|5 - ':L,”"s.ls' - 'al,'
8_— E [GeV]
6 Data acquired during CNAO2024 were fitted
C with this usual 3-parameters function, in order
- to obtain a resolution vs E function
oL - sSmearing applied to MC hits.
. s e [ T |- Red points were considered as “outliers”, since
A [U] affected by larger systematic error due to beam
sharing.
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The case of C

900005 "
SDOODE E Z = 6: clus size > 1 : ,|
E 0.1 Data
70000 r — MC
e What about the
..o | Peakon the left? The small peak on the right
= N\ . IS quite entirely related to
40000 004 PR . .
g N . / 1\ events with cluster size > 1.
30000: oozk
200007 / i o N
100005 H_rr-i_l % 2 4 6 8 10 12 14A[u]
E el wﬁ“"--ﬁ_..
00 2 4 6 8 10 1 14
Alu]
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The case of C

900005 "
80000% i 1: é:‘:: Cussizes 1 ,|
70000 - —
otoe What about the
e | PEakon the left? The small peak on the right
mm% N\ n IS quite e_ntirely relatt_ad to
g N g / 1\ events with cluster size > 1.
30000: oozk
200005 / B o Il"*m.
10000; H_rr-lll_l GU ZW-_4 6 8 10 12 14A[Ll]
E il ‘-F\‘I""""ﬁ—-
00 2 4 6 8 10 1 14
Alul
1200~ 1600 — -
- 1 Most of C fragments are 1400 e
1000 'mp'n%gg olrgl:rylségls 133, — Let's focus on crystals
. ' 00 202 126 127 128 135 136 137 - 181 and 182.
— 1000 —
A 129 130 131 138 139 140 r \
600/ f 132 E Red: clus size = 1 selection
wob 180 oE — Blue: clus size =1 +A<10.5
: ore ey P 00 - excess of events in 181.
2001~ 200
- 1861871 CALO ;
bl ;ﬂ' L ‘13(0‘ L. s S center 078775780 161 182 183 184 185 186 187 188

26



Istituto Nazionale di Fisica Nucl
The case of crystal 181 INFN Gt

The following results come from a sample of 15k events in run 7072.

800

= x2/ ndf 40.27 /10 100— —ADC_181_cut
- Constant 730.8 +12.8 [ | pires 12;2
700L- Mean 2028 + 0.6 " | st Dev 26 04
s Sigma 36.37 £ 0.65 80— | ¥2/ ndf 18.42/10
600 — L | Constant 904+ 4.0
C L | Mean 2474102
500 — || Sigma 4.325+0.240
E 60 —
400[— i
300 40—
200 i
u 20—
100 i L‘
O:‘\I\I‘\I\\l\\I\l\\\\‘II\I‘\\\\'\II\'\\I\‘I 0_‘ﬁ il | I”M"mh|"|“I ool J“I’_‘M'_l"fl—l]h| Ll | F‘leﬂuM’LﬂLﬂ\ L
1850 1900 1950 2000 2050 2100 2150 2200 2250 0 50 100 150 200 250 300
Energy [MeV] Amp [mV]
The average energy of well reconstructed Signal amplitudes in ch181,
12C fragments is = 170 MeV/u. events with clus size = 1.
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The case of crystal 181

ADG [mV]

From crystal 181 calibration curve, one would
expect a higher ADC response @ 170 MeV/u!

600

550

500

450

400

350

300

250

200

150

1500 2000 2500 3000 3500 4000
Energy [MeV]
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Amp_Tcorr_ch181 Amp_Tcorr_ch181
histocione_115_181 histoclone_200_181
450~ Entries 5922 400— Entries 7753
E IL Mean 163.6 s Mean 3191
400 i StdDev  34.62 380 StdDev  58.54
350 E
E M 300F-
300 E |
E 250 |
250 E |
E 200 ‘ )
200F E
E 150~
150 ! E
E 100
100 £
E i3 - \
=y Attt dunpriga | L ob SR A W L
] 50 100 150 200 250 100 200 300 400 500
Amp (mV) Amp (mV)
Amp_Tcorr_ch181 Amp_Tcorr_ch181
histocione_260_181 histoclone_330_181
r Entries 3545 70— Entries 2819
r Mean 406.7 E Mean 505.4
100— Std Dev  95.53 £ StdDev  131.2
L 801~
80— sol
L | o
60— 1‘ 40
L | 30~
40— 1 E
r 20—
20— ] E
C 10
I {}
!
0 (7 ot T a1
0 100 200 300 400 500 o () % 100 200 300 400 500 600 700 _ 800
P Amp (mV)

Crystal 181 is also one of the few ones showing good
quality C calibration points from 115 to 330 MeV/u.
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The case of crystal 181
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% - e Ch.D:133 For fragmentation runs 7029, 7030, 7031, 7032 (18-19
g8 "E ! Ghip et Nov) and 7072, 7076, 7077 (19-20 Nov) | have:
= = ¢ Ch_ID:
g e e - computed the average *2C energy;
EFI 5 - evaluated the expected signal amplitude from crystals
o of . . . . 133, 134, 181, 182.
2 oF : H : : . . .
s Deviation from expected signals is within 2% (or even 1%) in all
b cases, except for crystal 181 and only starting from run 7072.
_152_ : | MassDistr_mult1_Z6
E [| Entries 9953
e e e S 1000 Mean 1072
physics runs | | StdDev  1.206
T 600 800; - - -
S we | Ch181 —run 7032 i C distributions for run 7032
sof- sool_ compared with run 7072,
wsoE- - with cluster size = 1.
3
2503— 200;
OB Olab e L T ‘ ol
1500 2000 2500 3000 3500 Enen%uyu[?\mV] 4 [ 8 10 12 14
A 29



The case of crystal 181

- ADC(E)] / ADC(E} [%)]

[ADC
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= e ChID: 133 Let's include also crystals 180 and 184, which, together
s e &h B 180 with crystal 133 and 182, are neighbors of crystal 181.
ol * &g With the exception of 133, these channels share:
=
E - same module (21 in HW numeration);
o= 5 g g ! s S : - same WD board (106) - but different channels;
5 - same channel for LV and HV supply;
-mf—
= In spite of this, a deviation from the expected ADC
e response only appears in crystal 181
L L T S o T - wrong clustering to be excluded.

physics runs

Note: after the 4" fragmentation run (7032), crystal 181 stops contributing to 2C peak energy
- expected peak response from other channel is less disperse.

30



' Istituto Nazionale di Fisica Nucleare
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| have tried excluding applying a threshold cut on CALO cluster hits (discarded if amp < 20 mV).

2500_ .................. ........................ , ........................ ........................ , ........................ ,\ ............ E
L g g : : : : : 2000 '
B : : - Z= = Z=2
N 5 5 5 — 7029-7077 18001 — 7029-7077
2000 —-{lI-— - ........................ .................. — 7029-7077 + cut ............ 1600F —— 7029-7077 + cut
N 14001
1500 — 1200F
N 1000
1000 — 00
: BOO— ...................... R R o s e
500_ 400 i " ........................ _ ........................ ........................ _ ........................ __ ............
: 200 e ........................ ........................ ........................ ........................ ............
. : : : : : :
00

* However, small improvement in p peak comes at the price of a mass underestimation for d,
* no significative difference for Z = 2;
- from now on, no threshold / crystals cut is considered.
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Runs & clus size selection effects: Z=1, 2

H, Clus size = 1 H, Clus size > 1 He, Clus size = 1 He, Clus size > 1

= T T T T 016 i i i
a L f Z=I.c|uss;ze=1 014: Z=1:clus size > 1 Z=2 clussize =1 i E H Z=2:clussize > 1
E —— 7029-7032 E —— 7029-7032 —— 7029-7032 e o : —— 7029-7032
[ e 0.12F e — MC F — MC
Fo F 7 T i o12f— : T
0081 01 : i : F i i
L C nl_ i i
006111 n PR .08 i . r ‘g
: | night -] night Inight | e - Lnight
.04 il 0‘06: J . ﬂﬂﬁ; g
:IJ H{Q” 0.0 1._."I L 0045 i
0.0: L C ]:1 : F . .
H b E 0.021 J|_|_|‘"|.r [ﬁ]{q_ 002:_ _____
o I 4 5 5 7 9 o 2 3 p ﬂ;—u e R o é I I o - - : =
Al Al 10 12 14A fl ] 2 4 6 8 10 12 MA Iy
T 016
0.14 + £ .
L J' Z-1,clussize=1 r Z=1:clussize > 1 B Z=2,clussize =1 £ Z=2:clus size > 1
0.1 — 70727077 ik — 7072-7077 o1 —— 7072-7077 014~ —— 70727077
C — MC - —— MC F — MC £ — MC
L r r T 012
0.08 o 08— .
L F L : H o1f-
0.8 |I f : DDQ: ] . 08 T < ht oo8r- S S—
AN | night Il_night SN I night g Il night
0.04 F IJ— 04— i : 0.08— :
i) AL : | | o — |
002 ! ok 0 11' L R 1 RN U S ST SuS— E
H I I L[I:D'D'L - : 7 FYCIR— S o f
Gh‘ibbmﬂ-" b i B 2l taall o e ] w T S B of ._“Q“'ﬂ-.-»-a._m» N
o 1 2 3 4 5 6 7 8 o 1 2 3 4 5 5 7 8 4 5 B 10 12 o 2 3 6 10 Tz

14
Al

* For clus size = 1, peaks from runs 7072-77 (Il night) look more centered on MC prediction;
* For Z = 2, no significant difference between clus size = 1 or > 1.
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Runs & clus size selection effects: Z=3, 4

Li, Clus size=1 Li, Clus size > 1 Be, Clus size=1 Be, Clus size > 1

Z= 3.: clus size = 1 o
.. 0297032 -
— MC

nlght ] om

Z= 4:clus size > 1
— 7029-7032
— MC

Z =4, clus size = 1 : H
— 7029-7032 0,05 i i
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70297050 R .05
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* Peaks from runs 7072-77 (Il night) look more centered on MC prediction;
* For clus size > 1, low statistics for Z = 3, 4.
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Runs & clus size selection effects: Z=5, 6

B, Clussize=1 B, Clussize> 1 C,Clussize=1 C,Clussize>1

- z oot : . . g ' I oAy
L Z =5, clus size = 1 E Z=5:clus size > 1 : : H 0.18[- Z=6,clus size =1 = Z =6:clus size > 1
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r R E J— i 0.14 N r
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. E : . : : £
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i 0.04F : ) : 0081 1 nlg it L I ni 1t r|n]1
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02— B W 002 ,J l\
o01F— 002 ﬁﬂd = M~
= C = L
0 F"J;ahlk- P 1 Iy l-"“-‘k i o ok L o ] L
0 2 4 14 ] 2 4 3 8 10 12 4 0 2 4 6 8 10 12 14 0 2 4 3 8 10 12 14
Alu] Alu] Al Al
o1 T 0.08 : : - E : i 0.1 2
= Z=5,clus size=1 Z="5:clus size > 1 0.16 - Z =86, clus size =1 = Z = 6: clus size > 1
L Tor2.7077 0.08 . 7072.7077 SIS 0 | IR SOTSPE SO B 0727077 i T072.7077
N J— : : 014 J—
0.08[— - Mc - 0.07 : MC ; y E Mc 0.08- MC
L ' : o.12F I L
0B b ................... 0.1F 0.0 -
r - H - -
L ht E I.-n t F . ﬁ
: 0.08 L
-l night : H-night Il night
0.04 ) 008] L ‘)f |.l
- ; i 0.04F C
002l— . i : : : E I 0.02-
r : ] y . NI SRR S T S 0.021 L
: - k- RO E 4 4 S DSl o g o
o Wm‘ ] i of A..-.v-‘H-J;iil-._-u_.“Lm = al ub f,; < + . - BT~ ” % o r 6 8 10 12 14
0 2 4 B 8 0 12 mﬂ I, Al Al Alu]

* For B, | night peaks are more centered on MC simulation, but Il night peaks have better resolution - (?)

* For Z = 6, | have excluded crystal 181, visible shift with clus size = 1 - possible calibration effect impacting on
other Z via power-law parameters.
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* There is clear evidence of response instabilities in CALO, especially in crystal 181 (crossed by *2C directly)
- faulty SiPM coupling / mechanical trauma? Only possible explanation found...

Conclusion and upcoming tasks

* However, wrong TW-CALO matching and Z assignment were considerably reduced
- isotope distributions better respect MC expectancy;
- mass peaks from Z = 1 to Z = 6 were successfully reconstructed.

* Possible further improvements concerning TW-CALO alignment.

* Resolution still worse with respect to MC and not always below 5%
- required optimization of CALO calibration;
- further investigation on MBF parameters (correlation, distribution with respect to Z,...).
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Post-calibration shifting in CALO

AY [cm]

6
- AX - AY
I | Entries 345552
™ | Mean x 0.8325
41— Meany 0.7868
| |StdDevx 05548
| |StdDevy 0.6173
2_
07
2
—_4—
_G_I\Ill\lll‘lll\|II\Ill\lll\ll\‘Ill\ll\\lll\ll‘\lll
-6 -5 -4 -3 -2 —1 0 1 2 3 4

AX [cm]

INFN
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After calibrating the clusters, their
position is shifted, in most cases
between up to 2 cm in both axis -
within CALO granularity.
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Cluster size distribution (run 7072)
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Cluster distribution (run 7072) Z =5, 6
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B effect on mass underestimation
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B = L/TOF, assuming uniform fragments velocities, Given K = (y-1)?, this plot shows:
neglects energy losses through 3 tracking layers _ _ _ _ _
~ B overestimation - (y-1)* underestimated up to 8-9%. - in blue, Kucres / Kue, fitted with a 2 order function with

Po = 1 (no reconstruction error in absence of e.m.
losses); dependence on Z? is expected based on Bethe-
Bloch formula;

2
=

1}
o :
T | T TT

1

- 1)

1

- in black K7o72/ Kucree (7072 refers to a single
fragmentation run), fitted with a uniform function y = ap
(systematic error is expected); results ap = 99.0%

{y - 1);

—_

at Z =6 - however, (3 is most likely the main source of
| underestimation of nominal mass values.

0.8

OEI_ -in red, Kro72/ K, fitted with a 2" order function having

s Po = &o (only systematic error in absence of e.m. losses).
C # MCRec (1) vs True (2)

0.4— # 7072 (1) vs McRec (2)

F * 7072 (1) vs True (2) At lower Z, uncertainties on B are ~ 10 times higher than

42



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42

