About the setup for
December run CNAO2022

G.B.

Topic:

Optimization of distance from target of the TW+Calo detectors:
resolution in mass and acceptance for low-Z fragments



Preliminary simulations at 3 different distances
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12C 200 MeV/u on 5 mm C target
10° events for each geometry

1.5 M Events reconstructed and

tracked using Genfit (Z = Z,()

(Thanks to E. Lopez for the calo geometry)
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Energy Resolution [%)]

Shoe Reconstruction

Selection: global tracks with a good TW point to which a Calo cluster can be matched

ToF resolution: in MC TW points a resolution fitted to the experimental one is already
inserted (M. Toppi et al.)

Calo resolution: in the cluster algorithm, for MC events, energy is already smeared
according to the fit to test beam data (available in the Ph.D. of Lorenzo Scavarda)
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Then mass is reconstructed by the E,
usual combination of E from calo M =

and gamma from ToF: (y — 1)

Of course in MC all crystals are perfectly equalized
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/ =5 case
(1°B and ''B)

Rec. Mass for Z=5
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1.5m

RecoMass_Z5

Entries 3803
Mean 9.502
Std Dev 0.5153
22/ ndf 80.62/71
Constant 1 43.27 £2.07

Mean 1 8.854 £0.010
Sigma1 0.2331 £0.0094
Constant 2 116.1+£3.3
Mean 2 9.803 +£0.005
Sigma2 0.2142+0.0042
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10.5 11
Mass (GeV/c2)
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Rec. Mass for Z=5

[— RecoMass_Z5
L Entries 3867
- Mean 9.51
n Std Dev 0.5428
B £/ ndf 86.62/71
N 1 I I l Constant 1 36.26 +1.72

Mean 1 8.843 £0.022
B Sigma1  0.2855 +0.0174
B Constant2  86.67+2.45
— Mean 2 9.786 +0.012
= Sigma2 03119 +0.0098
i ~3.2%
il L1 L1 I L
8 8.5 9.5 10 10.5 1

Mass (GeV/c"2) No. of selected events
Rec. Mass for Z=5 does not change much

- M - - .
- - HecoMass 75 with distance:
. Me 9512
- Stda;ev 04845 1 m: 3870
- I I l %2/ ndt 94.32/66
o Constant1  45.04+2.49 15 m: 3800
B Mean 1 8.86+0.01
— Sigma1  0.1889 0.0082 .
: C:ns::nlz 147.2+40 20 m: 3690
- Mean 2 9.785 + 0.004
: Sigma 2 0.1698 + 0.0029
- ONm
s 11
: M gy L 79
.1_-’ -"I:”'- 1 1 [ 1 1 1 1
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Mass (GeV/c2)

Notice: masses are peaked to a value which is lower than the true value. Don’t know exactly the answer, but
at the moment there is no attempt to correct E,, ., for the energy loss in VTX, MSD, IT and TW




/ =4 case
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'Be, °Be and 1°Be

Rec. Mass for Z=4
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11.5m

RecoMass_Z4
Entries 1397
Mean 7.151
Std Dev 1.16
%2/ ndf 105.2/100
Constant 1 34.65+2.03
Mean 1 6.223 + 0.008
Sigma 1 0.1737 £ 0.0072
Constant 2 9.563 £ 0.941
Mean 2 8.067 +0.020
Sigma 2Constant 3 0.2422+0.0194
Mean 3 8.705+0.977
Sigma 3 9.071£0.019
p8 0.1974 + 0.0189
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Mass (GeV/c2)
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Rec. Mass for Z=4
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FHT

1m

RecoMass_Z4
Entries 1453
Mean 7.162
Std Dev 1.172
%2/ ndf 113.3/110
Constant 1 28.32+1.59
Mean 1 6.226 +0.012
Sigma 1 0.2408 £ 0.0107
Constant 2 7.373+0.658
Mean 2 8.072+0.045
Sigma 2Constant 3 0.4787 + 0.0526
Mean 3 4.014+0.767
Sigma 3 9.141 £ 0.055
p8 0.2423 + 0.0461
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Rec. Mass for Z=4

Mass (GeV/c2)
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2 m

RecoMass_Z4
Entries 174
Mean 7.159
Std Dev 1.155
»* I naf 108.3/97
Constant 1 38.23+238
Mean 1 6.24+0.01
Sigma 1 0.1293 + 0.0050
Constant 2 8.384 £1.032
Mean 2 8.083 +£0.020
Sigma 2Constant 3 0.2103 +0.0229
Mean 3 8.557 £1.024
Sigma 3 8.982 +0.020
p8 0.1855 +0.0190
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No. of selected events:
1m: 1450
1.5 m: 1400
2m: 1170
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/ = 3 case
(°Li, “Li, 8Li [and a bit of °Li])
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Rec. Mass for Z=3

1.5m

RecoMass_Z3
Entries 2483
Mean 5.286
Std Dev 1.198
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WM( "1i)~4.5%
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Mass (GeV/c"2)

No. of selected events:
1m: 2450
1.5 m: 2480
2m: 1770
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Rec. Mass for Z=3

Rec. Mass for Z=3

7 8
Mass (GeV/c"2)

RecoMass_Z3
- Entries 2446
- Mean 5.37
:_ Std Dev 1.24
= O-M ell]
- 771
_-—( Ll) ~6.5%/
- M |

2 m

2 (7L)~3.1%
AR / |

RecoMass_Z3
Entries 1771
Mean 5.24
Std Dev 1.235
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/ = 7 case
(3He, 4He)

Rec. Mass for Z=2

No. of selected events:

1m: 20470
1.5 m: 19070
2m: 11700

500 RecoMass_Z2
_ | Entries 19067 N
~-| Mean 3.368 .
400l Std Dev 0.4713 \
C| %2/ ndf 156.2/54 4 1 5 m
- | Constant 1 168.2+4.5 *
| Mean 1 2.744 +0.005
300 Sigma 1 0.2334 +0.0074
| Constant 2 448.7+7.0
| Mean 2 3.641 +£0.003
—| Sigma 2 0.1968 + 0.0024
200 =Tl
100} ~5.4%
o ~I- 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 h 1

=3 For increasing distance the ratio of detected *He/ 3He increases: the lighter the fragment the wider is tﬂ
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Rec. Mass for Z=2

RecoMass_Z2
[l Entries 20473
Mean 3.364
H Std Dev 0.5095
2/ ndf 101.1/54 1 I I l
Constant 1 175.3+4.4
1 Mean 1 2.696 +0.008
H Sigma 1 0.2612+0.0121 9) M 4
Constant 2 351.3+5.5
i Mer:uazn 3.636 +0.005 ( Hi?) ~77%
[l Sigma2 0.2801 +0.0051 M
; 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
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Mass (GeV/c"2)
HecC. IVIass 10r £=«
350 RecoMass_2Z2
—| Entries 11699
—-| Mean 3.39
39L! std Dev 0.446
= %2/ ndf 101.2/54
250/ Constant 1 76.81+2.73 2 m
| Mean 1 2.78 +0.01
| Sigma 1 0.3261 +£0.0194
20011 constant 2 3215+65
—| Mean 2 3.645 +0.003
150/~ Sigma 2 0.1584 +0.0026
100— ‘
. 4
- He) ~4.3%
50 — X
0; 1 I S .
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Rec. Mass for Z=2

RecoMass_Z2
Entries 19067
Mean 3.368
Std Dev 0.4713
%2 / ndf 156.2 / 54
Constant 1 168.2+ 4.5
Mean 1 2.744 + 0.005
Sigma 1 0.2334 + 0.0074
Constant 2 448.7+7.0
Mean 2 3.641 +0.003
Sigma 2 0.1968 + 0.0024
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Probability for 3He
to be taken as
“He: 4.1%
(~overstimated)

Probability for *He
to be taken as
3He: 0.6%



Map of hit crystals - 1

Hits

10°

10°

10°

Map Of Hit Crystals
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All Charges
1.5 m setup
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CrystalMap
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Hits

Map of hit crystals - 2

Back view
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For instance, something like that (or similar)?

Cone of semiaperture: 3.2°if TWisat 1.5 m
25°ifTWisat2.0m

We should gain useful solid angle for 2>2
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Conclusions

* | withdraw my early proposal for the 1 m solution

* Provided that the calo resolution is analogous to what has been measured in the
dedicated test beams, for distances 21.5 m, the ToF error contribution seems to
become less relevant: there is not an important difference between 1.5 and 2 m

e At 1.5 m there is some gain in acceptance for Z<3-4 with respet to the 2 m case (do

notT tml}j'nk only to the small solid angle of the calorimeter, but to all that is arriving
to

1) My proposal is then to set the distance of 1.5 m as the best trade-off between
mass resolution and acceptance: the mass resolution is very close to what you get at
2 m and there is some gain in statistics

2) Should we re-assemble the calorimeter modules in a different way? =>This would
require one day more (in advance to Dec. 4) for mechanical operation/recabling ...

12



Appendix

* For those who wish to play a litte bit with expectations for November
run, in Tier3 you can find a 10° simulated event (200 MeV/u) sample
In:

/gpfs_data/local/foot/Simulation/CNA02022_MC/12C_C 200 _nov2022_shoereg.root

 Geometry includes also the small drift chamber (not producing hits,
just to take into account the material):
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