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Space-time probes at dynamical stage 
IBUU simulations  
52Ca+48Ca E/A=80 MeV  Central collisions 

Correlations with dynamically emitted protons and 
neutrons 
àHow to perform comparisons to transport models    
(EoS, Asy-EoS, σNN)  

Lie-Wen Chen et al., PRL (2003); PRC(2005) 
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FARCOS 	


(Femtoscope ARray for COrrelations and Spectroscopy)	



�  Based on (62x64x64 mm3) clusters 

�  1 square (0.3x64x64 mm3) DSSSD 32+32 strips 

�  1 square (1.5x64x64 mm3) DSSSD 32+32 strips 

�  4 60x32x32 mm3 CsI(Tl) crystals 
4 CsI(Tl) crystals 6 cm(3rd stage)   

DSSSD 1500 μm (2nd stage)   

DSSSD 300 μm (1st stage)   

Assembly 
cluster 

 

132 channels by each cluster 

Fully reconfigurable (more Si layers, neutron detection,…) 
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•  FARCOS (Femtoscope ARray for Correlations and Spectroscopy) 

•   Modular array of telescopes 

•  High energy and angular resolution  

•  ΔE/E discrimination, pulse-shape discrimination and possible TOF discrimination like 

in 4pi CHIMERA 

•  Digitization 

•  DSSSD(Double-Sided Silicon Strip Detector) each with 32 strips, both in vertical and in 

a horizontal and 4 crystals of CsI(Tl).  

•  Portability and modularity to be coupled to 4π detectors as CHIMERA or magnetic 

spectrometers   

•  Integrated and reconfigurable electronics 

•  Possibility of updating and upgrades 

FARCOS Features	
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Coupling FARCOS with CHIMERA 

FARCOS 

CHIMERA 
RINGS 
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Electronic (PAC)  	


•  CsI Crystals: Standard PAC “CHIMERALIKE” 

•  DSSSD: 32 Ch PAC ( INFN-MI) 
 
Features:                      Ref From Net.Instruments	


•  Channel: 32 
•  Sensitivity: 5, 10, 20 or 45 mV/MeV 
•  Dimension: 86x80x10 mm (NPA-16FL), 98x80x15 mm (NPA-16FE) 
•  Input Bias voltage: ± 300 V (Max) 
•  ESD Input Protection 
•  TEST pulse input 
•  Low power consumption  (<900 mW) for vacuum use 
•  Pseudo-differential or single ended output (with 100 or 50 Ω back termination) 
•  Max output voltage: ± 4.5 V    

Comparison with 
Mesytech PAC was 
made 
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Test of FARCOS with beam @ LNS-INFN(April 2013) 	


Chimera+FARCOS prototype	



 	

Test with beam was made during the InKiIsSY experiment (INverse KInematic ISobaric SYstem)  

The idea of  the this experiment is to 
use projectile/target combination 
having the same mass of  the neutron 
rich 124Sn+64Ni system a N/Z similar to 
the neutron poor 112Sn+58Ni one, that is 
124Xe+64Zn, at the same bombarding 
energy of  35 MeV/u using the 4π 
detector CHIMERA and 4 modules of  
FARCOS prototype.  

System N/Z 
Projectile 

N/Z  
target 

N/Z 
Coumpound 

124Sn+64Ni  1.48 1.29 1.41 
112Sn+58Ni  1.30 1.13 1.24 
124Xe+64Zn 1.24 1.07 1.18 

4 telescopes  at 25 cm from the target 
    θlab ∼ 16°−44°    Δφ ∼ 60° 

Xe+Zn @ 35 AMeV 
P. Russotto et al., Phys. Rev. C 81, 064605 (2010).  
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Identifications and calibrations 	


For isotopic identification (Si-Si, Si-CsI(Tl), fast-slow) should be two ways: 
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In principle should be possible to sum the strips one over ones, in fact the 
detector DSSSD is one. The hypothesis is that the thickness among the strips is 
negligible. But the electronic channels are completely independent and for this 
reason it is possible to use a pulse signal to homogenize all the strips. 

What are the difference in the isotopic identification in the two way?	



Krakow, Poland	


2 July, 2015	



E. V. Pagano	


Univ. of Catania & LNS-INFN	





mV 

mV 
0 500 1000 1500 2000 2500 3000 3500 40000

200

400

600

800

1000

1200

1400

1600

1800

2000 hpl
Entries  26666
Mean x   562.3
Mean y     259
RMS x   657.9
RMS y   354.9

1

10

210

hpl
Entries  26666
Mean x   562.3
Mean y     259
RMS x   657.9
RMS y   354.9

DE-E Si-Si 1 Strips

1 strip DE=8 E=23	


For 320 runs	



0 500 1000 1500 2000 2500 3000 3500 40000

200

400

600

800

1000

1200

1400

1600

1800

2000 hpl
Entries  26666
Mean x   562.3
Mean y     259
RMS x   657.9
RMS y   354.9

1

10

210

hpl
Entries  26666
Mean x   562.3
Mean y     259
RMS x   657.9
RMS y   354.9

DE-E Si-Si 1 Strips

1 strip DE=8 E=23	


For 320 runs	



mV 

mV 

p 
α 

Li 

Be 

B 

C 

N 

O 
F Ne 

Krakow, Poland	


2 July, 2015	



E. V. Pagano	


Univ. of Catania & LNS-INFN	





0 500 1000 1500 2000 2500 3000 35000

500

1000

1500

2000

2500 hpl
Entries  38773
Mean x   464.5
Mean y   197.6
RMS x   495.9
RMS y   298.9

1

10

210

hpl
Entries  38773
Mean x   464.5
Mean y   197.6
RMS x   495.9
RMS y   298.9

DE-E Si-Si 8 StripsmV 

mV 

8 strips 	


DE=8-15 E=16-23	


For 40 runs	



0 500 1000 1500 2000 2500 3000 35000

500

1000

1500

2000

2500 hpl
Entries  38773
Mean x   464.5
Mean y   197.6
RMS x   495.9
RMS y   298.9

1

10

210

hpl
Entries  38773
Mean x   464.5
Mean y   197.6
RMS x   495.9
RMS y   298.9

DE-E Si-Si 8 Strips

8 strips 	


DE=8-15 E=16-23	


For 40 runs	



mV 

mV 

p 
α 

Li 

Be 

B 

C 

N 

O 
F Ne 

Krakow, Poland	


2 July, 2015	



E. V. Pagano	


Univ. of Catania & LNS-INFN	





hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  0.3145 / 1
Constant  8.9± 113.6 
Mean      0.0±     6 
Sigma     0.0124± 0.1626 

A
4 5 6 7 8 9 10 11 12

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  0.3145 / 1
Constant  8.9± 113.6 
Mean      0.0±     6 
Sigma     0.0124± 0.1626 

Mass [Z=3] 8 Strips DE-E Si-Si
hm14_3

Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  5.465e-09 / 0
Constant  13.1± 173.1 
Mean      0.008± 6.139 
Sigma     0.0090± 0.1229 

A
4 5 6 7 8 9 10 11

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

200

220

240

hm14_3
Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  5.465e-09 / 0
Constant  13.1± 173.1 
Mean      0.008± 6.139 
Sigma     0.0090± 0.1229 

Mass [Z=3] 1 Strip DE-E Si-Si
hm2_3

Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  5.858 / 3
Constant  10.4± 182.7 
Mean      0.01±  6.94 
Sigma     0.0077± 0.1841 

A
4 5 6 7 8 9 10 11 12

Y
ie

ld
s 

(a
.u

.)

0

20

40

60

80

100

120

140

160

180

hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  5.858 / 3
Constant  10.4± 182.7 
Mean      0.01±  6.94 
Sigma     0.0077± 0.1841 

Mass [Z=3] 8 Strips DE-E Si-Si
hm14_3

Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  2.691 / 1
Constant  12.6± 231.9 
Mean      0.014± 7.072 
Sigma     0.0129± 0.1747 

A
4 5 6 7 8 9 10 11

Y
ie

ld
s 

(a
.u

.)

0

20

40

60

80

100

120

140

160

180

200

220

240

hm14_3
Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  2.691 / 1
Constant  12.6± 231.9 
Mean      0.014± 7.072 
Sigma     0.0129± 0.1747 

Mass [Z=3] 1 Strip DE-E Si-Si
hm2_3

Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  7.845e-11 / 0
Constant  6.6±  43.2 
Mean      0.019± 7.939 
Sigma     0.0260± 0.1408 

A
4 5 6 7 8 9 10 11 12

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  7.845e-11 / 0
Constant  6.6±  43.2 
Mean      0.019± 7.939 
Sigma     0.0260± 0.1408 

Mass [Z=3] 8 Strips DE-E Si-Si
hm14_3

Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  2.692e-07 / 0
Constant  6.72± 46.51 
Mean      0.030± 8.048 
Sigma     0.052± 0.182 

A
4 5 6 7 8 9 10 11

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

200

220

240

hm14_3
Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  2.692e-07 / 0
Constant  6.72± 46.51 
Mean      0.030± 8.048 
Sigma     0.052± 0.182 

Mass [Z=3] 1 Strip DE-E Si-Si

Comparison between the two ways 	



Krakow, Poland	


2 July, 2015	



E. V. Pagano	


Univ. of Catania & LNS-INFN	





hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  0.3145 / 1
Constant  8.9± 113.6 
Mean      0.0±     6 
Sigma     0.0124± 0.1626 

A
4 5 6 7 8 9 10 11 12

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  0.3145 / 1
Constant  8.9± 113.6 
Mean      0.0±     6 
Sigma     0.0124± 0.1626 

Mass [Z=3] 8 Strips DE-E Si-Si
hm14_3

Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  5.465e-09 / 0
Constant  13.1± 173.1 
Mean      0.008± 6.139 
Sigma     0.0090± 0.1229 

A
4 5 6 7 8 9 10 11

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

200

220

240

hm14_3
Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  5.465e-09 / 0
Constant  13.1± 173.1 
Mean      0.008± 6.139 
Sigma     0.0090± 0.1229 

Mass [Z=3] 1 Strip DE-E Si-Si
hm2_4

Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  1.901 / 2
Constant  5.47± 45.88 
Mean      0.017± 7.041 
Sigma     0.0162± 0.1713 

A
7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

60

70

80

90

hm2_4
Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  1.901 / 2
Constant  5.47± 45.88 
Mean      0.017± 7.041 
Sigma     0.0162± 0.1713 

Mass [Z=4] 8 Strips DE-E Si_Si
hm14_4

Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  3.495e-07 / 0
Constant  7.3±  54.4 
Mean      0.018± 7.043 
Sigma     0.0254± 0.1456 

A
6 7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

hm14_4
Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  3.495e-07 / 0
Constant  7.3±  54.4 
Mean      0.018± 7.043 
Sigma     0.0254± 0.1456 

Mass [Z=4]

hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  5.858 / 3
Constant  10.4± 182.7 
Mean      0.01±  6.94 
Sigma     0.0077± 0.1841 

A
4 5 6 7 8 9 10 11 12

Y
ie

ld
s 

(a
.u

.)

0

20

40

60

80

100

120

140

160

180

hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  5.858 / 3
Constant  10.4± 182.7 
Mean      0.01±  6.94 
Sigma     0.0077± 0.1841 

Mass [Z=3] 8 Strips DE-E Si-Si
hm14_3

Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  2.691 / 1
Constant  12.6± 231.9 
Mean      0.014± 7.072 
Sigma     0.0129± 0.1747 

A
4 5 6 7 8 9 10 11

Y
ie

ld
s 

(a
.u

.)

0

20

40

60

80

100

120

140

160

180

200

220

240

hm14_3
Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  2.691 / 1
Constant  12.6± 231.9 
Mean      0.014± 7.072 
Sigma     0.0129± 0.1747 

Mass [Z=3] 1 Strip DE-E Si-Si
hm2_3

Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  7.845e-11 / 0
Constant  6.6±  43.2 
Mean      0.019± 7.939 
Sigma     0.0260± 0.1408 

A
4 5 6 7 8 9 10 11 12

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  7.845e-11 / 0
Constant  6.6±  43.2 
Mean      0.019± 7.939 
Sigma     0.0260± 0.1408 

Mass [Z=3] 8 Strips DE-E Si-Si
hm14_3

Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  2.692e-07 / 0
Constant  6.72± 46.51 
Mean      0.030± 8.048 
Sigma     0.052± 0.182 

A
4 5 6 7 8 9 10 11

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

200

220

240

hm14_3
Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  2.692e-07 / 0
Constant  6.72± 46.51 
Mean      0.030± 8.048 
Sigma     0.052± 0.182 

Mass [Z=3] 1 Strip DE-E Si-Si
hm2_4

Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  9.201e-09 / 0
Constant  9.54± 91.18 
Mean      0.015± 8.985 
Sigma     0.0215± 0.1505 

A
7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

60

70

80

90

hm2_4
Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  9.201e-09 / 0
Constant  9.54± 91.18 
Mean      0.015± 8.985 
Sigma     0.0215± 0.1505 

Mass [Z=4] 8 Strips DE-E Si_Si
hm14_4

Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  0.1877 / 1
Constant  9.5± 123.3 
Mean      0.011± 8.945 
Sigma     0.0116± 0.1588 

A
6 7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

hm14_4
Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  0.1877 / 1
Constant  9.5± 123.3 
Mean      0.011± 8.945 
Sigma     0.0116± 0.1588 

Mass [Z=4]
hm2_4

Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  0.4821 / 2
Constant  5.10± 50.09 
Mean      0.03±  9.92 
Sigma     0.0392± 0.2581 

A
7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

60

70

80

90

hm2_4
Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  0.4821 / 2
Constant  5.10± 50.09 
Mean      0.03±  9.92 
Sigma     0.0392± 0.2581 

Mass [Z=4] 8 Strips DE-E Si_Si
hm14_4

Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  3.904 / 1
Constant  8.48± 98.24 
Mean      0.013± 9.952 
Sigma     0.0145± 0.1681 

A
6 7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

hm14_4
Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  3.904 / 1
Constant  8.48± 98.24 
Mean      0.013± 9.952 
Sigma     0.0145± 0.1681 

Mass [Z=4]

Comparison between the two ways 	



Krakow, Poland	


2 July, 2015	



E. V. Pagano	


Univ. of Catania & LNS-INFN	





hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  0.3145 / 1
Constant  8.9± 113.6 
Mean      0.0±     6 
Sigma     0.0124± 0.1626 

A
4 5 6 7 8 9 10 11 12

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  0.3145 / 1
Constant  8.9± 113.6 
Mean      0.0±     6 
Sigma     0.0124± 0.1626 

Mass [Z=3] 8 Strips DE-E Si-Si
hm14_3

Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  5.465e-09 / 0
Constant  13.1± 173.1 
Mean      0.008± 6.139 
Sigma     0.0090± 0.1229 

A
4 5 6 7 8 9 10 11

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

200

220

240

hm14_3
Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  5.465e-09 / 0
Constant  13.1± 173.1 
Mean      0.008± 6.139 
Sigma     0.0090± 0.1229 

Mass [Z=3] 1 Strip DE-E Si-Si
hm2_4

Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  1.901 / 2
Constant  5.47± 45.88 
Mean      0.017± 7.041 
Sigma     0.0162± 0.1713 

A
7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

60

70

80

90

hm2_4
Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  1.901 / 2
Constant  5.47± 45.88 
Mean      0.017± 7.041 
Sigma     0.0162± 0.1713 

Mass [Z=4] 8 Strips DE-E Si_Si
hm14_4

Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  3.495e-07 / 0
Constant  7.3±  54.4 
Mean      0.018± 7.043 
Sigma     0.0254± 0.1456 

A
6 7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

hm14_4
Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  3.495e-07 / 0
Constant  7.3±  54.4 
Mean      0.018± 7.043 
Sigma     0.0254± 0.1456 

Mass [Z=4]

hm2_5
Entries  1063
Mean    10.71
RMS     0.907

 / ndf 2r  3.673e-10 / 0
Constant  24.62± 68.02 
Mean      2.66± 10.03 
Sigma     0.9924± 0.1912 

A
7 8 9 10 11 12 13 14

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

hm2_5
Entries  1063
Mean    10.71
RMS     0.907

 / ndf 2r  3.673e-10 / 0
Constant  24.62± 68.02 
Mean      2.66± 10.03 
Sigma     0.9924± 0.1912 

Mass [Z=5] 8 Strips DE-E Si-Si
hm14_5

Entries  1384
Mean    10.68
RMS    0.9469

 / ndf 2r  2.262 / 3
Constant  5.96± 71.25 
Mean      0.018± 9.966 
Sigma     0.0210± 0.2505 

A
7 8 9 10 11 12 13 14

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

200

hm14_5
Entries  1384
Mean    10.68
RMS    0.9469

 / ndf 2r  2.262 / 3
Constant  5.96± 71.25 
Mean      0.018± 9.966 
Sigma     0.0210± 0.2505 

Mass [Z=5] 1 Strip DE-E Si-Si

hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  5.858 / 3
Constant  10.4± 182.7 
Mean      0.01±  6.94 
Sigma     0.0077± 0.1841 

A
4 5 6 7 8 9 10 11 12

Y
ie

ld
s 

(a
.u

.)

0

20

40

60

80

100

120

140

160

180

hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  5.858 / 3
Constant  10.4± 182.7 
Mean      0.01±  6.94 
Sigma     0.0077± 0.1841 

Mass [Z=3] 8 Strips DE-E Si-Si
hm14_3

Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  2.691 / 1
Constant  12.6± 231.9 
Mean      0.014± 7.072 
Sigma     0.0129± 0.1747 

A
4 5 6 7 8 9 10 11

Y
ie

ld
s 

(a
.u

.)

0

20

40

60

80

100

120

140

160

180

200

220

240

hm14_3
Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  2.691 / 1
Constant  12.6± 231.9 
Mean      0.014± 7.072 
Sigma     0.0129± 0.1747 

Mass [Z=3] 1 Strip DE-E Si-Si
hm2_3

Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  7.845e-11 / 0
Constant  6.6±  43.2 
Mean      0.019± 7.939 
Sigma     0.0260± 0.1408 

A
4 5 6 7 8 9 10 11 12

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  7.845e-11 / 0
Constant  6.6±  43.2 
Mean      0.019± 7.939 
Sigma     0.0260± 0.1408 

Mass [Z=3] 8 Strips DE-E Si-Si
hm14_3

Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  2.692e-07 / 0
Constant  6.72± 46.51 
Mean      0.030± 8.048 
Sigma     0.052± 0.182 

A
4 5 6 7 8 9 10 11

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

200

220

240

hm14_3
Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  2.692e-07 / 0
Constant  6.72± 46.51 
Mean      0.030± 8.048 
Sigma     0.052± 0.182 

Mass [Z=3] 1 Strip DE-E Si-Si
hm2_4

Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  9.201e-09 / 0
Constant  9.54± 91.18 
Mean      0.015± 8.985 
Sigma     0.0215± 0.1505 

A
7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

60

70

80

90

hm2_4
Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  9.201e-09 / 0
Constant  9.54± 91.18 
Mean      0.015± 8.985 
Sigma     0.0215± 0.1505 

Mass [Z=4] 8 Strips DE-E Si_Si
hm14_4

Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  0.1877 / 1
Constant  9.5± 123.3 
Mean      0.011± 8.945 
Sigma     0.0116± 0.1588 

A
6 7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

hm14_4
Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  0.1877 / 1
Constant  9.5± 123.3 
Mean      0.011± 8.945 
Sigma     0.0116± 0.1588 

Mass [Z=4]
hm2_4

Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  0.4821 / 2
Constant  5.10± 50.09 
Mean      0.03±  9.92 
Sigma     0.0392± 0.2581 

A
7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

60

70

80

90

hm2_4
Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  0.4821 / 2
Constant  5.10± 50.09 
Mean      0.03±  9.92 
Sigma     0.0392± 0.2581 

Mass [Z=4] 8 Strips DE-E Si_Si
hm14_4

Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  3.904 / 1
Constant  8.48± 98.24 
Mean      0.013± 9.952 
Sigma     0.0145± 0.1681 

A
6 7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

hm14_4
Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  3.904 / 1
Constant  8.48± 98.24 
Mean      0.013± 9.952 
Sigma     0.0145± 0.1681 

Mass [Z=4]

Comparison between the two ways 	



hm2_5
Entries  1063
Mean    10.71
RMS     0.907

 / ndf 2r  15.88 / 6
Constant  8.1± 143.2 
Mean      0.01± 10.92 
Sigma     0.0097± 0.2422 

A
7 8 9 10 11 12 13 14

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

hm2_5
Entries  1063
Mean    10.71
RMS     0.907

 / ndf 2r  15.88 / 6
Constant  8.1± 143.2 
Mean      0.01± 10.92 
Sigma     0.0097± 0.2422 

Mass [Z=5] 8 Strips DE-E Si-Si
hm14_5

Entries  1384
Mean    10.68
RMS    0.9469

 / ndf 2r  3.527 / 2
Constant  10.4± 202.5 
Mean      0.02± 10.96 
Sigma     0.0159± 0.2153 

A
7 8 9 10 11 12 13 14

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

200

hm14_5
Entries  1384
Mean    10.68
RMS    0.9469

 / ndf 2r  3.527 / 2
Constant  10.4± 202.5 
Mean      0.02± 10.96 
Sigma     0.0159± 0.2153 

Mass [Z=5] 1 Strip DE-E Si-Si
hm2_5

Entries  1063
Mean    10.71
RMS     0.907

 / ndf 2r  0.6813 / 2
Constant  3.87± 29.83 
Mean      0.04± 11.91 
Sigma     0.0379± 0.2354 

A
7 8 9 10 11 12 13 14

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

hm2_5
Entries  1063
Mean    10.71
RMS     0.907

 / ndf 2r  0.6813 / 2
Constant  3.87± 29.83 
Mean      0.04± 11.91 
Sigma     0.0379± 0.2354 

Mass [Z=5] 8 Strips DE-E Si-Si
hm14_5

Entries  1384
Mean    10.68
RMS    0.9469

 / ndf 2r  4.432e-09 / 0
Constant  6.59± 43.66 
Mean      0.03± 11.95 
Sigma     0.0446± 0.1701 

A
7 8 9 10 11 12 13 14

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

200

hm14_5
Entries  1384
Mean    10.68
RMS    0.9469

 / ndf 2r  4.432e-09 / 0
Constant  6.59± 43.66 
Mean      0.03± 11.95 
Sigma     0.0446± 0.1701 

Mass [Z=5] 1 Strip DE-E Si-Si

Krakow, Poland	


2 July, 2015	



E. V. Pagano	


Univ. of Catania & LNS-INFN	





hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  0.3145 / 1
Constant  8.9± 113.6 
Mean      0.0±     6 
Sigma     0.0124± 0.1626 

A
4 5 6 7 8 9 10 11 12

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  0.3145 / 1
Constant  8.9± 113.6 
Mean      0.0±     6 
Sigma     0.0124± 0.1626 

Mass [Z=3] 8 Strips DE-E Si-Si
hm14_3

Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  5.465e-09 / 0
Constant  13.1± 173.1 
Mean      0.008± 6.139 
Sigma     0.0090± 0.1229 

A
4 5 6 7 8 9 10 11

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

200

220

240

hm14_3
Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  5.465e-09 / 0
Constant  13.1± 173.1 
Mean      0.008± 6.139 
Sigma     0.0090± 0.1229 

Mass [Z=3] 1 Strip DE-E Si-Si
hm2_4

Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  1.901 / 2
Constant  5.47± 45.88 
Mean      0.017± 7.041 
Sigma     0.0162± 0.1713 

A
7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

60

70

80

90

hm2_4
Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  1.901 / 2
Constant  5.47± 45.88 
Mean      0.017± 7.041 
Sigma     0.0162± 0.1713 

Mass [Z=4] 8 Strips DE-E Si_Si
hm14_4

Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  3.495e-07 / 0
Constant  7.3±  54.4 
Mean      0.018± 7.043 
Sigma     0.0254± 0.1456 

A
6 7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

hm14_4
Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  3.495e-07 / 0
Constant  7.3±  54.4 
Mean      0.018± 7.043 
Sigma     0.0254± 0.1456 

Mass [Z=4]

hm2_5
Entries  1063
Mean    10.71
RMS     0.907

 / ndf 2r  3.673e-10 / 0
Constant  24.62± 68.02 
Mean      2.66± 10.03 
Sigma     0.9924± 0.1912 

A
7 8 9 10 11 12 13 14

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

hm2_5
Entries  1063
Mean    10.71
RMS     0.907

 / ndf 2r  3.673e-10 / 0
Constant  24.62± 68.02 
Mean      2.66± 10.03 
Sigma     0.9924± 0.1912 

Mass [Z=5] 8 Strips DE-E Si-Si
hm14_5

Entries  1384
Mean    10.68
RMS    0.9469

 / ndf 2r  2.262 / 3
Constant  5.96± 71.25 
Mean      0.018± 9.966 
Sigma     0.0210± 0.2505 

A
7 8 9 10 11 12 13 14

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

200

hm14_5
Entries  1384
Mean    10.68
RMS    0.9469

 / ndf 2r  2.262 / 3
Constant  5.96± 71.25 
Mean      0.018± 9.966 
Sigma     0.0210± 0.2505 

Mass [Z=5] 1 Strip DE-E Si-Si
hm2_6

Entries  1016
Mean    12.37
RMS     1.052

 / ndf 2r  1.278 / 2
Constant  3.26± 26.45 
Mean      0.12± 11.09 
Sigma     0.1250± 0.3531 

A
10 11 12 13 14 15

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

hm2_6
Entries  1016
Mean    12.37
RMS     1.052

 / ndf 2r  1.278 / 2
Constant  3.26± 26.45 
Mean      0.12± 11.09 
Sigma     0.1250± 0.3531 

Mass [Z=6] 8 Strips DE-E Si-Si
hm14_6

Entries  1422
Mean    12.43
RMS     1.036

 / ndf 2r  1.471e-08 / 0
Constant  4.55± 33.92 
Mean      0.09± 11.03 
Sigma     0.0914± 0.2054 

A
10 11 12 13 14 15

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

hm14_6
Entries  1422
Mean    12.43
RMS     1.036

 / ndf 2r  1.471e-08 / 0
Constant  4.55± 33.92 
Mean      0.09± 11.03 
Sigma     0.0914± 0.2054 

Mass [Z=6] 1 Strip DE-E Si-Si

hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  5.858 / 3
Constant  10.4± 182.7 
Mean      0.01±  6.94 
Sigma     0.0077± 0.1841 

A
4 5 6 7 8 9 10 11 12

Y
ie

ld
s 

(a
.u

.)

0

20

40

60

80

100

120

140

160

180

hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  5.858 / 3
Constant  10.4± 182.7 
Mean      0.01±  6.94 
Sigma     0.0077± 0.1841 

Mass [Z=3] 8 Strips DE-E Si-Si
hm14_3

Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  2.691 / 1
Constant  12.6± 231.9 
Mean      0.014± 7.072 
Sigma     0.0129± 0.1747 

A
4 5 6 7 8 9 10 11

Y
ie

ld
s 

(a
.u

.)

0

20

40

60

80

100

120

140

160

180

200

220

240

hm14_3
Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  2.691 / 1
Constant  12.6± 231.9 
Mean      0.014± 7.072 
Sigma     0.0129± 0.1747 

Mass [Z=3] 1 Strip DE-E Si-Si
hm2_3

Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  7.845e-11 / 0
Constant  6.6±  43.2 
Mean      0.019± 7.939 
Sigma     0.0260± 0.1408 

A
4 5 6 7 8 9 10 11 12

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

hm2_3
Entries  1294
Mean    6.875
RMS     1.145

 / ndf 2r  7.845e-11 / 0
Constant  6.6±  43.2 
Mean      0.019± 7.939 
Sigma     0.0260± 0.1408 

Mass [Z=3] 8 Strips DE-E Si-Si
hm14_3

Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  2.692e-07 / 0
Constant  6.72± 46.51 
Mean      0.030± 8.048 
Sigma     0.052± 0.182 

A
4 5 6 7 8 9 10 11

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

200

220

240

hm14_3
Entries  1872
Mean    7.103
RMS     1.212

 / ndf 2r  2.692e-07 / 0
Constant  6.72± 46.51 
Mean      0.030± 8.048 
Sigma     0.052± 0.182 

Mass [Z=3] 1 Strip DE-E Si-Si
hm2_4

Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  9.201e-09 / 0
Constant  9.54± 91.18 
Mean      0.015± 8.985 
Sigma     0.0215± 0.1505 

A
7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

60

70

80

90

hm2_4
Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  9.201e-09 / 0
Constant  9.54± 91.18 
Mean      0.015± 8.985 
Sigma     0.0215± 0.1505 

Mass [Z=4] 8 Strips DE-E Si_Si
hm14_4

Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  0.1877 / 1
Constant  9.5± 123.3 
Mean      0.011± 8.945 
Sigma     0.0116± 0.1588 

A
6 7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

hm14_4
Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  0.1877 / 1
Constant  9.5± 123.3 
Mean      0.011± 8.945 
Sigma     0.0116± 0.1588 

Mass [Z=4]
hm2_4

Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  0.4821 / 2
Constant  5.10± 50.09 
Mean      0.03±  9.92 
Sigma     0.0392± 0.2581 

A
7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

60

70

80

90

hm2_4
Entries  772
Mean    8.952
RMS     1.191

 / ndf 2r  0.4821 / 2
Constant  5.10± 50.09 
Mean      0.03±  9.92 
Sigma     0.0392± 0.2581 

Mass [Z=4] 8 Strips DE-E Si_Si
hm14_4

Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  3.904 / 1
Constant  8.48± 98.24 
Mean      0.013± 9.952 
Sigma     0.0145± 0.1681 

A
6 7 8 9 10 11 12 13

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

hm14_4
Entries  1081
Mean    9.072
RMS     1.206

 / ndf 2r  3.904 / 1
Constant  8.48± 98.24 
Mean      0.013± 9.952 
Sigma     0.0145± 0.1681 

Mass [Z=4]

Comparison between the two ways 	



hm2_5
Entries  1063
Mean    10.71
RMS     0.907

 / ndf 2r  15.88 / 6
Constant  8.1± 143.2 
Mean      0.01± 10.92 
Sigma     0.0097± 0.2422 

A
7 8 9 10 11 12 13 14

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

hm2_5
Entries  1063
Mean    10.71
RMS     0.907

 / ndf 2r  15.88 / 6
Constant  8.1± 143.2 
Mean      0.01± 10.92 
Sigma     0.0097± 0.2422 

Mass [Z=5] 8 Strips DE-E Si-Si
hm14_5

Entries  1384
Mean    10.68
RMS    0.9469

 / ndf 2r  3.527 / 2
Constant  10.4± 202.5 
Mean      0.02± 10.96 
Sigma     0.0159± 0.2153 

A
7 8 9 10 11 12 13 14

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

200

hm14_5
Entries  1384
Mean    10.68
RMS    0.9469

 / ndf 2r  3.527 / 2
Constant  10.4± 202.5 
Mean      0.02± 10.96 
Sigma     0.0159± 0.2153 

Mass [Z=5] 1 Strip DE-E Si-Si
hm2_5

Entries  1063
Mean    10.71
RMS     0.907

 / ndf 2r  0.6813 / 2
Constant  3.87± 29.83 
Mean      0.04± 11.91 
Sigma     0.0379± 0.2354 

A
7 8 9 10 11 12 13 14

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

hm2_5
Entries  1063
Mean    10.71
RMS     0.907

 / ndf 2r  0.6813 / 2
Constant  3.87± 29.83 
Mean      0.04± 11.91 
Sigma     0.0379± 0.2354 

Mass [Z=5] 8 Strips DE-E Si-Si
hm14_5

Entries  1384
Mean    10.68
RMS    0.9469

 / ndf 2r  4.432e-09 / 0
Constant  6.59± 43.66 
Mean      0.03± 11.95 
Sigma     0.0446± 0.1701 

A
7 8 9 10 11 12 13 14

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

180

200

hm14_5
Entries  1384
Mean    10.68
RMS    0.9469

 / ndf 2r  4.432e-09 / 0
Constant  6.59± 43.66 
Mean      0.03± 11.95 
Sigma     0.0446± 0.1701 

Mass [Z=5] 1 Strip DE-E Si-Si
hm2_6

Entries  1016
Mean    12.37
RMS     1.052

 / ndf 2r  0.6135 / 1
Constant  8.22± 97.28 
Mean      0.02± 11.92 
Sigma     0.0242± 0.2071 

A
10 11 12 13 14 15

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

hm2_6
Entries  1016
Mean    12.37
RMS     1.052

 / ndf 2r  0.6135 / 1
Constant  8.22± 97.28 
Mean      0.02± 11.92 
Sigma     0.0242± 0.2071 

Mass [Z=6] 8 Strips DE-E Si-Si
hm14_6

Entries  1422
Mean    12.43
RMS     1.036

 / ndf 2r  6.807e-07 / 0
Constant  12.6± 161.8 
Mean      0.01± 11.96 
Sigma     0.023± 0.172 

A
10 11 12 13 14 15

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

hm14_6
Entries  1422
Mean    12.43
RMS     1.036

 / ndf 2r  6.807e-07 / 0
Constant  12.6± 161.8 
Mean      0.01± 11.96 
Sigma     0.023± 0.172 

Mass [Z=6] 1 Strip DE-E Si-Si
hm2_6

Entries  1016
Mean    12.37
RMS     1.052

 / ndf 2r  1.952 / 1
Constant  6.21± 73.17 
Mean      0.08± 12.97 
Sigma     0.0662± 0.2787 

A
10 11 12 13 14 15

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

hm2_6
Entries  1016
Mean    12.37
RMS     1.052

 / ndf 2r  1.952 / 1
Constant  6.21± 73.17 
Mean      0.08± 12.97 
Sigma     0.0662± 0.2787 

Mass [Z=6] 8 Strips DE-E Si-Si
hm14_6

Entries  1422
Mean    12.43
RMS     1.036

 / ndf 2r  3.115 / 3
Constant  8.4± 123.3 
Mean      0.01± 12.95 
Sigma     0.0102± 0.1952 

A
10 11 12 13 14 15

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

hm14_6
Entries  1422
Mean    12.43
RMS     1.036

 / ndf 2r  3.115 / 3
Constant  8.4± 123.3 
Mean      0.01± 12.95 
Sigma     0.0102± 0.1952 

Mass [Z=6] 1 Strip DE-E Si-Si
hm2_6

Entries  1016
Mean    12.37
RMS     1.052

 / ndf 2r  1.318 / 2
Constant  3.71± 31.59 
Mean      0.08± 13.87 
Sigma     0.118± 0.374 

A
10 11 12 13 14 15

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

hm2_6
Entries  1016
Mean    12.37
RMS     1.052

 / ndf 2r  1.318 / 2
Constant  3.71± 31.59 
Mean      0.08± 13.87 
Sigma     0.118± 0.374 

Mass [Z=6] 8 Strips DE-E Si-Si
hm14_6

Entries  1422
Mean    12.43
RMS     1.036

 / ndf 2r  5.417e-08 / 0
Constant  8.0±  64.8 
Mean      0.0±  13.9 
Sigma     0.0407± 0.1765 

A
10 11 12 13 14 15

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

160

hm14_6
Entries  1422
Mean    12.43
RMS     1.036

 / ndf 2r  5.417e-08 / 0
Constant  8.0±  64.8 
Mean      0.0±  13.9 
Sigma     0.0407± 0.1765 

Mass [Z=6] 1 Strip DE-E Si-Si

Krakow, Poland	


2 July, 2015	



E. V. Pagano	


Univ. of Catania & LNS-INFN	





Comparison between the two ways 	


hm2_7

Entries  355
Mean    14.53
RMS    0.9779

 / ndf 2r  3.196 / 1
Constant  3.85± 22.64 
Mean      0.09± 13.98 
Sigma     0.2094± 0.3467 

A
11 12 13 14 15 16 17 18 19

Yi
el

ds
 (a

.u
.)

0

5

10

15

20

25

30

35

40

hm2_7
Entries  355
Mean    14.53
RMS    0.9779

 / ndf 2r  3.196 / 1
Constant  3.85± 22.64 
Mean      0.09± 13.98 
Sigma     0.2094± 0.3467 

Mass [Z=7] 8 Strips DE-E Si-Si
hm14_7

Entries  909
Mean    14.77
RMS     1.115

 / ndf 2r  2.552 / 1
Constant  6.25± 53.61 
Mean      0.02± 14.01 
Sigma     0.0262± 0.1883 

A
12 13 14 15 16 17 18 19

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

hm14_7
Entries  909
Mean    14.77
RMS     1.115

 / ndf 2r  2.552 / 1
Constant  6.25± 53.61 
Mean      0.02± 14.01 
Sigma     0.0262± 0.1883 

Mass [Z=7] 1 Strip DE-E Si-Si
hm2_7

Entries  355
Mean    14.53
RMS    0.9779

 / ndf 2r  1.023 / 2
Constant  4.75± 40.13 
Mean      0.02± 14.98 
Sigma     0.0287± 0.2239 

A
11 12 13 14 15 16 17 18 19

Yi
el

ds
 (a

.u
.)

0

5

10

15

20

25

30

35

40

hm2_7
Entries  355
Mean    14.53
RMS    0.9779

 / ndf 2r  1.023 / 2
Constant  4.75± 40.13 
Mean      0.02± 14.98 
Sigma     0.0287± 0.2239 

Mass [Z=7] 8 Strips DE-E Si-Si
hm14_7

Entries  909
Mean    14.77
RMS     1.115

 / ndf 2r  1.756e-07 / 0
Constant  12.0± 145.1 
Mean      0.01± 14.98 
Sigma     0.0185± 0.1552 

A
12 13 14 15 16 17 18 19

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

hm14_7
Entries  909
Mean    14.77
RMS     1.115

 / ndf 2r  1.756e-07 / 0
Constant  12.0± 145.1 
Mean      0.01± 14.98 
Sigma     0.0185± 0.1552 

Mass [Z=7] 1 Strip DE-E Si-Si

Krakow, Poland	


2 July, 2015	



E. V. Pagano	


Univ. of Catania & LNS-INFN	





Comparison between the two ways 	


hm2_7

Entries  355
Mean    14.53
RMS    0.9779

 / ndf 2r  3.196 / 1
Constant  3.85± 22.64 
Mean      0.09± 13.98 
Sigma     0.2094± 0.3467 

A
11 12 13 14 15 16 17 18 19

Yi
el

ds
 (a

.u
.)

0

5

10

15

20

25

30

35

40

hm2_7
Entries  355
Mean    14.53
RMS    0.9779

 / ndf 2r  3.196 / 1
Constant  3.85± 22.64 
Mean      0.09± 13.98 
Sigma     0.2094± 0.3467 

Mass [Z=7] 8 Strips DE-E Si-Si
hm14_7

Entries  909
Mean    14.77
RMS     1.115

 / ndf 2r  2.552 / 1
Constant  6.25± 53.61 
Mean      0.02± 14.01 
Sigma     0.0262± 0.1883 

A
12 13 14 15 16 17 18 19

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

hm14_7
Entries  909
Mean    14.77
RMS     1.115

 / ndf 2r  2.552 / 1
Constant  6.25± 53.61 
Mean      0.02± 14.01 
Sigma     0.0262± 0.1883 

Mass [Z=7] 1 Strip DE-E Si-Si
hm2_8

Entries  188

Mean    16.64

RMS     1.286
 / ndf 2r  3.236 / 3

Constant  3.1±  16.1 

Mean      0.0±    16 

Sigma     0.0496± 0.2469 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

2

4

6

8

10

12

14

16

18

hm2_8
Entries  188

Mean    16.64

RMS     1.286
 / ndf 2r  3.236 / 3

Constant  3.1±  16.1 

Mean      0.0±    16 

Sigma     0.0496± 0.2469 

Mass [Z=8] 8 Strips DE-E Si-Si
hm14_8

Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  0.8414 / 1
Constant  6.14± 54.85 
Mean      0.0±  16.1 
Sigma     0.0360± 0.2164 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

hm14_8
Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  0.8414 / 1
Constant  6.14± 54.85 
Mean      0.0±  16.1 
Sigma     0.0360± 0.2164 

Mass [Z=8] 1 Strip DE-E Si-Si
hm2_7

Entries  355
Mean    14.53
RMS    0.9779

 / ndf 2r  1.023 / 2
Constant  4.75± 40.13 
Mean      0.02± 14.98 
Sigma     0.0287± 0.2239 

A
11 12 13 14 15 16 17 18 19

Yi
el

ds
 (a

.u
.)

0

5

10

15

20

25

30

35

40

hm2_7
Entries  355
Mean    14.53
RMS    0.9779

 / ndf 2r  1.023 / 2
Constant  4.75± 40.13 
Mean      0.02± 14.98 
Sigma     0.0287± 0.2239 

Mass [Z=7] 8 Strips DE-E Si-Si
hm14_7

Entries  909
Mean    14.77
RMS     1.115

 / ndf 2r  1.756e-07 / 0
Constant  12.0± 145.1 
Mean      0.01± 14.98 
Sigma     0.0185± 0.1552 

A
12 13 14 15 16 17 18 19

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

hm14_7
Entries  909
Mean    14.77
RMS     1.115

 / ndf 2r  1.756e-07 / 0
Constant  12.0± 145.1 
Mean      0.01± 14.98 
Sigma     0.0185± 0.1552 

Mass [Z=7] 1 Strip DE-E Si-Si
hm2_8

Entries  188

Mean    16.64

RMS     1.286
 / ndf 2r  3.614 / 1

Constant  3.66± 15.64 

Mean      0.03± 16.99 

Sigma     0.0291± 0.1433 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

2

4

6

8

10

12

14

16

18

hm2_8
Entries  188

Mean    16.64

RMS     1.286
 / ndf 2r  3.614 / 1

Constant  3.66± 15.64 

Mean      0.03± 16.99 

Sigma     0.0291± 0.1433 

Mass [Z=8] 8 Strips DE-E Si-Si
hm14_8

Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  0.5638 / 2
Constant  4.06± 29.64 
Mean      0.0±  17.1 
Sigma     0.0437± 0.2485 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

hm14_8
Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  0.5638 / 2
Constant  4.06± 29.64 
Mean      0.0±  17.1 
Sigma     0.0437± 0.2485 

Mass [Z=8] 1 Strip DE-E Si-Si
hm2_8

Entries  188
Mean    16.64
RMS     1.286

 / ndf 2r  2.611 / 4
Constant  1.498± 5.926 
Mean      0.06± 17.81 
Sigma     0.049± 0.256 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

2

4

6

8

10

12

14

16

18

hm2_8
Entries  188
Mean    16.64
RMS     1.286

 / ndf 2r  2.611 / 4
Constant  1.498± 5.926 
Mean      0.06± 17.81 
Sigma     0.049± 0.256 

Mass [Z=8] 8 Strips DE-E Si-Si
hm14_8

Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  1.447 / 2
Constant  2.88± 16.79 
Mean      0.05± 18.14 
Sigma     0.0638± 0.2691 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

hm14_8
Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  1.447 / 2
Constant  2.88± 16.79 
Mean      0.05± 18.14 
Sigma     0.0638± 0.2691 

Mass [Z=8] 1 Strip DE-E Si-Si

Krakow, Poland	


2 July, 2015	



E. V. Pagano	


Univ. of Catania & LNS-INFN	





Comparison between the two ways 	


hm2_7

Entries  355
Mean    14.53
RMS    0.9779

 / ndf 2r  3.196 / 1
Constant  3.85± 22.64 
Mean      0.09± 13.98 
Sigma     0.2094± 0.3467 

A
11 12 13 14 15 16 17 18 19

Yi
el

ds
 (a

.u
.)

0

5

10

15

20

25

30

35

40

hm2_7
Entries  355
Mean    14.53
RMS    0.9779

 / ndf 2r  3.196 / 1
Constant  3.85± 22.64 
Mean      0.09± 13.98 
Sigma     0.2094± 0.3467 

Mass [Z=7] 8 Strips DE-E Si-Si
hm14_7

Entries  909
Mean    14.77
RMS     1.115

 / ndf 2r  2.552 / 1
Constant  6.25± 53.61 
Mean      0.02± 14.01 
Sigma     0.0262± 0.1883 

A
12 13 14 15 16 17 18 19

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

hm14_7
Entries  909
Mean    14.77
RMS     1.115

 / ndf 2r  2.552 / 1
Constant  6.25± 53.61 
Mean      0.02± 14.01 
Sigma     0.0262± 0.1883 

Mass [Z=7] 1 Strip DE-E Si-Si
hm2_8

Entries  188

Mean    16.64

RMS     1.286
 / ndf 2r  3.236 / 3

Constant  3.1±  16.1 

Mean      0.0±    16 

Sigma     0.0496± 0.2469 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

2

4

6

8

10

12

14

16

18

hm2_8
Entries  188

Mean    16.64

RMS     1.286
 / ndf 2r  3.236 / 3

Constant  3.1±  16.1 

Mean      0.0±    16 

Sigma     0.0496± 0.2469 

Mass [Z=8] 8 Strips DE-E Si-Si
hm14_8

Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  0.8414 / 1
Constant  6.14± 54.85 
Mean      0.0±  16.1 
Sigma     0.0360± 0.2164 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

hm14_8
Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  0.8414 / 1
Constant  6.14± 54.85 
Mean      0.0±  16.1 
Sigma     0.0360± 0.2164 

Mass [Z=8] 1 Strip DE-E Si-Si

hm2_9
Entries  73

Mean    18.99
RMS     1.265

A
16 17 18 19 20 21 22 23 24 25

Yi
el

ds
 (a

.u
.)

0

2

4

6

8

10

hm2_9
Entries  73

Mean    18.99
RMS     1.265

Mass [Z=9] 8 Strips DE-E Si-Si
hm14_9

Entries  231
Mean    19.54
RMS     1.461

A
16 17 18 19 20 21 22 23 24

Yi
el

ds
 (a

.u
.)

0

5

10

15

20

25
hm14_9

Entries  231
Mean    19.54
RMS     1.461

Mass [Z=9] 1 Strip DE-E Si-Si

hm2_7
Entries  355
Mean    14.53
RMS    0.9779

 / ndf 2r  1.023 / 2
Constant  4.75± 40.13 
Mean      0.02± 14.98 
Sigma     0.0287± 0.2239 

A
11 12 13 14 15 16 17 18 19

Yi
el

ds
 (a

.u
.)

0

5

10

15

20

25

30

35

40

hm2_7
Entries  355
Mean    14.53
RMS    0.9779

 / ndf 2r  1.023 / 2
Constant  4.75± 40.13 
Mean      0.02± 14.98 
Sigma     0.0287± 0.2239 

Mass [Z=7] 8 Strips DE-E Si-Si
hm14_7

Entries  909
Mean    14.77
RMS     1.115

 / ndf 2r  1.756e-07 / 0
Constant  12.0± 145.1 
Mean      0.01± 14.98 
Sigma     0.0185± 0.1552 

A
12 13 14 15 16 17 18 19

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

hm14_7
Entries  909
Mean    14.77
RMS     1.115

 / ndf 2r  1.756e-07 / 0
Constant  12.0± 145.1 
Mean      0.01± 14.98 
Sigma     0.0185± 0.1552 

Mass [Z=7] 1 Strip DE-E Si-Si
hm2_8

Entries  188

Mean    16.64

RMS     1.286
 / ndf 2r  3.614 / 1

Constant  3.66± 15.64 

Mean      0.03± 16.99 

Sigma     0.0291± 0.1433 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

2

4

6

8

10

12

14

16

18

hm2_8
Entries  188

Mean    16.64

RMS     1.286
 / ndf 2r  3.614 / 1

Constant  3.66± 15.64 

Mean      0.03± 16.99 

Sigma     0.0291± 0.1433 

Mass [Z=8] 8 Strips DE-E Si-Si
hm14_8

Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  0.5638 / 2
Constant  4.06± 29.64 
Mean      0.0±  17.1 
Sigma     0.0437± 0.2485 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

hm14_8
Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  0.5638 / 2
Constant  4.06± 29.64 
Mean      0.0±  17.1 
Sigma     0.0437± 0.2485 

Mass [Z=8] 1 Strip DE-E Si-Si
hm2_8

Entries  188
Mean    16.64
RMS     1.286

 / ndf 2r  2.611 / 4
Constant  1.498± 5.926 
Mean      0.06± 17.81 
Sigma     0.049± 0.256 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

2

4

6

8

10

12

14

16

18

hm2_8
Entries  188
Mean    16.64
RMS     1.286

 / ndf 2r  2.611 / 4
Constant  1.498± 5.926 
Mean      0.06± 17.81 
Sigma     0.049± 0.256 

Mass [Z=8] 8 Strips DE-E Si-Si
hm14_8

Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  1.447 / 2
Constant  2.88± 16.79 
Mean      0.05± 18.14 
Sigma     0.0638± 0.2691 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

hm14_8
Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  1.447 / 2
Constant  2.88± 16.79 
Mean      0.05± 18.14 
Sigma     0.0638± 0.2691 

Mass [Z=8] 1 Strip DE-E Si-Si

Krakow, Poland	


2 July, 2015	



E. V. Pagano	


Univ. of Catania & LNS-INFN	





Comparison between the two ways 	


hm2_7

Entries  355
Mean    14.53
RMS    0.9779

 / ndf 2r  3.196 / 1
Constant  3.85± 22.64 
Mean      0.09± 13.98 
Sigma     0.2094± 0.3467 

A
11 12 13 14 15 16 17 18 19

Yi
el

ds
 (a

.u
.)

0

5

10

15

20

25

30

35

40

hm2_7
Entries  355
Mean    14.53
RMS    0.9779

 / ndf 2r  3.196 / 1
Constant  3.85± 22.64 
Mean      0.09± 13.98 
Sigma     0.2094± 0.3467 

Mass [Z=7] 8 Strips DE-E Si-Si
hm14_7

Entries  909
Mean    14.77
RMS     1.115

 / ndf 2r  2.552 / 1
Constant  6.25± 53.61 
Mean      0.02± 14.01 
Sigma     0.0262± 0.1883 

A
12 13 14 15 16 17 18 19

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

hm14_7
Entries  909
Mean    14.77
RMS     1.115

 / ndf 2r  2.552 / 1
Constant  6.25± 53.61 
Mean      0.02± 14.01 
Sigma     0.0262± 0.1883 

Mass [Z=7] 1 Strip DE-E Si-Si
hm2_8

Entries  188

Mean    16.64

RMS     1.286
 / ndf 2r  3.236 / 3

Constant  3.1±  16.1 

Mean      0.0±    16 

Sigma     0.0496± 0.2469 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

2

4

6

8

10

12

14

16

18

hm2_8
Entries  188

Mean    16.64

RMS     1.286
 / ndf 2r  3.236 / 3

Constant  3.1±  16.1 

Mean      0.0±    16 

Sigma     0.0496± 0.2469 

Mass [Z=8] 8 Strips DE-E Si-Si
hm14_8

Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  0.8414 / 1
Constant  6.14± 54.85 
Mean      0.0±  16.1 
Sigma     0.0360± 0.2164 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

hm14_8
Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  0.8414 / 1
Constant  6.14± 54.85 
Mean      0.0±  16.1 
Sigma     0.0360± 0.2164 

Mass [Z=8] 1 Strip DE-E Si-Si

hm2_9
Entries  73

Mean    18.99
RMS     1.265

A
16 17 18 19 20 21 22 23 24 25

Yi
el

ds
 (a

.u
.)

0

2

4

6

8

10

hm2_9
Entries  73

Mean    18.99
RMS     1.265

Mass [Z=9] 8 Strips DE-E Si-Si
hm14_9

Entries  231
Mean    19.54
RMS     1.461

A
16 17 18 19 20 21 22 23 24

Yi
el

ds
 (a

.u
.)

0

5

10

15

20

25
hm14_9

Entries  231
Mean    19.54
RMS     1.461

Mass [Z=9] 1 Strip DE-E Si-Si
hm2_10

Entries  18

Mean    20.66

RMS     1.301

A
18 19 20 21 22 23 24

Yi
el

ds
 (a

.u
.)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

hm2_10
Entries  18

Mean    20.66

RMS     1.301

Mass [Z=10] 8 Strips DE-E Si-Si
hm14_10

Entries  112

Mean     21.5

RMS      1.32

A
18 19 20 21 22 23 24 25 26

Yi
el

ds
 (a

.u
.)

0

2

4

6

8

10

12

14

hm14_10
Entries  112

Mean     21.5

RMS      1.32

Mass [Z=10] 1 Strip DE-E Si-Si

hm2_7
Entries  355
Mean    14.53
RMS    0.9779

 / ndf 2r  1.023 / 2
Constant  4.75± 40.13 
Mean      0.02± 14.98 
Sigma     0.0287± 0.2239 

A
11 12 13 14 15 16 17 18 19

Yi
el

ds
 (a

.u
.)

0

5

10

15

20

25

30

35

40

hm2_7
Entries  355
Mean    14.53
RMS    0.9779

 / ndf 2r  1.023 / 2
Constant  4.75± 40.13 
Mean      0.02± 14.98 
Sigma     0.0287± 0.2239 

Mass [Z=7] 8 Strips DE-E Si-Si
hm14_7

Entries  909
Mean    14.77
RMS     1.115

 / ndf 2r  1.756e-07 / 0
Constant  12.0± 145.1 
Mean      0.01± 14.98 
Sigma     0.0185± 0.1552 

A
12 13 14 15 16 17 18 19

Yi
el

ds
 (a

.u
.)

0

20

40

60

80

100

120

140

hm14_7
Entries  909
Mean    14.77
RMS     1.115

 / ndf 2r  1.756e-07 / 0
Constant  12.0± 145.1 
Mean      0.01± 14.98 
Sigma     0.0185± 0.1552 

Mass [Z=7] 1 Strip DE-E Si-Si
hm2_8

Entries  188

Mean    16.64

RMS     1.286
 / ndf 2r  3.614 / 1

Constant  3.66± 15.64 

Mean      0.03± 16.99 

Sigma     0.0291± 0.1433 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

2

4

6

8

10

12

14

16

18

hm2_8
Entries  188

Mean    16.64

RMS     1.286
 / ndf 2r  3.614 / 1

Constant  3.66± 15.64 

Mean      0.03± 16.99 

Sigma     0.0291± 0.1433 

Mass [Z=8] 8 Strips DE-E Si-Si
hm14_8

Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  0.5638 / 2
Constant  4.06± 29.64 
Mean      0.0±  17.1 
Sigma     0.0437± 0.2485 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

hm14_8
Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  0.5638 / 2
Constant  4.06± 29.64 
Mean      0.0±  17.1 
Sigma     0.0437± 0.2485 

Mass [Z=8] 1 Strip DE-E Si-Si
hm2_8

Entries  188
Mean    16.64
RMS     1.286

 / ndf 2r  2.611 / 4
Constant  1.498± 5.926 
Mean      0.06± 17.81 
Sigma     0.049± 0.256 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

2

4

6

8

10

12

14

16

18

hm2_8
Entries  188
Mean    16.64
RMS     1.286

 / ndf 2r  2.611 / 4
Constant  1.498± 5.926 
Mean      0.06± 17.81 
Sigma     0.049± 0.256 

Mass [Z=8] 8 Strips DE-E Si-Si
hm14_8

Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  1.447 / 2
Constant  2.88± 16.79 
Mean      0.05± 18.14 
Sigma     0.0638± 0.2691 

A
14 15 16 17 18 19 20 21 22

Yi
el

ds
 (a

.u
.)

0

10

20

30

40

50

hm14_8
Entries  502
Mean    16.93
RMS     1.378

 / ndf 2r  1.447 / 2
Constant  2.88± 16.79 
Mean      0.05± 18.14 
Sigma     0.0638± 0.2691 

Mass [Z=8] 1 Strip DE-E Si-Si

Krakow, Poland	


2 July, 2015	



E. V. Pagano	


Univ. of Catania & LNS-INFN	





FAST – SLOW Identification (PSD) in CsI(Tl)	



Krakow, Poland	


2 July, 2015	



E. V. Pagano	


Univ. of Catania & LNS-INFN	





FAST – SLOW Identification (PSD) in CsI(Tl)	



p 
d 

t 

3He 

4He 

6He 

8Be 

7Li 

8Li 

Krakow, Poland	


2 July, 2015	



E. V. Pagano	


Univ. of Catania & LNS-INFN	





FAST – SLOW Identification (PSD) in CsI(Tl)	



p 
d 

t 

3He 

4He 

6He 

8Be 

7Li 

8Li 6Li 

p 
d 

t 

3He 

4He 

6He 

8Be 

7Li 

8Li 

Krakow, Poland	


2 July, 2015	



E. V. Pagano	


Univ. of Catania & LNS-INFN	





Test with GET Electronic	



courtesy 

Krakow, Poland	


2 July, 2015	



E. V. Pagano	


Univ. of Catania & LNS-INFN	





Test with GET Electronic	


GET (General Electronics for TPC) 

Si – detector 
and 

CsI(Tl) 
PAC 

(Standard) 
GET 

•  High pass filter 
•  Amplifier 
•  100 MHz sampling 
•  Storing 100point/50ns 
•  Digitizing 
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CLIR: Clustering in Light Ion 
Reactions.  
As an example: 
16C + 12Cà16C*+12C*à10Be + 6He + 12C* 

  à 12Be + 4He   
16C from tagged FRIBS projectile 
fragmentation @ 40MeV/Aà 15 kHz 

I. Lombardo, G. Verde 

CLIR experiment performed @ LNS (March 2015)	


Primary beam 18O @ 55MeV/A 
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ToF (ch) Base of  flight = 13m 

DSSSD 32X32 140μm 
Courtesy G.Cardella et al. 
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16C from tagged FRIBS projectile 
fragmentation @ 40MeV/Aà 15 kHz 

I. Lombardo, G. Verde 

CLIR experiment performed @ LNS (March 2015)	


Primary beam 18O @ 55MeV/A 

6He 

9Li 

12Be 

15B 

8Li 7Li 

11Be 
10Be 

14B 
13B 

17C 16C 

Δ
E
 (

ch
) 

ToF (ch) Base of  flight = 13m 

DSSSD 32X32 140μm 
Courtesy G.Cardella et al. 



TEST OF GET ELECTRONICS WITH BEAM	


Exotic beam of 16C @ 40MeV/A 
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GET Electronic CHIMERA STANDARD 

Preliminary	



For the test of  GET 
was connected to a 
t e l e s c o p e  o f  
CHIMERA from the 
Ring 2, 300μm of  
Si − 12 cm ofCsI(Tl), 
in order to compare 
with a telescope of  
t h e s a m e r i n g 
connected with the 
standard electronic 
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FARCOS: perspectives 	


Milestones of  FARCOS  construction: 

•  2015 (I semester): end of  the GET tests and 

build of  2 new telescopes (PRIN funds). 

•  2015 (II semester): purchase electronics for 

20 telescopes and beginning of  the ASIC 

preamplifier tests. 

•  2016: build of  6 new telescopes and 

submission batch for ASIC preamplifier. 

•  2017: build of  4 new telescopes and 

submission batch for ASIC preamplifier. 

•  2018: build of  4 new telescopes. 

•  2019: available 20 telescopes completely of  

FARCOS  
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FARCOS: perspectives 	


Milestones of  FARCOS  construction: 

•  2015 (I semester): end of  the GET tests and 

build of  2 new telescopes (PRIN funds). 

•  2015 (II semester): purchase electronics for 

20 telescopes and beginning of  the ASIC 

preamplifier tests. 

•  2016: build of  6 new telescopes and 

submission batch for ASIC preamplifier. 

•  2017: build of  4 new telescopes and 

submission batch for ASIC preamplifier. 

•  2018: build of  4 new telescopes. 

•  2019: available 20 telescopes completely of  

FARCOS  

Estimation of  FARCOS completion cost 

•  Si (300μm + 1500μm) + CsI(Tl):   316.5  K€ 

•  GET Electronic for Si (5120 ch) and  

       CsI(Tl) (80 ch) in double dynamic:   208.5  K€ 

•  Spare parts 20%:                               40     K€ 

•  Power boards:                  20    K€ 

•  Mechanics (interface, flanges, etc.):     60    K€ 

•  PAC (Different types):                 80    K€ 

•  Farm disk server and online analysis:   70    K€ 

•  Unexpected (6%):                                54.5 K€ 

•  Total amount:                                    ≈850 K€  
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FARCOS: perspective II 	


2 Letter of Intent Presented in SPESS - LNL 	
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2 Letter of Intent Presented in SPESS - LNL 	
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FARCOS: perspective II 	


New sperimental campain coupling FARCOS and MUST II 	



Using 	


The 4pi Detector CHIMERA @ LNS (CATANIA-ITALY)	


The 4pi Detector INDRA @ GANIL (CAEN-FRANCE) 

FARCOS 

CHIMERA INDRA 

+ 
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Conclusions	



The prototype of  FARCOS, made by  4 telescopes, is under testing. 
Preliminary analysis suggest that FARCOS performances  are very good with good 

in isotopic identification resolution and in energy and angular resolution.  
For the future the goal is to develop some automatic procedures in order to make 

easier and faster the identification  and calibration analysis. 
GET electronic  should represent a great opportunity to have a large number of  

channels (≈ 5000) compact and portable! 
In the next years we plan to assemble  20 telescopes in order to perform 

experiments coupling FARCOS with 4π detectors in order to progress in our 
understanding in heavy ion physics of  both stable and exotic beams 
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Preliminary analysis suggest that FARCOS performances  are very good with good 

in isotopic identification resolution and in energy and angular resolution.  
For the future the goal is to develop some automatic procedures in order to make 

easier and faster the identification  and calibration analysis. 
GET electronic  should represent a great opportunity to have a large number of  

channels (≈ 5000) compact and portable! 
In the next years we plan to assemble  20 telescopes in order to perform 

experiments coupling FARCOS with 4π detectors in order to progress in our 
understanding in heavy ion physics of  both stable and exotic beams 

Thanks for the attention	
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Movable production 
Target water cooled 

Two 45° dipoles of the beam 
line do the fragment selection 

Fragmentation beams at INFN-LNS - Catania 
Reaction target and fragment 

detection 



TEST OF GET ELECTRONICS WITH BEAM	



16O+11B @ 40 MeV/A   (calibration beam) 

Stable beam 

Δ
E
 (

ch
) 

Eres (ch) 

For the test of  GET 
was connected to a 
telescope of  CHIMERA 
f rom the R ing 2 , 
300μm of  Si − 12 cm 
ofCsI(Tl), in order to 
c o m p a r e w i t h  a 
telescope of  the same 
ring connected with 
t h e  s t a n d a r d 
electronic 

Z=2 Z=3 
Z=4 
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Z=8 

Krakow, Poland	


2 July, 2015	



E. V. Pagano	


Univ. of Catania & LNS-INFN	





Hardware Architecture for AGET  	
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Test and Characterizations of CsI(Tl) light response	


 

•  Surface response 

ü  vacuum conditions (≈ 10-2 𝑚𝑏𝑎𝑟)  
ü  241Am source of  150 nCu  of  intensity, Eα= 5.485 MeV 
ü  Doping of  CsI(Tl) crystals 1200-1500 ppm  

@Univ. Of  Messina 

Good Uniformity: 
<0.5% in the best case 
<2% in the worst case 

E.V.Pagano undergraduate Thesis work 
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•  depth response 

Sij =
Lij − L

L

α+Pb at E/A=62 MeV 

Light response: less than 
0.5% non-uniformity 

L.Quattrocchi 

@LNS-INFN 

≈1.5 cm 

More energie and reactions are 
available to study the depth 
response of  CsI(Tl) at different 
section. 
R.Andolina undergraduate thesis work 
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Test work: 
only 40 runs  

over about 800 

N° of  Events ≈ 8 Millinos 
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“Effetto Calotta”	



3 
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300um 

1500um 

This Cap Effect is due to the fact that the detector obviously have a flat surface 
and it is too near to the target (25 cm). Maybe it is avoided with a distance of  
about 80 cm form the target 
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In the case of  the InKiIsSy experiment configuration my idea is that is better the  
“Single-Strip Way” 

Comparison between the two ways 	



✓ ✗ ✓ ✗ 

Good Isotopic 
Resolution 
 
Not necessary 
energy calibration 

Long identification 
work (100 Matrix 
for each 
telescope, 
possible if  we 
have only 4 
telescopes) 

Fast identification 
work (16 matrix 
for each 
telescope, good 
for 20 telescopes) 

Worse isotopic 
identification 
resolution (at 
least for now!) 

Wide identification 
range: 1<Z<10 

Need a large 
statistic in each 
strip (0.2x4.6 cm) 

Good if  not is 
necessary a wide 
identification 
range: 1<Z<2(3) 

Necessary energy 
calibration ( mV 
or better MeV 

Good if  the 
detector in near to 
the target (25cm) 

Far to the 
target(0.8-1.0 m) 

Good if  not have 
large statistic 

“Single-strip way”	

 “sum-strips way”	
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Test with GET Electronic: first results	


Very Preliminary (March 2014)	



ACQ CHIMERA 
Csi3-tel4  
Li7+au 27 MeV 
Li7+ch 
Li7+cd 

ACQ GET 
Csi3-tel4  
Li7+au 27 MeV 
Li7+ch 
Li7+cd 

ACQ CHIMERA ACQ GET 

Silicon strip alpha source	



Similar resolution even 
if  with CHIMERACQ we 

have larger gain 
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Physics Case	


•  Nuclear Dynamics 
•  Nuclear Spectroscopy 

•  HIC at Intermediate energy as tools of  exotic 
nuclei 

 
•  Multi-particles correlations (boson condensate) 

•  With stable and RIBs 

8Beàp-7Li 8B àp-7Be 10B àα-6Li 
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Ad.R.Raduta et al. Phys. Lett B 705 (2011) 6570 
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