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197Au + 197Au @ 400 AMeV δ2 = 0.039
96Zr + 96Zr @ 400 AMeV δ2 = 0.028

96Ru + 96Ru @ 400 AMeV δ2 = 0.007A
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ASY-EOS experimental setup



ASY-EOS experimental setup
5x7 triple telescopes, 20o<θ<60o

Si-CsI-CsI
Midrapidity pdt + 
Isotopes of Z<7

Start + ROLU

μ-Ball + Halo
4 rings, θ>60o, CsI(Tl)

Discriminate target vs air
interactions, remove halo,

possibly centrality + rpl

SHADOW BAR

4 rings, 352 CsI(Tl), 7o<θ<20o

Centrality
&

Reaction plane

96 plastic bars
x-y positions, centrality,
reaction plane, trigger

2x2x1 m3 plastic/Fe sandwich
+ plastic veto wall

Midrapidity neutrons & Z=1

LAND+VETO

ALADIN ToF-Wall

KRATTA
CHIMERA
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ASY-EOS experimental setup
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Single module content

KRATTA @ GSI
ASY-EOS experiment

KRATTA main characteristics
●  Broad energy range (from  ~2.5 to ~260 MeV for protons)
●  Mass resolution up to Z~4
●  Modularity, versatility, portability (35 modules)
●  Solid angle ~160 msr (~4.5 msr/module at 40 cm from the target)
●  Low noise preamplifiers
●  Digital pulse processing (15×V1724 CAEN FADCs (100 MHz, 14 bits)
●  Off-line pulse shape analysis
●  VME+RIO4+MBS data acquisition
●  Operates in air (at present)

Fragment

E
low

(500 μm Si)
[MeV/u]

E
int

(2.5 cm CsI)
[MeV/u]

E
up

(15 cm CsI)
[MeV/u]

1H 8.3      89.6     254.4    

4He 8.3      89.4     253.9    

7Li 9.5      103.6     296.5    

20Ne 19.9      231.3     719.0    

43Ca 26.7      339.7     1134.2    

91Zr 34.0      513.9     1911.8    

197Au 38.6      775.8     3550.9    

Thresholds

Angles
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  Photodiodes: HAMAMATSU S5377-02
● Active Area: 28x28 mm2

● Thickness: 500 ± 15 μm
● Orientation: (111)
● Dead Layers:  1.5 μm front, 20 μm rear
● Full Depletion: ~170 V
● Dark Current: 30 nA, (Max. 150 nA)
● Rise Time: 40 ns
● Capacitance: 200 pF

  CsI(Tl): IMP-CAS, Lanzhou, China
● Tl concentration: 1500 ppm
● LO non-uniformity: <7%
● Shape: Truncated pyramids
● Tolerance: ± 0.1 mm

 Wrapping: 3M VikuitiTM ESR foil
● Reflectance: >98%
● Thickness: 65 μm 

KRATTA active elements 
CsI1: 2.5 cm CsI2: 12.5 cm

Xe
Ca

Ne
C

P

Li range300 AMeV:

PD1+CSI1=SCT (Single Chip Telescope, G. Pasquali et al. NIMA 301(91)101)

range at
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Mode of current signal PD0

ID map for particles stopped in PD0
after pulse shape analysis

6,7,8Li

3,4,6He

p,d,t

Identification threshold
reduced by a factor of ~3
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SCT decomposed (non-trivial)
(lines from the ATIMA range-energy tables)

Obtained with a single
electronic channel !



9

PD1

PD0

Z=

Low gain
settings

KRATTA@HIMAC: ΔE-E
Xe fragmentation at ~300 AMeV



  

Flows of light charged particles in Au (400 MeV/u) + Au reactions:

KRATTA  vs  FOPI results 

Fourier decomposition of the azimuthal distributions
with respect to the reaction plane (ϕR) :



  

UrQMD   Q. Li, J. Phys. G 31(2005)1359
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„Fermi­gas” parametrization of the symmetry term:

Model simulations

Clustering procedure

r = 2.5 fm, p = 290 MeV/c )

r = 3 fm, p = 100 MeV/c )

⋮

Stopping time = 150 fm /c

 Nucleons  { ri , pi }

=0.5 (SOFT)

=1.5 (STIFF)
Esym

pot  MeV 

/0



  

KRATTA data              UrQMD predictions
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ASY ­ SOF T

ASY ­ STIFF

 b < 7.5 fm

24○ < lon < 59.4○

0.7○ < lat < 25.7○

20 < EKIN /A  < 133 MeV

Charge distribution Au (400 MeV/u) + Au
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Au (400 MeV/u) + Au

p

3He
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4He
 b < 7.5 fm

24○ < lon < 59.4○

0.7○ < lat < 25.7○



  

t / 
3He isotope ratios  ( 20 < Ekin/A < 133 MeV )

KRATTA

UrQMD:
SOFT
STIFF

pT / A ( GeV / c )y / yproj

Au (400 MeV/u) + Au
5.5 < b < 7.5 fm

24○ <  LAB < 62○

20 < EKIN /A  < 133 MeV



  

KRATTA

UrQMD:
SOFT
STIFF

v1

v2

y / yproj pt / A ( GeV / c )

Proton flow  ( 20 < Ekin < 250 MeV )



  

KRATTA

UrQMD:
SOFT
STIFF

v2

v1

y / yproj pt / A ( GeV / c )

Deuteron flow  ( 20 < Ekin/A < 160 MeV )
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CHIMERA@ASY-EOS



  

ALADIN ToF Wall@ASY-EOS
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LAND@ASY-EOS
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FOPI-LAND



  

LAND@ASY-EOS
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γ = 0.72 ± 0.19

L = 72 ± 13 MeV



  

Conclusions

KRATTA
●  good detector performance
●  usefulness of photodiodes operating in the double mode  

KRATTA results from the ASY-EOS measurements
●  flow parameters consistent with FOPI data
●  UrQMD (+ clustering) fails in reproducing isotope ratios
●  realistic description of cluster formation needed

LAND results from the ASY-EOS measurements
●  moderately soft to linear density dependence: γ = 0.72 ± 0.19



  

The ASY-EOS Collaboration



  

V(t)

CsI(Tl)
scintillator

Silicon PIN
photodiode



  

Pulse decomposition analysis

Measured waveform
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