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Introduction

Ru+Ru at 0.4 and 1.528 AGeV

o Invariant spectra and Rapidity
distribution

o Radial flow and Temperature
o Scaled elliptic flow

FOPI Time-of-Flight (ToF) Upgrade
Summary and Outlook
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Study the production and collective flow of the light fragments (p, d

t 3He, and 4He)

o For the most central events R v
Rapidity distribution and production ot
Radial flow and Temperature ol
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o Maximum elliptic flow at 0.4 AGeV
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o For semi-central events
Scaled elliptic flow (v,/n) by the nun
the composite nucleons, n, as func

scaled transverse momentum (p,/n 250 Mev./nucl 90°
Nucleon coalescence scenario in heavy-ion collisions 001ttt
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0.4 AGeV
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| ® FOPI Ni+Ni(This Work)

O FOPI Au+Au(Ref. 10)

A FOPI Au+Au(Ref. 33)
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Azimuthal particle distribution & Reaction plane
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Elliptic flow

Direct flow
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* hep—ph/9407282 (1994) S. Voloshin & Y. Zhang

* nucl-ex/9711003 (1997) J.Y. Ollitrault
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Transverse momentum method
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Resolution of reaction plane

nucl-ex/9711003 (1997) J.Y. Ollitrault ¢ - measured azimuthal angle

Divide randomly each event into two sub- ® : true azimuthal angle
events containing half of the particles, and

construct vectors(Q,, Q,) of total transverse <COS n l//> — <COS n¢><COS nA¢>
momenta of the two sub—events.

A@ro= ‘A¢1—A¢2‘ e (cosy) T (cos2y)
(cosAg) (cos2A¢)
<60 =7 RuRu04 | 8 « <60 g RuRu15 | 8 «
@) w = b up 2
55 [ my? 7 55 | my? 7
% 6 50 pros 6 RURUO4
45 ’ o o : (cos2A¢) = 0.384
40 4 40 4
8 Feerr 3 35 3 RuRul15
30 2 30 2
e —e cos 2A¢) =0.292
g 25 s w18 ° 206355 5 75 10 °
bgw (f'ﬂ) bgw (ﬁn)




Scaled elliptic flow

GSI Scientific Report 2008, M. S. Ryu and B. Hong
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FOPI ToF
Upgrade




Nucl. Phys. A 625 325(1997) J. Schaffner—Bielich et al/.
For free NN collisions,
K*: NN ->K*AN @ E,~1.58 GeV

K-: NN =>K*KNN @ Ep~2.5GeV

1.93 AGeV NN

~100ps

~ 200ps

BERRERRRRIRRRRRRCREF || ll|""|_NucI.Phys.A625307(1997)
- | D. Best et al.
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Sideward flow of K*in Ni+Ni at 1.93A GeV
Phys. Lett. B 486 6 (2000) P. Crochet et al.
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New RPC barrel

Plastic
barrel

............

Plastic barrel

New MMRPC barrel

180 scintillators for 30 sectors
39°<6,,<130°=>» 67" <6 <140

140 MMRPCs for 28 supermodules
371° <0, <68

o, <200 ps

o, <100 ps

Prap < 0.5GeV

Prap <1GeV

electronics




®
S
=
e

Multi-strip Multi-gap RPC (MMRPC) &5
4

HV HYV cathode
Glass 4
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P Multistrip anode

Multi-strip-MRPC (MMRPC)

MMRPC.:

Active area 90x 4.6 cm?

Glass 1.1 & 0.5 mm (10 plates)
Gap 8 x 220 pm (fishing line)
Strip 16 (1.94/0.6 mm)
Applied voltage 9.6 kV (110kV/cm)
Operation Avalanche mode
TOF-barrel :

Installation =» 28 SMs (140 MMRPCs)
Channels =» 4480



GSI|+HD+I3HP
M.Ciobanu

FEES5, QDC, and Tacquila3

Ch.Nr. : 16 channels
Bias :+5.4V, -5V
Power : 0.51 W/ch.

Dim : 149 mm * 95 mm

OUT. : 16 diff. PECL for time
16 diff. for amplitude
1 diff. PECL OR
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GAIN. :~170

BW :~1.5GHz

Noise :~25uVv

t, :~250ps

Oyreg) <20 [ps] @(5mV)

K.Koch et. al. IEEE Trans. Nucl. Sci. 52 745-747 (2005) Common stop clock at 40 MHz

GSI-ELEX
R.Schulze,
R.Hardel
K.Koch,
E.Badura

ACITETS)

Tacquila3

One SM needs 10 systems.

Full system electronic
resolution < 25 ps
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Mounting and Test
Feb. ~ Aug. in 2007

Supermodule

Electronics for sta |
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Experiments with new ToF .
e

K* and K- production and interaction in dense baryonic matter

O

©)
O
O

Ni+Ni collisions at 1.9 AGeV in Sep. 2007.

Ni+Ni collisions at 1.9 AGeV in Mar. 2008.
Ni+Pb collisions at 1.9 AGeV in Jan./Feb. 2009.
Ru+Ru collisions at 1.69 AGeV in Feb./Mar. 20009.

Nucl. Phys. A 625 325(1997)
J. Schaffner—Bielich et al.

Kaonic nuclear cluster (p+p 2 K* + Kpp 2 K* + p + A)

O

Proton beam at 3 GeV in this summer. Phys. Rev. C 65 044005 (2002)
Y. Akaishi and T. Yamazaki

In-medium effect (mt-p 2> KO A)

O

Pion beam at 1.15 GeV in 2010. Phys. Rev. C 62 069904 (2000)
K. Tsushima, A. Sibirtsev, A. W. Thomas
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Summary and QOutlook 3

y

Ru+Ru at 0.4 and 1.528 AGeV
o dN/dy, yield, B, and T for the most central events.

o Nucleon coalescence signature in scaled differential elliptic
flow (v,/n vs. p,/n) for the semi-central events

FOPI ToF Upgrade

o 28 SMs consists of 140 MMRPCs and 4480 channels.

o 98% efficiency and less 100 ps time resolution at 110 kV/cm.

o New ToF have operated successfully during last three Ni beam times.

Outlook

o Comparison to results from the Iso-spin Quantum Molecular
Dynamics (IQMD)



