EOS needs - Summary first

1. Active Target Time Projection Chamber (AT-TPKhe Primary tool !
The Science
1. GMR Nuclear incompressibility K _asy for small densigco

with the AT-TPC
2. The symmetry energy project, large density deffieies form sat

AT-TPC ++
3. Fission measurements; (asymmetry)  AT-TPC
Associated equipment
1. Neutron walls, (are new arrays needed? Discredetctor arrays?
2. Siarrays (NTD development needed)
3. Floor needs (S2 +AT-TPC)
4. AT-TPC crane movability between low- and high-gydiS2) areas

Start with Sci. review then double back to
TPC and finally to additional equipment.
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[see, e.g., G. Colo etal., Phys., Rev. C 70, 024307 (2004)] Need to measure asymmetry

dependence more accurately

A direct measurement of the asymmetry contributimthe incompressibility was recently
provided by measurements of GMR in stable Sn issdp - 550 £100 MeV

To obtain a more precise measurement ofdiéta from on nuclei farther from stability areeded.

GMR measurements must be performed using radi@btams on light targets (d‘te). The
AT-TPC provides the most promising environment lgeahe counter gas is both target and
detection medium. Low energy recoils can be measwrth reduced chamber pressures and
the large geometrical acceptance of the detectiighes the necessary angular coverage.
These features, the AT-TPC will allow GMR measurets®f more exotic nuclei

AT-TPC E_GMR on : *Ni-"ONi and 1965n-127Sn via inelastic scattering studies in inverse
kinematics
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2. Symmetry Energy Project - Tsang

Onto... Large density changes, esp. m >r .
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NSCL-FAIR-RIKEN-FRIB
Isospin transport
n/p ratios
Differential n/p flow
+- Pion production



Most promising FRIB exp. on Pion yields

SOFTER asy: allows n-rich dense regions  larger p/p*
STIFFER asy: favors sym. dense regions (more +) smaller p/p*

Bao-An Li NPA 2002 Bao-An Li NPA 2002
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There are observables for both
below and above
the saturation density

- Density Regimer <r Density Regimar >r -
t/3He production p/p* production and flow
Pre-equilibrium nucleon ratio KO production X

Isoscaling and Isospin fractionation n- p antHe transverse flow

Isospin diffusion n- p and3He elliptical flow at high p

Neutron-proton correlation functions  Nucleon differential flow

These observables require more than TPC
Large Si arrays and large Arrays of N detectors.



3. Fission
Tracking Fissility with (N-Z)/A

Fission “recycling” (In N-stars) Measure B f over Iong
When X>1 : .
a mononucleus becomes unstable wrt Isotopic chains.

prolate deformations?
X = (“*Coulomb energy”)/2(surface energy”)
Volume energy is conserved in fission

ZE

7
Cl-(N+Z}-{1 - cz[m_a} }
(1T + Z)

H(N,7) =

Can one see that this physics is
~ correct, I.e that the fissility
Would go up IF the asymmetry
got large enough?



1. MSU TPC: Funded via MRI

8000 pads, 70 cm in dia, 120 cm long, 0.2 < P(atm) < 1
TWIST (2T) magnet

MicroMegas (MicroMEsh GAseous Structure)
G as Electron M ultiplcation

2. RIKEN TPC project: Also funded by DOE



Collaboration

LBL: I-Yang Lee, Larry Phair
LLNL: Mike Heffner
Notre Dame: Umesh Garg, Jim
Kolata
NSCL MSU: Abigall Bickley*, Bill
Lynch, Wolfgang Mittig,
Fernando Montes, Gary Westfall
St. Mary's (Canada):_Rituparna
Kanungo
WMU: Michael Famiano



There Is more to the AT-TPC (non E0S)
Overview of AT-TPC projects

Lynch

Require Fast beams

Some of these are for discussion elsewhere.




Interesting detector tech . Much work on
both this and the electronics,

5 um metalic mesh
with 25-50 um pitch



T2K electronics

4 ASIC with 72 inputs Limitations

511 switching capacitor * No internal trigger
array « Trigger rate < 200 Hz
Sampling freq. = 1~50 -Bottleneck; SCA readout 25
MHz MHz

12-bit ADC -USB2.0 -> Gigabit link

Limitions addressed by GET
electronics project U.S. -France-Japan
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A SEP meeting just finished to discuss the “RIKEN”"
TPC

USA + Japan + China + Germany +UK + Brazil +France + Italy

Determination of the nuclear equation of state ofa  symmetric matter and understanding the nature of
dense neutron-rich matter in neutron stars. This is one of the physics goals of FIB.

Preliminary constraints have been obtained recently at the sub-saturation density region.

The goal of “Symmetry Energy Project” is to determine the density dependence of the symmetry energy
beyond the normal nuclear matter density and to imp rove the constraints obtained in the subnormal
nuclear matter density regions.
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Principals

Actors



Space — need it In both fast beams and RIA-3
and 12 areas AND
crane to move from one area to another






EOS needs - Summary again

1. Active Target Time Projection Chamber (AT-TPKhe Primary tool !
The Science
1. GMR Nuclear incompressibility K _asy for small densigco

with the AT-TPC

2. The symmetry energy project, large density defifiees from saturation
density.

AT-TPC ++

3. Fission measurements{Basymmetry)] AT-TPC

Associated equipment

1. Neutron walls, (are new arrays needed? Discredetctor arrays?
2. Siarrays (NTD development needed)

3. Floor needs (S2 +AT-TPC)

4. AT-TPC crane moveability between low- and highrgpé€S2) areas



