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An Active Target-Time Projection Chamber

e r Nucl Structyee and Re=ztions
L] s
| Introduction |

The AT-TPC exploits the full extent of beam species, energies and
intensities available with NSCL fragmentation beams and the
future gas-stopper post-accelerator beams.

« Experiments with rare isotope beams continuously push the limits of
low beam intensities and low cross sections.
* The AT-TPC will address these limitations by providing a thick

target while retaining high resolution and efficiency. Mezsmenent Eluiics Beam Lo |
S N : Examples Energy Intensity
* The AT-TPC combines time projection and active target N
Transfer Reactions | Nuclear Structure | Mg(d,p)*Mg | 3 (AMeV) | 100 (pps)
functlonahty allowing for measurements of : 5 i 73 =
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— High multiplicity reactions that require multi-track Nuclear Astro 1068y - 12775
reconstruction Heavy Ton Reactions Nuclear EOS YCa-#Ca | 50-150 50.000
— Global event reconstruction of charged reaction products 105n-127Sn
* Fixed Target Mode: - . :
(Argets + Internal triggering for low energy particles that TWIST Solenold at NSCL TWIST Experiment at TRIUMF
* The use of a wide variety of gases « Active Target Mode: stop in the detector gas == — ' ; J \!
is a new feature for TPC’s Drift Velocity: D, — Identity and pressure of the gas used to fill the detector ~ « Large dynamic range for d g
+ The physical properties of each gas ! will be dependent upon the experimental requirements. from charged particles
must be considered to understand — Gases: H,, D,, *He, Ne, Ar, Isobutane « Solenoidal magnetic field allows particle

the behavior of the ionization e’

— Drift Velocity
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— Longitudinal Diffusion & clectrons . .
travel thmugh the GEANT#4 simulates the

SRH dD ide
e e fpeml Diffusion Cocfficients: D, d i

1128n + '28n, 150 A MeV, b=2fm

interaction of the collision

E Field (V/em)

external 12-bit ADC ~ The NSCL is funded in part by
[AD9229] - the National Science Foundation NSF
and Michigan State University.
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Isospin dependence of the EOS
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Spin-isospin resonances

(see R.Zegers)

week ending
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The Gamow-Teller resonances (GTR) and isobaric analog states (IAS) of a sequence of even-even Sn
target nuclei are calculated by using the framework of the relativistic Hartree-Bogoliubov model plus
proton-neutron quasiparticle random-phase approximation. The calculation reproduces the experimen-
tal data on ground-state properties, as well as the excitation energies of the isovector excitations. It is
shown that the isotopic dependence of the energy spacings between the GTR and IAS provides direct
information on the evolution of neutron-skin thickness along the Sn isotopic chain. A new method is
suggested for determining the difference between the radii of the neutron and proton density

distributions along an isotopic chain, based on measurement of the excitation energies of the GTR
relative to the IAS.
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FIG. 2. The proton-neutron RQRPA and experimental [22
differences between the excitation energies of the GTR and IAS
as a function of the calculated differences between the rms
radii of the neutron and proton density distributions of
even-even Sn isotopes (upper panel). In the lower panel the
calculated differences r, — r, are compared with experimental
data [4].
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Fig. 1. Zero-degree (*He, t) energy spectra for “YZr and 2°8Pb isotopes. The posi-
tions of the 17 states, isobaric analog states (IAS), the Gamow—Teller resonances
(GT) and spin-flip dipole resonances (SDR) are indicated together with the Quasi-
Free Continuum (QFC) background. The solid lines through the data are results
of fits with Lorentzian line shapes for “Nb and Gaussian line shapes for 2"*Bi.
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Example for (d,2p) E,..=1MeV
E,=250keV (dR,/R=1% dR /R=1%)
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Question: will this possible intrinsic resolution
be maintained in the experimental device??-> simulation



TPC-active target

for large dynamics reaction particles

I
l l

TPC without TPC with
ancillary ancillary
detectors detectors

I
Dipole magnet Solenoid E smgll as
possible
~
At forward
angles Add Si-CSI
spectrometer, Ge etc
Neutrondet, Must2,...
Light particle
hodoscope
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Beam energies of 200 keV/u to 3 MeV/u for astrophysical studies
e.g. 3'P(p,y)?'Si relevance to Si yields from novae

Re-accelerator Project - 2009
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GET:

. Architecture : circular memory

channel DAC —
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. Sampling condition : 511x(1/Fsampling) 2 Tdriftmax

y ttrigger — tz=20 £ 511 /Fsampling
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E tdriftz0 . .
particle x- .Tg Lo tariftz1 §
H ri T »
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. Peaking Time : Tpeak 2 N x (1/Fsampling)

» Fsampling: 1MHz to 100MHz.
» Peaking Time: 50ns to 1us (16 values).
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GET:

 cer

\ X 72 discriminator
1 channel m inhibit outputs
Reset

Char‘ge range [hit channel registers]

12-Bi
B DC

A

511 cells - J
" & BUFFER

ES SLOW CONTRO Power on | SCA MANAGER Readout Asic "Spy” Mode
Reset W /R [cKE  Mode

[AD9229]

n Test Serial Interface Mode] CKw & CKr CSA:CR:SCAin (N°1)1 [+ indisc]
Main features for GET:
e ————— « Slow Control
72 Analog Channels; Slow Control & test [“spy” mode]. - PoOwer oh reset

Main foatures for the channel . Test mode:

Input Current Polarity: positive or negative. calibration or test [channel/channel]
CSA + PZC + Filter (semi-Gaussian order 2). functional [72 channels in one step]

[Possibility to bypass the CSA]. . $py mode on channel 1:

g JLIC T CSAout, PZCout, FILTERout or
Auto Triggering: discriminator + threshold (DAC) + inhibition. p|scRiIin.
Main features for the readout

Analog OR of the 72 discriminator outputs [1 current output].
Address of the hit channel (through slow control link).

4 SCA readout modes. P.Baron-IRFU -
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Internal multiplicity trigger

1:d rift

v

Multipl.
level

| Indiv.channels

\

LED multiplicity >Multiplicity level

K-

delay=tys

»
»

.Stop write SCA



-
—
-

—

K. Tyler-MSU



X[cm]

Alpha 5MeV 1.5atm D2

W S — — -
- Rl P s B B WA AR e -
N — . —— - —— -

0.15

0.1
0.05

-0.1

-0.15

-0.2

-0.25

25

20

15

10

y[cm]



GET-Collaboration: CENBG (France), GANIL (France), GSI (Germany), DL (UK),
IRFU (France), NSCL-MSU (USA), RIKEN-RIBF(Japan),Kyoto
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Conclusion

* AT-TPC may provide a large solid angle — large
dynamics measurement device

* |n quasi-elastic reactions (inel, CE, transfer)
the very low energy recoils may be detected in
thick targets without loss of resolution

* Best possible resolution essential
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