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1. Oxygen formation in the 12C + alpha = 160 plus gamme rear don 1 stellar helium
burning determines the C/O ratio at the end of helium burning

2. The C/O ratio is one the most important ratio in stellar ieliun burning; for example, it
determines whether a super nova star will collapse to a “lack } ole or a neutron star.

3. The Study of the photo-dissociation of 160 with ga-...na-vcams allows for improved
conditions to measure the time reverse reaction the - or_ur: in stars.

4. Optical Readout Time Projection Chambers (TP aetect srs have been developed by the
University of Connecticut (UConn) and the Univers...” of Warsaw (UW) for
measurements in nuclear physics. The UConn O-TPC was used at the High Intensity
gamma Source (HIgS) facility at Duke Unive. . ity, w study the photo-dissociation of
160.

5. The data collected with the O-TPC at the Hi_S facility is now being analyzed at the
Sheffield Hallam University in the UK

6. A new electronic readout TPC has been ¢~ eloped and constructed by the UW-UConn-
ELI-NP collaboration, and tested at ...« TFl. -HH in Bucharest, for a measurement of the
dissociation of 160 by neutrons.
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Abstract

Gamma-Beam< ~t the HivyS facility in the USA and anticipated at the ELI-NP
facility, now -ons ructed in Romania, present unique new opportunities to ad-
vance resr arch in 1. iclear astrophysics; not the least of which is resolving open
questions ‘m oxyr en formation during stellar helium burning via a precise mea-
surer.ent of the 12C(a, ) reaction. Time projection chamber (TPC) detectors
opere “ing w h low pressure gas (as an active target) are ideally suited for such

cudies  We review the progress of the current research program and plans for
v e futr ce at the HI4S facility with the optical readout TPC (O-TPC) and the
«  'opment of an electronic readout TPC for the ELI-NP facility (ELITPC).
“eywords:

Time Projection Chamber, Optical Readout, Electronic Readout,
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1. Introduction

Gamma-Beams. Gamma-beams (2-20 MeV) proved tc be enor. 1usly useful for
low energy nuclear physics studies in the pioneerine ..ork . vhe High Intensity
Gamma-ray Source (HIyS) facility at the Triangle ‘1 .ear hysics Laboratories
(TUNL) located at Duke University in the USA [1]. Furtner improvement of the
energy resolution (by a factor 5) and intensi. (by a factor of 10) anticipated
for the Extreme Light Infrastructure — Nuclear Physics (ELI-NP) facility under
construction at Magurele near Bucharest .. Romania [2], promises to allow some
of the most crucial measurements in : ... -~ astrophysics. Specifically, the C/O
ratio at the end of stellar helium kurnin, has been emphasized as a problem of
“paramount importance” in nuclear . sti »hysics [3]. To solve this problem we
need to measure with high accu. <y e cross section of the 12C(«, ) reaction
at low energies approaching center of mass energy of 1.0 MeV and resolve the
nagging ambiguities [4] 71 the e trapolated values of the p-wave and d-wave
cross sections at the Camow v adow (300 keV), designated by Sg1(300) and
Sg2(300), correspon g’/ T .e high intensity and improved energy-resolution
anticipated for th- gamme Jeam of the ELI-NP provides a unique opportunity
for a high precision n. ~surement of the 2C(«, ) reaction at E,, = 1.1 MeV
by measuring the nverse '°0O(v, a) reaction with a gamma-beam of E., = 8.26
MeV. A detailec. “nd complete angular distribution spanning the entire angular
range of J-170° eppears possible with a three-week measurement [5]. Such a
compl~*~ ang ' r distribution spanning the entire angular range of 0-180° was
dem wmstrate ' [6] to permit a separation of the E1 and E2 cross sections and the

¢~ __aspuwn.wing mixing phase-angle (¢12) with very high precision.

C~tical TPC Detectors. Optical readout tme projection chamber (TPC) de-
w oo .8 were used in pioneering measurements with radioactive beams at the
.TSCL in MSU [7, 8] and with gamma-beams at the HIyS facility [6, 9]. But

these detectors use optical readout and suffer from low counting rates that does
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not permit the use of the full beam power (even at the HIy> ~tup,. In or-
der to fully utilize the high intensity anticipated for the EI .-N.” *amma beam
an electronic readout (eTPC) concept has been developew "|. A mini-TPC
[10] prototype of the full detector planned to be usec at th ELI-NP facility
(ELITPC) was constructed at the University of Warse. 7 and delivered to the
ELI-NP facility.

2. Measurements at the HIvS With the O-Tk

Data on the 160(v, a) reaction. A large voluu ~ of data (approximately 4 TB)
collected at the HIYS facility are now o ‘ng analyzed [11, 12]. The goal of
this analysis is two fold: First, we p ... “~ extract with high precision the E1
and E2 cross sections and the E1-F2 m1. ag phase angle (¢12) measured in the
angular distribution of the 0(v, a) “ea. “ion with gamma-beams at E, =9.08,
9.39, 9.58, 9.78 MeV with two a./"~reus sas mixtures CO2(80%) + N2(20%) and
N30 (80%) + N2(20%), at 100 Torr. Second, the development of the analyses
routine will prepare us te analyze the data anticipated from measurements with
the ELITPC. After co aplet.. ~ “ne current HIyS data analyses we plan to use
the 200 hours of alre «dy .ppr ved beam time to measure at the lowest possible

energy at the HIv', facility  constrained by the count-rate) at E, = 8.80 MeV.

Measurement -~ b NoO gas mizture. The use of NoO gas mixture which was
developed a. *he Weizmann Institute [13] proved to be very beneficial since it
removes t".e backgiound from the *2C(7, 3a) reaction. But the poor energy reso-
lution obu. * .ed v 1th the NoO gas mixture (most likely due to e-N2O resonance)
prev' ated t’ e use of the anode grid signal to measure the total energy deposited
and 1. <essit .ted relying on the measured track length to separate reactions from
he dis. ~ciation of 190 and *0 with AQ = 935 keV. In Fig. 1 we show a typi-
¢.! ever ¢ measured with the NoO gas mixture including the track recorded by
v« 7CD camera [9] and the time projection PMT signal [9]. We are currently
.malyzing all available data to extract the measured angular distributions with

the N2O gas mixture [11].
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Figure 1: (color online) An 160 dissociation event: the "MT time projection signal (on right)
and the CCD image with its longitudinal projc “ton (on left) [11]. The PMT time signal is
converted to distance from the interaction noint usi._ the measured drift velocity of 11.95

mm/ps and the fit of the line shape using dt ‘dx s suown in red line.

3. The ELITPC Detector

The proposed ELITPC detector. The ZLITPC detector proposed by the charged-
particle working group [5] .as L. »n reviewed by the ELI International Scientific
Advisory Board (ISAB) a..' was approved for construction and installation at
the ELI-NP. Briefly, 7, uti'.zes an electronic readout in the horizontal plane per-
pendicular to the ¢ .iftin, <l :trons, of three lines oriented at 120° to each other
placed on a mul i-la, v PC board (commonly referred to as a u-v-w readout).
The electron .u ‘iplication is achieved with three 35x20 cm? Gas Eelectron
Multipliers ("% 1s). The ELITPC is proposed as one of the two main detec-
tors for r.eas  rement of charged particles of relevance to nuclear astrophysics

as discusse. in ']

The wini- Tt C Prototype Detector. A smaller mini-TPC detector has been con-
<.ructerd at the University of Warsaw [10] in order to study and optimize the
. erform .nce characteristics of the ELITPC. The homogeneity of the electric
Sald was simulated using MAXWELL [14] to be better than 1 V/cm (<0.5%)

ond the results are shown in Fig. 2.
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Figure 2: (color or me) MAXWELL

simulation of the FT TTPC '~tector [14]

showing the 1! mm sp ced 40 mm
wide field guard ‘ectroc .s that result
in equally space” by 285 V) paral-
lel equipot. ~*" .l linc 5. These equipo-
tential lin -~ inu.cate a uniform elec-

tric feld in the drift cage between the

shc -n ca. ~7 and anode.

Test of the mini-TPC at the IFIN Tander. The mini-TPC was tested with
alpha-beams extracted from the IFIN  »nd w us well as with neutrons produced
by the same alpha-beam with a E ‘arge In Fig. 3 we show an event of 160
dissociation by a neutron vividlv displ. ving the reconstructed alpha-particle and

12 tracks.

4. Conclusion

In the analyses «r th. HJyS data, 0 and '®0 dissociation events have
been identified anc differc. +"ated from background and angular distributions are
being generated The Srst measurement of 60 dissociation at the IFIN shown
in Fig. 3 serv:s ¢ 1+ a “proof of principle” of the design specs of the ELITPC
which is now . dy to move to the construction and installation phase at the

ELI-NP.
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