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12C(a,y)190 Reaction

Key reaction for nucleosynthesis in massive stars, progenitors of Type la Supernovae,
White Dwarf ages.
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New approach:

Inverse reaction + Liquid target + ICS beam

beam - target signal

ii i 16“ __i 1ZE i E

> O Oxygen
T Lubble
chamber

Monochromatic y beam from HIyS
~ 1078 vy/s
ELI-NP~ 1x10%3 y/s, ASTA...

*Extra gain (x100) by measuring time
inverse reaction

*Target density up to x108 higher than
conventional targets.

» Superheated water will nucleate from
o and '2C recoils

*Electromagnetic debris (degraded
electrons and gammas, or positrons)
that escape the collimator/electron
beam do NOT trigger nucleation (The
detector is insensitive to y-rays by at
least 1 part in 10'7).

ldea tested at HIyS



Superheating of liquids
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Bubble growth and quenching. "°F(y,a)'”N in R134a




HIlyS Photon Beam
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HIlyS Photon Beam
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E (electron) ~ 500 MeV, 1,=50mA Strong bremsstrahlung

+
2 x10-1° torr vacuum background component

(STAR) Claudio Ugalde
11



Physics Letters B 719 (2013) 74-77

Contents lists available at SciVerse ScienceDirect

PHYSICS LETTERS B

Physics Letters B

www.elsevier.com/locate/physletb

First determination of an astrophysical cross section with a bubble chamber:
The >N(«, ¥)'°F reaction

C. Ugalde ®*, B. DiGiovine”, D. HendersonP, RJ. Holt?, K.E. RehmP, A. Sonnenschein¢, A. Robinson¢,
R. Raut®"!, G. Rusev®f2, AP. Tonchev®!3

-5
2 Department of Astronomy and Astrophysics, University of Chicago, Chicago, IL 60637, USA 10 § ' ' ' ! ' ! ' §
b physics Division, Argonne National Laboratory, Argonne, IL 60439, USA N . . ]
¢ Fermi National Accelerator Laboratory, Batavia, IL 60510, USA - 45 19 - Brelt'WIQner model .
d Department of Physics, University of Chicago, Chicago, IL 60637, USA - N (O(.,YO) F .

€ Department of Physics, Duke University, Durham, NC 27708, USA 6
f Triangle Universities Nuclear Laboratory, Durham, NC 27708, USA 10 2 E
— I S

c

W] -7
S 10°F E
o E | T | T 1 E
B E,=5.454 MeV ] ]

8 5 4000 =
10°F 8 1 3
F 2000 = 3
: __________ O L | Il : :
( F i 53 54 55 56 57 ]
4 1 O B EY(MeV) 7]
1 0-9 | ! | ! | ! | ! | L
1.0 1.2 1.4 1.6 1.8 2.0
(STAR) Claudio Ugalde E (MeV)
C.M.

12



Liquids tested

CH,FCF,
C4F10
H,0

CO,




Outlook 10 years

Kunz 2001

N1=2x10** Carbon implanted particles
N2=0.5 mA = 3.12 x 10*® a-particles/s

in1vyear
N1N2=1.97x10%*
\Yield = 2 events in one year j
/ ‘Bubble + ELI-NP (Phase 1) N\
N1=3.35x102 particles in liquid target
N2=1x 1023 y/s

in 1year
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* &
Conclusions *

STAR @ ASTA

We have provided a proof of principle of operation of the bubble
chamber as a low rate counter. This is ideal for nuclear

astrophysics applications.

Bremsstrahlung from the electrons in the beam line manifests
mainly as neutrons. Particle ID would help separating these events
from the a-particle + heavy ion signal.

Main challenges:

« Maximize beam intensity

* Minimize beam bandwidth

» Maximize level of depletion of heavy oxygen in liquid

Need excellent characterization of y-ray beam
properties
Minimize high energy bremsstrahlung photons
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N
N,O thresholds, Superheat = 3.3 °C, Ey=8.5 MeV
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First y + oxygen -> alpha + carbon bubble
April 2013
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Kunz 2001, Matei 2006
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N,O count rate contributions, Iy =1 x 108 y/s
L = 3.6 cm, x1000 depleted liquid

1E+5
==160(g,a)12C

1E+4 ==180(g,n)170
«==170(g,n)160
1E+3 F|=14n(gp)13C

==180(g,a)14C
1E+2 glass 29Si(g,n)

1E+1 |k l=170(.a)13C
1E+0
1E-1
1E-2
1E-3
1E-4
1E-5
1E-6

Count rate (1/s)

7.0 7.5 8.0 8.5 9.0 9.5 10.0
E (MeV)

(STAR) Claudio Ugalde



N,O efficiency curve, HIyS April 2013. Ey = 9.7MeV
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Experimental setup

Electron Beam

3.0-8.5 MeV
00T 100RA Sweep Magnet
Cu Vacuum
Cu Radiator Window 10 mil
0.02 mm
Cu
Photon
Collimator

Cu Inner
Pipe

Al Beam Pipe

Cu Electron Dump

Bubble Chamber
Superheated N,O
3 cm long

15°C, 60 atm

Al Photon Dump
10 cm long
20 cm diameter
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Experimental Setup

Beamline
Diagnostics

Aluminum
Photon Dump

Electron
Dump
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Astrophysical S-factor for 2C(a,y)'¢0

Stellar helium burning at E=300 keV

S =E oexp(2mn)
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Non-resonant charged particle reactions
(The Gamow peak)

1
Let's write the cross section as U(E)=Eexp(—2ﬂ n)S(E)

8 " 1 = E
and substitute in <ov>= — E)Eexp(——)dE
V> =) qpide o EIEeR(— )

If no resonances are present S(E) = S(Eo) = constant, so

8 1/2 1 " E b 2IJ 1/2 ,
<ogV>= S(E exp(——— dE b=(— .7
(o) (Tl'[,l) (kT)s/g ( O)fo p( kT E1/2) ( hg ) T £, 26
Gamow peak
MAXWELL - BOLTZMANN
* The rate has a peak shape product of two s 471

negative exponentials: Maxwell-Boltzmann GAMOW PEAK

distribution at low energy and tunneling
through the Coulomb barrier for higher E.

TUNMNELING

THROUGH

— COULOMB BARRIER
. . wexp [-VEL/E)

* It represents the region in energy where T

reactions are more likely to occur.

RELATIVE PROBABILITY

* The concept can be extended to a general S(E)
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Neutron event in water.
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