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L2C(a,y)'O0 (1964 -)

Using EUROGAM detectors
R. Kunz et al. PRL 86, 3244 (2001)

Lowest energy: E.,=0.945 MeV
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N
‘He(12C,*0)y  (2001- )

Using a Recoil Mass Separator
D. Schirmann et al. EPJA 26, 301 (2001)

ERNA Separator
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‘World’ data of ?C(a,y)*°O
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luminosity of recent experiments
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Measurement of the inverse °O(y,a)**C reaction

Advantages of inverse reactions (theorem of reciprocity)
[0(1,2)3 vs 3(2,1)0]

O23501 _ (2, + (2], +1) ky,
O (21, +D(2]5+1) ki

For 12C(a..y)160 vs 160(y,a)12C
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1. Need asource of 7-10 MeV y's

 High Intensity Gamma Source (HIyS) at Duke University
 Bremsstrahlung beam at Jefferson Lab in Virginia

2. Need an active target detector: °O(y,a)?C

K. E. Rehm, Elba-XIV, June 2016



Production of y’'s at HlyS, inverse Compton effect
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Gamma Rays

Laser light (&)

~ v(E) ‘mono-energetic’

® ~ 108 y/sec, FWHM ~ 70 keV

Other laboratories:
NewSUBARU (JAPAN)
SLEGS (China)

ELI (Romania)




Production of y's at JLAB, ® ~ 10'y/s Bremsstrahlung
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2. Need an active target detector: °O(y,a)?C

 |nsensitive to gammas
 100% sensitivity for charged particles (a,1?C)
 Works with an oxygen-containing material

— Bubble chamber

= Liquids in bubble chambers have thicknesses of ~10 g/cm?
(compared to ~10 pg/cm? for (a,y) studies)

K. E. Rehm, Elba-XIV, June 2016



Bubble chambers

based on Dark Matter experiments
(COUPP, Picasso at SNO-lab)

Pulsed continuously operating
C. Amole et al. , PRL 114, 231302 (2015)

K. E. Rehm, Elba-XIV, June 2016



bubble chamber operating with C,F,,

P Solid

vapor amount of
‘superheat’
T p orT

PF(y,00)*°N

Fluorine is
mono-isotopic

K. E. Rehm, Elba-XIV, June 2016

2 fast cameras
.



A bubble chamber operating with C,F,,

At=10 msec




At=10 msec

Y beam
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Principle of bubble chambers (threshold detector)

F. Seitz, Phys. Fluids 1,1(1958)
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Insensitivity to y's (ENAL)
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N
Choice of oxygen material (Q(*%0(y,a)12C=-7.164 MeV):

Fluid/buffer | Safety issues | Technical issues Purity issues

H,O/oil no high (T, p), mixing ’H, 17130
CO,/water no mixing 12,13C 17,139
N,O/water yes mixing 14N, 17,1839

N,O/Hg yes no 14N, 17180

K. E. Rehm, Elba-XIV, June 2016



Set-Up for the H —Ngo enineerin run at JLAB
| y |

‘Photon b,
3 ssigl
- —  Egtrapce

T
p - ‘v ’_l -
= 21 B 3
— - »
= &

[l

" Al photon

K. E. Rehm, Elba-XIV, June 2016




After installation of shielding
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Goal of the engineering run:

« Testthe performance of the bubble chamber with a
Bremsstrahlung beam at JLAB

 Study the background level from cosmic ray neutrons

 Study the gamma suppression

« Measure the photodisintegration cross sections of the
Isotopes in the superheated N,O liquid (1517180, 1415N)

K. E. Rehm, Elba-XIV, June 2016




\.________________________________________
First photodisintegration event in bubble chamber

with Bremsstrahlung from JLAB

Liquid N,O

Y beam

September 10, 2015 19:40

K. E. Rehm, Elba-XIV, Ju



N,O bubbles
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H,O bubble
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C,F,, bubble HIyS

K. E. Rehm, Elba-XIV, Jund



N
Test measurements, Sept 10-13

-rf Cosmic background: JLAB injector is underground
L.g cosmic neutron background is lower
)
LS

(1 countin 17 min vs. 1 count in 2 min at HIyS)

Gamma suppression: Excellent
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_. 3 Background in CCD camera

Signals outside of the
fiducial volume

CCETCamé;ra

K. E. Rehm, Elba-XIV, June 2016
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First Half of the Experiment (September 10-13, 2015)
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Second half of the experiment (September 14-18, 2015)

before

Photodissociation of N,O ?
v+ N,O > O +2N

K. E. Rehm, Elba-XIV, June 2016



After refilling with fresh N,O

K. E. Rehm, Elba-XIV, June 2016
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Improved camera shielding (RZDE;

K. E. Rehm, Elba-XIV, June 2016



Single-fluid bubble chamber

Waters, Petroff, and Koski,
IEEE Trans. Nuc. Sci. 16(1) 398-401 (1969)

K. E. Rehm, Elba-XIV, June 2016
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We have bought 5| of water depleted to < 10° in 17180

2. Measure actual enrichment and convert to N,O

K. E. Rehm, Elba-XIV, June 2016
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S Factor (keV b)

N
With 107 depleted water (add. 5 days, < 100 pA)
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12C(o,y)160 — summary and outlook

Developed a technique that provides >100 times higher
luminosities for measurements of inverse (y,a) reactions.
BF(y,a), 180(y,a) and *N(y,p) agreed with literature values.
Measure F(y,a) and then O(y,a) with enriched °O.

Status: measurements viay — detection: go underground
LUNA (Italy)
Sanford underground laboratory (USA)
JUNO (China), (Romania, Spain, Korea?)

Status: measurements via *O-detection: cleaner beams
ERNA (Naples)
Kyushu
Notre Dame

Future possibilities
HlyS-11 (10! y/sec)
ELI (Romania) (10%* y/sec)
higher purity water

K. E. Rehm, Elba-XIV, June 2016
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K. E. Rehm, Elba-XIV, June 2016
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