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GODDESS installation

Flowerpot spun to
match the BGO
profile

Mount ORRUBA detectors inside Gammasphere

Thin-walled chamber (minimize
absorption/scattering of gammas)

Minimize detector-preamplifier distance (<2 feet)
Maintain possibility of coupling with the FMA

Fit ~700 preamplifiers within space occupied by
17-deg ring of GS

Maintain space for 0-degree detector (IC)

Preamps mounted in space
between flowerpot and FMA gquad




Polar angle coverage

15 to 165 degree
coverage (>75%)
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GODDESS - target effects

100 pg/cm? 200 pg/cm? 400 pg/cm?
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Gammasphere performance for light-ion transfer reactions

10 A MeV 138Xe(d,p) 138X e(d,t)

Recoil direction ~0.5 deg (0.05 deg) ~ 1 deg (~0.1 deg)
Recoil energy (target thickness) ~3% (500 ng CD,) ~3% (500 ug CD,)
Recoil energy (reaction) 0.01% 0.01%

Intrinsic resolution of Ge detector 2 keV 2 keV

Measured angle of gamma ray 5.5 deg 5.5 deg

. %Xe @ 10 MeV/A in 500 pg/em’ CD, target Gammasphere efficiency
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GODDESS capabillities

Search for single- 52 |Pre |
particle/hole states 51 |15y [0
Measurement of N
SF/tracking Z 50 | Tsn
fragmentation of SP I
states (structure, 48 | "In
DSD n-capture)

48 1EBCd 127
Surrogate for stat. n
capture B

N

Lifetime
measurements Light ion transfer reactions (d,p) (d,t) (d,°He) (p,t) etc
(DSAM)

Heavy-ion transfer reactions (°Be,®Be) (33C,1?C)
("Li,®He) (1°F,180)

Inelastic scattering

Coulex



Cross Section [barns]

‘EODDESS for Surrogates
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. Surrogate measurement (2+%O+)

Surrogate measurement (4+%2+)

] Direct measurement
Reference cross section
————— Distribution (f); peak = 7.5
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0.1 1
N. Scielzo et al. PRC 81 034608 (2010)
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The A(n,y)A*L cross section
Is described by the
formation and the decay of
the compound nucleus
summed over each J and m.

While cSV is easy to
calculate, G?N is not. Itis
thus necessary to measure
the branching ratios of the
compound nucleus in order
to constrain the calculation
of the surrogate cross
section.

Courtesy A. Ratkiewicz



Experiments with GODDESS

252Cf fission fragment ATLAS beams &

ORRUBA + Gammasphere
iz iea TT I TT o1
sgan 252
99,100Zr 239PU (" 137,138Xe a CARIBU 2>°Cf beams
Fission Sm " mant ue e
Nd : ! 104
1ttt ! ‘ 102
93,94 107,108Mo K 130Sn 145Ba .
D.G. Foster and E.D. Arthur, LA-9168, 4 (T LTI
February 1982 (unpublished). ., | =
...}i!{— - Extracted fission
Product yield
Mo A
.lr o: 2 B >106
" T _ 2 r-process path @ 10° -10°
& = EEmE s m 10%-10°
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T | , B Limit of “known™ masses 010 -10
At T @ 10’ -10°
= Validating surrogate (d,py) with ®>Mo

= Heavy and light 252Cf fission fragments
= 134Te(d,py) approved
= 137.138Xe(d,py) and others important to applications &
astrophysics




Example (d,py) measurements with CARIBU beams
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GODDESS Experiments — neutron transfer

52 13El_l_e 131
Tracking neutron 51 [1gp |1
single-particle and
i - 128 129
single-hole states Z 50 |"®g,
Fragmentation of a9 "7, |12
spectroscopic
rength 126 127

strengt 8 |y

78 79

Location of Y2+ state in 133Sb 134Sh(d,t) 3e3 pps
SP spec factors in 135Sb 134Sh(d,p) 3e3 pps
Find negative parity single-particle states in 137Te [136Te(d,p) 4e3 pps]

Location of positive parity SP states in 13°Te [13°Te(d,t)
SF of positive parity proton hole states in 133Te [134Te(d,t)



1325n(d,t)131Sn Riccardo Orlandi (JAEA, Tokai)

132 131
Sn(d.t) ~ Sn 132 131
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GODDESS Experiments — proton pickup

52 130Te 131

T.racking proton 51 |'"®gp |
single-hole states

7Z 50 1288n 129

Fragmentation of

spectroscopic a9 |7, |1
strength

48 1EBCd 127

78 79

E.g. location of negative-parity proton hole states in: 133Sb [134Te(d,3He) 1e4 pps]
131Sp [*32Te(d,3He) 3e3 pps]
137 [138Xe(d’3He) 1.5e4 pps]

139] [140Xe(d,*He) 1e4 pps]



GODDESS Experiments — proton stripping

Tracking proton
single-hole states

SF

In addition, (Li,t)
(“Li,o) etc

(“Li,®He) reaction for proton transfer

E.g. location of negative-parity proton hole states in:
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GODDESS
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GODDESS
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GODDESS
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Gammasphere ORRUBA: Dual Detectors for Experimental Structure Studies

Gammasphere

Beam
ORRUBA detectors

Preamp feedthrough boards

Re-entrant ion counter
ORRUBA preamps



GODDESS Performance with trapezoidal filters

Data taken with GRETINA-style digitizers

~1.2 mm resolution
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GODDESS lonization Chamber
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Beam time approved by the ATLAS PAC

Coupling the ORRUBA and Gammasphere arrays:
a request for equipment development time
(S.D. Pain et al)

Developing the (d,py) reaction as a surrogate for
(n,y) in inverse kinematics: ®>Mo(d,py) with
Gammasphere

(J.A. Cizewski et al)

Measurements of (d,pg) on neutron-rich Xe
and Te with CARIBU beams
(S.D. Pain et al)

Study of the Near-Threshold Levels in 1°Ne
and the 18F(p,a)1°O Rate in Novae
(D.W. Bardayan et al)

stable beam for equipment
development

%Mo beam for (d,py)
surrogate development

134Te CARIBU beam for
(d,py) measurement

3He beam for 1°F(3He,t»)1°Ne
measurement



GODDESS status

« Powerful array for measuring multiple
reactions (simultaneously!)

« Hardware constructed, vacuum tested and
installed and operated with GS

« ~ 30 keV energy resolution (sX3) (>2 times
better than standard ORRUBA!)

* Analog position resolution matched with
trapezoidal filter (1.2 mm @ 5.8 MeV)

* Improvements to position extraction being
iInvestigated

« Endcap detectors designed and ordered
« |C under construction
* Preamp box modifications for cooling

* 4 slots of beam time approved
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Summary.

« 26A[ highly studied astronomical signal

* Improved knowledge of destruction (hence
production) rate for massive stars through
(d,p) measurement

« GODDESS - a powerful system for
measuring multiple reactions (optimized for
charged particles and gammas)

« Hardware constructed, vacuum tested and
Installed and operated with GS

 Digital instrumentation tests ~30 keV
energy resolution (>2 times better than
standard ORRUBA)

* Improvements to position extraction being
investigated (Sarah Lonsdale)

« Endcap detectors designed and ordered

 |C under construction

» 4 slots of beam time approved



Keep on the physics...
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