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Discovered independently by Belian+. (1976) and Grindlay+. (1976)
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Drive nucleosynthesis along the proton-rich side:
rp process [(p, Y) reactions ] (main process)
op process [a sequence of (a,p), (p, y) reactions ]
3a-reaction
B* decay

Parikh+ (2008, 2009, 2013), Woosley+(2004), Schatz+ (1999)
Type | X-ray burst
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Direct Mass Measurements of Short-Lived A = 2Z — 1 Nuclides ®Ge @ 7Se, and "' Kr and
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Mass excesses of short-lived A = 2Z — 1 nuclei ©Ge, % As, 9'Se, and 7' Kr have been directly measured
to be —46921(37), —46937(85), —46580(67), and —46 320(141) keV, respectively. The deduced proton
separation energy of —90(85) keV for {‘5Aish0ws that this nucleus is only slightly proton unbound. X-ray
burst model calculations with the new mass excess of % As suggest that the majority of the reaction flow
passes through ®*Ge via proton capture, indicating that ®*Ge is not a significant rp-process waiting point.

DOI: 10.1103/PhysRevLett.106.112501 PACS numbers: 21.10.Dr, 26.30.Ca, 29.20.db
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Large scale shell

gamma width, I'y

Spectroscopic factor:

1
0% = 5757 (0F Dlawlof 1)’

Nuclear physics input

Experiment:
Obertelli+ (2011),
Ruotsalainen+(2013),
NNDC

Theory:
Shell model (GXPF1a)

Sp:
AME(2012),
Tu+ (2011)
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rpsm (Sp=-0.081MeV) Audi & Wapstra (1995)
rath (Sp= 0.128MeV) FDRM Rauscher & Thielemann (2000)
thra (Sp= 1.399MeV) ETSFIQ

laur (Sp= 0.169MeV) Van Wormer+ (1994)

ths8 (Sp= 0.255MeV) Rauscher (Cyburt+ 2010)
present work (Sp= -0.090+/- 0.085MeV) Exp. levels & Sp + evaluated mass + shell model

64Ge(p’y)65AS 65As(p’y)66Se

New reaction rates 16/0
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> Hauser-Feshbach (statistical model) rates

> High density of excited states in 65As\
> Proton separation energy, S, (°>As)

Upper limit

rosm (S,=-0.081 MeV)

rath (5,=0.128 MeV)

thra (5,=1.399 MeV)

laur (S,=0.169 MeV)

ths8 (Sp=-0.255 MeV)

Present work (Sp=-0.090 MeV)
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New reaction rates
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Hauser-Feshbach (statistical model) rates may

suffer from unknown systematic errors near
proton drip line

laur: Only 3 excited states

Van Wormer+ (1994)

‘\I Lower limit

rosm (Sp=1.955 MeV)

rath (S,=2.587 MeV)

thra (5,=2.309 MeV)

laur (5,=1.909 MeV)
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Present work (Sp,=1.720 MeV)
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New reaction rates



abundance (mole/g)

C S

Abundance of 4 = 64
Abundance of A = 68

ratio =

ratio = 1.1, ®*Ge — the strongest waiting point

50 60 70
mass number

o Upper limit
e Lower limit

80

90 100

1\ ratio = 0.7, ®*Ge — not a significant waiting point

Present %4Ge(p,y)®>As and %As(p,y)®°Se

One-zone XRB hydrodynamic model nucleosynthesis simulation (S01 model) 19/0




abundance (mole/g)
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A = 106, heavy-isotope production is enhanced,
slower burning at high T and leading to longer
burst
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One-zone XRB hydrodynamic model nucleosynthesis simulation (S01 model)




abundance (mole/g)
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A = 106, heavy-isotope production is reduced,
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Changing only S (°>As) and/or S (°Se):
» Producing (roughly) similar light curve

1017__

luminosity (erg/g/s)

1016__

Present %4Ge(p,y)®>As and %As(p,y)®°Se
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One-zone XRB hydrodynamic model nucleosynthesis simulation (S01 model)




Changing only S (°>As) and/or S (°Se):
» Producing (roughly) similar light curve

Using nominal values of S (®°As), S (°°Se), and ®*Ge(p,y), vary ®>As(p,7) :

» Significant change of end light curve S R
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» New thermonuclear rates of and reactions have
been determined based on newly measured S (°>As), evaluated S (°°Se), large-
scale shell model calculation, and exp. levels of ®>As. These new rates differ, for
instance at ~ 1 GK, a factor of ~ 3 — 90 from others.

» The waiting point ®4Ge is not completely ruled out using one-zone XRB model.
» We propose:

» to measure the mass of ©Se,

» to obtain higher precision of mass ®>As, and

» nuclear structure of both nuclei

» investigation with 1D multi-zone hydrodynamic XRB model.

Summary & Perspective 24/0



