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Neutrino Effects before, during, and
after the Freezeout of the r-Process
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) Neutrino-Driven Wind Model

The r—process is considered to occur in the hot
bubble region.
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W -Process

Charged current Interactions

w+(AZ)>(AZ+1) +e _, change the value
v+(AZ)>(AZ-1) +et 0T Ye

Neutral current interactions

V+(AZ) - (AZ2)+
(WVi= Ve, V)V, and their anti- \;)
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Previous Studies

 Neutral current interactions (Meyer et al. 1992)
— This effect Is small.

o ax—effects (Meyer 1995, Fuller and Meyer 1995,
McLaughlin et al. 1996, Meyer et al. 1998 etc)

-V, N - p e, this proton is immediately incorporated into o
with other neutrons.




a-effect 1

-V, N - p e, this proton is immediately
Incorporated into o with other neutrons. This
effect occurs, when neutrons and protons
assemble into .

| 1 Yei =023 (=Y,

l 1 L\ = 10>t erg/s
1 ]

i With \—process’ .
a 1 When there Is no W -process,
\\ _________________ ' Xa,max — Yp,i > 2 — 046

Without \v— 1 This Iincrease of o iIs caused
process 1 by the a-effect.

_____________________
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(Meyer et al. 1998)
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Previous Studies

 Neutral current interactions (Meyer et al. 1992)
— This effect Is small.

o ax—effects (Meyer 1995, Fuller and Meyer 1995,
McLaughlin et al. 1996, Meyer et al. 1998 etc)

-V, N - p e, this proton is immediately incorporated into o
with other neutrons.

- V+a-3H p_ at low temperature.
— this proton makes o
SH(a,y)’Li(a,y)H1B(at,y) Seed nuclei increase by a-
captures.




- V+a-3H p
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o —-effect 2

at low temperature.

— “>this proton makes o
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by the aa-effect. Because
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Previous Studies

 Neutral current interactions (Meyer et al. 1992)
— This effect Is small.

o ax—effects (Meyer 1995, Fuller and Meyer 1995,
McLaughlin et al. 1996, etc.)

-V, N - p e, this proton is immediately incorporated into o
with other neutrons.

- V+a-3H p_ at low temperature.
— this proton makes o
SH(a,y)’Li(a,y)H1B(at,y) Seed nuclei increase by a-
captures.

- The abundance of o increases and the r-
process is hindered. This effect is large.

e Charged current interactions (Meyer et al. 1998)
S»-This effect hinders the r-process.
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Anyway,
all neutrino-processes decrease neutron
to seed ratio and hinder the r-process.

In order to increase the value of n/Seed,

wind models should have the small value of

Texp'

(Qian and Woosley 1996, Cardall and Fuller 1997, Ostuki et al. 2000,

Sumiyoshi et al. 2000, Thompson et al. 2001, Terasawa et al. 2002
etc)
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"Dependence of W —process on T
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A without\w-Process

(] withn-Process

Texp Tu-— \V-Process

does not work because of
little interactions.
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W —-Process
Charged current interactions
v+(AZ)—>(AZ+1) +e _, change the value
v+ (AZ)>(AZ-1) +e¢  OTYe

Neutral current interactions

V+(AZ) - (AZ)+ V)
(V= Ve, V.V, and their anti- ;)
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. We study effects of neutrino-
induced neutron emissions on the
r-process. ﬁ



Calculations




Explosion Model

 Neutrino-Driven Wind Model (Terasawa et al.
2002)

— Implicit Lagrangian code for general relativistic and
spherically symmetric hydrodynamics (Yamada 1997,
Sumiyoshi et al. 2000)

NS mass : 1.4M. , NS radius : 10 km

The result:
T, 23 msec, entropy  200kg

Because of the low temperature at the
outer-boundary, less seed nuclel are
synthesized by a-process and the r-process
successfully occurs.




Reaction Network

Over 3000 species from the stability
line to the neutron drip line
(Terasawa et al. 2001)

We Include all neutrino-nucleus
Interactions and neutrino-induced
neutron emissions.



Neutrino—-Nucleus Interaction
Cross Section

 Charged and neutral current
Interactions (Kolbe and Langanke
2002).
They calculated the averaged number
of emitted neutrons hit by a high-
energy neutrino.
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/) Number density of neutron, N, /’
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L, = 10°“ erg/s
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Result (L = 10 nm/S)
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Observatlons of Heaw Elements
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Observations have good agreement with
the solar pattern as a whole pattern.

~ However, the detailed structures have
/) gaps!! (7



Summar

n— ructure.
We can €estrict mass model detailed
studiesqf the [3-decay pa hich Is




