REFFEERFHR5R

China Institute of Atomic Energy

2/

"R REY RHOGRR M

Photonuclear reactions in astrophysical process .

CEPCF)ZB5EEHEIR N A &

202144 F 23 H




SE

o REZITFERA
o A SN T A
o AT I N AE RARTE AL A AR T
— 70 SR VAL BT
— P AR VR
— R AT TR S A
_ B S5 EE (e, -, p-itFE)
o —UBEAZ I AT 7T SE A
o it EGh

.o 20







2% A1689-2D1:
~KIBETO0BFER

e Sidane o ~ 4005 H 4 .
g %o BEMEZRE
> . ~10125: BREMALE

~921Z% . KM, MIKIKPAFRFM

I,




: FHTPH “GEARL”

KIRE30DHHIE MZERE—NIBERK |~ 138(ZFERMESK
.

Z Z 7
: : :
Q Q 3
: : :
= £ f
N ) @
(2] 75)

< < CQ
= = S

| | | |
100 150 200 100 150 200 100 150
MASS NUMBER MASS NUMBER MASS NUMBER




HEANETR

I

l
N
7
N/
\G

emental Composition of the S

Others
Nitrogen

Hydrogen

Carbon
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C 18 0.033
O 65 0.077
C/O 0.28 0.32
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The cosmos is within us. We are made
of star-stuff (Carl Sagan)

Human Body Ingredients

The four ingredients below

are essential parts of the body’s
protein, sart;ohydmtggnd fat
architecture. .+ A A

Other Key
Elements

Calcium 1.5%
Lends rigidity and
strength to bones and
teeth; also important
for the functioning

of nerves and muscles,
and for blood clotting.

Phosphorus 1.0%
Needed for building

and maintaining bones
and teeth; also found

in the molecule ATP
(adenosine triphosphate),
which provides

energy that drives
chemical reactions in cells.

Potassium 0.4%
Important for electrical
signaling in nerves and
maintaining the balance
of water in the body.

Sulfur 0.3%
- - Found in cartilage,
. insulin (the hormone

* that enables the body to
* “use sugar), breast milk,
: . proteins that play a role
', A in the immune system,
~.» -and keratin, a substance
> i.n skin, hair and nails.

A' Chlorine 0.2%
*Needed by nerves
“to function properly;

* also helps produce
.asuk jukex.

§od|um 0.
wPlays a <nt|<al role
* = in nerves’ electrical
& -_'_ signaling: also helps
regulate the amount
of water in the body.

Magnesium 0.1%
Plays an important role

in the structure of the
skeleton and muscles;
also found in molecules
that help enzymes use
ATP to supply energy for
chemical reactions in cells.

lodine (trace amount)
Part of an essential
hormone produced

by the thyroid gland;
regulates metabolism.

Iron (trace amount)
Part of hemoglobin,
which carries oxygen
in red blood cells.

Zinc (trace amount)
Forms part of some
enzymes involved

in digestion.

OXYGEN

65.0%

Critical to the conversion
of food into energy.

CARBON

18.5%

The so-called backbone

of the building blocks of the
body and a key part of other
important compounds, such as
testosterone and estrogen. =«

o

HYDROGEN

9.5%

Helps transport nutrients,
remove wastes and regulate
body temperature. Also plays
an important role in energy
production.

[~]

NITROGEN

3.3%

Found in amino acids, the -
building blocks of proteins;

an essential part of the nucleic

acids that constitute DNA.

(Percentage of body weight. Source: Biology.
Campbell and Reece, eighth edition.)
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Two Phonon Pygmy Dipole Giant Dipole Resonance
State Resonance
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Photoreaction rates for gs

Photoneutron CS

Planck distr. B
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2, (1) = | en(E.T)o, (E)dE

0 - = -
dE

7* (he)’ exp(E /kT) -1

\

Planck distribution :
Sn v

n,(E,T)E =
B = L22[7 7 e 18
P. Mohr et al. Phys. Lett. B 488 (2000) 127 A = 0.749(Z%Z%;LT2)1/6

H. Utsunomiya et al. Nucl. Phys. A 777 (2006) 459 e
y y ( ) MBI : (E-A/2,Eg+A/2)



Y% I DL i R 5K

Radiative neutron capture Photoneutron emission
continuum

E,J, T :
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H burning to He in core
Nonburning envelope

He burning to C
H burning to He
Nonburning envelope

a

C burning to Na, Ne, Mg
He burning to C
H burning to He

Nonburning envelope

Degenerate Fe core

S, Si burning to Fe

O burning to S, Si

Ne burning to O, Mg

C burning to Na, Ne, Mg
He burning to C

H burning to He
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1. Carbon ~ 5x108 K

12C+12C — 2Na+p - Na(p,a)?°Ne;
— 20Ne+q - 20Ne,2Na+ p,a—?+?Mg; ?'Als;..

2. Neon~10°K

20Ne+y —» 60+a '24I\/Ig(a,y)288i 25Mg(a,n)?8Si;
ONe+o. — Mg 26Mg(a n)2%Si; 2°Mg(a,y)3°Si; 2’Al(a,p)°Si;

3. Oxygen ~ 2x10° K

160+160) —328Sj+q, S — 5
>31p+p . — 85i; %S

—315+n
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HEuLR-AERr-TRE
ne=N/(n,+n ) <0.5

core-collapse supernovae neutron star merger

.

P MBS, i & /N10%-10° Mg BT, R, 104102 Mg
SEFER, r-id R R AR SoJENE, - RS

T=1-2GK, n,~10%/cm3 MfERF: <15
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10-100 g/cm’ neutrons —>neutron capture timescale: ~ 0.2 us

= =L

Equilibrium favors

(v,n) photodisintegration ~ * Waiting point”

Location of path: S, = T¢/5.04 x (34.08 + 1.5 log T — 1.5 log n,,) = 2-4 MeV
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¥  DBiveoboun el al, (1985)
B Nloreh et al (1959)
A Bishop edal. (1950)
— JENDL{g,, )
=== JENDL(&,,
== JENDL{o.,)

pon, 7
[l Noagai et al. (1997)
C Suzuki et al. (1995)

4 5
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K.Y. Haraetal. PRD 68 (2003) 072001
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181 Ta(y,n) 180Ta

H. Utsunomiya et al., Phys. Rev. C 67, 015807 (2003)

Pygmy Dipole Resonance
N. Paar, D. Vretenar, E. Khan, G. Colo
Rep. Prog. Phys. 70 691 (2007)

Extra El y-ray strength near Sn

= .
g
—_ 10°
c o
> 2
= ' -
U Ty o IAEA[8] ] 2
| m Utsunomiyaetal. (2002) = 10
QRPA 2,
| —— Hybrid -
[ - LDre ntZ| an ] — Generalized Lorentzian
| ——QRPA
1 | 1 ! 1 ! ! 10
8 9 10 11 12 13 > 1o 13 20 28

E [MeV]

E [MeV]



O LLFP (long lived fission products)

App'lcathnS nuclear waste

O Astrophysical significance
Present (¥, n) measurements

-3 Existing (n,y) data
-3 (n,Y)c.s.to be deduced H. Utsunomiya et al., PRC80 (2009)

| | | | I
Sn 115 116 117 ‘ 118 119 120 ‘ 122 ‘ 124
| > ——> > > z \ =
| * ' H.U. et al., PRC82 (2010)
104 105
Pd =
H.U. et al., PRL100(2008)
B PRC81 (2010)
Zr [ o0 sad |) 96
3.27d \ ,
} F. Kitatani, Ph.D. thesis,
Se 172§d 76 to be published




H.U. et al., PRC88 (2013)

In collaboration with Univ. Oslo etc.
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MolFI2E A% IR BERF 52

(c) |

(a) |
9 10 11 12 13 14 15 16

9 10 11 12 13 14 15 16 17

”.UMUW,H]%MU ses

* Present
= Beil etal. (1974)

+ Ishkhanov et al. (1970)
—BSKT+OQRPA

--DIMIQRPA  (e) | (f) |
s 10 12 14 16 0 12 14 16 0 12 14 16
E [MeV] E [MeV] E [MeV]

H. Utsunomiya et al., Phys. Rev. C 88, 015805 (2013).
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