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Type 1l Core Collapse Supernovae

~0.5 second after the bounce

. TR +.
Explosion and prv.=nte

nucleosynthesis n+v,> p+e

From the most resent simulations:

« NDW possibly slightly proton rich

« Not high enough entropy for
robust r-process

Neutrino-
driven “wind”

http://inspirehep.net/record/1198936/plots
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Network calculation in a typical

neutrino driven wind environment
(Y,=0.52,S =100k /u, 7=2 ms)
Code: nucnet tools
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“reciprocity theorem”

s6Ni (n,p) 55CO - ~ 56Co (p,n) 56Ni

Measurement in
inverse kinematics




“reciprocity theorem”

56Ni (N.0) 56CO < > 56 56N j
(n.,p) Co (p,n) **Ni Measurement in
| | inverse kinematics
: '
1-3GK -» 0-1MeV neutrons E =2.9-3.9 MeV/u

beam

E.. ~ 10 MeV

(A, Z (A,Z1l) + p

(A+1, 2)




“reciprocity theorem”

56Nj (n,p) 56CO < > 56 56 N[
(n.,p) Co (p,n) **Ni Measurement in
| | inverse kinematics
: v
1-3GK -» 0-1MeV neutrons E,... =2.9-3.9MeV/u
E._ ~ 10 MeV
(A,Z) + n (A, Z-1) + p
(A+1, 2)
Limitations:
o‘labzz g1 » 18% contribution from the g.s in our case

f

From:

T. Rauscher and F-K Thielemann, Atomic Data and Nuclear Data Tables, 79(1):47-64, 2001




“reciprocity theorem”

56Ni (n,p) 36CO < > 56 56N\l
( p) Co (p’n) NI Measurement in
| | inverse kinematics
: v
1-3GK -» 0-1MeV neutrons E,... =2.9-3.9MeV/u
E. ~ 10 MeV
(A,Z) + n (A, Z-1) + p
(A+1, 2)
Limitations:
o‘labzz g1 » 18% contribution from the g.s in our case

f
We will find proper parameters

to constrain the theoretical calculations

From:

T. Rauscher and F-K Thielemann, Atomic Data and Nuclear Data Tables, 79(1):47-64, 2001




https://people.nscl.msu.edu/~iwasaki/rea6_layout.html




For 3¢Co:
Primary beam >8Ni at 160 MeV/u

Fragmentation —» Be target

https://people.nscl.msu.edu/~iwasaki/rea6_layout.html




For 3¢Co:
Primary beam >8Ni at 160 MeV/u

Fragmentation —» Be target

https://people.nscl.msu.edu/~iwasaki/rea6_layout.html
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56N j ~30%

Fractions (%)
47
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Review and evaluation of the models:
P. Gastis, G. Perdikakis, et. al, NIMB 373, 117-125 (2016)




56N j ~30%

Fractions (%)
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Real space
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Measurement of the p(*°*Co,n)*°Ni reaction at ReA3
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Summary

* For the first time we attempt to measure (p,n) reactions relevant to the vp-process

* From the results on the (p,n) reaction

« More measurements needed on key reactions along the vp-process path [e.g *Ge(n,p)¢‘Gal

LF Reducing the uncertainties in the nuclear physics input is crucial




Summary

* For the first time we attempt to measure (p,n) reactions relevant to the vp-process

« From the measurements key parameters for the theoretical calculations will be extracted

« More measurements needed on key reactions along the vp-process path [e.g *Ge(n,p)¢‘Gal

LF Reducing the uncertainties in the nuclear physics input is crucial

Next steps

* Run test experiment with Ar beam at 4 MeV/u. Measure the “°Ar(p,n)4°K (November 2016)

(Test the experimental technique)

* Run the final experiment [ 5¢Co(p,n)°*Ni ] (2017)
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Thank you for your attention!



Vp-process
“neutrino-proton process” S-process 184
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S =rapid proton process” of stable nuclei through
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5 Fusion up to iron
Big Bang Nucleosynthesis

2 8 ———————>»  Number of neutrons

https://inspirehep.net/record/860811/plots
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Individual stellar abundance offsets with respect to Simmerer et al. (2004) =

3 M 3 L L L 3

60 70 80 90

Atomic number

From: C. Sneden, J. J. Cowan, and R. Gallino, Annu. Rev. Astrophys. 2008, 46:241-288

@ CS 22892-052: Sneden et al. (2003)
B HD 115444: Westin et al. (2000)

# BD+17°324817: Cowan et al. (2002)
* CS 31082-001: Hill et al. (2002)

> HD 221170: lvans et al. (2006)

< HE 1523-0901: Frebel et al. (2007)
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(Light Element
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- Sr, Y, Zr
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“reciprocity theorem”

56Ni (n,p) 56CO < > 56 56Nl
(n,p) Co (p,n) **Ni Measurement in
3 3 inverse kinematics
: v
1-3GK - 0-1MeV neutrons E,... =2.9-3.9MeV/u
E._ ~ 10 MeV
(A,Z) + n (A, Z-1) + p
(A+1, 2)
. T 2J.+1 E—E.
Reaction rate:Rec | o (E)®,,,(E,T)dE o (E)= 1 i S (E—E
{ M (E) Z; 2J +1 E ( )
Limitations:
(6" oI o‘labzz o> » 18% contribution from the g.s in our case
f
From:

T. Rauscher and F-K Thielemann, Atomic Data and Nuclear Data Tables, 79(1):47-64, 2001
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Simulation with DYNAC SRR
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Simulation with DY
“OAr(p,n)4°K at 4 MeV/u
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