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#ﬂ Why do we care about B-delayed )“

1N A neutron emission? NSCL

Direct impact in Heavy-Element
Nucleosynthesis Models (r-process)

...also Nuclear Structure Probes

Jorge Pereira, JINA Frontiers Workshop 2010
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- )
#’ B-decay properties in the r-process )‘

JINA NSCL

*3-delayed neutron-emission probabilities (P,) :

s¥What is the path followed by matter flow after freeze-out
(Abundance pattern post freeze-out)

v'Additional source of late neutrons

*Half-lives of r-process nuclei:

v'What are the bottle-necks of matter flow?
Abunhdance pattern.prior freeze-out

*T,,'and P, (gross B-decay-properties):

First insights into shell structure via -decay strength function
(Deformation, nucleon-nucleon interaction, new magic numbers, etc...)

Jorge Pereira, JINA Frontiers Workshop 2010



Measurements of B-delayed
neutron-emission
‘probabilities at NSCL
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Measurement of B-delayed with a
Neutron Long Counter
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Design of NERO detector:

Minimize Background & Maximize Efficiency

Jorge Pereira, JINA Frontiers Workshop 2010



B—neuron background:
Spurious coincidences [3 + neutrons

3 background + REAL neutrons
3 background + Neutron background
*REAL 3 decay + Neutron background

Neutron background origin:
*Electronic noise
«Gamma rays
«Cosmic rays
<Fragmentation reactions

B background origin:
*REAL 3 decays from
implants # mother
«“Light” particles (t, Li, ...)
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B-neuron

Spurious coi
3 backg
3 backg
*REAL B

©
| -
=
QO
=
x
=
Y
o
£

Red

Jorge Pereira, JINA Frontiers Workshop 2010




Design of NERO detector:

Minimum Background & Maximum Efficienc

Large NERO cylindrical Reduce neutron

‘ efficiency

Large segmented
Implantation detector ‘ cavity to accommodate
' DSSD

MCNP simulations-to maximize efficiency,

Energy-independent Efficiency

Jorge Pereira, JINA Frontiers Workshop 2010
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NERO neutron efficiency K@Z{#
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‘
Beta Counting System + NERO

BF; rings <

\

3He ring Beam
BCS chamber <=

BRrings <
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NSCL B-decay r-process campaigns @'m

(NSCL/Mainz/Notre Dame/Maryland)
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T, of A=110 r-process nuclei
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T,, and P, around the 1?°Rh @m
NSCL

Rhodium Palladium Silver
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LT.l SIQ+QRPA ® This work B Nubase
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F. Montes et al., PRC73, 35801 (2006)
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T,, and P, around the 78Ni waiting-point @n
(73-75CO’ 75-78Ni’ 76-80CU,79-81Zn, 81-826a) %\[C}IC]
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Shell-model calculations: GT operator renormalized
by 0.37 instead of 0.75.
Limitation of the model space that excluded f,,?
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Summary

® P, values and B-decay.half-lives are crucial to model the synthesis of
Heavy Elements ; they are also sensitive nuclear structure probes

®  The neutron detector NERO was designed for measuring P, values. Its
performance combines low background rates with high neutron
efficiencies ~40%

® Measured P, values,were used to investigate deformation of nuclei
around 106Zr (triaxiality, wéakly-deformed intruder states)

°

Measured P, values of nuclei around "8Ni may indicate sensitivity of
shell-model calculations t6 model*space (inclusion of f,,). Results for
Cu isotopes may indicate the inversion of n2p;, and nlf,,

®  MORE INFORMATION @ http://www.nscl.msu.edu/~nero/

MICHIGAN STATE
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Back up slides
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Abundance

Abundance
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Nuclear structure probes K@Z{#

Sensitive to “integral’ structure via Strength function Sg i
weighted by Fermi-function f ~(Qg-E)°

*T,, and P, — Nuclear-structure probes. “Cheaper” than
Y-spectroscopy

P.M ®For neutron-rich nuclel, Qg is large:

con
> oT,, Is mostly sensitive to Sg near the ground-state, only

oP, is mostly sensitive to Sy at higher energies (~S)
(emphasize importance of forbidden transitions)

Gamow-Teller Strength

EXcitation nergy (e

Jorge Pereira, JINA Frontiers Workshop 2010



. . _ ©
Production and separation of nuclei @n
(e.g. A1900 separator at NSCL) NSCT

N3 vault

*Production of nuclei by fragmentation (inverse kinematics)

«Separation and identification of exotic beam: A1900

*Exotic beam = Implantation station (in the N3 vault) .

Jorge Pereira, JINA Frontiers Workshop 2010
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Correlation of implanted nuclel and B @n
decays (B-decay end-station) INSQTL
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Processing of signals @g
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Processing of signals @g

1 h experiment data 12 h background
0 z“?’He Proportional
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Determination of B-delayed @m

neutrons-emission probabilities (P,) NS

__ B-delayed neutron-emitter r-fugl'ei- -

——— =" m
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Detection of B-delayed neutrons:

Analysis
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A=110 r-process nuclel @{4

Epicenter of A=110 r-process nuclei: 19Zr-,

Possible existence of a spherical
double semi-magic 1°Zr-,

CONSEQUENCES in the r-process:

Direct: Change S, > r-process path (synthesized nuclei)
Direct: Reduce T,;,, P, (factors ~6)

sIndirect: Weakening of N=82 shell (shell quenching)

no spm

very diffuse orbit around the
surface harmonic exotic nuclei/ valley of
neutron drip line oscillator hypernuclei B-stability

Jorge Pereira, JINA Frontiers Workshop 2010



A=110 r-process nuclel @g

A~115 abundance trough predicted in r-process calculations
“Quenching” of N=82 OR/AND Astrophysical Conditions?
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Nuclear deformation from B-decay

properties: QRPA vs. deformation  \&()

Macro-Microscopic FRDM/QRPA model

1. Calculation of ground-state masses and deformation parameters
FRDM + Strutinsky microscopic corrections (Shell + Pairing)

2. Use deformation parameters to determine single-particle levels ¢
(folded-Yukawa + Lipkin-Nogami):

3. Cdlculate Gamow-Teller B-strength function using QRPA’
equations, with residual interaction Vg =2% cr:p* * B*

4. First-forbidden transitions from statistical gross theory

P. Mdller.et al., NPA 1992; ADNDT 1995, 1997; PRC2003

Jorge Pereira, JINA Frontiers Workshop 2010



Gross f3-decay properties used as

nuclear structure probes

Normal shell strength
strongly deformed (£,=0.31)
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QRPA calculated T,,, and P, @l
around 1067y Ni=laE

l 11" 0.1 11

— () R 1 L1 1 1N NK

*For 194Zr.,: €,~ 0.25 inferred from QRPA
Calculations

*Lower than €,~ 0.4 obtained from y-spectroscopy
[Urban et al., NPA 689, 605 (2001)]

Presence of weakly-deformed intruder states?
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Intruder “weakly-deformed” configurations @n
- Shape coexistence? NGC|

QRPA does not include shape coexistence

Low €, values from QRPA may be really an “average” deformation =

Coexistence of prolate ground state + weakly deformed intruder
configurations at N=64,65!!! < spherical 1*°Zr,,?
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Predicted intruder spherical configurations @n
with HFB + Goriely effective interaction NGC ]

Binding energy

HFB=824.214 MeV
Exp=828.99 MeV

105
T v rrrrri

Binding energy

HFB=869.624 MeV
Exp=878.56 MeV(ext)

Could these configurations be investigated with Self-

HFB-D1S Bruyéres-le-Chétel

consistent QRPA calculations (P. Sarriguren et al.)?




R-process nuclei around the 78Ni @n
waliting-point NSCL

— previous data
— this work

—— large "°Ni half-life
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T,, and P, around the 78Ni waiting-point @n
(73-75CO’ 75-78Ni’ 76-80CU,79-81Zn, 81-826a) %\[C}I:]

Visible effects in calculations of r-process abundances

— previous data

---- half-lives from this work
— this work (110 ms)
—— large "°Ni half-life

" QRPA97 T,/, 78Ni (477 ms)
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T,, and P, around the "®Ni
waliting-point NSCL

Wigner et al.,
PRL102, (2009)

> 60
S 40
n,

20

P41/
7tf. /2

TP3/

IIIIIIIlIllIIIIIIII
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67,69Cu: B. Zeidman et al. (1978)

76 fald 78 79 80
7/2
5/2 1 5 ( -/---2 ------- (7 !2-) Q'“
(7/27) seeeeeeaen | — Evidence for 5/2-
1/2 0.46 ?- (7/2)) = ground state
(3/2) _ S for 5Cu, T'Cu
(5/2)_ =~ (Walters, Flanagan
3/2 1.3 (3/2) (3/2) ol private communication)
69Cu,, 1Cu,, 73Cu,,

’1Cu: R. Grzywacz et al. (1998)

® New data
A Pfeiffer et al., PNE (2002)

— QRPA-97 Mdller et al., PRC (1997)
— CQRPA: I.N. Borsov, PRC (2005)
== CQRPA: =f5,, &np;),

Hosmer et al., PRC 82, 025806 (2010)

69.7L,73Cu: S. Franchoo et al., (1998, 2001)
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R-process nuclei around the 78Ni @n
waliting-point IFJSCL
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Wigner et al., - CU_

PRL102, (2009) |

Underpredicted values

(CORPA and FRDM+QRPA) may be an indication
for inversion of the n2p,, and =lf,, orbitals

*COQRPA + inverted orbitals improves the results
(what is the effect in T,,,?)

*FRDM+QRPA + inverted orbitals improves P, BUT
— degrades Ty,

UNIVERSITY Jorge Pereira, JINA Frontiers Workshop 2010




R-process nuclei around ;@n
NSCL

Sn (50)
—+—Solar Abundance
——Fit before experiment In (49)

s+ Fit after experiment T . Cd (48) 1

Ag (47) 0.1

Pd (46) 0.01
Rh (45) 0.001
Ru (44) 0.0001
Te (43)
Mo (42)
Nb (41)

Zr (40)

70 71 72 73 74 75 76 77 78 79 80 81 82 83

Proton number Z

Neutron number N

oSl - ‘New P, value of 12°Rh affects 119Sn/120Sn

— Fit before expenment

& Fit after experiment . ratlo by 20%

«120Rh is ~ 3p and 3n away r-process path

*More P, values are necessary!

UNIVERSITY Jorge Pereira, JINA Frontiers Workshop 2010




	幻灯片编号 1
	幻灯片编号 2
	幻灯片编号 3
	幻灯片编号 4
	幻灯片编号 5
	幻灯片编号 6
	幻灯片编号 7
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	幻灯片编号 12
	幻灯片编号 13
	幻灯片编号 14
	幻灯片编号 15
	幻灯片编号 16
	幻灯片编号 17
	幻灯片编号 18
	幻灯片编号 19
	幻灯片编号 20
	幻灯片编号 21
	幻灯片编号 22
	幻灯片编号 23
	幻灯片编号 24
	幻灯片编号 25
	幻灯片编号 26
	幻灯片编号 27
	幻灯片编号 28
	幻灯片编号 29
	幻灯片编号 30
	幻灯片编号 31
	幻灯片编号 32
	幻灯片编号 33
	幻灯片编号 34
	幻灯片编号 35
	幻灯片编号 36
	幻灯片编号 37
	幻灯片编号 38
	幻灯片编号 39
	幻灯片编号 40
	幻灯片编号 41

