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(n,g) Cross Section measurement at n TOF
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Analysis of the capture data

W
e Neutron fluence V= f 7 f  fsat Ni
NS Au

\ . i E ()

235 (n,f)

238 (n,f)
PTB Fission chamber ( 235238Q)

Si-Monitor

6Li(n,a)°H




e 209Bj 207Ppy 206Pp and 204Ph

Analysis of the capture data

Y= fys fc, ECI\I,IWn

o fsat Absolute Yield Normalization (Saturated Resonance Technique)

E,=4.9eV 97Au

I sat
fAu

PTB Fission chamber ( 235238Q)
Si-Monitor
4.9 eV

]

» Absolute flux determination
» Absolute gray efficiency



Analysis of the capture data

o 209Bj 207Pp 206Pf and 204Ph V=f - @ ¢ sat- NiW
i — 'NS AU =+ n
E

o fsat Absolute Yield Normalization (Saturated Resonance Technique)

« f.. Yield correction factor (Threshold, g-Summing and CE-process)

E,=4.9eV 97Au

e Threshold
Er:l.7keV 204Pp gSummmg

I sat
fAu

» CE-process

E,=4.9eV 97Au

E,=1.7keV 29“Phb




i Realistic simulation of the experiment

Level densities

Statistical model:
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Analysis of the capture data

. 200Bj 207Pp 206Pp and 204Ph , N
Y= fs @ f s ﬁ
|

o fsat Absolute Yield Normalization (Saturated Resonance Technique)

- f.. Yield correction factor (Threshold, g-Summing and CE-process)

E,=4.9eV 97Au

e Threshold
Er:l.7keV 204Pp gSummmg

I sat
fAu

» CE-process

E,=4.9eV 97Au

E,=1.7keV 29“Phb




Analysis of the capture data

e 209Bj 207Ppy 206Pp and 204Ph

W
Y = st'® f:ft’ %

o fsat Absolute Yield Normalization (Saturated Resonance Technique)

- f.. Yield correction factor (Threshold, g-Summing and CE-process)

E,=4.9eV 97Au

I sat
fAu

E,=1.7keV 29“Phb

250 keV
E,=1.7keV 2Pb

E,=4.9eV 9Au

e Threshold
e gSumming

e CE-process

Yield Correction Factor f_=0.970(3)
1.7keV 2%4Ph 4.9 eV Y7AU
1.019(3) 1.050(3)




Analysis of the capture data

o 209Bj 207Ppy 206Pp and 204Pb V=f - @ ¢ sat- NiW
i NS Au EC, n

o fsat Absolute Yield Normalization (Saturated Resonance Technique)

« f.. Yield correction factor (Threshold, g-Summing and CE-process)

W(g) =1+ A,R,(cosg) + AP, (cosg) + AF;(cosg)

76% 8.5% 13%
6.7 MeV 3/2- _
E,=3.3keV 2%°Ph

3.3 MeV ! Y
2.6 MeV 5/9+ 1/1550'
898 keV ¥ :
510 keV 3

GS v v v Ly

E,JP | E, %+ | 3.3keV, 3/2- Yield Correction Factor  f=0.9%f
(L=0) | (L=1) 3.3keV 206Pp 4.9 eV 97Au
fq 1.0 0.9071(2) 1.018(3) 1.050(3)

Mizumoto et al., Phys. Rev. C, 19-2, 1979. -



Analysis of the capture data

« 209Bj, 207Pp, 206P and 20Ph st N
Y = }N frofer

o fsat Absolute Yield Normalization (Saturated Resonance Technique)
« f.. Yield correction factor (Threshold, g-Summing and CE-process)

* fys < 0.3% for all resonances (3.5% for the 12keV s-wave resonance in Bi)




Analysis of the capture data

e 209Bj 207Ppy 206Pp and 204Ph

Y = Nf fsat' :

Experimental Yield 1

SAMMY — R-Matrix Analysis

Y =B)+Y" (.G, G)

 Reich-Moore Formalism

e Thermal Broadening (T)
 Self-shielding

 Single & Double n-scattering
* n-Beam RF (RPI)

 L,J from Compilations

» G, (transmission exp.)

204pph (n,g) Capture Yield

I

|

|

|

I
208pp (background)

@ray compton scattering
in the sample



Analysis of the capture data

e 209Bj 207Ppy 206Pp and 204Ph

SAMMY — R-Matrix Analysis

Y N f fsat'

n
i

Y =B +Y"(E,,G,G)

* Reich-Moore Formalism

* Thermal Broadening (T)
 Self-shielding
 Single & Double n-scattering

* n-Beam RF (RPI)

 L,J from Compilations

G, (transmission exp.)

E=1.7keV 20“Ph



Analysis of the capture data

e 209Bj 207Ppy 206Pp and 204Ph

SAMMY — R-Matrix Analysis

Y N f fsat'

n
i

Y =B +Y"(E,,G,G)

* Reich-Moore Formalism

* Thermal Broadening (T)
 Self-shielding
 Single & Double n-scattering

* n-Beam RF (RPI)

 L,J from Compilations

G, (transmission exp.)

E,=8.4keV 20“Ph

—— This work
— Horen et al.



Analysis of the capture data

e 209Bj 207Ppy 206Pp and 204Ph

SAMMY — R-Matrix Analysis

Y = Nf fsat' :

Y =B +Y"(E,,G,G)

* Reich-Moore Formalism

* Thermal Broadening (T)
 Self-shielding
 Single & Double n-scattering

* n-Beam RF (RPI)

 L,J from Compilations

G, (transmission exp.)

Er=3keV 207Pp
—— This work
—— ENDF/B-VI



Analysis of the capture data

e 209Bj 207Ppy 206Pp and 204Ph

SAMMY — R-Matrix Analysis

Y = Nf fsat' :

Y =B +Y"(E,,G,G)

* Reich-Moore Formalism

* Thermal Broadening (T)
 Self-shielding
 Single & Double n-scattering

* n-Beam RF (RPI)

 L,J from Compilations

G, (transmission exp.)

E =2.3keV 209B;

—— This work
—— ENDF/B-VI
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Results %4Pb(n,g)

Horen et al. (1984)
D(5keV) = +35%!!
/s 2 cTS(E,,)En exp¢ E,/KT)dEn
S =
T b e exp¢ E,/KT)dEN

Resolved Resonance Region Unresolved Resonance Region

(100keV- 400keV)

2.5keV



204Pb(n,g) CS Implications

Ratzel et al., Phy§. Rev. C 065803 (2004)

D(5keV) = +35%!!
26 keV

4

Stellar Model Calculation 1

M=3M : M=1.5M
[Fe/H] = -0.3: [Fe/H] = -1

Compensation effect:

“*Only” 5% less s-process
production of 204Pb

R.Gallino, S.Bisterzo, Univ. Torino (Italy)



Results 2%°Pb(n, )

8 keV
sy 34 Q:\
QV”
N\
N
Q/\/
QQ~

Angular distribution corrections




207Pph(n,g) CS: Results & Implications

8kev D=+13%

4

Raman et al. (1977-78)

MACS uncertainty improved by a factor of 2 !!

Stellar Model Calculation 1

M=3M : M=1.5M
[Fe/H] = -0.3: [Fe/H] = -1

Ns =77(8)% (instead of 82(18)%)
Nr=N -Ns=23(8)% (instead of 18(18)%)

r-process calculations:
Kratz et al. (2004) 15.1-16.4%
Cowan et al. (1999) 18.4%

1R.Gallino, S.Bisterzo, Univ. Torino (Italy)



209Bj(n,g) CS: Results & Implications

M st al. 8keVH _ 50,
Macklin
(1976)

MACS uncertainty improved by a factor of > 2 !l
Stellar Model Calculation 1

M = 3M

[Fe/H] = -1.3
Ns =19(3)% ->Nr=N -Ns=81(3)%
r-process calculations:

Kratz et al. (2004) 77-92%
Cowan et al. (1999) 71-90%

See Poster 86 (S.Bisterzo)

1R.Gallino, S.Bisterzo, Univ. Torino (Italy)



Summary & Conclusions

* (n,g) Cross Sections of 204.206.207pp and 2%9Bi have been measured with improved
experimental conditions (n-sensitivity, small samples, accurate WF) and a thorough
analysis of the capture data has been carried out.

* In the case of 294Ph, a MACS at kT = 5 keV about 35% higher than previous analysis
was derived from our capture data, due to 3 strong resonances at low n-energy
Missing in previous neutron capture experiments.

« In general (apart of 294Pb), the MACS obtained here are in agreement with the
previously values (Bao et al. 2000), but now the uncertainty has been substantially
reduced (about a factor of 2).

» Correspondingly accurate s-process solar abundances have been derived for the s-
process termination isotopes using the present MACS and the stellar model (Gallino et
al. 1998, Arlandini et al. 1999).

» The respective r-process residuals show good agreement with the r-process
calculations reported so far (Cowan et al. 1999, Kratz et al. 2004).

Nuclei in the Cosmos IX — CERN (Geneva) 24 — 29 June, 2006
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Decay patterns in 2°°Pb+n®)

E, (keV) Jp=3/2-
Eg(keV) 3.36 10.86 11.29 21.87 42.07
6737.9 |76.0% 100%
6168.6 |2.5% 100% 100%
5840.8 |85% 100%
41145 |13%
f,= | 0-9071(2) | 09760(2) |0.8743(2) | 0.9760(2) |0.9281(2)

(*Mizumoto et al., Phys. Rev. C, 19-2, 1979.

76% 8.5% 13%
6.7 MeV ’ ’ " 30

Yield Correction Factor f.=0.97

3.3 keV 29%6pp 4.9 eV 97Au

53 Mev — 1.018(3) 1.050(3)

2.6 MeV 5/2+

808 keV/ " E,P [#+ (L=0) [3.3keV,3/2-
I

570 keV I 5/2-

GS 4 v f, 1.0 0.9071(2)




Experimental Uncertainty Sources in the Data Analysis

E =3.3keV 295Ph

e Threshold
E,=3.3 keV 2%Pb g Distribution

E.=4.9eV ¥7Au

E =4.9eV 197AU

sat
Al

— f

Yield Correction Factor f.=0.97

3.3 keV 29%6pp 4.9 eV 97Au

1.018(3) 1.050(3)




Experimental Validation of the PHWT

NY(E
_ £t,5, S
Yexp(En)_ .I:tsce.l: at ,( n)
N.(E.) (S +E)

YO E,)

Setup Sample
(mm) Single

Bicron Fe 0.5x45 l Double
2XCgDg Fe 1.5x20 l
FZK Fe 0.5x45
2XCgDg Fe 2.0x45

e Thermal broadening  BAYES Theorem
e Multiple scattering

 Self shielding
e Resolution Function ) [@

Yexp = A Ythe + B




PHWT Validation Results

RMS =1.7%

Setup | Sample/Ref Arel Uncertainty | Source
2xBic. | Fe0.5/Au0.1 | 0.965(22) 0.26 % Stat.1.15 keV
CeDs  [Fe 1.5/Ag0.2 | 1.005(22) 0.45 % Stat_ fSMon

Fel.5/Aul.0 |1.010(21) 0.4 % Stat, fusce
(2:X|[:)ZK Fe0.5/Au0.1 | 1.001(32) 0.3 % Stat./Sys. WF

66
Fe2.0/Au0.1 | 0.977(30) 0.7 % Total Statistics
U. Abbondanno et al., Nucl. Instr and Meth. A 52002)




207’Pp(n,g) Analysis

Y(E )@fc”:SathiMon NW(En)
! N.(E.) (S +E,)

e Threshold, gSumming

E, = 41keV; JP=1-

Raman et al., Phys. Rev. Letters 39, 10 (1977)



207Pbh(n,g) Analysis

Y(E ) :@f q.l: Sat.l: SiMon NW(En)
” N.(E)) (S, +E,)

e Threshold, gSumming

E,=3.3keV; Jp=2*

Raman et al., Phys. Rev. Letters 40, 20 (1978)



207Pbh(n,g) Analysis
Y(E,)= f“@f Satg Sivon NY(E)

N.(E)" (S, +E,)

« Angular distribution correction
W(g) =1+ AP, (cosg) + AP,(cosg) + AP, (Cosg)  L=1—A,=A:=0

— Isotropic

______ Ansisotropic

100% jp—1+

M1 | Eg=7.37MeV
fa=0.925(3)

¥  Jp=0*




207Pph(n,g) Results

—— ENDF BVI
—— This Work

RK=77.2(1%) RK=146(11%)meV

RK=282(13%)meV RK=555(15%)meV






