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Low-energy, low-background
Experiment with 4 BaF, y-array




- "'}z L Act|v_e shielding
| 3{;@:’? = techniques;

—deh LAt U =

e P()|se shape
= p

®) .y
=t

8 analysis;




105; [} ’

10%+ . *

10%- ’

10 * Cosmic Ray &

10 : Beam induced

10 background

10 ‘ ‘ — ‘
0.3 0.4 0.5 Iab in Me\7 0.8 0.9

S-Faktor in 10° MeV barn

N w B ol
\ ‘ \ ‘ \ ‘ \ ‘

'_\
T T

o Ke_llogg
Bair
+ Brur?e
" Dot y i;
e diese Arbeit ﬁ x %
i1}
IR
. ot i I g
%1% i %%
35 iy
02 04 _ 06 . 08 1

Ecm 1IN MeV

1 order of magnitude improvement in background reduction necessary!




The s-Process
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s-process studies in |lab

L REL.NEUTRONENFLUSS

--—= MAXWELL -VERTEILUNG
FUR kT=25keV
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NEUTRONENSTRAHL
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FLUSS =5

|
MONITOR

)
0 100
NEUTRONENENERGiE (keV)

LITHUM- AKTIVIERUI\GS—
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Neutron production by “Li(p,n) reaction at
1.98 MeV: Neutron spectrum resembles a




clivation

etno

MB neutron spectrum bombardment of natural sample (mg)

e.g. Krypton gas.

SOKr(n,y)°'Kr(B--y) |
84Kr(n,y)85Kr( 3-_y) d 410
oKr(n)Kr(py) L
S 3-10°
g 2-10°

Measurement of resulting
y-activity yields 10°
cross section & reaction rate.
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activation method

)= Pfe ) L a6 ae

P=N-f-4,-0, SN =N F 4 (1 e ) L—e ")
A, )= A, )-e "

16)=n-Jate e a8 )

0

N: number of target atoms/cm?

t,.: irradiation time O(n,»: €Nergy averaged cross section
t,. waiting (transport) time ¢,. time integrated neutron flux
t.: counting time I(t.): yield

1. efficiency of detection system
f: neutron absorption factor



Neutron sources VdG

%
| 7
collimated //// .
e AV VAN
=i = s = -
\\ \
Z 7L‘\\>\f
sample // |-\arge
/

Ly BaF, detector neutron collimator

In-beam y-measurement for AX(n,y)A*1X

pulsed
proton
beam



In beam cross section
[,=¢,-0,, N-b-7

|- gamma yield
Oln,y»: €NErgy averaged cross section
¢,: time integrated neutron flux
N: number of target atoms/cm?
7. detector efficiency
b: gamma branching

Through summing effects
~90% efficiency
In large detectors
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Neutron induced nucleosynthesis

dN ,,(¢)
dt

=-n,-N,; <O-U>A Ay Nyz+n, N, <O-U>A—1,Z (+ Auza NA’Z—l)

Approximation for s-process network for A neglecting branching points

dN,, (1)
dt

=-n, -NA<GU>A +n, °NA—1<GU>A—1



A
Cross section and abundance

dN.,(t)
dt

=-n, -NA<GU>A +n, °NA—1<O-U>A—1

For time integrated neutron exposure T= j n, -<U>-dt
)=0-

And relation for s-wave neutron capture  (ov (v)

dn ,(¢)
dr

=-N,0,+N,,0,,

an ,(¢)
dr

For equilibrium: =0, N, 0,=N,,0,,=const
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Neutron Number

Low neutron capture
cross section at
closed shell nuclel,
N=50, 82, 126

= enrichment of
closed shell nuclel,
— Ss-process peaks!



o
The classical s-process model

106)

CROSS SECTION x ABUNDANCE (Si

1000 p

Correlation between observed and calculated

100 |

10k

-

B c-N, vs A curve reflects two neutron exposure

events with different neutron flux exposure:

™ weak s-process: t,=4mb-",
- main s-process: 1,,=0.3mb""

1 L L 5 1 " i s
100 150 200
MASS NUMBER

Indication for s-process branchings



boint analysis
iportant information
3s conditions

sity, temperature

1478m

r-process shielded

—] 116 ] L8N _ 150N

§ process ' . _
v . . . . branching point

T procéss B-unstable
148Pm branching point is reflected in the observed
abundances of the s-isotopes %8Sm and °0Sm.

Ay (O Ny,
f,b’ - ﬁvlg +nn<au> ~ <6150Sm>N ~ 0.9




Neutron flux: ~(4.1+0.6)-10% cm™3

Accurate analysis of the neutron density depends on:
* accuracy In the cross section measurements (<1%) and in the
abundances for the determination of the branching factor f;.
* cross section measurement on radioactive *8Pm isotope (>20%)
« stellar decay rate of 148Pm
(not necessarily identical with laboratory decay rates
— e-capture, thermally induced decays ...



deduced from branching point analysis

Branch point isotope

Deduced s-process parameter

147Nd/l47Pm/148Pm
151 Sm/l54Eu
163Dy/163H0

176Lu

121 Sn/ 1228b

1340S

185 W/186 Re

n, = (4.1 +0.6) - 10® cm™3
Tg =35+£04 Temperature dependent t,,
ps = (6.5+3.5)-10° g cm ™ Density dependent (e-capture) t,,,

Tg =3.1+£06 Temperature dependent t,,
through isomer population

Tg > 2.4
Tg =19 £ 03
Tg = 1.7 & 0.5

n, = (3.5717) - 108 cm™3

kT = 8.62 x Tg keV



End-points of s-process PDb

First tests at n-ToF neutron source
204,206,207,208Py( ) 205,207,208,209py  209Bjj(1,y)210B;

| Metal poor halo star (HST)

: CS22892-052
E I . I . I U

[ B R S—
solar r abundance
® observed

n-capture on stable
points to r-process origin of Pb Pb Isotopes needed!

Old star abundance distribution



. lons Protons . Antiprotons

sources & B
LINACS

Linac(s): up to 50 MeV PSB: upto 1 GeV PS: up to 24 GeV

alberto.mengoni@cern.ch
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CERN n_TOF Facility

« Design: the n_TOF Target
e The Tunnel movie by V Vlachoudis

Pb target 80x80x60 cm?
In water (3cm) filled Al container
Production 300 n/p

Shielding required for y,u,© absorption

alberto.mengoni@cern.c



dN/dInE/7.e12 protons

10

Neutron flux distribution @ n-Tof
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mlmeo ight technique

Neutron energy

2 -10
En=o.5-mn.(£j (= [05m, ; _ [05:939.50Mc ;72310 [s] L]em]
t E, E,[MeV]-c JE,[MeV |

L2 ALy + (o, -arF

n

Energy resolution

For 180 m flight path

a 10keV neutron has

a flight time of t=41pus
AE /JE =103
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n capture reaction °'Sm(n,y)



n-capture on PDb - first results
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02— — Previous Resonance Pacameters
— Sammy Fit
204Pb
< 06
5
= L
2
M
v 04+
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02—
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i
E_(keV)
In general, good agreement with previous parameters. But,
only 4 resonances below 7 keV have complete
resonance parameters in literature
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Cross Section (a.u.)
o o
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=
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Analysis still underway... but results indicate that previously
adopted resonance parameters need improvement!

etail o analysis

— Sammy Fit

— Previous Resonance Parameters
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204Pb
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Multitude of open questions!

 impact of threshold cluster states in He burning
* low energy contributions to neutron sources
* neutron capture on light nuclei — neutron poison
* neutron capture on long-lived radioactive nuclei
for branching point analysis
 end-point of s-process (n-capture on Pb, Bi isotopes)

The accuracy of stellar s-process abundance distribution
limits the accuracy of the predicted r-process abundance
distribution and the identification of the r-process site!
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