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—25Mg(n, vY) @ n_TOF
_25\g(n, tot) @ GELINA ‘B

* Preliminary results

 An idea for the future
—2Mg(n, o)*’Ne @ EAR2 - n_TOF
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nucleosynthesis of
heavy elements

E. M. Burbidge, G.R. Burbidge,
W.A. Fowler, F. Hoyle

Rev. Mod. Phys. 29 (1957) 547
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The s process
|dentified neutron sources:
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F. Kippeler, R. Gallino, S. Bisterzo, and Wako Aoki, Rev. Mod.
Phys. 83 (2011) 157

M. Pignatari, R. Gallino, M. Heil, M. Wiescher, F. Kippeler, F. |

Herwig, S. Bisterzo, Ap]. 710 (2010) 155
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1. NEUTRON POISON:

2526 g are the most important neutron poisons due to neutron
capture on Mg stable isotopes in competition with neutron
capture on °°Fe (the basic s-process seed for the production of
heavy isotopes).

2. CONSTRAINTS for #2Ne(o, n)**Mg:

It is one of the most important neutron source in Red Giant stars.
Its reaction rate is very uncertain because of the poorly
known property of the states in 26Mg. From neutron
measurements the J* of 2°Mg states can be deduced.
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2526Mg isotopes: neutron poison of the s process

Main component - AGB stars
« kT =8keV (t=10% years)

Mg density =0

« Neutron density = 107 / cm3
« kT =23keV (t<10 years)

« Mg density = 10910 / cm3

« Neutron density = 10%°10 / cm3

Weak component - Massive stars
« KT =25keV

* Mg density = 107 / cm3

« Neutron density = 107 / cm3
«  KkT=90 keV

« Mg density = 1012/ cm3

« Neutron density = 10'1*12/ cm3
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2526Mg isotopes: neutron poison of the s process

Main component - AGB stars
« kT =8keV (t=10% years)

Mg density =0

« Neutron density = 107 / cm3
« kT =23keV (t<10 years)

« Mg density = 10910 / cm3

« Neutron density = 10%°10 / cm3

Weak component - Massive stars
« KT =25keV

* Mg density = 107 / cm3

« Neutron density = 107 / cm3
«  KkT=90 keV

« Mg density = 1012/ cm3

« Neutron density = 10'1*12/ cm3
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Constraints for the

J E,
22Ne(at, n)?*°Mg reaction :
Element Spin/ ) z T
parity °§_i 2+ 11.112
22Ne 0* v
c 1- 10.95
‘He o+ -

1 10.81

Only natural-parity states in 2Mg can

pal'tiCipate in the 22Ne(a ,n)25|\/|g reaction 4+ 10.69

Q=10.615 MeV 2+ 2.938

2* 1.809
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Constraints for the
22Ne(at, n)?*°Mg reaction

Element Spin/ ) 2 1L%
parity = 2 11.112)

22Ne 0* I
S 1 10.95

“He 0* -

Only natural-parity states in 2Mg can
participate in the 22Ne(o ,n)?°Mg reaction

j = 7 + i + z JT = (—1)€ Q=1i).615MeV \t2+ 2.9;:
- — . 2+ 1.809
J=0+/ ; o
26Mg
|Jr= 0%, 1-, 2%, 3, 4* .. | |
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Constraints for the

J E,
22Ne(at, n)?*°Mg reaction ;
3* 11.169
Element Spin/ ) TS
parity ‘:%\ 2+ 11.112
25 + c|>
Mg 5/2 ;_, 1 10.95
neutron 1/2* .
1 10.81
J=1+1+/

S,=11.093 MeV

a 4+ 10.69
7% |

J=2+0 J=3+/ F S

Q=10.615 MeV 2+ 2.938

1

s-wave »>Jr= 2% 3* 2 1.809

p-wave >J=1-, 2-, 3-, 4 o

d-wave 2>J*= 0%, 1+, 2*, 3%, 4* 5* 26Mg

States in 2Mg populated by 2Mg+n reaction I
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25Mg(n, tot)

=Ry Motivation 2 INFN
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Constraints for the

J E,
22Ne(at, n)?*°Mg reaction
3+ 11.169
Element Spin/ ) TS
parity E 2t 11.112
25Mg 5/2* I
? 1 10.95
neutron 1/2* -
22Ne 0+ 1- 10.81
4He 0* 4+ 10.69 sn=1;1.093 MeV
= ——
Q= 1:0.615 MeV 2+ 2.938
i 2+ 1.809
i o
From neutron TOF measurements: 26Mg

- J* for the 26Mg states I
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Results from previous (2003) measurement:
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Results from previous (2003) measurement:
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New measurement: improvements

1. Sample

—  Capture on a metal 2°Mg-enriched sample = no data in
literature

—  Transmission on the 2°Mg-enriched sample - no data in
literature

2. n_TOF facility Phase-lI:

— Borated water as neutron moderator - y-ray background
reduced

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA



25Mg(n, ) /j

" New Measurement [NFN
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" New Measurement [NFN
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New Measurement wN

'/'()\
N,, be ,\\(M . .
2 _TOF is a neutron spallation
N e, source based on 20 GeV/c protons
€pg
"%\ 3 » from the CERN PS hitting a Pb
‘N.\ K block (~360 neutrons per proton).
A \ \I\R' Experimental area at 200 m.
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/
[ /' ] ]
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— T
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Energy resolution DE/E ~ 10+*
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2Mg(n, v)
@ n_TOF
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2003
OLD sample (powder)

Science-Technical Centre “Stable Isotopes” (Obninsk, Russia)

Property

Mass MgO 3.19¢
Diameter 22 mm
Thickness 2.3 mm

Areal density 1.234x102 at/b

Enrichment 95.75%
24Mg ~ 3%,
26Mg ~1.2%

Neutrons = 1.1x1010
1eV<E,<1MeV

2012
New sample (metal)

National Isotope Development Center (ORNL, USA)

Property

Mass Mg 3.94 g
Diameter 20 mm
Thickness 7 mm

Areal density 3.00x 102 at/b

Enrichment 97.86 %
24Mg ~ 1.83 %
26Mg ~ 0.31 %

Neutrons = 1.9x1010
0.03eV<E, <1MeV |
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el New Measurement wNN.

Typical capture set-up:

* 2 C4Dg liquid scintillators
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Data Analysis INFN
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Experimental capture yield
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25Mg(n, v)

e Preliminary Results (P
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Preliminary Results
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En (keV) e JT I, (eV) I'n (eV)
—154.25 0 27 6.5 30000
19.86 <+ 0.05 o 2t 1.7+ 0.2 2310 + 30
62.727 =+ 0.003 12 1+a@ 4.1+0.7 28 +5
72.66 & 0.03 o 2t 2.5+ 0.4 5080 <+ 80
79.29 &+ 0.03 o 3t 3.3+0.4 1560 =+ 80
81.117 £0.001  0° (2)* 3+2 0.8+0.7
93.60 = 0.02 (1) (1) 2.3+2 0.6 + 0.2
100.03 % 0.02 o 3t 1.0 +0.1 5240 + 40
[101.997 +0.009] [1] [27] [0.2 £ 0.1] [4 + 3]
[107.60 = 0.02] [0]° [3*] [0.3 £ 0.1] [2 +1]
156.34 = 0.02 (1) (27) 6.1 +0.4 5520 =+ 20
188.347+0.009 0 (2)F 1.7+ 0.2 590 + 20
194.482 +0.009 (1) 4 0.2+0.1 1730 & 20
200.20 + 0.03 1 1 0.3+0.3 1410 &+ 60
200.944 +0.006 (2) (2%) 3.0+0.3 0.7 +0.7
203.878 £ 0.001 (1) (27) 0.8+0.3 241
208.27 4+ 0.01 (1) (17) 1.24+0.5 230 + 20
211.14 & 0.05 (1) (27) 3.1+0.7 12400 % 100
226.255 +0.001 (1) (17) 443 0.4+0.2
242.47 + 0.02 (1) (17) 6+ 4 0.3+0.2
244.60 % 0.03 11— ° 3.5+ 0.6 50 = 20
245.552 +£0.002 (1) (17) 2.3+2 0.5+ 0.2
253.63 & 0.01 (1) (17) 3.1+27 0.1+0.1
261.84 + 0.03 (1) 4&) 2.6 +0.4 3490 + 60
279.6 0.2 (0) (2+) 1.9+ 0.7 3290 + 50
311.57 & 0.01 (2) (5%) (0.84£0.09) (240 + 10)

cross section (b)

0,0001

10

1

0.1
0,01
0,001

18_05 A A A A A
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Eneray (keY)

Convoluted with neutron stellar flux

probability distribution
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0
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MACS and reaction rate |
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| #Mg(n, v)
\ | @ n_TOF

Preliminary Results INFN
y (e amenae

Temperature MACS MACS
keV (this work) (KADON:IS)

He - AGB 4.9%0.6 mb 4.9 mb
He - AGB 23 3.2%0.2 mb 6.1 mb
30 30 4.1£0.6 mb 6.4+0.4 mb
He — Massive 25 3.4%x0.2 mb 6.2 mb
C - Massive 90 2.6x0.3 mb 4.0 mb
S-process
abundances
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| #Mg(n, v)
\ | @ n_TOF

Preliminary Results INFN
y (e amenae

Temperature MACS MACS
keV (this work) (KADON:IS)

He - AGB 4.9%0.6 mb 4.9 mb
He - AGB 23 3.2%0.2 mb 6.1 mb
30 30 41:06mb  64:04mb |
He — Massive 25 3.410.2 mb 6.2 mb
C - Massive 90 2.620.3 mb 4.0 mb

2.0

(b)

£ P ! Reduced poisoning
RIS :>§ ) /'-Z effect in Massive
abundances 210 Stars

0.5

Mass number
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25Mg(n, )
@ n_TOF

Preliminary Results

INFN

25Mg(n, v)?**Mg resonances

E, (keV) e JT I, (eV) I'n (eV)
—154.25 0 27 6.5 30000
19.86 & 0.05 0o 2t 1.7+0.2 2310 =+ 30
62.727 + 0.003 1@ 1t 41+0.7 28 +5
72.66 £ 0.03 0o 2t 2.5+ 0.4 5080 =+ 80
79.29 + 0.03 0o 3t 3.3+0.4 1560 =+ 80
81.117 =+ 0.001 0*  (2)* 3+2 0.8+0.7
93.60 =+ 0.02 (1) (1) 23+2 0.6 +0.2
100.03 % 0.02 0o 3t 1.0 +0.1 5240 =+ 40
[101.997 £+ 0.009] [1] [27] [0.2 &+ 0.1] [4 + 3]
[107.60 =+ 0.02] [0]° [3] [0.3 & 0.1] [2 + 1]
156.34 & 0.02 (1) (27) 6.1 +0.4 5520 = 20
188.347 +0.009 0  (2)F 1.74+0.2 590 + 20
194.482 +0.009 (1) 4 0.2+0.1 1730 &+ 20
200.20 + 0.03 1® 1 0.3+0.3 1410 + 60
200.944 +0.006 (2) (2%) 3.0+0.3 0.7+0.7
203.878 £ 0.001 (1) (27) 0.8+0.3 241
208.27 + 0.01 (1) (1) 1.24+0.5 230 + 20
211.14 £ 0.05 (1) (2) 3.1+0.7 12400 =+ 100
226.255 +0.001 (1) (17) 4+3 0.440.2
242.47 + 0.02 (1) (1) 6+ 4 0.34+0.2
244.60 + 0.03 1 1-© 3.5+0.6 50 =+ 20
245.552 £ 0.002 (1) (17) 23+2 0.5+0.2
253.63 £ 0.01 (1) (1) 3.1+27 0.1+0.1
261.84 + 0.03 (1) 4&) 2.6 +0.4 3490 + 60
279.6 + 0.2 (0) (2%) 1.9+0.7 3290 + 50
311.57 + 0.01 (2) (5%) (0.84+0.09) (240 =+ 10)

~

10°

-
=1
)

109

Cross Section (barns)

10-10

10-11

o 1993 Drotleff
1986 Helus

22Ne(o, n)*Mg -

Incident Energy (MeV)

Constraints for the

22Ne(a, n)>°Mg reaction

Istituto Nazionale
di Fisica Nucleare

108

10°

10-10

10—11
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25Mg(n, )
@ n_TOF

Preliminary Results wN

25Mg(n, v)?**Mg resonances

~

Y — -7
B (keV) ¢ T, (V) Tw@V) T 22N e(oc, n)25M g
—154.25 0 27 6.5 30000
19.86 £ 0.05 0o 2+ 1.7+0.2 2310 + 30 i 100
62.727 £0.003 1¢ 1+ ¢ 4.140.7 28 4 5 2
72.66 = 0.03 0o 2+ 2.5+0.4 5080 + 80 s
79.29 £+ 0.03 0 3t 3.34+04 1560 + 80 s .
81.117+£0.001  0* (2)* 3+2 0.8+0.7 ST B
93.60 £ 0.02 (1) (1) 2342 0.6 +0.2 3 e e g oo
100.03 £ 0.02 0 3t 1.0 +0.1 5240 =+ 40 S Top fpdlp @@ @ 0 o
[101.997 +0.009] [1] [27] [0.2 &+ 0.1] 44 - e 107"
[107.60 £0.02]  [0]" [3] [0.3 £ 0.1] 24 Neutron ———t -
156.34 + 0.02 1 2~ 6.1 +0.4 5520 (I |
188.347 + 0.009 (() : £2)+) 1.7+ 0.2 s00- energy Lab. — 10"
194.482 +0.009 (1) 4 0.2+0.1 1730 &+ 20 I | Incident Energy (MeV) I
200.20 £ 0.03 1 1 0.3+0.3 1410 £+ 60
200.944 +0.006 (2) (2%) 3.0+0.3 0.7+0.7 0 30 294 E_ (keV)
203.878 £ 0.001 (1) (27) 0.8+0.3 241 n
208.27 4 0.01 (1) (1) 1.24+0.5 230 £ 20
211.14 £ 0.05 (1) (27) 3.1+0.7 12400 + 100 Constraints for the
226.255 £ 0.001 (1) (17) 4+3 0.440.2
242.47 £ 0.02 (1) (17) 64 0.3+0.2 22Ne(a n)25Mg reaction
244.60 £ 0.03 1 1-° 3.5+ 0.6 50 & 20 ’
245552 £ 0.002 (1) (17) 2342 0.540.2
253.63 & 0.01 (1) (1) 3.14+27 0.14+0.1 Observed ~ 30
261.84 + 0.03 (1) 4“9 2.6 +0.4 3490 =+ 60 .
279.6 £+ 0.2 (0) (2%) 1.9+ 0.7 3290 =+ 50 resonances in the
311.57 &+ 0.01 (2) (5t) (0.844+0.09) (240 & 10)

energy region of interest |
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25Mg(n,

tot)

| @ GELINA

)

New Measurement INFN

Istituto Nazionale
di Fisica Nucleare

GELINA is a photonuclear neutron source
based on 140 MeV e impinging on a U
target. 10 Experimental areas at different
flight paths (10 m - 400 m).
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S7o. | 2Mg(n, tot)
\\@O @ GELINA

~)
New Measurement INFN
) A
collimators

Experimental
set up
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S7on | 2Mg(n, tot)
i \@O @ GELINA

) 2|

-
New Measurement INFN

Istituto Nazionale
di Fisica Nucleare

Experimental
set up

collimators

PMT

Litium glass
scintillator
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ST 25Mg(n, tot)
F%\o @ GELINA )

New Measurement INFN
< (g A

collimators

Experimental
set up

Al screen
NE 912 Li-glass scintillato
—~— (0.3 mm
o
7 layers barium sulfate refl
SLi+n—> o+t
1,6e+06 —r 100 g
1,4e+08 i 5
23 KQB
1,2e+06 b i . 10f P
w0 9
1e+06 | ) £ F
] . b2
S 800000 [ Amplitude PR |
S 500000 F = F
<« 3 i
400000 | . 0.1k
200000 ] ; U] povsing
0 0.01 2 2 2 L
0 G0 100 150 200 250 300 350 400 450 10000 100000 1e+06 Litium glaSS
ADC channels TOF {ns) scintillator
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25Mg(n, tot) ~)

=22 New Measurement (P

10°= | =
Mﬂj -+ Sample in ;
C —_ o — Background N
T= in_ e N Otot g 1= E
(Pout £ . -
2 1= =
O = E
107 E
10% = SE ] ST I
S 10° 10° 10°
- 1 Sample out Time of Flight (ns)
- B ' — Background
2 g E
£ - ] Background determined by black
§ S = resonance technique:
E E _ -t At — A5 (t+ty)
= o T ]
10* 10° 10°
Time of Flight (ns) |
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25Mg(n, tot) ~)

| e INaw Measurement e

I I T T T T T T T T I I T T T T I T T T T

Transmission
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i + GELINA 2013 -
0.2 |
H " previous evaluation —
e —
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25Mg(n, tot)

[\ | @ GELINA

)

New Measurement INF

Transmission

-

| GELINA 2013

— ORELA 1976

100
Neutron energy (eV)
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25Mg(n, tot)

1O\ @ GELINA

)

New Measurement INFN

Istituto Nazionale
di Fisica Nucleare

| GELINA 2013

— ORELA 1976

- 08
O
(7))
@ 06
= I
n .
S 04
F =
0.2if
0t = 3
Isot ORELA GELINA R N R R T M NN NN AN T N NN T SO NN SR A S N N X1 O
—— 100 150 200 250 300
Mg 10.13 % 97.86 % N t V
24Mg 78.80 % 1.83 % eutron energy (e )
26Mg 11.17 % 0.31 % |
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| @ ootna )
= New Measurement INFN

Istituto Nazionale
L/ di Fisica Nucleare
Example of sensitivity to J”

1 I I I T I I T I I I I T T I | T I I I I T T I I I I T I T T I T I T I T T

o
=

0.6

Transmission
o
o

©
o

- Jﬂ=2+
o J7[=3+

o
w

><_10:

L O A A R T A S M e T A A A A ST A

] [ 1 1
X ~

b
AR 1117

30 35 100 105 10 1i5 120
Neutron energy (keV)

—
N
(63}

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA



\| @ GELINA )
\E New Measurement INFN

Istituto Nazionale
L/ di Fisica Nucleare
Example of sensitivity to J”
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25Mg(n, tot)

\| @ GELINA

)

New Measurement wN

| GELINA 2013

1 ORELA 1976

- 0.8
O Y
n ]
g 0.6__ t'
n !
S 04 RV ORI I e
F E
0.2i}
0t = 3
Isot ORELA GELINA R N R R T M NN NN AN T N NN T SO NN SR A S N N X1O
—— 100 150 200 250 300
Mg 10.13 % 97.86 % Neutron ener ( V)
24Mg 78.80 % 1.83 % eutron energy (€
26Mg 11.17 % 0.31 % |
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25Mg(n, tot) ~)

(eCENA INlew Measurement wN

Previous evaluation

Neutron energy (eV)

Tee T Eg=T2keV, Jn=2" T T
— T Ex=79 keV, J7=3* B
0.8— x2=1_85 s 4 .
5 - P 7
5 0.6 | ]
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S 04— s L B
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25Mg(n, tot) ~)

\| @ GELINA N ew M easure ment w.ﬁlt Nazionale

This work
e T T Ep=T2keV, Ju=2* ]
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Conclusion wN -
25Mg(n, y) reaction cross-section was measured at n_TOF in 2003 and
in 2012 with an improved measurement set up.

« The %Mg(n, tot) measurement was performed at the GELINA facility in
2013.

Final analysis - simultaneous resonance shape analysis of capture and
transmission - is ongoing:

— accurate 2°Mg(n,y) cross section = confirms previous n_TOF data;

— Jrinformation on 2Mg - evidence for more natural states than
previously thought >HIGHER 22Ne(a, n) reaction rate;

« An idea for the future: 2°Mg(n, a)*’Ne at n_TOF EAR2, to complete
the study of the key isotope 2°Mg
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n /)
An idea for the future wN

Complete the study of the most important neutron source in Red
Giants by measuring 2°Mg(n, o)*2Ne reaction cross-section
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n /‘)
An idea for the future wN

Complete the study of the most important neutron source in Red '
Giants by measuring 2°Mg(n, o)?*2Ne reaction cross-section

Challenge:
A. Cross section very small
B. Q-value 480 keV (- thin sample)

A. + B. = Extremely low count rate expected _
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n /j
An idea for the future wN

——

Complete the study of the most important neutron source in Red
Giants by measuring 2°Mg(n, o)?*2Ne reaction cross-section

S -

Challenge:
A. Cross section very small

B. Q-value 480 keV (- thin sample)

A. + B. = Extremely low count rate expected

Solution:
a) High neutron flux
b) Flux delivered in a short time interval

a) + b) = n_TOF new experimental area (EAR2)<:
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SPIN & PARITY

INFN

Istituto Nazionale

L/ di Fisica Nucleare

25Mg(n,g)**Mg
E, (keV) e JT r., (eV) ' (eV)
—154.25 0 T 6.5 30000
19.86 & 0.05 0 @ 1.7+0.2 2310 =+ 30
62.727 £ 0.003 1@ - 41+0.7 28 +5
72.66 £ 0.03 0o 2t 2.5+ 0.4 5080 =+ 80
79.29 + 0.03 0o 3t 3.3+0.4 1560 =+ 80
81.117 =+ 0.001 0*  (2)* 3+2 0.8+0.7
93.60 =+ 0.02 (1) (1) 2342 0.6 +0.2
100.03 % 0.02 0o 3t 1.0 +0.1 5240 =+ 40
[101.997 £+ 0.009] [1] [27] [0.2 & 0.1] [4 + 3]
[107.60 =+ 0.02] [0]° [3] [0.3 & 0.1] [2 + 1]
156.34 & 0.02 (1) (27) 6.1 +0.4 5520 =+ 20
188.347+0.009 0  (2)F 1.74+0.2 590 + 20
194.482 +0.009 (1) 4 0.2+0.1 1730 &+ 20
200.20 + 0.03 1® 1 0.3+0.3 1410 + 60
200.944 +0.006 (2) (2%) 3.0+0.3 0.74+0.7
203.878 £ 0.001 (1) (27) 0.8+0.3 241
208.27 + 0.01 (1) (1) 1.24+0.5 230 + 20
211.14 £ 0.05 (1) (2) 3.1+0.7 12400 =+ 100
226.255 +0.001 (1) (17) 4+3 0.440.2
242.47 + 0.02 (1) (1) 6+ 4 0.34+0.2
244.60 + 0.03 1 1-© 3.5+0.6 50 =+ 20
245.552 £ 0.002 (1) (17) 23+2 0.5+0.2
253.63 £ 0.01 (1) (1) 3.1+27 0.1+0.1
261.84 + 0.03 (1) 4-) 2.6 +0.4 3490 + 60
279.6 + 0.2 (0) (2%) 1.9+0.7 3290 + 50
311.57 + 0.01 (2) (5%) (0.84+0.09) (240 =+ 10)

- | |

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA



SPIN & PARITY INQ
A

. 2Mg(n,g)**Mg
Constraints for the
. En (keV) e JT r., (eV) ' (eV)
22Ne((x,, n)stg reactlon —154.25 0 2% 6.5 30000
, > 19.86 = 0.05 0 ( i;) 1.7+ 0.2 2310 =+ 30
62.727 £ 0.003 1@ - 41+0.7 28 + 5
72.66 £ 0.03 0o 2t 2.5+ 0.4 5080 =+ 80
79.29 + 0.03 0o 3t 3.3+0.4 1560 =+ 80
81.117 =+ 0.001 0*  (2)* 3+2 0.8+0.7
0.6 T o 93.60 £ 0.02 (1) (17) 2.3:+2 0.6 + 0.2
0.55 1 1 Tp=0t e | 0+ 40
EXAMPLE |
o 0.4 + 1]
5 0.4 0+ 20
4 0,35 D =+ 20
Of SPIN
B 0,25 0 + 60
i ASSIGNMENT -
+1
O(ﬁ D + 20
0,05 . . . . . . . ZIT. T T U.UD T (2 ) ST O.T TZz7200 4+ 100
16 18 20 22 24 26 23 30 226.255 £+ 0.001 (1) (1) 4+3 0.4+0.2
Neutron eneray (kel) 242.47 + 0.02 (1) (1) 6+ 4 0.34+0.2
244.60 + 0.03 1 1-© 3.5+0.6 50 =+ 20
245.552 £ 0.002 (1) (17) 23+2 0.5+0.2
253.63 £ 0.01 (1) (1) 3.1+27 0.1+0.1
261.84 + 0.03 (1) 4“9 2.6 +0.4 3490 + 60
279.6 + 0.2 (0) (2%) 1.9+0.7 3290 + 50
311.57 & 0.01 (2) (5%) (0.84+0.09) (240 + 10)
C - | |
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Principles INFN
P A

Transmission : o(n,tot) Reaction yield : o(n,r)
T=e" ” Y,~(1-e‘""”‘)
Ot
T : transmission Y, : reaction yield
Fraction of the neutron beam traversing Fraction of the neutron beam creating a
the sample without any interaction (n,r) reaction in the sample
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Time reversal invariance

Relation between the #°Mg(n,a)??Ne and the #2Ne(a,n)?**Mg
cross-section by “detailed balance technique”

) _ mmyE, . (2J, +1)(2J, +1)
mm,E  (2J +DQ2J, +1)

O .a)

Energy region of interest:
0 <E, < few MeV |
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Weighting functions wN
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Monte Carlo Simulation INFN
A
Detailed Monte Carlo

Pulse Height __— simulation

Weighting Function
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Welighting Function wN

P

- - NO WF
: - WITH WF

wcounts/bin
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n n /j
Preliminary Results wN

First s-wave resonance at ~ 20 keV Other resonances at ~ 150 keV
10— L — T L B BN R
N i - BMg+ndata B - SMg+n data
© i ﬁ;lﬁ ! __ Previous - - i L — Previous ]
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s i TR g |
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Quality of the sample INFN.

T TTTIT T TTTTI I II||I|I| TTTTT LR T TTTTIT [ IIIIIE
5 Contaminants =
> L i}
= i i
C
)
2 10! — —
& F W :
& - Wl b i i
~ L 1 e _
5 ] r\L'f'l-u&luil.l'Mli “'ﬂ
Q o5 L uLM' |
o 102 — — “Mg+n data 2012 iy 'y.
2 F h b
§ [ — “Mg+n data 2003 fhi
L l |
10-3 IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | |I|[
10" 1 10 102 10° 10* 10° 10°
Neutron energy (eV) |

ALMA MATER STUDIORUM ~ UNIVERSITA DI BOLOGNA



n TOF EARZ2 ’N?N
— A

Comparison of the Neutron Fluence in EAR1 and EAR?2

107 r ' T ' T ' T ' T . ' .
- % % § ; EAR2
I EAR1 — .
0 N —— | T T e Higher fluence,
§ by a factor of 25, relative
L I RSN o il A ILI | B to EAR1.
2
N; ) The shorter flight
R O I e et e S path implies a factor of
) 10 smaller time-of-flight.
g oty W |
> i 1  Global gain by a factor of
T N N S S S ] | ||  250in the signal/
- 1  background ratio
101 i . i | . | | 'I|
102 10710 10 10° 107 102 10°
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