ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

T z
@l ReNA CH@A g

S-PROCESS \,\WQKM INFN

Neutron spectroscopy of
26Mg states: Constraining
the stellar neutron source

22Ne(a,n)*>Mg

Cristian Massimi

Department of Physics and Astronomy



ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

N z
@lRe NA CH@A €y

NUCLEAR REACTION V:

L i

Bt &
Ry

Neutron spectroscopy of
26Mg states: Constraining
the stellar neutron source

22Ne(a,n)25MgJ\—

and *’Ne(a,y)**Mg
... and >Mg(n,y)

Cristian Massimi

Department of Physics and Astronomy



pray ~
' lReNA ChETEC

. \INFRA
Outline NUCLEAR REACTION V:

RATES FOR THE
S-PROCESS \;\\MQ&\B‘Y Ll

Motivations

S e
1976 7 ki)

™ AWAKE
HiRadMat
e
el MEDICIS
AD ELE
[OF measurements
...................
o o REX/HIE- East Area

é

bl CLEAR

LEIR

o 2Mg(n,y) @ n_TOF nTOF g

European LHC - Large Hadron Collider // SPS - Super Proton Synchrotron // PS - Proton Synchrotron // AD - Antiproton Decelerator // CLEAR - CERN Linear
Commission Electron Accelerator for Research // AWAKE - Advanced WAKefield Experiment // ISOLDE - Isotope Separator OnLine // REX/HIE-ISOLDE - Radioactive

Results

IRMM
Institute
for Reference Materials
and Measurements IET
H Institute
i for Energy

and Transport

I
: 3 Institute
u t O O Headquarters ... § perTEn for Transuranium
e, YEETT . Elements
BRUSSELS
KARLSRUHE _, .
L ISPRA “
Institute A IHCP
for Prospective Institute

Technological

Studies ", for Health

and Consumer
Protection

© seviLe

IPSC ISM IES

Institute Ispra Institute

for the Protection  Site for Environment
and Security and inabili

of the Citizen

|NFN ALMA MATEQ STUDIORUM

NnTOF C. Massimi - Nuclear reaction rates for the s-process - 22.2.24 UNIVERSITA DI BOLOGNA

Istituto Nazionale di Fisica Nucleare



Sun-like Star . S '
i ‘ Massive Star Red

\ (more than 8 to 10 times the mass of our Sun) Superglant
Protostars
»

Motlvatlons

=5 4 "

Red Giant Star- Formlng ¢ A%
' Nebula “& O
“‘5 T

‘l

Neutron Star Supernova

Planetary Nebula 1 .
White Dwarf Black Hole

Credit: NASA and the Night Sky Network




Sun-like Star . . |
— ‘ Massive Star Red

\ (more than 8 to 10 times the mass of our Sun) Superglant
> Protostars iy,
-

Motlvatlons

Red Giant Star- Formlng

Neutron Star Supernova

Planetary Nebula .
White Dwarf Black Hole

Credit: NASA and the Night Sky Network




oy -
'?;,'RGNA ChETEC_« (
L g

HR[T:IEE%EET?IETIUN V: .
S-PROCESS \;\\9&&\ INFN

Motivations

» NEUTRON POISON:

o %>?°Mg are the most important neutron poisons due to neutron
capture on Mg stable isotopes, i.e. 226Mg(n,y), in competition with
neutron capture on >°Fe (the basic s-process seed for the
production of heavier isotopes).

» CONSTRAINTS for 22Ne(a,n)*>Mg and %’Ne(a,y)**Mg:

o ??Ne(a,n)*>Mg 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 2Mg. From neutron measurements
the energy, J* and energy of 26Mg states can be deduced, in addition
to I'yand L.
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Measurement of 2°Mg(n,y) @ n_TOF - CERN
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Measurement of 2°Mg(n,y) @ n_TOF - CERN
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Measurement of 2°Mg(n,y) @ n_TOF - CERN
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Measurement of 2°Mg(n,y) @ n_TOF - CERN
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Measurement of 22Mg(n,y) @ n_TOF - CERN
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Measurement of 2°Mg(n,y) @ n_TOF - CERN

INFN ALMA MATER STUDIORUM
12 NnTOF C. Massimi - Nuclear reaction rates for the s-process -22.2.24 UNIVERSITA DI BOLOGNA

Istituto Nazionale di Fisica Nucleare



Measurement of 2°Mg(n,y) @ n_TOF - CERN

Mg sample:

Capture setup:

¢ , | » 3.94 g, 2 cm diameter
> 2 C¢Dg liquid scintillators @ SAN | » Enrichment 97.86 %
> Total Energy Detection ’ | \ \ > 3.00x1072 at/b

System based on PHWT
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Experimental capture yield

Measurement of 22Mg(n,y) @ n_TOF - CERN
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Measurement of 2°Mg(n,y) @ n_TOF - CERN
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Neutron flux

C Massimi et al., Phys. Rev. C 85, 044615 (2012)
C Massimi et al., Phys. Lett. B 768, 1 (2017)

Measurement of 22Mg(n,y) @ n_TOF - CERN
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https://dx.doi.org/10.1103/PhysRevLett.110.022501
https://dx.doi.org/10.1103/PhysRevC.89.025810

C Massimi et al., Phys. Rev. C 85, 044615 (2012)
C Massimi et al., Phys. Lett. B 768, 1 (2017)

Measurement of 22Mg(n,y) @ n_TOF - CERN
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https://dx.doi.org/10.1103/PhysRevLett.110.022501
https://dx.doi.org/10.1103/PhysRevC.89.025810

Neutron flux

C Massimi et al., Phys. Rev. C 85, 044615 (2012)
C Massimi et al., Phys. Lett. B 768, 1 (2017)

Measurement of 22Mg(n,y) @ n_TOF - CERN
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https://dx.doi.org/10.1103/PhysRevLett.110.022501
https://dx.doi.org/10.1103/PhysRevC.89.025810

Measurement of 2°Mg(n,y) € > 22Ne(a,n)>*Mg
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Measurement of 2°Mg(n,y) € > 22Ne(a,n)>*Mg

22Ne(o,n)®Mg
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25Mg(n,y) is not conclusive
enough, need for other
reaction channels

Measurement of 2°Mg(n,y) € > 22Ne(a,n)>*Mg
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Measurement of 2°Mg(n,y) € > 22Ne(a,n)>*Mg

o + 22Ne
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25Mg(n,y) is not conclusive
Measurement of 25Mg(n,y) &> 22Ne(a’n)25Mg enough, need for other

reaction channels
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Measurement of 22Mg(n,tot) @ GELINA
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Measurement of 22Mg(n,tot) @ GELINA

collimators PMT

N °Li

a and Co
_ >Mg fixed bkg

e filters
€ > 50 meters  <--------mmmomomomoo oo >
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Measurement of 22Mg(n,tot) @ GELINA
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» 2 °Li-glass
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Measurement of 22Mg(n,tot) @ GELINA
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Capture yield (x 10°%)

Transmission

25Mg(n,tot) and 2>Mg(n,y) R-Matrix analysis

'V :

$

35
3 '
25 ¢ *Ma(n, 7) <
2 - R-Matrix A
15 ‘9/;(9
1
05

U

1
0.8
0.6 |
0.4 { #Mg(n, tot)
0.2} - R-Matrix

0 50" R T TR | RN " R T

Neutron energy (keV)

Istituto Nazionale di Fisica Nucleare

%4

C Massimi et al., Phys. Rev. C 85, 044615 (2012)
C Massimi et al., Phys. Lett. B 768, 1 (2017)
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https://dx.doi.org/10.1103/PhysRevLett.110.022501
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25Mg(n,tot) and 2>Mg(n,y) R-Matrix analysis

C Massimi et al., Phys. Rev. C 85, 044615 (2012)

C Massimi et al., Phys. Lett. B 768, 1 (2017)
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25Mg(n,tot) and 2>Mg(n,y) R-Matrix analysis
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25Mg(n,tot) and 2>Mg(n,y) R-Matrix analysis
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25Mg(n,tot) and 2>Mg(n,y) R-Matrix analysis
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25Mg(n,tot) and 2>Mg(n,y) R-Matrix analysis
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Conclusions

» 22Ne(a,n) and (a.,y) represent a long-standing “problem” in nuclear
astrophysics

» Measurements of °Mg(n,tot) and 2>Mg(n,y) were performed at the
GELINA facility and the n_TOF facility, respectively, to study excited

states in 2°Mg

» Simultaneous resonance shape (R-Matrix) analysis of capture and
transmission resulted in:

o accurate 2°Mg(n,y) cross section;

o energy and J* determination of Mg levels: evidence for natural
states;

o constraints for the competing 22Ne(a,y) reaction;
o doubts on the E, = 830 keV resonance.
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Measurement of 22Mg(n,tot) @ GELINA
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