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Globular Clusters

e NGean

* Dense collection of stars (10°-107) orbiting
around the center of the Galaxy.

* Independent probes of the age and early
chemical history of the Universe.

* Previleged sites for understanding stellar
formation. Paradigm: unique stellar population
(generation)

Observation : anticorrelation between pairs of chemical

species, inconsitent with the current temperature of the stars

— Shift in the paradigm: Globular clusters may have host
different generations of stars.

What are the types of stars that were the site of
nuclear reactions that engendred these
anticorrelations — Polluter candidates ?

lliadis et al. 2016
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* Each (T, p) point reproduces the observed
abundances in Globular Clusters.

* The abundances are estimated by
simulating a network of nuclear reactions
occuring at a given (T, p) set.

* Conditions corresponding to Hydrogen
burning stage.




Density (g/cm’)

Reactions of interest T

10°
* Each (T, p) point reproduces the observed
abundances in Globular Clusters.

* The abundances are estimated by
simulating a network of nuclear reactions

10" occuring at a given (T, p) set.

* Conditions corresponding to Hydrogen
burning stage.

lliadis et al. 2016

107"

0.05 0.10 0.15 0.20

Temperature (GK)

10°
102 | i ;
_ , , 1 ¥Ar(p,v)*K
* Impact of the reactions and their uncertainty | . . I L
o . o [ . e, e e w — - y i ¥
is identified with a Monte Carlo sensitivity £ .l Arlp. 1)K _ S
study. 3 | ] / ] i
()
* Sireaction contributes the most to the spread oo | 1€
of the (T, p) locus. w H H H £
8
107 019 1 lll 112 1.3 1.4 ll5
. , . . , 53



Thermonuclear reaction

rate

The therrnonuclear reaction rate is defined as :
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State of the art for
30Si(p,Y)3'P reaction

Several measurements performed for E_> 600 keV

Last one published by Dermigny et al. 2020,
resonance strengths measured through gamma
spectroscopy.

Experiment performed by J.Vernotte in 1990 at

Orsay’s SplitPole: *°Si(*He,d)*'P

* No astrophysical motivations: did not observe the
states at 7.440 and 7.465 MeV.

e The resolution did not allow the separation of the
7.714 - 7.735 MeV doublet.
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State of the art for
30Si(p,Y)3'P reaction

Dermigny et al. 2020
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Transfer Reaction

Compare the experimental angular O am

distribution to the one obtained from a SHiE _’

model describing the direct transfer P \ 31P*
process:



Transfer Reaction

Compare the experimental angular
distribution to the one obtained from a
model describing the direct transfer
process:

* Normalisation:

do do
dQ 1dQ

r C. SIJ Fsmgle particle ( E l)

<H>exp: C’S (H)DWBA

* Shape of the distribution — transferred
angular orbital momentum |

E beam
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Transfer Reaction

Compare the experimental angular
distribution to the one obtained from a
model describing the direct transfer
process:

 Normalisation:

do
d <2

do

ljd—Q(H)DWBA

(0)ep=C"S
rp: C2 Slj F;ingle particle(Er’ l)

* Shape of the distribution — transferred
angular orbital momentum |

E beam

3He —b
\ 31P*

Distorted Wave Born Approximation :

> Entrance and exit channels are
dominated by elastic scattering.

> The transfer of the nucleon is a first
order perturbation.

> No configuration rearrangement in the
composite nucleus.

Main ingredients: optical potentials
describing elastic channels.
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Q3D experiment
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Beam *He: FE =25MeV
I =200nAe

Targets: *SiO, (40 pg/cm?) enriched at 95% on ™'C
"Si0, (20 pg/cm?) on ™C

Solid Angle : 4 _12msr

Energy resolution AE/FE ~ 2.1074

__________________________________

Focal plan detectors :

* (Gaz detector & strips — position on the focal
plane.

* [onisation chamber — energy loss.

* Plastic scintillator — residual energy.



Q3D experiment

- Targets: *SiO, (40 ng/cm?) enriched at 95% on "*C

IlatSiO2 (20 pg/cm?) on ™'C

> Solid Angle : 4 _12msr

- Energy resolution AE/FE ~ 2.10~4
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Focal plan detectors :

* (Gaz detector & strips —» position on the focal
plane.

* [onisation chamber — energy loss.

* Plastic scintillator\- residual energy.
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Spectrum e
Counts
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« Spectra for 7 lab angles : 6°, 10°, 12°, 16°, * Doublet at 7719 - 7737 keV separated
20°, 23°, 32°

 Experimental resolution FWHM ~ 7 keV * LEVFI at 7470 keV observed.
Vernotte (1990) ~25 keV * Indications about the 7440 keV level.



do/d<2 (mb/sr)

Angular distributions
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Results e

* Doublet separation — strong constraints on the Dermigny et al. 2020
spin of low component (E_= 418 keV, 1=3). o [rkev Ao asorav’  edakev
3 19 keV 171 keV

146 keV

* Good agreement for strength values
(within 50%) with direct measurements
(E. =486 keV)

Contribution

Temperature (GK)



Results

Doublet separation — strong constraints on the
spin of low component (E_= 418 keV, 1=3).

Good agreement for strength values

(within 50%) with direct measurements

(E, =485 keV)

Positive measurement of low energy resonances

that were considered upper limits previously
(E.=19keV, E =51 keV and E =170 keV)

Observation of the E_= 149 keV which is a key

resonance in the temprature range of interest
(spin have to be better constrained).
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Conclusions s

* Extraction of spectroscopic information for the *'P nucleus between
E_= 6800 - 8100 keV.

* Calculation of strengths for resonances up to E_= 600 keV.

* Improved determination of the *"Si(p,7y)’'P reaction rate.
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Conclusions s

Extraction of spectroscopic information for the *'P nucleus between
E_= 6800 - 8100 keV.

Calculation of strengths for resonances up to E_= 600 keV.

Improved determination of the *"Si(p,y)’'P reaction rate.

Perspectives s cofenifjuflly orz

Ky FCCH

Perform direct measurement of **Si(p,y)*'P

reaction rate with the Recoil spectrometer — o)

& = quodupoe ocal Fione M

DRAGON (experiment rescheduled next August) o -mosicawe i?ﬁff“
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Participation in the analysis of *K(p,y)*Ca C <foosyon 2 e

reaction for the same research program B I ¥

concerning Globular Clusters.

Impact of the new measurements on the
temperature locus for constraining “the polluter”
candidates.
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