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B Indirect measurements: @8

_ngh energy experlments up to several hund_reds Me

9 no Coulomb barrler suppress:on
9 negllglble straggllng .
9 no electron screenlng";

. ... Indlrect technlques are complementary to dlrect measurements
o Examples. Coulomb dissociation, ANC and Tro;an horse method
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8 Upper vertex: direct a breakup
8 M.(E) is the amplitude of the transfer

M2 |s proportlonal to the ANC of '
| the F state populated in the ’-
i g '_ transfer reactlon ’

" Merging together ANC and THM - deep connection ofthesetwolnd |rectmethods
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The 13C(0,n)'60 reaction is the main neutron e —— i
source in low mass AGB stars at temperatures (& ’
between 0.8 and 1 x 10® K in radiative :
conditions.

j-It prowdes a neutron denSIty of aloo ,
1108 n/cm3 These neutrons are"fund m
;'.for the s process

‘.":13C is produced star”;
'Vthe mstershell reglon .
.;;‘m durl,ng the third: dredge-

excrted 'Ievel of 170 at 6 356 MeV ( E --3keV), can be
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EXPERIMENTAL SETUP

.._-._--_.f":The experlment’;
,Unlver5|ty applym

;"-’measurementsl" "

:‘?’i‘AEHowe"er d o 'emltter zere degreese the QF , peafk-Caﬁ’hOtﬁ be.aCCESS?d.ﬁ.i’n the .ex‘periment ‘



Flttlng THM data W|th the HOES R matrlx . |

Fitted HOES _,
cross sectlon '
2 parameters,:’;_
the reduced 5
n-ando-"
<WldthS
-;Channel radu
fixed at. the
‘Heiletal.
‘ones [5. 2 and
' ;4 fm for the

(arb. units)

e _,._f.'_f;gNormaIlzatlon reglon
_ ,,-,,_Scalmg factor and energy resolutlon
. obtained (this one in agreement .
e ::':Wlth the calculated one, 46 keV)
Effect of DW 9, 5%, mcIuded |nto the normahzatlon‘
'_ ' error as it modlﬁes the 2 peak relatlve helght el
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OES THM S(E) factor and avallable experlment‘al data
foIIowmg the prescrlptlon of Heil et al_ £

-OES R matrlx W|th
‘the Parameters |
from the THM ‘

,._»data {0 e
. '-?":Normallzatlon -

i region > R- .
"-l-_';ﬂ‘-matrlx functlon e
;-",;-j:parameters .
1 fromHe|I et aki oo

V‘f_;I‘ and ANC from"-f.-i

'{?The lnterference with tt -‘-400;keV resonance is accounted for followmg Hell et aI approach



Comparlson of our Iow energy S factor W|th some of the
| others present |n the I|teratUre g

Dotted line
Dashed line

Present work
f‘Green and blue lI 'li e
“bands(barely o .
";dlstmgurshable)
are Pellegriti et -
.jal and I.-Iell__et' aI

m.) (MeVb) —

C.

0.2 0 405

-':we:.i-’show the most recent ones or those commonly in.
“'the R—matrlx by Hale) and Drotleff et aI (the type

~ed ln "Drotleff et aI calculat|on not |ncIuded by He|I et aI

| '{Electron screem;ng ?



- Comparison of the reaction rate with the one Heil et al. one

. Present work / Heil et alreactlonrate

_ Helletal rate 1 e T
|n th|s scale

g Good agreement with NACRE

B rate at temperatures of

B astrophysical importance but
1 much better accuracy! e

0.01 0.02 005 0.10 020 0.50 1.00 EuEEE——

“'ﬁ'l’:'szlvcs are the one by Drotleff et aI Whic':h"i‘s ihb_'



mena, together
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7.5
log €(C+N)

‘We note that a S|gn|f|cant fractlon of the
o) __rc_.fllmlts are Iocated under the predlcted-'; '
ne‘s (Lucatello et aI 2011)
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phenomena

|.m'proved very much |n the‘;_}



S‘:(_‘ )7_‘,:;_ factor shows
CL5T .‘_aI resonances aroundj#;’f

1S58

. Breuer” (1959) clalmed the'j-',?-"

wiass o""f-;-cu rrence of two
MOBS .,.--,._.'_-:resonances at around 400‘ g

S-factor (MeV-b)

cust ”‘”f_;;ff_”Unpubllshed data (Lorentz-' o

non- 7’_"'5-"W|rzba 1978) suggests that .
resonant. [ : S
‘. _»_no,,resonance occurs e

f'"s_-'._oco is the domlnant channel:,
‘in the -energy region of
’ astrophyswal mterest

f"fj"{;'between 4éof ndGOO--fkeV



CD2 (150 pg/cm?)

Butane gas ~ 52mbar



The 19F(p, )150 crcsssectlon
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‘;‘::"'Below‘ 0 6 IVIeV the resonance‘”’
p‘a’rameters were obtamed from the
'-gmodlﬁed R-matrlx 1’1t e e

S(E_) (MeVb)

',}»‘The rion- resonant contrlbutlon is
',}"-:»jtaken from NACRE (1999) '

t___12 957 MeV prowde a S|gn|f|cant contrlbutlon %

extrarmxmg m*"AGB starsm



19F(P; )160 reactlon}»rea"?5"0“;rate
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'th'e_' a,; channel :
| spectro‘scopy of the o
-':-‘Aresonances dlscussed lere L M o resonant
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- Resonance reactlons are key proce sses
they can S|gn|ﬁcant alter.'the hucleosy
f'_others') e |
-THM is very smted to vestigate re
;_;the same reduced width )
-ffsectlon .

t'r'ophysms as
0 (a mong ’

na_vnce reactlons as

or your attention









