beta delayed (multi-)proton emission at DESIR
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towards the proton drip-line

> Q increases
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towards the proton drip-line

> Q increases
S, decreases

- proton emission (strong int.)
dominates gamma de-excit. (EM int) )

proton emission is the
only access to a large
fraction of the decay
window A

precise probe !!
- easily detected
- precise energy
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physics cases: decay spectroscopy

many physics cases
® masses

beta decay e jsospin symmetry

Fermi / Gamow Teller * weak interaction
e nuclear structure

daughter nucleus de-excitation * deformation .
e gamma transitions e nuclear astrophysics

e (multi-)proton emission * Ievgl densities. _
- e excited states lifetimes

Xl’ Xa e 2-proton decay

IAS

B*/EC

detailed decay spectroscopy
— address several topics
simultaneously

S

very exotic stuff...

A-1
N+1XC (+P)
Nk by - exploration: fragmentation

- details/precision: ISOL
A
n+1Xb
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physics cases: Fermi decay

+ weak interaction
studies

B(F)-p: IMME (masses)
isospin mixing

QEC

o\ A-1x¢ (i)
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physics cases: Fermi decay

B(F)-p: IMME (masses)

B*/EC

N

p \

\ Y
*

\ Y
niiXc (+p)

QEC

Isobaric Multiplet Mass Equation (IMME, Wigner, 1957)
charge independent strong nuclear interaction + Coulomb

M(T,) = a + bxT,+ cxT,?

T=2
=N\B (F) : )
tic (known
N Sz ) B T=2
\__,p ~~7'_2 __T:2 ——__
52Cr
>1lFe
52
Co (+p) 520Min
2Fe

T,=-2 T,=-1 T,=0 T,=+1 T,=+2

worst mass precision !!!
does not compete with
precision (trap) measurements

but the first access to mass for

n+1Xb

the most exotic nuclei
(= when produced in fragmentation)
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physics cases: Fermi decay

B(F)-p: IMME (masses)

QEC

N+1

Xb

comparison of masses

experiment @ GANIL / LISE3

from IMME (exp.) with A.M.E.

56 Zn

52Ni

52Co

several cases in A ~ 50 mass region

4’*’Fe'

in C. Dossat et al.,
Nucl. Phys. A 792 (2007)

+ Coulomb displacement energy
(if less than 3 param. of the IMME)

-1000

IlSMn

48C"

48V

A
@ @
:_ - -8~ IMME
- —&- AME2003
E -l AME2012
[ | | |
BEe 52N 56zn
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physics cases: Fermi decay proton emission from IAS is forbidden (isospin)

- isospin mixing
- test of INC terms in nucl. interaction (collab. N. Smirnova)

example: T, = -2 (simple 2-states mixing)

B(F)-p: 11AS)=V1—aZ2-|T=2)+a-|T=1)

isospin mixing

Iexp
2 P
Xostim exp S
— I
14

QEC

n+1Xb
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physics cases: Fermi decay

proton emission from IAS is forbidden (isospin)
- isospin mixing
- test of INC terms in nucl. interaction (collab. N. Smirnova)

example: case of **Cr (T, = -2)
11AS)=V1—aZ2-|T=2)+a-|T=1)

e position of IAS known from gamma
(E666 / LISE, P. Ascher et al.)

B(F)-p:

isospin mixing

e wrong assignment of the proton transition
(beta pile-up, small transition not resolved)

—> overestimated isospin mixing

—> transition resolved
(E791 + ACTAR TPC, A. Ortega Moral ef al.)

N
\ \ Proton Efjergy Distribution **Cr
\ Y i |
*

\ Y
niiXc (+p)
50:—

A ; W A N
N+1Xb 0="§00 800 1000 1200 1400 1600 1800
Energy (keV)

B*/EC

o

QEC
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Counts per 10 KeV

100}
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physics cases. astrophysics states close to the proton emission threshold

decay of 3>Ca —-> proton capture 3*Cl(p,y)®°Ar
gamma / proton widths in 34Ar

decay of ““Mn -> proton capture “V(p,y)*°Cr
Il supernovae
D, G POSHEP Frop

©
p/v: nuclear astrophysics @@7@8/@ [M? gm
I o]
e resonances close to S, @@@/}D@ >
“Xa : at fragmentation facilities
IAS -=> impl. in silicon: killed by beta background
N\ - TPC: ok, but need for complementary
. Br/EC _ gamma detection
’ N
i3 46Mn
GT N4——onr 13
\_ vy o= g (LISE + ACTAR TPC)
Izil’:‘ixc (+D) : : | A. Ortega Moral PhD
v+ iXb

A
2500
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physics cases: astrophysics

p/v: nuclear astrophysics
resonances close to S,

A
NXa F

pr/ec| N\ |

\ y o
iaXc (+p)

QEC
Z
-

i
11
©

s L S .
ir[ﬁl | | - 4'; [ o

-> Ip-process

sria) [ ] A ] A P
Fib {37} b
Kei38) [ /] T Jgl P B
Brizggy’ | FEIETY
Sa (34) [ /]
As (33} _I?Fﬁ . stable isotope
Gel2) [ ]
Ga (31} P waiting point
LA Wb H '5”:';
¢ = —  Flux = 10%
“!\“!\'“! EE Bl ---- Flux 1-10%
: =
region Z <50

(waiting points, e.g. %°Br)
—> short half-lives

n+1Xb
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physics cases: Gamow-Teller decay

QEC

B(GT)-p: nuclear structure
deformation

+ weak interaction
studies

+ isospin symmetry (beta / charge exch.)

+ level density (unresolved transitions)
+ lifetime of exicted states (PXCT)

B*/EC

\L Ni1XC (+p)
e

J. Giovinazzo — DESIR workshop — 27/02-01/03/2024



physics cases: Gamow-Teller strength distribution

Experiment Theory

220 (3) ms

B(GT) in light nuclei
decay of 2°Si @ GANIL (in-flight)

B Q =12743 keV
E

= 12741 (10) keV
C C
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physics cases: Gamow-Teller strength distribution

from 1p+2p+3p
B(GT)-p: nuclear structure

g 4T from 1p+2p

A
NXa F

T T N T T T [T T S T TS BT TV I S S 1
2 4 6 8 10 12 14 16

B*/EC ECICl) (MeV)

QEC

ISOLDE & Si-Cube

\‘L 11:1 -T—%X c (+p) in 31Ar (Koldste et al., PRC 2014)
~m—

Koldste et al., Phys. Lett. B (2014)
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physics cases: Gamow-Teller decay

QEC

B(GT)-p: nuclear structure
deformation

A
vXa

B*/EC

A1
\AL v+1XC (+p)
i

W.Gelletly et al.,

Phys. Lett. B253 (1991)

R. Bengtsson & P. Moéller (nature, 2007)
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physics cases: Gamow-Teller decay

B(GT)-p: nuclear structure
deformation

B*/EC

QEC

A-1
v+1XC (+p)

]
] QF-Cll prolate B
i Q, =742fn? [
B C
1 o
7 sphérique

D |

valeurs de B(GT) (g} / 47)
|

oblate

e s

Q, =-205 fm2[

(©

E B T A A M MM I M M T M M A M I S M |
0 5 10 15 20

énergie d’excitation de °Rb (MeV)

I. Hamamoto et al., Z. Phys. A353 (1995)c

influence of deformation
on B(GT) distribution

B(GT)

oblate
——— 7prolate

B(GT)

— oblate
——=— prolate

P. Sarriguren et al., Phys. Rev. C64 (2001)
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physics cases: Gamow-Teller decay

limited contribution

|. Piqueras et al., EPJA 2003 of protons in that case
o -  more important
for more exotic

72 S
0.25 Kr P

B(GT)-p: nuclear structure g :: QT _ (e.g. 7%71Kr, A. Algora)
deformation a g . 5 JG 1997
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physics cases: B—2proton emission

sequential emission complete decay scheme

(levels of intermediate nucleus, B(GT),...) E, 1 £, +E, = const
. T \/
direct emission search for correlation pattern = N
comparison with ground-state 2P o "“‘I\\
S
_ ® MM~
\ 2p (He) emission E,

vXa F

B*/EC

~
-~

2p?

QEC
V /
—|

g

]
]
™
/7
/7
y 4

nriXd (+2p)

\ A 1xc (+p) N

N+1Xb

S,5(Xb)
direct
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physics cases: B—2proton emission

B-2P direct emission never observed > 2 energy peaks
(only sequential decay) - kinematic shift of the 2" proton

~

few % direct 2P expected
(B.A. Brown, PRL 1990, calc. from IAS decay, 22Al) '

.
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— | L P
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Fynbo et al., N.P. A (2000)
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physics cases: B—2proton emission

best candidates for B-2P direct emission ?

- from IAS: 1p forbidden, 2p allowed: T, < -3/2 E791 (LISE+ACTAR TPC)

- e.g.: 3Ca, *°Ti, Cr, ... (A. Ortega Moral et al.)

lss1as ~ 5% ; Ropp ~ 2% > >10% counts for signature few events Cor_npqtible with
>10° counts for correlations B-2P direct emission

-2 43Cr (and 4°Fe?)

A .
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ISOL versus fragmentation: beta-proton detection capabilities

fragmentation

ISOL
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ISOL versus fragmentation
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decay station
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production rates from website

T1/2 (ms) firstA_lrate __|production ___[JENRRNEIERSISINELE

22A|

23Si
26p

275
31Ar

39T

46Fe

69Kr

91.1
42.3

43.7

15.
14.4
25.7
31
21.2

13.0

24A|

24Si

295

46Cr

19Fe

600 ?

420
18000

0.3
1300

160000
2-47?
8
0.1-10

2000
60000

300 - 2000
60 - 700

SPIRAL1

SPIRAL1
S3

SPIRAL1
S3

S3
SPIRAL1
S3
S3

SPIRAL1
S3

S3
S3

(S3 or SPIRAL1)

typical required rate
for these decay experiments

>~1/ sec

short half-lives A

production S3
- extrapolation to lower masses ?

- at focal plane ?
- what about LEB - DESIR ?

- need for a fast gas cell ?
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ISOL
Si-cube + Ge

beam detection multi IMME B(GT) astro.
purity gamma proton proton isospin  distrib. (low E prot.)

thank yeu fer Your eiit@ntien.w.
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