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Erom in—flight beams to ISOL-like beams

+ Front End: °Ar
+ Production Target: 2C

~16k pps of 2Al @ 105 MeV/u
+ 2 helium-filled gas cells — Room Temp. & Cryo
+ Momentum compression and stopping

+ Some filtering of isotopes of interest,
but also introduction of new contaminants (molecules)

- BECOIA: 5-10 pps of 2Al @ 30 keV

- Beam of ISOL quality!

Large losses between
Fragment Separator and Gas Stoppers

5-10 pps still an order of magnitude
more than previously seen in studies
utilising implantation of in-flight beams
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What comes out ofithe gasicell

«  Evenwith >99 % pure helium gas,
various molecules emerge from the gas cell

« Haveto pick one mass to send to our
detection setup

« For?¢P, 2>SiH-ligands are also present

Target + lon Source

Target

Gas gell

ISOLDE Workshop 2023

——

1000! 26P+* 2,6];)O+T 26P62+

26P0(02)+
2°PO(0,),"

(Y
@)
@)

b,

IOT

Count rate (cps)

20 4O 60 80 100
m/q

Mass scan just after gas cell.
Courtesy of Chandana Sumithrarachchi, Gas Cell Group at FRIB.
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Detection setup

Silicon cube:
* 6 AE-Esilicon detectortelescopes
«  AEdetectorsare 16x16 DSSSDs
«  ~35%of 47t for Bp/Ba

Beam: 30 keV 22Al and %P stopped in thin carbon foil

Chamber: 2 mm aluminium for low gamma attenuation

Germaniums:

«  2mechanically cooled coaxial HPGes

«  Overall efficiencyat1MeV ~2 %
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Silicon cube

* 6 AE-Esilicon detector telescopes
* AEdetectors are 16x16 DSSSDs
*  ~35%of 47 for Bp/Ba
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Silicon cube

« 6 AE-Esilicon detector telescopes
« AEdetectorsare 16x16 DSSSDs
«  ~35% of 47 for Bp/Ba

Angular resolution ~4°, worst-case

- Good energy resolution from energy loss corrections

For B2p, detection efficiency depends on
opening angle ©,, between 1stand 2 proton

Simulations of various @y, in setup geometry
must correct for observed distributions of ©,, 10

Variation of Q vs. @ reasonable; symmetric setup
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The data — 22Al
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Plot individual proton energies Eiagainst
Q-value of two-proton decay Q-

Per Q,, value there are two values of E;
Previously, only two Q,, peaks known:
¢  2MgI|AS - 2Na* > 2°Ne 0*
+  2MgIAS~>2Na* > 2Ne 2"

Q.pdetermined from E,, E,, Oap:

Qgp = F + FEy + mp(E1 + Es + 24/ FE1E5 cos ®2p)/M20Ne
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Sequential B2p

Q.pdetermined from E;, E,, Oyp:

C
o

Counts / 10 keV

Q2p = E1 + Ey + mp(E1 + E3 + 24/ E1 E5 cos Ogp,) /Mzone
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Sequential B2p

Understanding the ,,Fynbo plot®:

For sequential decay, we have
Qap = Q1+Q2

- lLe.1**emitted proton generally
follows straight line of slope ~1
with offset determined by energy
release of 2" proton, Q,

Qxpdetermined from E,, Es, Oyp:
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Sequential B2p
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Understanding the ,,Fynbo plot®: &
« Forsequential decay, we have ) b,
Qp = Q1+Q2 0 - ;r;tt%(i)ssl\f/[\;
Main, + m 0 1 2 3 4 5 6 7 8
8 8

- lLe.1**emitted proton generally
follows straight line of slope ~1
with offset determined by energy
release of 2" proton, Q,

|

QQP =F+ E> + mp(E1 + Es + 2/ F1 F5 cos @Qp)/]\/fzoNC 1 2 3 4 5 6 0 50
E; (MeV) Counts / 10 keV

Qxpdetermined from E,, Es, Oyp:
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Sequential B2p
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Q,pdetermined from E,, E,, Osp: )| Diagonal lines 2
5 means seq. decay
QQP =F+ E> + mp(E1 + Es + 2/ F1 F5 cos @Qp)/]\/fzoNC 1 2 3 4 5 6 0 50

E; (MeV) Counts / 10 keV
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Sequential B2p

sl o]
! 18
For sequential decay, we have: U A B
Qp = Q1 +0Q %6' {g 16
MZlNa + mp = 3 7 |
= —2* Fp : _ |
Moy, L@ S _ ‘
| .
Q,pdetermined from E,, E,, Oy ,| 7%= Diagonal lines la
5 means seq. decay
Q2p = E1 + Es + mp(E1 + Eo + 21/ E1E5 cos Oy, ) /Maon, 1 2 3 4 5 6 0 50
E; (MeV) Counts / 10 keV
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Sequential B2p

For sequential decay:
E.isconstant w.r.t. cos®,p, while
E,depends linearly on cosOap:

E> = Ey + m2Ey /M3y, — 2mpn/ E1E) cos Ogp /Moy,

For sequential decay, we have:

Qp = Q1+Q2

M21Na + mp
= NaTThp oy
Moy, oz

Qxpdetermined from E,, Es, Oyp:

Qgp = F; + FEy + mp(E1 + Es + 2/ F1 F5 cos ®2p)/M20Ne

Diagonal lines
e means seq. decay

| .
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Sequential B2p ol

For sequential decay: RN m»““'{":':: | i
E,isconstant w.r.t. cos®,, while RN < S {2000

E,depends linearly on cos©sp: ORI o A i Lisoo

E> = Ey + m2Ey /M3y, — 2mp/ E1 B} cos Ogp /Moy, I P Tk {1000
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Sequential B2p

For sequential decay:
E. isconstant w.r.t. cos®,p, while
E,depends linearly on cosO,p:

E> = Ey + m2Ey /M3y, — 2mp/ E1 B} cos Ogp /Moy,

Gating on specific Q,p peaks allows us to
examine population of intermediate states

For sequential decay, we have:
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Qxpdetermined from E,, Es, Oyp:

Q2p = F; + FEy + mp(E1 + Es + 2/ F1 F5 cos GQP)/MQONO
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Sequential B2p

For sequential decay:
E. isconstant w.r.t. cos®,p, while
E,depends linearly on cosO,p:

PV ElEé COS ®2p/M21Na

Es = Eé + mIZ)El/M%Na —2m

Gating on specific Q,p peaks allows us to
examine population of intermediate states
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Ba from 22Al
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Ba from 22Al
>
. . S sof
First observation of Ba ~
from22MglASto®Ne g.s. = 60}
This confirms J=4 assignment of IAS = 40l
. o
and, hence, J=4 assignment of g.s. of 22Al 5
20
0
18.6 4!*
CQ 22A1
/ 14.012 ¥
. . \eve\s IAST=2 ¢
- 4 ;Q/ M‘] \ 10.03 2+
L/ / ooy 99 XM
*Ne + 2p 18Ne + ot
5.504 3/2°
2INa +p
0.0 0*
ZzMg
ISOLDE Workshop 2023 Erik A. M. Jensen — Aarhus Universitet, Denmark 10-b



Ba from 22Al (and 2¢P)

First observation of Ba
from22MglASto®Ne g.s.

This confirms J=4 assignment of IAS
and, hence, J=4 assignment of g.s. of 22Al

Equivalent non-observation for 2°P suggests J=3
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Summary and outlook

Takeaway:

« In-flight produdction rates and
ISOL detection methods yield
unprecedented results

* Many hithertounobserved B2p channels

* Badiscovery - nuclear structure

There is more:
- Bp (conditioned on B2p)

° Bpy
« Sequential vs. direct B2p
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Thank you for your attention
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Extraslides
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Gas Stopper

Acceleration Column Circular Mini-Carpet Electrical Insulator
PT Cooler
Supersonic Nozzle Wire Carpets Cryogenic Window
| \
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% N Helium (up to 30 Torr @ 50 K)
 — N7
RFQ lon Guide \ DC Funnel Push Plates Energy Degraders
Differential Pumping )
Low-Energy T™MP RT Window High-Energy
Beam Line Beam Line
Cryogenic Stopping Chamber Guard Vacuum Chamber

K.R.Lund, et al.,Nuclear Inst.and Methods in Physics Research B 463 (2020) 378—381
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Beta-delayed particle emission

Beta strength
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History

22Al first observed b2p emitter; 26P second

2.5.2. First observation of B2 p decay and later experimental results

It was indeed beneath the odd—odd 7. = —2 nuclei that the first 52p emitters were observed.
After its identification by 8p emission, 2> Al was discovered to decay via this new nuclear decay
mode [220]. The nuclei of interest were produced by a *He induced reaction on a **Mg target.

(...)

The second £2p emitter was identified by the same group a_few months later [223]. It was
again a light odd—odd 7, = —2 nucleus. “°P. as predicted by Goldanskii [218]. Contrary to 22Al,
where different 2p emission paths could be identified, 2P seems to decay by only one 2p path.
This difference is most likely due to the different nuclear structure of the one-proton daughter
nuclei, ' Na and 2> Al

B. Blank, M.).G. Borge, Progress in Particle and Nuclear Physics 60 (2008) 403—483
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