Proton emission - new results
and future prospects

* Introduction

* A brief history

* New results

* Future prospects

K4 UNIVERSITY OF

& LIVERPOOL Robert Page



Proton emission — a simple process
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Proton emission as a spectroscopic tool
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Limits of observable nuclei
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Discovery of direct proton emission: >>™Co
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Discovery of direct proton emission: >>™Co
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Counts

Precision study of >3™Co

J. Cerny et al., NPA188 (1972) 666 247 msec AL —REL0000K, .
i B I I ’ 0+
500 b— ! Eem.® 1,53 MeV l (8.30) (7/2-)
I 52F +
Identified protons 26 626 p
oo L from “Co B g;coze
4 um AE
50um € 19/2-
300 |- — 0 772-
S -— (FWHM) ggFeaT
200 [ - Energy (MeV) 1.59 + 0.03
Half-life (ms) 247 + 12
100 |— ~{ Branching ratio ~1.5%
| H | => reduced proton-decay width
A”M| 1 L’ - T s T
1.0 2.0

Observed proton energy (MeV)

l
3.0 _3 -
f;/,> isomer



Ground-state proton emission: *>1Lu
S. Hofmann et al., ZPA305 (1982) 111

10°
15’.!Dy
10° [ 151
Proton l 15;*0 150
o] Decay | ™% ’
N ,
— 151 i ¢ - Lines 0
S | ‘A £ 100
o bl ! ||
O ?;"1 J I ' 8 ,
10 ) T F 'T 185 3 .
y Wl 50 | A
10' f §.
| |
10 e . 0 LI B S | B S e o
a 0 1 2 3 & 5.6 7 & 39 b~ 05 10 15 20
Energy / MeV Energy / MeV
Target Quadrupole Electric Dipole Magnets Electric Quadrupole Detector
Chamber Triplet Field I Field II Triplet Position

— [ g Velocity

Lo — Filter
f ‘ SHIP

Entrance Velocity Slit Projectile Bea:n
Aperture Carbon Foil Collector




Ground-state proton emission: **/Tm
O. Klepper et al., ZPA305 (1982) 125
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Recoil Mass Separator + DSSD

R.D. Page et al., PRL68 (1992) 1287 P.J. Sellin et al.,
5000 e NIMA311 (1992) 217
_ All decays r ,
8 4000_ - 156L = 25
% aJ ; {| eeeeeeeeeeeeeeeeeee
53000¢ - E7)
82000 W iertaree
z =
31000t srerare v
O .wmu1eo N [
. At<3 ms W 7
Q 301 :
= VI
% HIHIHIHHIHHHIIIH-_
g 1 "Re s =
: o) ' =
g 10t 160156Lu 159 155mLu | ‘E' i
3 Tal |7 W J\ H -
0_ h:l All + -

0 1 2 3 4 5 6 7
Decay particle energy ( MeV )




Proton emitters above Z = 50

known proton emitters
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B. Blank & M.J.G. Borge, Progress in Particle and Nuclear Physics 60 (2008) 403
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Precision Measurements — 160Re
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Precision Measurements — 160Re
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Precision Measurements — 1°6Ta
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Precision measurements —'°4Ir
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Reduced proton-decay widths
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159Re proton decay
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1>9Re o decay & '°°Ta,, p decay

Counts per 20 keV
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Limits Qfobservable nuclei
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Multiparticle isomer in *>%Ta
acllditional y-ray transitionlls

Q = 3261(14) keV P/ /, = i g(?(ls?l)us

29/2 ‘// / /

|
|
|
27/2= e |
05/0= p ///,,, 1002 :
/ 171
B / ////” |
282~ 4 1 16+ 1666 Y
s, T 254
S 14+ 1412 158
21/2- r, o I a
Y
17/2- o, O~ 599
oy 127 (34): 14+
e 813 778
Iy >
132-  y ,, =
g JT
[ 0
I I o -141
I 35(l)mq
I C§S (4) ms
9/2- I
7/2_—*, Qq —6197 keV ~O€

BTt o ¥ S ¥ ) ¥

R. Carroll et al., PRL112 (2014) 092501




AE (MeV)

Ecm.(keV)

(Another) precision study of >>™Co
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Mean time of flight (us)

>3MCo mass measurement
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Light nuclei — 2p emission

counts per 20 keV
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Fragmentation in heavier regions?

known proton emitters V- p—

Why are there so few known TT Jelele

proton emitters in this region?
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Implantation — proton correlations
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Proton-decay half-lives
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Fragment separator = A & Z
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Know Proton Emitters
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Deformed proton emitters
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Proton-decay fine structure

80 T 1 1 1 1
| | |
60 (a) Data E j:
< 60 S wf
401 X g af
> S wl
Qo 20+ l % 40 :
o
: 0 o= o ._]TL-_. N o S =0 1.40 MeV
2 @ -
3 b) Simulation =
§ eof S 20 2.
@) 3
40 - Q 0¥
Time (us)
20+ - 0 mwmnhlJ T | ] A T P
o | 12 3 4 5

0
600 700 800 900 1000 1100 1200
Energy (keV)

Energy (MeV)

A.A. Sonzogni et al., PRL83 (1999) 1116 M. Karny et al., PRL90 (2003) 012502



Counts / 83 keV

In-flight proton emission
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Proton emission - future prospects

RIB facilities

* New proton emitters

* Short-lived proton emitters (in-flight)
 Laser spectroscopy? (= spin, 3,)
* Proton-decay fine structure

* [somers can throw up surprises!
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