JYFL R59 Experiment: Search for
new isotopes “°U and “**Pu and

exploring the mass surface near N =
126

David O’Donnell
University of the West of Scotland



V)

lvation: gap in the chart of
nuclides

< 10.0}

212 216

a-decay Q-valu

220
Nucleon number

(2)

Proton

401
S 20}

N—

= 220, /’/.,//’

20F

Q

-1/2

(MeV'1/2)

Research propsal driven by teaching

0.3 032 034 036 038 04 042 0.44 0.46 0.48

95—

93—

92—

91—

90—

89—

2220
4.7 ps

a=100%

I
@
()

2160
4.5 ms

0=100%
21522
14 ms
a=100%

214th
100 ms

a=100%

2132
738 ms

0=100%

2170
16 ms

0=100%

216pa
118 ms

0=100%

2198p
150 ps

216Th
26 ms

a=100%

21530
170 ms

0=39.91%
e+p+=0.08%

2232m 2242m 225am 226am 2272m 2282m 229am
5.2 ms 098
0=100% a=100%
22100 22200 22300 224P0 22500 22620 2270
2208p 221mp 220mp 223Mp 224mp 225Kp 2268p 2278p
25 ps 380 ns 2.15 ps 38 ps 3.7 ms 37 ms 051 s
o=100% o=100% o=1008 o=100% o=100% o=100% a=100%
2150 2200 2210 2200 2230 224y 2250 2260
60 ps 0.66 ps 4.7 ps 62 ps 396 s €1 ns 267 ms
0=100% 0=100% a=1008 0=100% 0=100% 0=100% a=100%
2192a 22088 221a 222pa 223ea 224pa
55 ns 0.89 ps 5.9 ps 3.89 ms 5.3 ms 0.85 5
0=100% 0=100% a=1008 0=100% 0=100% 0=100%
217Th 218Th 2197h 2207h 221 2221 223Th
254 ps 121 ns 1.02 ps 10.2 ps 1.73 ms 1.97 ms 0.6s
a=100% a=100% a=100% a=100% a=100% a=100% a=100%
2168 2173¢ 2188 2198 2208 22180 2238
360 ps 63 ns 1.02 pa 9.5 ps 26.4 ms 52 ms 2.12 min
a=100% a=100% o=100% o=1008 o=100% o=100% o=99%
e=1%
2158 2168a 217Ra 218Ra 2197a 220Ra a
2 ag e 2 Teg e Py 10 oo g .
1 T | 1 1 T 1
127 128 129 130 131 132 134

Neutron (N)

#

226pa
1.8 min

0=74%
e+p=26%

225Th
8.72 min

0=80%
e=10%




Binding energy (MeV)

6

-8

=10+

-12 -

Motivation: robustness of N = 126
shell closure
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Motivation: robustness of N = 126

shell closure
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Reduced width measures the probability of alpha decay

2071
4.77 min

p-=100%

206ug

126

218rr
5.5 ms

0=100%

21380
19.38 me

a=100%

2128t
314 ms

a=100%

211%0
0.516 5

0=100%

2081

3.053 min

p-=100%

207ng

127

2157
83 ns

0=100%

2148n
259 ns

0=100%

2132¢
124 ns

a=100%

21270
295 ns

0=100%

21181
2.14 min

0=93.724%
B=0.276%

20971
2.162 min

p-=100

2085y

128

Neutron

2167
0.7 ps

o=100%

21580
2.3 ps

o=100%

214zt
558 ns

o=100%

213v0
3.706 ps

o=100%

129

(o) #

217F
22 pe

a=100%

216Rn
29 ps

a=100%

215at
37 ps

a=100¢

214p0
163.48 s

a=100¢

218rr
1ms

0=100%

21780
0.59 ms

0=100%

2168t
0.3 ms

0=100%

21580
1.781 ns

0=39.999%
p=2.3e-2%

21380
10.2 min

B-=100%

219rx 220rx 21
22 ms 2148 4.8
0=100% ‘0=99.658 o=
BT=0.35% B-=
1ac=8
218Rn 29
33.75 ms 55
a=100% o=
2172t 21
32.6 ms 5
0-99.993% =3
$-=0.007% 8
21620 2
124 ms .09
o=100% n=03
p-=q
21581 21681
7.6 min 2.25 min
p-=100% p-=100%
2158 21
142 s 99
Bo=100% e




Experiment planning: reaction

* Fusion-evaporation reactions only way in which
to produce these nuclel

- Very limited number of beam/target combinations
available

* Cross sections are expected to be very low
regardless of which reaction is chosen
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Experiment planning: reaction
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Experiment planning: reaction
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Experiment planning: reaction

* Fusion-evaporation reactions only way in which to
produce these nuclel

— Very limited number of beam/target combinations
available

* Cross sections are expected to be very low
regardless of which reaction is chosen

— As a result, we need targets which can handle high
beam currents



Experiment planning: rate

calculations
* Reaction rate per unit time:

- R — NA(mt/mmol)O-cD

- Na—Avogadro’s number

- m;— mass/thickness of target material (grams/cm?)
- Mma — Molar mass of target element (grams)

- 0 — cross-section (barns or cm?)

- @ — beam current (pps)



Experiment planning: reaction
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Experiment planning: reaction

Pt melting point
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Melting point for platinum is 1768 deg C



Experiment planning: facility
Facility should be able to provide beam at the intensity
required

Offer apparatus which is capable of permitting the
detection of the products of interest

Have personnel with significant experience of performing
similar experiments

Bonus: you may already have a history with facility and
personnel as collaborators



Experiment planning: facility

JYFL at the University of
Jyvaskyla fit all of these
conditions for me

Use of RITU and “new” focal
plane detection system was
ideal for this study




Experiment planning: simulations

The PACs of many _ o
laboratories request that PuiE, = 8500 keV
simulations be performed A U E, = 10500 keV
prior to running the '
experiment

100}
This allows for a measure of :
feasibility to be determined
which may help in their
decision making
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Experiment planning: apparatus

0+

T

O-P

Vi

"2 224p)
F i
/E_ = 9800 keV
/7 (¢
Op

1/2

rd
—_ Vi
1”2—2an,

220U

/
JSE = 10750 keV
o

0* Oy

6000

T

1= 26 ms

216Th

E =7922 keV
o

a
o
=
(=]

(}+

Half lives expected to be too short
to measure using conventional
means

212

E = 6899 keV
o

Pulse Height

Ra

3500

Readout traces to overcome —

5500

4500

4000

limitations due to deatime °

100 200 300 400 500 600 700 800 900 1000
Channel Number



Experimental results
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Experimental results
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Experimental results
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Experimental results: unexpected
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Conclusions/reflections

Challenging experiment!
— Low cross sections with very narrow distributions

Learned a lot of lessons

Unlikely that we will discover **Pu or %?°U but will
continue our analysis

Unexpected results in the multi-nucleon transfer
channels
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