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RITU, Recoil Ion Transport Unit
In operation since 1994
In avg. > 10 ref. publications/y




MARA — Mass Analysing Recoil Apparatus

Focal plane

mass slits

MWPC,
DSSD, Box
detector and
Ge array

| Magnetic dipole

* 1T,1 mradius

» adjustable
surface coils to
change focal
plane position

Electrostatic deflector

beam separation

+-230 kV, 4 m
radius

split anode and a
beam dump

Quadrupole
triplet

» scalable first
order resolving
power
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First order resolving power 259
Angular acceptance 10 msr
Energy acceptance — 15 % - +20 %
Charge state acceptance +7 %
M/Q dispersion 8.1 mm/%



192x72=
13824
pixels

Micron BB20 DSSD
128x48 mm?
0.67 mm strip pitch

Silicon Photo Multiplier
chip

Nutag digitizers]
Mesytec preamps

DoS-cards:
differential to
single-ended
* DSSD "
i micron BB20
* Punch Through detectors
I~ * BOX detector

MWPC

m=

| UoYTube in co-operation
with D. Jenkins et al.,
University of York

TAC (X)
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Beta (scintillator) detectors single-ended to differential
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BGO-shields, University of York

2-3 BeGe detectors, FIRI-infra




Mass/charge ratio of fusion products
Example: reaction 58Ni + 106Cd - 1640s

| different masses | different charge states

=naa i = S E1ER

Correlated alpha energy [keV]

10000

— 155Lu

—  15BHf Fast isomer decay after implantation,
5000 — 158 Gamma ray energy
—  160W

Isomeric gamma decay tagging
" selectivity can be enhanced by

6000 the mass resolving power.

Counts

4000

Mass resolving power of 140-150 was obtained in
2000 | { this reaction. It is strongly affected by beam spot
size and aberrations. If required, mass resolving
power can be increased by apertures or by using

o = = T = = a 50 called high resolution mode.

m/q [ufa)




JUROGAMS3




In-beam and delayed spectroscopic studies at N=Z line and beyond //(
(4
-

DEPARTMENT OF PHYSICS
UNIVERSITY OF JYVASKYLA
RESEARCH REPORT No. 8/2013

Development of the recoil-beta tagging method
and recoil-beta tagging studies of ®®As and %°Se
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2D energy pate o $Blcl.1:
. high-energy P particles : -
Panu Ruotsalainen

Academic Dissertation
for the Degree of
Doctor of Philosophy

E in planar Ge-detector [MeV]

Collaboration with the s

T 1000 1500 2000 2500

. . | University of York, UK AE in DSSD [keV]
Figure 4.1: Photograph of the UoYtube clarged particle veto box from heam

direction. 96 CsI(T1) > arranged around the 6 sides of a hexagonal Figure 2.7 Identification matrix for high-energy 3 particles. The cnergy-loss
barrel. Each hin thin mylar foil and Ni foils with thickness information (AFE) iz obtained from the DSSD (r axis) and full energy infor-
of 2.5 b all surfaces at forward angles covering the first four mation (E) from the planar germanium detector (v axis). A two-dimensional
energy gate can be applied to select 4 particles to be correlated with recoils
within a desired correlation time. The low-energy detection threshold can be

CED Coulomb Energy Differenciesl ]le varied in order to achieve better statisties or cleanliness of the tagred spectra.
-Z=N-20rZ=N+2

pairs of crystals

MED Mirror Energy Differencies, M4, M11, JM2, JMS8, ]M11, ]M12
- number of protons and neutron interchanged

TED Triplet Energy Differencies, J]M2, JM4, M7, J]M10, ]M13
- complete isobaric triplets
-T,=(N-Z)/2=0, +1

Isoscalar np-pairing and delayed alignment N =Z, J]M5, JM9



MARA Trace Decays
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Alpha spectroscopy studies of "'%"Pt and of the new nuclides Pt and "™Hg
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Charge plunger, talk by J. Heery

NUCLEAR INSTRUMENTS AND METHODS 148 (1978) 369-379 ; © NORTH-HOLLAND PUBLISHING CO.

LIFETIME MEASUREMENTS OF NUCLEAR LEVELS
WITH THE CHARGE PLUNGER TECHNIQUE

G. ULFERT, D. HABS, V. METAG and H. J. SPECHT
Physikalisches Institur der Universitit Heidelberg and Max-Planck-institur fiir Kernphysik, Heidelberg, W. Germany

MARA, Commissioning runs

|Part 4: A0Ar + 124Sn - 164Er*|
Charge state 18
| 800 | . T T T T ‘
; far ——
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Fig. 7. A photograph of the TPEN. The stopper foil can be seen mounted on a LPS-45
motor on the right of the image. The foil mounts for the degrader and target foils can also

Total conversion is ~1,3 for 125 keV E2, ~ Ins —



Recoil shadow method

Z. Physik A 285, 159—169 (1978)

In-Beam Spectroscopy of Low Energy Conversion Electrons
with a Recoil Shadow Method —
A New Possibility for Subnanosecond Lifetime Measurements

1. Backe, L. Richter, R. Willwater, E. Kankeleit, E. Kuphal*, and Y. Nakayama**

Institut fiir Kernphysik der TH Darmstadt, Darmstadt, Germany

B. Martin
Max-Planck-Institut fiir Kernphysik, Heidelberg, Germany
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Fig. 12. Life time measurements on certain levels in 162163164y
with the recoil shadow method by variation of the target position d
relative to the edge of the semicylindrical balffle. The results are T, ,
=({971 +31)ps and T,,, =(439 + 37} ps for the 27— 07 transitions in
164y h and 15*Yh, respectively. For the 203.2keV transition in *%3Yh
the two half life components are T{H=(108 +7)ps and T{4=(1.2
+0.3ns

Zeitschrift
far Physik A

© by Springer-Verlag 1978

208Ph(48Ca,2n)>*No

v=0.017c=5.1 mm/ns

SACRED or SAGE

TARGET | BEAM ALUMINUM DETECTOR
— f/ﬁ DIAE&RAGM 2
— 7

PROMPT

—
ORBIT OF AN ELECTRON
EMITTED FROM A RECOIL
MUCLEUS IN FLIGHT

z
ELECTROM ORBIT

Fig. 8. The recoil shadow method. It is shown a cut through the
electron transport system containing the beam and solenoid sym-
metry axis. The longitudinal baffle avoids detection of prompt
electrons but allows very efficiently passage of delayed electrons
emitted in flight




Physics Letters B 784 (2018) 199-205

Contents lists available at ScienceDirect

Physics Letters B

www.elsevier.com/locate/physletb

Study of non-fusion products in the 50Ti + 299Cf reaction )

Check for

updates

A. Di Nitto®", J. Khuyagbaatar >%*, D. Ackermann ™', L.-L. Andersson “°, E. Badura”,

M. Block ¢, H. Brand P, I. Conrad b, D.M. Cox ¢, Ch.E. Diillmann €, ]. Dvorak,

K. Eberhardt ®, P.A. Ellison ®, N.E. Esker ®-', J. Even %2, C. Fahlander?, U. Forsberg?,

J.M. Gates ©, P. Golubev ¢, O. Gothe“f K.E. Gregorich° W. Hartmann ° R.D. Herzbergd,
FP. Hefsberger“ J. Hoffmann R. Hollmger A. Hubner E. Jager B I(mdler

S. Klein “, . Kojouharov"”, J.v. Kratz ‘*. J. Krier®, N. Kurz”, S. Lahm B. Lommel ®, 7
M. Maiti»*, R. Mand!", E. Merchdn®, S. Minami®”, AK. Mlstry , C. Mokry“ ¢, H. Nitsche ©,
J.P. Omtvedt', G.K. Pang‘? D Renisch , D. Rudolphg J. Runke ", L.G. Sarmiento -,

M. Schidel ™ k , H. Schaffner”, B. Schausten”, A. Semchenkov J Steiner ",

P. Thorle- Posplech 4&C N Trautmann , A. Turler M J. Uusitalo ™, D. Ward &, M. Wegrzecki °,
P. Wieczorek ", N. Wiehl?, A. Yakushev®, V. Yakusheva

@) @ (0 @ (@ @

= 10 Zmpq | ™Rp - 213,
o | W I 1004 1
3 | -
£ 1 r | ]
% : [ £ i i 10
= 01 T | . g 3 3
-] 1 1 =
-] e | .f. [ =

0o & ! |- / 14 —

: | S1oo 215

o 10 %R F %1 ™Ra 3 Ra3
2 A % | O
E 4 / | F
g { " = { L] 104 ]
2 oo Fleg ! | f
g 01 [t e LA /
° g \ / L /

001 \ | I T / 14 - E

02 06 10 14 18 02 08 10 14 18 100
r
Ve ViVey E (Me\f)

Figure 2. Left punel: The meuasured velocity (normalized to velocity of CN)
distributions of non-fusion products in **Ni+*"’Pb reuaction ut SHIP (figure is adopted
from [26]). To get the cross sections ut 10msr forward ucceptunce ungle, the values given
in the vertical axis hus to be multiplied by u factor 100. Right punel: The meusured
energy distribution of non-fusion products in 0T 424 Cf reuctions ut TASCA. Illustration
of the different orientutions us being the origin of the low und high velocity and energy
components are given.
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Fig. 3. (Color online.) Cut out of the chart of nuclei in the relevant region [38]. (a)
The isotopes identified by their c decay and genetic correlations in *7Ti +2%9(f re-
actions (blue circles) are compared with those identified in Ni +2*Pb [43] and
45(a 4 M48Cm [26] reactions marked in green and orange, respectively. (b} lsotopes
directly implanted into the focal plane detector. The filled (empty) blue circles cor-
respond to *°Ti + **°Cf reaction products identified in correlation analyses with
(without) Rl-like events. The orange frames relate to **Ca+2%Cm reaction products
observed in correlation with Rl-like events [26,25].



Nuclear reaction dynamics study at MARA

J. Khuyagbaatarl’z, J. Uusitalos, M. Blockl‘z’d, Ch. E. Diillmannl’“, R. Herzbergs,
K. Nishio®, A. Yakushev* and the Nuclear Spectroscopy Group3

'Helmholtz Institut Mainz, Germany,
GSI Helmholtzzentrum fiir Schwerionenforschung GmbH, Darmstadt, Germany,
'?Deparrmem of Physics, University of Jyvdskyld, Jyviskyld, Finland,
*Uni versity of Mainz, Mainz, Germany,
>University of Liverpool, Liverpool, England,
rs.)"apetuf’t Atomic Energy Agency (JAEA), Tokai, Japan

T 1
i f JUROGAM (X- and y-rays) |

X-ray(LF*

CD (particles) \ % a‘
R HF(*%Rn) \
—_—> 1 3
MARA

%5Cu + 29Bi
65C1 + 2381

A{CD-MWPC)

Figure 4. Schemautic of the experimentul setup and meusurement scenario. Notutions
of the euch instrument are given. The horizontal line marks the time scale in u backward
direction showing the concept of the deluyed coincident technique. See text for detuils.
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» Higher injection voltage and re-design of cyclotron central region

»  Preliminary analysis suggests factor of 8 (x4 transmission, x2 HIISI ECR)
«  Will lead to some down time and loss of operations
- Still effectively a single user facility



HIISI 18 GHz ECRIS at JYFL

HIISI specifications:
Strongest PM ECRIS hexapole (1.42 T)
Largest RT ECRIS plasma (0.36 1)
Puw (2 x18 GHz) =4 kW (+ 14.5 GHz klystron). Tested up
to 2.4 kW
8-18 GHz TWTA/2 tunable oscillators, not tested yet

Axial field: 2.8T/0.43 T/1.3 T

Hannu Koivisto et.al.,

ECR sourses
6.4 GHz
14 GHz 07.02.2019, 34Kr 310 pnA using HIISI, 342 MeV



Beamaurrent [UA]

Results with 36 segment hexapole: argon
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HIGH INTENSITY ION BEAM INJECTION INTO THE 88-INCH
CYCLOTRON
D. Wutte!, D.J. Clark’. B. Laune’. M. A. Leitner!, C.M. Lyneis’,

'Lawrence Berkeley National Laboratory. Berkeley, USA.
“Institut de Physique Nucleaire 91406 Orsay Cedex France
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a2 Ir 63 9% /% 5 ’ 1-2 % efficiency
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Figure 5: Dependence of the extracted cyclotron current
from the analyzed current



Physics Letters B 764 (2017) 265-270

Contents lists available at ScienceDirect

Physics Letters B

'

Towards saturation of the electron-capture delayed fission probability: @ CrosMark
The new isotopes 2#°Es and 236

www.elsevier.com/locate/physletb

J. Konki?, J. Khuyagbaatar®<*, ]. Uusitalo?, PT. Greenlees?, K. Auranen® !, H. Badran?,

M. Block ¢4, R. Briseletlc, D.M. Cox u}, M. Dasgupta &, 1?\ Di Nitto “4, Ch.E. Diillmann >%¢,
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J. Partanen?, P. Peura **, P. Rahkila®, K. Rezynkina ", P. Ruotsalainen ?, M. Sandzelius?,
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Fig. 2. A two-dimensional plot of the ER-« correlation times on a logarithmic scale
as a function of the a-particle energies observed in the 345 4 2098 reaction. The

maximum searching time was 200s.

were 200s for the ER-ay pair and 1200s for the a-o2 pair. Expected random
correlations from the decays of transfer-reaction products are marked with dashed
red lines. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)



GREAT DSSD 2 x 40 X 60 strlps, 200 channels
2 x 40 mm x 60 mm (10 % of strips missing), pixel area 1 mm?
5-6 mm wide (dead) gap between

MARA DSSD 72 X 192 strips, 264 channels
48 mm x 128 mm (typically ~ 2 strips missing), pixel area 0.45 mm?

MWPC ugrade 90 % = 94 % transmsission
cathode: foil 2 wire plane University of Liverpool
will help with very low energy recoils



THANK YOU!

Jari Partanen
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