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2.4 Atomic Physics

2.4.1 Atomic Physics at GSI : Current and Future research
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3.1 UNILAC: Universal Linear Accelerator (24 n.A.61)
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3.2 Material Science Cave (24 N.0.61)
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3.3 SHIP-SHIPTRAP (24 n.f.61)
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3.4 Green Cube (27 N.f.61)
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3.5 Medical Cave (31 n.A.61)
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3.6 CRYRING (31 n.n.61)
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3.7 HADES (31 n.n.61)
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3.8 ESR: Experimental Storage Ring (7 &.n.61)
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5.4 NONTINNMALIAIMNE (13 N.8.61)
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WaveNnaIIY : Rapid extraction of short-lived isotopes from a buffer gas cell for use in gas-phase chemistry
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The Universe in the Laboratory

1st week
Mon, 23.07.18 14:00-15:30 Acceleratars: from the source to the target L. Bozyk
Tue, 24.07.18 9:15-10:45 Biophysics & Cancer Therapy with Heavy lons M. Krémer
11:00-12:30 Compressed Nuclear Matter 1 (Collision Dynamics and  C. Sturm
Flow)

15:45-17:30 Visit of Ion sources, UNILAC, Main Control;
Material Science Cave & SHIP-SHIPTRAP
Thu, 26.07.18 9:15-17:00 ROOT tutorial (IT Training Room in Building SB3, F Uhlig
Entrance C Siid, room1.239a)

Fri, 27.07.18 9:15-10:45 Computing for experiments T. Kollegger
11:00-12:30 Compressed Nuclear Matter II (Dilepton & Strangeness 1. Stroth
Production)
14:00-15:30 Hadron Physics with Anti-Praotons 1 (Hadron K. Goetzen
Spectroscopy)

15:45-16:30 Visit of Green Cube
2nd week

Tue, 31.07.18 9:15-10:45 Hadron Physics with Anti_Protons II (Instrumentation) A. Belias

11:00-12:30 Atomic Physics D. Winters
14:00-15:30 Nuclear Structure and Astrophysics 1 H. Simon
15:45-17:30 Visit of Medical cave, CryRing & HADES
Fri, 3.08.18 9:15-10:45 Compressed Nuclear Matter 111 (Results from ALICE at  R. Averbeck
LHC)
11:00-12:30 Nuclear Structure and Astrophysics 11 H. Simon
14:00-15:00 Impact to the society T. Engert
3rd week
Tue, 7.08.18 9:15-10:45 Materials Research 1. Schubert
11:00-11:45 Plasma Physics with Intense Ion Beams K. Weyrich
11:45-12:30 Plasma Physics with Intense Laser Beams V. Bagnoud
14:00-15:30 Nuclear Structure and Astrophysics 111 (Experiments at Y. Litvinov
the ESR)
15:45-16:30 Visit of ESR
4th week
Tue, 14.08.18 9:15-12:30 Tutorial: Scientific Presentations H. Blsching
16:00 Summer Colloquium: Are heavy r-process A. Arcones
elements produced only in neutron star mergers?
One year after the gravitational wave detection
GW170817 (in GSI-main auditorium SB 1)
Fri, 17.08.18 9:15-12:30 Tutorial: Scientific Writing/ Latex Course G. Burau
5th week
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Rapid extraction of short-lived isotopes from a
buffer gas cell for use in gas-phase chemistry to
access elements beyond Fi

Kosumsupamala, Kunpisit

Chiang Mai University, Department of Physics and Materials Science, Faculty of Science,
kunpisit_k@cmu.ac.th

Investigation of chemical and physical properties of super heavy elements (SHEs) be-
yond flerovium (Fl, Z = 114) is one of the challenging issues for SHIP-TRAP and
TASCA group at GSI. Due to the low production rates and short half-lives, the com-
bination of gas chromatographic separation and electromagnetic separation is required
to get a faster extraction technique. The new set up of buffer gas cell with miniCOM-
PACT detector was supposed to be performed, to evaluate the extraction efficiency and
extraction time, and compared with the old set up of RTC chamber with COMPACT

detector.
1 Introduction

Experimental investigations of the chemical and
physical properties of super heavy elements
(SHEs), defined as elements with atomic num-
ber Z > 104 which its electron shell structure
is influenced by strong relativistic effects caused
by the high Z, represent a challenging topic in
current nuclear chemistry and physics research.
To date,the discovery of the elements with Z=
113, Z=115, and Z = 118 was recently con-
firmed, and they were named nihobium (Nh) |
moscovium (Mc) , and oganesson (Og), respec-
tively [1].

Currently, the successful studies of chemical
properties of copernicium (Cn, Z = 112) and
flerovium (Fl, Z = 114) were achieved by using
gas-phase chemical techniques combined with
physical pre-separation in a magnetic separa-
tor like Trans Actinide Separator and Chem-
istry Apparatus (TASCA) in TASCA and SHIP-
TRAP group at GSI [2]. The Cryo Online Mul-
tidetector for Physics And Chemistry of Trans-
actinides (COMPACT) detector [3], which cov-
ered with Au surface and the detection of a-
particles takes place, is connected directly to a
Recoil Transfer Chamber (RTC) mounted in the
focal plane of the separator, and flushed with
rapidly flowing gas.

The limitations of investigation the chemical

properties of the elements beyond F1 (Z > 115)
include their low production rates (with cross
sections on the order of pb), and short half-
lives (T %) , for example, the most long-lived
isotope of all elements with Z>114 is currently
known isotope of element 115, which has half-
lives T% = 170 ms. Meanwhile, the current
TASCA-COMPACT setup is applicable to iso-
topes with half-lives that are longer than about
0.5 s. Therefore, a faster extraction technique
and optimized setup to reach one-atom-at-time
level must be established.

A buffer gas cell [4] with electric fields is es-
tablished and will be characterized in off-line ex-
periments at GSI in this work. This new inter-
face allowed extraction times in the ms range.
In the buffer gas cell. The recoils from a 22° Ac
source are thermalized by collisions with buffer-
gas atoms at a pressure from tens of mbar up to
few bars depending on their kinetic energy.

The electric field system inside the new buffer
gas cell includes the DC-electrode system in the
DC cage, which consists of 5 cylindrical elec-
trodes to achieve a homogeneous electric field
gradient for the acceleration of the ions towards
the funnel structure, and the radio frequency
(RF) funnel, which consists of 40 ring electrodes
with decreasing electrode diameter. The prin-
ciple of the funnel is based on a DC potential
gradient dragging the ions to the exit hole in



2 Experimental Setups and Measurements

combination with a repulsive RF field to avoid
collisions of the ions with the electrodes.

After the outlet of the buffer gas cell, the
ions are transported with the gas flow through
the miniCOMPACT detector array which con-
sisted of 8 positive-intrinsic-negative (PIN) sili-
con photodiodes. Here, the experimental results
of the new set up with off-line ion source experi-
ment was reported for preparation of the future
on-line ion source experiment.

2 Experimental Setups and
Measurements

The main components of buffer gas cell are
shown in Fig. 1.

(a)

0000
® ) miniCOMPACT detector
2‘2/5Ac—source ||I
I o
(C)Ill Pump
@ (b) L (d)
90000
He

Fig. 1: Schematic drawing of the buffer gas cell.
The main components are: the chamber (a), the DC
cage (b), the RF funnel (c) and the exit nozzle (d)

2.1 Chamber

The chamber of the buffer gas cell with a length
of 300 mm and a diameter of 250 mm is made
of stainless steel. It is evacuated with a 180 1/s

turbomolecular pump down to pressures below
10~° mbar.

2.2 DC cage

The DC cage consists of 5 cylindrical stainless-
steel electrodes each with a length of 29 mm and
the diameter of 180 mm. The distance between
neighboring ring electrodes is 1 mm. Thus, the
total length of the DC cage is 290 mm. The
ions are guided downstream by an electrostatic
field with a DC gradient of approximately 7 to
10 V/cm. In order to generate this gradient, the
potentials applied to the first and the last seg-
ment, connected to a voltage divider consisting
of 7 resistors of 0.1 M.

Fig. 2: Photo of the DC cage

2.3 RF funnel

The RF funnel is an ion guide that consists of 40
individual ring electrodes with a decreasing in-
ner diameter from 130 mm to 5 mm towards the
extraction nozzle. The distance between neigh-
boring electrodes as well as their thickness is 1
mm. Between neighboring electrode, not only
a 180° phase-shifted radio frequency is applied
that creates a repulsive electric field force to pre-
vent the ions from hitting the electrodes but also
DC potential gradient is applied for guiding the
ions to exit hole.

2.4 FExit nozzle

The exit nozzle connects the high-pressure area
of the chamber with the low-pressure area of the
miniCOMPACT detector array.

2.5 miniCOMPACT detector

Each miniCOMPACT detector array, covered
with a 35-50 nm thick of Au surface where
the detection a-particles and spontaneous fis-
sion (SF) fragments occurred, consists of 8 pairs



Fig. 4: Photo of miniCOMPACT detector

of (1x1) em? large PIN epitaxial silicon photodi-
odes.They have an active area of (9.7x9.8) mm?
and an effective thickness of 150 pm. A gap
of 1 mm between the top and the bottom 16
PIN diode pairs formed a gas calculated geo-
metrical efficiencies for detecting an a-particle
from atoms present inside a detector array about
76%.

3 Determination of the extraction
efficiency

The extraction efliciency, which is the main
characteristic quantity for describing the perfor-
mance of a buffer gas cell, have been evaluated
by the off-line measurement method with 22° Ac
recoil ion source. The decay chain of isotope
225 Ac is shown in Fig. 5.

The decay spectrum recorded with a silicon
detector in an evacuated chamber is shown in
Fig. 6. For a given distance of 76.5 mm between
the detector and the source (dgetetor—source) and
the diameter of 21 mm of the detector was
used. To calculate the total activity, we as-
sume that the number of emitted o particles
from ion source 22%Ac detected on the detec-
tor surface are the one part of the surface of a
sphere with radius dgetetor—source then, the total
activity o of 200(20) Bq was obtained.

Next, the energy calibration and identifica-
tion of the off-line ion source 22°Ac was per-
formed. We replaced 22° Ac ion source by the
standard triple-alpha source and recorded the
decay spectrum. Hence, we got the calibrated
energy spectrum of the silicon detector and iden-
tified the peaks which correspond to the al-
pha decay energies of each element in the decay
chain.

The spectrum show that the alpha decay en-

57322 kev— 8.0 (5)%
5792.5 kev—18.1(20)%
5830.2 keV—50.7 {15)%

225A¢
100d

6126.3 keV-15.1 (2)%
6243.0 keV - 1.34 (10)%
6341.0 keV - 83.4 (8%

g,
47T m

217 7066.9 keV— 99.9 (1)%

323 ms

5869.1 keV— 93.0 (5)%

213pg 8375.9 keV— 100%

a2ps

Fig. 5: The decay chain of *?° Ac. The decay modes
are indicated by the color of the squares and la-
beled at arrows to the corresponding daughter nu-
clide. The yellow and blue square correspond to a-
decay and B~ decay respectively. The o branching
and B~ branching ratio along this decay chain is ~
100%. The branching ratios between the a-decay en-
ergies are given. The half-lives T% of the isotopes
are given in the squares.
the stable nuclide *°®Bi .

The decay chain ends at

ergies of isotope 22° Ac decay chain of 5,804(9) ,
6,126(9) , 6,341(9) , 7,069(9) and 8,390(9) keV
,which correlate with 22° Ac, 22! Fr (intensity =
83.40%), 22L Fr (intensity = 15.10%), 217 At and
213Po respectively, were detected. Neverthe-
less, we found the spectrum of strong radioac-
tive elements that suppressed the energy spec-
trum of isotope ?2°Ac. The alpha decay ener-
gies of 5,693(9) , 6,062(9) , 6,295(9) , 6,791(9)
and 8,800(9) keV were investigated to be the
contamination of isotope 228Th which consists
of alpha decay energies of 2?4 Ra, 2'2Bi, 217 At,
220 R, 216 Po and 2'2 Po respectively.

After that, the extraction efficiency measure-
ment of RTC-miniCOMPACT and gas stop cell-
miniCOMPACT was performed with both of
225 Ac and 227 Ac off-line source. The RTC-
miniCOMPACT was operated with a Helium-
Argon gas flow of 1 L/min at room temperature.
The decay spectrum is shown in Fig. 7.

The result shows that alpha decay energies
of 6,851(51) and 7,417(51) keV, which agree
with 29°Rn and 2'°Po alpha decay energy re-
spectively, from isotope 227 Ac decay chain. In
addition, the decay energies of 7,067(51) and
8,376(51) keV from 27 At and 2!3Po in the iso-
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Fig. 6: Alpha decay spectrum of the **® Ac recoil ion
source for identification measurements, accumulated
in an evacuated chamber for 1010 s with a silicon
detector. The bin width was 5 keV.

tope 22% Ac decay chain were detected.

- | |
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Fig. 7: Alpha decay spectra measured in miniCOM-
PACT detector on channel #8 with the full-width-
at-half-mazimum (FWHM) of 120 keV and the bin
width was 3 keV.

4 Conclusions and Discussions

The new buffer gas cell setup performance was
expected to be investigated by using the off-line
measurement method. The 2?°Ac¢ ion source
was calibrated with the silicon detector and
we got the total activity ;¢ of 200(20) Bq.
Furthermore, the identification of alpha decay
energy spectrum showed the contamination of
228Th on the ion source. Subsequently, the
alpha decay spectrum of miniCOMPACT de-
tector with RTC set up was observed. The
spectrum showed that only alpha particles from
the volatile species of decay products of isotope
225 Ac and 227 Ac,which can be transported by
a Helium-Argon gas flow through the detector
array, were detected and the low-energy tailing
appeared due to the additional energy loss inside
the gas and some particles hitting the surface of

the detector under a shallow angle.However,We
can’t extract the 22! F'r with this setup. There-
fore, the optimization of set up should be further
investigated to reach the possibility to extract
221 pr. Unfortunately, the total extraction effi-
ciency of new TASCA-COMPACT set up, which
refers to the miniCOMPACT detector with gas
stop cell, have not been performed due to the
technical problems i.e. vacuum pumping system
and electronical system. This set up is expected
to be operated and evaluated not only extrac-
tion efficiency, but also extraction time before
the next on-line ion source at SHIP-TRAP and
TASCA group on this October.
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Preparation of Spectroscopy on **//¢" beam

Keerati Keeratikarn

Prince of Songkla University, keeratikarn.pk@gmail.com

Currently, one of the experiments at CRYRING@ESR focuses on the polarization of
an ion beam by optical pumping. However, the induced polarization does not persist
during the revolution in the storage ring without additional means. Thus a suitable
ion beam is required for these experiments. In this project, we would like to investigate
the quality of the ion beam, before injection to the ring, by determining the emittances
of the beam using the thin lens approximation. Because of some uncertainties of the
results, the emittance cannot be determined exactly. However, the orders of magnitude
of the measured emittances overlap each other, thus it could be averaged becoming to
the represented emittance of the ** Mgt beam.

1 Introduction

1.1 History

The Swedish in-kind contribution for the future
facility for antiproton and ion research (FAIR)

50 kV Electrostatic

Quadrupole Doublet Faraday Cup &
Detection Chamber: \ Fluorescent Screen
Faraday Cup & \
Fluorescent Screen

Dipo\\Magnet /ﬁ \
..

Merging
v )

\ s
\ Camera monitoring
ion source 4 A\

A
A B i
ALY / © / /Analvzing
mo A W7 / /

Detection Chamber:

includes the low energy storage ring CRYRING, A 4 ¥ /) fﬂi;"g":e}///;%f\\k
built by the Manne Siegbahn Laboratory in YN / 47de/FQ / //;;dmpo Ie/// /;,!. A
Stockholm, Sweden and operated from the early > . 4} . et Bender /
1990s to 2010. The circumference of the ring is ol el Lene 10
approximately 54 meters, consisting of twelve

30 degrees bending magnets with the bending Fig. 1: The scheme of the injector line at

radius of 1.2 meters. There are 12 straight sec-
tions; every second section between a bending
magnets is used for focusing the ion beam by
3 quadrupole focusing elements. The other 6
straight sections include an injection line, an ex-
traction line, an RF accelerator and decelerator,
an electron cooler, a beam diagnostic line and
one for experimental installations.[?]

2 Local Injector Beamline at
CRYRING@ESR

The injector beamline (Fig.1) includes an
ion source and a Radio-Frequency Quadrupole
(RFQ) linac. 2*Mg* ions are created at low en-
ergy and transferred, in this case, through the
RFQ to be injected into the ring. The beam
instrumentation consists of compact diagnostic
chambers including a fluorescent screen and a
Faraday cup. Along the beamline, magneto-
static and electrostatic lenses, analogous to op-
tical lenses, are used for focusing and defocusing

CRYRING [?]

the beam. The magnetostatic and electrostatic
doublets consist of two single quadrupoles. In
each lens, the ion beam is focused or defocused
horizontally by a single quadrupole and verti-
cally by another single quadrupole.

2.1 Ion source

Tons are created in a MINIS plasma ion source
element. Electrons are emitted from a Ta fil-
ament (cathode) to a discharged cylinder (an-
ode). An external magnetic field introduced by
a solenoid around the anodes induced the elec-
trons moving like helix due to Lorentz force.
The desired gas, for example, Deuterium, is then
fed into the discharged chamber, resulting in the
ionization of its particles by electron impact.[?]
Moreover, an oven is also used to evaporate a
solid element, using Mg in this project. The



3 Measurement and Calculation

produced ions are singly-charged and positive,
they are, consequently, easily extracted from the
source, due to the lower potential located at the
exit of the discharge chamber.

2.2 Low energy beamline

Directly next to the ion source, an electro-
static quadrupole lens doublet focuses the pro-
duced beam. The beamline continues with a
90° spectrometer dipole, followed by two steer-
ers for vertical and horizontal correction. The
90° magnet sets as a m/q separator, only ions
with the required mass are bended by 90° to
the left. Subsequently, the next section con-
tains two quadrupole triplets, YRT1LT3 and
YRT1LT4. Each quadrupole LT3 and LT4 are
indeed triplets with three quadrupoles. All
other are doublets with two quadrupoles. con-
tain a set of quadrupoles separated by drift dis-
tances and for which the two outer quadrupole
electrodes have the same polarity opposite to
the inner electrode. Polarity can be changed de-
pending on experiments, thus these multiplets
behave as two triplets or as three doublets.

2.8 Acceleration section

A Radio-Frequency Quadrupole (RFQ) accel-

erates ions to 300 keV/u. An RFQ is a linear
accelerator which focuses, bunches and accel-
erates a continuous beam of charged particles
with high efficiency and preserving the emit-
tance. This is performed by a Radio Frequency
electric field, in this case at fixed frequency of
108.48 M Hz. Only ions of A/q < 2.85 can be
accelerated. It mean the 2*Mg*T beam cannot
be accelerated in this section so that it is only
transported through this part.[?]

2.4 High energy section and
transferline

After the RFQ, this line consists of an-
other correction and focusing section with
two quadrupole doublets, YRT1QD6 and
YRT1QD7, and steerers. The high energy
bramline ends with a horizontally bending 35°
of the magnetic dipole, which leads to the ring.
Injection is achieved by means of an electrostatic
kick.

Screen

Fig. 2: Partial Diagram of injector line for Emit-
tance Determination

2.5 Diagnostic chambers

The purpose of diagnostic chambers is to anal-
yse the ion beam. They include a fluorescent
screen and a Faraday cup, and both measure-
ment devices can be positioned in the beam by
a stepping motor. Faraday cups are conductive
cups which measure beam intensity in the form
of electric current done via analysing the charge
gain produced due to ions hitting the cup. The
beam profile is studied using screens. In each
chamber, there is a CCD camera used to record
screen signal.

3 Measurement and Calculation

3.1 Method of Beam Diameter
Measurement

The quality of the ion beam needs to be
determined before coming into QD6. The
quadrupole strength of QD61 is varied, fixing
the quadrupole strength of QD62. The diagno-
sis of this experiment takes place on the diag-
nostic screen (YRTDEFT7). Example screen shots
are shown in Fig.3. X and Y-FWHM which
represent the beam diameter following Table
1. For the second measurement, we change the
quadrupole strength of QD62 instead and diag-
nose the beam at DF7 again, resulting in an-
other set of beam diameters given in Table 2[?].

3.2  Emittance Calculation

Using the thin lens approximation, the emit-
tance of an ion beam is calculated from mag-
netic strengths used for calculating focal lengths
(f1 and f5) and the lengths of the drift, for in-
stance, the separation between first and second
quadrupole (d) or second quadrupole and screen

Zo
: ]



QD61 0.4 1/m
QD62 -1.4 1/m

QD61 0.5 1/m
QD62 -1.4 1/m

FWHM(x) 4.4 mm
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FWHM(x) 2.1 mm
FWHM(y) 8.9 mm

QD61 0.5 1/m
QD62 -1.6 1/m
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FWHM(y) 9.5 mm
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WHM(y) 9.2 mm

Intensity
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Fig. 3: Beam profiles for different focusing strengths

-1.6 1/m)

(1). Therefore, the operation of lenses on 24 M g™
beam could be illustrated through the transfer
matrix|[?].

[(1) i] [—11/f2 (1)] [é ﬂ Lll/fl (1)]
_ [1—d/f1—l/f* d+l—dl/fz} 0
1/f 1—d/fs

where 1/f* = —(1/f1 +1/f2) +d/f1 2

According to a point Z; in Fig.2, the calculation
of this point downstream of the point Z, on the
beamline and could be written,

2 2
o111 R 2RinlRaie Rig
2 2
02,11 R311 2Rp11R212 RS 45| |90.11
= . ) . 00,12
; : ; 0,22
On,11 Rn’u 2Rn,lan,12 Rn712
01,11
o211 00,11
or = on 00,12
00,22
On,11

(2)

where R;; is an element of a transfer matrix
where o;; is an element of a beam matrix
Generally, M, , matrix relates to eq.1. Re-
ferring to the setup, a quadruple strength deter-
mines the three elements in a row. This is called
the three-gradient method. However, in this
project, we would like to determine the emit-
tance at point Z, upstreaming of Z;. This cal-
culation can be done by measuring the beam size
at the points Z;=1,...,n by varying the quadru-
ple strength and three of them, in general, are

of @D 61 (0.4 and 0.5 1/m) and QD 62 (-1.8 and

chosen, in order to evaluate the M, , matrix
combinations, for example, 123, 235 and so on.
Therefore, eq.2 can be rewritten,

00,11 01,11

-1
oo12| =M, 3 |o211 (3)
00,22 03,11

Finally, the emittance of the beam before
coming in quadrupoles 6 could be determined
by

(4)

— 2
€0 = \/0'0,11(70,22 — 00,12

4 Results and Discussions

The results of the beam diameter measure-
ment show in Tab.1 and Tab.2. The quadrupole
strength of QD61 slightly increases. Conse-
quently, this causes of focusing on the horizontal
direction and defocussing on vertical; it means
the x-FWHM narrows and y-FWHM widens.
On the contrary, while the quadrupole strength
of QD62 becomes stronger, in the opposite di-
rection, the ion beam focuses on the vertical di-
rection instead of horizontal and diminishes the
y-FWHM. These two illustrations of the mea-
surement belong to Fig.3.

Moreover, the average emittance on x and
y projection of two measurement are illustrated
in Tab.3. On the same projection, it is clear
the emittances are not unlikely because of some
uncertainties of the results. However, there are
some magnitudes of the emittance which over-
lap each other, thus it could be averaged becom-
ing to the represented emittance of the 2*Mg™
beam.



References

Measurement using QD61

QD61 Beam diameter
(m~1) | x(mm) | y(mm)
0.4 4.4 8.9
0.5 2.1 8.9
0.6 1.7 9.5
0.7 3.7 9.0
0.8 4.0 7.9

Tab. 1: Results of beam diameter by varying QD 61

Measurement using QD62

QD61 Beam diameter
(m™1) | x(mm) | y(mm)
-1.2 54 10.0
-1.3 3.5 9.5
-1.4 2.1 8.9
-1.5 3.5 8.2
-1.6 5.5 9.2

Tab. 2: Results of beam diameter by varying QD62

5 Conclusion

In this project, the emittance of a 2*Mg*
CRYRING local injector is determined by mea-
surements of the beam size from changing the
quadrupole strengths. Although, at each pro-
jection, there is the difference between two emit-
tance, coming from the scatters of results, mag-
nitudes of the emittance still overlap partially.
To average the emittance is the possible way to
represent the quality of the beam along the in-
jection line and it can be injected into the ring,
but maybe with some losses: we expect some 7
mm mrad to be injected.
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