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Status of the MATS and LaSpec
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For the TRIGA-SPEC collaboration
FAIRNESS, 25.09.2014

Content:

« Aims of MATS and LaSpec

 The TRIGA-SPEC experiment in Mainz
« Status and Outlook
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MATS and LaSpec: Aims

« the examination of the atomic nucleus opens the door to
various fields of physics fundamental properties

° (tests of nuclear mass
nuclear physics P models and formulas)

(nuclear binding

. |
energies, Q-values) | A

astrophysics
(nucleosynthesis)

S=process

nuclear structure
(shell closure,
deformation, charge
radii)

rp-process
1
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nurnber of protons

electron

nurber of neutrons
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MAX-PLANCK-INSTITUT FUR KERNPHYSIK

Fig. 1. End of the Low Energy Beam line of the Super FRS at the future FAIR facility.




First floor

MATS setup/ EBIT £
LaSpec setup

Spectroscopy setup
MR-TOF-MS

RFQ buncher
Dipole magnet

Gas catcher Ground floor
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MATS: precise Measurements on very short-lived nuclei using an Advanced Trapping System for highly-charged ions
LaSpec: Laser Spectroscopy on very short-lived nuclei
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Training, Research,
Isotopes, General Atomic

steady state mode:
100 kW o1

pulsed mode:
250 MW for 30ms

four horizontal beam ports
allow access to the reactor
core




TRIGA reactor: production rates

neutron-induced fission of an actinide target, e.g. 23°U or 24°Cf
120 | | | :

border of masses with
uncertainty <10keV
100t expected

"7 r-process path
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neutron flux: 1.8 - 10?1

100 150
N




skimmer

TRIGA reactor
beam port B

beam monitoring
target chamber

capillary

RFQ cooler/buncher

off-line
ion source
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10°-chamber

MAX-PLANC

two Penning traps
inside a7T magnet

TRIGA-TRAP

beam monitoring

4K cryostat
for FT-IcrR
detection

MCP detector electronics
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to ion
source

TRIGA reactor
beam port B

\\/ capillary

pressure gauge

transport gas
QO carrier particle
e fission product

transport gas

(He, Ny, Ar, etc.) carrier particle generator
(KCI, CaCl,, C,, etc.)




gas jet
from target
chamber

Ta-skimmer e

filament for

electron

bombardement e transport gas
BN-insulator (O carrier particle
e fission product
p=2-10?mbar p=5-10°mbar @ ion
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a skimmer strips away the light carrier gas
the carrier particles enter the ionizer (efficiency ~15%)
they break up and release the fission products




gas jet
from target
chamber

Ta-skimmer e

filament for

electron

bombardement e transport gas
BN-insulator (O carrier particle
e fission product
p=2-10?mbar p=5-10"°mbar @ ion
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a skimmer strips away the light carrier gas
the carrier particles enter the ionizer (efficiency ~15%)
they break up and release the fission products




Mass separation in a dipole magnet

"measured ——
Fit
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» the dipole magnet separates ions via%

* by using a small (vertical) slit after the magnet, only one
Isobaric line passes through




Faraday-cup current /pA
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the dipole magnet separates ions via%

by using a small (vertical) slit after the magnet, only one
Isobaric line passes through




camera

mirror

phosphor
screen

Faraday cup microchannel plate phosphor screen

* ion current « Single-ion counter » visual detection
* ion number in bunches (time-resolved)  beam shape, diameter
(with charge amplifier)

cup
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RFQ cooler/buncher: principle

 a radio-frequency quadrupole (RFQ) is a linear Paul trap

y [ z
‘ X
g ’ - U(2)+ Vgsin(2mvget)

dl

U(Z) - VRFSID(27IVRFI)

 axial trapping Is achieved by segmented rods

buffer gas

capture/ejection electrode
kicking electrode \
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MAX-PLANCK-INSTITUT FUR KERNPHYSIK

electrical
feedthrough

without buffer gas with buffer gas

(phosphor screen captures)

all the time... once: short bright pulse

Snonulijuod




TRIGA-SPEC: experiments

) lon beam preparation transfer line

( provide bunches of cooled
peam port 5. - radioactive ions

target chamber

Collinear laser spectroscopy

probe the properties of atoms
and ions through the interaction
of their electronic shell with an
applied laser field

Isotopic shifts in the Ca D2 linetl
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Q
=
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Penning-trap mass spectrometer

— high-precision mass
measurements

— Cd, Pd masses and Q-values?

— Am, Pu, Cf masses?
lin preparation
2Smorra et al, Phys. Rev. C, 85:027601 (2012)
SEibach et al, Phys. Rev. C, 89:064318 (2014)
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two Penning traps —
inside 7T magnet

TRIGA-TRAP




axial

PrInCiple Idea: oscillation

measure the mass of an ion
by its cyclotron frequency In

a magnetic field B
q

focusing electrodes

endcap electrodes
ring
electrode
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Sr )
correction electrodes .
pumping barrier

purification trap correction electrodes

‘\'\/
The double Penning trap of TRIGA-TRAP precision trap
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Penning-trap mass spectrometry

160 — .

mean time of flight /us

L

T T T T
100 150 200
time of flight /us
1 1

Penning trap drift tube detector
1 2

Vq - 407119 /Hz

Time-of-flight ion cyclotron resonance (TOF-ICR):
the ions’ cyclotron frequency is excited
after ejection, excited ions receive an extra “kick”
excited ions show the shortest TOF

Fop = — [l (ﬁﬁ) X 7w

3 4
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N’ Mapping the N=152 deformed shell closure
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Collinear laser spectroscopy

ion bunches electrostatic deflector

charge exchange cell
(optional)

Typical challenges:

 stray light reduction (mirror geometry)

« background suppression (ion-photon coincidence detection)
« line width reduction (electrostatic acceleration)
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Commissioning of the ion beam preparation

Ca* bunch is probed by time-resolved g
resonant laser spectroscopy at 397nm
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the result is the longitudinal emittance &
(in units of eV*us)

N
o
B number of ions /a.u.

-0 1
time /us




Optimization of the cooling time

1+ number of i(')ns &
bunch width ——+—

4

accumulation

cooling/storage

number of ions /a.u.
bunch width (10%) /us

ejection
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Optimization of the buffer gas pressure

estimated pressure 110mbar
3 7

number of ions /a.u.

01 011 012 013 014 015 0.16 0.17 0.18
buffer-gas flow rate /(mbar I/s)

0.12 mbar I/s 0.14 mbar I/s 0.16 mbar I/s
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Operation of the complete setup

lons created in the online source were sent to...
(a) TRIGA-LASER seeonitiz| (D) TRIGA-TRAP

7 F=3 327.2
F=4  -254.5

measured ———
fit ——
scans: 35
ions/bunch: 6.000 1

mean time of flight /us

64 scans
2300 ions
tq=700ms 1

- 3
vy - 1265780.970 /Hz

photomultiplier signal /a.u.
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i i for a cyclotron-frequency

v measurement of 85Rb*

v

scan

to resolve the hyperfine structure of 3Ca*




Outlook

TRIGA-SPEC is fully connected and functional \6/

The next steps include:
« Measurement of a radioactive nuclide (e.g. *Rb)

« Efficiency improvements to reach the rare candidates
— Bigger actinide target (12-fold increase in production)
— Aerodynamic lens to improve skimmer efficiency (15% -> 65%)

* Implementation of new technigues
— Plasma ion source for the ionization of refractories

— FT-ICR detection at TRIGA-TRAP
— Two-step laser excitation at TRIGA-LASER

7
o
=
(o
Z
=
s8]
v
~
)
Ly
=
-
=
=
o
Z
@
Z
<
a—
%
e
<
=




Thank you for listening!
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