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resonant laser excitation and fluorescence detection
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collinear laser spectroscopy — basic pri
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CLS - typical setup
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high voltage (10-60 kV)

Short-lived isotopes
ion source

are accessible

deflector unit
overlapping ion & laser beam)
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. (ion beam shaping)
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CLS - typical setup
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high voltage (10-60 kV)

Doppler-tuning

. ion source |

ion optic

(ion beam shaping)

PN scan voltage

/" optical
detection

High precision (104) voltage
measurement required.
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collinear laser spectroscopy - at FA B

LaSpec,

1/‘/
’

SI1S100/300

CBM

"
_— Rare Isotope
' Production Target

Plasma Physics

Atomic Physics

further information see:
Technical Design Report of MATS & LaSpec:
D. Rodriguez, EPJ Special Topics 183 (2010) 1-123



Laser

collinear laser spectroscopy - at FA 5

prototype build at the
TRIGA facility, Mainz

LaSpec.
b k™

.‘/

lglser spectroscopy

MATS
talk yestet \} dipole-magnet
= (]
further information see:
Technical Design Report of MATS & LaSpec: gas cell

D. Rodriguez, EPJ Special Topics 183 (2010) 1-123 10
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TRIGA-SPEC - Overview

’---------l

Il C O m m O n skimmer ion source I
I b e am | I n e mass separator I

TRIGA reactor
beam port B

target chamber

beam monitoring

capillary

RFQ cooler/buncher

ST Em Em EE .
L F F N F §F § N §

switchyard
~ beam monitoring pulsed drift tub
L B N N N | L 8 N N N N N | I -
L B B & §B §B §B N §B N N N N |
{— off-line \' —— -\
ion source A
' LaSpec Si
™y
| p & il |
(| ion sources ||
I 10°-chamber I
| ! !
1 I: = beam monitoring :
' & h !
| 2) | o
I charge exchange cell < I < I
NV | o |
| 4 Il i
i & 1 < |1
I <& I S
I optical detection two Penning tra E I
inside 7T magne| = I
| beam monitoring II I
| A ]
5 1 skoryostat |
| A
£ I for FT-IcrR l
I 9 MCP det l detection
‘ ete electronics '
T



’---------l

,' Common
I beamline

TRIGA reactor
beam port B

’-------

switchyard
gas-jet beam monitoring pulsed drift tub
\_____ LB N N N N N _§N | N N
—--------------\ -— .y
off-line l

target chamber

\
LaSpec S

TRIGA-SPEC - Overview

off-line ‘

3 O szkimmer ion source ||

surface ion source I

mass separator I

beam monitoring

capillary

RFQ cooler/buncher

aerosol generator

L F F N F §F § N §

ion source A

10°-chamber II ion sources I

II = beam monitoring

charge exchange cell

optical detection two Penning tra

inside 7T magne|

/
Gq.
TRIGA-TRAP

beam monitoring II
. 1
iy II 4K cryostat
\,;5" I for FT-ICR
MCP detetl detection

electronics

Ry



TRIGA-SPEC - Overview

’---------l

Il Common ion source I
I beam | I n e _/ mass separator I

TRIGA reactor
beam port B

target chamber

capillary

RFQ cooler/buncher

ST Em Em EE .
L F F N F §F § N §

switchyard
~ beam monitoring pulsed drift tub
L B N N N | LN N N N N N N ] I -
L B B & §B §B §B N §B N N N N |
{— off-line N ——— -\
ion source
' LaSpec S i
| & il |
(| ion sources ||
I 10°-chamber I
| ! !
1 I: = beam monitoring :
' & h !
| 2) | o
I charge exchange cell < I < I
NV | o |
| 4 Il i
i & 1 < |1
I <& I S
I optical detection two Penning tra E I
inside 7T magne| = I
| beam monitoring II I
| A ]
I ioo I 4K cryostat I
£ I for FT-IcrR l
I 9 MCP det l detection
‘ ete electronics '
T



Laser

TRIGA-SPEC - Overview G

COLETTE
,cooler for emittance elimination®

* used in MISTRAL until 2010 only in continuous-mode for beam cooling

¢ | :: capture/ejection electrode
kicking electrode \
* (1% buffer gas \ \
s 4 1 ' 3 | | ___-‘--
!r jon beam '
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« axial confinement implemented at TRIGA-SPEC!

slocro e
- ———
Energy distribution of o —— — e e
bunches? :::ﬁit
. G e
without buffer gas with gas in ion guide
1T. Beyer, et al.: ,An RFQ cooler and buncher for the TRIGA-SPEC % RE aad RETeod

experiment®, Appl. Phys. B (2014) 114:129-136
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TRIGA-SPEC - Overview

Laser system

« Laser lab for stable environment
« connection to reactor hall by
180 m single-mode optical fiber
» 1x Vis-IR ( 760nm — 970nm),
= 55% transmission
» 2x UV ( 380nm — 550nm),
= 40% transmission

« Freqguency measurement by

frequency comb (acc. 1014)

. beam monitoring]]

TRIGA-TRAP

4K cryostat
for FT-ICR
| detection

electronics
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TRIGA-SPEC - Overview B

Optical Detection fluorescence
to PMT
detector [ ‘

|

« 2 PMT's operating, 3" PMT possible

Mirror System:
« (Goal: separate background and
fluorescence signals by applying
non-imaging optics

2-stage reflector system:

« 1streflector, transversal selection:
parabolic shaped copper mirror
covered with high reflecting MIRO

foil
° 2nd reﬂector’ a.X|aI Select|0n Diploma thesis Michael Hammen
parabolic concentrator University Mainz (2010)

July Zul4
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Noise reduction by coincidence to & G
bunch buir:]ch bunch
| ‘!‘—’ll } :
extracteld TOF I Op“C?" extracted fime
detection
16— o 17414+ i
gated (26ps) ungated logggp 1300 *"*Hf* ions/s
121 measured in 25 min (30s/Channel)
8 mer—enne e 6000 at the IGISOL facility.
3 &
© accumulation time: 500 ms
4- 13000 gate: 26 ps
_ H - Suppression factor: 18000
|- Hﬂ | , M | , |
37420 37440 37420 37440 spectroscopy possible down to
Total acceleration voltage (V) ~ 100 ions/s

A. Nieminen, et al. ,On-Line lon Cooling and Bunching for Collinear
Laser Spectroscopy”, Phys. Rev. Lett. 88, 094801 (2002)
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First results with residual gas afterglo “ser\o
bunched beams at TRIGA-SPEC Qe

Comissioning of the rfg with stable Ca*-lons

buffer gas
m ion bunch switchyard
RNRRRNNRRRNNRNN | S
— TRAP beamline
llllllllllll!l
electrodes

gas-filled RFQ

HV platform

28 kV optical detection

|
@

flourescence

PMT

1st run,
Nno Laser!
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First results with residual gas afterglo L.

P
JSPHER
bunched beams at TRIGA-SPEC LFre
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Diploma thesis Christian Gorges

University Mainz (2013) 24



First results with CLS on bunched bea “’ef\o
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Comissioning of the rfg with stable Ca*-lons
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ion bunch switchyard
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time resolved DAQ
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time resolved DAQ
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scan voltage [V] counts

advantages:

* no hardware gates needed

» software gates in analysis
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Day 1: Oscillation of beam energy observed

1 countrate is color coded . . 40Ca+ frequency:
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4 - | phase to
— extraction
m 7 -
=
L 34 i
O -
HI -
DO 2 _
£
) 1 4
1 i
O - i

300 320 340 360 380 400 420 440

Doppler-tuning voltage [v] -



First results with CLS on bunched bea “’ef\o
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Day 1: Oscillation of beam energy observed

voltage [v]
300 315 330 345 360 375 390 405 420 435 450
g
o * Oscillation in projection not visible
 linewidth broadened to FWHM of:
} } } } } } } } } } } > 30 V
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voltage [V]
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voltage [V]

First results with cls on bunched bea ‘“e*o\
TRIGA-SPEC e

Day 1: Oscillation of beam energy observed

300 | | ' | ' | | |
200_' switching behaviour of last |

| electrode in rfq, observed
1004 with oscilloscope. RF was 1

turned off i : :
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First results with cls on bunched bea
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2nd comissioning run of COLETT %’\
at TRIGA-SPEC JSPHERe
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2nd comissioning run of COLETT %’\
at TRIGA-SPEC JSPHERe

22,54

22,0 - : o ' o - .1

o N : .. ’ N . ' '. . '.." 2

= 215 : : Cag e e : - IR 3
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E 5
S 21,04
20,5 -

counts

voltage [V]

A-Factors  TRIGA? Lit.2
ASl/Z (MHZ) -8036(12) -805(2) 10nly Fit errors
App (MHZ)  -145.1(1.1) -145.5(1.0) 2 R.E. Silverans , et al.

~Hyperfine structure constants of the Call states 4s 2S,,,
and 4p 2Py, »;3 and the nuclear quadrupole moment of 43Ca”
Z. Phys. D, Vol. 18 351-356 (1991)
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Offline lon-source measurements itz
at TRIGA-SPEC SPHERe

Offline measurements:

High precision measurement of the Ca* 4s 2S,,, —> 4p %P5,
transition isotope shift of 40-48Ca*

off-line
ion source o .
j‘:o«a 25_ T T T T T T :
s ! = . . ]
% 20 - | 2]
o-cramer A - preliminary! !
T o] -.
s 10+ - -
&= 5 9 | 2
@ 0 g % =
& . y
o -10 4 4
2 - |
B 197 .
‘S .S '20'_ | 5
% 8 254 0
4 8 -304[ @ Martensson-Pendril 1
4 35] @ TRIGA-LASER 1.0 9
vV 1 e TRIGA-LASER 2.0 |
-40 : : : , ; - :
42 44 46 48
Ca-Isotope

Martensson Pendrill, et al.
Isotope shifts and nuclear charge radii in singly ionized 4%-48Ca

PRA 45 4675(1992) 35



Further developments at TRIGA L

TRITON

(TRIGA pyThon cONtrol system)

* Python based Control System
for all devices except the fast
data acquisition

« SQL-Database in background

« Supported OS:
— Windows 7, Linux and Mac

* status:

— all beamline devices included in
TRITON

— operational
— development ongoing

Laser

.§;HERe

TILDA

(TRIGA-Laser Data Acquisition)

replacement of the current DAQ
(Virtex-2, PCI) by an PXI-crate
containing 2 Virtex-5 FPGA's

alm:

— time resolved cls with up to 5
PMT's, time resolution 10ns
(100MHz)

— fast experiment control, e.g. set
the scan voltage or loading and
extraction of rfq

status:
— first components delivered
— programming started

36
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Upcoming Projects at TRIGA-SPEC
Short term:

— Development of new DAQ

— Modify offline ion source to 30 kV

— Establish collinear and anticollinear measurement
» Measure isotope shift of stable Ca* with rfg
» Investigate ion beam energy behind rfq

long term:

— Plasma ion source in common beamline

» Investigation of short lived isotopes which are currently
not ionisable with the surface ion source

37
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