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Outline 

• LaSpec at FAIR 

• TRIGALASER, the LaSpec atom beamline 

• Bridging the gap: nuclear charge radius measurement of 8B 

• Preparatory studies: resonant laser ionization of 10,11B 

• And afterwards: collinear laser spectroscopy at CARIBU 

• Summary 
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LaSpec – Current Layout 

Hier soll eine Übersicht 3D hin. Beschriftung der 

Einzelkomponenten… 

MATS LASPEC, was ist das eigentlich… 

Derzeitiger Planungsstand… 

Evtl. auf zwei Folien ausdehnen mit Bezug auf TDR und 

dass er schon seit einiger Zeit angenommen ist… 

Finanzen? (Wahrscheinlich nicht) 

MATS & LaSpec TDR: D. Rodriguez, K.Blaum and W. Nörtershäuser, EPJ 183 (2010) 1-124  

atom beamline 

 +  bNMR 

Ion beamline 

MATS Penning trap 

EBIT 

MR-TOF laser lab 
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Nuclear Ground State Properties 

Laser Spectroscopy 

 

nuclear  

spin 

magnetic  

dipole 

moment 

nuclear 

charge  

radius 

spectroscopic 

quadrupole 

moment 

 

Mass Spectrometry 

nuclear  

binding  

energy  

 
= 
? 

ground state 

properties of  

exotic nuclei 



30.09.2016  Jörg Krämer   NUSTAR Week 2016 - York                             5 

   

 

LaSpec Atom Beamline: the TRIGA-LASER 

Setup 
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TRIGALASER: a Summary 

• LASPEC atom beamline: setup started in 20081 

• Offline commissioning with Rb- atoms and Ca- ions2 

• Strong Python-based data acquisition (TILDA) and experiment 

control systems (TRITON) have been developed and are 

spread among other experiments ( COLLAPS@CERN and 

ALIVE@TUD) 

• 4 PHD theses (2 in progress) and 5 Diploma theses 

• potential of TRIGALASER experiment has been exploited -> 

new challenges to bridge the gap to „FAIR Day 1 experiments“ 

2Gorges et al., J. Phys. B 48 (2015) 245008 

1Ketelaer et al., Nucl. Instr. Meth. A 594 (2008) 162 
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Bridging the Gap: Beamline Exchange 

Program 
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- weakly bound proton: 0.13MeV separation energy 

 

- large quadrupole moment: Q(8B)=49mb mirror 

nucleus: Q(8Li)=33mb 

 

- break-up reaction on 8B: longitudinal momentum 

distribution of 7Be  much narrower than expected  

 -> wider spatial distribution of proton 
 

 

FMD calculations 

T. Neff (GSI) 

Nuclear Charge Radius of 8B – a Proton Halo? 
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Nuclear Charge Radius of 8B – a Proton Halo?  

• Coulomb barrier suppresses large  

  radius tail of wave function  

-> effect on matter radius not resolved 

 

 

 

 

 

 

 

 

 

 

 

• Nuclear charge radius might exhibit a 

kink at A=8  

 

 

 

Tanihata et al., Phys. Lett. B 206 (1988) 4  
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The energy levels are shifted in different isotopes  

𝛿𝑣𝐼𝑆 = 𝛿𝑣𝑀𝑆 + 𝛿𝑣𝐹𝑆  

𝐹𝑒𝑙𝛿 𝑟𝑐²  

 

𝛿𝑣𝑀𝑆 ≈ 35 GHz 

𝛿𝑣𝐹𝑆 ≈ 10 MHz/fm² 

mass shift: nuclear motion  

around center of mass 

field shift:  

finite size of the nucleus 

relativistic QED calculations:      

up to 5e- system (Puchalski et al. 

Phys. Rev. A92, 062501 (2015)) 

Isotope Shift – A Challenging Mass Region 
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Beamline 

Laser Lab 

Production 

Area 

ATLAS @ ANL 

Argonne Tandem Linac Accelerator System 
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8B Production 

In-flight production of boron-8 at ATLAS: 45MeV  6Li(3He,n)8B   

LN2 cooled 3He 

gas target 
solenoid He gas catcher RFQ Cooler/Buncher   experiment 

stopping, 

thermalization 

cooling, extraction 

focusing the reaction 

products into the gas 

catcher 

(rough) estimates: 

20 8B / pnA 

x 300 pnA (after intensity upgrade) 

x 5 upgrades in gas catcher (purity, cooling) 

= 30 000 8B/s produced 

 

+charge exchange and spectroscopic efficiency 

Be12 run @ ISOLDE: 

2000 12Be/s produced 

 

4 days of data taking 
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Protonbeam High- 

voltage 

Quadrupol 

triplett 
Ion 

optics 

Mass separated 

Ion beam 

Offset 

voltage 

   10a

  2

0

2

0

22 1  
a c

   10c

Requirements: 

• two independent laser systems   

• measure absolute frequencies 

• accuracy: D/ < 10-9 

cancel out ß (=voltage) dependency 

Combined Collinear and Anti-collinear 

Spectroscopy 

A. Krieger et al, Phys. Rev. Lett. 108, 142501 (2012) 
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Laser System 

Millenia Pump Laser 

@ 532nm, 15W 

SHG 

@ 497nm 

SHG 

@ 248.5nm 

Matisse TS 

@1006, 3W 

SHG 

@ 503nm 

Millenia Pump Laser 

@ 532nm, 15W 

Frequency Comb 

Atomic Clock + GPS 

SHG 

@ 251.5nm 

Beat Detection Unit 

2 

Ion beam  

Fiber Optics 

to Triangle Room 

Matisse TS 

@ 994nm, 3W 

Reference signal and 

active stabilization 

Beat Detection Unit 

1 
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The BOR8 Timeline 

When Where What 

Summer 2016 TU Darmstadt • Offline measurement (Test of Theory) 

Fall 2016 ANL • Boron-8 production tests 

Until Spring 2017  Uni Mainz • pack and send LaSpec atom beamline to 

ANL 

Spring 2017 ANL • Setup beamline at ANL 

Afterwards ANL / TUD • Setup laser system 

• Online runs (Testing and data taking) 
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Offline Studies: Resonant Ionization of 10,11B     

+ + 
+ 

+ 
+ 

atom source B atoms Interaction region QMS B ions 

SHG 

@ 249.8nm 

Matisse TS 

@1006, 3W 

SHG 

@ 500nm 

Millenia pump laser 

@ 532nm, 15W 

SHG 

@ 266nm 

VERDI pump laser 

@ 532nm, 8W 

non-resonant step 

resonant step 

2s2p 2P1/2 

2s2p 2P3/2 

2s3s 2S1/2 

249.8nm 
(resonant) 

266nm 
(non-resonant) 

auto-ionizing 

states 

IP=8.3eV 

isotope % I 

10B 19.9 3 

11B 80.1 3/2 

setup at TU Darmstadt 
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Test of Theoretical Predictions 

• Find the best optical transition (technical) 

• Test bed for atomic theory: transition frequency, mass shift 

factor, field shift factor, hyperfine parameters A and B 

• Comparison with elastic e- scattering data 

-> viability for extraction of the 8B charge radius is tested 

δ𝑣𝐴𝐴´
 = 𝑴 

𝐴 − 𝐴´

𝐴𝐴´
+ 𝑭 × 𝛿 𝑟𝑐²  

from theory (from elastic electron scattering) 

relativistic QED calculations:      

up to 5e- system (Puchalski et al. 

Phys. Rev. A92, 062501 (2015)) 
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Preliminary Results 

10B 11B 
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And after 8B?  CARIBU!  

G.Savard et al. Nucl. Instr. Meth. B (2016), 

http://dx.doi.org/10.1016/j.nimb.2016.02.050 

• 1 Ci 252Cf spontaneous fission source 

• 109 fissions/s 

• extraction time 20-30ms 

 

G.Savard et al. Nucl. Instr. Meth. B 266 (2008), 4086-4091 

Californium Rare Isotope Breeder Upgrade 
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New Charge Exchange Cell 

30 

 

20 

 

10 

 

0  

beam  
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transport CEC 

optical 

detection 

stage 
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0  
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transport CEC 

optical 

detection 

stage 

TRIGALASER 

ARGONNE / LaSpec 

electric field control shields 

heater 

cooling blocks 

insulators 

reservoir 

support ring 

• post acceleration to 

30keV 

 

• high-temperature 

operation (450°C) for Mg 

charge exchange 

beam axis 



30.09.2016  Jörg Krämer   NUSTAR Week 2016 - York                             21 

   

 

New Optical Detection Unit 

beam  

axis 

• Elliptical collection mirror 

• comp. parabolic concentrator (CPC) 

• can be floated to 30kV for ion 

spectroscopy 

elliptical mirror 

compound parabolic concentrator 

Signal Straylight 

CPC 
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Laser Spectroscopy of Refractory Elements  

• Install LaSpec atom beamline at 

CARIBU after 8B experiment 

 

• Detection limit with fluorescence 

detection: 104 ions/s 

 

→ study region beyond the sudden 

deformation at N=60 and Z>38  

 

• extend the region of known nuclear 

charge radii and moments by 1-2 

isotopes per isotopic chain 
B. Cheal and K. Flanagan, J.Phys. G 37 (2010)113101 
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Summary  

• LaSpec will allow measurements of nuclear ground state 

properties: spins, moment, (changes in) charge radii 

 

• LaSpec atom beamline already exists at TRIGA Mainz 

and will be moved to ANL beginning of next year 

 

• Charge radius measurements of 8B planned, prestudies 

ongoing at TU Darmstadt 

 

• Before moving in to the LEB hall: LaSpec atom beamline 

will be operated at CARIBU – FAIR Phase-0 
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