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Introduction	

•  The	CRIS	experiment	is	located	at	the	ISOLDE	facility,	CERN	

•  Laser	spectroscopy:	spin	and	moments	of	parent	nucleus	

•  Decay	spectroscopy:	level	scheme	of	daughter	nucleus	
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Introduction	

•  The	CRIS	experiment	is	located	at	the	ISOLDE	facility,	CERN	

•  Laser	spectroscopy:	spin	and	moments	of	parent	nucleus	

•  Decay	spectroscopy:	level	scheme	of	daughter	nucleus	

	

	

•  Collinear	resonance	ionization	spectroscopy	(CRIS)	

•  The	CRIS	beam	line	at	ISOLDE	

•  The	decay	spectroscopy	station	

•  Recent	results	from	CRIS	experiments	

•  Studying	neutron-deficient	francium	

•  Studying	gallium,	copper	and	radium	

•  Summary	
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Collinear	resonance	ionization	spectroscopy	

The	resolution	of	collinear	spectroscopy	and	the	sensitivity	of	ion	detection	
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Laser	spectroscopy	

•  Probe	the	hyperfine	structure	of	the	energy	levels	of	the	electron	

•  Scan	the	laser	frequency	of	the	resonant	transition	

	

•  Nuclear	properties	extracted	with	model-independence:	
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Resonance	ionization	spectroscopy	

•  Resonant	excitation	is	followed	by	an	ionization	step	into	the	continuum	

•  When	the	laser	frequency	is	on	resonance	with	a	hyperfine	transition,	the	isotope	is	resonantly	ionized	

•  Resonance	ionization	selects	the	isotope	of	interest	

•  Using	an	isotope’s	hyperfine	structure	as	an	atomic	fingerprint	
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Selectivity	of	resonance	ionization	

•  Selectivity	of	an	isotope	is	

•  The	higher	the	number	of	excitation	steps,	the	greater	the	selectivity	
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The	CRIS	beam	line	at	ISOLDE	
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The	ISOLDE	Facility	
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•  Radioactive	isotopes	are	created	and	delivered	to	the	CRIS	beam	line	by:	

•  Proton-induced	spallation/fission/fragmentation	of	1.4	GeV	protons	impinged	upon	a	thick	target	

•  Ionization	of	radioactive	products	via	surface,	laser	or	plasma	ionization	process	

•  Mass	separation	with	HRS	

•  Cooling	and	bunching	in	ISCOOL	at	30	keV	

•  Transmission	through	CA0	to	CRIS	

INPC2016	



The	CRIS	technique	

10	

Count	ions	

Neutralization		
of	ion	bunch	

Resonance	ionization		
of	atom	

MCP	

Measure	radioactive	decay	

Laser	light	

Silicon	detectors	

GS	

Ex	

IP	

Bunched	radioactive	
ion	beam	from	ISOLDE	

•  Use	of	ISCOOL	for	bunched	beam	to	reduce	duty-cycle	losses	associated	with	

using	pulsed	/	chopped	CW	lasers	

•  UHV	region	to	minimize	non-resonant	collisional	ionization	to	minimize	

background	

•  Collinear	geometry	reduces	thermal	Doppler	broadening	to	below	natural	

linewidth	of	the	hyperfine	transition	(GHz	to	MHz)	
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The	CRIS	technique	
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Count	ions	

MCP	 Silicon		
detectors	

Collinear	resonance	ionization	spectroscopy	 Laser-assisted	nuclear	decay	spectroscopy	

•  Sensitivity	of	technique	comes	from:	

•  Detection	of	resonant	ions	

•  Efficient	laser	ionization	

•  Almost	background-free	detection	

•  Implantation	of	the	resonant	ions	in	a	carbon	foil	allows	

their	radioactive	decay	to	be	measured	

•  Provides	additional	information	on	the	isotope	(or	

isomer)	under	investigation	

INPC2016	



The	Decay	Spectroscopy	Station	(DSS)	
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CRIS	laser	laboratory	

•  Located	in	next	to	ISOLDE	facility	in	new	building	

•  Fibre-couple	or	mirror-couple	light	downstairs	to	the	beam	line	

•  Installation	of	new	laser	systems	to	increase	the	available	

wavelengths	for	RIS	schemes	

•  M2	Ti:Sa	laser	and	frequency-doubling	cavity	

•  Matisse	dye	laser	and	frequency-doubling	cavity	

•  Industrial	10	kHz	Nd:YAG	Lee	laser		

•  2Ti:Sa	cavities	(Mainz)	and	injection-seeded	Ti:Sa	system	(Jyväskylä)	

•  200	Hz	Nd:YAG	Litron	laser		

•  Spectron	pulsed-dye	laser	13	
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From	theory	to	practice	

Hyperfine-structure	measurements	of	neutron	deficient	francium	

14	 INPC2016	



CRIS	timeline	

•  2008:	Proposal	for	CRIS	submitted	to	ISOLDE	and	n-ToF	committee	(INTC)	

•  2010:	CRIS	beam	line	constructed	and	installed	at	ISOLDE	

•  2011:	First	radioactive	beam	through	CRIS	

•  2012:	Collinear	resonance	ionization	spectroscopy	(low	resolution)	of	Fr	

•  													Laser-assisted	nuclear	decay	spectroscopy	of	202,204Fr	

•  2013:	CERN	Long	shutdown	1	

•  2014:	Collinear	resonance	ionization	spectroscopy	(high	resolution)	of	Fr	

•  													Laser-assisted	nuclear	decay	spectroscopy	of	206,218Fr	

•  2015:	Collinear	resonance	ionization	spectroscopy	(high	resolution)	of	Fr,	Ga,	Cu	

•  2016:	Collinear	resonance	ionization	spectroscopy	(high	resolution)	of	Cu,	Ra	

15	 INPC2016	
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J. Billowes1, F. Le Blanc2, M. Bissell3, P. Campbell1, B. Cheal1, K. T. Flanagan2, D.H. Forest4,        
E. Mane1,  G. Neyens3, M. De Rydt3, H.H. Stroke5, B. Tastet2, G. Tungate4 and P. Vingerhoets3 

 
1. Nuclear Physics Group, School of Physics and Astronomy, The University of Manchester, M13 9PL, UK. 
2. IPN Orsay, 15 Rue G Clemenceau, 91406, Orsay Cedex, France. 
3. IKS, K.U.Leuven, B-3001, Leuven, Belgium. 
4. School of Physics and Astronomy, The University of Birmingham, B15 2TT, UK. 
5. Department of Physics, New York University, 4 Washington Place, New York, NY 10003, USA. 

 
Spokesperson: K. T. Flanagan 

Contactperson: M. Bissell 
 
This programme requests in total 33 shifts of radioactive beam, which will be spread over several runs 
for a period of two years, commencing 2009. 
 
Introduction  
We propose a programme of collinear resonant ionization spectroscopy (CRIS) of the francium isotopes 
up to and including 201Fr and 218,219Fr. This work aims at answering questions on the ordering of 
quantum states, and effect of the (πs1/2

-1)1/2+ intruder state, which is currently believed to be the ground 
state of 199Fr. This work will also study the edge of the region of reflection asymmetry through 
measurement of the moments and radii of 218,219Fr.  This proposal forms the first part of a series of 
experiments that will study nuclei in this region of the nuclear chart. Based on the success of this initial 
proposal it is the intention of the collaboration to perform high resolution measurements on the isotopes 
of radium and radon that surround 201Fr and 218Fr and thus providing a comprehensive description of the 
ground state properties of this region of the nuclear chart. Recent in-source spectroscopy measurements 
of lead, bismuth and polonium have demonstrated an extremely high detection sensitivity, ultimately 
measuring 182Pb with a yield of 10 atoms/μC [1]. This technique is limited by the full Doppler 
broadening of the hot ion source and is therefore unable to resolve the quadrupole moments from the 
atomic structure of these isotopes. The CRIS method outlined in this proposal, suppresses the associated 
Doppler broadening and operates with a resolution of more than 1 order of magnitude better than in-
source laser spectroscopy. This will allow quadrupole moment measurements and spin assignment to be 
made on the lead, bismuth and polonium isotope chains. The high resolution associated with CRIS 
extends its application down to rare isotopes in the A=50 mass region. 
   CRIS represents a new innovation in laser spectroscopy, which can overcome the low sensitivity of 
current techniques and allow measurements to be performed on very low ion rates. An early attempt to 
realize such a scheme was limited by the duty cycle of the pulsed laser and the associated loss in 
efficiency when working with a continuous ion beam [2].  It is now possible to achieve high detection 
efficiency (up to 50%), high resolution and an ultra-low background, by performing resonant ionization 
spectroscopy (RIS) on a fast atomic bunch. The feasibility of this method has been demonstrated off-line 
at the IGISOL facility in Jyväskylä, with an increase in detection efficiency of nearly 4 orders of 
magnitude compared to fluorescence-photon detection [3]. This scheme was foreseen in the LoI for the 



Neutron-deficient	francium	

•  First	experimental	campaign	at	CRIS	

•  Study	of	evolution	of	nuclear	structure	towards	
199

Fr	

•  Reduction	in	energy	of	proton	intruder	state	(πs1/2
-1
)	½+		in	this	region	of	the	nuclear	

chart	

•  (πs
1/2

-1
)	½+		proton	intruder	state	becomes	the	ground	state	in	

195
At	and	

185
Bi	

•  Suggestion	that	
199

Fr	has	I=	½
+
	ground	state	spin	with	an	associated	large	

deformation	

•  Study	of	isotope/isomer	shifts	and	electromagnetic	moments	will	characterise	

this	region	
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5 ms

0 keV

199Fr

(1/2+)

7 ms

56 keV
(7/2�)

1.6 ms

<300 keV
(13/2+)

53(4) ms

201Fr

(9/2�)

19(+19
�6 ) ms

145 keV
(1/2+)

(7/2�)

0.53(2) s

203Fr

(9/2�)

162 keV
(7/2�)

43(4) ms

⇠360 keV
(1/2+)

3.97(4) s

205Fr

(9/2�)

209 keV
(7/2�)

1.15(4) ms

⇠609 keV
(1/2+)

1

INPC2016	

•  Resonance	ionization	scheme:	

•  422	nm:	Doubled	light	from	M2	Ti:Sa	system	

•  1064	nm:	Light	from	Litron	laser		

J.	Uusitalo	et	al.,	Phys.	Rev.	C	71	024306	(2005)	
U.	Jakobsson	et	al.,	Phys.	Rev.	C	85	014309	(2012)	



Collinear	resonance	ionization	spectroscopy	of	
202

Fr	

•  Identity	of	hyperfine-structure	resonances	determined	by	

alpha-decay	energy	

•  Yield	estimated	to	be	100	atoms/s	

•  Total	experimental	efficiency	estimated	to	be	1%	

	

198At 3.8 s

0 keV
(3+)

1.04 s

102+� keV
(10�)

202Fr 0.30(5) s

0 keV
(3+)

0.29(5) s

102+� keV
(10�)

E↵=7241(8) keV
I=100 %

E↵=7235(8) keV
I=100%

1
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Collinear	resonance	ionization	spectroscopy	of	
204

Fr	

•  Identity	of	hyperfine-structure	resonances	determined	by	

alpha-decay	energy	

	

200At 43(1) s

0 keV
(3+)

47(1) ms

113(1) keV
(7+)

112(5) keV
(2,4+)

7.3 s

344(1) keV
(10�)

204Fr 1.9(5) s

0 keV
(3+)

2.6(3) ms

41(7) keV
(7+)

1.65(15) s

316(7) keV
(10�)

E↵=7031(5) keV
I=100 %

E↵=6969(5) keV
I=99.3(2) %

E↵=7013(5) keV
I=100%

E�=230.9(2) keV

E�=113(1) keV

E↵=6916(8) keV
I=99.4(2) %

E↵=7077(8) keV
I=0.7(2) %

E�=275 keV

1
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Collinear	resonance	ionization	spectroscopy	of	
204

Fr	

•  The	HFS	of	
204

Fr	was	scanned	across	

•  Decay	measurement	was	taken	every	frequency	step	

•  Gate	on	energy	of	alpha	particle	to	enhance	hyperfine	structure	

of	3
(+)
,	7

(+)
	and	10

(-)
	states	of	

204
Fr	

•  Alpha-tagging	allows	hyperfine-structures	to	be	disentangled	

19	 INPC2016	
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Collinear	resonance	ionization	spectroscopy	of	
204

Fr	
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•  The	HFS	of	
204

Fr	was	scanned	across	

•  Decay	measurement	was	taken	every	frequency	step	

•  Gate	on	energy	of	alpha	particle	to	enhance	hyperfine	structure	

of	
204g

Fr,	
204m1

Fr	and	
204m2

Fr	isomers	

•  Alpha-tagging	allows	hyperfine-structures	to	be	disentangled	

K.M.	Lynch	et	al.,	Phys.	Rev.	X	4	011055	(2014)	



Evolution	of	resolution	

October	2012	

•  Fibre-coupled	light	from	

narrow-band		Ti:Sa	laser	

(RILIS)	

21	
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Ex	

IP	

422.7	nm	

1064	nm	

S1/2	

P3/2	

422.7	nm	

100	ns	pulse	

1064	nm	

100	ns	later	

November	2014	

•  CW	laser	light	from	Matisse	Ti:Sa	laser	

(COLLAPS)	was	chopped	into	pulses	

November	2015	

•  CW	laser	light	from	new	M2	Ti:Sa	

laser	(CRIS)	was	chopped	into	pulses		

1.5	GHz	

25	MHz	

•  The	1064	nm	ionization	step	was	delayed	after	start	of	the	422	nm	excitation	step	

•  Smaller	linewidths	were	achieved	

•  Upper-state	splitting	could	now	be	resolved	

•  Extraction	of	quadrupole	moments	

INPC2016	R.P.	de	Groote	et	al.,	Phys.	Rev.	Lett.	115	132501	(2015)	



Collinear	resonance	ionization	spectroscopy	of	
206

Fr	

•  Hyperfine	structure	of	3(+),	7(+)	and	10(-)	states	of	
206

Fr	measured	

•  Laser-assisted	nuclear	decay	spectroscopy	performed	on	each	state	

•  Branching	ratios	of	
206

Fr	and	
202

At	

22	 INPC2016	K.M.	Lynch	et	al.,	Phys.	Rev.	C,	93	014319	(2016)	



Change	in	mean-square	charge	radii	

•  Deviation	from	Pb	(Z=82)	charge	radii	trend	at	
203

Fr	

(N=116)	

•  Marks	onset	of	collective	behaviour	

•  Measure	quadrupole	moment	to	determine	static	deformation	

23	 INPC2016	

203Fr	

•  First	measurement	of	quadrupole	moment	of	
203

Fr	

•  Searched	for	½+	isomer	(t
1/2
=	60	ms)	but	ran	out	of	time	

•  Data	analysis	ongoing…	

δυ AA ' =M A '− A
AA '

+Fδ r2
AA '



g-factors	

•  Ground	state	(π1h
9/2
)	configuration	down	to	

203
Fr	

•  Proton	intruder	state	(π3s
1/2
)	not	yet	inverted	with	the	ground	

state	

•  Ground	state	configuration	of	
202,204

Fr	determined	to	be	

(π1h
9/2
)(ν3p

3/2
)	

•  Configuration	in	literature	is	(π1h
9/2
)(ν2f

5/2
)	based	on	Fr-At-Bi	

alpha-decay	systematics	

•  Initially	a	choice	between	(π1h
9/2
)(ν2f

5/2
)	and	(π1h

9/2
)(ν3p

3/2
)	in	

the	literature		

2f
7/2
	

1h
9/2
	

1i
13/2

	

2f
5/2
	

3p
1/2
	

2g
9/2
	

126	

3p
3/2
	

K.T.	Flanagan	et	al.,	Phys.	Rev.	Lett.	111	212501	(2013)	
K.M.	Lynch	et	al.,	Phys.	Rev.	X	4	011055	(2014)	

	S.	Zhu,	F.	Kondev,	NDS	109,	699	(2008)		

P.	Van	Duppen	et	al.,	NP	A	529,	268	(1991)		

1h
11/2

	

2d
3/2
	

3s
1/2
	

1h
9/2
	

1i
13/2

	

2f
7/2
	

82	
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Recent	results	

Hyperfine-structure	measurements	of	francium,	gallium,	copper	and	radium	
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Nov	2015	

Sept	2015	

April	2016	
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Neutron-rich	francium	

26	 INPC2016	

GS	

Ex	

IP	

422.7	nm	

1064	nm	

S1/2	

P3/2	
•  Quadrupole	moment	of	

219
Fr	extracted		

•  Qs	=	-1.21(2)	eb	

•  Linewidth	of	20(1)	MHz	

R.P.	de	Groote	et	al.,	Phys.	Rev.	Lett.	115	132501	(2015)	

G.J.	Farooq-Smith	et	al.,	Phys	Rev.	C,		Accepted	

•  Hyperfine	structure	of	
214

Fr	

•  Shortest-lived	isotope	(t
1/2
	=	5	ms)		measured	with	

laser	spectroscopy	on-line	

•  Possible	due	to	200	Hz	pulsed	laser	system	

•  Neutron-rich	isotopes	at	border	of	reflection	

asymmetry	

•  Spin	of	
229,231

Fr	suggest	gs	is	proton-intruder	orbital	

4

FIG. 3. (Color on-line) Fitted hyperfine spectra for the
newly measured 218m,219,229,231Fr isotopes and reference iso-
topes 220,221Fr .

The errors given in Table II for δ⟨r2⟩A,221 are the uncer-
tainties originating from the experimental isotope shift
given in parentheses and the total error taking into ac-
count the theoretical errors for the field and mass shift
values [44], given in curly braces.

IV. DISCUSSION

A. Determination of the state in 218mFr

For 218Fr it is important to determine whether the
measured hyperfine spectrum originates from the iso-
meric state or from the ground state. The isomeric state
has a lifetime of 22.0(5) ms [31], while the ground state
has a lifetime of 1.0(6) ms [47]. Since the ion trapping
time in ISCOOL was 32 ms in this experimental run, al-
most all of the 218Fr ground state ions decayed before
reaching the laser-ion interaction region. However, the

TABLE II. Extracted isotope shifts δνA,221 and changes in
mean-square charge radii δ⟨r2⟩A,221, along with spins from
literature. For δ⟨r2⟩A,221, the values in parentheses are the
experimental uncertainties in determining the isotope shifts,
while the values given in curly braces represent the total error
taking into account the theoretical errors for the field and
mass shift values [44].

Isotope Iπ δνA,221 (GHz) δ⟨r2⟩A,221 (fm2)

218mFr (9−) [39] +8.24(10) -0.401(5){6}
219Fr 9/2− [7] +5.59(10) -0.272(5){6}
229Fr (1/2+) [40] -18.36(10) +0.894(5){11}
231Fr (1/2+) [17] -22.14(10) +1.078(5){12}

FIG. 4. α-particle energy spectrum of 218mFr. The most
intense α-decay branches of 218mFr and 214mAt observed by
Ewan et al. and Sheline et al. [31, 39] are labelled. The
vertical arrow indicates the energy of the most intense branch
of the ground state 218Fr [39].

release of the ion bunch from ISCOOL was not synchro-
nized with the proton pulse. This means it is still pos-
sible that some 218Fr ground state ions reached the trap
if a proton pulse arrived within 5 ms of the trap release
trigger.

Figure 4 shows the α-decay energy spectrum mea-
sured with the DSS upon implanting the non-neutralized
component of the 218Fr beam into a carbon foil,
with a collection time of 5 minutes. The most in-
tense α-decay branches observed by Ewan et al. and
Sheline et al. [31, 39] (Table 1 and 2 in [31]
and Fig. 4a,4b and 4d in [39]) are observed here:
7240 keV, 7616 keV, 7657 keV, 7681 keV, and 7952 keV
originating from 218mFr and 8782 keV originating from
214mAt. The vertical arrow in Fig. 4 marks the location
of the most intense α-decay branch of the 218Fr ground
state 7866 keV(Iα = 92%) [39].

A dedicated half-life measurement was not made in this
experimental run for 218Fr, however the α-decay event
timestamp information could be used to estimate the
half-life. The individual timestamps were used to create a
saturation/decay curve for the full 218Fr beam, shown in
Fig. 5. The spectrum was obtained by setting the time of
the proton impact on the ISOLDE target as t0 and plot-
ting the time taken for an α-particle to be detected. A
6500−9500 keV energy gate was applied to the spectrum
to only include α-particles originating from 218mFr and
214mAt. Since the half-life of 214mAt is 760(15) ns [31],
its decay can be considered virtually instantaneous, and
thus the time of detection of a 214mAt α-particle solely
depends on the half-life of its parent 218mFr. Fitting the
decaying part of the curve in Fig. 5, yielded the half-
life value: t1/2(

218mFr) = 21(2) ms in agreement with

I.	Budincevic	et	al.,	Phys.	Rev.	C	90	014317	(2014)	



Neutron-rich	gallium	isotopes	

•  Study	the	stability	of	the	nuclear	structure	beyond	the	N=50	and	Z=28	shell	

closures	

•  Changes	in	nuclear	configuration	due	to	polarization	of	the	core	

•  Beta-decay	of	
80g,m

Ga	

•  Neutralization	of	only	5%	limited	our	efficiency	on	the	neutron-rich	side	

•  Neutron	rich:	
75
Ga,

79-82
Ga	

•  Neutron	deficient:	
65
Ga,

67
Ga	

•  Data	analysis	ongoing…	
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Neutron-rich	copper	isotopes	

•  Neutron-rich	copper	isotopes	with	1	proton	outside	Z=28	towards	N=50	

•  Study	of	the	evolution	of	the	shell	model	with	neutron	excess	

•  Study	spins,	magnetic	and	quadrupole	moments	of	copper	isotopes	A=76-78	

•  75
Cu	measured	yield	of	20,000	ions/s	

•  Estimated	yield	of	
78
Cu	of	<	20	ions/s		

•  Data	analysis	ongoing…	

76Cu	 77Cu	 78Cu	
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Neutron-rich	copper	isotopes	

•  Neutron-rich	copper	isotopes	with	1	proton	outside	Z=28	towards	N=50	

•  Study	of	the	evolution	of	the	shell	model	with	neutron	excess	

•  Study	spins,	magnetic	and	quadrupole	moments	of	copper	isotopes	A=76-78	

•  Studied	
63-66,	68-78

Cu
	
isotopes	

Odd	isotopes	 Even	isotopes	

GS	

Ex	
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AI	
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P3/2	

S1/2	
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Neutron-deficient	radium	isotopes	

•  Experiment	performed	in	August	

•  Study	of	evolution	of	nuclear	structure	in	neutron-deficient	radium	isotopes	

•  Separate	contribution	of	even-Z	core	from	independent	proton	in	francium	

•  Investigate	charge	radii	and	suggested	departure	from	sphericity	

•  High	background	(francium)	limited	measurements	

•  Turned	attention	to	neutron-rich	radium	isotopes	

•  Studied	
214,222-232

Ra,	with	hints	of	resonance	for	
233,234

Ra	

•  Narrowband	TiSa	for	high-resolution	studies	

•  Broadband	TiSa	for	resonance-peak	searches	

•  Resonance	ionization	scheme:	

•  714	nm:	Chopped		CW	light	from	Matisse	TiSa	laser	(narrowband)/	Z-cavity	TiSa	laser	(broadband)	

•  558nm:	Light	from	PDL	
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Neutron-rich	radium	isotopes	

•  Experiment	performed	in	August	

•  Studied	
214,222-232

Ra,	with	hints	of	resonance	for	
233,234

Ra	

•  Data	analysis	just	started…	
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Summary	
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Summary	

•  Presented	technique	of	CRIS:	collinear	resonance	ionization	spectroscopy	

•  Hyperfine	structure	measurements	allow	extraction	of	nuclear	properties	

•  Presence	of	Decay	Spectroscopy	Station	allows	for:	

•  Identification	of	hyperfine-structure	peaks	

•  Dedicated	decay	spectroscopy	of	pure	ground	and	isomeric	states	

•  Demonstration	of	technique	with	neutron-deficient	francium	isotopes	

•  Recent	high-resolution	laser	spectroscopy	studies	of	Ga,	Cu	and	Ra	isotopes	
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The	CRIS																	Collaboration	
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Thanks	for	your	attention!	

With	many	thanks	to	my	PhD	supervisor,	Kieran	Flanagan,	

My	current	supervisor,	Maria	Garcia	Borge,		

And	the	IUPAP	C12	committee	for	this	wonderful	honour.	
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Fitting	the	hyperfine	structure	
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•  The	perturbation	of	each	energy	level	is	given	by:	

•  where:	

	

•  The	frequency	of	each	HF	peak	is	given	by:	

•  where	

ΔE
!
=αA+βB

K = F(F +1)− I(I +1)− J(J +1)

α =
K
2 β =

3K(K +1)− 4I(I +1)J(J +1)
8I(2I −1)J(2J −1)

γ =υ +αuAu +βuBu −αlAl −βlBl

A = µB0
IJ

B = eQs
∂2Ve
∂z2

δυ
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New	charge	exchange	cell	

37	

•  Current	charge	exchange	cell	can	only	use	potassium		

•  Limits	elements	to	those	with	good	neutralization	cross-section	with	potassium	

•  New	charge	exchange	cell	can	be	used	with	potassium,	sodium,	rubidium…	

•  Choose	alkali	metal	based	on	isotope	under	study	

•  Increase	neutralization	efficiency	



Unambiguous	assignment	of	HFS	peaks	

•  Mis-identification	of	HFS	peak	in	
206

Fr	in	low-resolution	data	

•  Missing	peak	for	the	
206m2

Fr	state	

•  High-resolution	studies	and	laser-assisted	decay	spectroscopy	identified	correct	

structure	
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