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1394 J. Sauvage et al.1. Introdu
tionThe neutron-de�
ient Hg, Au and Pt nu
lei are lo
ated in a region wherenu
lear shape instabilities exist. Indeed, shape 
oexisten
e phenomena andrelated shape transitions between two neighbouring isotopes have alreadybeen dis
overed in some of these nu
lei. In Hg isotopes, a shape 
oexisten
ehas been observed in 185Hg: the 1/2� ground state 
orresponds to a prolateshape while the 13/2+ isomeri
 state has an oblate or triaxial shape [1-3℄.Thus, the huge odd-even staggering of the nu
lear 
harge radius presentfrom 186Hg down to 181Hg 
ould be interpreted as alternating shape transi-tions: the even nu
lei having an oblate or triaxial shape and the odd onesa prolate shape [4℄. In Au nu
lei, an oblate or triaxial to a prolate shapetransition was put forward between 187Au and 186Au [2, 5-9℄. These shape
oexisten
e and transitions are illustrated in �gure 1 by the observed meansquare 
harge radius variations that indi
ate abrupt deformation 
hanges.As for Pt isotopes, the moment of inertia of the rotational band built onthe ground states of the even Pt nu
lei in
reases between A = 198 andA = 184, remains almost 
onstant between A = 184 and A = 178 and de-
reases below A = 178 [10℄ (see Fig. 2). Besides, the deformation 
hangemeasured between 186Pt and 185Pt ground states 
ould be understood as anoblate or triaxial to prolate shape transition [11℄. On the other hand, the1/2� isomeri
 state of 185Pt has a deformation similar to that of 186Pt [12℄though all the 185Pt states lying at low energy 
ould be explained with onlya prolate shape [13℄. Therefore, the goal of the experiment we performedon Pt atoms was to investigate the shape evolution and nu
lear stru
tureof the isomeri
 and ground states of the neutron-de�
ient isotopes fartherfrom stability when the neutron number passes below the neutron mid-shellN = 104. Furthermore, experiments on the odd-A Pt and doubly-odd 184Auisotopes aimed to pre
isely determine the in�uen
e of the neutron and proton
oupling on nu
lear deformation.It is well known that atomi
 spe
tros
opy is a powerful method to inves-tigate the properties of nu
lei in their isomeri
 and ground states. Changesof the nu
lear mean square 
harge radius Æhr2
 i are extra
ted from isotopeshift (IS) measurements, whi
h provide information on nu
lear deformationevolution along isotopi
 series. For odd and doubly-odd nu
lei, magneti
 mo-ments, �I , 
an be dedu
ed from hyper�ne stru
ture (HFS) spe
tra, whi
hsigns the nu
lear stru
ture of states. Moreover, spe
tros
opi
 quadrupolemoments, Qs, of nu
lear states with spin values higher than 1/2 are alsodedu
ed from HFS measurements, whi
h gives the deformation sign for axi-ally symmetri
 nu
lei. Sin
e, at the present time, Au and Pt beams are notdelivered by isotope separators, su
h a laser spe
tros
opy method has to beperformed on se
ondary beams. So, we used the COMPLIS setup whi
h has
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Fig. 1. Æhr2
 i values extra
ted from IS results for Hg, Au and Pt nu
lei [4,7-9,11,12℄.been designed to realize Resonan
e Ionization Spe
tros
opy (RIS) study ona pulsed se
ondary atomi
 beam produ
ed by laser desorption. IS and HFSspe
tra have been obtained for the 178�185Pt atoms and 184Aum;g isomers.In a �rst part, after a brief des
ription of the experimental setup, the resultsobtained on Pt and 184Au isotopes will be presented, 
ompared with the-oreti
al predi
tions and dis
ussed. After that, the deformation determinedfor the two isotones 183Ptm;g and 184Aum;g together with theoreti
al pre-di
tions will be used to qualitatively explain the relative lo
ation in energyof the isomeri
 and ground states of 184Au that is inverted in 
omparisonwith that observed, for the same neutron states, in the other N = 105 iso-tones 181Os, 182Ir, 183Pt and 185Hg [2, 3, 13-20℄. It is worth noting that thenumerous nu
lear spe
tros
opy measurements previously performed on Ptand Au isotopes were extremely helpful to prepare the present experimentsand to interpret the results obtained. In a se
ond part, to illustrate thatatomi
 and nu
lear spe
tros
opy are 
omplementary methods, the 
ase ofthe 182Ir isotope [17, 18℄ in whi
h it was ne
essary to establish if an isomeri
state exists or not before measuring its HFS spe
trum, will be used, as anexample. The internal 
onversion ele
tron measurement performed for thatpurpose will be des
ribed and the results presented. Lastly, some 
on
ludingremarks will be given.
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Fig. 2. Ground state bands, 0+2 and 2+2 levels through the even Pt nu
lei.2. Laser spe
tros
opy studies2.1. Experimental setup and pro
edure for measurements on Pt atomsAt the present time, Pt atoms are only obtained by two su

essive �+/ECde
ays or � de
ay of Hg ions. At ISOLDE, Hg isotopes are produ
ed bybombarding the molten lead target with the 1 GeV staggered proton beamdelivered by the PS-BOOSTER [21℄. They are extra
ted from the ion sour
eusing a 60 kV high voltage and mass-separated by the General PurposeSeparator. The 60 kV Hg beam from ISOLDE is guided by ele
trostati
elements and a magnet and then slowed from 60 kV down to 1 kV in aretardation lens before being deposited onto a graphite 
olle
ting disk. Aftera waiting time de�ned in order to optimize the amount of the daughter orgrand-daughter of Hg atoms, Pt atoms are desorbed by a powerful frequen
y-doubled Nd:YAG laser beam produ
ing the pulsed se
ondary Pt atomi
beam. Some �s later the desorbed atoms are ionized in a three step RISpro
ess. The resulting ions are then extra
ted under the 59 kV high voltageand guided to the mi
ro
hannel plate dete
tor. They are mass-identi�ed bytheir time-of-�ight. For ea
h frequen
y step, the ion signal is integrated usinga digital os
illos
ope and the data are sent in a multi-task SUN workstation.An inje
tor serves to send stable ion beam into the COMPLIS in
ident beamline before the experiment in order to optimize the experimental 
onditions.Spe
tros
opi
 information is provided by the frequen
y s
an of the �rst laserex
itation step at 306 nm wavelength that 
orresponds to the 5d96s 3D3 !5d96p 3P2 atomi
 transition.To produ
e single mode pulses a dye 
ell pumped by frequen
y-doubledNd:YAG pulses is inserted in the 
avity of a 
ontinuously tunable single modedye laser [22℄. These pulses are then ampli�ed in dye 
ells and frequen
y-doubled in a 
rystal to get the single mode beam at 306 nm wavelength. A
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ommer
ial dye laser pumped by a Nd:YAG delivers a pulsed laser beam ataround 741 nm for the ionizing step ; its frequen
y-doubled beam at 371 nmis used to indu
e the se
ond ex
itation step. The COMPLIS setup has alsobeen used for 184Au measurements [23℄.2.2. Experimental resultsThe HFS spe
tra of the 183Ptg and 185Ptm;g atoms were more pre
iselymeasured. Furthermore, the HFS spe
tra of 178;179;180;181;182Pt and 183Ptmatoms were re
orded for the �rst time. The HFS spe
trum of 183Pt obtainedfrom the 306 nm atomi
 transition is shown in �gure 3, as an example. Theverti
al s
ale has been 
hosen to emphasize the weak peaks 
orrespondingto the 7/2� isomer (T1=2=43 s) ; the two strongest peaks that are saturated,
orrespond to the 1/2� ground state (T1=2=6.5 m). Sin
e the half-lives ofthe two isomers are very di�erent the peaks 
ould be easily identi�ed by useof di�erent waiting times, 57 s and 172 s, between the end of the Hg ion
olle
tion and the laser desorption.

0 50 100 150
Frequency (Channels)

Isomeric State I=7/2

Ground State I=1/2

2 GHz

Fig. 3. Hyper�ne spe
trum of 183Pt.For the odd isotopes with a nu
lear spin value I = 1=2 only the mag-neti
 moment 
an be determined. It is given by the following relation:� = AIJ=He(0). The magneti
 �eld at the nu
leus He(0) is 
al
ulatedfrom the well known � and A values of 195Pt [24, 25℄. The magneti
 hyper-�ne 
onstants for the two atomi
 levels A and A0 are determined from thefrequen
y positions of the resonant lines. For 183Ptm and 185Ptg, in addi-
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 moment, it is possible to determine the spe
tros
opi
quadrupole moment Qs: Qs = B=e�JJ(0). The ele
tri
 �eld gradient atthe nu
leus is known [12℄ ; thus Qs = �0:685B. The ele
trostati
 hyper�ne
onstants B and B0 are also extra
ted from the frequen
y positions of theresonant lines. The nu
lear moments obtained are given in Table I. Q
orrs isTABLE INu
lear moments of platinum isotopes.A I� ,K � (�N ) Qs (b) Q
orrs (b) Q0 (b) �185g 9/2+,9/2 �0.723(11) +4.10(19) +3.73(17) +6.84(31) +0.229(10)185m 1/2�,1/2 +0.503(5)183g 1/2�,1/2 +0.502(5)183m 7/2�,7/2 +0.782(14) +3.71(13) +3.37(27) +7.22(58) +0.242(18)181 1/2�,1/2 +0.484(21)179 1/2�,1/2 +0.431(32)the spe
tros
opi
 quadrupole moment 
orre
ted for 
ore polarization e�e
ts:Q
orrs = Qs=(1�R) :The Sterheimer shielding fa
tor R = �0.1 is obtained from systemati
s onthe 5d shell [26℄. Q0 is the intrinsi
 quadrupole moment obtained if weassume an axial symmetry for the nu
leus:Q0 = Q
orrS (I + 1)(2I + 3)=(3K2 � I(I + 1)) ;where K is the proje
tion, on the symmetry axis, of the angular momen-tum I. The deformation parameter is dedu
ed from the value by use of thefollowing relation with r0 = 1:2 fm:Q0 = 3p5�Zr20A 23�(1 + 27r 5��) :The IS values relative to 194Pt are extra
ted from the experimental spe
-tra of all isotopes. It 
onsists of a mass shift and a �eld shift Æ�. The massshift 
ontribution that varies as 1=A2 is very small for the masses aroundA = 180 [12℄. The nu
lear parameter �A;A0 is extra
ted from the �eld shift:�A;A0 = Æ�A;A0=F306, where the ele
troni
 fa
tor F306 of the 306 nm atomi
transition has been estimated from a King plot made on the stable isotopesusing the 
al
ulated F266 value of the 266 nm transition [12℄ and the exper-imental IS data of both the 306 nm and 266 nm transitions: F306 = �18:5
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e: the Æhr2
 i values; and then, as-suming a pure quadrupole deformation, the h�2i1=2 values with the � valueof 194Pt (obtained from B(E2) measurements) used as a referen
e. The ISTABLE IIMean square 
harge radius 
hanges in platinum isotopes.A I� Æ�194;A (GHz) Æhr2
 i (fm2) h�2i1=2 � 1185g 9/2+ 1.582(35) �0.093(7) 0.231(3) +0.229(10)185m 1/2� 3.611( 7) �0.212(6) 0.207(3)183g 1/2� 3.67 ( 5) �0.216(8) 0.227(3)183m 7/2� 1.81 ( 4) �0.106(8) 0.246(3) +0.242(18)182 0 4.75 ( 8) �0.279(10) 0.225(4)181 1/2� 4.27 (20) �0.251(15) 0.239(4)180 0 6.13 ( 5) �0.360(11) 0.229(4)179 1/2� 5.70 (30) �0.335(21) 0.243(5)178 0 8.99 (20) �0.529(16) 0.216(5)1deformation parameters dedu
ed from Q0 valuesresults are given in Table II where the � values dedu
ed from the Q0 valueshave been reported in the last 
olumn. The nu
lear moments, IS results anddeformation parameters of 184Au, taken from referen
e 23, are reported inTable III. For 185Ptg, 183Ptm and 184Aug, the � value dedu
ed from the Q0value is in ex
ellent agreement with the value 
al
ulated from the IS result,whi
h shows that the axial symmetry we assumed to 
al
ulate Q0 is fullyjusti�ed. TABLE IIINu
lear moments and IS results in 184Au from referen
e [23℄.A I�,K Qs Q0 Æ�197;A Æhr2
 i � h�2i1=2(b) (b) (GHz) (fm2) 1 2184g 5+,5 +4.65(26) +8.06(45) 2.81(30) �0.064(12) +0.264(14) 0.255(3)184m 2+,2 +1.90(16) +6.65(56) 4.20(30) �0.100(12) +0.221(17) 0.249(3)1� deformation parameters dedu
ed from Q0 values2 h�2i1=2 deformation parameters from IS resultsThe Æhr2
 i measured in the Pt isotopes are shown in �gure 4. The mostremarkable results are the following: a) a large deformation 
hange betweenthe isomeri
 and ground states for both 183Pt and 185Pt, b) a strong invertedodd-even staggering around the neutron mid-shell N = 104, 
) for the even
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 i values for Pt isotopes from the present work and referen
es [11,12℄.Pt, a 
lear deformation in
rease from A = 188 down to A = 180 and ade
rease for A = 178. Therefore, the maximum of the deformation is foundfor N = 102. This deformation evolution is in agreement with the momentof inertia 
hange observed in the ground state rotational bands shown in�gure 2. 2.3. Brief des
ription of the theoreti
al approa
hesTo attempt to interpret all of these results, two di�erent theoreti
alapproa
hes have been used: the �rst one to predi
t the energies and themagneti
 moments of the states in the odd nu
lei; the se
ond one to studythe Æhr2
 i values:� State energies and magneti
 momentsIn this approa
h we pro
eed in three steps. First, assuming axialsymmetry, Hartree�Fo
k + BCS 
al
ulations are performed using theSkyrme III for
e to get the quasiparti
le wave fun
tions  for the 
ore[27℄. Furthermore, the 
ore has been 
onstrained to take the defor-mation extra
ted from our Æhr2
 i measurement for the odd nu
leus.Se
ond, using these wave fun
tions in an axial rotor + quasiparti
le
oupling model the wave fun
tions 	 for the 
oupled states of the oddnu
leus are obtained. In this 
oupling model the Coriolis intera
tionis exa
tly treated and all the quasiparti
le states  lo
ated at �5MeVaround the Fermi level are taken into a

ount [28℄. Lastly the mag-neti
 moments are 
al
ulated using the wave fun
tions 	 and gR=Z/A[29℄.
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 i valuesMi
ros
opi
 Hartree�Fo
k�Bogoliubov (HFB) 
al
ulations using theGogny for
e have been 
arried out in two ways [30, 31℄. First, 
al
ula-tions are made, assuming axial symmetry, to get the potential energy
urve. The stati
 
harge radius is determined for the energy minimumof the 
urve. The blo
king pro
edure is adopted for the odd nu
lei[31℄. Se
ond, for the even nu
lei, HFB 
al
ulations are performed toget the potential energy surfa
e against the deformation parameters� and 
, 
olle
tive masses and moments of inertia. And then, usingthese ingredients a 
olle
tive Hamiltonian treating quadrupole motionis built mi
ros
opi
ally and solved. The obtained wave fun
tions serveto 
al
ulate the dynami
 mean square 
harge radius.It is worth noting that in these two mi
ros
opi
 approa
hes there is noadjustable parameters. 2.4. Dis
ussionThe experimental Æhr2
 i values are 
ompared with those 
al
ulated usingthe axial HFB approa
h in �gure 5a. Contrary to the experimental resultsthe odd-even staggering is predi
ted to be normal. Su
h a normal odd-even staggering that 
orresponds to larger hr2
 i values for even�even nu
leithan for odd nu
lei is usually explained by pairing e�e
ts [32℄. Besides, atoo sharp radius 
hange is 
al
ulated between 188Pt and 186Pt, and the nu-
lei are predi
ted too mu
h deformed espe
ially for the lightest even�evenisotopes. On the other hand, the radius 
hange between the isomeri
 andground states are 
orre
tly reprodu
ed for both 183Pt and 185Pt. For theeven�even Pt, the experimental results are 
ompared with the theoreti
alones obtained using the triaxial HFB 
al
ulations (see Fig. 5b). Thoughthe predi
ted deformations remain slightly too large for the lightest iso-topes, the agreement between the experimental and theoreti
al Æhr2
 i valuesis very 
learly improved. The deformation 
hange is quite well reprodu
edbut it is slightly more drasti
. A plateau is observed from 188Pt down to184Pt whereas the model predi
ts a slope 
hange between 188Pt and 184Pt.However, the slope 
hange is found for the same mass A = 188 and theexperimental and theoreti
al 
urves have very similar trends. Furthermore,one 
an see by 
omparing the �gures 5a and 5b that the inverted odd-evenstaggering 
an be qualitatively explained if the even�even Pt nu
lei have atriaxial shape with 
 values � 15Æ and the odd Pt a pure prolate shape. Avery remarkable feature that remains to be understood, is the regular in-
rease of the odd-even staggering when the neutron number de
reases (seeFig. 4).
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 Æhr2
 i valuesfrom the axial HBF approa
h. (b) � Comparison of the experimental Æhr2
 i valueswith the dynami
 Æhr2
 i values from the triaxial HBF approa
h. TABLE IVComparison of the measured �exp and 
al
ulated �
al magneti
 moments.Nu
leus I� Con�guration �exp �
al(�N ) gsfree(0.6gsfree)185Ptg 9/2+ 9/2+[624℄ �0.723(11) �1.46(�0.86)185Ptm 1/2� 1/2�[521℄ +0.503( 5) +0.63(+0.37)183Ptg 1/2� 1/2�[521℄ +0.502( 5) +0.63(+0.37)183Ptm 7/2� 7/2�[514℄ +0.782(14) +1.46(+0.99)181Pt 1/2� 1/2�[521℄ +0.484(21) +0.63(+0.38)179Pt 1/2� 1/2�[521℄ +0.431(32) +0.64(+0.38)184Aug 5+ �3=2�[532℄
 �7=2�[514℄ +2.07(2) +2.3(2.2)184Aum 2+ �3=2�[532℄
 �1=2�[521℄ +1.44(2) +1.2(1.4)The measured magneti
 moments �exp of Pt nu
lei are 
ompared in Ta-ble IV with the magneti
 moments �
al 
al
ulated using the axial-rotor+one-quasiparti
le 
oupling model for gs = gsfree(0:6ggsfree). A satisfa
tory agree-ment is obtained, whi
h 
on�rms the stru
ture, 
orresponding to a prolateshape, attributed to the isomeri
 and ground states of the odd Pt nu
lei.In 184Au, our measurements have shown that the 5+ and 2+ states havealmost pure K = 5 and K = 2 wave fun
tions. Then, they 
orrespondvery likely to the � 3=2[532℄ 
 �7=2[514℄ and � 3=2[532℄ 
 �1=2[521℄ 
on-�gurations respe
tively. It is worth noting that the h9=2 proton, de
oupledfrom the 
ore by the Coriolis for
e in 183;185Au [2, 6℄, be
omes the strongly
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oupled 3/2[532℄ proton state (h9=2 parentage) in the doubly-odd 184Au nu-
leus. The magneti
 moments 
ould be then estimated using the relation� = K(gKpKp + gKnKn + gR)=(I + 1) [33℄ and the gKp and gKn values de-du
ed from magneti
 moments 
al
ulated in the neighbouring odd isotopes.The perfe
t agreement obtained between �exp and �
al strongly 
on�rms the
on�gurations attributed to both states (see Table IV).
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Fig. 6. (a) � Systemati
s of the 1/2[521℄ and 7/2[514℄ neutron states (
oupled, inthe 
ase of the doubly-odd nu
lei, to the proton state arising from the h9=2 subshell)for the N = 105 isotones. (b) � Theoreti
al energies of the 1/2[521℄ and 7/2[514℄neutron states against �.The systemati
s of the 1/2[521℄ and 7/2[514℄ neutron states (
oupledto the proton 
oming from the h9=2 subshell in the 
ase of the doubly-oddnu
lei) observed in the N = 105 isotones, is shown in �gure 6a. There isan inversion of the 1/2 and 7/2 states in 184Au relatively to other N =105 isotones. In order to know if this state inversion is due or not to thedeformation 
hanges observed in 183Ptg;m and 184Aug;m we have 
al
ulatedthe evolution of the energy of the 1/2[521℄ and 7/2[514℄ neutron states as afun
tion of the deformation using the axial-rotor+one-quasiparti
le 
ouplingmodel with the neighbouring 184Pt 
ore. The results are shown in �gure6b together with the deformations dedu
ed from our measurements for theisomeri
 and ground states of 183Pt and 184Au. One 
an see that the 1/2[521℄state lies below the 7/2[514℄ state for the 183Pt deformations whereas it liesabove for the 184Au ones. Thus the deformations measured for 183Ptg;m and



1404 J. Sauvage et al.184Aug;m allow us to qualitatively explain the state inversion observed in184Au. Moreover, the di�eren
e in deformation between the isomeri
 andground states of 184Au is 
learly smaller than that in 183Pt. This is dueto the 
oupling of the 1/2[521℄ and 7/2[514℄ neutron states to the 3/2[532℄proton state that tends to in
rease the nu
lear deformation.3. Internal 
onversion ele
tron measurementsThe Ir isotopi
 series is a very good 
andidate for studying the h9=2proton 
oupling mode sin
e the proton state arising from the h9=2 subshellplays an important role in most of the isomeri
 and ground states of theneutron-de�
ient Ir isotopes. To illustrate the fa
t that atomi
 and nu
learspe
tros
opy are 
omplementary methods I will use the 
ase of 182Ir, isotoneof 184Au. An in-beam study previously performed in 182Ir allowed Kreineret al. [18℄ to identify three rotational bands. A doubly-de
oupled bandbuilt on the level lo
ated at the lowest energy has been asso
iated to the�h9=2 
 �1=2[521℄ 
on�guration. Spin and parity values I� = 5+ have beenassigned to its observed bandhead from the known properties of doubly-de
oupled bands [34,35℄. The 3+ state of this band is expe
ted to be lo
atedbelow and very 
lose to the 5+ state [36℄. The se
ond observed rotationalband possibly 
orresponds to the �h9=2 
 7=2[514℄ 
on�guration. It de
aysto the �rst band via a 45.4 keV M1 transition. The third band of a semi-de
oupled type has been asso
iated to the �h9=2 
 �i13=2 
on�guration. Itde
ays to the se
ond band by a 81.5 keV E1 transition. Furthermore, thelow-spin states of 182Ir have been studied using the �+/EC de
ay of 182Pt[17℄. The two important lines linking the rotational bands mentioned above

Fig. 7. The lowest energy part of the 182Ir level s
heme established from �+/ECde
ay of 182Pt[17℄. The E2 25.7 keV transition has been added.
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ient Au and Pt Isotopes... 1405have also been observed (see Fig. 7). They form a 
as
ade 81.4�45.3 keVthat feeds a state lo
ated at 25 keV above the ground state. Given that20% of the total desintegration intensity populates this 25 keV level it was
on
luded that either the 25 keV level is an isomeri
 state or the de
ayingtransition is highly 
onverted and has, at least, an E2 multipolarity. AnE2 25 keV transition, if it exists 
an be observed only through its internal
onversion ele
trons. So to sear
h for, a radioa
tive de
ay experiment wasperformed at ISOLDE using the molten lead target [21℄ to produ
e a Hgmass-separated beam.

1

Fig. 8. Low-energy part of the ele
tron spe
trum from the �+/EC de
ay of 182Pt.The 182Pt nu
lei were produ
ed by two su

essive �+/EC de
ays of 182Hgnu
lei. To perform the ele
tron measurement a magneti
 spe
trograph was
oupled to a tape transport system [37℄. The radioa
tive ions are slowedfrom 60 kV down to 0.7 kV before 
olle
tion to prevent an implantationinto the tape. This preserves the high resolution for low-energy ele
trons.Moreover, -13 kV are applied to the sour
e inside the spe
trograph to a

el-erate the emitted ele
trons so that the low-energy ele
trons 
an be dete
tedby the photographi
 �lm. The low-energy part of the ele
tron spe
trumre
orded in this experiment is shown in �gure 8. The ele
tron lines for theinternal 
onversion of a 25.7 keV transition in the L1, L2, L3,M2,M3 and Nsubshells are very 
learly observed. Their relative intensities are in perfe
tagreement with those expe
ted for an E2 multipolarity, whi
h unambigu-ously determines spin and parity values I� = 3+ for the 182Ir grounds state.



1406 J. Sauvage et al.This 3+ state is very likely the band head of the rotational band asso
iatedto the �h9=2 
 �1=2[521℄ 
on�guration. No isomeri
 state with long half-lifeexists in 182Ir. Laser spe
tros
opy experiment will allow the measurementof the nu
lear moments, whi
h should 
on�rm the 
on�guration proposedfor the ground state and determine if the wave fun
tion is pure K = 3 ornot, providing information on the 
oupling mode of the proton and neutronstates. 4. Con
luding remarksFrom the laser spe
tros
opy results and their 
omparison with the axialand triaxial HFB 
al
ulations we 
an 
on
lude that the inverted odd-evenstaggering observed in the light Pt isotopes is the signature of alternat-ing shape transitions, the odd Pt nu
lei having a prolate shape and theeven�even Pt triaxial shape with 
 values around 15Æ. The deformation pa-rameter values extra
ted from IS measurements for 183Pt and 184Au allowsus to qualitatively explain the state inversion observed in 184Au relativelyto its N = 105 isotones. Furthermore, they allow the determination of thein
rease of the deformation in 184Aug and 184Aum relatively to 183Ptm and183Ptg due to the intruder 3/2[532℄ proton state 
oupling in 184Au. For theeven�even Pt isotopes, the deformation maximum is found for the neutronnumber N = 102 that is slightly beyond the neutron mid-shell N = 104.Atomi
 and nu
lear spe
tros
opy are 
omplementary methods to study nu-
lear stru
ture. This be
omes espe
ially visible for the doubly-odd nu
leusstudies as shown for 184Au and 182Ir. Thus, an important result is the 
hangeof the proton 
oupling observed between the odd and doubly-odd nu
lei. Theh9=2 proton that is de
oupled from the 
ore in 183;185Au, is strongly 
oupledin the doubly-odd 184Au nu
leus. Nu
lear spe
tros
opy results strongly sug-gest that the h9=2 proton is implied in the ground state of the Ir isotopeswith A <187. Therefore, the Ir isotopes are very good 
andidates to providemore information about the h9=2 proton 
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