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Lifetime measurements of the ground state hyperfine transions in H-like and
Li-like bismuth *
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The goal of the LIBELLE experiment is to determine ¢ 600022
the energies of the ground state HFS transitions in H-like gp 5000; Ofe//.
and Li-like bismuth via laser spectroscopy. If both values 3 2 40003 / ”7/,7(77
are known with sufficient precision, this enables a test of § & 30007 7y
bound state QED in extreme electric and magnetic fields & & 20002\
via the calculation of the so-called specific difference of mloogi N
the transitions (see Shabaev et al. [1]). Nuclear structure § 0 v o,

effects, like the distribution of the magnetic momentst tha
otherwise mask the QED contribution, are largely canceled
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Both transitions were successfully measured with the §g§88§ "’@’/,h,. Ly
LIBELLE experiment in 2011 [2]. The accuracy was lim- £ & 500 Ny, 4
ited, however, by the determination of the ion velocity g@ 2006 g S
which is needed for transformation to the rest frame. Be- Tk 7 e
sides the investigation of the transition energies the life 5F ‘ ‘ TR a
L )

&

residuals

time of the Li-like state was measured as well. With an im-

proved determination of the ion velocity and a high perfor- O 0 A0 e B e )
mance data acquisition (DAQ) the beam-time was repeated

in March 2014 [3]. The new DAQ was capable to recordrigure 2: Photon count rate versus decay time for H- and
timestamps for each detected photon which are set in relai-like bismuth together with fit.

tion to a reference point. F8P?Bi®?™ this reference point

is given by the laser shot itself leading to a measuremerll&ble 1: Preliminary lifetime results transformed in the

interval of 30 ms. This is long enough since the lifetime :
) jons rest frame, compared to other experimental work and
of 209Bi®** is about 400us. For299Bi®’" a shutter has P P

been introduced into the laser beam line to extend the d'g1_eoret|cal perlcﬂ(_)l?k.e (r/ S): | Li-like (/ms):

cay interval to~ 1 s, since the expected lifetime is about

: thiswork | (399.15+1.64) | (82.15£2.93)
80 ms. During measurement cycles the upper HFS state 'gxp [4] (351.0 = 16.0) )
populated for about 0.5 s, than the shutter is closed and thgxp' [5] (397 5'0 1 5'0) )
ions can de-excite for about 1 s. eo. [61,[7]| (399.01 = 0.19) (82.0+1.4)

. . . Lt
The ions are compressed into two bunches, one is ex0|te(J1

by the laser, the other_is treated as referencg. The ,tim?%'. 2, upper plot). For Li-like data a background correc-

tamp can be syn(_:hrc_)nlzed to th? lons .revolut|on penpd 'fon is mandatory, therefore the signal and reference peaks

the ESR to obtain fig. 1 anq d'.St'ngu'Sh between sign ffig. 1 are fitted via two exponentially modified Gaussians

and reference peak. For H-like ions the most accurate "§hd a constant offset with the difference area as fit param-

eter. The obtained lifetime curves (fig. 2) can be fitted via

an exponential decay model. In casé®Bi*’* the model

can be extended taking into account stimulated emission

and absorption, to also fit the rising branch of the data dur-
‘ ‘ ing laser excitation. Preliminary lifetimes transformatbi

° N 6(t)ime syn:r?runized tlgorevolutiolioperiod (?23 ns) the rest frame are given in tab. 1.
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Figure 1: Photon count rate versus photon incident time References
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