are implemented as sophisticated parallel FORTRAN codes [1]. Using our In-house two-valence RCC code, we

[2] and Pb4* [3]. We have computed excitation energies, E1 and M1 transition amplitudes, oscillator strengths, c
metastable clock state. For Al*, our computed lifetime of 20.2 s for 3s3p 3P, clock state is in excellent agreement with
calculations predict a high lifetime of 9.8 x 10° s for 6s6p 3P, clock state.
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E1l & HFS Transition Amplitudes (a.u.)

State RCC Breit + QED+ Total Others
P-triples work
(1S,IID|I°P,) | -1.425 x | -0.088 x | -1.513x
1072 1072 1072
(1S,IID||'P,) | 2.841 -0.001 2.840
(3P, ||¢|]3Py) | -0.095 0.001 -0.094 | -0.120 [4]
(\P,||t*|]*P,) | 0.079 -0.001 0.078 | 0.096 [4]

Hyperfine Structure Constant (MHz)

Methods MHFS (A) QHFS (B)

3P, 3p, 1P, 3P, 3p, 1P,
CCSD 1385.41 | 1188.02 (292.59|-16.17 | 25.55 |27.88
CCSD(T) 1393.73 {1184.16 | 283.93 | -16.65 | 24.27 |28.31
CCSD(T) + | 1389.81 | 1174.29 | 286.08 | -16.65 | 24.27 |28.31
Breit +
QED
Others[5] | 1348 1149 -15.62 | 31.42

Lifetime (s)

Methods Elyrg T
CCSD 5.153 x 107° 21.33
CCSD(T) 5.316 X 107> 20.04
CCSD(T) + Breit + QED 5.295 x 107° 20.20 + 0.91
Experiments 20.6 + 1.4[6]
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Relativistic Coupled-Cluster Calculations for Clock Transition Properties in Al* and Pb?*

nave probed the clock transition properties in Al*
Ipole polarizability, and the lifetime of the
the experimental value 20.6 s. For Pb%*, our
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E1l & M1 Transition Amplitudes (a.u.)

State RCC Breit + QED+ | Total Others
P-triples work
(1S,||D||*P4) | 0.5319 -0.0031 0.5288 | 0.706 [7],
0.644 [8]
(1S,IID||'P,) | 1.9854 | -0.0324 | 1.9530 | 2.350[7],
2.384 [8]
(3S,||D||3Py) | 0.5362 -0.0003 0.5359 | 0.963 [8]
(3D,||D||3Py) | -1.4796 -0.0184 -1.4980 | -1.516 [8]
(3P,|IM||3P,) | -1.3117 0.0001 -1.3116 | -0.674 [7/]
('P,||[M||3P,) | 0.4972 0.0003 0.4975 | 0.205 [7]
(1S,|IM||3S,) | 0.0044 -0.0003 0.0041
(1S,||M||*D,) | -0.0143 -0.0026 -0.0169

Ground State Polarizability (a.u.)

Present work
State Method a
6s2 1S, DF 16.246
PRCC(T) 14.166
PRCC(T) + Breit +QED 14.064
Recommended 14.02 + 0.21
Other results 13.3 [8], 13.6(Expt) [9]

Lifetime (s)

Configurations/Methods T (X 10°)
6s2 + 6s6p 9.595
6s7s 0.029
6s6d 0.248
Total CCSD 9.872
CCSD(T) + Breit + QED 9.761
Others 9 x 10° [7]

(a)

N
W

1 1 .
yl: <'Sp| D||'P> =

N
]
T

Transition amplitude
\]

g
o
T

o

3 3
y2: <'P4|| M ||"Py> - |

1 1.32

1 1.31

(b)

<IsgIMIPD,>
1.33

% contribution
% o

N
I

90 130 170

Basis size

(©)

50

1.3

1 3
< Sl M PDy>

3 3 .
<Dy|[ D [IPPg

Breit QED Triples

(d)

o)}
o

110 |

70 |

30 |

% contribution

-10

N
o

77“N'sDEPARTMENT OF PHYSICS

)
i
Ty & I
W op TIC

ndian Institute of Technology Delhi

University Grants Commission

E | | ]
% contribution
o]
o -
|
0\%0;—
49 [

High Performance Computir

Supercomputer @ IITD : The Central Hybrid Supercomputing Cluster at Indian Institute of Technology

Delhi

PARAM Himalaya, NSM, India

TEJAS Cluster, Dept. of Phys., IITD



https://arxiv.org/abs/2403.15841

