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Finite Size Correction
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4-body calculation ( 1-st order, 2-nd order purterbation)
Harston, Hara, Kino, Shimamura, Sato, Kamimura

0.50 meV : EMN+E(R)=18.253 —-17.752 =
0.50




In the previous calculation,

1-st order ~ 2-nd order

Purpose of this work :
to make full 4-body calculation

and see the higher-oder contribution




Gaussian Expansion Method (GEM)
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#(basis) < 17 for 2-body H atom
#(basis) < 3,100 for 3-body ditu
#(basis) < 180,000 for 4-body dtue




dtu-e four-body system
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4-body wavefunction [RUREEN
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1st step: three-body, 2nd step: CC calculation for e
0.0456 a.u.
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3-body bound state

Subsystem: 0.01 meV accuracy @ dtu, ddu, H

dty: Korobov, J. Phys. B 37, 2331,




Complex Coordinate Rotation method
r— aexp(if)r, R— aexp(if)R, p— aexp(if)p

(g OV HO)\ Dy (9)) = E, (03,

dtu(J=v=1
' ( )o.o

E..=2.31 meV
172 =0.31 meV

E=E(dtue)-E(dtu—e)— E(dtp) = E(tu)
—-13.6 eV —-660 meV -2.7 keV

0 1 Re(E) (meV)

The complex coordinate rotation method is absolutely necessary



Finite Size Correction Full 4-body calculation

FS dt ue dtu)—e dt ¢
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previous

4-body calculation ( 1-st order , 2-nd order purterbation)

Harston, Hara, Kino, Shimamura, Sato, Kamimura

dtp 0.50 meV : EV+ E2)=18.253 -17.752
0.50

ddy 1.46 meV : E+ E@)=11.577 -10.113 =
1.46

This work
dt“ 2.31 meV correction (dty) .> correction (ddu)

ddIJ 1 70 mev size (dtp) > gjze (dd“)

reasonable




Concluding remark

1) we, for the first time, calculate the full four-body dtmu-e

system and obtained the finite size correction, and found that
the previous second-order purterbation calculation was not

a good approximation.

2) The four-body systems are not true bound states but
resonance states. Use of the complex coordinate rotation

method is absolutely necessary since the accuracy of the
calculation without complex coordinate rotation is worse than

the required accuracy.

3) These consideration will be necessary in the six-body

calculation of the correction.










Complex Coordinate Rotation method
r— aexp(if)r, R— aexp(if)R, p— aexp(if)p

(g OV HO)\ Dy (9)) = E, (03,

E..=2.31 meV

172 =0.31 meV

E=E(dtue)-E(dtu—e)— E(dtn) — E(tu
—13.6 eV —-660 meV -2.7 keV







Finite size correction
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Authors AEFS (meV)

Harston, Hara, Kino, Shimamura, 0.50 (EM+E®=18.253—
Kamimura 17.752)
1.46 (EM+E@=11.577-
10.113)

This Work 0.25
2.31
0.30
1.70




Summary

- Energy levels and widths of 4-body resonance states diue.

ddue are calculated with the use of the Gaussian
expansion method and the complex coordinate rotation

method.

- The results significantly differ from the literature values
calculated by the 2nd order perturebation).

dtue ResongrEe-oifeqRis(Fyportant

Auger decay rate 2.5x1012 s
ddue Full-finite size correction:

E1(ddu) —1964.83 meV Theory (2nd perturbation)

—-1962.6(3) meV Experiment




Contribution from bound states and pseudo states of dty molecledtp(J=1, v=0)
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muon catalyzed fusion (uCF)

HCF cycle Complex molecular formation

Hy [(diu)dee]
Molecular tw—
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ddu (€, =—-1.9747 eV)
0? d+d+y
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Energy (eV)

-2663.2008————d H(1s) + d

-2665.1750
——— _1.9747eV

Molecular formation rates (106s
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meV accuracy

7 significant numbers |




Relativistic and other corrections (meV)

ddu dtu
Vacuum polarization 8.720 16.617

Electromagnetic structure | -1.675 13.183
Relativistic shift 1.650 0.853

Nuclear polarization 0.0 -1.7
Total shift 10.16 29.4
Non-relativistic energy |-1974.985 -660.336
Total-energy -1964.83 -630.9

@,

1 a.u.

0.0456 a.u.




Finite size correction

FS dt dt u)— dt t
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Authors

AEFS (meV)

Menshikov

8

Bakalov

1.2

Scriniz, Szalewicz

O.2_0_1+0'2, 054

Harston, Kamimura,

Shimamura

0.58, 0.50

Harston, Hara, Kino,

Shimamura, Sato,
Kamimura

90.40
(EM+E(2=18.253-17.850)
1.45
(EM+E@=11.577-10.12)




Finite size correction

FS d d —
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Authors

AEFS (meV)

Menshikov

8

Bakalov

1.2

Scriniz, Szalewicz

0.2_,,%2 0.54

Harston, Kamimura, Shimamura

0.58, 0.50

Harston, Hara, Kino, Shimamura,
Kamimura

0.50
(EM+E2=18.253-17.752)
1.46
(EM+E@=11.577-10.113)




Finite size correction

Harston, Hara, Kino, Shimamura, Sato, Kamimura

0.40 meV EM+ER)=18.253-17.752 = 0.50

1.45 meV EN+E@)=11.577-10.113 =1.46




Electron density (1s)
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