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• Y. Kita, R. Maezono, M. Tachikawa, M. Towler, and R. J. Needs, J. Chem. Phys. 131, 134310 (2009).

• M. Tachikawa, Y. Kita, and R. J. Buenker, Phys. Chem. Chem. Phys., 13, 2701 (2011).
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When a positron interacts with atom/molecule, they can form a
meta-stable “positronic compound” before pair annihilation.
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PositronicPositronic compound:compound:
���� Electronic & Positronic Structure ?
���� Stable Geometry ??

Theoretical analysis is indispensable!

life-time
: 10-7 ~ 10-10 sec. +

Pair annihilation

Nuc.

(n(n--1)1)××ee--

X

1.1. Introduction: 1.1. Introduction: PositronicPositronic compoundscompounds
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1.2. Experimental PA values !1.2. Experimental PA values !

J. R. Danielson, J. J. Gosselin, and C. M. Surko, 
Phys. Rev. Lett. 104, 233201 (2010).

PA(CH3CN)=180 meV

PA (Positron Affinity)

=E(X)-E([X;e+])

acetonitrile
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• Total Hamiltonian (N electron、、、、1 positron、、、、M fixed nuclei):

∑∑∑∑
== >=

−++=
N

i pi

p
N

i

N

ij ij

N

i

e

tot
r

ph
r

ihH
111

1
)(

1
)(

•Total wavefunction:
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2.1.Multi2.1.Multi--Component MO (MC_MO)Component MO (MC_MO)
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1. Hartree-Fock (HF) equations:

Electrons:

Positron : p
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I-electron excitation [I0]
|IJ> : J-positron excitation [0J]

I-elec & J-pos excitation [IJ]

Electrons:

Positron:
R: Center

α: Exponent

[*] MP2: M. Tachikawa, K. Iguchi, and K. Suzuki, J. Chem. Phys. 101, 5925 (1995). Gradient: M. Tachikawa, K. Mori, H. 
Nakai, and K. Iguchi, Chem. Phys. Lett. 290, 437 (1998). CI: M. Tachikawa, Chem. Phys. Lett. 350, 269 (2001), Chem. 
Phys. Lett. 360, 494 (2002). R. J. Buenker, M. Tachikawa, M. Kimura, et al., Phys. Rev. A73, 022705 (2006).

[*] STF: I. L. Thomas, PR (1969). ECG: L. Adamowicz, PRL (2002). GTF: H. Nagao, IJQC (1996), Y. Shigeta, JCP (1999), 

H. Nakai, JCP (2003), S. Hammes-Schiffer, JCP (2005), C.D.Sherrill, MP (2004). DFT: E. K. U. Gross, PRL (2001).

2.1.Multi2.1.Multi--Component MO (MC_MO)Component MO (MC_MO)
1. LCAO expansion →→→→ HF Roothaan equations: 
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2. Correlation: Configuration Interaction (CI) 
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[H[H--;e;e++]]

MC_MO(HF) -0.666950 (hartree)

-0.769167 (85%)
MC_MO(Full CI) [1]

[e-/e+= 6s3p2d1f/6s3p2d1f]

[e-/e+= 10s/10s]

Correlation between e- and e+ is indispensable

−0.789196705 
ECG [2]

[1] M. Tachikawa; Chem. Phys. Lett. 350 269 (2001)
[2] J. Mitroy; Phys. Rev. A 73 054502 (2006). 
[3] J. Mitroy, M. W. J. Bromley and G. G. Ryzhikh, J. Phys.
B35 81 (2002), -0.7750785(L=3, STF), -0.7867761(L=9, STF)

2.1.Multi2.1.Multi--Component MO (MC_MO)Component MO (MC_MO)
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(B) MC_QMC (Jastrow factor)

e--e- e--Nuc. e--e--Nuc.

e--e+ e+-Nuc.

Trial Wave function ΨΨΨΨT：：：：

Variational Monte Carlo [VMC] method:
•Energy is obtained by using Metropolis sampling.

•Parameters in trial WF can be optimized under variational principles

Diffusion Monte Carlo [DMC] method：：：：
•Projection to ground state by using imaginary-time dependent 
Schrödinger equation

(A) MC_MO
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2.2.Multi Component QMC (MC_QMC)2.2.Multi Component QMC (MC_QMC)
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[H[H--;e;e++]]

MC_MO(HF) -0.666950 (hartree)

-0.769167 (85%)
MC_MO(Full CI) [1]

[e-/e+= 6s3p2d1f/6s3p2d1f]

−0.789196705 
ECG [2]

[e-/e+= 10s/10s]

-0.78675(6)
VMC

-0.78920(11)
DMC

[[HCN;eHCN;e++]]

[4] H. Chojnacki and K. Strasburger, Mol. Phys. 104 2273 (2006)
[5] Y. Kita, R. Maezono, M. Tachikawa, M. Towler, and R. J. 
Needs, J. Chem. Phys. 131 134310 (2009)

MC_MO(HF) -92.90074 (hartree)

[ e-/e+= 6-311++G(2d,2p)
/15s 15p 6d 2f ]

-92.901915

CISD [4]
[ e-: 6-311++G(2d,2p)
e+: 6-311++G(2d,2p)

+ 10s GTF (off-atom)] -93.2591(5)
VMC

-93.40121(13) [5]
DMC

[1] M. Tachikawa; Chem. Phys. Lett. 350 269 (2001)
[2] J. Mitroy; Phys. Rev. A 73 054502 (2006). 
[3] J. Mitroy, M. W. J. Bromley and G. G. Ryzhikh, J. Phys.
B35 81 (2002), -0.7750785(L=3, STF), -0.7867761(L=9, STF)

PA(meV)   
HF + 1.8
DMC +38(5)DMC +38(5)

2.2.Multi Component QMC (MC_QMC)2.2.Multi Component QMC (MC_QMC)

Correlation between e- and e+ is indispensable



2.3. 2.3. HierarchieHierarchie of computational methodsof computational methods

-92.890994 au

-92.891061 au

-93.40121(13) au

-93.39986(12) au

1.8 meV

38(5) meV

-93.211142 au
-93.209851 au

35 meV

EEepepEEeeee
EEeeee

EEepepEEeeee
EEeeee

EEepepEEeeee
EEeeee

22--33
monthsmonths

22--3 weeks3 weeks

2020--30 minutes30 minutes

E(HCN;eE(HCN;e++)) E(HCN)E(HCN) PA(HCN)PA(HCN)

[4] H. Chojnacki and K. Strasburger, Mol. Phys. 104 2273 (2006)

MC_QMCMC_QMC

MC_MO(HF)MC_MO(HF)

MC_MO(CI)MC_MO(CI)

22--3 hours3 hours

-92.892320 au

36 meV
EEepepEEeeee EEeeee

-92.890994 au

E(11): 
single e & single p

•Electronic 6-31++G(2df,2pd) 

•Positronic [15s15p3d2f1g]
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1.2. Experimental PA values !1.2. Experimental PA values !

J. R. Danielson, J. J. Gosselin, and C. M. Surko, 
Phys. Rev. Lett. 104, 233201 (2010).

PA(CH3CN)=180 meV

PA (Positron Affinity)

=E(X)-E([X;e+])

acetonitrile



3.1. 3.1. PAsPAs of of nitrilenitrile speciesspecies

HCN

CH3CN

Positron (e+) adsorption

e+

PA=36 meV

(3.29D)

PA=135 meV

(4.23D)

PAexptl=

180 meV

Within 25% of the recent experimental value of 180 meV

by Danielson et al. [Phys. Rev. Lett. 104, 233201 (2010)].

•Electronic 6-31++G(2df,2pd) 

•Positronic [15s15p3d2f1g]

•CI ( [10], [01], and [11] )



HCN

CH3CN

HCCCN

CH2CHCN CH3CH2CN

Propionitrile

Positron (e+) adsorption

e+

PA=36 meV

(3.29D)

PA=155 meV

(4.36D)

PA=87 meV

(4.12D)

PA=164 meV

(4.35D)

The PA values are strongly correlated with the dipole moments.The PA values are strongly correlated with the dipole moments.

PA=135 meV

(4.23D)

M. Tachikawa, Y. Kita, and R. J. Buenker, Phys. Chem. Chem. Phys., 13, 2701 (2011). 

PAexptl=

180 meV

PAexptl=225 meV
(Private communication)

3.1. 3.1. PAsPAs of of nitrilenitrile speciesspecies
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••Development Development of Multiof Multi--Component molecular theory:Component molecular theory:

––Multi component molecular orbital (MC_MO) Multi component molecular orbital (MC_MO) 
from from HartreeHartree--FockFock (HF) to Configuration Interaction (CI)(HF) to Configuration Interaction (CI)

––Multi component quantum Monte Carlo (MC_QMC)Multi component quantum Monte Carlo (MC_QMC)

••ApplicationApplication of of positronicpositronic nitrilenitrile species:species:

––We have obtained 135 We have obtained 135 meVmeV as PA(CHas PA(CH33CN), which is 75% of the CN), which is 75% of the 
recent experimental value of 180 recent experimental value of 180 meVmeV..

––The PA values are strongly correlated with the dipole moments.The PA values are strongly correlated with the dipole moments.

••(Near) future (Near) future PlansPlans::

––VibrationalVibrational effect on effect on positronicpositronic moleculesmolecules

–– PAsPAs for nonfor non--polar moleculespolar molecules

4. Summary4. Summary
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