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Positron Physics: M
otivation 

Astrophysics 

Anti-H
, anti-H

2 , cold anti-m
atter, Q

ED
 Tests (CPT, Anti-G

ravity) 
http://athena.w

eb.cern.ch/athena/ 
http://hussle.harvard.edu/~atrap/ 
http://w

w
w

.if.ufrj.br/~lenz/lenz.htm
l 

http://w
w

w
.positron.edu.au 

 Ps
2 (a), Ps spectroscopy

(b), Ps scattering
(c), Ps

–(d), annihilation control (e)   

( a)N
ature 449, 195 (2007) 

(b)PR
L  108 043401 (2012); PR

L 117 073302 (2016) 
(c)Science  330, 789 (2010); PR

L 115 223201 (2015) 
(d)N

at. Com
m

un. 7, 11060 (2016) 
(e)PR

L 115, 183401 (2015) 
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G

  w
ith 18F isotope 

 (Fluoro-D
esoxi-G

lucose) 
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eview

s of M
odern Physics 87, 247 (2015) 		



Annihilation R
ate: 





IR
-Active Vibrations: G

ribakin-Lee M
odel 

G
ribakin &

 Lee, Phys. R
ev. Lett. 97, 193201 (2006) 

R
eview

s of M
odern Physics 87, 247 (2015)   

V
e+ 

V
0 

ν = 0
 

ν = 1
 

ν
0  = 1

 

E
ν

ε
0 

e
+

 

ν
0  = 0

 



      

E 

ε
d 

Γ(E) 
Γ(E

f ) 

d
ϕ – 

e
x
p
(i ~k

i ·~r
)
+

f
( ~k

i , ~k
f

)

e
x
p
(ik

f r
)

r
e
x
p
(i ~k

i ·~r
)

Feshbach Projection O
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	Collision	(T)	m
atrix:	

Projec4on	operators	



Transient States 

R
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Poles	on	the	Im
aginary	Axis	(E < 0)	
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S-M
atrix	Poles	



C
2 H

2 : Sym
m

etric Stretch 

q
C

C
 

q
C

H
 

Virtual 
states 

becom
e 

bound 
states upon stretching of C–C and 
C–H

 bonds.  

C-C stretch 
C-H

 stretch 

virtual 

bound 

*Franz and G
ianturco, Eur. Phys. J. D

 39, 407 (2006) 
*O

liveira et al. 

C–C stretch  
ν = 0 →

 ν = 1 

C–H
 stretch  

ν = 0 →
 ν = 1 

─
 Franz* 
─

 Present* 



Feshbach Projection O
perator Approach 

C
2 H

2 

C
2 H

4 

Sanchez et al., Phys. R
ev. A 80, 052710 (2009) 

Sanchez et al., Phys. R
ev. Lett. 107, 103201 (2011) 

D
ata: S. J. G

ilbert, et al.,, Phys. R
ev. Lett. 88, 043201 

(2002) 
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Any-Particle M
olecular O

rbital M
ethod 

G
lycine 

(N
eutral) 

G
lycine 

(Zw
itterion) 

Charry et al., Phys. R
ev. A 89, 052709 (2014) 

Cytosine 

R
om

ero et al., J. Chem
. Phys. 141, 114103 (2014) 

e
– density 

e
+ density 

e
+ density 



“As an atom
, it [Ps] has its rightful place in the peridoc chart.” 

D
. M

. Schrader, C
om

pounds of positronium
 w

ith koino-Atom
s and -

M
olecules, in: Physics w

ith M
any A

tom
 Positron, Eds. A

. D
upasquier 

and A
. M

ills, Jr., 2010. 



Positron-Induced Stabilization 

G
ly 

e
+  

e
+[G

ly] 

The usual business:  
positron attachm

ent 
to stable system

s. 

e
+[H

2 2–]	
H

2 +	

Li2 +	

internuclear distance (Å
) 	

ET(r) – ET(∞)  (kcal/mol)  	

10
–1 ns lifetim

es consistent 
w

ith neglect of annihilation  
(µeV error). 

A 
positron 

stabilizes 
the otherw

ise unstable 
H

– + H
– system

.   
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e
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+ →
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– [H
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e+/e– density (a0
–3)	

electron density of  isolated H
– 	

positron density of isolated e
+[H
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electron density of  isolated e
+[H

–]		

positron density of  e
+[H
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electron density of  e
+[H
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Bonding in
         e

+[H
–] + H

– →
  e

+ [H
2 2–]   

(aka PsH
) 	



Positron Covalent Bonding   

IU
PAC	defini,on*	of	covalent	bond:	

A	region	of	rela4vely	high	electron	density	betw
een	nuclei	w

hich	arises	
at	least	partly	from

	sharing	of	electrons	and	gives	rise	to		an	aCrac4ve	
force	and	characteris4c	internuclear	distance.	

*IU
PA

C
 G

old B
ook, O

nline Version 2.3.3 (2014). Available at http://goldbook.iupac.org/		

W
e	have	obtained	som

ething	like:	

A	region	of	rela4vely	high	positron	density	betw
een	nuclei	w

hich	arises	
at	least	partly	from

	sharing	of	positrons	and	gives	rise	to		an	aCrac4ve	
force	and	characteris4c	internuclear	distance.	



(low
est energy decay channel)  

Low
er bound for energy stability (w

ith vibrational ZPE): 74 kJ/m
ol (0.77 eV) 

(a) 
(a) 

(a) 
(b) 

(b) 

(a) H
artree 

(b) kJ/m
ol 



e
–[H

2 2+]			
e

+[H
2 2–]			

e
–[Li2 2+]			

Positron density is sim
ilar 

to the valence density of 
e

–[Li2 2+] (aka Li2 +), having 
the sam

e num
ber o core 

electrons. 



Covalent bonds in positron di-halides (subm
itted)   



Covalent bonds in positron di-halides (subm
itted)   
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proved	electron-positron	propagators	in	the	APM
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