
Mid-term harvest

Already at this point in the le
ture series we are able to draw some far-rea
hing 
on
lu-

sions. In order to do so we only need a modest generalization of the knowledge that we

have a
quired so far. The statement that we want to address is the following:

For
es in quantum �eld theory: the for
es between parti
les are 
aused (mediated)

by the ex
hange of virtual parti
les! Intera
tions 
aused by spin-0 for
e 
arriers (su
h

as the Yukawa intera
tions) are universally attra
tive, just like intera
tions due to the

ex
hange of spin-2 parti
les (su
h as gravity). The ex
hange of spin-1 parti
les 
an result

in both attra
tive and repulsive intera
tions, as we know from ele
tromagnetism.

The relevant details of this statement were worked out in Ex. 11 for the s
alar 
ase and

will now be dis
ussed for the higher-spin 
ase. This a
tually used to be an old exer
ise

that was not part of the exam material, but the group-dis
ussion format works better.

Exer
ise 10: Non-relativisti
 intera
tions mediated by spin-1 and spin-2 for
e


arriers (Coulomb potential and Newton's gravitational potential)

Part a: 
onsider s
alar QED, i.e. the theory that des
ribes the intera
tions between 
om-

plex s
alar �elds and real ele
tromagneti
 �elds. The relevant momentum-spa
e Feynman

rules for propagators and intera
tions in this theory are given by
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using solid lines to indi
ate the massive s
alar bosons and wiggly ones to indi
ate the

massless spin-1 photons. The momenta of the parti
les are de�ned along the arrow of

parti
le-number 
ow and the indi
es � and � are Minkowski indi
es with �

��

representing

the 
at-spa
etime metri
.

Remark: as you 
an see from the Feynman rule involving one photon and two

s
alar parti
les, the photon 
ouples to a 
onserved 
harge 
urrent eJ

�

with one

Lorentz index � and with e the 
harge of the s
alar parti
les. Upon 
ontra
tion

with the photon momentum (p � p

0

)

�

one indeed obtains e (p

2

� p

0 2

) = 0 for

on-shell s
alar parti
les, as required for a 
onserved 
urrent.

Just like in the 
ase of the s
alar Yukawa theory, we 
onsider the lowest-order s
attering

rea
tions   !   and  

�

 !  

�

 for s
alar parti
les ( ) and antiparti
les (

�

 ).

To be dis
ussed: in s
alar QED the intera
tion between  -parti
les is repulsive,

whereas the intera
tion between  -parti
les and

�

 -antiparti
les is attra
tive.



Part b: next we 
onsider the following Feynman rules for the propagator of the spin-2

graviton (double wiggly line) and the intera
tion between 
omplex s
alar �elds and real

graviton �elds in linearized gravity:
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where G is Newton's 
onstant. This intera
tion originates from the 
oupling of the sym-

metri
 graviton �eld (tensor �eld) to the 
onserved energy-momentum tensor T

��

for the

s
alar matter, whi
h has two Lorentz indi
es � and �. As 
an be 
he
ked trivially, 
on-

tra
ting the given Feynman rule by either (p�p

0

)

�

or (p�p

0

)

�

indeed yields 0 for on-shell

s
alar parti
les.

Linearized gravity: the intera
tion given above is obtained by expanding the full GR metri


around the 
at (Minkowskian) spa
etime metri
 �

��

a

ording to

g

��

(x) = �
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+

p

32�G h
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(x) ;

where the se
ond term involving the symmetri
 graviton �eld h

��

(x) 2

IR

is treated as a

small perturbation (weak-�eld limit). We 
an use this to expand the matter part of the

GR a
tion in powers of the graviton �eld:
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At �rst order this gives rise to an intera
tion
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between the graviton �eld and the symmetrized energy-momentum tensor in 
at spa
e-

time, whi
h is a 
onserved tensor.

To be dis
ussed: the non-relativisti
 gravitational intera
tion between the

s
alar (anti)parti
les is always attra
tive and of the expe
ted form.


