
1

FUNDAMENTAL SYMMETRIES
AND

CHIRAL EFFECTIVE FIELD THEORY

Bira van Kolck
Institut de Physique Nucléaire d’Orsay

and University of Arizona

Supported by CNRS and US DOE



Workshop on The Nuclear Interaction: Modern developments,
ECT*, summer 1999





Outline

 The way of EFT
 Nuclear EFTs
 Role of chiral symmetry 
 Conclusion

H.-W. Hammer, S. König, and U. van Kolck, 
“Nuclear Effective Field Theory: Status and perspectives”,

arXiv:1906.12122 [nucl-th]



Q
?LM 

unknown physics

~
30 MeV

1/ NNaℵ


, , ,
10 MeV

1
0

nuc NNM f r mπ π 



?
Rν

Rν

v

v
x

relevant for
precision experiments

with nuclei



( ) ( ) ( )

1

1

1

0

1

( ) 1 , , ; ,

1 , ,

hi
h

lo
lo

lo li

hi hi hi

o
iS

M

MQ Q QQ M
M

F

Q

M

M

M

Q
M

Q

Q

M

νν
ν ν

ν ν ν

ν ν

ν

ν

ν

λ γ λ

λ
+ +

=

+

≤

+

    
− ∝          

   × +  
   

Λ Λ

Λ

∑ 



EFFECTIVE FIELD THEORY
aka Modern S-Matrix Theory

Euler + Heisenberg ’36
Weinberg ’67 … ’79

…
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“naturalness”
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power counting
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The Way of EFT
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real nuclei

The Nuclear EFT Landscape
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Pionless (or Contact) EFT

• d.o.f.: nucleons

• symmetries: SO(3,1), P, T, B, SU(3)c, U(1)e
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projector on isospin I

Universality:
first orders
apply also to

neutral atoms
vdW1m lπ →

4
vdW
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Bedaque, Hammer
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more derivatives,
more bodies,
isospin violation
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Pionful (or Chiral) EFT
• d.o.f.: nucleons, pions, and Deltas

• symmetries: SO(3,1), P, T, B, SU(3)c, U(1)e, SU(2)LxSU(2)R

more derivatives,
more bodies,
isospin violation

(trivial)



Weinberg’s IR enhancement

4π enhancement compared to NDA
4

Nm Q
π



Are nuclear amplitudes perturbative?

(after renormalization)
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Chiral Perturbation Theory



potential must depend on regulator
amplitude renormalization

hiQ M

but still keep
perturbative expansion in
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various orders in the potential same order in amplitude

each order in potential 
must contain enough LECs

e.g. in

not trivial when resuming higher orders

DWBA

(1)2 (2),V V (2)T

e.g. (1)V ∞



v.K. ’97
Kaplan, Savage

+ Wise ’98
…

Bedaque, Hammer
+ v.K. ’99 ’00

Hammer
+ Mehen ’00

…

Bazak, Kirscher, König
Pavón Valderrama,
Barnea + v.K. ‘18

 very little to do with NDA

 enhancements required by
renormalization

Pionless EFT
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Problems!

Other attractive-tensor channels
Frederico, Timóteo
+ Tomio ’99
Beane, Bedaque,
Savage + v.K. ’02
Nogga, Timmermans
+ v.K. ’05
…
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 perturbative pions

hi NNM M
32 3,lo NM m B mπ

Kaplan, Savage
+ Wise ’98

…
Fleming, Mehen

+ Stewart ’01
…

all pion exchanges perturbative;
contact ordering and

LO same as Pionless EFT

for physical pion masses does not seem to converge in lower spin-triplet waves
much beyond regime of Pionless EFT

4

loNm M
π



4

N him M
π



LO

NLO

 partly perturbative pions

4 , ,hi QCD NM M f mππ≡ 

,lo NNM M mπ

Nogga, Timmermans
+ v.K. ’05
Birse ‘06

Pavón Valderrama ’11’11
Long + Yang ’11’12’12

…

4

l NNNm Mα
π



4

loNm M
π



0
4 l

N hi h

n

i

lo

m M
M
M

π
≥

 
 
 



low
waves

high
waves

LO

N1+nLO



Ordóñez + v.K. ’92
v.K. ’94

Epelbaum et al. ‘02
…

Weinberg ’91
Ordóñez + v.K. ’92

Ordóñez, Ray + v.K. ’94’96
Kaiser ’00’01’02’15

…

Epelbaum ’06’07
…

Friar ‘97

 NDA + counting 4πs as
in Pionless EFT and 
mN as MQCD (Friar)

 long-range pot only

Chiral EFT

short-range pot
obeying NDA 

except when running
dominated by pions,
i.e. low waves where

the one-pion-exchange
tensor force
is attractive
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Nogga,
Timmermans

+ v.K. ’05

renormalization of
non-perturbative 

amplitudes
LO

cf.
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Processes with external probes

similar
renormalization issues
Pavón Valderrama + Phillips ’15
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Cirigliano, Dekens, De Vries, Graesser,
Mereghetti, Pastore + v.K ’182L∆ =



Possibility to disentangle symmetry-violating sources:
each breaks chiral symmetry in a particular way,

and thus produces different hadronic interactions

An advantage of Chiral EFT

(For Pionless EFT, only isospin is left…)
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Deuteron Electric Dipole Form Factor
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Deuteron Lifetime
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Conclusion

EFTs connect symmetry violation
beyond the Standard Model and nuclear physics

in a controlled and systematic way

Nonperturbative renormalization
in nuclear EFTs

generically leads to violation of NDA

Chiral symmetry allows the 
partial separation of symmetry-violating sources



P.S.
Response to a question of E. Epelbaum:

(paraphrasing)
What is wrong with the argument against taking the cutoff to infinity

in the case of the EFT for the toy model in
Epelbaum + Gegelia, arXiv:0906.3822 [nucl-th]

(I had no access to printed version when preparing this answer)





potential must depend on regulator
amplitude renormalization
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but still keep
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various orders in the potential same order in amplitude

each order in potential 
must contain enough LECs

e.g. in

not trivial when resuming higher orders

DWBA

(1)2 (2),V V (2)T

e.g. (1)V ∞



In other words,

Different orders in the potential contribute to the same order in amplitudes

Observables are properties of amplitudes

If you iterate subleading terms in the potential,
in general there will be problems

if, nevertheless, you insist to iterate subleading terms in the potential,
i) you should first make sure that lower orders have been renormalized properly;
ii) the burden is on YOU to show that you don’t run into problems

– and please do not blame me if you do

(Well understood in EFT; example: 
1/mQ effects in heavy quark EFT -- treated exactly, prevent continuum limit)

eg Sommer ’10 for pedagogical explanation



Toy model:

Epelbaum + Gegelia, arXiv:0906.3822 [nucl-th]



Perturbative-
contact
approach :



My conclusion:

The power counting in this situation is one
in which the contact interactions
should be treated perturbatively

which, btw, is consistent with:
the scattering length is natural

and
the long-range potential is not singular



Nonperturbative-
contact
approach:

My conclusion:

A good example of the statement in my talk that

not trivial when resuming higher orders
e.g. (1)V ∞

each order in potential
must contain enough LECs



My answer: 

The argument is consistent with the fact that,
in general, you cannot take the cutoff to infinity 
when iterating subsets of subleading interactions.
It does not contradict the view that what matters
is renormalization of the amplitude at each order

in the appropriate power counting.
If X (where X is a short- or long-range interaction)
is perturbative, renormalize in perturbation theory.
If Y (where Y is a short- or long-range interaction)
is non-perturbative, renormalize nonperturbatively.

(Not very profound, I know.)



While at it:
Epelbaum, Gasparyan, Gegelia + Meißner, arXiv:1810.02646 [nucl-th] 





My conclusion:

The power counting in this situation is one
in which the contact interactions
should be treated perturbatively

which, btw, is consistent with 
the repulsive singular potential being properly renormalized

without a contact interaction
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cf.

I.e. no need to revise NDA on the basis
of RG invariance in this channel





Valderrama, arXiv:1901.10398 [nucl-th]





And for the record:

Epelbaum + Gegelia, arXiv:1207.2420 [nucl-th]

A. Nogga, R.G.E. Timmermans and U.van Kolck,
Phys. Rev. C 72 (2005) 054006 [nucl-th/0506005]

as claimed earlier by
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