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The elephant 



 1996: Chiral-symmetry breaking interaction, absent according to 
              Weinberg’s power counting, needed in 1S0 channel at LO 
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1 1
0 0

2 4
† †

2 2
2

41EFT S S
D N P Nm N P N

F Fχ
π π

π

  
= + − + +     

π π
  

NDA 22 2

1

QCDf M
D

π

 
=   

 
 nonperturbative 

renormalization 42
1D
fπ

 
=  

 
vs 



S.R. Beane, P.F. Bedaque, M.J. Savage, U. van Kolck, Nucl. Phys. A 700 (2002) 377 

B. Long, C.-J. Yang, Phys. Rev. C 86 (2012) 024001 

… 



 1996: Chiral-symmetry breaking interaction, absent according to 
              Weinberg’s power counting, needed in 1S0 channel at LO 

D.B. Kaplan, M.J. Savage, M.B. Wise, Nucl. Phys. B 478 (1996) 629 

1 1
0 0

2 4
† †

2 2
2

41EFT S S
D N P Nm N P N

F Fχ
π π

π

  
= + − + +     

π π
  

NDA 22 2

1

QCDf M
D

π

 
=   

 
 nonperturbative 

renormalization 42
1D
fπ

 
=  

 
vs 



 1997: Nonperturbative treatment of higher-order interactions 
beset by RG problems 

T.D. Cohen, D.R. Phillips, Phys. Lett. B 390 (1997) 7 
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K.A. Scaldeferri, D.R. Phillips, C.W. Kao, T.D. Cohen, 
Phys. Rev. C 56 (1997) 679 
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 2005: Derivative contact interactions, down two or more orders 
              according to Weinberg’s power counting, needed at LO in  
              (triplet) channels with attractive tensor force where pions  
              are iterated to all orders 
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C.-J. Yang, C. Elster, D.R. Phillips, Phys. Rev. C 77 (2008) 014002 
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 2012: Two-derivative contact interaction, down two orders according 
              to Weinberg’s power counting, needed in 1S0 channel at NLO  
              (i.e. ONE, ONE, ONE, ONE  power down) 
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 Pionless EFT 

Reactions 

Power counting has VERY LITTLE to do with Weinberg’s 
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For more, see talk by 
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 Chiral EFT with perturbative pions 

Same with 4
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 Chiral EFT with partly perturbative pions 

4 , ,hi QCD NM M f mππ≡ 

,lo NNM M mπ NDA except when running dominated by pions, 
i.e. low waves where OPE tensor force is attractive 
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D.B. Kaplan, M.J. Savage, M.B. Wise, Nucl. Phys. B 534 (1998) 329 

A. Nogga, R.G.E. Timmermans, U. van Kolck, Phys. Rev. C 72 (2005) 054006 
… For more, see talks by 

Long, Pavón, Yang (?) 



Walking out of McDonald’s…  



1) We should power counting where? 

a)  The potential 

b)  The scattering amplitude 

c)  Both 

d)  None of the above 

2) We should count powers of what? 

Q fπ
(4 )Q fππ

c)  Both 

d)  It doesn’t matter which 

a) 

b) 

Mid-term quizz 
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For more, see Long’s talk 
M.C. Birse, Phys. Rev. C 74 (2006) 014003 
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M. Pavón Valderrama et al., 
Phys. Rev. C 95 (2017) 054001  
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When OPE’s tensor force is attractive and resummed,  

3( )V r r−∝ −
1
4 1( ) cos +

NN

r r
M r

ψ δ
−  

∝ +  
 



if no counterterm, will depend on cutoff 

Y.-H. Song, R. Lazauskas, U. van Kolck, 
Phys. Rev. C 96 (2017) 024002 

4n =

lab , ,100,250 01 eV0 0 ME =

( ) ( ), ( ) , ( )n nV p p f p V p p f p′ ′ ′→ Λ Λ
     

( )( ) exp , 2,4,6n
nf x x n= − =

(similar for others) 



Following  Birse 

LO 

(similar for all) 



lab , ,100,250 01 eV0 0 ME =



4, , ,10 GeV. 10 6Λ =

Nijmegen PWA 

Extension of similar results from 
A. Nogga, R.G.E. Timmermans, U. van Kolck, 
Phys. Rev. C 72 (2005) 054006 
E. Epelbaum, U.-G. Meißner,  
Few-Body Syst. 54 (2013) 2175  



1S0 is special 

blue 

magenta 

black 



NLO 

lab , ,100,250 01 eV0 0 ME = 4, , ,10 GeV. 10 6Λ =

Nijmegen 
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max , 41 ,2,3j =
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wavefunctions of 
deep 2B bound states 

large and 
positive 

V.I. Kukulin, V.N. Pomerantsev, Ann. Phys. 111 (1978) 330 
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NO RG NEED FOR LO 3BF 

but small 
because triton energy too low, ie, amenable to Pionless EFT? 

or motivation to promote 3B contact?  cf. Kievsky et al. (2017) 

finite 
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somewhat larger than before 

NO RG NEED FOR NLO 3BF finite 

but small indication of relatively 
larger N2LO corrections? 



Conclusion 

Power counting: beyond Weinberg (?) 

No RG need for LO and NLO 3BFs 
with partly perturbative pions --- 
but more work needed to understand  
three- (and more-) nucleon systems 

 Pionless EFT 

 Chiral EFT with perturbative pions 

 Chiral EFT with partly perturbative pions 
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