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From QCD to nuclear structure
Effective field theory for low energy ππ, πN, NN interaction.

Some open issues in NN sector

Propose a new power counting scheme

No-core shell model (NCSM)

Nuclear structure
4+ nucleons

Strong short-range interaction
Difficulty: Model space grow combinatorial. 

SRG

Many-body

Reasonable truncation of model space
+         

Unitary transformation of NN, NNN forces Other  bypass ?

Low E



Chiral EFT at NN sector

• Infinitely many diagrams contribute, most 
of them require renormalization. 

• Need to arrange a way to include them 
based on their importance (there maybe 
more than one consistent way).

• Pure perturbation doesn’t work.



Conventional power counting

• Arrange diagrams base on Weinberg’s 
power counting (WPC): each derivative on 
the Lagrangian terms is always suppressed by the 
underlying scale of chiral EFT, Mhi~mσ. 

• Iterate potential to all order (L.S. or 
Schrodinger eq.), with an ultraviolet Λ.

Carried out to N3LO(Q4/M4
hi)

Epelbaum, Entem, Machleidt, Kaiser, Valderrama, … etc.



Problems
• Singular attractive potentials demand contact terms. (Nogga, 

Timmermans, van Kolck (2005))

• Beyond LO: Has RG problem at Λ>1 GeV (due to iterate to all order)

Yang, Elster, Phillips (2009)

N3LO(Q4)
Ch. Zeoli R. Machleidt D. R. Entem (2012)



New power counting Long & Yang, (2010-2012)

LO: Still iterate to all order (at least for l<2).

Start at NLO, do perturbation.

+ +… ≣

T(2) = V(2)  +    2V(2)GT(0)     + T(0)GV(2)GT(0).
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(T = T(0)+T(1)+T(2)+T(3)+…)

T(0)

Thus, O(Q0):Reason: van Kolck, Bedaque,… etc. 

If V(1) is absent:

T(3) = V(3)  +    2V(3)GT(0)     + T(0)GV(3)GT(0).
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3 types of counter terms

1. Primordial: Those renormalize the pion-exchange diagrams.
(always there if survived from partial-wave decomposition)

2.   Distorted –wave counter terms: Required due to the divergence
of <ψLO|V(sub)|ψLO>, e.g.,                        

3. Residual counter terms: Decided by the requirement from RG.

T(0) T(0)V(2) could diverge more than Q2

2
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Results (up to O(Q3))
1. If VLong at LO is repulsive, then primordial counter 

terms is enough (WPC).
2. If VLong at LO is attractive: 
a. Need to promote a counter term to LO if it’s absent originally.
b. Due to the divergence of the distorted-wave matrix element, 

all counter terms are promoted one order earlier starting at  
NLO. (distorted-wave counter term)
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3. Residue counter term enters in 1S0 channel at O(Q)

Table: Power counting of counter terms
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Chiral EFT approach to NCSM



Motivation
No-core shell model is great, but requires unitary 
transform.

Whenever a model space is truncated, (artificial) 
higher body forces arise

N
' ' '

 trans.

?

...ij ij ijk ijklunitary

keep truncated

V V V V⎯⎯⎯⎯⎯→ + + +
���	��


O(1) O(Q1) O(Q2) O(Q3) … Well-organized power counting in EFT 
could be destroyed! Especially when 
Vsubleading need to be treated perturbatively.

Unitary trans.

EFT: separation of scale



From QCD to nuclear structure

Nuclear structure
4+ nucleons

Strong short-range interaction
Difficulty: Model space grow combinatorial. 

No-core shell model (NCSM)

Reasonable truncation of model space
+         

Unitary transformation of NN, NNN forces

Many-body

Establish the (short-range) EFT 
in truncated model space

EFT approach to NCSM ☺



Idea: Directly perform renormalization 
of EFT in the truncated model space
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ions.



• Converge with increasing Nmax and decreasing ω.

• Extrapolation is needed (unavoidable). 

Not enough bound-state to decide LECs.

Add physical HO trap and use Busch formula 

fit to scattering data.



Generalization of Busch formula
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LO results: 1S0
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LO results: 3S1-3D1

CT renormalized by E0(∞)
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Results up to O(Q2)
Preliminary
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Error analysis: 1S0

Relative error scales as O(ω)!



Summary

• New power counting of chiral EFT is ready!

• The EFT approach to NCSM for chiral
potential is under work.

• With VNLO included, results converge (1%) 
for nmax as small as 20 (ω-dependent).



Thank you!



backAll O(Q2)

+

O.k., as long as pcm is small enough, so that

pcm

+ + +

1cm

hi
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M

<

Λ

…..

Has problem, as Λ-dependence enter here; has poles also (Baru, et al (2012)).
cm

hi

p
MThe expansion parameter is no longer .

The counter terms are just not enough in this case, reflected in problem at Λ>1 GeV.


	Two nucleons in a harmonic-oscillator trap with chiral EFTWith focus on new power counting of chiral EFT
	Chiral EFT at NN sector
	Conventional power counting
	Problems
	New power counting Long & Yang, (2010-2012)
	Results (up to O(Q3))
	Chiral EFT approach to NCSM
	Motivation
	Idea: Directly perform renormalization of EFT in the truncated model space
	
	Generalization of Busch formula
	LO results: 1S0
	LO results: 3S1-3D1
	Results up to O(Q2)
	Error analysis: 1S0
	Summary
	


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 10.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 10.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 10.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


