
E�ective �eld theory of nuclear forces and the many-body problemThomas Duguet∗IRFU/Service de Physique Nucléaire, CEA-Saclay, France andNSCL and Department of Physics and Astronomy,Michigan State University, East Lansing, MI 48824, USABingwei Long†Department of Physics, Sichuan University, 29 Wang-Jiang Road, Chengdu, Sichuan 610064, ChinaManuel Pavón Valderrama‡Institut de Physique Nucléaire, Université Paris Sud, CNRS/IN2P3, 91406 Orsay, FranceVittorio Somà§Institut für Kernphysik, Technische Universität Darmstadt, 64289 Darmstadt, Germany andIRFU/Service de Physique Nucléaire, CEA-Saclay, FranceUbirajara van Kolck¶Institut de Physique Nucléaire, Université Paris Sud, CNRS/IN2P3, 91406 Orsay, France andDepartment of Physics, University of Arizona, Tucson, AZ 85721, USAProject of the Espace de Structure et de Réactions Nucléaires Théoriquehttp://esnt.cea.frMay 2014and Workshop of the Espace de Structure et de Réactions Nucléaires Théoriquehttp://esnt.cea.frMorning of Friday May 16th, 2014I. SCIENTIFIC ISSUEOne of the long-term goals of nuclear physics is to understand the emergence of nuclear structure and reactionsfrom the underlying theory of strong interactions, quantum chromodynamics (QCD). However, calculations withthe degrees of freedom of quarks and gluons are so complicated, owing to the large strong coupling constant, thattheir forbiddingly high costs make it impossible in the foreseeable future to apply QCD directly and ubiquitously tolow-energy nuclear physics. A feasible path is represented by e�ective �eld theories (EFTs), which rely on e�ectivedegrees of freedom and interactions and ensure that such e�ective features reproduce those of QCD. In spite of theconsiderable work on EFTs and their application to nuclear structure and reactions calculations, some fundamentalunresolved issues still exist. As detailed below, one of the main problems concerns the EFT power counting and itsconsequences on many-body approaches for nuclear systems. With the present project we aim to address such issuesand propose a task-force on an EFT formulation of nuclear structure and reactions that will involve researchers atSaclay, Orsay and the visit of Professor Bingwei Long from Sichuan University, China.The central idea of EFTs is to construct an expansion in powers of the small ratio of light mass scales that arerelevant to nuclear physics to heavy scales where quarks and gluons are relevant. The details of QCD are parametrizedby the coe�cients of the expansion, which could eventually be obtained from comparison with QCD results but arefor now �tted to few-nucleon data. The starting point, which has been extensively studied and well established, isan e�ective Lagrangian that incorporates hadronic degrees of freedom such as pions and nucleons and has all the
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2symmetries of QCD, including chiral symmetry. While employing low-energy degrees of freedom and implementingsymmetries is hardly a novel idea for nuclear physics (or any other �eld of physics), this �Chiral EFT� o�ers anorganizing principle under which a systematic approximation can be achieved. Referred to as power counting, thisorganizing principle is much more than merely a bookkeeping that labels di�erent terms in e�ective Lagrangians:it must quantify reliably the theoretical uncertainties at any given order. Moreover, power counting is the directconsequence of the renormalization group �ow of QCD into the infrared, low-energy �Chiral EFT�: without it, thelong-sought connection of the EFT description with QCD is lost.Chiral EFT has been recognized as the starting point for the ab initio methods that are being rapidly developed inthe nuclear theory community worldwide �including the powerful self-consistent Gorkov-Green's function (SCGGF)approach being pursued at Saclay. Unfortunately, however, existing chiral potentials have been found to be basedon an incorrect power counting. The power counting used in the original development of Chiral EFT was proposedby S. Weinberg and assumes naive dimensional analysis (NDA), which states that the dimensionful coe�cients thatparametrize multi-nucleon short-range interactions are suppressed by inverse powers of the breakdown mass scale ofChiral EFT, e.g., the rho-meson mass. For systems having only one, or several closely clustered heavy mass scales,and where perturbation theory can be used, NDA is correct since no other scale is available to compose a dimensionfulparameter. However, this is not the case for nuclear forces. The strength of one-pion exchange (OPE) is characterizedby a light mass scale ∼ 100 MeV, which is analogous to the inverse Bohr radius of the Coulomb potential. Now withtwo scales from both ends of the mass hierarchy, one is no longer certain about how a dimensionful coe�cient wouldscale. Recent investigations on nucleon-nucleon scattering, carried out by some of the applicants, o�ered new ideason how a consistent power counting should be constructed.An outstanding issue is how this consistent power counting can be applied beyond the two-nucleon system incutting-edge ab initio A-body methods, in particular SCGGF theory. In the consistent power counting, interactionscoming in at leading order have to be treated non-perturbatively but proper renormalization requires that correctionsare treated in perturbation theory. This raises questions regarding state-of-the-art many-body methods whose goodperformances are largely attributed to their non-perturbative character, i.e. to their ability to resum in�nite sets ofdiagrams built from 2N and 3N interactions taken as a whole. Consequently, unexplored questions of renormalizationand power counting within the A-nucleon sector (A � 2) force us to revisit the current implementation scheme of,e.g., SCGGF theory. In particular, one needs to envision a di�erentiated treatment of the various pieces making upEFT interactions depending on the chiral order they come into play. In doing so, important aspects of power countingrelated to the proper ordering of few-body forces as A increases could be addressed.II. GOALS OF THE PROJECTThe goals of the project are (a) to extend the analysis of power counting from the two-nucleon to the few- andmany-nucleon systems, (b) to discuss how to implement these ideas in concrete calculations and (c) to review thereasons leading to the existence of di�erent power counting schemes in the two-nucleon sector and whether they canbe solved by looking at the larger picture provided by the A-nucleon systems. Speci�cally, we aim to answer thefollowing questions1. Why di�erent theoretical tools lead to di�erent power-counting schemes in the two-nucleon system? Can any ofthem be eliminated based on pure theoretical considerations rather than the quality of the �t?2. How to investigate the counting of contact three-nucleon forces? Given the di�culty of analytic calculations, anumerical method needs to be developed, preferably based on available many-body calculation frameworks.3. How should SCGGF calculations be modi�ed to handle interactions generated by the correct power counting?Addressing the latter point in particular will act as a jump-start for a new collaboration that is meant to lead tofull-�edged numerical tests based on modi�ed SCGGF calculations.III. SELECTED REFERENCES1. A. Nogga, R.G.E. Timmermans, U. van Kolck, Phys. Rev. C 72, 054006 (2005)Renormalization of One-Pion Exchange and Power Counting2. M. Pavón Valderrama, Phys. Rev. C 83, 024003 (2011)Perturbative Renormalizability of Chiral Two-Pion Exchange in Nucleon-Nucleon Scattering



33. M. Pavón Valderrama, Phys. Rev. C 84, 064002 (2011)Perturbative Renormalizability of Chiral Two-Pion Exchange in Nucleon-Nucleon Scattering: P- and D-waves4. B. Long, C.J. Yang, Phys. Rev. C 85, 034002 (2012)Renormalizing Chiral Nuclear Forces: Triplet Channels5. B. Long, C.J. Yang, Phys. Rev. C 86, 024001 (2012)Short-Range Nuclear Forces in Singlet Channels6. V. Somà, T. Duguet, C. Barbieri, Phys. Rev. C 84, 064317 (2011)Ab Initio Self-Consistent Gorkov-Green's Function Calculations of Semi-Magic Nuclei. I. Formalism at secondorder with a two-nucleon interaction7. V. Somà, C. Barbieri, T. Duguet, Phys. Rev. C 87, 011303 (2013)Ab Initio Gorkov-Green's Function Calculations of Open-Shell Nuclei8. V. Somà, A. Cipollone, C. Barbieri, P. Navrátil, T. Duguet, arXiv:1312.2068 (2013)Leading chiral three-nucleon forces along isotope chains in the calcium regionIV. SCHEDULEThe project involves the visit of Professor Bingwei Long to Saclay for four weeks. His expertise will be highly ben-e�cial for all the points raised above. In particular, he will engage speci�c discussions on nucleon-nucleon scatteringwith M. Pavón Valderrama and U. van Kolck and on the implementation of the new power counting in A-body abinitio structure calculations with T. Duguet, M. Pavón Valderrama, V. Somà and U. van Kolck.A detailed schedule of his visit includes1. May 5th to May 9th - Discussions on the current state and problems of chiral interactions2. May 12th to May 15th - Discussions on how to perform A-body calculations based on a consistent power counting3. May 16th - Half-a-day workshop on E�ective �eld theory of nuclear forces and the many-body problem4. May 19th to May 28th - Further discussions and work on A-body calculationsV. WORKSHOPOn May 16th, a half-day workshop will be dedicated to introducing interested nuclear experimentalists and the-oreticians to the challenges and perspective related to the application of e�ective �eld theories to many-nucleonsystems. Informal discussions with the audience will provide us with additional insights that we will make use of inthe remaining of the project.
• 09h30-09h45Welcome
• 09h45-11h00 B. Long: Renormalization and power counting of chiral nuclear forces
• 11h00-11h15 Break
• 11h15-12h30 V. Somà: Towards many-body calculations on the basis of a consistent chiral power counting
• 12h30-13h30 Lunch


