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One-fermion propagator
EOM: Dyson Eq.
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D (w> — Z(O) + Z(T) (w) Irreducible kernel (aka Self-energy, exact)

Instantaneous term (Hartree-Fock incl. “tadpole”) t-dependent (dynamical) term (symmetric version):
Short-range correlations Long-range correlations: connecting scales
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-+ Quantum many-body problem in a nutshell: Direct EOM for ("') generates G(+2) jn the
(symmetric) dynamical kernels and further high-rank correlation functions (CFs); an equivalent of

the BBGKY hierarchy or Schwinger-Dyson equations. Nequations = Nparticies & Coupled §3 !!!
> Non-perturbative solutions:
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Cluster decomposition
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Leading at: weak intermediate strong coupling
self-consistent GFs phonon coupling Faddeev +
second RPA efc. this work future work

(ph) i : -+ P. C. Martin and J. S. Schwinger,
e ] (3) |—e— ~ R + (PP) | —«—
G = ) G Phys. Rev.115, 1342 (1959).

Beyond — > > g g + N. Vinh Mau, Trieste Lectures
weak , , . , . , 1069, 931 (1970)
coupling: —— L L R" . \ Ggoer) -+ P. Danielewicz and P. Schuck,
e | s 4 +% o) Nucl. Phys. A567, 78 (1994)
) ) _ L R®V | . ) < =
Exact mapping: particle-hole (2q) quasibound states  Quasipatrticle-vibration coupling (qPVC)
Emergence of effective in nuclei. Cf. NFT
oosons” OVWWWACT = v | [ Ren ] [
(phonons, vibrations): # ~ vl IR Y

Sound modes Diquarks in hadrons

Cf. C. Popovici, P. Watson, and H.
Emergence :@ Q@ = |V GPP| v Reinhardt [PRD83, 025013 (2011)]
of superfluidity:
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Dropping the uncorrelated term: “factor 1/2” problem” (Ring & Schuck, Book)

“sign problem” (Danielewicz & Schuck, NPA567 (1994) 78)
But: The lowest order is not the leading order in the strong coupling regime!
=> the uncorrelated term can be safely neglected

Model-independent mapping to the PVC: “shonon” vertex:
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Dynamical self-energy 2(): “Radiative-correction”
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Can be treated in a unified way in the superfluid theory:
gPVC in nuclei, correlations in hadrons / matter

: . Cf. Nuclear Field Th
Emergent phonon vertices and propagators: calculable from the underlying H, (NFT;JC ear ~ieit 1heQg

which does not contain phonon degrees of freedom
R.A. Broglia, D. Bes,

“Ab-initio” P.-F. Bortignon, R. Liotta,
G. Colo, E. Vigezzi,

Z h12¢1 ¢2 + — Z U1234¢1¢2'¢4'¢3 /e:.tgfrranco, G. Potel,

1234
113 b &
Effective qPVC NFT, QPM Quasiparticle-Phonon

Z h12¢1'¢2 + Z W»\/Q Qx\ + Z [@12 ] wz + h. c] Mode! (QPM)

AN 12\ V.G. Soloviev et al.

Cf.: The Standard Model elementary interaction vertices: boson-exchange interaction is the input:

v, g, %% :l:, ZY E.L., P. Schuck, PRC 100, 064320 (2019)
E.L., Y. Zhang, PRC 104, 044303 (2021)
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(non)-pos:t/wty and o) tlcal theorem

“Radiative-correction” “Second-order”
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Exact: irr - Watson-Faddeev series:
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P. Schuck, F. Villars and P. Ring , _ o
Nucl. Phys. A208, 302 (1973) Reducible terms: unperturbed GF poles - (Q @
Scattering amplitudes in particle physics Idea: eliminating virtual particles

(Yang-Mills theories etc.):

S |8

Amplitude is a Each face
= o | volume of labeled by
+ P_os:tlwty p_reserved when eliminating all the polyhedron (abed)
virtual particles
-+ Amplitudes <=> Polyhedron “living” in the
' ' . 1345)3 1356)3
kinematic spe.zce' N. Arkani-Hamed, J. Trnka, g ) {1356)
-+ Emergent unitarity

A. Hodges et al. (1234)(1245)(2345)(1235)  (1235)(1256)(2356)(1236)
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P. Schuck, V. Olevano et al.:

Irreducible part of G is decomposed (approximately)
into uncorrelated, singly-correlated and
doubly-correlated terms (cluster expansion):

G (54317, 5'4'31) = GO (543'1 . 5'431) +
+ G(C)’L'7~7‘(543/115 5/4/31) _|_ G(CC)’Z'TT<543/1/, 5/4/31) 4 e | 4 3’ .

(i) Singly-correlated terms (PVC-NFT): 1 ) 2 : "

c) d)
* (iii) Doubly-correlated terms: beyond NFT
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Model-independent (exact) mapping to the gPVC : : %
(Effective Hamiltonian derived!): 5 ) )
normal vibration bvv\/v\/\/\of _ — > (ph) > _
(phonon) K A U v < R* < v
4 m 4 _ b)
pairing \<> . O/ _ g oo | 1 ' &
vibration x N v > G > v
Original gPVC, (Relativistic) Nuclear Field Theory, — ‘ﬁw = % o)
(Relativistic) Quasiparticle Time Blocking Approximation (RQTBA): : A , -
L only part of the singly-correlated terms )
3 @ ] = ‘&\I\/\f\ﬁ— d)
Higher-rank correlations: ’ 5

Self-consistent closed system
of equations:

AN

G(w) = GO(w) + GO W)KIG(W)]G(w)

A

All channels are coupledin  C[G(w)]

A

o= {R(ph)7 Rp) Glrp) G(hh)}

E.L., P. Schuck, PRC 100, 064320 (2019).
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If Q are the QRPA phonons:

n 1 n n
0" = 2 Z( s u u - Y, a“'a“)’ Z( :;’QnT +Y/f//«’Qn) — “ﬂ“ﬂw
mp' n
1 n¥x yn n ny _
0" =) (Xipewe, —Yiola)) > Wi+ X0,0") = ey
wp! "
it is always possible to express 2q via phonons and vice versa Aib(‘] M) = [alaﬂ o
At the 2p2h-level:
|\IIJM ZR QT’() —I_ Z z1’&2 > t o qPVC/NFT
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J. Endres, E.L., D. Savran et al., & E. Lanza, A. Vitturi, E.L., D. Savran,
PRL 105, 212503 (2010) PRC 89, 041601(R) (2014)
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FIG. 2. (Color online) Isovector E1 strength functions in '°O and *°Ca in different approaches. The TDA strength is computed
before (TDA) and after the application of Gram-Schmidt c.m. orthogonalization procedure (TDA-CMO). In this and the
following figures, a single line is drawn for STDA and EMPM since they yield identical results. The arrows indicate states with
significant spurious components which disappear if c.m. SVD orthogonalization procedure (EMPM-CMO) is applied.



