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1.FRG for fermions
with partial bosonization

F. Schiitz, L. Bartosch, PK, Phys. Rev. B 72, 035107 (2005)
F. Schiitz and PK, J. Phys A 39,8205 (2006)

swant: FRG approach for strong coupling regime of interacting fermions
eidea: partial bosonization (Hubbard-Stratonovich transformation)

2-body interaction boson
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eproblem: HS trafo is not unique

epartial solution:multi-component HS fields for all relevant channels
*input: prejudice about dominant fluctuation channels

eadvantage: simple truncation in boson <= non-perturbative in fermion



Non-uniqueness of HS transformations:

eparticle-hole charge and longitudinal spin channel:
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ealternative: particle-hole spin singlet (attractive):




*we have developed a general method for generating the FRG hierarchy of flow
equations for any coupled bose-fermi theory (Schuitz, Bartosch, PK, 2005)

*RG flow for decoupling in charge channel:

fermionic self-energy: three-legged fermion-boson vertex:
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for 1D fermions with linear dispersion and forward scattering interaction:
exact solution of hierarchy possible for cutoff only in boson field



2. One-dimensional confinement
INn two dimensional metals

S. Ledowski and PK, Phys. Rev B 76, 121403(R), 2007

simple model for anisotropic metal:  S[i,] = Z/ [—iw + avpdk) + po(k1)]Vka¥Ka
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Question; can strong interactions completely wash out
the curvature of Fermi surface (1d confinement)?

First try: second order self-consistent perturtbation theory:
shift of FS due to interactions: 5kp(kj_) _ kF(kJ_) _ kFU(kJ_)

satisfies non-linear integral equation:
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numerical solution possible; more instructive: expansion in harmonics.



approximate solution of perturbative integral equation :

ebare FS: kro(kL) = kr+tocos(krar)  nearest neighbor hopping:
to = th_/'UF < ﬂﬂ.

erenormalized FS:  kp(k,) = kp+tcos(kra, )+

eself-consistency condition: ¢/¢, = [1 + R(t)]"'  R(t) ~ 5’24 _ 5:1 93 In (m)

logarithmic correction dominates
for small interchain hopping

eat weak coupling FS never becomes flat!

ecan renormalzed hopping vanish at strong coupling?

*Anderson 1993: YES!

suse FRG with partial bosonization to study strong coupling regime



Strong coupling FRG for the two-dimensional FS:

S. Ledowski and PK, J. Phys. Cond. Mat. (2003), PRB 2005, 2007.
*FS can be defined as RG fixed point by fine tuning initial conditions of
relevant couplings: (kL) = Zi(k)[Sa(kr,i0,a) + po(kL)]/vrA

eexact RG flow equation: 9ri(ky) = [L—m(k)]ri(ky) +Ti(ky)

flowing anomalous dimension: mi(k1) = —G/In Zi(k)

exact integral equation for FS shift:
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*here: approximation for inhomogeneity on rhs:

boson propagator vertex corrections
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eadiabatic approximation for propagator of density fluctuations:
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*flowing anomalous dimension:
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*flowing vertex correction:
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Result 1: RG flow of vertex correction:

0 n 2= inin

FIG. 3: (Color online) Evolution of the vertex (k) ,k ) for
a harmonic bare FS with amplitude to/Ao = 10~ and bare
coupling g2 = 0.4 for different values of the flow parameter
[. The abscissa indicates k; and the ordinate £,. From left
to right I = 3lc,lc,3l. and Ymin = 0.999989,0.981,0.85. To
evaluate the flow we have expanded in Egs. (7) and (11) up

to g3.
svertex becomes approximately independent of fermionic momentum

eeffective momentum-dependent interaction  gi(k1) = g277 (k1)



Result 2: RG flow of effective interchain hopping

for intermediate coupling

gl
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einterchain-hopping strongly reduced: FS tends to become flat

sat scale I. ~ —In(2ty/A\g) effective cutoff comparable with bare hopping:
A = I‘iﬂﬁ_gc = 2o

evertex becomes independent of fermionic momentum



Result 3: confinement transition at strong coupling:
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FIG. 6: (Color online) RG flow of #; and w; as a function o7 08 _ & 09 1.0
of the bare interaction g for t; = 0.1 as obtained from the g,

numerical solution of Egs. (7) and (11).

equalitative description via simplified flow equations:
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3. FRG approach to the Anderson
impurity model

L. Bartosch, H. Freire, J.J. Cardenas, PK, in preparation

*FRG based on purely fermionic degrees of freedom fails at strong coupling
(Hedden, Karrasch et al, 2004/08)
esidea: treat important interactions to all orders via suitable HS fields:
» what is essential to get coupling Fermi liquid fixed point?
local moments and transverse spin fluctuations!

FRG with partial bosonizationin () = 7,(7)d, (7)
spin-singlet particle-hole channel "
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Anderson impurity model:

T : = I . . .
H = ) [ex — ohlép,¢ke  non-interacting conduction electrons
keer

+ ) [Eq—ohldid, + Unyny  interacting d-electrons

T

+ Y (Vidlro + Vach,ds),  hybridisation
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eeffective action of d-electons after integration over conduction electrons:
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*low energy spin susceptibility is the same as of Kondo model

esaturation below exponentially small low energy scale Ty ~ exp[—m2go/S]

estrong coupling fixed point: Fermi liquid U



dynamic spin susceptibility in ladder approximation:
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FIG. 2: Graph of the spin-singlet particle-hole structure fac-
tor JS'Lll W) 1n ladclm approximation for g = U/(7A) = 0.9,
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quasiparticle residue in ladder approximation:
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FIG. 6: (Color online) Graph of & he quasi-particle residue
Z(0) as a tunction of go = U /(7A).



FRG with partial bosonization in spin-flip channel:
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*FRG flow equation for fermionic self-energy (cutoff only in HS-field):

W

close flow in bosonic sector via Dyson-Schwinger equation:

eafter HS trafo:  Sy[d] = —




Results for wave-function renormalization:
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*no magnetic instability, Fermi liquid for all couplings 7 -. . gy > 1
4qn

eprobably have to add longitudinal spin fluctuations to get Kondo scale
(work in progress...)



Summary, Conclusions

*FRG for fermions with partial bosonization

egeneral formalism to generate FRG flow equations for
vertices of coupled Fermi-Bose theories (Schuetz, Bartosch PK, 2005)
egood method to deal with symmetry breaking (see also Metzner group)

*Application to 1D confinement in 2D metals:

ecalculate renormalized Fermi surface using FRG
econfinement possible at strong coupling (Ledowski, PK, 2007)

*Application to Anderson impurity model:

*HS trafo in spin-singlet particle-hole channel: no magnetic instability
*work in progess: add longitudinal spin channel
(Bartosch, Freire, Cardenas, PK, 2008)
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