PHYSICAL REVIEW LETTERS 129, 199701 (2022)

Comment on “Calculation of an Enhanced A,
Symmetry Mode Induced by Higgs Oscillations in the
Raman Spectrum of High-Temperature Cuprate
Superconductors”

In a recent Letter [1] Puviani et al. claim that the Higgs
mode gives an enhancement of the Raman response in the
symmetric A;, Raman channel. Here we report technical
mistakes which invalidate this conclusion. The Raman
susceptibility is the response function for the Raman

density operator pr = >\ 7k cltck, where the combination
of incident-scattered light enters in each Raman form factor
7k (Ref. [2]). The authors of Ref. [1] consider a model
H=Hy+ Hp+ H-, where H, is the noninteracting
Hamiltonian, H. is the Coulomb interaction, and Hp is
the four-fermion interaction term, Eq. (1) of Ref. [1], that
can be written in Nambu notations as

Hp = Z V(k, k/q)l//£+q/271Wk—q/ZWL_q/leWk#q/Z
q.k. K

+ Z V(k, k/q)W£+q/2721//k—q/21//£'_q/2721//k’+q/2'
q.k.k’

(1)

In Ref. [1] the authors further assume a separable potential
V(k,k'q) 2 —(V/4)fifx- Such an approximation is jus-
tified for Eq. (1) at momenta q ~ 0, where Eq. (1) reduces
to residual d-wave pairing interaction between fermions.
The Raman response at the BCS level accounts only for the
effects of the superconducting (SC) gap opening, and they
are encoded in the bare Raman response function y,,. To
account for interaction effects beyond mean-field level,
including the Higgs-mode fluctuations, one should com-
pute a dressed susceptibility y15". As it has been discussed
in several textbooks [3,4] and routinely applied to the case
of Raman response [2,5,6], in the dressed susceptibility one
bare Raman vertex yy is replaced by the dressed vertex
I'k,n» which accounts for four-fermion interactions
included in H- and Hp. In the same notations of

Ref. [1], such x4 is

A0Q,) =T Tr(Girit3Ginenlin]- (2)

k.iv,

This differs from Eq. (7) of Ref. [1], where both vertices are
renormalized, leading to overcounting of the diagrams and
uncontrolled results for the Higgs-mode contribution. This
is the first main observation, which invalidates the con-
clusions of Ref. [1].
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A second observation concerns the form of the vertex
corrections, Eq. (5) in Ref. [1]. Vertex corrections from the
second line of Eq. (1) account for the effect of SC phase
fluctuations on the Raman response. Along with Coulomb
interactions, they are needed to restore gauge invariance of
the Raman response in the limit where yy is a constant [2,5—
8]. The result is encoded in the screened 7 bubbles of
Eq. (4) of Ref. [1]. Vertex corrections in the Higgs channel
follow from the first term of Eq. (1):

1%
Dkm = 737k — ETlfkTka’Tr[TlGk’,n’+mrk’,mGk’,n’]'
k'.n'

(3)

This equation can be readily derived from the first line of
Eq. (1) by building up the diagrammatic series with Hp
constrained to q ~ 0, where a separable d-wave pairing
interaction is justified. It differs, however, from Eq. (5) of
Ref. [1], where the authors have included additional
contributions from Eq. (1) at large q values. In addition,
even in this case the momentum dependence and the sign
should differ from the one of Eq. (4) of Ref. [1], since it
would read as

Tem=nt3+5T > f? k-K [2,G T G w1
= T T ) ’ ot Tl
km —VkT3 D) P 2 LYK n'+mt K m~YKk ' n' 1

(4)

Equation (4) contains corrections both in the particle-
particle and in the particle-hole channels. The correct
procedure to include into the problem particle-hole inter-
actions is to start from a general gauge-invariant interaction
and then project it out in all channels. From the correct
vertex equation in the Higgs channel, i.e., Eq. (3), one
readily obtains the second term of Eq. (4) in Ref. [1],
showing that this expression already accounts for Higgs
fluctuations at the level of ladder resummation of the
interaction [Eq. (1)]. This equation has been previously
obtained in Ref. [8] for the s-wave case (y, = 1), where it
was shown that the Higgs contribution to the Raman
response is quantitatively irrelevant, as also confirmed
by the manuscript by Puviani et al. (see line QP + CF +
AM in Fig. 6 of the Supplementary). On the other hand, the
numerical results based on Eq. (7) of Ref. [1] are derived
from a wrong susceptibility because (i) correcting two
vertices leads to overcounting of diagrams and (ii) the
vertex equation itself does not correspond to fluctuations in
the Higgs channel.
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