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HIGGS (AMPLITUDE) MODE IN SUPERCONDUCTOR

AND ITS VISIBILITY

In a superconductor the breaking of the continuous U(1) symmetry
comes along with the emergence of two kinds of collective modes

llllllllllllllllllllllllllllllllllllllll

§The amplitude :
(l-llggs) modes:
. massive :

lllllllllllllllllllllllllllllllllllllllll

lllllllllllllllllllllllllll

EGoldsfone)E
: modes: massless :

llllllllllllllllllllllllllll

R R R \ + 1) Over damping by quasi-
:In a conventional BCS: .7 particle continuum

: superconductor it s very i~

: difficult to detect the Higgs: .. »2) Weak coupling to any

.mode in_the experiments: external probe



DYNAMICS Of THE SC AMPLITUDE MODE

The Ginzburg-Landau model well describes the STATIC properties of a
BCS superconductor
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DYNAMICS Of THE SC AMPLITUDE MODE

first (phenomenological) way: build up the Lagrangian by adding a
relativistic term to the Ginzburg-Landau picture
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first (phenomenological) way: build up the Lagrangian by adding a
relativistic term to the Ginzburg-Landau picture
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Then a well defined power-law singularity would arise in the
amplitude propagator at twice the SC gap
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DYNAMICS Of THE SC AMPLITUDE MODE

first (phenomenological) way: build up the Lagrangian by adding a
relativistic term to the Ginzburg-Landau picture
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Then a well defined power-law singularity would arise in the
amplitude propagator at twice the SC gap
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http://arxiv.org/abs/1503.07733

DYNAMICS Of THE SC AMPLITUDE MODE

The correct way to describe the dynamic properties of a
superconductor is to use a microscopic model, taking into account the
fermionic degrees of freedom
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A diverging quasu particle contribution appears in the
amplitude inverse propagator, giving rise to a weak square-
) root singularity
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DYNAMICS Of THE SC AMPLITUDE MODE

The correct way to describe the dynamic properties of a
superconductor is to use a microscopic model, taking into account the
fermionic degrees of freedom
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A diverging quasu particle contribution appears in the
amplitude inverse propagator, giving rise to a weak square-
root singularity
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DYNAMICS Of THE SC AMPLITUDE MODE

Despite all this, we show that, when SUPERCONDUCTIVITY coexists
with a preformed CHARGE-DENSITY-WAVE order the dynamics of the
SC amplitude fluctuations displays a relativistic behavior
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Despite all this, we show that, when SUPERCONDUCTIVITY coexists
with a preformed CHARGE-DENSITY-WAVE order the dynamics of the
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DYNAMICS Of THE SC AMPLITUDE MODE
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THE PECULIAR CASE OFf NbSe:

NbSe. presents the coexistence of SC with CDW:
Tc=7K and Tceow=33K
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THE ROLE Of THE CDW PHONON

CDW order + lattice instability

COW induced by the coupling of a phonon to the
electronic density

HCDW — th + He—ph

Hpyp = woagaQ

g
He—pn = N (GQ ™ CLT—Q) ZVkCLQaCka
ko

The phonon acts as an additive collective mode which couples to
both the Higgs mode and the Raman probe
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This is not enough to explain the experiments: the
true nature of the #iggs and the computation of
the full Raman response are needed



THE RAMAN RESPONSE

We compute the RPA Raman response function
by including the contributions of both the
(undamped) #Higgs and the CDW phonon

phonon+CDW amplitude fluctuations

SC amplitude fluctuations
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CONCLUSIONS AND PERSPECTIVES

@ New nature of the amplitude fluctuations in the SC+CDW
state (power-law singularity)

@ The #Higgs manifests itself as a sharp resonance in
the Raman response

O What about the dynamics of the Higgs?
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Pump-probe tests...
Matsunaga et al. PRL (2013), Science (2014)
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