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Experiments about Higgs modes

Superconducting charge density wave compound

Nb Seg
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Experiments about Higgs modes

Superconducting compound
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Experiments about Higgs modes

Cold atom system: bosons in optical lattices
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Higgs Mode
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Non-relativistic theory:
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Higgs Mode
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Bose-Hubbard Model
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Quantum Phases in Bose-Hubbard Model
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Quantum Phases in Bose-Hubbard Model
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Quantum Phases in Bose-Hubbard Model
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Quantum Phases in Bose-Hubbard Model
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Quantum Phases in Bose-Hubbard Model
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Quantum Phases in Bose-Hubbard Model
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Quantum Phases in Bose-Hubbard Model
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Quantum Phases in Bose-Hubbard Model
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Quantum Phases in Bose-Hubbard Model |
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Phase Diagram

Fisher et al, PRB (1989)
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Field Theory Description

Path integral representation
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Field Theory Description

Path integral representation
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Field Theory Description

Path integral representation
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Field Theory Description
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Field Theory Description
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Field Theory Description
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Field Theory Description
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Field Theory Description

4 )
B
Sle*, ¢l = S0+ | dr [ d [wp 0+ 0l0rpl? + wlVil? — all + bl + ...
0
\ J

Gauge Symmetry Derivation

b(t) — b(T)ew(T), b*(1) — b (T)e_w(T)

o(r) = p(r)e?7), o* () > b)), p— u+i0.0
1 4 )
Lra Fisher et al, PRB (1989)
3.0 3 ou
"""""""""" oL

- 5 F2v =0

. \§ M J
1.0 T + 1 o

 Balb w3 P

2U T Emergent of Lorentz Invariance

Thursday, December 25, 14



Higgs mode
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Higgs Mode Detection
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Generally, a condensed matter and cold atom system
will not have Lorentz invariance, what is the fate to
Higgs mode if without Lorentz invariance ?
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BEC-BCS Crossover

Increasing attractive interaction

>
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Ginburg-Landau Theory
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Ginburg-Landau Theory

-

FIA, A] = / dtdPx { A(—iud; + v0?

v?

2m*

u=u +u”

r)A + g/\/\/\/\}

~

Thursday, December 25, 14

Increasing attractive interaction



L G A e S s R A e A SERE i

Ginburg-Landau Theory
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Ginburg-Landau Theory
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Ginburg-Landau Theory
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(A) Ignoring damping term
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Ginburg-Landau Theory
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Ginburg-Landau Theory

-

F[A,A] = /dtdgx{ﬁ(—iuﬁt + v0;
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Ginburg-Landau Theory

-
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Glnburg -Landau Theory
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Ginburg-Landau Theory

-

F[A,A] = /dtdgx{ﬁ(—iué’t + v0;
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Ginburg-Landau Theory

-
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Ginburg-Landau Theory
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Spectral Weight Transfer

A — \/1/b+ g + i,
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Spectral Weight Transfer
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Spectral Weight Transfer
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(B) Including damping term
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Glnburg -Landau Theory
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Ginburg-Landau Theory
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Ginburg-Landau Theory
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Ginburg-Landau Theory
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(C) Superconductor:
including coupling to external electromagnetic field
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Ginburg-Landau Theory
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Ginburg-Landau Theory
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Conclusion:

1. In the BCS regime, Anderson-Higgs mechanism plays an
important role in measuring a well-defined Higgs mode

2. From BCS to BEC, Higgs mode is pushed to high energy and
meanwhile, the spectral weight is transferred to Bogoliubov mode.
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Thank you very much for your attention
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