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"Landau-Fermi liquid — (a) adiabaticity; (b) exclusion'pfincip
Eermi sea is-a collection of fermions (or electrons) atthe
ground state:
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Such dressed states corresponding to the eIementary excitations
in a:Fermi gas are called a quasiparticle in a Fermi liquid
Due to the interaction, quasiparticles acquire a finite lifetime
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Superconducting state:
Gapped Fermi liquid, or
Fermi sea of superconducting
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Four regimes

_ (1) Coherent Regime (<200fs): well-defined phase relation within the
| excitation and with the EM field, either real or virtual excitation, fs
=

regime.

W 4 i1

(2) Non-Thermal Regime (<2ps): after the dephasing, cannot be
characterized by a temperature (non-thermal), carrier-carrier, X-X.

(3) Hot-Carrier Regime (1-100ps): characterized by different T, Ty,
Terciton: @NA Tiices CarTiers thermalize in 100s of fs, e-h thermallze ina j
couple of ps; e-h-ph thermalize in 100s of ps; cooling rate gives carrier- *
phonon, exciton-phonon, ph-ph interactions.

(4) Isothermal Regime (>100ps): one lattice temperature, excess
carriers and excitons, carrier recombination, radiatively or non-rad.
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Different orders correspond to different Ilfetlmes' oy
’ And different critical temperatures!

Conveying energy to the sea — Excited State =
Conveying coherence to the sea — Coherent State -
Being sensitive to the surface — Surface State —




Urlt'rr»afast WAEInoIR-E Coherent control of boson

excited state quasiparticles excitations
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(balanced detectlon) —
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A 2FeSe/SITiO B REN

-

& - EEIEM (weak detection) #BIR YL
WMEHEE SR BFiEEEFS  ®BES. RES. 24875

CHIFE) 404, 184 (2011)
CIRRCHIIBENIRY 24%, 44 (2011)
(RIZFIBIRY 624, 1 (2017)

Sensitivity: 106 Lock-in
Stretcher- 800nm(1.55eV A Amipllfiler

Compressor 80fs 250KHz
Cryostat :

Laser
Seed Amplifier
Oscillator

Controller

Bi-layer FeTe 1.26nm .___

o N

Single layer FeSe 0.55nm ——>

i B 4 SrTiO4 substrate
SrTiO4(001) substrate ~ 0.5mm --~

-



Quasiparticle dynamics
- T -

Single layer FeSe/SrTiO;

Challenges for Detection et

& ;v\f . 'Xk S22 x ‘ > .\‘Q
A A g AR ORI '
G

v" Do not: Destroy the SC state by laser pulses
PRL 116, 107001 (2016)
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Time Delay (ps)

(1) REIFRZ AR IEECFHEEZRFRIZE (Fermi Golden Rule) .
(2) BN FHASHERMADFHERERERE, RINAEGAE.
(3) EF#RI (phonon bottleneck) FRIAEFHREIK.




Excited state ultrafast dynamics = Electron Phonon Coupling
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Please click on the dark screen to see the movie. Excited state.




Excited state ultrafast dynamics = Electron Phonon Coupling
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Photo-carriers, laser heated electrons, and thermal carriers E =& A E L2
Non-equilibrium states =i e Fermi-Diracy Y, A aeHF-Dor 7k
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A 2FeSe/SITiO B REN
M Time-resolved differential reflection
200K
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63K
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B SHEERFIIE--- BRI CE

(a) O (b), [
-0.5 _ +
F
T :
< 06 %ﬁ‘? s s Measurement of
" 04l 593&5 © "e 5 4 . e-phcoupling

2=0.49 calculated
from rfast=0.23ps at low temperature

0.0 b
50 100 150 200 250 300
T(K)
iﬁ:i - Slow component
} 5| No SC transition at ~ 8 K
S i S Kabanov model
§%§§ Identifying SC
-4 and obtaining T,
e AFM—PM phase transition

150 200 250 300

Fitting with BCS SC A(T) gap function.
Simultaneous observation of the two combined features

~>

Evidence of superconductivity
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Phonon Bottleneck Effect

Phonon bottleneck is characterized by elongated lifetime nearby T.. Why?

recreate (hw,, >2A,)

/\ “N\NW (hwpn < 2A4)

Cooper pair
AR

- T
X Nphotoexcited Qua5| equmbrlum T4 phonon

® MW%“+

(ha)p >2A,.) %

A(T) = a(0)eanhoT,/T—1 | '€COmMbine %:ﬂl\'ph —Rn,? 2 (hwpn < 2A¢c)
i d':tph } m;ph " qu =7 (N =Npor)
B e ato Time needed for the quasiparticles to condensate into
cooper pairs is determined by the decay of HF phonons.
At T, the SC gap is closing, so more “HF” phonons.

T (K) T Hence very long lifetime for the quasiparticles.
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25 50 75 100

H=FeSe/SrTIO;ANERENIIZE

AR/R
o 0.001 1 BEEFeSe/STORZE

1.4E-4
7.=68 (-5/+2) K
1.0E-4
A(0)=20.2+1.5 meV
-3.1E-4
= 3.2~3.7 kT,
ooEA 1=0.48

Bulk FeSe: A1=0.16

125 150 175 200 225 250 275
Temperature (K)

(1) FHERE: NAKSERNNFEERARESTIE.

wEes] . ARERRREIR R EMFEEHARAIREE,

(2) hREAYSLE



Weak Detection Condition

Overall SC condensate preserves, despite of the laser pulse excitation.

-—

reTe [N
‘ FeSe
U
: : Absorption of laser enery in FeSe Single layer: Two part
//
1 =y (1= Ruingow) X F XV 2
zﬁ( _— ‘;a € = = owd X [(1_ RZUC FeTe)(l_ aFeTe) Opese T
2
. (1= Ry rere) = pere) (1= Ry pese) (1 — Xese ) Rt Xese ]

=0.799x1072°J/ unit cell

oo 0.799%107*°J -unit cell ™

n,. = X - x 2 =0.06/unit cell
1.55%x1.602x10J

pe E

photon

Ny >> 2N (0), . pose Asc =2x2.6 6V 'Fe™ x 2Fe cell ™ x20.2 meV =0.21 cell ™

N, >>nN, PRL 116, 107001 (2016)
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o 0.0011
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Time Delay (ps)
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Temperature (K) PRL 116’ 107001 (2016)
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Single-layer FeSe/SrTiO4
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Jimin Zhao et al. CPL(Express Letter) 37, 097802 (2020)
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High Pressure Ultrafast Dynamics

Pressure-Induced Phonon Y e
Bottleneck Effect

(1) I T RIS Epump-probeilBIREINFEMR, B SERIRENN
FRAXX T RREME R, SedRins it T ERSYE
MRBEEEX.

(2) RMTENFFHE TR, IR E B FEEHDEIREFRTR

Jimin Zhao et al., CPL(Express Letter) 37, 047801 (2020)
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