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Cuprates — Possible CDW order
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» Specific or general behavior?

* Relationship b/w CDW & High-Tc ?



CDW fluctuations in YBCO and NdBCO
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CDW fluctuations in BSCCO
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CDW fluctuations in LSCO

Stabilizing CDW with specific dopants (Nd or Eu) Stabilizing CDW with Magnetic Field
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Cuprates — Possible CDW order
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 Relationship b/w CDW & High-Tc ?
* Time scale for fluctuations?

* How to observe with optics?
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CDW Excitations
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Can we see these collective modes with time
resolved optics?
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Measure the damping rates
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Pump probe spectroscopy
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What can we learn from optical pump-probe spectroscopy?




What do we learn from Pump-probe
spectroscopy?

Reflectivity change

Method: Break pairs, watch them in real time as they repalr
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Pump probe spectroscopy -> Relaxation of electronic excitations

Can we use this technique to probe collective excitations?



CDW Excitations - Ultrafast Measurements

Amplitudon — Pump-probe (PP) Spectroscopy
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DECP Mechanism

Single-particle excitations
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Amplitudon Dynamics

Oscillations in the PP reflectivity transients
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Amplitudon Dynamics

Extracting dynamic parameters

— Fit
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What about phason? Need to depin...
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CDW Excitations - Ultrafast Measurements

Phason — Transient Grating (TG) Spectroscopy
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Phason Dynamics

Additional component in the TG response
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Phason Dynamics

Confirm detection of phason
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Similar behavior of ‘A’ and ‘P’ --> suggests presence of phason

Extract phason lifetime --> study damping with temperature

Nature Materials 12, 387-391 (2013)
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Phason Dynamics

Phason damping
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Phason Dynamics

Phason damping
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Phason Dynamics

Phason damping --> CDW fluctuations
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Phason Dynamics

Phason damping --> CDW fluctuations
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Relationship with High-Tc?

Optimally Doped (x = 0.16) Sample
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Fluctuating CDW seems to compete with superconductivity

Similar results for overdoped (x = 0.33) sample
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AR/R (x107)

AR/R (x10”)

CDW amplitudon in YBCO

Detected by PP spectroscopy
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CDW amplitudon in YBCO & LSCO

Behavior with temperature
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* Enhancement of amplitudon across
superconducting Tc

150 200 . Consistent with X-ray studies?

Temperature (K) --> show decrease in CDW amplitude
Hinton et. al. PRB 88, 060508 (2013)
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Summary & Future work

Selective probing of amplitudon & phason --> Measure Fluctuating CDW lifetime
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* Absence of CDW excitations in optimally & over doped sample

e Future work:

* Doping dependent study in the vicinity of 1/8 doping

* Effect of magnetic field on fluctuation lifetime
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Transient Grating Spectroscopy

How do we implement it?
L1 -
| | Sample

Probe

Pump

Box-car geometry & heterodyne detection

Transmitted P1 + Diffracted P2
< EIP1 (rio+dir (¢))+ EIP2 (Slr(6)e(t))

Transmitted P2 + Diffracted P1
EIP1 (rdo+0ir (8))+ ELP2 (OUr (¢) €T+ (¢)




Transient Grating Spectroscopy

What are we actually measuring?

? #—> Control phase difference between probe beams
Pumy 5

Intensity at detector

< [rio [T2 +[dr [cos(@pls )+ [€/cos(P+@ls)

[rio [T2 +[8r [cos(@pls )+ [€/cos(PY—@is)

[rio [FZ2> Get rid off by lock-in (modulate pump @ 100 kHz)

[84r [cos(pls5> Standard pump probe measurement (what we call PP!)
@ls—> Phase of 8ir w.r.t. 77do, independent of grating

/€] —> Finite q response with time (what we call TG!)

Yy — o+9.gr



Transient Grating Spectroscopy

Calibration

0.4 0.6 0.8
CS Angle 8/°
3-point scheme

[04r [cos (pls )+ [e/cos(pls)

[O4r [cos (pls )+ [e/sin(pls)

y=n

.‘4’5:“%4 ~ R, [O4r [cos (pls )—[€/cos(pls)

CS Angle (°) Solve!




