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Cuprates — Possible CDW order
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CDW fluctuations in LSCO

Stabilizing CDW with specific dopants (Nd or Eu) Stabilizing CDW with Magnetic Field

in La,_Sr,CuO,
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1.10

CDW fluctuations in YBCO and NdBCO
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CDW fluctuations in BSCCO

Bi2201

REXS - UD15K STM - UD15K A
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CDW Excitations

Amplltudon
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CDW Excitations - Ultrafast Measurements

Pump, 60 fs, 1.5 eV
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Amplitudon — Pump-probe (PP) Spectroscopy

Dynamic change in reflectivity

¢ Track single particle excitations & collective modes

Amplitudons in K, ;Mo00;,
5 10 1

5

-ARR[10 9

0
T

J. Demsar et. al. PRL 83, 800-803 (1999)

What about phason?
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CDW Excitations - Ultrafast Measurements

Phason — Transient Grating (TG) Spectroscopy
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Amplitudon Dynamics

Oscillations in the PP reflectivity transients
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Amplitudon Dynamics
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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
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Phason Dynamics

Phason damping --> CDW fluctuations
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Phason Dynamics

Phason damping --> CDW fluctuations

2O T T T T 1 Source of damping?
i CDW Fluctuation Lifetime -
20F o 4 Ifintrh%:mping
- P " thenT r[~T>
w15 F o) _
% i 0] | * CDW fluctuations
10} o -
' 5 T Phason lifetime
0.5 F -
_ ¢ | l
oo—4—4——ms -1 .11 Measure of CDW lifetime
O 20 40 60 80 100
Temperature (K)

Nature Materials 12, 387-391 (2013) Gedik group '}



Relationship with High-Tc?

Optimally Doped (x = 0.16) Sample

1.0 |

No amplitudon 1.0 No phason

Time (ps) Time (ps)
Fluctuating CDW seems to compete with superconductivity

Similar results for overdoped (x = 0.33) sample
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CDW amplitudon in YBCO

Detected by PP spectroscopy
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 Similar results forp=0.12 & p=0.13
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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
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nton et @ ( ) Detailed calculations by Sachdev group: arXiv:1402.0875
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CDW amplitudon in YBCO & LSCO

Coupling between SC & CDW
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Selective probing of amplitudon & phason --> Measure Fluctuating CDW lifetime

Amplitudon Phason CDW fluctuations --> Phason damping
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* Absence of CDW excitations in optimally & over doped sample
* Indicates a competition scenario between SC & CDW order
* Amplitudon also observed in YBCO --> repuslive interaction b/w SC & CDW orders
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