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® New Piece of Puzzle: Density Waves

) B
I L) 72 UE Ooo + ChargeDensityWave (CDWis a wavelike periodic modulation of conduction
electrons which appears just before the superconductivity emerges. It Is now
J. Choi*. Olvashkd. E. Blackburn. R Liang D. A. Bonn believed that the CDW might be a crucial piece of therate puzzle.
W. N H’ardy AT I’-Iolmes N B ’Christens’enl-l\m c k e’ r + When charge, spimndorbitals make density waves, they lead to a modulation

of host lattice— a satellite peakn anincommensurateeciprocal position.

S. Gerber, GGutowski U.R U ,tM v. Zimmermann, | | o
+ Key QuestionsiVhat is the relationship between CDW and SC?

E. M. Forgan, S. M. Hayden, J. Chang

= YBCO: HigiTc SuperconductingCuprates

+ Cuprate(or copperoxide) Is first high Tc superconducting (HTSC) material
family discovered. Two IBM researchers in Zurich,Georg Bednorand K. Alex
Ml | ,lfoend that LaxBaxCQ undergoes a transition to superconducting phase
at ~40 K. They won th&/obel Prize in Physicgn 1987

+ YBaCuwOr-x (YBCO)s the first material which becomes a superconductor
abovethe liquid nitrogen temperaturelt is also one of the most widely studied

in both fundamental research and application. n Synchrotron xray Diffraction

+ Failure of conventionalvisdom
Microscopic mechanism of superconductivity was well explainedBgrdeen

CooperSchrieffer (BCS) theonya pair of two electrons mediated by a phonon X-RAY DIFFRACTION PETRA Ill SYNCHROTRON
condenses into the same quantum ground state. However, spisenons cannot

act as a pairing glue at high, HTSCs cannot be understood by BCS theory. K i Kot I electrons £ 100keV
+What is the mechanism of higiic Superconductor? =g = * P-07
125 big scientific questions selected BsScience> = . 3, Ui YBCO Beamline
. . q ey EZ,’," e photons
? o } ] }'{J
+ k m— I? i . Tc.,?%i’}’?%{ : + High photon flux of synchrotrors advantageous to detect an extremely weak
- N Rl 4 satellite CDW peak in YBCO samplmost direct probe for CDW
NEW SUPER : NEWQUESTION  ®F | " swocmsscrny . -
CONDUCTOR Y 0 - T + Extreme environmentf 3 K and 17 T allows to explore an uncharteditory of
= s phase diagram where novel physical phenomena remain undiscovered.

Coexistence of Two Different CDW Orders Competition between SC and CDWs Spatially inhomogeneous Competition
+ Suppression of CDW peak intensity fromiddicates Je T s oi-am a Low field High field
CDWs and superconductivity asompeting. ) e
.................. + This competition can be characterized faxscale =20 Brax
s
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o 0,k ) o 0,k ) ;330.4- Y ! 04l ¢ 3T + Tmax Scales describing the competition are plotted at
+ Two spatiallyseparated CDW coexisting: = = different magnetic field.7maxscales of AFCDW (blue)
(a) anantiferro-coupled CDWtacked in an alternating | | | | ]l | | | ) | and FCDW (red) evolve idifferent way.
fashion along eaxis, peaked at/=0.5 AF-CDW 0 20 40 60 80 0 20 40 60 80 + The competition between SC anddDWis more severe
(b) A CDW stacked iffierro-coupledfashionalongc-axis LSy U than that between SC and AEDW-inhomogeneous

peaked at/=1 (CDW + 2D intensity mapping reveals: (spatially) competition
(a) FCDW also competes with SC frdow-field range.

Two-component Analysis (b) Competition is stronger itow-T and highB region. CONCLUSION

A:."‘*"F’,"’?”P'e." :‘?"°'°E‘.’“P"*". el o — 18 + Two different CDW orderings were observed via anay
i 2 | diffraction experimentARCDW and FCDW Both CDWs
' & |7 . """" lg ¢15_ coexist, but occupy spatially different regions.
Pg-'? ____________ % 3 | + Two spatiallyseparated CDW orders compete with
< 05 [z " ; superconducting order differentlyCDW competes with
12 =1 £ T SC stronger than AFCDW does
__p oW . cbw N - - =
e 37 ok %se 372 0 F e—— 15 = +We interpret it as _tvv_o flavors- strong and weak flavors
T 5 L of superconductivityin YBCO:
+ To decompose contribution of two CDWSs, the intensity is YBCO-6.67 . Superconductivity in the region occupied by€DW is
fitted with a sum of two Gaussian function: (AFCDW I T T stronger than the other, thus suppresses@DW stronger
contributionat | = 0.5 and (bl~CDW contributiorat | = 1. Temperature (K) Temperature (K) than SC in the other region suppresses-&IDW.

PAUL SCHERRER INSTITUT

=

Manuscript is now available on arXiv:1909.09359
(currently under review i'Wature Communications

? Universitat = |4 University of
5 Ziirich™ BRISTOL

77| UNIVERSITYOF [2BS[ure .y o DU teomen - WEZMANN Eigms
o »,ﬁ “\\7" BRITISH “ y INSTITUTE :{. :’:_—- :'
L B I RM I NGHAM COLUMBIA : ‘. of Denmark OF SCIENCE i SN




