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Abstract:  

     The main aim of this paper is to study the factors which effect on the B1g mode 

phonon of YBCO at the interface between the antagonistic materials YBCO and LCMO. 

Raman light scattering is the technique which used to perform this work. The 

Superlattices which studied are thin films of YBa2Cu3O7/La2/3Ca1/3MnO3 with different  

thickness. This study appears the shrinking of the SC-gap throw the 340 cm-1 due to the 

effect of the LCMO electrons which go through the YBCO and causes breaking of 

copper pairs, therefore it seems that the YBCO goes from the optimal doped case to the 

under doped case and that suppress the SC gap 
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Study of Suppression  of SC gap and 340 cm-1 Phonon in YBa2Cu3O7/La2/3Ca1/3MnO3 

Superlattices 

 د. نادر عمر مسعود إدريزه  1

 الآداب والعلوم المرج. قسم الفيزياء كلية بمحاضر  .1
 

 الملخص

الخاص بالمادن الموصةةةةةةةةةةلة الفا قة    1g Bتهدف هذه الورقة البحثية لدراسةةةةةةةةةةة العوامل الملفرن ع   الفونو  

YBCO     عند السةةةةلف الفاصةةةةل بي  المواد الم اةةةةادن ي  الخواص وYBCO   وLCMO ء الاةةةةو. تقنية راما  لإسةةةة لارن 

   ال قنيةةةةة المسةةةةةةةةةةةةة  ةةةةدمةةةةة ي  إنفةةةةاا هةةةةذا العمةةةةل. اللاةةةةةةةةةةةةةب ةةةةا  الفةةةةا قةةةةة المسةةةةةةةةةةةةة  ةةةةدمةةةةة    عبةةةةارن ع     م رقيقةةةةة م   

3MnO1/3Ca2/3La/7O3Cu2YBa    مع سةةةةةةةةةةةةم  م  لفةYBCO  ي  كل مرن مع فبا  سةةةةةةةةةةةةم   بقةLCMO هذه الورقة .

 LCMOنتيفةة ال ةيفيا النةاتن م  الوناونةا  المةادن    m 340-1ة تظهر تقلص ي   فون اللةاقةة م  ل   الفونو   يةالعلم

م  حةالةة مثةاليةة    YBCOوتسةةةةةةةةةةةةةنةئ توسةةةةةةةةةةةةةيا ي  فنةا يةا  كوةر  وعلية   ة نة  يظهر تحو  المةادن   YBCOوالتي ت ناق المةادن  

ال لعيم ذا  الموصةةةةةةةةةةةةةليةة المثةاليةة الفةا قةة إل  حةالةة تحةا معةد  ال لعيم الليةد ا مر الةذ  ي ةةةةةةةةةةةةةل  هةا ل قليص  فون  

    اللاقة.

 ، الشبكات الفائقة. 1-سم 340، الفونون (SCفجوة التوصيل الفائق )الكلمات المفتاحية: 
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Introduction: 

Transition.metal.oxides.displ

ay.a.wide.range.of.fascinating.proper

ties.resulting.from.a.subtle.interplay.

between.charge,.spin,.orbital.and.stru

ctural.degrees.of.freedom..For.instan

ce,.in.manganites,.the.“colossal.mag

netoresistance”.phenomenon.arises.fr

om.strong.electron.phonon.coupling.

associated.with.Jahn.Teller.distortion

s.(Millis,.1996,.P2),.while.high.temp

erature.superconductivity.in.Copper.

oxides.is.largely.believed.to.be.cause

d.by.a.spin.fluctuation.mediated.elect

ron.electron.interaction..In.the.quest.

for.novel.material.functionalities,.the

re.has.been.a.growing.interest.for.“ar

tificial”.structures.such.as.super.lattic

es,.that.can.exhibit.properties.that.are

.not.present.in.either.of.the.constitue

nt.materials.alone..This.approach.als

o.offers.the.possibility.of.combining.

a.priori.antagonistic.properties.in.a.si

ngle.system..This.was.for.instance.re

cently.achieved.in.superlattices.invol

ving.superconducting.YBa2Cu3O7.a

nd.half.metallic.ferromagnet.La2/3C

a1/3MnO3,.at.the.interface.of.which.

unusual.properties.(e.g..orbital.recon

struction,.charge.transfer).have.been.

emphasized.using.x.ray.magnetic.cir

cular.dichroism.(XMCD).or.neutron.

reflectivity..In.these.systems.taken.in

dividually,.some.phonons.modes.are.

strongly.coupled.to.the.electronic.an

d.have.been.widely.used.to.study.the.

various.phase.transitions..This.is.fori

nstance.the.case.in.YBa2Cu3O7.of.t

he.340cm1.phonon..In.YBa2Cu3O6

+x,.the.renormalization.across.the.su

perconducting.transition.of.the.340c

m1.buckling.mode.with.B1g.symmet

ry.is.directly.coupled.to.the.2∆..super

conducting.gap.amplitude,.allowing.

one.of.the.first.estimates.of.this.quan

tity.(Bakr,.2009,.P(1,8))..In.this.pape

r,.we.used.Raman.scattering.to.invest

igate.the.temperature.dependence.of.t

he.340cm1.mode.in.[(YBa2Cu3O7)d

YÅ./(La2/3Ca1/3MnO3)dLÅ.]m.sup

erlattices.as.a.function.of.their.relativ

e.thicknesses.dY/dL.with.n=50.Å,..1

00.Å,..150.Å,..200.Å,..300.Å,..500.Å

,..m=20,..15,..10,..7,..5..We.observe.c

ontinuous.changes.of.the.renormaliza

tions.of.the.340.cm1.YBCO.mode,.u

nravelling.charge.transfer.and.mutual

.strain.effects.between.the.two.lattice

s. 
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Experiments: 

We.have.performed.our.exper

iments.on.high.quality.YBaCuO/LaC

aMnO.superlattices..Our.thin.films.w

ere.deposited.by.pulsed.laser.depositi

on.(PLD).on.SrTiO3.(100).535.mm2.

substrates..The.density.of.the.laser.w

as.of.about.2.J/cm2..The.substrate.w

as.kept.at.a.constant.temperature.of.a

bout.730℃During.the.depo.sition.pro

cesses,.the.pressure.of.the.deposition.

chamber.was.of.about.0.5.mbar..Afte

rwards.films.were.in.situ.annealed.at.

530℃ .in.an.oxygen.flow.at.one.bar.f

or.60.minutes.(Soltan,.2004,.P2)..Th

e.resulting.orientation.of.the.YBCO.

unit.cell.in.the.YBCOn/LCMO100.s

uperlattice.is.perpendicular.to.the.ST

O.substrate..The.superconducting.(S

C).and.the.ferromagnetic.(FM).transi

tion.temperatures.of.our.thin.films.w

ere.measured.using.a.superconductin

g.quantum.interference.device.(SQU

ID)..The.corresponding.transition.te

mperatures.are.listed.in.table.(I). 

The.Raman.scattering..experi

ments..were..performed.in.nearly.bac

kscattering.geometry.using.a.T6400.t

riple.grating.Raman.spectrometer.an

d.Dilor.XY.triple.grating.Raman.spe

ctrometer.equipped.with.a.charge.co

upled.device.(CCD).camera..The.res

olution.of.our.spectrometers.was.abo

ut.3.cm−1..The.laser.used.in.our.exp

eriments.was.an.Ar+/Kr+.mixed.gas.

laser.with.wavelength.514.532.nm..T

he.power.of.the.incident.laser.was.ke

pt.less.than.2.mW.to.avoid.laser.indu

ced.heating..The.incident.and.scatteri

ng.lights.were.always.nearly.parallel.

to.the.crys.tallographic.c.axis.of.the.

YBCO.layer..Thus,.the.electric.fields

.of.the.incident.and.scattered.lights.w

ere.parallel.to.the.ab.plane.of.the.YB

CO.layer..In.our.experiment,.the.sam

ples.have.been.placed.at.a.cold.finger

.in.He.cooled.cryostat,.connected.to.

a.temperature.controller.with.a.tempe

rature.stabilization.better.than.1K..Al

l.spectra.presented.in.this.paper.were

.taken.in.the.xx/yy.geometry.where.x

.(or.y).denotes.the.polarization.of.the

.incident.and.scattered.lights..In.this.

configuration,.the.light.couples.to.the

.A1g+B1g.excitations.(Bakr,.2009,.P

2). 
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Table.(1).shows.the.characteristics.of.the.samples.used.in.this.study 

 

 

 

 

TABLE.I:.A.summary.of.the.

properties.of.the.samples.used.in.this

.study..The.second.and.third.columns

.denote.the.YBCO.and.LCMO.thickn

esses,.respectively,.whereas.the.fourt

h.and.fifth.denote.the.superconductin

g.and.ferromagnetic.transition.tempe

ratures,.respectively. 

Results.and.discussion 

The.Raman.spectra.consist.of

.sharp.features.(Fig.1),.correspond.to

.phonons,.superimposed.on.a.broad.b

ackground.of.an.electronic.origin..Si

nce.information.about.the.electronic.

background.is.barely.achievable,.we.

will.focus.our.discussion.on.the.phon

onic.Raman.spectra..Fig.1.displays.th

e.Raman.spectra.of.(YBa2Cu3O7)7./

.(La2/3Ca1/3MnO3)7.superlattice.ta

ken.in.the.xx.(or.yy).symmetry.at.var

ious.temperatures.between.10.K.to.3

00K,.where.YBCO.is.optimal.doped.

and.LCMO.is.ferromagnetic.I.observ

ed.four.sharp.phonon.peaks.at.230.c

m−1,.340.cm−1,.440.cm−1,.and.500.

cm−1..The.phonon.at.230.cm−1.corr

espond.predominantly.to.inphase.rot

ational.vibration.of.the.O1.atoms.in.t

he.MnO6.octahedra,.whereas.the.340

.cm−1.corresponds.to.the.out.of.phas

e.vibrations.of.the.planar.YBCO.oxy

gen.atoms..The.500.cm−1.phonon.m

ay.arise.from.vibrations.of.the.YBC

O.apical.oxygen.4.The.broad.band.at

.600.cm−1.may.come.from.combine

d.vibrations.of.the.chain.oxygens.of.

YBCO.(Bakr,.2009,.P6).(Iliev,.1998,

.P2874).(Limonov,.2000,.P12414).an

d.of.a.stretching.Mn.O.vibration.of.L

CMO.compound.(Irwin,.1999,.P936

5).(Pantoja,.2001,.P3748). 

Sample YBCO Thickness LCMO Thickness TC ......  

SL1 0 3000..˚A - 275.K  

SL2 50..˚A 100..˚A 35K 235.K  

SL3 100..˚A 100..A˚ 45K 230.K  

SL4 150..˚A 100..˚A 48K 225.K  

SL5 200..˚A 100..˚A 60K 220.K  

SL6 100..˚A 50..˚A 25K 195.K  

SL7 300..˚A 100..˚A 75K 220.K  

SL8 ˚ ˚ 85K 220.K  
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Figure.(1).shows.the.density.(arb.units) 

FIG..1:.Raman.spectra.of.YB

CO/LCMO.in.the.xx.Raman.channel.

taken.with.an.Ar+.laser.line.(λ.=514.

532.nm).at.various.temperature..The.

mode.assignment.corresponding.to..r

ef..[Bakr,.2009,.P2].[Irwin,.1999,.P9

364]..For.clarify.the.spectra,.verticall

y.shifted.by.a.constant.offset.with.res

pect.to.each.other..The.horizontal.tic

ks.show.the.baseline.of.each.spectru

m..P1,.P2,.P3,.and.P4.denoted.atomi

c.vibrations.of.LCMO.(O1),.YBCO.(

out.of.phase.vibration.of.the.planar.o

xygen.O2,O3),.YBCO.(in.phase.vibr

ation.of.the.planar.oxygen.O2,O3).an

d.YBCO.(apical.oxy.gen). 

Depending.on.earlier.studies.i

n.other.similar.oxide.systems.(Bakr,.

2009,.P(8,9)).(Bock,1999,.P3535).(L

e.Tacon,.2007.,.P5),.the.most.of.pho

nons.tend.to.be.asymmetric,.i.e..Fano

.profiles.
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 .In.this.study.we.have.analyz

ed.all.phonons.using.the.Fano.profile

.Formule.which.is.I(ω).=.A[(q.+.ε)2/

(1.+.ε2)],.where.ε.=.(ω.ω0)/Γ,.ω0.an

d.Γ.are.the.phonon.frequency.and.lin

ewidth.(HWHM),.respectively..A.is.

a.proportionality.constant.and.q.is.th

e.Fano.asymmetry.parameter.(Bakr,.

2009,.P(8,9)).(Bock,1999,.P3535)..Fi

g..2.shows.the.resulting.fits.(solid.lin

es).to.the.experimental.data.(open.cir

cles)..The.fitted.profiles.agree.well.w

ith.the.measured.line.shapes.of.the.3

40.cm-1.B1g.phonon.mode. 

Figure.(2).shows.the.density.(arb.units) 

FIG..2:.Fano.profile.analysis.

of..Raman.spectra..of..a..YBCO/LC

MO..superlattic.of.the.340.cm1.phon

on.mode..(λ=514.532.nm).at.T.=10.

K..The.red.circles.show.the.experime

ntal.data.where.the.blue.solid.curve.t

he.fitting. 

In.this.article.we.focus.on.the

.temperature.evolution.of.the.340.c1.

phonon.mode.(Fig..3).observed.for.th

e.samples.listed.in.table.I..As.observ

ed.in.fig..3a.e,.a.sudden.anomaly.in.t

he.phonon.frequency.is.observed.at.a

round.the.superconducting.transition.

.This.anomaly.is.commonly.related.t
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− 

o.changes.in.the.electronic.system.du

e.to.the.opening.of.the.superconducti

ng.(SC).gap.(Bakr,.2009,.P(3,8)).(Bo

ck,1999,.P3536).(Devereaux,.1994,.

P397)..However,.the.observed.phono

n.anomaly.in.the.studied.SLs.appears

.to.be.thickness.dependent..That.is,.w

ith.decreasing.the.thickness.of.the.Y

BCO.layer,.the.anomaly.below.TC.d

ecreases.until.it.vanishes.at.around.d

Y./dL.=1.5..This.can.be.indeed.seen.i

n.[inset.in.Fig..3b]. 

∆(𝜔) = 𝜔(𝑇) − 𝜔(𝑇𝐶) 

The.thickness.dependence.of.

the.superconductivity.induced.anoma

ly.in..the.frequency.of.the.340.cm−1.

phonon.is.summarized.in.the.inset.of.

Fig..3c.with.the.data.fitted.using.the.r

elation 

∆𝜔𝑆𝐶 = 𝐶1 + 𝐶2. 𝐸𝑋𝑃
𝑑𝑌
𝑑𝐿  

The.best.fit.has.been.obtained

.for.the.fit.constants.C1.and.C2.of.ab

out.-2.267.and.9.807,.respectively. 

Figure.(3).shows.Frequency.(cm-1). 
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FIG..3:.(ae).Temperature.dep

endence.of.the.340.cm−1.phonon.fre

quency.of.the.samples.studied.here..(

f).Temperature.dependence.of.the.34

0.cm−1.phonon.frequency.of.bulk.Y

BCO6.95.(circles).and.YBCO6.6.(tri

angles).taken.from.Refs.[Bakr,.2009,

P(7,9)]. 

The.decrease.in.the.340.cm−1

.Phonon.anomaly.below.TC.is.analo

gs.to.that.observed.in.pure.YBCO6+

x.system.(Fig.3f),.where.the.decrease

.in.phonon.anomaly..in.the.latter.syst

em.may.arise.from.shrinking.the.sup

erconducting.gap.with.underdoping.(

Le.Tacon,.2007,.P(45).(Limonov,.20

00,.P3)..In.our.superlattice.systems,.t

he.decrease.in.the.340.cm−1.phonon.

(B1g.mode).anomaly.below.TC,.may

.come.from.the.decrease.in.the.super

conducting.gap.due.to.the.spin.self-

diffusion.(or,.equivalently.inverse.pr

oximity.effect).(Soltan,.2004,.P(1,4))

,.in.which.the.immigrant.electronic.s

pins.from.LCMO.to.YBCO.layer.bre

ak.the.cooper.pairs.in.the.latter.and.d

ecrease.the.SC.gap..This.scenario.is.f

urther.supported.by.the.apparent.corr

espondence.of.the.spin.diffusion.leng

th. 

ξ𝐹𝑀100Å.(Soltan,.2004,.P1).

and.the.thickness.at.which.the.phono

n.anomaly.vanishes.(inset.in.Fig..3b) 

Conclusion: 

Depending.on.all.results.I.got

.and.what.I.already.observed.and.dis

cussed.I.could.conclude,.that.taking.a

ll.the.experimental.results.together,.I.

can.confirm.that.the.suppression.of.t

he.SC.state.which.we.see.in.Fig..3.is.

due.to.doping.of.electrons.into.YBC

O.from.the.LCMO.layer..To.quantify

.this,.using.the.TC.data.from.the.film

s.together.with.data.from.the.bulk.(Li

ang,.2006,.P(23)).(Gray,.2016,.P5).(

Tabis,.2014,.4).Fig..3(f),.we.can.esti

mate.that.each.LCMO.layer.is.dopin

g.0.67.electrons.to.the.whole.of.the.

YBCO.layer,.but.only.∼.0.05.electro

ns.into.the.CuO2.planes.as.shown.in.

Fig..4..This.discrepancy.is.perhaps.n

ot.surprising.though.since.in.the.bulk

.changing.from.YBa2Cu3O7.to.YBa

2Cu3O6,.which.is.a.total.charge.chan

ge.of.2.only.leads.to.a.small.doping.c

hange.in.the.CuO2.plane.(Limonov,.

2000,.P3).(Liang,.2006,.P2).(Gray,.2

016,.P(2,5)).and.the.same.thing.will.

occur.to.all.superlattices.which.we.h

ave.measured..Therefore,.we.can.say
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.the.doping.of.YBCO.has.been.chang

ed.from.optimal.doped.to.under.dope

d.due.to.electrons.leak.which.occurs.

due.to.the.neighbor.layers.of.LCOM. 

. 

Fig..4:.Doping.level.inferred.

from.both.Tc.and.the.XAS.analysis.o

f.Y2/LN.SLs.are.overlayed.with.the.

bulk.phase.diagram.for.YBCO.[Gray

,.2016,.P5]..PG.=.pseudogap,.FL=Fe

rmi.liquid..Superconducting.TC.is.de

fined.as.the.midpoint.of.the.transitio

n.and.the.width.of.transition.has.been

.marked.as.the.corresponding.error.b

ar. 

References: 

[1].Bakr.M..,Schnyder.A..P..,Klam.L

,Manske.D..,Lin.C..T...Keimer.B.,Ca

rdona.M..,.and.Ulrich.C.,.Electronic.

and.phononic.Raman.scattering.in.de

twinned.YBa2Cu3O6.95.and.Y0.85C

a0.15Ba2Cu3O6.95:.𝑠.wave.admixtu

re.to.the.𝑑𝑥2−𝑦2.S.wave.order.para

meter,.(2009),.Physical.Review.B,.8

0,.064505. 

[2].Bock.A..,.Ostertun.S..,.Das.Sham

a.R..,.Rübhausen.M..,.Subke.K.O..,.a

nd.Rieck.C..T..,.(1999),.Anomalous.s

elf.energy.effects.of.the.𝐵1𝑔.phonon.

in.Y1−(Pr,Ca)𝑥Ba2Cu3O7.films,..Ph

ysical.Review.B.60,.3532. 

[3].Chakhalian.J..,.Freeland.J..W..,.S

rajer.G..,.Strempfer.J..,.Khaliullin.G..

,.Cezar.J.C..,.Charlton.T..,.Dalgliesh.

R..,.Bernhard.C..,.Cristiani.G..,.Habe

rmeier.HU..and.Keimer.B.,.(2006),.

Magnetism.at.the.interface.between.f

erromagnetic.and.superconducting.o

xides,.Nature.Physics..Phys..2,.244-

248. 

[4].Chakhalian.J..,.Freeland.J..W..,.H

abermeier.H.U..,.Cristiani.G..,.Khali

ullin.G..,.Van.Veenendaal.M..,.Keim

er.B..,.(2007),.Orbital.reconstruction.

and.covalent.bonding.at.an.oxide.inte

rface,.Science.318,.1114. 

[5].Devereaux.T..P..,.Einzel.D..,.Stad

lober.B..,.Hackl.R..,.Leach.D..H..,.an

d.Neumeier.J..J..,.(1994),.Electronic.

Raman.scattering.in.high.𝑇𝑐.superco

https://www.nature.com/articles/nphys272
https://www.nature.com/articles/nphys272
https://www.nature.com/articles/nphys272
https://www.science.org/doi/abs/10.1126/science.1149338
https://www.science.org/doi/abs/10.1126/science.1149338
https://www.science.org/doi/abs/10.1126/science.1149338


 

Page | 496  

 

nductors:.A.probe.of.𝑑2𝑥𝑦2.pairing,.

Phys..Rev..Lett..72,.396. 

[6].Gray.B..A..,.Middey.S..,.Conti.G,

Gray.A..X..,.Kuo.C.T..,.Kaiser.A..M.

.,.Ueda.S..,.Kobayashi.K..,.Meyers.D

..,.Kareev.M..,.Tung.I..C..,.Liu.Jian.,.

Fadley.C..S..,.Chakhalian.J..and.Free

land.J..W..,.(2016),.Superconductor.t

o.Mott.insulator.transition.in.YBa2C

u3O7/LaCaMnO3.heterostructures.S

cientific.Reports.6,.33184;.doi:.10.10

38/srep33184. 

[7].Iliev.M..N..,.Abrashev.M..V.Lee.

H.G..,.Popov.V..N..,.SUN.Y..Y..,.Th

omsen.C..,.Meng.R..L..and.Chu.C..

W..,.(1998),.Raman.spectroscopy.of.

orthorhombic.perovskitelike.YMnO3

.and.LaMnO3,.Physical.Review.B.57

,.2872. 

[8].Irwin.J..C..,.Chrzanowski.J..and.

Franck.J..P..,.(1999),.Oxygen.isotope

.effect.on.the.vibrational.modes.of.L

a1−𝑥Ca𝑥MnO3,.Physical.Review.B.

59,.9362. 

[9].Le.Tacon.M..,.Sacuto.A..,.Gallais

.Y..,.Colson.D..and.Forget.A..,.(2007

),.Investigations.of.the.relationship.b

etween.𝑇𝑐.and.the.superconducting.g

ap.under.magnetic.and.nonmagnetic.i

mpurity.substitutions.in.YBa2Cu3O7

−𝛿,.Physical.Review.B.76,.144505. 

[10].Liang.Ruixing.,.Bonn.D..A..and.

Hardy.W..N..,.(2006),.Evaluation.of.

CuO2.plane.hole.doping.in.YBa2Cu

3O6+𝑥.single.crystals,.Physical.Revi

ew.B.73,.180505. 

[11].Limonov.M..F..,.Rykov.A..I..,.T

ajima.S..and.Yamanaka.A..,.(2000),.

Superconductivity.induced.effects.on

.phononic.and.electronic.Raman.scatt

ering.in.twin.free.YBa2Cu3O7−𝑥.sin

gle.crystals,.Physical.Review.B.61,.1

2412. 

[12].Limonov.M..F..,.Tajima.S..and.

Yamanaka.A..,.(2000),.Phononic.and

.electronic.Raman.spectroscopy.of.th

e.pseudogap.state.in.underdoped.YB

a2Cu3O7−𝑥,.Physical.Review.B.62,.

11859. 

[13].Millis.A..J..,.Shraiman.Boris.I..a

nd.Mueller.R..,.(1996),.Dynamic.Jah

n.Teller.Effect.and.Colossal.Magneto

resistance.in.La1−𝑥Sr𝑥MnO3,.Phys..

Rev..Lett.,77,175. 

[14].Pantoja.A..E..,.Trodahl.H..J..,.R.

G.Buckley,.Tomioka.Y..and.Tokura.

Y..,.(2001),.Raman.spectroscopy.of.o

rthorhombic.La1.xCaxMnO3,.x.=.0.

1-

https://www.nature.com/srep
https://www.nature.com/srep


 

Page | 497  

 

0.3,.J..Phys:..Condens..Matter.13,.37

41. 

[15].Soltan.S..,.Albrecht.J..,.and.Hab

ermeier.H.U..,.(2004),.Ferromagnetic

/superconducting.bilayer.structure:.A

.model.system.for.spin.diffusion.leng

th.estimation,.Physical.Review.B.70,

.144517. 

[16].Tabis.W..,.Li.Y..,.Le.Tacon..M..

,.Braicovich.L..,.Kreyssig.A..,.Minol

a.M..,.Dellea.G..,.E..Weschke.G..,.V

eit.M..J..,.Ramazanoglu.M..,.Goldma

n.A..I..,.Schmitt.T..,.Ghiringhelli.G..,

..Barišić.N..,.Chan.M..K..,.Dorow.C..

J..,.Yu.G..,.Zhao.X..,.Keimer.B..and.

Greven.M..,.(2014),.Charge.order.an

d.its.connection.with.Fermi.liquid.ch

arge.transport.in.a.pristine.high.TC.c

uprate..Nature.Communications.5,.5

875. 

 

 

https://journals.aps.org/prb/abstract/10.1103/PhysRevB.70.144517
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.70.144517
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.70.144517
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.70.144517
https://www.nature.com/articles/ncomms6875#auth-W_-Tabis-Aff1-Aff2-Aff14
https://www.nature.com/articles/ncomms6875#auth-Y_-Li-Aff3-Aff4
https://www.nature.com/articles/ncomms6875#auth-M__Le-Tacon-Aff5
https://www.nature.com/articles/ncomms6875#auth-L_-Braicovich-Aff6
https://www.nature.com/articles/ncomms6875#auth-A_-Kreyssig-Aff7
https://www.nature.com/articles/ncomms6875#auth-M_-Minola-Aff5
https://www.nature.com/articles/ncomms6875#auth-M_-Minola-Aff5
https://www.nature.com/articles/ncomms6875#auth-G_-Dellea-Aff6
https://www.nature.com/articles/ncomms6875#auth-E_-Weschke-Aff8
https://www.nature.com/articles/ncomms6875#auth-M__J_-Veit-Aff1
https://www.nature.com/articles/ncomms6875#auth-M__J_-Veit-Aff1
https://www.nature.com/articles/ncomms6875#auth-M_-Ramazanoglu-Aff7-Aff9
https://www.nature.com/articles/ncomms6875#auth-A__I_-Goldman-Aff7
https://www.nature.com/articles/ncomms6875#auth-A__I_-Goldman-Aff7
https://www.nature.com/articles/ncomms6875#auth-T_-Schmitt-Aff10
https://www.nature.com/articles/ncomms6875#auth-G_-Ghiringhelli-Aff6
https://www.nature.com/articles/ncomms6875#auth-N_-Bari_i_-Aff1-Aff11-Aff12
https://www.nature.com/articles/ncomms6875#auth-M__K_-Chan-Aff1
https://www.nature.com/articles/ncomms6875#auth-C__J_-Dorow-Aff1
https://www.nature.com/articles/ncomms6875#auth-G_-Yu-Aff1
https://www.nature.com/articles/ncomms6875#auth-X_-Zhao-Aff1-Aff13
https://www.nature.com/articles/ncomms6875#auth-B_-Keimer-Aff5
https://www.nature.com/articles/ncomms6875#auth-M_-Greven-Aff1

