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Key electronic structures in HTSC
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Near E. ARPES intensity in Nd, ;,Ce,,;CuO,
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Near E. ARPES intensity in Nd, ,,Ce,,.CuQO,

10
~

I
0 0.5 10
£, (mv/a)

Magnetic zone boundary



Momentum dependence of ARPES spectrain NCCO (x=0.13)
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Modification of band dispersion by AF band-folding effect
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Modification of band dispersion by AF band-folding effect

. QP is observed around (T, 0)

- QP mass increases
on approaching the hot spot

e

- QP intensity decreases
on approaching the hot spot

Binding Energy

- Gap energy becomes small
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Temperature dependence of ARPES spectrain NCCO (x= 0.13)

Tntensity (arb. units)
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Doping dependence of T*in NCCO
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Doping dependence of T*in NCCO
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Doping dependence of pseudogap in NCCO

Intensity (arb. units)

NCCO O
x=0.17

x=0.15 O

0.4

x\h“gf,
APGI
AFBZ L
03 02 0.1 Ee
Binding Energy (eV)

[1 T e ARPES
0.3 ™. « O Optical
e 02K [@-=
x ) SC
< ol I g
AF =&
0.0 .

] | |
0.10 0.15 0.20
Ce concentration x

L) v. Onoseet al., PRL 87, 217001 (2001).

-linear,

-> ‘Jeff



In this talk

1. Introduction

2. ARPES results for e-doped HTSC

) Normal state S g © ¢
Pseudogap and guasiparticle Nd(ce():)‘:,‘} C &’(.«
> ii) Superconducting state Léﬁxc
Superconducting gap symmetry ¢ ((:“"L
3. Summary o °



Superconducting gap in Pr,,LaCe,,,CuO, (T .= 26K)
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Superconducting gap in
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Momentum dependence of SC gap in PLCCO
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Momentum dependence of SC gap in PLCCO
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Numerical fitting of the superconducting gap

d + 2nd higher harmonic d + g wave
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Summary

High-resolution ARPES in Nd,_ Ce CuO, and Pr, LaCe CuO,

1) Normal state : pseudogap & quasiparticle
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Magnetic excitation strongly couples to the electronic
states near the Fermi level in electron-doped HTSCs



Summary

High-resolution ARPES in Nd,_ Ce CuO, and Pr, LaCe CuO,

1) Superconducting state : gap symmetry

3
d,

- Nonmonotonic d,2,2
A, atthe hot spot where the AF fluctuation most
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Magnetic interaction plays an essential role in the
pairing mechanism of electron-doped HTSCs






Experiments

Sample: Nd, Ce CuO, (x=0.13 T=110K)
(x =0.15, T,= 25 K)
(x =0.16, T,= 25 K)
(x=0.17, T,= 25 K)

Pr, . LaCe CuO, (x=0.11,T:=26K)

ARPES : - Tohoku University

- Synchrotron Radiation Center
at Wisconsin

Photon energy = 21.218 eV, 22 eV
Energy resolution = 5 -15 meV
Angular (momentum) resolution = 0.1° (0.007A*)




Ultrahigh-resolution photoemission
spectrometer at Tohoku University

Radiation shiel

Energy resolution: 1.3 meV
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Superconducting gap in low-T_, superconductors

Intensity (arb. units)
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Samples for detailed doping dependence

Nd, Ce CuO, (x=0.13-0.17)
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Momentum dependence of ARPES spectrain NCCO

Binding Energy (c¢V)

Intensity (arb. units)

04 05 060

0.3

04 05 06 04 05 06
k parallel to (0, 0)—(m, m) (1.417/a)
= = WXM n L —r— I‘vaxvif_:\ﬁw N i e, wm '”J""‘\.“m'\"'-v‘v\».-.
:Yvn:m% e "‘”‘“wa.f::;"“*m,_;\ | i nw\"“"‘“vww ~_ | mj:/»rxwm:?\\ [t A oy y.); . ] "N""y’\w'f\r‘*“v“::"
e M"w‘ e st ey O s M:‘.H ‘“"""L«:‘:“-\h"‘-' ‘\-Mm‘h g T R0 ""M\-«Y\ e
M“"""“‘\/‘)’J"“’"“"\m«m\: Lot e P in “"\“-N:::“\‘ IA"‘\’W, ety L-«,.\,\‘_ ICTRRT PR ' ] M‘\"M,MM WMWN\..\,\?M‘N v
e A M YW A WA s, i A \WMAMWM“\,H\‘-—'— i ,::M‘\-uwh-— "MWW-T R o e,
ohpguirtnr il ﬁl\— qwnwwf‘wrv*:::m\&_ mﬂmﬂ“"‘v R VJW’“‘“::.:::*:;\:*L_ AIALWRRPREY FYY R wu!,;\\\\“_‘ W’NW‘QL
o e = u \ o ke P [ Peigs T -_-_ A AL .;‘ ! ] Y
,JMWMJ | smmsistaosn R -W“‘“:"*-—%L— A st e | [IEWAR b wh - o o\
- S| [Pt ; | w0 L s, e ! " S i
e ! ] L_ - ,,‘L‘P‘!‘H‘I ‘A’"“"’\".‘-\nw,..l’ ; Mﬁi\r’\f-\ﬂ--mv,%mm“j‘\__ e A " hy, Wl "y ‘.]\1\
M—\::"’M J ", l e V!\\wdu \|I 5 EIETPL TR P — e W““\w.\:' “\\’:'.____ M“M\r\-‘\'("\." ‘\K\L“ WJ i M‘. el
'T,,:w Y ” \\\ L. Mmmm“ »',\ ,..W\Nﬁ Ms\__ i A % e AW&W\,N* N _ .WW\JW.W‘r "».qm\\‘:b__
'MM i b | M"\‘m"‘ o L‘lll\__ Hf"'mwtm W\_‘ R_,_ M WIF'. . J‘M‘\!‘ o "
ﬁmml“"“wﬁ\'ﬂ N [ i ||| [ L | ettt AN S ] R R W’“ﬁ“’“ i
- | W I PO N i W [ Y \ : . | S
ﬂmﬁ‘ \:.i\___ B vy .\HM\‘:]L— :::' ’:amm%“mﬂ ‘k.wrlit ﬁ ":;\: L’;ﬁw H-,\ L T&N‘::::“«\:&— \\.. (i:“r\\u.w%;‘ww:"“‘v\
fmﬂ:{:\*«\‘_\\f"\ E\"_“ 1?;'\’\4‘"&%%%“ \“1\_ _M‘u\“““ uﬂ\w ‘-\H'\-'v'\!\_ p,WL‘ M “\\\\tk oo ey ‘\""‘r\,.,, ; '1"\-'_,‘::% T "“*a-"\\;__
o, o " mﬁ:"\\\"m\,\m e L T T e LY M| o %*““;. , M:“W,M “w
o, A, o M T \m\\ PR S - “\a\_ \..\ i W"“\.’.,, “k\ﬂ\:"“-\-,: 3 oy, o
N NN NN e
~Hlb Sole SOHd SO e et
a h"‘-.‘: "\f.,\'\. - i s E MM“-—-.\_‘-NL Il
1 ! .l ! 1 1 G, 20 | ! ! ! \\‘ix_ 1 1 ! i o ! 1 . 1 I MT‘W\'\*
030201 E 030201 E. 030201 E, 03020.1E, 030201E 030201 E

Binding Energy (eV)




Doping dependence of the Fermi surface in NCCO

T=30K



Doping depenc
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Doping dependence of Fermi surface in NCCO
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Doping dependence of Fermi surface in NCCO
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Doping dependence of in-gap spectral weight
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Doping dependence of in-gap spectral weight
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Raman Response Function (arb. units)

Comparison with the Raman study

Raman ARPES
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Raman Response Function (arb. units)

Comparison with the Raman study

Raman ARPES
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Fermi surface and band dispersion in Pr,,,LaCe,,,CuQO,

(T, =26 K)
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Fermi surface and band dispersion in Pr,,,LaCe,,,CuQO,

(T, =26 K)
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Numerical fitting of the ARPES spectrum in PLCCO
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Superconducting gap in Pr,,LaCe,,,CuO, (T .= 26K)
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Nordal band direction in NCCO (x= 0.15)
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X =0.13
T=30K

Shadow band in NCCO

Binding Enegy (meV)

Wave vector

Low

Intensity (arb. units)

Near Ep
Ep <50 meV

Shadow band

/

Wave vector




Superconducting gap symmetry in HTSCs
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