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Quasi-Particle transport in unconventional
superconductors in absence of inelastic
scattering

Basic idea: pair breaking by potential scattering produces zero-

energy quasi-particles.

Schmitt-Rink et al. , Hirschfeld et al.(1986)

Impurity bandwidth -y :
Unitary:-’)/ ~ (I—Ao)l/z

2 .
Born: v ~ Ag'exp[—Ao (l—f—c'zbg 5)]

N(e)

- Universal Regime
(P. A. Lee 1993) N,

For d-wave state iw’“\puurl-'ryA
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~%Q becomes independent of impurity concentration at T =0 &
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A TALE OF TWO VELOCITIES!

An anisotropic Dirac cone
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Figure 1: Excitation spectrum in the vicinity of a node.

E(k) = (ex® + A%)1/2 -3(ka2 + v3k3)1/2
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Superconducting Gap Anisotropy and Quasiparticle Interactions:
A Doping Dependent Photoemission Study

J. Mesot,!? M. R. Norman,' H. Ding,> M. Randeria,? J. C. Campuzano,’? A. Paramekanti,* H. M. Fretwell,2

A. Kaminoski,? T. Takeuchi,” T. YO](O}»’?’.,‘s T. Sato,5 T. Takahashi® T. Mochiku,” and K. Kadowaki®
! Materials Sciences Division, Argonne National Laboraiory, Argonne, Hlinois 60439
Departmens of Physics, University of Illinois at Chicago, Chicago, llinois 60607
3Department of Physics, Boston College, Chestnut Hill, Massachusetis 02467
3Tata Institute of Fundamental Research, Mumbai 400005, India
3Department of Crystalline Materials Science, Nagoya University, Nagoya 464-01, Japan
®Department of Physics, Tohoku University, 980-8578 Sendai, Japan
"National Research Institute for Metals, Sengen, Tsukuba, Ibaraki 305, Japan
8Institute of Materials Science, University of Tsukuba, Ibaraki 305, Japan

{Received 23 December 1998) "

Comparing photoemission measurements on Bi2212 with penectration depth data, we show thal a
description of the nodal excitations of the d-wave superconducting staie in lerms of noninteracting
quasiparticles is inadequate, and we estimate the magnimde and doping dependence of the Landau
interaction parameter which renormalizes the linear T contribution to the superfluid density.
Furihermore, although consistent with d-wave symmetry, the gap with underdoping cannot be fit by
the simple cosk, — cosk, form, which suggests an increasing importance of long range interactions as

the insulator is approached. _ -

PACS numbers: 74.25.1b, 71.18.+y, 74.72.Hs, 79.60.Bm
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FIG. 2. Values of the superconducting gap as a function of the
Fermi surface angle ¢ obtained for a series of Bi2212 samples
with varying doping. Note two different UD75K samples were
measured, and the UD83K sample has a larger doping due
to aging [16). The solid lines represent the best fit using
the gap function: Ay = Ap[Boos(2¢) + (1 — B)cos(6¢)]
as explained in the text. The dashed line in the panel of an
UD75K sample represents the gap function with B = 1.
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FIG. 3. (a) Nommalized slope of the gap at the node
(va/Amax) vs gap maximum Ap,,. Note the clear drop from
unity as one enters the underdoped regime. (b} Slope of the
superfluid density (in units of 107™° A=2K~1) vs TM* — T,
estimated from ARPES measurements based on acninteracting
quasipanicles in Bi2212 (filled circles) compared with direct
penetration depth measurements in YBCO (open {12] and filled
(15] triangles, 24 = 02 K) and Bi2212 (open [13] and filled
[14] squares, T/™ = 95 K). The ermor bars for the latter
values were *15% based on *5% error bars for A{0) [14].
The lines are guides to the eye, :



Fine structure of the superconducting gap
in optimally-doped Bi2212

E(k) = (v3k$ + v3k3)1/2 r

(P A.Lee ’59%)
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Renormalisation due to QP interactions?
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Possible reasons: for the absence of a linear-term in"
thermal conductivity of YBas;Cu40Og

o Absence of nodes?
Nol (See penetation depth for examplet)

e Sample too clean and ~ too. low to be attained?
Perhaps, but ylelds (1+—1ﬁ)2(—E) 11.9 (com-
pared to 8.0 for Bi2212)

(D Broun , private communication) .

[ For (sfis)tuo % w woud give Ve 19
* : Ve

lﬁ?_? gt ¥ 2.____%\'-’
T W tann,

(F1plane Pecomes very small below the 60K peak)}.

¢ Quasiparticle localisation?

(D. Broun , private-communication)-
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Separation of Quasiparticle and Phononic Heat Currents in YBa;Cu3;07-;

B. Zeini,' A. Freimuth ' B. Biichner.' R. Gross." A.P. Kampt.,? M. Kliser,? and G. Miiller- Vogt)
Ui Physikalisches Instinut, Universitir zu Koln, 50937 Kdln, Germany
*Theoretische Physik I1l. Universitdr Augsburg, 86135 Augsburg, Germany

3Kristall- und Marerigliabor, Universitir Karlsmhe 76128 Kartsruhe, Germany
(Received 9 February 1998)

Measurements of the transverse (k) and longirudinal (k) thermal conductivity in high magnetic
fields are used w separate the quasiparticle thermal conductw:ty (k¢!y of the CuO,-planes from the
phononic thermal conductivity in YBa:CuyOqo;. kb is found 1o dlsplay a pronounced maximum
below T.. Our data analysis reveals distinct wransport (7} and Hall (r4) relaxation umes below
T;: Whereas 7 is strongly enhanced. 7y follows the same temperature dependence as above T,.
{S0031-5007(99)08592-0]
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k /T (MW /cm K°)

Comparison of residual electronic conductivities
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Tn/m* in unconventional superconductors
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