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* Previous investigations of thermal conductivity and specific heat of CeColn; in
rotating magnetic field. — thermal conductivity with heat current J || [100]

» Four-fold oscillation term is sensitive to band structure and varies (even sign)
In the H-T plane.

e Thermal conductivity with J || [110] : rich response to field rotation
» Resonances of thermal conductivity for H || J (® = 0) and for ® = 33°.

e ® =33°at present is a mystery!!!
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Crystal structures of the Cen Tmmplnzn.om family

ITm = Rh,Co, or Ir

H
CerTmling Celns
Superconductors, T, <200 mK
T.upto 2.3 Kat P ~ 25 Kbar

ambient pressure



H-T phase diagram of CeColn;
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Complex phase diagram :

1.
2.

coinciding QCP and H,
superconducting
transition itself changes
from second to first order
a new phase in the High
Field-Low Temperature
HFLT corner of SC
phase.

origin of QCP?

HFLT - possibly FFLO?
relation between HFLT
and QCP and its
underlying magnetism?

In this talk focus on the uniform superconducting SC part of the phase diagram.



Angle resolved thermal transport measurements

Doppler shift of the quasiparticle spectrum
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quasiparticle with momentum k is Doppler shifted.
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Field-Angle dependent Thermal Conductivity and specific heat of

CeColn;
Heat current J || [100]
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Angle resolved thermal transport and specific heat

Quasi-cylindrical Fermi
Surface of CeColn,

Thermal transp

scattering time.

ort iIs a combined

effect of the density of states and

heat conductivity

K,(,)

-
o —
—

0.8

Specific heat depends only
on the density of states .

heat capacity
C(6,)

A. B.Vorontsov and I. Vekhter, Phys. Rev. B 75, 224502 (2007)




Field-Angle dependent Thermal Conductivity of CeColn,

J along anti-nodal direction
[010]

A

[110]

0.70 T | |

> J 1 [100]

0.65

0.60

K (WIKm )

0.55
{ H Il [010]
! |
0 45 90 135
6(°)

180

K. 1zawa et al, Phys. Rev. Lett. 87, 057002 (2001)

/T (W/K?m)

=
©

=
o

=
~

=
N

=
o

o
oo

J along nodal direction

[010]
J I [110]
H
[100]
[110]
- Jis |
| | /[ | e
i PR ‘
I i i A Y o 1T A
N o | . o**
: | o%® Yo ®0ee oo°
| : A \V o....f.
- -7 3T
: : v A
: : v v vy
m‘%wvww'y S vvvaW
[ 1 e |
‘ HI[010] H Il [100]
-90 -45 0 45 90
6(°)



Temperature-dependent evolution of Scattering
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Thermal transport is a combined effect of
the density of states and scattering time.
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Calculated Four-fold Oscillation Amplitude
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Strong enhancement of thermal conductivity for H || J, ® = 0,
with increasing field
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Angle dependent k at Low field for several temperatures
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Theoretical prediction of fourfold amplitude

oscillation
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/T (W/K’m)

Anomalous Peak near 33°
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Fits to the sum of two- and four-fold symmetric terms |

with Increasing Field

——1T,01K | y)1110]

164 —— 7T,0.11K
. 3T,0.11K
14 | 1T, 0.055K [\
SN ]
Loy N \
= 1 : | |
= 104 ,»'\*-%\ .':},:;::.':.i
CHN AR
8- been. N
i Sece,,
6. Hil[010] H I [100]
90 45 0 45 90
Angle (°)

/T (MW/K?cm)

Analysis
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» Twofold — Scattering parallel or

perpendicular to the vortex
» Fourfold - d,2.,2 symmetry
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Fits to the sum of two- and four-fold symmetric terms 111

After subtracting two-and four-fold symmetric terms: remainder - six-fold oscillation?
No, most likely the angle dependence is complicated by the resonances.
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summary

* The thermal conductivity of CeColn; was measured with the heat
current along the nodal direction of the d-wave superconducting gap.

e Sharp increase of thermal conductivity was observed when the heat
current is parallel to the magnetic field.

* Anomalous peaks in the angle scan indicate a Fermi surface anomaly.
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