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Effect of pressure on magnetic structure in heavy fermion CeRhIn5
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Abstract The effect of hydrostatic pressure on the in-
commensurate antiferromagnetic structure of CeRhIn5

is investigated with neutron diffraction using a He pres-
sure cell. At 3.8 kbar, the staggered magnetic moment
is 0.37(4) µB per Ce at 1.6 K, which is the same as
the ambient-pressure value. The Néel temperature TN =
3.8(1) K is also the same as the ambient-pressure one,
although the curve of order parameter has changed by
pressure. The incommensurability δ of the magnetic wave
vector qM = (1/2,1/2,δ) has reduced from δ = 0.297 at
ambient pressure to δ = 0.294(1) at 3.8 kbar.

1 Introduction

Superconductivity and antiferromagnetism exist in close
proximity in the heavy fermion materials with chemi-
cal formula CeM In5, which have Sommerfeld constants
γ= 0.4, 0.7, and 0.3 J/mole K2 for M=Rh, Ir, and Co,
respectively[1,2]. These tetragonal materials (HoCoGa5

structure with space group No. 123, P4/mmm) consist
of alternating layers of the cubic heavy fermion anti-
ferromagnet CeIn3 and intervening M In2[3]. At ambient
pressure, CeRhIn5 is an antiferromagnet below TN = 3.8
K, with magnetic moments on the Ce ions, 0.374(5)µB

at 1.4 K, lying in the basal plane and forming an incom-
mensurate transverse spiral with a magnetic wave vector
qM = (1/2, 1/2, 0.297)[4,5]. Under a pressure of 17 kbar,
CeRhIn5 becomes a superconductor below TC=2.1 K[1].
Both CeIrIn5 and CeCoIn5 are superconductors at am-
bient pressure with TC=0.4 and 2.3 K, respectively[2].
Lines of nodes in the superconducting gap have been in-
dicated from thermodynamic, transport, and NQR
measurements[6,7,8,9]. This type of anisotropic super-
conductivity in heavy fermion materials is widely be-
lieved to be mediated by antiferromagnetic fluctuations.
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While a two-dimensional (2D) Fermi surface of undulat-
ing cylinders is detected in de Haas-van Alphen measurements[10],
anisotropic 3D antiferromagnetic correlations are observed
in direct measurements using neutron scattering[11] and
inferred from a theoretical fit to NQR measurements[7,
8].

Anisotropic magnetic correlation lengths of CeRhIn5

indicate that the antiferromagnetic nearest-neighbor in-
teraction in the CeIn3 layer is stronger than the mag-
netic interaction between Ce neighbors that are sepa-
rated by the RhIn2 layer[11]. This may play a role in
stabilizing the commensurate antiferromagnetic struc-
ture of Ce2RhIn8[12], which can be viewed as a periodic
stacking of 2 layers of CeIn3 on a layer of RhIn2. The in-
commensurate magnetic structure of CeRhIn5 is robust.
While TN is reduced linearly to zero with La doping on
the Ce site at a critical dopant concentration around
0.4[13], the magnetic structure of Ce0.9La0.1RhIn5

(TN=2.7 K) is still characterized by qM = (1/2, 1/2, 0.297)
and a staggered moment of 0.36(2)µB at 1.4 K[14]. Ap-
plying pressure to CeRhIn5 or doping it with Ir on the
Rh site has only a small effect on TN until the material
becomes a superconductor[1,8,15]. We have found with
neutron diffraction measurements that the suppression
of the antiferromagnetic phase by Ir doping is through
progressive reduction of the staggered moment of the in-
commensurate magnetic spiral[16]. Here we report the
effect of pressure on magnetic structure of CeRhIn5.

2 Experiments and Results

High pressure neutron diffraction experiments were per-
formed at NIST using the thermal triple-axis spectrom-
eter BT2 in a two-axis mode. To reduce neutron absorp-
tion by In and Rh, neutrons of incident energy E = 35
meV were selected using the (002) reflection of a py-
rolytic graphite (PG) monochromator. A PG filter of 5
cm thickness was inserted in the incident neutron beam
to remove higher order neutrons. The horizontal colli-
mations were 60-40-40.
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Report Documentation Page Form Approved
OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number. 

1. REPORT DATE 
30 JAN 2002 2. REPORT TYPE 

3. DATES COVERED 
  00-00-2002 to 00-00-2002  

4. TITLE AND SUBTITLE 
Effect of pressure on magnetic structure in heavy fermion CeRhIn5 

5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) 5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Los Alamos National Laboratory,,Los Alamos,NM,87544 

8. PERFORMING ORGANIZATION
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 

11. SPONSOR/MONITOR’S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 
The effect of hydrostatic pressure on the in-commensurate antiferromagnetic structure of CeRhIn5 is
investigated with neutron diffraction using a He pressure cell. At 3.8 kbar, the staggered magnetic moment
is 0.37(4) &#956;B per Ce at 1.6 K, which is the same as the ambient-pressure value. The N?eel
temperature TN = 3.8(1) K is also the same as the ambient-pressure one, although the curve of order
parameter has changed by pressure. The incommensurability  of the magnetic wave vector qM = (1/2,1/2, )
has reduced from  = 0.297 at ambient pressure to  = 0.294(1) at 3.8 kbar. 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 
ABSTRACT 
Same as

Report (SAR) 

18. NUMBER
OF PAGES 

3 

19a. NAME OF
RESPONSIBLE PERSON 

a. REPORT 
unclassified 

b. ABSTRACT 
unclassified 

c. THIS PAGE 
unclassified 

Standard Form 298 (Rev. 8-98) 
Prescribed by ANSI Std Z39-18 



2 W. Bao et al.

Fig. 1 Elastic scan through a pair of magnetic Bragg points
at 1.6 K and under pressure of 3.8 kbar (solid circles) and 1
bar (open circles).

The pressure cell[17] was made of a BeCu alloy, Berylco
25. The cell body is a cylinder with outer diameter 1/2
inch and inner diameter 1/8 inch. Helium was used as
the pressure transmitting medium and was compressed
into the pressure cell through a stainless steel capillary.
The pressure in the cell was monitored by a manganin
resistance gauge and by measuring the lattice constant of
graphite in the cell. During the experiment at 3.8 kbar,
pressure decreased 0.04 kbar due to small He leaks.

The single crystal sample of CeRhIn5 was grown from
an In flux. It was cut to a rectangular bar to fit inside the
pressure cell so that the axis of the cell was parallel to
the (1,−1,0) crystal orientation. The neutron scattering
plane was the (hhl) plane. The pressure cell was mounted
on the cold finger of a top loading, pumped He cryostat.

Solid circles in Fig. 1 show a pair of magnetic Bragg
peaks in a Brillouin zone, measured at 3.8 kbar. No
other peaks were found along the (1/2,1/2,l) line in a
search from (1/2,1/2,0) to (1/2,1/2,1). Compared to data
measured at 1 bar (see open circles), it is clear that the
period of the incommensurate spiral increases with pres-
sure. The magnetic wave vector, (1/2,1/2,δ), changes
from δ = 0.297(1)[4] at ambient pressure to 0.294(1) at
3.8 kbar. Intensities of the magnetic Bragg peaks at the
two pressures, however, remain the same within the error
bars. The staggered moment is determined to be 0.37(4)
µB per Ce ion by comparing magnetic Bragg intensities
of the 3.8 kbar and 1 bar measurements.

The intensity of the (1/2,1/2,0.706) magnetic Bragg
peak is shown in Fig. 2 as the square of the order param-
eter of the magnetic phase transition at 3.8 kbar. The
Néel temperature changes little, which is consistent with
bulk and NQR measurements[1,8]. However, the inten-
sity increases more rapidly below TN under pressure as
compared to the ambient pressure result.

Mito and co-workers recently reported a linear reduc-
tion with pressure of the internal field at the In(1) site

Fig. 2 Temperature dependence of the (1/2,1/2,0.706) mag-
netic Bragg peak of CeRhIn5 under 3.8 kbar pressure. The
solid line is a guide to the eyes, and the dashed line represents
the square of the order-parameter curve at 1 bar[4].

in an NQR study on CeRhIn5[8]. They suggested that
either the staggered moment decreased with pressure or
the moment tilted progressively towards the c-axis when
pressure was raised to the critical pressure of 16.3 kbar.
The former explanation would imply a ∼25% reduction
of the staggered moment at 3.8 kbar and is not con-
sistent with our data. The latter explanation may lead
to extra magnetic Bragg peaks characterized by a wave
vector (1/2,1/2,0) or (1/2,1/2,1/2), which we do not ob-
served in our work. One possibility is that the hyperfine
interaction at the In(1) site may be sensitive to pressure.

We would like to thank N.J. Curro and T. Mito for
useful discussions. Work at Los Alamos was performed
under the auspices of the U.S. Department of Energy.
P.G.P. also acknowledges FAPESP-SP (Brazil).
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