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QUANTUM CRITICAL POINT OF CePd2Si2:A NEUTRON DIFFRACTION STUDYUNDER PRESSURE�N. KernavanoisEuropean Syn
hrotron Radiation Fa
ility, 38043 Grenoble, Fran
eS. Raymond, B. Grenier, E. Ressou
he, G. Knebel, J. FlouquetCEA-Grenoble, DSM/DRFMC/SPSMS, 38054 Grenoble, Fran
eand P. LejayCRTBT-CNRS, 38042 Grenoble, Fran
e(Re
eived July 10, 2002)Neutron di�ra
tion experiments performed on single 
rystal of the an-tiferromagneti
 
ompound CePd2Si2 under applied pressure up to 18 kbarare reported. The magneti
 stru
ture and the temperature line-shape ofthe order parameter do not 
hange with pressure. Anomalous suppressionof the magneti
 moment is found at high pressure.PACS numbers: 71.27.+a, 75.30.Mb, 61.12.Ex1. Introdu
tionPressure indu
ed super
ondu
tivity (T
 � 350 mK) is now well estab-lished for CePd2Si2 [1�6℄. It o

urs at its quantum 
riti
al point (QCP)where the antiferromagneti
 order is suppressed at T = 0K by a 
riti
al pres-sure P
 of approximately 27�29 kbar. At the QCP, a non Fermi-liquid groundstate is inferred from transport measurements (� = AT n with n � 1:2�1.3at P
). While the P = 0 behavior was pre
isely studied by elasti
, inelasti
neutron s
attering and NMR [7, 8℄, no mi
ros
opi
 measurements were upto now undertaken under pressure. The present neutron di�ra
tion studyof CePd2Si2 performed up to 18 kbar is aiming to �ll this gap. It provides� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(721)



722 N. Kernavanois et al.a unique mi
ros
opi
 measurement of the pressure dependen
e of both theNéel temperature, TN, and the staggered magneti
 moment, m0, on goingtowards the QCP.2. Experimental details and resultsThe magneti
 stru
ture was studied on the CEA/CRG D23 lifting armdi�ra
tometer at the ILL-Grenoble with an in
ident wavelength � = 1:28 Åfrom a Cu (200) mono
hromator. The single 
rystal sample obtained by theCzo
hralski method was 
ut (typi
ally 3�3�3 mm3) and put in two di�er-ent piston-
ylinder pressure 
ells rea
hing respe
tively 10 and 25 kbar with�uorinert as the transmitting pressure medium. The pressure was measuredvia an re�nement of the latti
e parameter of a NaCl single 
rystal lo
atedjust above the sample in the 
ell.At P = 0, an re�nement of the antiferromagneti
 stru
ture gives a mag-neti
 moment of 0.498 (19) �B, a value smaller than the one found in pre-vious di�ra
tion studies (0.62�0:66�B) [9, 10℄. The propagation ve
tor is(1/2, 1/2, 0) with the magneti
 moment along the [110℄ dire
tion. Note thatthe Néel temperature at ambient pressure, TN = 9:0 (0.1)K, is lower thanthe one measured on mi
rosized samples [3℄. The di�erent behaviors betweenthe large single 
rystals and the mi
rosized ones are still to be understood.No 
hange of the magneti
 stru
ture is found under pressure. The tem-perature variation of the magneti
 intensity measured at the (1/2, �1=2, 1)Bragg re�e
tion is shown in Fig. 1 for several pressures. In order to study
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Fig. 1. Intensity of the magneti
 (1/2, �1=2, 1) re�e
tion as a fun
tion of tempera-ture for several pressures. The inset shows the 
ollapse of the same data plotted inredu
ed variables: I=I0 as a fun
tion of T=TN. Lines 
orrespond to �t as indi
atedin the text.



Quantum Criti
al Point of CePd2Si2 . . . 723the evolution with P of the temperature line-shape of the order parameter,normalized data (I=I0 as a fun
tion of T=TN) are shown in the inset of Fig. 1.A 
ollapse of the data on a single 
urve des
ribed by the phenomenologi
alexpression I=I0 = 1� (T=TN)� is obtained with the anomalously high value� = 3. Although the 
riti
al region was not studied in details, the overallbehavior of the order parameter is un
hanged with pressure. Fig. 2 showsthe variation of the staggered magneti
 moment (m0 / pI0) as a fun
tionof TN with P being an impli
it parameter. The staggered moment dropsfaster than the Néel temperature as the QCP is approa
hed. The individualvariations of TN and m0 as a fun
tion of pressure are shown in the inset ofFig. 2. The �t 
orresponds to power laws in (P �P
) with P
 being �xed to29 kbar. The large error bars on the data prevent from 
ommenting furtherthese power laws in the viewpoint of theoreti
al predi
tions.
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Fig. 2. Variation of the staggered magneti
 moment m0 with respe
t to the Néeltemperature TN. The inset shows the pressure variation of m0 and TN. Lines areguides for the eyes. 3. Dis
ussionThe most important result of our study is the anomalous strong depre
i-ation of the magneti
 moment with P as 
ompared to the Néel temperature.For lo
al magnetism (Heisenberg model), the relation m0 / T 1=2N is expe
tedfor a pressure invariant ex
hange. In spin �u
tuation theory, the magneti
moment is redu
ed and follows m0 / T 3=4N [11℄. Our data show a line whi
hlies even below the linear relationm0 / TN. This linear relation was observed



724 N. Kernavanois et al.for the ar
hetypal spin density wave stru
ture of doped Cr and explainedby Fermi surfa
e properties [12℄. The relatively weak moment measured athigh pressure points toward a possible o

urren
e of a so-
alled small mo-ment antiferromagneti
 (SMA) phase in the vi
inity of P
. This kind ofevolution of the staggered magneti
 moment with pressure was also found inCeRh2Si2 and its alloys [13,14℄, and in URu2Si2 (but with the inverse pres-sure e�e
t) [15℄. Redu
tion of the magneti
 moment implies the existen
eof enhan
ed spin �u
tuations in order to satisfy sum rules. This may favorthe emergen
e of super
ondu
tivity at the QCP of CePd2Si2. To tighten our
on
lusion 
on
erning the interplay between magnetism and super
ondu
-tivity, similar experiments on mi
rosized super
ondu
ting samples are to beperformed using magneti
 X ray s
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