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PHASE DIAGRAM AND dHvA EFFECTOF PrPb3 UNDER PRESSURE�M. Endo, N. Kimura, A. Ohiai, H. AokiCenter for Low Temperature Siene, Tohoku University, Sendai 980-8578, JapanT. Terashima, C. Terakura, S. Ujiand T. MatsumotoNational Institute of Materials Siene, Tsukuba, Ibaraki 305-0003, Japan(Reeived July 10, 2002)We have studied the magneti phase diagram and the de Hass-vanAlphen (dHvA) e�et of PrPb3 under pressure. The antiferroquadrupo-lar (AFQ) transition temperature inreases only slightly with pressure,whereas the transition �eld from AFQ phase to paraquadrupolar phaseinreases onsiderably with pressure. The e�etive masses of the � and osillations inrease largely with pressure implying that there is a signi�anthange in the interation or the hybridization between the f and ondu-tion eletrons. With the aid of the mean �eld analysis by Tayama et al., weargue that the pressure strengthen the antiferromagneti interation, butdoes not a�et the quadrupolar interation appreiably.PACS numbers: 71.18.+y, 71.27.+a1. IntrodutionPrPb3 rystallizes into the AuCu3-type ubi struture and exhibitsantiferroquadrupolar transition at 0.4K. The CEF ground state is a non-Kramers doublet and no magneti transition takes plae. When a magneti�eld is applied parallel to the [001℄ diretion at low temperatures, the systementers paraquadrupolar (PQ) phase from antiferroquadrupolar (AFQ) phaseat about 7T.The AFQ interation is thought to be mediated via the ondution ele-trons. The pressure is expeted to hange the interation between thequadrupoles and ondution eletrons. Therefore, to investigate the inter-� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1027)



1028 M. Endo et al.ation, it will be useful to study the phase diagram under pressure to-gether with the eletroni struture hange with pressure. We will report thede Hass�van Alphen (dHvA) e�et and the magneti phase diagram of PrPb3under pressure. 2. ExperimentalWe have grown single rystals of PrPb3 by the Pb self-�ux method. Thehigh pressure is produed by a lamp type pressure ell [1℄. The �eld wasapplied parallel to the [001℄ axis. The dHvA e�et was measured underpressures up to 16.5 kbar and under magneti �elds up to 15T using theonventional �eld modulation method.3. Results and disussion3.1. AC suseptibility and phase diagramFig. 1(a) and (b) show the AC suseptibility as a funtion of temperatureand �eld at 16.5 kbar, respetively. The transition temperatures and �eldsare determined from the loal maximum or in�etion point as shown by thearrows. The transition at the highest �eld is broad and probably onsists oftwo transitions [2℄. We have observed a lear peak in the out of phase om-ponent of the AC suseptibility at the position of the arrow. In this paperwe plot the position as the transition �eld of the highest �eld. Sine therewas a tiny amount of Pb �ux on the surfae of the sample, it was di�ult tomeasure the AC suseptibility in zero �eld due to superondutivity of Pb.Fig. 1() shows the magneti phase diagram thus determined. The openand losed irles (triangles) denote the points determined from temperatureand �eld sweeps at ambient pressure (16 kbar), respetively. The brokenlines denote the phase boundaries at ambient pressure determined from theDC magnetization measurements by Tayama et al. [2℄. The present resultagrees well with their result. The solid lines are guides to the eye for the datapoints at 16.5 kbar. The same measurements were made at 3 kbar, 6 kbar,9 kbar and 12 kbar, but are not shown for larity. Another phase boundaryis observed obviously at higher pressures, partiularly under 16.5 kbar. Thehighest transition �elds at lowest temperatures inrease from about 7.5Tat ambient pressure to about 8.3T at 16.5 kbar. The relative hange ismore than 10%. The AFQ transition temperatures in �elds also inreasewith pressure. However, if we extrapolate the broken and solid lines to zeromagneti �eld, the AFQ transition temperature at 16.5 kbar does not seemto inrease more than 20mK from that at ambient pressure, i.e. the relativehange is 5% at most.



Phase Diagram and dHvA E�et of PrPb3 . . . 1029Tayama et al., [2℄ suessfully explained the phase diagram by the mean�eld analysis. Aording to their analysis, the staggered moments are in-dued in �elds and the antiferromagneti interation among them stabilizesthe AFQ order to make the transition temperature inrease with inreasing�eld. Sine there is no magneti moment in the ground state, the presentobservation indiates that the pressure strengthens the antiferromagnetiinteration but does not a�et the quadrupolar one appreiably.
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(c)Fig. 1. (a) AC suseptibility under 16.5 kbar as a funtion of temperature at 0.5Tand (b) as a funtion of �eld at 127mK. () Phase diagram of PrPb3 for H k [001℄.3.2. dHvA frequenies and e�etive massesWe have studied the pressure dependene of the dHvA frequeny ande�etive mass for the � and  osillations whih arise from the spherialhole surfaes at the R and � points, respetively. Fig. 2(a) shows pressuredependene of the dHvA frequeny of . In PrPb3, eah dHvA osillationonsists of up and down spin osillations whose frequenies are lose to eahother [3℄. In this study, it is di�ult to measure eah osillation separatelydue to worse S=N ratio of the measurements under pressure.The frequeny of  dereases with inreasing pressure up to 12 kbar andthen seems to saturate at higher pressures. The dereasing rate of frequenyup to 12 kbar is 2� 10�3/ kbar. This rate is about 10 times larger than thatof normal metal Cu and is omparable to those of the loalized f eletronsystems like CeB6 and CeRu2Ge2 [4℄.Fig. 2(b) shows the e�etive mass of  as a funtion of pressure. Thee�etive mass inreases with inreasing pressure up to 12 kbar and thenstarts to derease. This behavior is onsistent with the behavior of the



1030 M. Endo et al.frequeny. The inreasing rate up to 12 kbar amounts to 7 � 10�2/ kbar.This rate is omparable to that of a heavy fermion system CeRu2Si2 [4℄.On the other hand, the frequeny of � dereases with pressure, whereasthe e�etive mass inreases with pressure. The hanging rates of the fre-queny and e�etive mass are omparable to those of .The present results of the dHvA e�et imply that the interation betweenthe f and ondution eletrons hanges onsiderably with pressure, probablythrough the hange of hybridization.
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(a) (b)Fig. 2. (a) dHvA frequeny of  as a funtion of pressure. (b) E�etive mass of as a funtion of pressure. The error bar indiates the standard derivation.Both the antiferromagneti and quadrupolar interations are thoughtto be mediated via the ondution eletrons. The present observations in-luding that of the pressure e�et on the phase diagram suggest that thequadrupolar interation is less sensitive to the hange in the hybridizationbetween the f and ondution eletrons than the antiferromagneti intera-tion. REFERENCES[1℄ M. Takashita, H. Aoki, T. Matsumoto, C.J. Haworth, T. Terashima, A. Uesawa,T. Suzuki, Phys. Rev. Lett. 78, 1948 (1997).[2℄ T. Tayama, T. Sakakibara, K. Kitami, M. Yokoyama, K. Tenya, H. Amitsuka,D. Aoki, Y. 	Onuki, Z. Kletowski, J. Phys. So. Jpn. 70, 248 (2001).[3℄ M. Endo, N. Kimura, H. Aoki, T. Terashima, S. Uji, C. Terakura, T. Mat-sumoto, J. Phys. So. Jpn. Suppl. 71, 127 (2002).[4℄ H. Aoki, M. Takashita, N. Kimura, T. Terashima, S. Uji, T. Matsumoto,Y. 	Onuki, J. Phys. So. Jpn. 70, 774 (2001).


