
Vol. 34 (2003) ACTA PHYSICA POLONICA B No 2
NEUTRON DIFFRACTION STUDY OF THEMAGNETISM IN SINGLE-CRYSTALLINECeCu2(Si1�xGex)2�O. Sto
kert, M. Deppe, C. Geibel, F. Stegli
hMax-Plan
k-Institute CPfS, Nöthnitzer Straÿe 40, 01187 Dresden, GermanyD. Hohlwein and R. S
hneiderHahn-Meitner-Institute, Glieni
ker Straÿe 100, 14109 Berlin, Germany(Re
eived July 10, 2002)We have studied single-
rystalline CeCu2(Si1�xGex)2 using neutrondi�ra
tion to determine the antiferromagneti
 order in the regime withlow Ge 
ontent, x � 0:5. The system orders in an in
ommensurate mag-neti
 stru
ture with a propagation ve
tor 
lose to � = (0:25 0:25 0:5). Upto two additional phase transitions were observed below the Néel temper-ature 
hara
terized by a spin reorientation and a lo
k-in to a probably
ommensurate stru
ture.PACS numbers: 75.30.Mb, 71.27.+a, 71.10.Hf, 75.20.Hr1. Introdu
tionHeavy-fermion systems show ex
iting low temperature phenomena andunusual ground states due to the 
ompetition between Kondo-s
reening,leading to a non-magneti
 ground state, and RKKY intera
tion, result-ing in long-range magneti
 order. In parti
ular, the heavy-fermion systemCeCu2(Si1�xGex)2 (with tetragonal ThCr2Si2 stru
ture) o�ers an uniquepossibility to tune the system via alloying from the lo
al moment anti-ferromagnet CeCu2Ge2 to the �rst dis
overed heavy-fermion super
ondu
-tor CeCu2Si2, whi
h also exhibits an un
onventional type of magneti
 or-der (so-
alled A-phase) [1, 2℄. While some information is available aboutthe magneti
 stru
ture in heavily doped CeCu2(Si1�xGex)2, x �0.6, andCeCu2Ge2 [1, 3�5℄, previous neutron di�ra
tion studies did not su

eed in� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(963)
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kert et al.determining the magneti
 order in the lowly doped regime (x � 0:5). Es-pe
ially the nature of the so-
alled A-phase in CeCu2Si2 is still dis
ussed
ontroversially. To shed more light on to the interplay between magnetismand super
ondu
tivity in CeCu2Si2, it is essential to know the evolution ofthe magneti
 order in CeCu2(Si1�xGex)2 at low Ge 
on
entrations.2. Sample 
hara
terization and experimental pro
edureLarge single 
rystals of CeCu2(Si1�xGex)2 were grown by a modi�edBridgman te
hnique using a melt with Cu ex
ess whi
h a
ts as �ux. Withthis te
hnique single 
rystals with masses up to m � 2 g were obtained. Thelatti
e 
onstants 
he
ked by X-ray powder di�ra
tion agree with the reportedvalues [1,2℄. All single 
rystals were oriented with X-ray Laue ba
ks
attering.The neutron di�ra
tion experiments were performed on CeCu2(Si1�xGex)2single 
rystals with x = 0:5; 0:23; 0:05 on the �at-
one di�ra
tometer E2at the HMI Berlin using a wavelength � = 2:39Å. The primary s
atteringplane was the (h k 0) plane (ex
ept for x = 0:05: (h h l) s
attering plane).Using the �at-
one geometry re
ipro
al (h k l0) planes 
ould be a

essedfrom l0 = 0 to l0 = 1. This permitted to re
ord intensity maps of (h k l0)planes at various temperatures between T = 50mK and 5K.3. Results and dis
ussionMaps of re
ipro
al (h k l0) planes were taken at di�erent l0 values with astep size adjusted to the verti
al resolution along 
� su
h that two su

essivemaps overlap and no intensity 
ould be missed. Only for l0 � 0:5 additionalmagneti
 intensity was dete
ted. Fig. 1 shows an intensity map of the re-
ipro
al (h k 0:51) plane in CeCu2(Si0:5Ge0:5)2 measured at T = 70mK. Allobserved peaks are of magneti
 origin and disappear above TN (ex
ept fortwo spurious nu
lear peaks belonging to a small grain with di�erent orien-tation). S
ans a
ross the magneti
 peaks along the 
� dire
tion reveal thatthe magneti
 satellites do not o

ur at the 
ommensurate l = 1=2 positionbut are slightly o�. Due to a relaxed verti
al resolution along 
� not onlythe magneti
 satellites of (h k 0) nu
lear peaks, appearing at (h k 0:51), aremeasured but also those at (h k 0:49) whi
h are satellites of (h k 1) nu
learpeaks. An analysis of the in
ommensurate magneti
 order yields a wave ve
-tor � � (0:277 0:277 0:51) at lowest temperature T = 70mK. The magneti
moments are mainly 
on�ned to the [001℄ plane and a rough estimation ofthe ordered moment at lowest temperature gives � � 0.5 �B assuming asinusoidal modulation of the moments whi
h are aligned along [110℄.The temperature dependen
e of two magneti
 re�e
tions is displayed inFig. 2. The magneti
 intensity saturates below � 1K and vanishes at the
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Fig. 1. Intensity map of the re
ipro
al (h k 0:51) plane in CeCu2(Si0:5Ge0:5)2at T = 70mK. The peaks surrounded by 
ir
les are magneti
 satellites of (h k 0)nu
lear peaks, while the other magneti
 peaks originate from (h k 1) nu
lear peaks.Two spurious nu
lear peaks not 
onne
ted to the magneti
 stru
ture are markedby arrows. The temperature dependen
e of the magneti
 order was measured onthe two magneti
 peaks spe
ially indi
ated by thi
k 
ir
les and they are referredto as (000)+ and (110)+.Néel temperature TN = 3:1K. The intensity of the (000)+ peak exhibitsa sharp maximum at T � 2:23K asso
iated with a hysteresis in the waveve
tor whi
h 
hara
terizes a �rst order phase transition due to a spin re-orientation. However, this is not observed for the (110)+ re�e
tion, mostlikely be
ause of the moment dire
tion. The h 
omponent of the wave ve
tor� = (h h 0:51) de
reases roughly linearly with temperature below TN, butshows a distin
t step at T � 1.3 K and remains 
onstant at lower tempera-tures indi
ating a lo
k-in transition to a possibly 
ommensurate value. Thesethree phase transitions are 
on�rmed by thermodynami
 measurements onthe same 
rystal [6℄.Magneti
 peaks were also found for the less heavily doped alloys (x < 0:5)below their Néel temperatures TN � 2K and 1K for x = 0:23 and 0:05, butno further transitions within the ordered state were observed. While thewave ve
tor of the magneti
 order 
hanges only slightly with Ge 
on
entra-tion, the ordered moment de
reases strongly from � � 0:5�B/Ce for x = 0:5to only � � 0:1�B/Ce for x = 0:05.Re
ent 
al
ulations of the Fermi surfa
e of the heavy quasiparti
les inCeCu2Si2 [7℄ reveal nesting properties for q � (0:23 0:23 0:5). This value isvery 
lose to the observed ordering wave ve
tor in CeCu2(Si1�xGex)2 sug-gesting that the magneti
 order is due to nesting of the Fermi surfa
e. Sin
e
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Fig. 2. (a) Temperature dependen
e of the integrated intensity of the (000)+and (110)+ magneti
 Bragg peaks in CeCu2(Si0:5Ge0:5)2. (b) Wave ve
tor � =(h; h; 0:51) as a fun
tion of temperature T .magneti
 Bragg peaks are even observed for x = 0:05 whi
h is 
onsideredto exhibit un
onventional A-phase magnetism, a major step towards theunderstanding of the A-phase in pure CeCu2Si2 has been made.We thank P. Smeibidl, S. Kaus
he and M. Meissner for their help 
on-
erning the 
ryogeni
s. Stimulating dis
ussions with G. Zwi
knagl are a
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