Low-temperature phase transition in Dy aluminoborate.
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Introduction A magnetic phase transition below 1 K in the DyAl;(BO,), aluminoborate single crystal was discovered by means of specific heat, Cg, measurements. It was found, that under influence of increasing external
magnetic field, B, the temperature of the transition decreases, albeit the magnetization and neutron studies of the DyAl;(BO,), compound showed that the magnetic order appearing below the transition point has a
ferromagnetic character with magnetic moments directed along the threefold c axis.

Analysis of the dependence of specific heat and magnetization, near the transition point, that we performed, suggests these behaviors to be characteristic of the behaviors near the transition having a quantum nature, I.e.
Influenced by quantum fluctuations. The results were found to be consistent with those found for the TbAI;(BO;), aluminoborate [1].

Magnetic measurements Specific heat studies
Magnetization process at 250 11507 = 0 523K F _.*| The sharp A-type anomaly of specific heat at T. = (0.523 *+ 0.2) K accompanies the
S 90 mK . 200 '_13: ¢ | /_/-/'/' second order magnetic phase transition:
Bl c In Bt | c Ithe ;nagtnetlslatlon c_:ur\_/el - |2 f st » no hysteresis » lambda-like shape
IS typical O strongly —uniaxial =, 1 o o S| A We interpret it as the appearance of a long range ordering of Dy3" magnetic
ferromagnets, which proves the £ | g5 5355 ooa" B=0OT
B | c magnetic structure to have a large  J00l. - moments.
///////// o ferromagnetic component along c | DyAl3(BO3), Ciotal = Cn+C o (T)+Cs, (T)
°°°°°°°°°°°°°°°°°°° 0.06 - 0T | Phonon specific heat was described by mixing the Debye and the Einstein models [1]:
,,,,, _ H =100 Oe : Ly —=— experimental data r 7
DyAls(BO3)4 | O h.l!-.. 1 ) 1 ) 1 ) 1 ) eD o.
- 0.05 0 50 100 150 200 250 37 4, i 2 i
T=90 mK _ ———H]||lc T (K) 1 ke N . T x"e 0 O. e’
1 N 1 N a 14 Cph(T): 3nD E— J‘ > dX+zn| ! >
1.0 1.5 20 50041 —~—H | c L= A—aT) 2 6y ) % (ex _1) = '\ T o
B (T) % [ T 12 20 experimental data el —1
100 Oe ;0.03 i s lattice contribution DyA|3(BC)3)4
- — | ik I )
20 0e |3 L Alo_ > The best fit was achieved for the parameters: a = 0.001329, n, = 3 (ny IS the number of
1000 Oe | ~ 0.02 > tlg _ e p D
\ — 1500 Oe - — — S 8f B=0T modes described within the Debye model), 6, =380 K (6, is the Debye temperature),
5 ——20000e| 001 - E |1 - 0,=107K, 0,=170K, 0,=312K, ©,=472K, ©.=525K, ©,=580K, n,=1, n,=3, n,=3, n,=2, n.=6,
- e 3000 Oe /\\ 356 _-' A Y I | and ng,=7 (O, are energies, in temperature units, of the optical phonon modes described within
= ooml 000 05 10 15 20 25 30 35 40 4l 'Eﬁgig?igﬁlgﬁiy'thom the Einstein’s model and n; are the number of optical modes, assigned to the O, energies).
S Hil'e T (K) ﬂ Schottky-type anomaly
TRl ” | i1 "W B (a EY
. DyAl;(BO,), : oF | = Z E2a T Z Ee T The best fit was achieved for the
0.030 - , 6 i, i i .
| 8|§ . 0 3 6 T © 12 15 C.(T)= kN, | & | = energies:
ool oo % Sen T2 " & » E || E,=0K, E,=00164K, E,=5.56K,
0.2 0.4 T (K) 0.6 0.8 1.0 __6f Ze T Ze T ~
Neutron diffraction: a kind of transition induced £ | $ C,,=C,+C_. — = ) and E, = 14.91 K.
by the field above 0.2 T, the ferromagnetic = 4t 0 ‘ é ¢ h al field fD_ : its th q B tiblet of the DV3* (6H nto 8 doublet
structure with moments along the c disappear ¢ Cy =DT2-ET3-FT* [ 2] 2 GYEE ) F IO syimimai; spllis une grevmel muipes e e Y= (nasy) Mo © el
while a field induced moment rises along the b.  2r ) D_1,, 1 ., . idzm(] +1) (27-1) (243 i id”fl(l + 1) (2P+2+1
The order of magnitude of this moment is in j; ' R3¢ IT+1) + 45P I+ 1)(2/-1)(2A43) R 15 ( ) ) R 30 ( )
agreement with M(H) at low temperature. Y0 o5 10 15 20 where d is magnetic hyperfine constant, P is quadriupol coupling constant
B(T)
Quantum 2"9order phase transition
T-B phase diagram for Dy aluminoborate Griineisen parameter Specific heat
aS oM aS
il el — T — y
21 - P ; 1(58),  (57), 1ar o 0.8) =5 ith 6. = (4= 07) Cor(T = 0,B) = T3m = C(BYT
—‘— = — — = — = — | — — U, — , WL — _
I SpGCII I.C ~d T (95 Cg(T) T\0B B — B¢ g Yo pocYo(Yo +1) [B — B¢ V(@)
1.8 | B | ¢ specific heat 9B/, g C;, =R e =
- —a—B]||c magnetisation o s ¢
15¢F ' ' ' ' 36 |- —=-B=0T -~ B=005T DVAI (BO 20 L L i ! ' ! S ' i
a3 L —4—B=01T v B=02T y 3( 3)4 [ ] eor ——1 ] —a—B=0T _
[ DyA|3(803)4 0.030 | —=—B =0T - :2282$ +228.25TT B ” C 18 | —eo— B =0.05T -
,\12 — —=—B=0.05T 30__ +B:0:8T +B:1.T E —A—B=01T
c | 0.025 | BT 1 7 T elasT  poel ] - B=02T !
m 0.50 —— = 0. —24 —~ 14 |- — TItted curve -
0.9 oas| ® TbAI3(BO3)4 [ o) O [ ]
040 J fI:O.OZO = = E 21 ((+17.)5) E 122+ 7 (:N(-I-)-l_cl-ryO
[ 0.35} on ~ ®) 8 (+16.5) g i
0.6 - LI ) b Blc S8y G = o
Cozst 0 . — 1 15 (+t13) =&
i Zig: W magnetization - i !’ ' - Q UE 8 I
0.3 F ) ;e 1 0.010 |- 3 - 2 (+7) 6 [ ° .
| ) 005 _ | - A ®%00ccscececece s oo
i ool e v (+4.5) B A |
OO o .N o (:.32 O.3I6 0.40I 0.4 (3.48&}2)2 O.56I 0.60 (I).e4 o.flss 0.005 L | . o ((:(%51)) 4 _ N ”:“AAAAAAAAAMA-A-A—A-A
00 0.2 04 06 08 1.0 12 14 16 1.8 2.0 [ - | 2F ’““mm“““j
T (K) OOOO N CCOOESEEES: - g 1 | o2 L DAYy, - 1 1 0 L | 1 | 1 | 1 | L
0.3 0.4 T (K) 0.5 0.6 0 1 2 3 4 0.0 0.2 0.4 1 (K) 0.6 0.8 1.0

» The T-B phase diagram was constructed on the basis of experimental data. It suggests that in Dy aluminoborane, as in Tb aluminoborane, the phase transition shifts under the influence of the magnetic field in the
direction of QCP.
» Experimental data of the specific heat are characteristic of such systems, in which the line of phase transitions under the influence of a change in the parameters of the control field tends to the quantum critical point.

» The behavior of the temperature dependence of the Gruneisen parameter could not be determined, through insufficient amount of experimental data.
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RESULTS for DyAl;(BO,),
The phase transition to the magnetically ordered phase, at 0.53 K, was discovered and the T-B phase diagram was constructed.
It was found that:

» The magnetic field shifts the transition towards lower temperatures, when smaller than 0.25 T.

» The magnetic structure appearing is noncollinear. It has a large ferromagnetic component along the ¢ axis and an anitferromagnetic one in the planes perpendicular to this axis.

» The phase transitions to the magnetically ordered state appears at very low temperature and behave atypically for ferromagnetic materials under influence of the magnetic field,
which suggests that the transition can be modified by quantum fluctuations.

» The physical mechanism of this transition Is not clear [5]. We suggest that an antiferromagnetic-paramagnetic transition is observed in this material. At a certain value of the

magnetic field, there Is a change in ordering (ferromagnetic).
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