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The idea of stimulating a cooperative Jahn-Teller effect in undercritical electronic systems using an external
stress, which does not belong to the symmetry of the quadrupolar ordering, was recently suggested theoreti-
cally. The rare-earth oxide compound TmP@etragonal zircon structuyes discussed here. The role of the
external stress, a magnetic field applied along[f@9)] axis, is to bring theS-symmetry quadrupolar compo-
nent to criticality by the reconstruction of both the levels spacings and the eigenfunctions. The thermodynami-
cal properties are obtained by considering all the characteristics of the magnetoelastic couplings and of the
crystalline electric field. The structural phase diagram exhibits reentrant transitions between the tetragonal and
orthorhombic symmetries. The measurements of the magnetic vector and of the magnetostriction induced by
the magnetic field are well described within this model. The simultaneous measurement of the components of
the magnetic moment parallel and perpendicular to the field is an interesting experimental technique, efficient
for the investigation of quadrupolar interactiohS0163-182607)05114-X]

[. INTRODUCTION stimulated JT transition comes from the fact that the recon-
struction of the level spectrum is driven by an external stress,
The studies of magnetoelastic properties soared in popwhich does not belong to the same symmetry as the quadru-
larity in the 1970’s for insulating compounds. Rare-eaRf) (  polar component liable to order: as long as the critical state is
orthophosphates and orthovanadates with the zircon structuret reached, the quadrupolar moment remains zero. PO
are now considered as archetypes of the cooperative Jahwas predicted to be a favorable candidate for the first evi-
Teller (JT) effect. Several of them, DyV{ TbVQ,, dence of such a stimulated transition. Indeed, it belongs to
TmVQ,, and TbPQ for instance, exhibit a spontaneous the family of so-called four-level systems. The low-lying
tetragonal-orthorhombic transitidn.Large magnetoelastic electronic states are two singlets at 0 and 110 K and a non-
couplings are also present R intermetallics and compete Kramers doublet at 41.6 RThe magnetoelastic contribution
with the other magnetic interactions; structural transitions argor the Cy4 elastic mode induces a softening of about 85%
observed in the paramagnetic range of TmZn and TMAQ around 20 K. This strong, but nonzero dip indicates that
This coexistence has made necessary the development of MimPQ, does not undergo a spontaneous quadrupolar order-
croscopic models considering both types of interactions, q“%g, but remains undercriticaf.

dlrupo_larf_ a}gdcmagzﬁsetirc], in tt)he pr?sencf? of tﬁe crystallline Note that the stimulated cooperative JT effect must not be
electric field(CEP.™ The subject of JT effects has recently confused with the case of a same-symmetry stress: as soon as

known a nevy.|mpulfse Of. interest in relation to StrUCturaIapplied in the disordered phase, this latter induces a nonzero
phase transitions in high-temperature superconductors

fullerenes, and manganit&<’ Progress in the understanding value for the corresponding quadrupolar component, which

of the electron-electron correlations mediated by phonons 1y remf_orced by the quz_adrupolar interactions. This avalanche
thus of great interest and rare-earth compounds constitute &€Ct 1S observed for instance for the quadrupolar compo-
favorable field for further developments. Indeed the CEF del€Nts of they (Byg) symmetry in a magnetic field applied
termines very different conditions for the existence of the@long a[100] axis in cubic TmZn or in tetragonal TmAd _
quadrupolar ordering according to the level and eigenfunc- We have recently determined the different magnetoelastic
tion configurations. couplings considering all the features of the CEF of the
However the absence of a spontaneous JT transition i@round-state multiplet in TbPQRef. 1) and in TmPQ.*?
spite of sizable magnetoelastic interactions also constituteshis approach, based on a susceptibility formalism, allows
an interesting situation. This concerns undercritical systemgs a general understanding of the magnetic and magnetoelas-
where the energy gap between the nonquadrupolar grountic properties in an entire family of compounds contrary to
state and excited levels quadrupolarly active is larger thathe case of pseudospin models, which have to be adapted to
the magnetoelastic interactions. In such a case, the structurle compound under consideration. In both compounds, the
phase transition can be stimulated by an external stress drivaagnetoelastic coefficients associated with each of the dif-
ing the electronic system to the critical stafeSince the JT  ferent symmetry lowering modes are comparable in magni-
interactions cannot be significantly increased, the equalityude and thes (B,y) orthorhombic mode dominates the other
can be achieved by reducing the energy gap. The originaines. The occurrence of thiesymmetry quadrupolar order-
feature of the model developed in Refs. 7 and 8 for theing in TbPQ, and its absence in TmR@re discussed in Ref.
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12. We present here, how thequadrupolar ordering, i.e.,
the orthorhombic deformation of the tetragonal cell along its x5=2 fi
[110] direction, is stimulated by a magnetic field applied Lk
algng the [100 tetrago'nal axis. .Ir? the next seqtion, we Pix i1 are the matrix elements of thHe,, operator,E; andf;
briefly recall the formalism describing the properties of the re ]the energy and the Boltzman faétor of thievel. It is
4f shell and discuss the mechanism of the stimulated J esponsible for the softening of th@?=2C, elastic con-
transition in TmPQ. We then present the signature of this stant. C%/C 5:(1_65)( )/(1—K5X ). Theﬁevarious B's
effect seen in the magnetic and magnetostrictive properties e 2ndGe $ > '
(Secs. Il and 1V, respectively X

2
e [Piil

i#l1 Ei—E;

1 2
+ KeT IPiikl?|- (B

dG’s can be also determined from the parastriction
and third-order magnetic susceptibilftyAs soon as the mag-
netoelastic coefficients are known, it is then possible to de-
Il. STRUCTURAL PHASE DIAGRAM scribe the properties observed under large external stresses

The magnetic properties of thé 4hell are described with by self-consistent diagona_lization c_’f_E(q')' _
the usual Hamiltonian using the equivalent operator  All the magnetoelastic coefficients are known in
method® and the mean-field approximatidMFA): TmPO4. For instance, for the orthorhombic Eymmetry low-

ering modes,B’=78 K (G"=6 mK) and B°=—-151 K
H=Heer+ Hy+ Hye+ Ho+ Eat Eq. (1)  (G’=130 mK). The values ofG’ andG” are very different

. ) ] due to the differences between the magnetoelastic constants,
It includes the CEF term, one and two ion couplings for bothy t a1s0 between th€? and C° background elastic con-
the magnetic and quadrupolar couplifighe CEF term is  gants. Since in TmPgQ the values of thé03) quadrupolar
written within a system ok, y, z axes parallel to th¢100l,  gperator and related susceptibilities are small, the contribu-
[010], and[001] directions of the lattice cell, r_especnvely. tion to the free energy of the symmetry lowering mode is
The CE_F parameters are the same as used in Ref. ;2- ThRak in comparison to thé symmetry one. This feature is
magnetic term, , reduces here to the Zeeman coupling 04|56 valid for thea and e symmetry lowering modes. They
the applied magnetic field, the bilinear interactions being \yere however, considered in the self-consistent calculations
negligible in TmPQ. Only magnetoelastic contributions lin- anq a close agreement was achieved at all temperatures for
ear in strain and restricted to second-rank terms are consighe magnetization process along fi40] axis as well as for
ered here. They can be written in symmetrized notatioffs asthe thermal expansion of the latti&&The calculations in the

_ _(ralaly pa2.a2y0_ RY.YA2_ ROLS present analysis are done exactly in the same conditions.
He (BT e™ +B™e™)0;~BYe70;~ B € Pyy The strain susceptibility determines the conditions for the
—B({P it 5Py, (2)  existence of the quadrupolar ordering: in the case of a
~ second-order process, it occurs at a temperafiyegiven
a, v, 6, and e correspond to the toetragonal, orthorhombic, by 1/y4(To)=G®. The zero-field temperature variation of
and monoclinic symmetry mode®;, O3, P;; are the qua-  1/y, is drawn in Fig. 1. The Van Vleck behavior with a
drupolar Stevens operators, tB¢'s are the magnetoelastic low-temperature plateau at 200 mK is associated with the
coefficients, WhICh are tempera_\ture independ&nf.is the  singlet ground state, and the 157 mK minimum ofysl/
related elastic enerdyThe two-ion quadrupolar terms are around 19 K results from the competition in B§) between

written as the Van Vleck terms and the large Curie terms associated
/AN O 17/ 2\ A2 1 with the doublet lying at 41.6 K. Since the quadrupolar in-
Ho=—~K*(02)02~K7(02) 02~ K*(Pyy) Pyy teraction coefficienG® reaches only 130 mK, the lattice re-
—K(Py )Pyt (PPl (3 Mmains tetragonal.

It is easy to understand thquadrupolar ordering stimu-

Minimizing the free energy with regard to the strains lated by an external stress out of theymmetry through the
gives the equilibrium strains as functions of the expectatiofnodification of thes strain susceptibility. From an experi-
values of the corresponding quadrupolar operators. Replagdental point of view, the simplest strain to apply is a mag-
ing the equi”brium values for the*’'s makes Eq(Z) indis- netic field along thG{lOO] or [001] axes. In this latter direc-
tinguishable from Eq(3) and leads to the total quadrupolar tion, xs decreases, which made the quadrupolar ordering

coefficients: more difficult. On the contrary, immediately the field is ap-
plied along[100], 1/ys decreases at low temperatyfég. 1,

(B*)? upper part Note that as soon as the doublet is significantly

GH= cE +K# (u=7,6,€) (4 populated, ¢, is only weakly reduced. For fields larger than

9.4 T, the electronic system becomes overcritical and the
C§ being the background elastic constants. The correctivéP,,) quadrupolar component orders atTg value deter-
energyEq arises from the fact that each rare-earth pair ismined as indicated in Fig. 1 for 10 T.
counted twice in the MFA treatment of the quadrupolar pair The increase at low temperature of thestrain suscepti-
interactionsEq= 1/2K‘5(ny>2 for the 6 symmetry. bility by the [100] magnetic field results from the modifica-

In the presence of small external stresses, perturbatiotion of both theP;, ; matrix elements and thé(—E;) level

theory can be applied to the disordered phase. The free espacings. Close to 0 Kys comes, in zero field, essentially
ergy is then analytically expressed using three single-ion sugrom the matrix element between the ground state and the
ceptibilities associated with each of the symmetry loweringexcited singlet at 112 K; there is no matrix element coupling
modes. They depend only on the CEF. For instance fosthe with the doubletFig. 1, lower part In increasing field, new
symmetry, the strain susceptibility can be written as components in th¢l,) basis appear in the eigenfunctions: a
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0 20 40 60 FIG. 2. Structural phase diagram for the tetragonal symmetry
HOH(T) and thes orthorhombic one stimulated by[&400] magnetic field in

the presence of quadrupolar interactions. Open and black squares
FIG. 1. Upper part: temperature variation of the reciprogal correspond to determinations by magnetostrictive and magnetic
strain susceptibility for magnetic fields applied along fae0] di- measurements, respectively. In the lower part, the existence of the
rection. G®=130 mK characterizes thé quadrupolar interactions; guadrupolar transition is deduced from different isothermal varia-
the arrow gives the JT transition temperatiiggin a field of 10 T.  tions of 1i(H).
Lower part: field dependence of the energy of the low-lying levels
with the| Py ;i|?/E;— E; contributions(in K™* unit) to x5in 0, 12,  corrective energyEq . Thus in spite of quite a sizable qua-
40, and 60 T at 10 mK; the energy of the singlet ground state iglrupolar moment, the change of the free energy associated
taken as origin. with the JT effect stimulated by thgl0Q] field is small in
) comparison with the transition temperature. The weakness of
matrix element between the ground state and one sublevelis energy gain is confirmed by the angular dependence of
from the doublet arises. Its contributiofR; ;| /(Ei—E;),  the free energy in the basal plaffig. 4). The CEF anisot-
becomes dominant and is responsible for the decreasgof 1/rgpy is strongly reinforced in favor of tHe 10] axis by thes
creases, thus gfincreases above 130 mK and the electronicihe |evel spacings, then of the partition function, leads to a

system turns back to the tetragonal symmetry. Note that th@ariation of the free energy larger than the corrective energy
spacing between this sublevel and the ground state does not

drastically vary, thus the JT transition is mainly stimulated
through the modification of the eigenfunctions and not

through a simple modification of the level spacings as usu- 6 -
ally assumed in theoretical models. A

The 6 orthorhombic-tetragonal phase diagram is deduced A
from the equality of the X/ reciprocal susceptibility and the Q\‘, 5

130 mK critical value for various conditions of magnetic
field and temperatur@-ig. 2). The existence of two reentrant
phase transitions confirms theoretical expectations obtained

in Ref. 8 in terms of the ratid/A of the energy gap between —_ 4 K
qguadrupolarly active electronic states, and the intersite X -S0 - T
guadrupolar interactiorA. The phase diagram of Fig. 2 pro- é H // [100]
vides us with critical fields, which depend only on tBé& % -100 - .
and G’s determined in Ref. 12. Their lowest values can be 5 s
checked experimentally, as shown in the following sections. 150 [AF=F(G7E130mE) F(G =0mK)
The field dependence & K of the(P,,) order parameter 0 20 40 60
is drawn in Fig. 3. The two transitions are of second order. K H(T)

The difference between the free energies W@i=130 mK)

and without(G°=0 mK) quadrupolar interactions is weak,  FIG. 3. Field dependence & K of the (P,,) order parameter
around 120 mK at its maximum. This comes from the factand of the difference of the free energies with and withégjua-
that the —kgT In Z change is almost compensated by thedrupolar interactions for f00] magnetic field.
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FIG. 4. The CEF free energy and the free energy in the presence
of § quadrupolar interaction as functions of the direction of the
magnetic field applied in the basal plane for a field modulus of 12 T
at 4 K. The inset gives the behavior close to [t60] axis.
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FIG. 5. Isothermal field variations of the magnetic component
Eq. The existence of the stimulated JT effect is effectively aalong the[100] field (upper partand of its derivativglower par};
novel feature, but the inset of Fig. 4 shows how accurate théhe derivative at 19 K is vertically shifted by a0.15 value. The

experimental conditions of the field orientation have to be invariation obtainedta? K along[110] is also drawn. Lines are varia-
order to observe it. tions calculated withG°=130 mK; the hatched one corresponds to

a misorientation of the fieldp,=2 degrees, away from tHa.00]

IIl. MAGNETIZATION IN A [100] MAGNETIC FIELD axis in the basal plane.

As soon as th¢100] fi_eld dri_ves_the(_ny) quadrupola_r G%=130 mK. A value of 140 mK would shift the anomaly
rsncr)’rr1nrr?gttr's ?xigri?\ez;é;?t?]cﬂﬁlc?m%irfgtcl)?rr\]a:i Qr? dl?ﬁge;rzgfh_'ﬁeld towards the observed one. Their coincidence can be
ym Y R P 9" also achieved in the case of a slight misorientation of the
netic moment moves away from this direction towards th 100] axis with respect of the applied field

110] tetragonal one. This induces a change in the magneti LT .
[110 9 9 9 The magnetization vector was then measured in another

component parallel to the field and gives rise to a nonzero . . . .
perpendicular component, which constitutes a direct signaS’yomagnet as a function of the orientation of the magnetic
ture of the JT cooperative effect. field in the basal plane. The sample can rotate roun@@g]

Measurements of the magnetization component along th@XiS perpendlcu_lar to the field. Three pal_rs_of compensated
[100] field were collected in fields up to 11 T in a thermal coils measure simultaneously the flux variations parallel and
range from 1.5 to 300 K with an accuracy better than a2 perpendicular to the field during the displacement of the
for the magnetization and a thermal stability better than 0.05ample parallel to the field. The maximum field is 7.5 T, the
K. Figure 5 shows in particular the field variation at 7 K, accuracy on the magnetic components is about;04he
compared with the behavior observed fof14.0] field (the  positioning angles are determined within0.15° and the
whole set of thg110] magnetization curves is discussed in temperature is regulated within0.01 K.

Ref. 12 through the fit of their field derivatiyeAs explained The upper part of Fig. 6 shows the two componehtg,

in the Introduction, immediately thigl10] field is applied, a andM, of the paramagnetic moment during the rotation
nonzero(P,,) quadrupolar component is induced, and theof a constant field in the basal plane. Th& periodicity is
inflexion point in the magnetization curve corresponds to itgperfectly respected by the two componeni,, is maxi-
reinforcement by thé quadrupolar interactions, more or less mum (minimum) for a field along thd110] ([100]) axes. As
sudden according to the temperature: this inflexion point cain a torque experimentyl  ,; vanishes as soon as the field
be considered as the boundary between the tetragonal phaseints in a high-symmetry direction. THd , ,; variation is

and the orthorhombié one, driven by the field of the corre- sine-shaped in low fields, while being only periodic in high
sponding symmetry. The observation of the stimulated JTields, with an extremum shifted towards %10 axes. The
effect in a[100] field is more delicate. At 19 K there is no same analysis is valid for th®l, variation. It exhibits an
anomaly in the experimental variation, which perfectly angular point along th€00 axes, which becomes more and
agrees with calculations: there is no contribution of the more pronounced in increasing fields. The angular variations
symmetry as shown by the phase diagram of Fig. 2. At lowepf the two components are closely described by calculations
temperatures, i.e., below 16 K, a slight shift from the calcu-with G°=130 mK. The large differences between the behav-
lated behavior is observed, characterized by an anomaly aors calculated with and withouf quadrupolar interactions
the field derivative of the magnetization around 6.5 T. Thisshow that this technique is an efficient experimental probe
anomaly is very similar to that calculated at 9.5 T usingfor the study of quadrupolar interactions in addition to those
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FIG. 7. Field variations of the components parallel and perpen-
dicular to the field of the paramagnetic moment for different orien-
tations of the applied field close to th&0Q] direction. Solid lines
are calculated witfG°=130 mK. The two branches in high fields
for ¢y =0 correspond to the two possibforthorhombic domains.
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IV. MAGNETOSTRICTION ALONG

P THE [100] DIRECTION
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H // [-100]

_30 1 1 L
0
H // [100]

90
0, (degree) The relative change of length induced by a magnetic field

applied in the (ayaya3) direction and measured in the

FIG. 6. Upper part: components parallel and perpendicular td/B18285) direction is
the field of the paramagnetic moment as functions of the direction

of the field in the basal plane. Middle part: the modulus of the . g,p,8, |9 Blﬁ2B3= il+ 1 (252 52— g2)
paramagnetic moment as a function of the field direction. Lower ajazag | V3 \/g € 3 1 P2
part: the angle between the field and the paramagnetic moment as a “1%2%3
function of the field direction. For 14 T, the initial values Mf, , 1
thus of_d;Hf dn are L.ug . 7_20.4°, respectively. Lines are calcu- + = e’(Bi—B%) +\/ie‘5,81,82
lated withG?=130 mK (solid line§ andG?=0 mK (hatched lines V2

+V2B3(€1B1t €582). (6)

of elastic constants, parastriction and third-order magnetic
susceptibility? It can be measured using strain gauges as done
o . : 11,12 ; . :
From the values oM, andM ,, it is possible to cal- ~Ppreviously." Depending on the(aasas) direction, the
culate the angleg,— ¢y, between the field and the para- €‘(H)=B*/C§(O%) contributes or not taiifzfz:ea(ey) is

magnetic moment, as well as the modulus of this latter. Theero for a magnetic field strictly applied along th00]
variations in the lower part of Fig. 6 show that the anisotro-([110]) axis. In the case of even a slight misorientation of the
pies of both the magnetization and the energy are stronglfield away from thg100] axis, a sizabldP,,) value is im-
determined by thé quadrupolar interactions. Inmediatdly  mediately induced and, owing to the |ar§é/c:g ratio, the
is no longer parallel to thELOO] axis, the moment increases, resulting €° contribution overwhelms the other ones in
moves away from this direction and lies between the fieldTmPQ,. As in the magnetization processes discussed previ-
and thg[110] axis. This rotation of the paramagnetic momentously, the stimulated JT effect is hidden by the meta-
exists for¢, =0 in fields larger than 9.5 T, i.e., in the stimu- magneticlike behaviore®, thushf§§2B3 exhibits an S-shaped
lated 6 orthorhombic phase: in 14 T, the valuesMf ,; and  field dependence in small magnetic fields instead of the
¢y — ¢y reach 1.7z and —20.4°, respectively. (Pyy) behavior drawn in Fig. 3. Then when searching for the
The variation ofM;; andM |, ,; as a function of the field intrinsic stimulated JT effect, the best way is to eliminate the
are drawn for successive orientationgt& in Fig. 7.M  is & contribution in Eq.(6) by gluing the strain gauge along the
reminiscent of the behavior in Fig. 5. Fa,=0 degree, [100] axis in the(010 plane, using the fact that it is a cleav-
M, is zero up to the 7.5 T maximum field in agreementage plane. The relative change of length reduces to
with the calculated curve. Note that above 9.5 T, this com-e,=A139=€e*V3—1/\/6€*?+1M2€”. An anomaly in its field
ponent would remain zero in case of an equipartitionsof dependence is then the signature of the reconstruction at the
orthorhombic domains. The set of experimental variationsIT transition of the level spectrum and the eigenfunctions,
for the indicatedp,, values are in perfect agreement with the the experimental difficulties being in the field alignment par-
theory of the stimulated JT effect, although the availableallel to the [100] axis and in the measurement of small
field is too small to allow us the direct observation of thechanges of length. Data in fields up to 14 T are given in Fig.
¢ =0 transition. 8. The magnetostrictive signals are small, less than 90 ppm.
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120 — T . the coefficients are known, thus without any adjustable pa-
rameter. The structural phase diagram for the tetragonal
- TmPO 2K - phase and thé orthorhombic one is deduced from the analy-
4 ~"'::-"13K' sis of theé strain susqepf[ibility as a function of the tempera-
ture and the magnetic field, as normally done in the MFA.
The mechanism of the stimulated JT effect is not a simple
modification of the energy spacing between the singlet
ground state and the excited levels quadrupolarly active, but
essentially a field reconstruction of the eigenfunctions, which
. introduces additional matrix elements and then reinforces the
13K 6 strain susceptibility: the JT effect occurs as soon as the
- H//[100] 10K critical value, G%= 1/x5(Tq) is reached. The reentrant fea-
L G%=130mK 4K A ture of the structural phase diagram, i.e., the occurrence at
high field of a second transition, from the orthorhombic
symmetry back to the tetragonal one, is driven by the de-
- crease of the matrix elements rather than by a change of the
4 energy spacings.
This JT effect stimulated by a magnetic field applied out
! L ' of the quadrupolar symmetry is a phenomenon from a theo-
4 8 12 16 retical point of view. However the free-energy gain associ-
LLOH )] ated with the quadrupolar ordering is weak in comparison
with the gain in a field, when this field belongs to the same

FIG. 8. Relative changes of length induced along[th@0] di- symmetry. The same conclusion is valid for the magnitude of
rection by a[100] magnetic field at various temperaturagpper  the quadrupolar component: to apply in Tmpfield of a
part: data, lower part: variations calculated with the magnetoelastigiven strength along tHe.00] axis is much less efficient than
coefficients determined at high temperajure along the[110] one.

From an experimental point of view, the main conse-
Anomalies are observed in thg field dependence for tem- quence is that the conditions of parallelism between the ex-
peratures lower than 19 K, the corresponding field values arternal field and thg100] direction are severe in order to
reported on the phase diagram in Fig. 2. In agreement witlebserve the intrinsic stimulated JT effect. At the structural
this, a simple quadratic behavior is observed at higher temtemperaturel, the change of the component parallel to the
peratures. The, field variation can be described as soon asfield of the paramagnetic moment is weak and manifests it-
the different strain contributions are knowre”(H)=  self only through a small increase of the field derivative.
BY/CJ(Py(H)) and e“(H)=A[(O%(H))—(0%(0))] Measured and calculated values of the critical field are in
with A®! andA“? being the combinations of tHe** andB**>  agreement. They become equal, assuming a misorientation of
magnetoelastic coefficients and t8¢", C§2, andC¢?elas-  2° or leaving theG° coefficient free to vary in its uncertainty
tic constants® A“?=47 and(1#/2)(B?/CJ)=59 ppm were range.
determined in Ref. 12. Different measurements, not pre- The main modification of the paramagnetic moment at the
sented here, confirm these values and gi¥é=—32 ppm.  stimulated transition is its large rotation away from [ti60]
The variations calculated witB°=130 mK are compared in field direction towards thd110] one associated with the
Fig. 8 with the data, the general behavior of which is well(PXy) quadrupolar ordering. The study of the magnetic vec-
described. However the magnitude of thestrain is calcu- tor at different temperatures according to the positioning
lated globally 30% larger than measured, the anomaly at thengle as well as to the field strength agrees perfectly with the
critical field is less pronounced than the observed one. Theggalculations, although the available field does not allow us to
differences in addition with the slightly negatieg variation ~ observe the intrinsic stimulated JT effect in TmPQhis
in low fields below 10 K indicate additional contributions. experimental technique, which simultaneously measures the
For instance, a parasiti& contribution[v2(B°/C §)=—1100  parallel and perpendicular components of the magnetic vec-
ppm] can explain the 30% reduction of the experimentaltor as functions of the positioning angle is a fruitful experi-
value if misorientations of 2° and 0.15° out of tfi00] axis = mental probe with respect to quadrupolar interactions. In
are assumed for the magnetic field and the gauge, respe€mPQ,, it confirms theG°=130 mK value in close agree-
tively. However stresses introduced by the necessary gluingnent with the preceding determinatiolfs.
of the sample as well as anharmonic couplings between mag- In the present magnetostriction measurements, the posi-
netoelastic modes could also contribute to this reduction ofioning angle of the field is not monitored with the same
the data. accuracy as in the magnetic measurements. In the case of a
misorientation, even slight, thé strain is induced immedi-
V. CONCLUSION ately the field is applied and the intrinsic stimulated JT effect
is hidden. To minimize, if not eliminate, thé& contribution,

The theoretical model of the stimulated cooperative JTthe appropriate geometry is to glue the gauge alongjitté]
effect presented in Refs. 7 and 8 has been quantitativelgxis in the natural010 plane and to observe the cooperative
developed considering all the features of the CEF in thelT effect through the changes in theand vy strains. The
ground-state multiplet and all the various magnetoelastiwalues of the critical field are close to those observed in the
couplings. It was applied to the case of TmR@r which all  magnetic measurements. Both sets of experimental values
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correctly describe the low-field limit between the tetragonaltion may allow one to monitor the undercritical state more or
and orthorhombic phases experimentally obtainable in théess close to criticality and in this way to reduce the critical
calculated structural phase diagram. field values.

This observation of the stimulated JT effect in TmPO
shows tha_lt the experlmer_ltal procedure is very del_lcate, at ACKNOWLEDGMENTS
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know if the weak gain in free energy in the stimulated ortho-part, by the Russian Fundamental Science Foundation. Z.K.
rhombic phase is only characteristic of TmP@ if it is a  wants to thank the Ministe de 'Enseignement Supeur et
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