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Fig. 1. Illustration of the single crystal growth methods for UTe,: (a) Te-flux method; (b) MSF method; (¢) CVT method; (d) MS-

FLT method.
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Fig. 2. First discovery of UTe, superconductivity: (a) Temperature dependence of resistivity; (b) temperature dependence of elec-

tric contribution from low temperature specific heat data. The data are taken from Ref.[1].

AT HAE B A POK TR MAS A RIREF 451 2020 45
IR, BEEWTFERITRA, BIFFEE A TR R BUAS ] FY)
AL 0y JEURHEE JR LU AR R BE 25 T 2 S H0m] L3R A
AR BR (R df, BT U'Tey i S L B728,

2.1 EIHREFEREEZIE

AHEEL T 2006 4F Tkeda 25 8 474319 UTe, £,
2019 4F Ran % 11 K UTe, 8RR CVT
AR T EFEAWAXI: 1) #iGERH Te HXT
F U BRI (R Mepoyo) R, A2 2 2
155 2) AERKIREM R, th 950—850 C 2l
1060—1000 °C. % T, Cairns 2527 7E 950—850 °C
10 30 JBE o B R WF 5T 1 RS AR JEUREBE R LG Mg o X
UTe, M S MR, HAAE KRS Tkeda 55 1)
f—20. ZP2RERM], R IREREE IR L Moy ¥ UTe,
PR R S VAT SRR, Mooy = 1.85 FURR
H LB RIAS T, KR 2 K, T Mooy > 2 BIFEN,
R 2 0.45 K ABA WA B k. [RIE, SR A fAE
L X BT (EDX) MRS 84 E4T 0 &
B, B Al B2 PRy 5 R IR RURHEE R L Moy A1
K, B[] — 20 i 1 O3 FE — Y N i 3,
1 4. Cairns 5 P7H IA A UTe, & 2 18
FHETT RS Te BRFEVE A X, I HAAEM T,
e fen e — I A, e Fi e sd = i Te
HRBEAER 2 FEOLHE S AZ 2. Yang 55 29 R
FH LB A 55 B TR 7 & 363 (ICP-AES) Xf
VA Moy = 2 /B HY UTey B IEAT T RG89 1L
AYIRE, 45K UTey oq, HEUE FLAR A fL2F 1 L.
JEH., BN SR S R SR Y K
FFAES, HLETA ¢ fill 1.5 GPa BY#ESAN T
TR T, = 3.6 K1Y ab 1 H M.

£ 1 CVTIREHFRER L My y X UTe, £
SRR T, (950 127
Table 1.

CVT starting materials on the actual composition

The impact of the molar ratio of My, in

and T, of UTe, samples 7.

el Fay)iba EDX'JIJJIJ'{%E’J ‘ rgﬁﬂ%
FEIRWMpeyy  MpoudiBl MARMT,

A 1.71 1.46—1.50 1.74 K

B 2.14 1.79—2.06 ToH T

C 1.85 1.72—1.87 2.00 K

Jg T ik — 2 WESE UTe, £ 5 Te B3 5 #
SR SE R, Haga 55 28 SR I 1R JFURHEE /K HE
Mryepy = 2 F1 1.8 1€ 950—850 C H9IRLEERE T
17 CVT A1, 43 3R A% T AR 8 5 AU = i FE i
JEIE A X SR ATST (SXRD) ML FH84T X 4
2 WA BT (EPMA) XFEE 5 Y & 1R 25 #4 A4k
it AT TSI . WS A5 SRR, UTe,
1y SR D U BRSO, TR Z Te BRIG.
ALY U A Te f2 it 0 25 2078 1% A5
B uR 25 PN, AR SRR 0 SR R A T
Ugo6r0.00Tea, BT 50 Mht 25 FRAE B 43, 3 0 5 A R T
CVT ks R # M U A BERIFE T UTe, £
i B S DR e A O JEUREBE K LG Mo, oy BRI AE
1.5—1.85 {ERIA.

J3 Ak, 7E 1.5—1.85 Ju[H N, 3% AL 4f [k EE
IR Mpojy AU UTe, FEM IS T, 38
SRR S AR AR, Y H b AR K A AR T
THE Mooy ¥6M8 UTey FEELHY T, TH i, (2RI
FEELEY RRR. Cairns 45 27 DL My, = 1.8 A2 K3k
51 T, = 2 K ¥Edh, H: RRR=10(JLIE 3(a)), 1k
T Ran 55 W L My y = L5 KA T, = 1.6 K
K (RRR = 18—30). X — 5, #£ Frank 5§ B0 [

087401-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % R Acta Phys. Sin. Vol. 74, No. 8 (2025)

1.0 \/__
(a)
i 1.0
0.8 .
< o 08F T
~ 06t £ v Hayes13] al
g 00 2 oer ]
= < i
< 5 04} :
< o4l B )
5 < 02f .
0 5
0.2 0 1 2 3 4
i T/K
0 L 1 1 1 1 1
0 50 100 150 200 250 300
T/K

087401
0.35
(b) - C6
0.30 Eq. (1)
"""" IN+PT?
o2sf - -7 tal?
0.20 =

107 mJ-K—2-mol~}

Cp/T/(J- K~2mol 1)

v* =40 mJ-K~2mol~!

0 05 1.0 1.5 20 25 3.0
T/K

K3 (a) ARG FURHEE IR LE Moy 5 i 59 v BHL A I 4 25 2R 7)) 355 Ran 45 1 #l Hayes % M XL (b) T, = 2 K#£dh (C6) Y LL

PR A5 2R A R D A o TR )

Fig. 3. (a) Resistivity of samples with different initial molar ratios Mr,; ¥ and comparison with those reported by Ran et al.l'l and

Hayes et al. 13]; (b) specific heat data of sample C6 with 7T, = 2 K, and the inset shows a sample image 7.
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Fig. 4. (a) Specific heat data of UTe, samples obtained at different growth temperatures ['7; (b) polar Kerr angle evolution near 7,
in a UTe, sample grown under a temperature gradient of 1060-1000 °C['¥l. The data are taken from Refs.[17,13].

5

R A IR B T 3R AT UTe, BE G0 B R, L 4R JFURHEE SR L My = 2, BR TR 5 L
(d) 1010 °C; (e) 1060 °C. Hi H 3CHik [35], B 3RAFEEAL

T B3 (a) 810 °C; (b) 860 °C; (c) 930 C;

Fig. 5. Photos of UTe, samples obtained at different growth temperatures, with the molar ratio of the starting materials (Mr,/y) set

to 2, are labeled with the high-end temperatures [ (a) 810 °C; (b) 860 °C; (c) 930 °C; (d) 1010 C; (e) 1060 °C. Reproduced with
permission from Ref.[35].
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K, 295 mm, (HERAFTERZE, WE 6(a) FE 6(b)
Fr7R. HLBH R0 L B 1 R B, AUAT 4 Te-flux
FESH RISt TR A4 Y L A iR
FEMRZ 0.4 K ARG SIS, WK 6(c) FE 6(d)
fis. BTG 8-S/ Te-flux 4, H T, = 1.1 K
FRRR = 4, WHIRALT CVT H.

2021 4, Ran %5 P3RE 05 JOBHE IR T My
PR 103, IR AR RKIREE RS &2 1180 <C, fR IR
5 h J52tad 100 h ZZ1g R 2 975 °C, fe/5 TEi%IR
FEREOEBRZAT Te. SR, XA T2 053K
180 Te-flux £E A AR TR H AR S vE . AR PRI
G5, UTe, (KR RN 8 PR ZERAE & Y U i
Fa/NT 1%, B4 B2z Fh R, R, 78 Te-
flux #E4& UTe, i Br 8 AE 1Y U-Te A, XT 5
1180 °C FfFfT £ fb £k 1Y “UTe,” 0] HERR 1o I 85 1k
FHE RS, R €U, sTey”, 2 RE M 45y 28 A A
BIo M FIAEAEAE, DI BORS AR T.<
1.6 K (8 oA 2A S

3000 0.3
(c¢) I//a 1000 (d)
2500
10 + rJ
2000 D\,'\
0.1 ; . 0.2+
1 2 3 X
Te-Flux 1# n
L 1500 F g Te-Flux 1#
2
< 1000 F Te-Flux 2+# p
~ 0.1
Q
500 CVT 1#
CVT 1#
ok
. . . . 0 . . .
0 100 200 300 0 0.5 1.0 1.5 2.0
T/K T/K

K6 (a) Te-flux # &b B Bl (b) CVT A&k B R BY; (c) H BHLAR I

SCHR (2]

GRS L (d) HEHAN S5 R L. () A (d) BB R IR T

Fig. 6. (a) Photos of Te-flux samples?!; (b) photos of CVT samplesP!l; (c) comparison of resistivity data; (d) comparison of specific

heat data. The data of (c) and (d) are taken from Ref.[2].
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4 JEihBh A% (MSF)

FHETSCAT R, UTe, (KRR T, SHEG TR
YA, I E S S8 0 T4
PR o - Ilf SRR 1 ) S A SR A5 R B, R
CVT s BERIE A K A 3L 4 R R AL & W 5 e
il 38 A A R I 4 G BT i, RRR G E H T 100
FEFK. AN, Sb-flux JrikA K USh, HibA
RRR = 15009, CVT 4Ky UAs, #4454 RRR >
200 7). SR, RIAE 2 X T RS T2 CVT
AR T, = 2 K 1Y UTe, #:4f, H RRR
1A 88 17, [Hitk, #2%5 UTe, FESLAY RRR, 7 B4R
T, M HE A B 4l e rp o SR 0B S ARAE
FEPESCIRA ST P12

2022 4, Sakai % % B kL R H MSF ik
A UTe, 8k, HBIEF N NaCl fil KC1 45 B /R
REW, R5HE T, = 2.1 K flifitk RRR~=1000
PR, Qi 7 FroR. Bt R MSF J& T B a7 i
)7, 38 DRI SR Eh IS R R IR SR B
;, T2 2 T e R iR S i AR
K, A NagLa(AsOy),, HES, Fil BaTiS, %5 39411,
MSF J7 84 K 3845 UTe, B b FE 5 1 RT/,
WECA AR o R AR, K EZ 1 mm.
it EPMA XFFE R #1738, &3 MSF A4
KA UTe b i HA ™48 9 fb 221t & Lk, U F1 Te
IV 0070 2 s 1183 o R i G N < = R TN
MSF # bt CVTHE VA T S T, i %42, If
H RRR HFE K, 41/ 7(a) FiR. b5, Aoki 45 18
FIFH X2 MSF FEa, 1 U0GH S 8 -y B R 25 R

100 f(a)

10-1¢

—— CVT# RRR = 22
—— #M5 RRR = 50
—— #M6a RRR = 130
—— #MT7-1 RRR = 170
—— #M7-2 RRR = 1000

1 10 100
T/K

p(T)/p(300 K)

1 (dHVA) S T UTe, A2 K25, t 7850k
W7 MSF Ffib BA R = 4 . 7RG,
B2 I B —A8 MSF A 1 SE 30T 58 WA 2k i
I, 5 PAE CVT B I oE 25 RT3 B
M7 UTe /K R 1M T 7 S it 2 15 £ 41 43 o2 4]
e S5 1 ok 7 2 A0 15,461 1 28 K T 45 A8 A TG = 4k 2%
Fig 1T49) SR R b A T i 2 e S A,

Sakai % ¥ J@ i3 MSF J kA1 UTe, H 1Y
HRT AR 1) RAWRMERIE T U R 4A
r; 2) EEHAERT T, ¥ U, Te, NaCl Al
KCl 25 J5RHE—E WHNR A, AL £ T, I
A T ZE A AR DA B 1k A B v 0 6 36
3) B AL T, IIHAZE 200 °C, AL HU
784 bRk ARG, SSRGS B A5 4) TOA
e, EETHEE 450 C, Fidh 24 h; 5) 4224 h
THEZ 950 °C, {1 24 h; 6) ZH8 I 218 ki
BE Ty, BEIEEFN 1.2—1.8 °C/h; 7)iEk 24 h, &
MR BRI, 8) fEL B F /KM fRER, WS
A, B e H R BE A AT A L2 AU T 78
MSF A, i 1 R [R] Te 1 NaCl+
KCLIREEARXT U BB, B Myoju 1 Mgy v
X UTe, FE i M- T2 L TEAR RSE Fnh i i it A i
ES AN P C TR

% 185 NaCl il KC 4 B JRIR A W0 i 3k I
Rk 650 °C, FITIGAR JORE T i B AEIZIRE KX
HMHE. 78 650 CIBKFMT, B Mpoy = 24K
G UTey BEMEY T, 8 1.7—1.8 K, B E TR Z
BOCHRARIER) CVT BEM. SR, 4 1.9< Mo y<2
mF, AR M2—M5 R Y T, 2 5 & 1.9—
2.05 K, LR MSF ik R U Rt &1

Prodution ratio

UTe(6~0.0)

1.7 2.0
Starting Te/U ratio

Kl 7 (a) MSF 5 CVT K& B9 UH — AL RUBHLAS XS L (b) MSF J5 1 A2 KR AT U-Te (K 79 5 50 Te /U B G F . Hdi ke U7 T SCH [38)
Fig. 7. (a) Normalized resistivity comparison of MSF and CVT samples; (b) the relationship between the product of U-Te system
grown by MSF method and raw material Te/U. The data are taken from Ref.[38].
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# 3 MSF Fik TS0 UTe, S T, FIRE G i A 50 9
Table 3.  Effect of MSF process parameters on the T, and sample quality of UTe, single crystals [,

JEEH ]
B Ty/°C T./K RRR i
Mrepy Mg /v

M1 2 29 650 1.7—1.8 40—60

M2 1.93 37 650 1.9—2.0 60—80

M3 1.92 36 650 1.95—2.0 30—40

M4 1.90 40 650 1.8—1.95 50—60

M5 1.90 67 650 1.9—2.05 50—60

M6 1.8 21 650 — — FEHINU, Tey,
Méa 1.8 40 650 2.0—2.1 80—130 FE=Y) U, Teyy
M7 1.71 60 650 2.1 170—1000 FEZ YU, Tey
H1 2.0 48 700 1.6 11—12 BLOLBRER
H2 1.95 42 700 1.75—1.9 35—60

L1 1.95 38 600 1.6—1.8 20—30

L2 1.90 44 600 2.1—2.2 65—70 RS

JEORHEC EE AT AR AR 23 A 2% 31 i He i UTe, B0,
A b, AR EEIREY NaCl+KCl Eiiamih b, &
PG R U AN S 3 Ji 351 10, i L] A sl
A U BB 7 A E— DRI Moy, AR AR
A9 M6—MT B i U 43558 U Tey, 8L U Tey,
h . AHMER e T AR U Teyy £ &6
() Mrpoyu=1.714, 5 M6—MT7 ¥ i JiF % F ) J5Uk
BC L o343, UpTey, M MIRZE B ST bR, 16
IR TA Ty = 48 K WEREEEAS, nT DL3E i fBH
SRR AL ZR I s A T Y. (E A R, A
M6, M6a F1 M7 4 5% TR Mgy, u, H
YA i UTe, AR AAAE, A H IR RS
AN IR, FEXFPS U Tey, IAFMIER LT, M6a
FM7T ) UTe, FEfb A T, =ik 2.1 K, H RRR
EE T LIAF] 1000, X LE UTe, FE b 1T HEE
AR . 25, A RKIRE N 950 C,
T; = 650 C 4&1FF, UL NaCl f1 KC1 %5 /RIR &
Yok Bl FIA MSF 77307 LIAS 2] 7(b) B i
U-Te t& R 774434, 38 3 A 35 19 JFORHEC L Te/U
RESAF LI TE A2 AT T FU Y UTe, HLARE .

B T JRRHAC L Te/U, iR KIREE Ty tRXHFE A 1S
B, Y Ty ¥ BN HIR A R 1 36 S A5 650 C
O ECE AR, 1A H2 SRR B 24 A B
HLBEL T B, 0 T BB X S A A 23 (R R385
PBSAT . b T TR h BB 2 A nEk, Hl
FERBEHTINEAE 700 °C PHATES.L, S50 R T,
Al RRR #BHH B AL T HAh MSF k5. 45 L2 40

A T, = 2.2 K, [AIEE BRIy 2Pk
RE, TR SWH. RILAT WL, MSF A4 £ UTe,
T 45 SRS 194 o P 3B I TRLBE A B VR R Y 3
H . 650 C, i e IR RE IR KA 2 B A 4
A TR Y R R

WA, ek et B AR ) J 2 A B A i
EESZI KR, WL T, o PR R 4
Ty T 2 b AR P L A | S 0 B o T A B
B, AN B SRR A 85 ol T 3 2 il 3RAS Y
Rt RO EUIN. 18 i B R ) 2 S B AR K
IR A, A A AR A R rh 32 B HA P 3R TR
R XU 34 A0, U G A S5 A B T 95 G 5, SO AN
FIF R R B R4 TE. PRL, AR S ELAR A S AR
FIAE R SR TR, AT R I v (4 B3 T R
ARAT BT R ) R AR. TR T A I RE
W, Sakai % 38 SR MSF JriA4 K UTe, H bR
TR R EAE 1.2—1.8 °C/h N, Eaton 4 1Y)
DR 1.8 °C/h B EAARREIR A, S0, 76
RTERE IR LI BETE, BT TC T i AR
% MSF 4 UTe, 55 B B .

2024 4, Eaton 4 9 X MSF J7 ¥k iy 4 K T
AT T L, SRR UTe, BLEREA T, =
2.1 K fil RRR = 900, Jf /] T i ¥ L5 b 52
T2 EEAE A I T, — e TEf mE 2 R
[ A HL IS (solid-state electrotransport, SSE) 77
x4 JE Al FUREA TR 4, R AEZYN 10 0 mbar
(1 mbar = 100 Pa) IU3IZEA T 200 °C #4412 h
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DL NI b 25 B B G R ER oK . Z )5, Wu
G0 BT T EA KA & B UTe, HLAFE 5
XA B SAIE T T ANBGE, RS TR
HH S HE, E 8 FiR. M« E—R78 CVT
FEfh, SC1 Al SC2 S AH I 8.4 K T #E % J7 nl i
B, FHXH A 40 T L FRZEHES
AEX A AR o i SRR

60

[+ MSF p ( gnet y

| * MSF PDO )

s CVT pKnebel et al.

= CVT pHelm et al.
40 . cvr pRan et al. Normal

¢ CVT PDO Ran et al. 4 paramagnet

F U ~MSF

CVT :
20 F
SC1 -

0
60 30 0 30 60

a-axis ¢/(°) b-axis 0/(°) c-axis

joH/(T)

&l 8  MSF J7 ¥4 4 1 BT i UTe, B AR RE &1 19 5 BE I8
A& 2

Fig. 8. High magnetic field superconducting phase diagram
of high quality UTe, single crystal sample grown by MSF
method 2.

5 2k B P IR HE 3 (MSFLT)

R T AR SR A TR, AokiP 455 MSF
A CVT PFh 5 8 MSFLT H T4 UTe, #
e . FEIZOTIE T, 4 EEJRI NaCl f1 KCLIR &
YIBEAE Ry B0 33w S kas 7, 25T CVT ik
T — 7 IR BB 11 v YA R VR A v iz AR KRS
R, 55 Sakai 45 B8 HEAT B MSF Jy A AH B,
MSFLT 4K UTe, FEfH I T 22 BA LR LS IX
B 1) FRHREA A B A A ) TR R
2) FEKFAE AP BB 750—670 °C BT A
AR 10—14 d; 3) AR LSRG AT EIHATIR K.
MSFLT JriEAKRARH) UTe, B AL ANE 9(a)

ffi7R, A MSF JriE A BRI, RZHh 2—
3 mm, P RBAEE AT IA 5 mm L) L.

Xt R FHIERE B Moy = 1.65 42 K1) UTe,
B IEAT BRI LG B, A T, = 2.09 K FI
RRR = 800, W&l 9(b) fFr7~. BT ERJE, H HLH
M ARAF MSFLT B4 1Y /v B BAKT CVT M
MSF FEdh, W 4 i3, T, = 2.09 K BEEL AT Y /1y
BORARE 0.034. 4% FHECR LB My = 1.50
i, MSFLT A=K AR1HHY UTe, BESLA T, = 2.06 K

J /| a-axis

. 04fo 14
.‘—‘ éZOO
] G
£ 03f% 13 E
I 0 3
& 0 100 200 300 %
= E
- 0.2 42 =
~ S§
S
© 0.1 41
Yo b PO
0 ' 0
0 1 2 3 4

T/K

B9 (a) MSFLT 4 K 1) UTe, B kL A, 45 L fA i
&1 g B dh i TR A 2R T i B 5 (b) MSFLT A i 9 b #4
AR

Fig. 9. (a) Photograph of MSFLT-grown UTe, single crys-
tal samples, the inset in the upper right corner shows the
sample embedded in the flux; (b) specific heat data of a
MSFLT sample 33,

4 ARFEAERITEFG UTey Y T, FUREG BT L 6

Table 4.  Comparison of T, and sample quality of UTe, single crystals grown by different methods 53,

ERTT JEURE ] Moy B0 /s ) ARIEE/C T,/K RRR 7/
Te-flux 3.55 Te 1050 1.08 3.6
CVT 2.00 Iy 950—850 — 2.5 —
CVT 1.50 I 1050—990 1.65 14 0.61
CVT 1.40 I, 780—680 2.01 49 0.13
MSF 1.80 NaCl+KCl 950 <1.70 22 0.78
MSF 1.65 NaCl+KCl 950 2.06 220 0.046
MSFLT 1.50 NaCl+KCl 750—650 2.06 179 0.124
MSFLT 1.65 NaCl+KCl 750—650 2.09 800 0.034

087401-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % R Acta Phys. Sin. Vol. 74, No. 8 (2025)

087401

I RRR = 129, HAF 5 5T A BRI, (B 5
=T CVT A, BEAh, il X Ka: MSF #1 MSFLT
T i ) L BEL SR 28 SR X B, Aokil®! 2B UTe, £
il T RRR ARG KL, (A7 RRR &
i 1000 T, 2332308 Fe e O BRIELE 2.1 K. X ik
%, BB Ems 2519 MSFLT e, H T, = 2.06 K
O W i s T, ] i, MSFLT J7iknf
DASRAS B 25 (A i B, S8 VR JEORE LA Moy,
AT DAARASAE i 0T f A0 5 R T 58 e A 25 i Lo i
UTe, 5.

ZEAM H , MSFLT Jr ik [RIBF 4k & T CVT F
MSF ke #. —Jm, 5 MSF ik—+, 18
NaClH+KCl iR A5 A b CVT HikE e
A AE RIS, I HA KRB AL %547 CVT
A KT B DA S (), AR A I B AT AR
SR T, FIFE A UTe, B8 EES, MSFLT RiE
AR TF I S —JrE, AR S CVT ik
(R BEAR B, FEY R A R v, — e s B AE
AR, T HE— 253 8 T e 2 A AR 1% 4l 5k
INERARBIIE. SR, T MSFLT A4 UTe, #£ i
()7 5 2 R A B, I =22 LA & 5 B AR G MSF JF:
KA BT, HETM A WAZ 345 W RE i 7 2L
PRSI BIFSR rf (AH DG AR

6 REL5RZ

RS A UTey H ke il £ K D7 15 AT 58
PEREHEAT T RSB, DURDIT 20 T 250 Lok

SRR 5. R CVT J5kTE UTe, 1K R T
FEP i RCR L, (A Pz R KRR A
[ B E R S 5 1) s 07 S Fu K U1K = g = R
FEAEZS 0] L B R0 22 5, DRI SR 9 0 30 A e e
i) MSF 774 Bt B, MSF I MSFLT J5 0] A3k
P d i Y UTe, B ARFE S, HE 2 T, o7 LLA 3
HAifrm 2.1 K, RRR ik 1000, M1
Vi LIRS AE UTe, PR ZR A5 LA FHAISEEL. SR,
MSF 75 A7 — AR A Bl - H= g v ] REAT
FEREME T U Teyy, e B AERE IR L FE TP A7 20
). MSFLT W2 CVT 5 MSF HH4S & 0 —Fh
K5k, RIRERT DAAE A H s BT 1) UTe, B ARAE
HHHFE 5 RS MSF B K. JR48 MSF fil MSFLT
T LA AS f i i i i U'Te, BRL5, (HOMELLER 1S
BRI ARG, DR AE T S5 SRR T R
B i 10 SE BB 5 b T I PR e, % M 75 3%, Te-
flux 4K UTe, #5009 T 2 B R e, HAR R T
A= i, 38 A T R ORHL AR i T S B9 5k
N s, AT 2R A K A LU DR
AN TR T AN 1 ) ) A
TEFERNVAER I T 2S00, RS My g
TETA Jy e e B W R, O LR
Te-flux ZHMA =B AT 2R G R U i
i[RI, SIE AR LB Mgy, o VAR A KT IRTHT
FREBER TR K 43 % MSF #1 MSFLT J5 Bt &
KEZ. HH, WA MR EH CVT ik K
T o R, SR PSR AR A A R TT DASRAS B
FORE SR A T, MSFLT J5 i nl e[ REAZ IR R

#5  AFARIFERN T2 S 5

Table 5. Process characteristics, advantages and disadvantages of different growth methods.
; 4y ib) S gEqil) .
% PADSES I M
itk Ty s SRR AL . i
L
vt BRI My, 0 — 1.5 r—20k  HERT e P 2
IR R RE800— = R =3NS el g
AR IR EES00—T710 C RRR = 88 i 25 B R R WA S
JEORE LB Moy = 3.55 11K JEORE LB My g T2 LA
Te-flux AERKIE1050 °C RER - 4 AR R B B 2E
BOIREEYS0 C T [f3izRr e i INEIPN AR
JEORHLL 1 My = 171 gﬁ;&%ﬂfc/ v
MSF SOOI M = 60 To=21K i MR PR R
HAKIRIE950 C RRR = 1000 oo HRREEBAE  UyTe BESR /AN
B JOREE650 C i
B FER IR K d
JEOREL B M 1y . .
, JERH LA My = 1.65 T,=209K e R 1 e e 1 R A o I
MSFLT o mpstieTs0—670 . RRR =500 ﬁjﬁ'ﬁi;‘gﬁg ;?_ﬁm R IR B R

087401-10


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 12 Z R Acta Phys. Sin. Vol.

74, No. 8 (2025) 087401

SO, AP, FEIRHE R XT Te-flux A1 MSF BO45 M
AT e e, 5 E T E LA A A T 3 v D
TELH ) SR SR

BB, H 2022 438k MSF ki
R BT Y UTey 00 DK, “HBr— 10U FE iz ik R
WG A S e i [R5 e T 2 B9 41,
LU 09 7 S 4 s oK T 46 18194749 O[]
(A BT 1245 AT REAETEIY Majorana Sk 154
PISAHHC AT CVT FEG RN RS0 Z5 IR 20452
8. MZ, E U MSF Rt — 2R T UTe, (£
RAGNE M, R G R E U S
PR, ATE = A MR R ME R RE IR
ARG EZTH.

PR, AR RBE T = B it 1Y U'Te, B SAAE i A
UM PAR LA I T T R SE o it 58 TAF: 1) %R i
CVT ¥t LI 25 R E R e, IF45 & 2R sl
SN TF- BER A ST, B AN (8] S5z 758 X6 R M 2 75
it FHROSEGAES; 2) BFRIFSEIER
i AL TR AT, A48 0 A & Al
T R, R 2B SR UL A — AR B
KIS, UL oK T B A
FPERAIVER; 3) IKARIM 4 GPa [T NI
SERIARAR DL R A T R A, A B ST
JE . b . AR U S AN SR X S S i
BCXT AL A RE IR 4) BO) TR R 0 A ek v
P, SRR TS I R R R Tk e B 2 )
SEIIF TR E; 5) WARFAR R TP RN L,
FeUn vl BEAFFERY Majorana % K Fil A fiE— 50
Yo, XA ME R A S R L.
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Advances in single crystal growth methods for
novel unconventional superconductor UTe,"
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(Science and Technology on Surface Physics and Chemistry Laboratory, Mianyang 621907, China)
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Abstract

Heavy fermion compound UTe,, as a recently discovered unconventional superconductor, has received
significant attention due to its potential spin-triplet superconducting pairing, high-field re-entrant
superconducting phases, and unique quantum critical characteristics. However, experimental results of this
system show significant changes and discrepancies, primarily due to difference in sample quality. The key
unresolved issues include whether the system exhibits multi-component superconducting order parameters,
whether time-reversal symmetry is spontaneously broken, and whether multiple field-induced superconducting
phases share a common origin. These unsolved issues hinder an in-depth understanding of the intrinsic
superconducting pairing mechanism in the UTe, system.

This paper reviews recent advances in single-crystal growth methods for UTe,, including chemical vapor
transport (CVT), Te-flux, molten salt flux (MSF), and molten salt flux liquid transport (MSFLT). We
systematically analyze how growth conditions influence superconductivity and crystal quality. Although the
CVT method was initially employed in UTe, studies, the samples grown by this method exhibit poor quality
and significant compositional inhomogeneity, even in individual samples. Consequently, the CVT method has
been progressively supplanted by the recently developed MSF method. In contrast, the MSF method and
MSFLT method yield high-quality UTe, single crystals with T, achieving a value as high as 2.1 K and residual
resistivity ratio (RRR) reaching up to 1000; however, the sample sizes are smaller than those grown by the
CVT and Te-flux methods. Notably, MSF-grown samples occasionally contain magnetic impurities such as
U;Te;q, so careful screening is required in the sample collection process. The MSFLT combines the advantages
of CVT and MSF methods to grow high-quality UTe, single crystals while producing larger sample sizes than
MSF. Our research findings highlight the importance of optimizing growth parameters such as Te/U ratio,
temperature gradient, and cooling rate. For instance, lower growth temperature and precise control of the Te/U
ratio can significantly enhance T, and sample quality. Several controversies have been identified regarding high-
quality MSF and MSFLT samples, including clarifying the single-component nature of the superconducting
order parameter and confirming the absence of time-reversal symmetry breaking in optimized samples.

This review underscores the pivotal role of advanced single-crystal growth techniques in advancing the
study of UTe,. Future research should focus on utilizing these high-quality UTe, samples grown by MSF and
MSFLT methods to accurately determine superconducting order parameters, elucidate mechanisms behind high-
field re-entrant superconducting phases, and explore topological properties, such as potential Majorana fermions.
These efforts will deepen our understanding of unconventional superconductivity, spin fluctuations, and
quantum critical phenomena in the UTe, system.

Keywords: UTe,, unconventional superconductivity, chemical vapor transport method, molten salt flux
method
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