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Spectroscopic experiments under high pressure, high magnetic

field, and low temperature
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The combination of a cryobaric apparatus with a high-field magnet allows us to
investigate properties of solids under simultaneous conditions of high pressure, high
magnetic field and low temperature. The spectroscopic techniques developed by using
a diamond anvil cell, optical fibers and a hybrid magnet are briefly rev1ewed Some
examples of the experiments are also presented. °
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Table 1  Specific parameters of pressure transmitt-
ing mediums
T RA BE BE  REE @B BAERE
) X) (GPa) (GPa)

cx-xg-:-:z:)on 104 - 20

He 09 42 118 >60

Ne 24.5 27.0 4.7 16

Ar 83.9 87.2 12 9

Xe 161.2 165.0 30

H, 14.0 203 57 >60

N, 63.3 71.3 24 13
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Fig. 3 Schematic diagram of an apparatus to liquefy
argon in a clamp-type diamond anvil cell
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Fig. 4 The magneto-luminescence spectra of the R-

lines in alexandrite at atmospheric pressure(a)
and 5.1 GPa(b)at 77 K
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ENEf $H36EHEST



B Cdp.esMnposSe 1.4 K Hllc 7]

ngoooononagnellc Fleld (T)
B 25 000000000000 0 GPa
Siean UBBRZSETRE 0]

88800880 1.9

13 8
g 3
£ 2 o
£-20¢ E -
] z
T OfF
> g?
< Lo 8
= T OfF
] H
[
g—40- i 10 20 30 ]
=
2
w

0 10 20 30
Magnetic Field (T)

1
[+)]
o

Fig. 6 Energy shift of the free exciton line in Cdogs

MnoosSe induced by the external magnetic
field under various pressures at 1.4 K. The
inset shows the derivative of the exciton
energy with respect to magnetic field

X XT3 5, Fig. 6 1ZFEHTOWTERF
EXBEDOELrBENLDY 7 FEYRBITOWT
TRy P LAERTHS, ARV 7 + BE2WHSE
EDOWTHS Licfir 2y P LTWB, EHE
FIZv 7 P EBAEMLTWAEZ EbRhD, Zh
1 sp-d THREEEHEROAE IBREN L FiIT
BALTVWAZEERLTWSY, FERBT
v 7 P BOBRBELCERROBLNAELh T
5, THREBOEINIFB OB AL T
Bizd, THIEMn-Mn X7 7S5 RAEZ—DAT v
TROBLBBRE KRB LIELTHBEELLR
%, Fig. 6 DBARICR LI X St i
AT v F7OE U BWBOENBEICe D, KKE
TOFNLOBMEOMIZIIST, 24T ThHH, @
REZBOLRTWBHELBRLS—ETH, AT v 7D
£ U HBEEDOMEIIMn-Mn R 7 O KRG 7 d-
dXBHEFRAOBRIERIML T30, EH&
HEZNSOMBOENERBHUCEBE LTS
T EMD, sp-dTBREEIERDO RIS Td-dXTHh
HEFALENC I > THALTWS Z Eaibh
5. Pz X 5iesp-d, d-d TBREESEROESN
WML ORELER» D, 12 LD TERICH
Ot tBRTH D, T, HEKRrER

JHPI Vol. 36 No.5 1998

E 5 & # 299

BT 5 L2k 5T, p-d BEEROE X
RTr-dABEBEIVET L LEDCHEKT IO
%L, Mn®" od® B Don-site 7 — v VKR = x
NE—DBENZ L > TP THZ ERBELNIC
ot ThboBHE, K HEwE—RT
BOTHEL 52 BEBFHEROVCTCOEBELED
HOERERLY 55 L, TBHEENE
HAOXKEIZBETHELREXEFHT L Ta v
Fr—ALESETHBARCERINLNEEE
THMRTHBHEELDNS,

3.3 }EHhETEE

Boll Tl st SRR O RIBH I FBIC
Ih, IFLEAPYBEOEA GO TLELART
BEDIFEMNTETHS. BETH L ZDHRFIC
o, TDISBROBFREBEIALVIERL
IKIECRIc ), BEFHESEORRY, xdbe
LMBEHOBTHEECRTERO AR LI
IoTHREIhD, -, —RCEEGBETHE
BEOBFREBIIENCT L O XKELSET S LR
T&%, GaAs/AlGaAs EEHBBRTFTIL, ES
CEoTl-XAZENBZ D, BRIV EEER
b 2EN i MEBB R ~D&BHE (Type -
Type I&B) AHZ b, 2D & ERABCERZE
IR H EER, SHERCELLTWS, 0D
RTIEHT L > ThType 1-Type IEB I E
zan", ENBROBE L IBTFREBOELD
BT O RIcD, RELHEBGYEAEHE
E, mEC X 2EBBHE Y ILF S RETH
EETH ZENTHELRD, BEBEHCELTD
FLVMREBLZENTES, W ¥ 4Zhou b
1%, GaAs/AlGaAs HBEFHFCHE T,
FHRCEHALZDORTWAF + V7 -8, EN
WEoTKRELBIETHAZLERBR LAFEIEAR
7 PADBELEBRILTWS, HERDOF -V 7
BoWA iz bicoT, BEBOL -7 =%
¥ — OMBIREDR, 5 v v BMBBBMND
DOHOWBHRRFHRLOEBIEDLY, ¥
Tz, FOBRC T v E O ENEBERIDLRELOh
SBEBFOEHEEOENKFW, —BFELUT

15



300 BE., %08, EET TOXMERRE

FHINBEINDI~AFREVZ LR EDHR
REVWEFAYREBLTWS,

4. BHYIC

TN LIS, ERC X - THEOY
BRI FBLIe, TORBIEEFTCOWT
AR LZ, ENoHBECRETHERZI /-
HEAILHED A EFAHRETHE LD, T
TRASETTHEOBRL bh o T HHEKD
WTEZAFH LVHBRORRYRTHZ LHAT
x5, ¥, RFENEFEORLLT, ARMTIX
BALEhich o, BREECHILAEL S
E, MBS T THIET 5 -d O RBREH b RN
CEED, RALKBREEDTOODHDH L5 TH S,
L Lictis, BE, BRES, BETTRLDT
BhBELHF LWHERALORRIZEEKEDIS
Vv, ThiZS I L s RREMORRE, HE
WEOLEREILC L > TEREhBXEEETH
D, HLOWREOOHF~DOBALIRF L
WERS,

2 E XM

1) Y. Matsuda, N. Kuroda and Y. Nishina, “High-
Field, High- Pressure, and Low- Temperature
Magnetooptical Apparatus using a Diamond Anvil
Cell”, Rev. Sci. Instrum. 63/12 (1992) 5764~5766.

2) REHHK, “BEE  BES - BRCST 2RI
ZRE—TVEFVFS A ORKEDHE~DIER
—, B, 25/12 (1990) 961~968.

3) R. A. Noack and W. B. Holzapfel, “Calibration of
the Ruby- Pressure- Scale at Low Temperatures”,
High Pressure Science and Technology, Plenum

(1979) 748~T753.

4) H. Iwasaki, S. Sueno and O. Shimomura, “New
Modification of the High- Temperature X- Ray
Diamond- Anvil Press and Accurate Method of
Pressure- Temperature Determination”, X-Ray
Instrumentation for the Photon Factory, Dynamic
Analysis of Micro Structures in Matter, KTK
Scientific (1986) 283~298.

5) M. Grimsditch, P. Loubeyre, and A. Polian, “Bri-

16

llouin Scattering and Three Body Forces in Argon
at High pressures”, Phys. Rev. B 32/10 (1986)
7172~7200.

6) PAMEEEL, BEHAK “7 5 v FARADAC DD D
SAr (LR, BEHORELER, 4/4 (1995
322~323.

7) WEFA, BR ¥, =8 &, " AEESET
CEITADREUEHABEY 5 v 7w ORRE", BEi#
W, 32/2 (1997) 89~96.

8) Z. X. Jiang, R. ]J. Chen, J. G. Tischler, B. A.
Weinstein and B. D. McCombe, “Pressure Depende-
nce of the Electron Effective Mass in GaAs up to
the 1s (I") -1s (X) Crossover”, phys. stat. sol.
(b) 198/1 (1996) 41~47.

9) R. J. Chen, and B. A. Weinstein, “New Diamond
Anvil Cell Design for Far Infrared Magnetospectr-
oscopy Featuring in situ Cryogenic Pressure
Tuning”, Rev. Sci. Instrum. 67/8 (1996) 2883~
2889. :

10) N. Kuroda, Y. Oeda, G. Kido, M. Takeda, Y.
Nishina and Y. Nakagawa “ Magneto- Absorption
and Luminescence of R-Lines in Alexandrite under
High Pressures”, High Pressure Research 2 (1989)
283~298.

11) N. Kuroda, H. Kanda, G. Kido, M. Takeda, Y.
Nishina and Y. Nakagawa “ Pressure-Induced
Paschen Back Effect of R- Lines in Alexandrite
under High Magnetic Field “, Jpn. J. Appl. Phys.
31 Part 2 /6A (1992) LT700~L702.

12) Y. Matsuda and N. Kuroda, “High- Pressure
Effects on High-Field Magnetophotoluminescence in
Cdi-xM<Se (M =Mn, Co)”, Phys. Rev. B53/ 8

(1996) 4471~4478.

13) N. Kuroda and Y. Matsuda, “Pressure Depende-
nce of Hole-Mn and Mn-Mn Exchange Interactions
in CdossMnogsSe”, Phys. Rev. Lett. 77/6 (1996)
1111~1114.

14) N. Miura, Y. Shimamoto, Y. Imanaka, H. Arimo-
to, H. Nojiri, H. Kunimatsu, K. Uchida, T. Fukuda,
K. Yamanaka, H. Momose, N. Mori and C. Hamag-
uchi, “ Low-Dimensional System in Ultra- High
Magnetic Fields : Magnetic-Field-Induced Type I
to Type I Transitions in Short-Period Semicondu-
ctor Superlattices” Semicond. Sci. Technol. 11
(1996) 1586~1590.

15) W. Zhou, C. H. Perry and J. M. Worlock, “High-
Pressure Magneto-Optical Studies of Two Dimensi-
onal- Electron and Exciton Transitions in GaAs-
Al,Ga;—xAs Quantum-Well Heterostructures” Phys.
Rev. B 42/15 (1990) 9657~9663.

ENEf H6EHES T





