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v KRR  — 0 T, SNIEREMCREEZINRMAR, M NaCl FRAAFEIHRESTF
EREZRNE, B v, > wr, BIFTIBR LO-TO B& (LO-TO splitting) .

Ihttps: //glthub com/phonopy/phonopy/tree/master/example/NaCl
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LO-TO Splitting
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LO-TO Splitting
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EFRAEIT (Phonon-polariton)

& BFREPHRAFZIHME—MAE/L+THz (JL
Hem ') WER. i wo = 20THz, WEHEEEN
ﬁggcé; 82.7meV, HHMREBRILF BTN, KFH

q0 = 20 N 667cm™? 3)
c

w HEMEMRT = ~ 105em™1, g « 3 B AR AL
HTF PR AR 75 B R 0 R~ AT I 220

w EFRERAEE v, ~ 103ms™!, WHRE c = 3 x

108 ms—!

A
w=cq
WLo f—f——— -
WTO P—f——— = ;
Acoustic
W = Vsq
>

- 4I5ME (BER). 1 (48) fnd (B

B) KAZXMKEZY (28) HER

Hgk, EFRERIZLIEREFRERE.

2%%:&% .%k%%ﬁlTH#n;‘:%ﬁ;ﬁki&A*ﬁ't FRAREITT. B “Polariton panorama”, NManophotonics; 18, 549-577 (2021)
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EFRAEIT (Phonon-polariton)

& BTREFHRKAEIHRE—MHAE/LTTHz (JL 7
Bem~!) MIBR. B wo = 20 THz, XIRIHIEEE S w=cq
hwo ~ 82.7meV, HHRIEEBMNLFREFLIN N, LT
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WLo ==
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o HEMERAMRT T~ 108em~!, go « =, EiLIEE w70 NEIERE N .
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FeFHIZh 248 7o B X B9 R ~T AT A 2 R%
w BFRERHEE o, ~ 103ms™!, WRE c = 3 x

108 ms—!

& RFREMLMANET, CHETRADOELS

SEMEER, AFIERETOEARANES, & Acoustic
ETFHANATFRUMIT (phonon-polariton) . 2 W= g

© BUHTRAETRAN—HTAL, REHERAN > q
HR.

- 4I5hie (BER). 1 (46) fg (&
B) KAZXMKEZY (28) HER
Hgk, EFRERIZLIEREFRERE.

2%%:&% :ﬂ?%‘ﬁlj’u*ﬂt?ﬁ;ﬁzﬁ‘“ﬁ'ﬁ FRAREITT. B “Polariton panorama”, NManophotonics; 18, 549-577 (2021)
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& BRRTMEERYIEFRD R - WRSEN (BEIANFERY 2FHM
BRI — AR T E TS ST .

..the final form and the wording of this book are essentially due to Dr.
Huang...

..Dr. Huang, who is convinced that science’s main purpose is its social use-

fulness, found my plan of an abstract, deductive presentation not to his taste. R
Therefore, he has written some introductory chapters of a more elementary (1919-2005)
character which should be easy to understand, and which leads slowly up to

the general theory of the second half of the book. He has also rewritten my ] A 4 28 2 5K
original text, generalizing it in many ways, and adding new sections... FSEMEFER

= J B Xia, “Major scientific accomplishments of Prof. Kun Huang.", J. Semicond., 40,
090301 (2019)

& 1951 &, HRRTIRH T KELFHRIER AR, FAHNT RENFEFFHERIFHESR
X, WIRA "EAE
= Huang Kun, “On the interaction between the radiation field and ionic crystals”,
[Proc. R. Soc. Lond. A, 208, 352-365 (1951)]

= Huang Kun, “Lattice Vibrations and Optical Waves in lonic Crystals”,
[Nature, 167, 779-780 (1951)]
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https://casad.cas.cn/ysxx2022/ygys/200906/t20090624_1810058.html
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& BRRTRUNNARAREFHNEFRAKKEHE

W = b1 W + b1oF (4)
P = b21W + baoE (5)
HA, ATANSIAZRETIFREZREE] bio = bo1s
R _ MM (6)
W'\fv[“ LR VAN VA
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& BRRTRUNNARAREFHNEFRAKKEHE

W = b11 W + b12E
P =021 W + bxoE

He, AN AFRERIXIFREEREE] b2 = ba1s

My M-
W = ﬁ[u+_u_]7 H = 12
VvV My + M2

& FEERIANIERT, W =0, AK(4)TUAEE2

b11W+bE=0 = W= 7?13
11
RNR(5)FTIAAFE]
b2
P = bo; W + booE = {bm - ﬂ] E
b11
MERRR AT L AME

D=¢)E+P=c0coE = P =¢glep —1]E
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& BRRTRUNNARAREFHNEFRAKKEHE

W = b11 W + b12E
P =021 W + bxoE

He, AN AFRERIXIFREEREE] b2 = ba1s

Wl ow) w-

® mAEX(9)M(8), HATALEE

2
80[60 — ].] = b22 —

b1
b11

(4)

(5)

My Mz (6)
My + Mo

(10)

& WMRAIFFE w ZEHTRERAENE, NRERFRALBIHENL, W =0, REK(S)

P = byoE
= Eo[eoo = 1] = b22 (11)
P =¢eglew — 1]E
& Z& EXAX, L
b
[eo — €x]eo = — 22 (12)
b11
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HEAE

& BRRTRUNNARAREFHNEFRAKKEHE

W = b11 W + b12E (4)
P =021 W + bxoE (5)
HA, ATANSIAZRETIFREZREE] bio = bo1s
1% My + M2
& RI% —b11 = w2, MENMATUBEUTEE
b1 = —wp (13)
b22 = e — 1]e0 (14)

bi2 = b21 = wor/e0l€0 — €] (15)
ww HATEEE wo MEBRKAFENIAE wr, TIAASERLLIMREGENE PSR .
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& DA RRAN, KAFRBERFTNE, EW H55H8 W, 1 Wr R,
V-Wpr=0 VxWpr#0

(16)
V-Wy, #0 VxW,=0
HeaimE R ERE A
. V- -Woak-Wy
W= WO ez[k<r4wt] - (]_7)
V x Wak x Wy
EZEEHEHEE. REUANER, NEABXE D f18ig E HeERwHiFHiE.
V-D=V-:[egE+P]=0 (18)
VXE=-0B=0 (19)
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BRI F IR R AR TR

w MFERFR (TO) , RANERFEW), SXFREEE VX
VxWp=0b1V xWp+ b2V x E (20)

WT = blle = (21)

2
wp = —b11
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BT R R R FiER

w MFERFR (TO) , RANERFEW), SXFREEE VX
VxWp=0b1V xWp+ b2V x E (20)

WT =b11Wrp = w% S (21)

w WFHEFR (LO) , WERAREG)MBE V-

V- -P=bsV-Wp + b2V -E=—¢9V-E (22)
b
= V.E=-——2 _V.W, (23)
€0 + b2z

RAERAE(4), SARLBHE V-

VWi =011V Wi +b2V-E (24)
b2
b1 = —wh = |:b11 — é] V-Wg (25)
€0 + b2z

boo = eo€xn — 1]

—b2,/b11 = eoleo — €o)] -l [1 T €oleo Eoo}] VoW, (26)
E£0€0
= WL = ﬁefOOJQTWL = UJ% = Eiw% (27)
€0 €n
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Lyddane-Sachs-Teller XZ&R;

& BFREPHRKEAFFENILESNRRBEIXRFRALST XF (Lyddane-Sachs-Teller re-

lation)
w €
L= (28)
wh €
Nal KBr GaAs
wiJwr 1.44 + 0.05 1.39 + 0.02 1.07 + 0.02
Vo e 1.45 4+ 0.03 1.38 +0.03 1.08

- LMIARRENE TFREMNIREHES LST XRMLL.

w WEBAART No > 2 WEARRBTRE, LST XREHA*

2
€ Wi
=0 L 11, ;J (29)
€ap “r,

v FARR AR, LLNERIE. 3%, BT LO 1 TO BEHH, EIEXLEERF ¢ = e

3https://en.wikipedia.org/wiki/LyddaneE2%80%93SachsE2%80%93Teller _relation
4Briiesch, P. (1986). “Phonons: Theory and Experiments " Springer Berlin Heidelberg.
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I E R H A SRR AR

& BRI FBEM NaCl &k, ERAFERRT. ELBFHEIMTES, RORERE, X
u=u; —uy, WAUEH u WiEzFIE °

itwiu="E = u="— _F (30)
B W —w
& M @R IIR I T E AT IS AL
*2 1 02
P,=nefu=""— —— _—qE= 5 " _¢E (31)
Boowh—w wh—w

k2
He, Q, = ”0—# EETFHENEETRIMAE. BEMBS (BF) MRLHERSHK

e, M 1
e(w) = 60% B EOfO;P _ @i-}i% =€+ w'é’TQfM (32)
)
= AR R E R A FER
V:-D=0=V":|eoe(w)E] x gge(w)k - E (33)
S w) =0 = 02 = en(wd —wh) (34)

5“Polaritons: the electromagnetic modes of media”, Rep. Prog. Phys., 37, 817 (1974)
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https://iopscience.iop.org/article/10.1088/0034-4885/37/7/001/pdf
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(35)

& HER AR e(w) BATIAS R
w% — w? L € _
€xn w%
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R P G TN, NN
\\-L-)/ F'X,
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92k
. LJJ2 —h]2
W =g
74 L 1 L Il
0 02 04 06 08 1 1.2 14 16 18 2
w [wr]
e(w) <0, BBIRARREIEHE.

- XN EEHERRNRRERL. TEEZRE we [wr,wi],
2025 % 6 H 30 B
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BT R KT S R AR W FR 4

® HHE v SNRAHH «(w) BHXRH °
n =+elw)=n+ir (36)

60 -

50 -

Reflectivity
Absorption [wr/c]

il K
| : i | i
2 25 3 0 0.5 1 15 2 25 3

15
w [wr] w [wr]

- BT RARSEMRK R SMENXRTEE, EH co/co = 3.

0 0.5 1

& RHTE R MRKERY o SHHE » BXR
2 2,2
(n—1)*+k 2w
= Yt a=—k (37)

Shttps://en.wikipedia.org/wiki/Refractive_index
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EFRAEIT (Phonon-polariton)

& BBREN RPHEET I AE RIS ARk 7

VXEZ*@,&B D:EO€E

> copoepd7E+V x (VxE) =0
VxH= 0D H= ;' 'B

BigmaE vl R, AR 2 =1/c0p0, ERTUERK

2
kx (k x B) + 25 e(k,w)p(k, w)E = 0
C

v ZERENRE, BRITTUSIANRTEENERXRHRE °
2k
2
MR, pkw) ~ 1, FRBEFAFHERN, ek w) ~ ek =0,w)
& BFREPENNTEEH (W)

= e(k,w)n(k, w)

2 2
w? —w
5(‘*’):500572
whH—w

7“Polaritons: the electromagnetic modes of media”, Rep. Prog. Phys., 37, 817 (1974)
8% (39)# k x (k x E) = —k2E.
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(38)

(39)

(40)

(41)
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AEFHREIT (Phonon-Polariton) BIfaEiXZHR

® HAR(0)FR(41), RATLUSEIAEFIRILHIT (Phonon-Polariton) HyEBIER K

w [wr]

0.5

1
g (k) = \/26 [(c2k2 + eow?) £ 4/ (R + eow?)? — deos c2k2w2T} (42)
o0

/
/
S s
S
/
/

S 2
o mixture

photon-like

phonon-like

2 1
k lwr/d]
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B - GaP FHIEFRLBTH EEH
% H w, = 403.0cm™ !, wy =
367.3cm™ !, ¢ = 10.944, e, =
9.091, IBELE Phys. Rev. Lett., 28,
811 (1972). BHMLNBABNKRETE
HEFIZREERLLE, ENER 1951 £
2= (5.10) .

EFRUAHTHEES A ETH:
w k-0, wy > wp

= k— 00, w_ —wr
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® ETFRUHTT R RIEEER AR R AL A
[eo — exo][1 + (w/wr)?]

Platt = 3 Prad = 1 — Plart (43)

2[ecn (1 + w/w2)2 + [0 — )]

0.8

0.6

Platt

0.4

—— Upper Branch |
—— Lower Branch | |

0.2

k fwr/]
- P ATFARMAIT P B R FRE AL B R X R

1OHuang, Kun, “On the interaction between the radiation field and ionic crystals”, Proc. R. S§6¢. ‘Lond= A, 2085 352-365 (1951)
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