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LO'1 NOI PAU

Nhdn thitc ré tam quan trong cia cong tac nghién ciru khoa hoc trong viéc ning
cao chat lwong doi ngii gidng vién, dong thoi ndng cao chdt lwong giang day, trong
nhitng nam gan ddy, viéc day manh nghién citu khoa hoc da dwoc Khoa Khoa hoc Co
ban xdc dinh la mot trong nhitng hoat dong trong tam trong cac chwong trinh cong tdac

cua Khoa.

Khoa Khoa hoc Co ban hién c6 81 can bg, giang vién va 12 giang vién thinh giang,
hop dong thuéc 08 bé mén: Gidi tich, Pai s6 & Xdc sudt thong ké, Vit Iy, Héa hoc, Anh
van, Nga-Phdp, Hinh hoa-Vé ky thudt va Co Iy thuyét; trong d6 c¢é: 06 Phé Gido su, 25
Tién si, 45 Thac sy, 05 Cik nhdn. Hang nam, Khoa chii tri hang chuc dé tai cap Trueong;
chii tri va tham gia cdc dé tai cdap Bé va dé tai Quy Nafosted. Trong 5 ndm gan ddy, cdc
gidng vién ciia Khoa dd cong bé 124 ¢éng trinh trén cdc tap chi quoc té thuéc danh muc
ISI va Scopus, gép phan tao nén thuong hiéu ciia Nha truong.

Ngoai giang day cac mon khoa hoc co ban, tw nam hoc 2018-2019, Khoa KHCB
duoc Nha truong giao nhiém vu dao tao chuyén nganh Toan - Tin ung dung thuoc nganh
dao tao Todn iing dung. Hién dd cé 6 khéa sinh vién tot nghiép ra truong, ti 1é sinh vién
c6 viéc lam ngay rdt cao va véi mire thu nhdp cao. Nam hoc 2024 - 2025 khoa tiép tuc
mé chuyén nganh Ngon ngit Anh chinh thirc tuyén sinh. Viée tiép tuc mé cdc nganh dao
tao méi, theo hwdng chuyén mén ma Khoa dang quan Iy la hwdng phat trién tiép theo
cua Khoa trong thoi gian toi.

Pé dat dwoc nhitng thanh qud trong giang day va nghién civu, thoi gian qua,
Khoa da luén khuyén khich @i ngii giang vién chi dong déi méi, cdi tién phwong phdp
gidng day, tich cwc tham gia cac Héi nghi, H3i thdo trong nudc va quoc té vé cdc linh
viee chuyén mon, ting cwong cdc cong bé quoc té dé ndang cao chdt lirong nghién ciru
khoa hoc.

Tiép néi thanh céng ciia Hpi thdo tir nam 2018 dén nay, Khoa Khoa hoc Co bdn t6
chite "Hi théo vé gidang day va nghién citu Khoa hoc Co bin nam 2026, Héi thio la
dién dan dé cdc giang vién, cac nha khoa hoc trao doi, hoc hoi, chia sé kinh nghiém
nghién cuu va giang day trong cac linh vuc: Toan hoc, Vdt ly, Hoa hoc, Ngoai ngir, Co
Iy thuyét va Hinh hoa - Vé ky thudt va cdc linh vuc khéc lién quan. Nhitng céng trinh
nghién ciru c6 gid tri cuia Hoi thao dwoc bién tdp va xudt ban trong cuén “Ky yéu Hpi
théio vé gidng day va nghién ciru Khoa hoc Co bin nim 2026”.
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Khoa Khoa hoc co ban tran trong gui loi cam on tdi cac tdc gia trong va ngoai
Truong da danh si quan tam va giri dén Hoi thao cdc bai viét ¢é chat lwong. Xin cam
on cdc nha gido, cdc nha khoa hoc tw cac Truong dai hoc, cdc Vién nghién cuu da danh
thoi gian va céng sike doc phan bién cdc bai bdo, gitip Ban t6 chitc lira chon cdc bdo
cdo tiéu biéu dé dang trong Ky yéu ciia Héi thdo. Nhitng két qua tir Hoi théo sé la co s&
quan trong dé Khoa tiép tuc déi mdi, cdi tién phiong phdp giang day, dinh hwdng
nghién ciru khoa hoc ciing nhie trién khai mé méi céc nganh dao tao.

Trong qud trinh bién tdp Ky yéu, khong tranh khoi nhitng han ché, thiéu sét, Ban
16 chire mong nhdn dwoc sw chia sé va cdc y kién gop ¥ ciia déc gid.

Xin tran trong cam on!

BAN TO CHUC HQI THAO

10
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KHAO SAT TRANG THAI NGU'NG TU POLARITON TRONG
HE PIEN TU-LO TRONG MAT CAN BANG KHOI LUONG THONG QUA
HAM PHO PO'N HAT

Nguyén Thi Hau*'2, D§ Thi Hong Hai?
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Tém tit: Trong bai bdo nay, ching toi khao sat trang thai ngung ty polariton trong
vi héc quang hoc c6 sy mdt can bang khoi lwong gitta dién tir va 16 trong. M6 hinh dwoc
xdy dung trén co so Hamiltonian ghép vat chat—anh sdng va dwoc xit 1y trong gan ding
triweong trung binh dé thu dwoc cdc tham sé trdt tir mé td trang thdi ngung tu ciia hé. Dé
nhén dién cdc dau hiéu hinh thanh cdc trang théi ngung tu polariton, chung toi tinh
toan va phan tich ham phé don hat ciia dién n, 16 tréng va photon. Két qud cho thay sw
mat cdan bang khoi heong giita dién tir va 16 trong ciing nhir twong tdc dién tir/lé trong -
photon dnh huéng dang ké dén cau triic phd va sw tai phdan bo cuong dé phé, tir do chi
phéi ban chat va mikc @6 6n dinh cia cdc trang thdi ngung tu polariton trong vi hoc.

Tir khéa: polariton, cdu triic vi héc, ham phé don hat, mat cén bang khoi lwong

1. PAT VAN PE

Polariton 1a cac gia hat duoc hinh thanh do sy tuong tac ghép cép gitra photon
trong vi héc quang hoc va exciton (cap dién tu - 16 trong lién két) trong giéng luong tir
[1]. Trong vi héc quang, su twong tac manh nay dan dén su tach murc ning lwong thanh
hai nhanh - polariton nhanh dudi (LP) va polariton nhanh trén (UP) - dac trung cho ché
d6 ghép manh. Véi khéi lwong hiéu dung cyuc nho (cd 10°° 1an khéi luong electron tu
do) va tinh chit boson & nang luong thap, polariton c6 thé dat dugc su ngung tu luong
tir & nhiét 46 cao hon nhiéu so v&i cac hé nguyén tir lanh thong thuong [2], nhd d6 mo
ra kha niang (mg dung rat 16n trong cong nghé hién dai nhu thong tin luong tir [3], laser
polariton[4], cac mach quang hoc [5], ....

Trong céac ciu trac vi hbc, mdi twong quan giita khéi lwong hiéu dung cua dién tir
0 vung dan va 15 tréng o ving hoa tri thuong khong giong nhau d6i voi cac vi hoe duoc
ché tao tir cac vat liéu khac nhau. Su sai khac d6 lam thay d6i céu trac pho murc d ghép
cap dién tir-16 tréng va tinh chat cia exciton hinh thanh. Khi exciton tiép tuc tuong tac
v6i photon trong vi hoc, nhitng bién ddi nay c6 thé duoc khuéch dai thong qua co ché
lai héa anh sang-vat chat. D c6 nhiéu cong trinh di nghién ctru trang thai ngung tu
exciton hodc polariton trong cac truong hop ly tuong, nhung phan 16n cac moé hinh gia
dinh sy twong dwong giita khéi luong dién tir va 16 tréng. Gia dinh nay chi phu hop véi
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mot s6 vat lidu hai chiéu ddc biét ma khong phan anh tinh da dang ciia cac hé polariton
da duoc quan sat & nhi¢t 4o phong nhu h¢ GaAs [6], ZnO [7], hoac cac dichalcogenide
kim loai chuyén tiép (TMDs) [8-10],... Trong cac hé nay khoi luong dién tir va 15 trong
1a khac nhau, véi GaAs c6 khéi luong 15 tréng m, =~ 6,67 m, [11, 12], trong khi &
ZnO my = 2m, [13], con trong TMDs m;, ~ m, [14, 15],.... Do do, viéc khao sat
vai tro cua mat can bang khoi lugng gitra dién tur va 16 trong trong moi truong vi hoc 1a
can thiét dé hiéu rd hon ban chat cta cac pha ngung tu.

Trong cong trinh [16], chiing t6i dd phn tich anh hudng ddng thoi ciia sy mat can
bang khdi lugng dién t-15 tréng va cuong do twong tac dién ti/15 trong - photon dén su
hinh thanh trang thai ngung tu polariton & nhiét d6 khong thong qua tham sd trat ty trang
thai ngung tu, ham cadm ng tinh va nang luong gid hat trong khong gian xung luong.
Pé lam rd hon cac dau hiéu cua cac trang thai ngung tu polariton, trong bai bao nay
chung 61 tinh cac ham pho don hat cua dién tir, 15 tréng, photon dya trén phuong trinh
chuyén dong cho ham Green. Cac ham phd nay duoc tinh sb dé thu duoc cuong d6 phd
phat xa (mg voi cac tham s thay d6i khac nhau nhu trong cong trinh [16].

Chung t6i trinh bay bai bao thanh 4 phan, trong d6 phan 1 1a gidi thidu tong quan
vé ngung tu polariton, phan 2 13 mé hinh tinh toan giai tich. Phan 3 trinh bay céc két qua
tinh s6 mo ta phd phat quang khi thay ddi khdi luong 16 tréng va twong tac dién ti/16
trong - photon. Céc két luan dugc trinh bay trong phan 4.

2.CO SO LY THUYET
Hamiltonian mé ta hé dién tt, 15 trong va photon trong ciu triic vi héc duge mo ta béi:
H=Hey+Hop +Hey + Heppn (D

Trong d6, 1an luot cac thanh phan moé ta hé dién tir, 16 tréng tu do H,,, photon
trong vi hoc H,p,, twong tdic Coulomb gitra dién tir - 10 trong H,_, va twong tac gitra
dién tir - 16 trong - photon H,,_p;, €6 bicu thire 1an lugt 1a:

Hoy = ) (efcla+ &viw @
K
— t
Hon = Z WqqQq (3)
q
U
— t t
He = N Z Claky Cky Yok, Viy 4)
kg ky
__9 tot t
Hev—pn = _\/_Nkz:(ckmv—kaq + agV-kCitq) (3)
q
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Véi of () /vi(vi)/al(ag) 1an lugt 1a toan tir sinh (hiy) cia dién tw/1d
trbng/photon mang xung luong k/q, U 1 cudng do thé twong tic Coulomb giira dién tir
- 15 tréng, g 1a hang s twong tac dién tir/16 tréng - photon, &£ /&Y / Wq 1an luot 13 ning
lwong tan sic cua dién ta/16 tréng/photon ¢ biéu thire duge biéu dién trong gan dung
lién két chat nhu sau:

E, + 8tV —
2

wq = /(cq)2 +wi—u (7

Trong d6 t¢/V 1a tich phan nhay nat ciia dién tir/15 tréng trong mang tinh the. E4 la

c/v

g = —ZtC/"(cos k, + cos ky) +

(6)

khoang cach tir ddy ctia dai dan t6i dinh cua dai hoa tri, véi E; >0 ta c6 trang thai ban
dan, va nguoc lai E4 <0 ta co trang thai ban kim loai. ¢ 1a van tdc anh sang trong vi héc,
w, 14 ning lwong cta photon tai xung luong khong, u 1a thé hoa hoc. Trong diéu kién
thong thuong photon cé thé dugc tao ra hodc bi phéa huy mét cach ty do, do do thé hoa
hoc ctia photon bang 0. Tuy nhién, dbi voi cac hé bi gidi han nhu vi hdc quang hoc, gia
tri nay c6 thé khac khong [2, 17]. Vi vay, trong khuon kho nghién ciru nay, ching toi
gia str thé hoa hoc cua photon déng nhét véi thé hoa hoc cua cac dién tir, ky hiéu chung
13 u, nham dam bao trang thai ngung tu polariton dat cAn bang nhiét. Dé dic trung cho
d6 1éch giira dai nang luong dién tir/15 tréng véi mode photon trong vi hic ta dung tham
sO diéu chinh A = w, — E, [17, 18]. Gia tri cua A chi phéi sy hinh thanh pha ngung tu
polariton: khi A nho, su lai hoa anh sang-vat chat manh va thanh phan photon trong
ngung tu la dang ké; nguoc lai, voi A 16n, dong gdp cua photon tré nén yéu [17, 19].

Bang viéc ap dung gan ding Hartree-Fock khong giéi han, ddng thoi loai bo cac
hang s va cac sd hang v6 cling bé, Hamiltonian cta hé duoc viét lai nhu sau:

Hyr = Z &aia + Z Svivi + AZ(C;(FVik +H.c)+ Z g4 ®
K K q

k
+ (\/NYag + H.c)

Trong do6 & va & la cac nang lugng tan sac tai chuan hoa khi c6 dong gop cia do

dich Hartree-Fock, A va Y dong vai trd nhu tham sé trat ty dé mo ta cac trang thai ngung
tu cua hé, 1an luot c6 biéu thire:

§IV = gllY —ynvic (9)

AR AN (10)
A= —a) NZ«:kv_g
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Y = -%Zugvﬁk) (11)

L 1 1 X \ Ay 2A 1% LA CAL 40
VéinY = ;2k<vl'ka) ,nt = EZk(CllL k) lan luot 1a mat do 16 trong, dién tir.

Pé chéo hoa Hamiltonian trong phuong trinh (8), d6i voi phan dién tir ta st
dung phép bién d6i Bogoliubov bang cach dinh nghia cac toan tu gia hat fermion méi
nhu sau:

t t
= . C, + b V_
{ Y1k kCk PrV_k (12)

t _ T
Yok = —BkC + axv_i

Véi ay va By duge chon dé théa man dicu kién af + BZ = 1 va co thé tinh duge
voi két qua la

1 Ex 1 Ex (13)
0B w203
i 2( +Qk) Ai=317gq,
L E+E (14)
ka\/(5§+gg)2+|/\|2 (s

Tuong tur, phan photon dugc chéo héa bang viéc dinh nghia toan tir photon méi

£t
.V

d=a) - L) (16)
0

Khi d6 Hamiltonian & gan ding truong trung binh ¢ dang

~t~ 17
Haia = Z(Eﬁyfkhk + Egvayan) + Z wqa(’;aq (1)
K q
Trong do:
12 1., 4 (18)
Ek _E[ek _Ek—‘Qk]

Tt Hamiltonian da dugc chéo hda hoan toan, cac gia tri trung binh co thé duge
tinh mot cach tryc ti€p. Cu the, ta thu duoc

A
(civl) = [F(EL) — F(ED)] o (19)
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Trong d6 f(¢) = (e¥/T + 1)~'1a ham phan bd Fermi-Dirac. Hé phuong trinh ty
hop thu duoc tir (9)-(11) va (18)-(19) cho phép xéac dinh day du cac dai luong dic trung
cho trang thai ngung tu cua hé. Dya trén cac dai luong nay, ching t61 tiép tuc khao sat
ciu trac kich thich cua h¢ thong qua ham pho don hat. Dai lugng nay cho phép mo ta
truc tiép su phan bd phd nang luong theo vecto song k va tan sb w.

Cu thé, ham phd don hat A(k, w)duoc xac dinh tir phan 4o ctia ham Green tré nhu
sau:

1
Ak, w) = — —Im (X106 M (20)

Trong d6 x = ¢, v, a lan lugt mo ta dién ti, 16 tréng va photon trong vi hbc. Dé
xac dinh ham pho don hat trong (20), ta &p dung phuong trinh chuyén dong cho ham
Green boson (hoac fermion) c6 dang:

w{(x, xT) g, = ([, xT]) + (([x, H], x 1)), (21)

St dung cac phép bién ddi Bogoliubov trong phuong trinh (12) cung voi
Hamiltonian da dugc chéo hoa trong (17), ta thu dugc cac ham phd don hat cua dién tu,
16 trong va photon tuong ing nhu sau:

A°(k,w) = afd(w — E) + pE6(w — EE) (22)
AY(k,w) = pE6(w + Ef) + aié(w + ER) (23)
A%k, w) = 6(w — wy) (24)

3. KET QUA VA THAO LUAN

Phén nay trinh bay két qua tinh s ctia cac két qua giai tich ham phd don hat trong
phan 2 cho mét hé véi N=200x200 nit mang. Trong bai bao [16] ching toi di khao sat
anh huong ctia mat can bang khdi luong va tuong tac dién tir/1 trong - photon 1én su
hinh thanh trang thai ngung tu polariton thong qua tham s6 trat tu A, nang lugng gia hat
trong khong gian xung luong va ham cam tng tinh cta dién tir, 16 trong. Trong bai bao
nay, chung t6i tiép tuc 1am rd hon déu hiéu trang thai ngung tu polariton thong qua ham
phd don hat cta dién ti, 16 trong va photon. Cac thong s6 duoc ching toi lya chon ¢b
dinh theo cong trinh [16] tuong ung véi wy, = 0.5,n =0.1,U = 1.0 va A = 2.0. Cac
tinh toan dugc thyc hién trong hé don vi tu nhién, déng thoi chon t€ = 1 1a don vi cua
nang luong, vi viy cac hinh v& trong bai déu duoc biéu dién theo quy ude nay. Do tich
phan nhay nut cta dién ti/10 tréng ty 1é nghich v6i khéi luong nén khi thay doi gia tri
ctia t” thé hién su thay d6i khdi lwong cua 16 trong. t” luén duge chon nho hon 1 dé thé
hién 16 tréng & dai hoa tri nang hon dién tir trén dai din. Nghién ctru trude day cho théy
ban chit ctia pha ngung tu polariton c6 thé dwgc phan loai dua trén ty s giita tham s6
trat tu photon va tham s trat tu exciton [17]. Cu thé, khi ty ) nay nhé hon 20%, trang
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thai ngung tu mang dic trung chi yéu cta exciton va dugce xem la pha exciton-polariton.
Néu ty s6 nam trong khoang tir 20% dén 80%, hai thanh phan exciton va photon déng
gop twong duwong, khi d6 hé duge xem 1a ¢ pha polariton. Trong khi d6, néu ty sé vuot
qua 80%, thanh phan photon chiém wu thé va trang thai ngung tu c6 ban chat gan véi
photon-polariton. Trong bai bio nay, chung toi dya trén tiéu chi phan loai néu trén dé
phan tich chi tiét ban chat cua cac trang thai ngung tu polariton trong hé dang xét.

Trudce tién, chung t6i khao sat cuong do ham phé don hat cua dién tir, 15 tréng va
photon tai g = 0 ing v&i cac gia tri khac nhau ctia t”. Két qua trén hinh 1 thé hién cudng
d6 cac ham phd don hat theo huéng k = k, = k,trong vung Brillouin thir nhat, img véi
ba gi4 tri khac nhau cta t¥. Két qua cho thdy khi t” nhd, dai hoa tri gin nhu phing va
ta thdy su phin b6 cudng d6 phd don hat dién tir va 16 tréng khong dong déu (so sanh
hinh 1a, 1d) nén khong c6 su lai hoa giira dién tir va trong. Tang t¥ lam ting d6 linh
dong cua 16 tréng, sy phan bd cudng d6 phd don hat dong déu hon, tuy nhién chua xuét
hién khe nang luong nén chua hinh thanh trang thai ghép cap dién tir - 16 trdng. Vi phd
don hat photon, chiing t6i luén quan sat thay cau trac mot dinh don khi thay doi t?. Khi
16 tréng ning (t¥ nho), dai kich thich photon d3 duoc tai chuan héa nim xa mirc Fermi
(hinh 1g). Tang t?, ham phd photon dich chuyén gan vé mirc Fermi, dic biét tai cac
vecto song gan k = O[hinh 1h va 1i]. Vi tat ca cac gia tri cua t” trong hinh 1 hé déu
t6n tai & trang thai 1ong cua cac hat tu do.

_ Ako)  Ake) Ak
£'=0.1 | =01 | 1t=0.1

Hinh 1. Phé phat xa phan giai theo véc to song ctia dién tir (mau den),
10 trong (mau do) va photon (mau xanh) tai g = 0 rng véi cac gia tri khac nhau cua t”.
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Tiép theo, trong Hinh 2 ching t6i ting gia tri twong tac dién ti/16 trong - photon
1én g = 0.15 dé xem xét sy hinh thanh pha ngung tu polariton. Khi d6, phd don hat
cua dién tir va 16 tréng bt dau xuat hién mot khe nang luong nho tai t¥ = 0.9, & gia tri
xung luong khac khong (xem Hinh 2¢ va 2f). Su hinh thanh céu trtc hai dinh d6i xtng
quanh mirc Fermi cho thay ph6 ning lugng da tach thanh hai nhanh, phan anh sy lai hoa
giira dién tir ving dan va 13 tréng ving hoéa tri khi 16 tréng tré nén linh déng hon.

Pong thoi, ham phd photon dich chuyén vé gan mirc Fermi, dic biét tai cac vecto
song quanh k = 0 (xem Hinh 2i), cho thdy photon tham gia tich cuc vao trang thai két
hop cua hé. Nhiing dic diém nay ching to hé da hinh thanh trang thai ngung tu mang
ban chét polariton.

Ako) o Ako)
£'=0.1 (d) 1t'=0.1

t'=0.1

Hinh 2. Phé phat xa phan giai theo véc to song cia dién tr (mau den),
10 trong (mau do) va photon (mau xanh) tai g = 0.15 ing vai cac gia tri khac nhau cua t”.

Tang cudng d6 twong tac dién tir/1d trong - photon 1én g = 0.3, két qua trén hinh
3 cho thay sy m¢ rong khe ning lwong rd nét tai mirc Fermi (mg véi t¥ = 0.9. Sy gia
tang do rong ciia khe phan anh su ting cudng qua trinh ghép cip dién tt-16 tréng gin
murc Fermi, ddc trung cho co ché ngung tu kiéu BCS cuia exciton. Trong mién nay, cac
trang thai dién ttr va 16 trong 14n cdn mac Fermi dong vai trd quan trong trong viéc hinh
thanh exciton va on dinh trang thai ngung tu cua hé. Piéu nay cho thiy khi cuong do
tuong tac vat chat-anh sang du 16n, su ghép cip dién tir-16 tréng dugc cung cb va dong
thoi ting cudng co ché lai hoa véi photon trong vi hdc. Hé on dinh trong trang thai
ngung tu dang polariton.
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A%(k,0) Ak

Hinh 3. Phé phat xa phan giai theo véc to song ctia dién tr (mau den),
10 trong (mau do) va photon (mau xanh) tai g = 0.3 irng v&i cac gia tri khac nhau cia t”.
 Ake) A'(k.0) Af(k0)
£'=0.1 (a)] 1t=0.1 (d)] 1t=0.1

'=0.5 (b)] 1t'=0.5 (e)] 1t=0.5

r=09 (@1 it=09 " ®]{t=09 | (i)

Hinh 4. Phé phat xa phan giai theo véc to song cta dién tir (mau den),
16 trong (mau do) va photon (mau xanh) tai g = 0.6 tng véi cac gia tri khac nhau cua tV.
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Tiép tuc ting twong tac dién t/15 tréng-photon 1én g = 0.6, trén hinh 4 ta thiy khe
ning luong tai mirc Fermi xuét hién ngay ca khi mét can bang khéi luong rat 16n (t¥ =
0.1 trén hinh 4a, d). Khi nay dai nang lugng ctia photon con xa mic Fermi, do d6 dong
gop cua photon 1a khong dang ké, hé ton tai ¢ trang thai ngung tu exciton-polariton.
Tang t¥ lam ting do linh dong cua 16 trong, ddng thdi phd photon ciing tién dén gan dén
murc Fermi hon, déng gop ctia photon vao trang thai ngung tu ctia hé tré nén dang ké,
hé chuyén sang trang thai ngung tu dang polariton.

4. KET LUAN

C0 thé thay rang céac ket qua thu dugc tir cuong d6 pho phat xa phan giai theo véc
to song k cta dién tir, 10 trong va photon hoan toan twong thich véi cac gian do pha dugc
xdy dung dya trén tham s0 trat tu, ham cam tng tinh va phd ning luong gia hat di trinh
bay trudc d6 [16]. Pic biét, trong mién tham s xuat hién trang thai ngung tu, pho don
hat cho thay su hinh thanh khe ‘nang luong tai mirc Fermi, the hién qua su tach doi cua
cac nhanh kich thich trong pho don hat cta dién tir va 16 trong Su xuét hién cua khe
nang lwong nay phan anh qué trinh ghép cap dién tir - 16 tréng hinh thanh exciton trong
hé va hoan toan phu hop véi mién ma tham sd trat tu nhan gia tri khac khong. Déng
thoi, khi thay d6i mirc d6 mat can bang khéi lwong hodc cudng d6 twong tac dién ti/16
trbng - photon, d6 rong khe va vi tri cac dinh phd bién thién twong tmg véi xu hudng
thay doi cua cac dai lugng di phan tich truéc d6. Piéu nay khing dinh ring ham pho
don hat 1a mot cong cu hi€u qua dé nhan dién va kiém chung sy hinh thanh céac trang
thai ngung tu polariton trong hé mit can bang khdi lugng.
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