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Du an nghién ciru mdé phong ba hiéu Urng co ban sau trong Co hoc lugng tir tuong doi tinh thong qua cac hiéu ing
quang hoc trong hé éng dan séng nhi nguyén (binary waveguide array - BWA):

Hiéu (rng tao va triét ti€éu cap hat-phan hat, vi du cap electron-positron

Hiéu irng xuyén dudng ham Klein qua bac thé va rao thé,

Cau truc to6-pb Jackiw-Rebbi.

bong thdi, du an cling nghién clru dac tinh cia moét loai soliton hoan toan mdéi do nhém nghién clru da phat hién thay
trong hé 6ng dan séng nhj nguyén.

Nhirng hiéu irng co ban trén déu dugc mo ta bdi phuong trinh Dirac. Phuong trinh Dirac c6 tinh dén yéu t6 tuong doi
tinh nén tong quat va chinh xac hon phuong trinh Schrodinger. Phuong trinh Dirac la phuong trinh co ban trong Co
hoc lugng tir tvong doi tinh, Bong dién hoc lugng tir va rong hon la Ly thuyét trudng lugng tdr. Nhoai y nghia quan
trong trong nghién clru co ban vé nhirng hiéu Urng lugng tr nén tang cua Vat ly hién dai, nhirng hiéu ng trén con c6
tiém nang ing dung. Bac biét, cau truc lugng tir tuong doi tinh c6 tinh chat t6-p6 nhu cau truc Jackiw-Rebbi co tiém
nang dugc sir dung dé ché tao cac mach quang hoc cé thé truyén tai tin hiéu quang moét cach cuc ky 6n dinh, tin cay
va bdo méat trong moi trudng nhieu manh (twong tu cac cau tric topological insulator).

Loai soliton do nhém nghién ciru mdi phat hién (beyond-band discrete soliton) cling cé thé dugc ing dung trong
truyén tin hiéu vi ching bao toan cau truc trong qua trinh truyén.
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1. Hiéu rng tao va triét tiéu cap hat-phan hat trong BWA

Chung t6i dé xuat sir dung doan BWA dugc udn cong & gitta d&é mo phdng tac dong clia dién trudng ngoai bién thién
trong hiéu ng sinh cap. Nhd hé théng nay, ching ta cd thé moé phdng déng thoi hai qua trinh trai nguoc la hiéu irng
sinh cap va hiéu Ung triét tiéu cap trén cung mot BWA véi cung mot chum sang. Quan trong hon, hé théng trén cho
phép nghién clru ca dinh tinh va dinh lugng ty 1é sinh cap va triét tiéu cap moét cach chinh xac.
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| S 4 positron branch || Hinh 2. (a) Xac suat sinh cap va triét tiéu cap dua trén
: 2a nx 2 -1 0 1 2 mo6 hinh BWA (dd) va mo6 hinh chuan trong khoéng gian
6 wave number Q/(n/2) lién tuc (xanh). (b) Qua trinh sinh cdp dugc moé phong
Hinh 1. (@) Phan b6 chiét suat hiéu dung trong hé BWA. théng qua qua trinh tdch chum 1 thanh chum 3 va 4; qua
(b) So d6 hé BWA bi udn cong & gilra. (c) Cac dudng cong trinh triét tiéu cap dugc moé phong thdng qua qua trinh
tdn sac clia hé. tdch chum 2 thanh 5 va 6.

Tran et al., Phys. Rev. A 105 (2022) 032201
2. Hiéu rng xuyén duong ham Klein
Chung t6i dé xuat sir dung hé gobm 3 BWA dugc ghép vao nhau nhu Hinh 3 dé moé phdng hiéu rng xuyén dudng ham

Klein trong Co hoc lugng tir tvong doi tinh. Cong thirc giai tich tinh hé sb xuyén rao thé hoan toan phu hgp véi két qua
mo phong hé sb6 truyén qua cua chum sang.

> 3 ry I 0 I
5 (a) (b) - 03] (a) = lo_og
G 2| b 1 -1 . . , = 9
o E 0 - Region | | Region Il | Region Il o =
= |-_E_, & | 2 .ol % 0.06
2 1) o -2 k% S
E. Region | | Region Il | Region llI 8o E % 0.04
0 . - -3 . - ' < 0.1 5
-300 0 300 600 -300 0 300 600 — 3 0.02
spatial variable & waveguide position n 3 : %
0L | | : __ o 0
1 1.2 14 1.6 0 200 400 600
Region | Region Il Region Il

Hinh 4. (a) Hé s6 truyén qua rao thé: dudng cham xanh
la cay la mo hinh lién tuc trong chan khong, dudng mau
do la két qua dua trén mé phong qua trinh truyén sang
Il gua rao thé va hoan toan trung véi dudng mau xanh
- . . 200 duong dua trén cong thirc giai tI'C‘h. (b) M6 phéng hiéu

waveguide position rng Klein thdng qua qua trinh truyén chum sang qua rao
Hinh 3. (a) Rao thé. (b) Hang s6 truyén tai moi 6ng dan thé dugc danh dau bdi hai dudng thang nam ngang mau
song cua BWA. (c) Phan b6 chiét suat hé BWA dung mo trang. Tran et al., Ann. Phys. 450 (2023) 169241.
phong hiéu rng Klein.
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2. Soliton loai ma&i (beyond-band discrete soliton - BBDS) trong BWA
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wave number O/ Hinh 6. (a) Hai thanh phan cla BBDS tai cac 6ng dan soéng
chan (top curve) va cac 6ng Ié cé dang clla ham secant.

(b) Qua trinh truyén cua BBDS trong BWA.

Tran et al., Chaos 32 (2022) 073113.

Tran et al., Chaos 33 (2023) 018102.

Hinh 5. Nghiém soliton loai mdi trong BWA
c6é tan s6 nam ngoai vung cam [bandgap
mau xam trén Hinh 5] va ngoai ca hai dai tan
[mau xanh trén Hinh 5] cla séng phang

tuyén tinh tinh trong BWA. Tran et al., Chaos 33 (2023) 063103 (Editor’s Pick).
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