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HIEU UNG RAMAN TRON BON SONG
TRONG MOI TRUONG KHi
Nguyén Manh Théng', Nguyén Vin Hao>*, Vii Duong’ , D8 Quang Hoa’

Tém tit: Trong nghién citu nay, ching t6i giéi thiéu phwong phdp phat laser
xung ngan trong toan bé viing tir ngoai sau — nhin thay (DUV-VIS) dira trén hiéu
g Raman tron bon séng trong méi trwong khi. Do khodng cdch gitta cdc mike
nang lwong dao dong lom (~4166 cm™ tir v=1 sang v=0), hydro dwoc chon lam méi
truong Raman. Xung bom (800 nm), xung Stokes (1200 nm) kich thich cong huong
cdc phdn tir khi lén mirc dao dong trén. Do thoi gian hoi phuc pha dao déng ciia cdc
phdn tir khi la [6n hon nhiéu lan so véi dg rong xung kich thich, xung bom twong téc
tirc thoi véi cde phdn tir khi & mikc ning heong trén va phat ra xung doi Stokes.
Xung Stokes tiép tuc twong tdc voi cac phan tir khi dé dwoc kich thich va tan xa ra
cdc photon co mirc nang lu’o’ng cao hon twong Ll"ng Véi cdc vach doi Stoke béc cao
(hién twong thdc lii). Tai dp sudt 196 kPa, hiéu immg thac lii cho phép phdt vach
Raman déi Stoke dén béc 8 (218 nm). Cac xung dnh sang nay co y nghia ung dung
I6n trong cac nghién ciru quang phé, quang pho phan giai thoi gzan v.v... Do cac
vach doi Stoke la phii hop vé pha, sir dung cac ky thudt khir tan sac, chong chdp vé
mdt thoi gian cho phép tao ra cdc chudi xung ciwee ngdn, mot vai femto gidy.

Tw khéa: Hi¢u tmg Raman, Hi¢u tmg Raman dbi Stokes, Laser xung cuc ngén, Femto gidy, Quang hoc phi
tuyén.

1. GIOI THIEU

Hién nay, c6 nhiéu phuong phép da duoc chimg minh dé phat nhiing xung laser
cuc ngan (c& femto gidy) trong vung tir ngoai sau (DUV), ching han nhu bién d6i
tan s6 tir viing nhin thiy hay vung hong ngoai gn sang ving DUV dwa vao su phat
siéu lién tuc (supercontinuum) [1], phat hoa ba bac ba va bac bdn [2-4], tron bdn
song (FWM) [5, 6]... Cac xung sang ngin nhu vay dong mot vai tro rat quan trong
trong nghién ctru quang phd hoc nhu nghién ciru cic qua trinh dong hoc cua phan
tir & pha khi va 1ong [7-9], phan tich ddu vét cua cac hop chit hiru co [10-12]. dbi
véi cac ngudn anh sang thuong,
cuong do yéu, cac hién tuong quang
hoc chu yéu 1a hién twong quang hoc _——
tuyén tinh. D4i v6i cac xung anh sang
c6 cuong do cao (xung laser dudi
nano gidy) hién tuong quang hoc phi
tuyén xay ra kha phd bién. Véi do dai
xung trong vung femto gidy, cuong do
dién truong tai dinh xung la rat 16n,
cac hién tuong phi tuyén bac cao tré
nén ro rét.

Hi¢éu tmg Raman FWM duva trén
dap tng phi tuyén bac ba ctia mdi  (*): Mircdao dong hosc xoay
truong khi twong tac véi truong dién
tor ngoai. Hai photon anh sang tdi
(photon bom va Stoke) tuong tac voi
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Hinh 1. Hiéu itg Raman trén bon song.
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phonon dao dong cua mdi truong, tan xa ra photon thtr tu voi nang lugng tuong
mg ctia vach dbi Stoke trong phd Raman cta phan tor méi trudng [13]. Trong
nghién ctru ndy, moi truong Raman khi duoc tip trung nghién ctiru do c6 d tan sic
thap, khong bi canh tranh boi cac hiéu ung phi tuyén khéac (tu diéu bién pha, diéu
bién pha chéo ...).

Qua trinh phat Raman FWM dugc mo ta trong hinh 1. Cdp xung bom va Stoke
ddng thoi kich thich phan tir ciia méi trudng Raman 1én mirc dao dong trén. Do
thoi gian suy giam vé pha dao dong ctia méi trudng khi (trong ving pico gidy) 1a
dai hon rat nhiéu so v&i xung kich thich, xung bom tuong tac mét cach tirc thoi voi
cac phan tir khi dd duoc kich thich va tan xa dudi dang cac photon ddi Stoke. Cac
photon dbi Stoke tiép tuc twong tic véi phan tir hydro & mirc dao dong trén va hinh
thanh hién tuong thac I, qua do6 tan xa lién tiép cac vach dao dong dbi Stoke bac
cao hon [14].

Trong nghién ciru nay, ching t6i tién khao sat didu kién ap suat khi t6i uu
hudng t6i phat cac xung laser cuc ngan trong ving DUV, dua trén hiéu tmg Raman
FWM. Mit d6 phan tir khi cia méi truong Raman ting dan toi thiét dién tan xa
tang va hi¢u suat phat cac xung dbi Stoke ting. Tuy nhién, & ap suit cao, hién
twong tan sic anh hudng to1 chleu dai cong huong (diéu kién phu hop pha) dac biét
véi cac xung d6i Stoke tan s6 cao. Vi vdy, nghién ctru t6i wu diéu kién dé xay ra
hién tugng théac 1 1a rat can thiét.

2. THI NGHIEM

So 6 thi nghiém dugc miéu ta trong hinh 2.

BS1 BS2
Ti:Sapphire 1200 nm
35fs; 3.6m)J; oPO
800nm; 1kHz
800 nm
Tam phan tan (:(% ’

MGi trwo'ng Raman

Hinh 2. So d6 thi nghiém phdt Raman trén bén séng.

Nguédn co ban dugc phét boi laser Ti:Sapphire (Coherent), 6 rong xung 35 fs, cong
suét 3,6 mJ, tan sd 1ap lai 1 kHz, tai budc song 800 nm. Chum co ban dugc tach lam hai
chium bai tdm chia chim BS1 (1:5). Phin ning lugng nhé hon dugc dung lam xung bom
cho hé tron bdn song. Phan 16n ning lwong (3 mJ) duoc ding 1am ngudn bom cho hé dao
dong phat thong s6 (OPO - Coherent). Hé OPO dugc thiét 1ap v6i xung ra tai budce song
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1200 nm (xung Stoke), cong sut 500 pJ. Bo tré giita hai xung duoc t6i uu bang mét ban
dich chuyén b6 tri trén dudng truyen quang cua xung bom. Sau khi chdng chap vé mit
khong gian, cap xung dugc hoi tu bang guong cau MCI, tiéu cy 1 m, vio mdi truong
Raman 1a mot Ong try dai 1 m chira khi hydro (xuét X Tmng Qudc — 99,997 %). Khi
hydro duoc sir dung trong thi nghiém nay do c6 do tan sic thap ¢ ving DUV, dong thoi,
c6 ning luong tach dao dong dic trung 16n (578 cm™), phu hop véi muc dich phat cac
xung 4nh sang trong ving DUV. Ap suét trong dng khi dugc do va diéu khién tir 7 kPa dén
196 kPa bang (ddu do AP-40 (Kayence)). Tin hiéu sau méi trudong Raman duoc phan tich
bang phd ké cAm tay USB-Maya Pro2000 (Ocean Optic).

3. KET QUA VA THAO LUAN

Hinh 3.a 13 phd tan sic
cua xung anh sang sau moi
truong Raman st dung lang
kinh fused-silica. Xung Stoke
khong quan sat dugc do nam
ngoai vung nhay quang cua

thiét bl ghl hinh. ahz1dam 7 Gih Sth gth ged 30d Beym
Trong hinh 3.b, dac trung
pho cua tin hiéu dugc bi€u 10000 [y

dién theo thang logarit. Céc
vach d6i Stoke c6 dinh nam
cach nhau cac muc nang
luong bang ding v&i chuyén
muc nang lugng dao dong
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thép nhat cua phan tor khi m _ k =5 ¥ T T
hydro trong moi trudng. Buwdrc song {nm)

C}’fdng do Qinh cua cac vach  rmrpp 3. Phé ciia xung dnh sdng xung cuc ngdn
doi Stoke giam theo ham mi sau moi truong Raman. a) Phé tan sdc  ghi

tu nhién. Day la dac trung co nhén sau ling kinh fused-silica. b) Pho ghi
ban cua hi¢n tugng thac li. nhén bang phé ké USB-Maya Pro2000.

Trong tuong tic cong bdn

song, tin hiéu ddi Stoke chi

dong gop mot photon dé tan xa photon ddi Stoke 1an can ¢ nang luong cao hon.
Hiéu suét ciia qué trinh thac 1i phat doi Stoke dwoc danh gia bang do suy gidm
cuong do cua cac dinh ddi Stokes.

Cuong d6 dinh cua tin hi¢u bom c6 do suy giam 16n do xung bom dong gép
mot photon trong tat ca céc qua trinh phat vach Stoke bac mot va cac vach ddi
Stoke bac cao. Cuong do tin hiéu ving UV suy giam nhanh do nim ngoai ving
dap tmg quang ctia phd ké. Tuy vdy, trong hinh 3.a, vach ddi Stoke béc 8 tai budc
song 218 nm c6 thé ghi nhan dugc khi st dung bot phat huynh quang (sodium
salicylate). Véi dic trung phd gém céc Vach phé cach déu lién tiép trong ving
DUV-VIS, st dung cac ky thuat khir tan sdc va chong chap vé mat thot gian s€ cho
phép bién ddi tin hiéu nay thanh mot chudi cic xung cuc ngin c6 do rong don
xung cd vai femto gidy [15].
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Trong ving ap suat thi nghiém duoc thiét ké (7 kPa — 196 kPa), chung t6i nhan
thay tin hiéu Raman tai moi vach doi Stoke tang theo ap suat cia moi truong (Hinh
4). Khi cuong d6 mdt vach doi Stoke —218nm— — 240nm- - - 267nm — - —300nm

ngung ting, cho thay mot phan photon o asnme o - 400nm e 480nm == 600nm

0 budc song nay da tham gia vao qua " ]
trinh thic 1, ton xa ra photon dbi hﬁ_—“ﬁ'\'&
Stoke 1an can. Qua trinh nay duoc thé [ e T
hién qua sy ting dan vé cudng do va 10k o E
lan lugt dat muc bdo hoa cua cac vach
dbi Stoke bac cao. Két qua nay co y
nghia quan trong trong cac Ung dung
st dung mot vach dbi Stoke. Tai ap
suat phu hop, co thé t6i vu hiéu suit
phat vach d6i Stoke tuong mg.

Trong vung tir ngoai chan khong, N .
cuong do vach ddi Stoke bac 7 ting ? o1 150 200
tuyén tinh theo ap sudt moi trudng Ap suat (kPa) ,
Raman. C6 thé két luan hi¢u suét phat ~ Hinh 4. Cuong do tin hi¢u doi Stokes
xung dbi Stoke bac 8 1 rit thip. phu thudc ap suat moi truong Raman.
Cuong do xung bom va xung Stoke
thip la mot nguyén nhan chmh Mat khac tai vung budc song tur ngoai, hién tuong
tan sdc anh cua xung cuc ngin khi truyén qua mai truong tro nén o rét hon. Khi ap
sudt moi trudng ting, cic xung ddi Stoke bac cao bi tan sic dan dén diéu kién phu
hop pha khong con théa mén, giam hiéu suit tron bdn song trong méi trudng. Han
ché nay c6 thé khic phuc bang viéc sir dung cac dng dan song (Hollow Capillary —
HC), dng din séng quang tir (Photonic Crystal Fiber - PCF). Cac thiét bi nay c6
kha nang tang quéng dudng cong huong (Coherent Length — L) ma khong doi hoi
tang ap suat ctia moi truong, giam hidu ung tén sic.

4. KET LUAN

Cudng do (a.u.)

100 | . 4

Hién tugng Raman tron bon song trong méi truong khi dwoc khao sat phy thudc
vao 4p suit méi trudng. Tai diéu kién t6i wu, 196 kPa, c6 thé thu dugc vach déi
Stoke tai budc song 218 nm. Day 1a nghién ciru thyc nghiém co ban cho phép nam
bét, tbi wu hoa hiéu sut chuyen ddi xung anh sang co ban tai bude song 800 nm
thanh cac xung anh sang cyc ngan trén toan giai DUV-VIS. Nguon s4ng cuc ngan
nay c6 y nghia img dung quan trong trong cac nghién ctru quang phd phan giai thoi
gian (thoi gian song huynh quang, phan tmg quang hoa...) va cac nghién ctru y sinh
(kinh hién vi huynh quang, kinh hién vi hai photon...).

Tai vang DUV, hi¢u sut chuyén doi 1a rat thap do hiéu mg tan sac tang theo ap
suit ctia mdi truong Raman. Hudng nghién ciru tlep theo str dung éng dan quang
hodc soi quang tir c6 kha ning ning cao hiéu sudt chuyén doi cua hiéu ung tron
bdn song tai viing budc séng nay. ‘ ’

Loi cam on: Chung toi xin chan thanh cam on Dé tai Nafosted Ma so 103.06-2011.07 da tai tro
cho cong trinh nay.
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ABSTRACT
FOUR WAVE MIXING RAMAN SCATTERING IN GAS MEDIUM

In this study, we have generated multi-colors ultrafast optical pulses from
vacuum ultraviolet region to visible region based on Four Wave Raman Mixing
process. Because of having a large different energy between vibration level (~4166
cm-1 v=1—-v=0), Hydrogen has been selected as the Raman medium. The pump
(800 nm) and the Stokes (1200 nm) beams coherently excite hydrogen molecules to
the higher vibration energy level. Because the dephasing time of gas molecule is
much longer than the excitation pulse width, the pump beam has high probability to
interact with excited gas molecule, i.e. generates a new photon at anti-Stokes line.
The cascade process can also happen which generates multi-color higher order
anti-Stokes sideband. At 196 kPa, the 8" anti-Stoke line was observed. These
ultrashort optical pulses have high potential to be used in spectroscopy analysis,
time analysis. Since all anti-Stoke sidebands are phase locked, we expect that we
can compress the multi-color beam to few-cycle pulses in visible region.

Keywords: Raman effect, Anti-Stokes Raman effect, Ultrafast laser, Femtosecond, Nonlinear optics.

Nhdn bai ngay 26 thang 10 nam 2016
_ Hoan thién ngay 14 thang 12 nam 2016
Chap nhan dang ngay 14 thang 12 nam 2016

Pia chi: ' Vién Khoa hoc va Cong nghé¢ quan su, 17 Hoang Sam, Ha Noi;

> Trudng Pai hoc Khoa hoc Thai Nguyén, Phuong Tan Thinh, TP. Thai Nguyén;
3 Vién Vit Iy, Vién Han lam KH-CN Viét Nam, 18 Hoang Qudc Viét, Ha No¢i;
" Email: duongvu@iop.vast.ac.vn

162

N. M. Thing, N. V. Hio, ..., “Hiéu itng Raman tron bén séng trong moi truwong khi.”



