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Su phat song hai bac 11 ctia chum Bessel trong tinh thé KTP
Tom tat. Thuc hién cac kham pha Ii thuyét v athuc nghiém vé nhitng tinh chat dic
treng clia sv nhan doi tan so clia cac chum Bessel do tirong tac oe — e trong tinh thé
KTP. T4t c& cac tuong tac v huwdng vakha di clia cac thanh phan séng phang cla
chum Bessel dwgc quan sat trong thic nghiém. Cau trdc khdng gian cla h ai bac hai
trong mién xa bao gdbm mot dém trung tam va mot vong dong tam. Su phan ki do
nhiéu xa ctia chum trung tam yéu (~1.7 mrad). Hiéu sudt chuyén déi ning lwong
~21% ddi v6i chum Bessal, 1én hon ba 1an hiéu sudt chuyén déi cla chum laser
ban dau. Mo hinh Ii thuyét dwa trén su biéu dién truong clia séng hai bac Il nhu sy
chdng chat clia cac chum Bessel, nd mang lai mét mé ta chinh xac vé dac tinh nang
lvong va khong gian dvoc quan sat clia hai bac hai.
1.Gigi thiéu
Gan day, chum anh sang duéi dang Bessel bac 0 va bac cao hon da thu hit sy chd
y [1-3]. Tinh chat dac biét vé mat cau trlc cta chum Bessel (BLB) la tap hop cac
vector song clia phd Fourier clia chiing ndm trén mat non. Vi |i do nay, moét song
quang hoc ding, khéng nhiéu xa trong trwdng hop clia chum khong bién, hinh
thanh phan ngang ctia chum Bessel. Chum Bessel bi giam cam khong gian dugc
dic trung bai tieu diém “duoc kéo dai ra”, nghta 1a, bang sw phan ki nhiéu xa bi
dap tit cta phan trung tam cla chum. Chum Bessel c6 mot sd tinh chat quang
tuyén tinh, nhung ching cling c6 mot s6 tinh chat phi tuyén dang quan tam [4 -10].

Su tao séng hai bac Il cla chum Bessel trong tinh thé KDP duwéi cac diéu
kién hop pha loai | dau tién dwoc bao céo trong [4]. Su thay ddi goc nén clia phd
tan sO khong gian clia chum Bessel dugc nhan thdy lalam bién déi hwdéng hop pha
trong tinh thé. Su thay doi nay trong géc nén clia chum Bessel c6 thé duoc xem
nhw sy thay ddi budc séng hiéu dung ctia nd. Bai bao [4] d& ching to rang phd
Fourier clla do phan cuwc phi tuyén tai tan s6 hai bac hai c6 hai cuc tuong (ng voi
sy tao chum doc truc va chum Bessel hai bac hai du6i diéu kién twong tac cong
tuyén. V@ sau, si tao song hai bac Il dugc kham pha bang cach bom véi chim
Bessel dudi cac diéu kién hop pha Cherenkov. B ai bao [6] d chitng té rang vé mat
li thuyét, trong phép gan ding trwong khong doi, hiéu suat nhan doi tan so cla
chum Bessdl |&n hon khodng 50% chum Gauss. Khao sat |i thuyét va thiwc nghiém
vé su tao hai bac Il clia chum Bessel va Bessel -Gauss trong moi trudng khi da
dwgc bao cdo trong [7-9]. Bac tinh chinh cla cac chum Bessel trong nhitng truong
hop nhu thé laty hop pha do su kich hoat cac twong tac vector khac nhau. Téan xa
Raman cling dugc nghién ctru [10] va dao dong tham s6 quang lién quan dén cac
chum Bessel dau tién duoc bao céo trong [11,12].

M@t tinh chat quan trong cla tinh chat quang phi tuyén cta ch um Bessd,
khac biét véi chum Gauss |a kha nang kich hoat, trong qua trinh phi tuyén, ca cac
twong tac vector khac nhau va vé huw éng trong nén vector séng clia chum. Trong
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trudng hop twong tac vector clia chum Bessal, khong can phai ludn luén théa mén
hop pha vector clia cac thanh phan ngang clia vector séng cla phd Fouri er clia cac
chum Bessel. Thong thwong, diéu nay lién quan dén ban chat khong truc giao, trén
mot khodng xac dinh, clia ham Bessal J,(qp) Vv6i cac gia tri g khac nhau. Vé mat
vat ly, kha nang c6 thé (ing dung duwoc cla tuvong tac gitra cac chum Bessel vai s
khong bao toan clia cac thanh phan vector séng ngang duwgc quy cho sw hién dién
clia sv ghép gitra nhitng thanh phan nay va mot xung Bessel.

Si ngoai Ié la céac twong tac clia cac chum Bessel véi cac trwdng trong éng
dan séng va budng cong hudng cé cdu trdc mode ngang co thé duoc biéu dién bai
cac ham Bessel. Trong nhiing truong hop nhu thé, cac trwdng quang hoc va do
phan cuc phi tuyén cé thé dwgc xem nhu s chdng chét clia cac ham Bessel mode,
tric giao nhau.

Mo ta chinh xac vé nhitng twong tac nhu thé duoc dua ra béi li thuyét vé
twong tac hop pha phwong vi clia cac chum Bessel [13]. Co s& cua li thuyét nay la
sy thay doi trong phuong phap tao do phan cuc phi tuyén binh thuong. Dac biét,
[13] gia st rang cac thanh phan Fourier chir khéng phai ham khong gian clia su
phan cuc phi tuyén dwoc hinh thanh ban dau. Chang han, trong trwdng hop clia mot
chum Bessel, cac thanh phan Fourier clia d6 phan cuc phi tuyén tai tan s6 h ai bac
hai ti 1€ voi tich clia thanh phan Fourier ciia chum Bessel tan s6 co ban. N6 cho
phép céc tich phan theo khong gian biéu dién sw xen phi clia lugng birc xa va
truong phan cuc phi tuyén 1én dén 1 néu chi s6 mode bang nhau va bang 0 néu
ching khéc nhau. Vi thé, cac twong tac hop phwong vi clia cac chum Bessel duwoc
dic trwng bdi hidu sudt cuc dai va do do, su thuc thi mot twong tac nhu thé (chang
han, trong céc bd dao dong tham s6 quang budng cdng h wdng bén trong) chac chan
duoc quan tdm trong thuc hanh.

Tinh khong truc giao clia cac ham Bessel va si ton tai cac twong tac vector
clia chum Bessal |a nguyén nhan lam cho ph6 khong gian cla treong duoc tao ra
do chim bom Bessel lién tuc. Bay la mot chudéng ngai vat nghiém trong dé phat
trién mo hinh I thuyét chinh xac vé cac dac trwng chuyén doéi tan s6 cla chum
Bessel trong cac hé budng cdng hwdng ngoai [4-9].

Tuy nhién, nhitng tinh chdt ndy van con |a nhitng van dé dang tranh luén,
nghiém cla nd vé co ban ddi véi sw phat trién ctia cac hé thdng chuyén doi tan so
t6i wu dua trén cac chum Bessel. Do do, nd lyc ctia ching toi la xay dueng mot mo
hinh ly thuyét dé thuc hién cac khdm phé vé mat thic nghiém sw chuyén doi tan s6
clia cac chum Bessel dw¢i nhirng diéu kién sao cho tat ca cac tuong tac vecto co
thé xuat hién bén trong chum Bessel. Trai ngw oc véi nhitng cong trinh khao sat su
tao song hai bac hai da xuat ban truéc day [4 — 6], ho chi khao sat hgp pha loai |,
ching t6i d& nghién ctru tinh chat nhan ddi tan s6 do khodng goéc hop pha rong
trong céc twong tac loai Il xuat hién trong tinh thé KTP.

2. Thyc nghiém:

Trong khdm pha thuc nghiém vé twong tac vector clla cac chum Bessdl,
chiing t6i da duing tinh thé KTP phi tuyén cé do day nho hiéu sudt cao. Twong tac
thudc loai oe — e, duoc dac trwng bai khoang goc hop pha rdng. Anh sang duoc
cho qua khe nhu biéu dién trong hinh 1. Blc xa tir laser Nd : YAG cong tic Q
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(» =1.064um) du6i dang chum siéu Gauss (hinh 2), véi duong kinh 5.5mm va do
phan ky 6 <0.8mrad duoc cho qua mot khe duong kinh D = 4mm varoi dugc dua
t¢i mot axicon. B0 rong xung laser la 5ns, nang lwong clia ching la4mJ, vatan so
|a 10Hz. Axicon dugc |am bang thay tinh ¢6 chiét sudt n = 1.5, ¢6 goc o =2° tai
day va duoc dung dé chuyén chum siéu Gauss thanh chum Bessel. Chum Bessel
nay xudt hién sau axicon trong vung 0<z<z, & d6 z, =D/2y latiéucy; y =(n-1a
l& gbc ndn clia chum Bessel, nghta land [antra géc tai dinh ctia nén vector song.

Lk [l |y
T

Figure 1. Schematic diagram of the apparatus: (/) Nd:YAG laser;
(2) aperture; (3) axicon; (4) KTP crystal; (5) beam splitter; (6 ) energy
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Figure 2. Transverse distribution of the intensity / in the fundamental-
frequency beam (7) and its approximation by a super-Gaussian pro-
file (2).

Tinh thé KTP day L = 3mm va né duoc dinh huéng lai trong mét phang xy
V@i goc ¢, =23 dbi voi truc x theo hwdng hop pha cdng tuyén cla twong tac loai
1. D6 rong goc hop pha clia tuong tac oe — e khodng 35mrad [14]. Tinh thé duwoc
di chuyén doc theo truc chum dé cé thé so sanh su tao séng hai bac hai trong céc
phan khac nhau ctia chum Bessel. Viéc do cac tham s6 hai bac 2 duoc thuc hién tai
khoang cach z~ 2.5z, tlr axicon.

Bién dang khong gian cta hai phu thuéc manh vao sy dinh huwéng cua truc
clia chum Bessel tan s6 co ban doi voi hudng hop pha ¢,,. Khi truc chum trang
vGi hudng hop pha, blc xa hai bac hai dwgc truyén trong vung hinh tru véi cuc dai
tai tm vatai ving xung quanh. Ban kinh ctia vong xung quanh bang ban kinh cla
vong birc xa tan s6 co ban. Hinh 3 biéu dién bién dang ngang ciia cuong do hai bac
hai dwoc quan sat thdy trong thic nghiém trong mat p hang hop pha (xy) trong tinh
thé KTP. Viéc bién dang nay hoi bat doi xirng lahé qua ctia siv khong doi xing clia
chum tén s6 co ban (Hinh 2). Khi truc chum Bessel |éch v&i huwéng hop pha mot
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luvong Ap =¢ —¢,,, dOi xing truc cua trwong hai bac hai bién mét va, néu a¢ du
cao, su tao hai bac hai chi xay ra tai cwc dai trung tam.
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Figure 3. Transverse profile of the second-harmonic intensity /> in the
far zone.

Si phén ki cia cuc dai trung tm dwoc do va nguoi ta thdy rang né hoi phu
thudc vao toa do doc. Trong vung trung tam, nghia la ving dwoc xac dinh béi 60
mm <z<100 mm, s phan ki khoang 1.7 mrad. Gan axicon va cling gan tiéu diém
su phan ki tang dén 2.5 - 3 nrad.

DPac tuyén nang lvong cta hai bac hai (hinh 4) dwgc xac dinh véi chum siéu
Gauss tan s6 co ban (bom) cuong dd 25 MW cm™. Hiéu suét chuyén di toan phan
bom thanh hai bac hai dugc chitng td 1a phu thudc khéng don diéu vao toa dé doc
va gia tri cuc dai cla no6 khodng 21%. Su phu thudc v ao toa do cua hiéu suéat
chuyén ddi clia chum trung tam twong tw. V&i sw hién dién cla axicon, hiéu suét
chuyén doi chum siéu Gauss khoang 7% tai cung cudng dd blrc xa hai co ban nhw
trwéc. Do d6, khi chuyén cau trdc chum tlr siéu Gauss dén Bessel, gilt nguyén kich
thwdt ngang clia chum, tang ba lan hiéu suat chuyén d6i song hai bac hai.
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Figure 4. Dependences of the efficiency of conversion to the second har-
monic i onthe distance from the axicon: (/) global conversion efficiency;
(2) efficiency of conversion into the axial beam.

3.M& hinh li thuyét
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Pau tién, ching ta s8 xac dinh céu tric khong gian cua trwong birc xa tan s6 co
ban. Chung ta sé thira nhan md hinh chum siéu Gauss loai
4 ij

zl’é’ 2R ]
O day p latoa dd ngang; p, lania dd rong chum; p 1a bac clia ham siéu Gauss, R
la ban kinh mat dau séng cla dudng cong. So sanh bién thirc trén véi phan bo
cwdong do thec nghiém cho thdy rang p~6 va R~10. Truong cla chum Bessd
duwoc hinh thanh bdi axicon cé thé dwoc tinh tlr hé thirc

o —ikgAg [ [ikepi (1 1 ol
B(p) = =12 e | 5L (- ) 3~ ko

. J(;.<kwm)l'| dp, . (2)

E('.v:[)‘l = Apexp (— (n

¢ day J,(2) ’|a ham Bessel bac 0. Tinh tich phan biéu thirc trén bang phwong phap
phatrang thai xac lap cho ta

E\(p, z) = A\(2)Jolkoy(2)p] , (3)
& day
zR 1/2 [ »(z)z?

A(2) =2ny |- Xp | ———

Al "LA(R —2) - L 2,;6

y (4)

Y2)=7T—""F—.
7 (1—=2z/R)

Tir biéu thtec (3) va (4) n6 cho phép rang khi truong dau vao dwoc mo ta boi
biéu thtrc (2), axicon hinh thanh chiim Bessel v ¢i cac tham sd bién doi theo hudng
doc. Phan b6 cwong do clia chum Bessel theo hudng doc duoc diéu khién bai bién
dang cwong do theo phwong ngang cla treong dau vao, trong khi do su thay doi
g6c nén y phu thude vao dd cong clia mat dau séng truong.

Hinh 5 cho thdy phan b6 cwong dd doc theo truc 1,(0,2) clia chum Bessel
phia sau axicon dwoc tinh tlr biéu thirc (4). Do d6, su khong dong déu theo phwong
doc duoc quan sat trong thirc nghiém cla hiéu suat chuyén doi h ai bac hai (hinh 4)
la két qua cua sv khong dong déu theo phuong doc tuwong (rng clia chum Bessel
bom. Qua thuc, treong duoc mo ta bdi biéu thirc (3) 1a phan cuc tuyén tinh tai goc
45° d6i véi mat phang chinh xy cla tinh thé KTP. Vi |i do nay, hai chum Bessel
loai dwgc mo td bai biéu thire (3) duoc kich hoat trong tinh thé; chlng cé s phan
cuc thwdng vabat thudng va bién dé cta chang la
E\oelp, z) = Aro o(2)No(a1p) | (5)

0 day o =kgy (z).That 1a tw nhién khi gia sir rang trong mot tinh thé mong, su bién
doi cuong dd va goc nén clia chum Bessel khong quan trong. Hon nita, d6i voi gia
tri nhd cua tham sd y, kich thwét theo phwong ngang cltia chum dwgc mo ta boi
biéu thirc (5) cling c6 thé dwgc xem nhu khong dai trong tinh thé phi tuyén. Do do,
su tron chum Bessel tan s6 co ban véi cac ché dd phan cuc khac nhau nhu két qua
clia twong tac o — e loai 1l trong mot tinh thé phi tuyén tao ra trwong déu theo
phuong doc véi sy phan cuc phi tuyén tan s6 2o va v@i bién dang ngang
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o« J2(q,p). Tredng ndy nam tai vang hinh tru ban kinh Rg, bang véi ban kinh cla
chum Bessel bom.
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Figure 5. Relative axial intensity 7, /I, of a Bessel pump beam considered
as a function of the distance from the axicon (/Jp is the intensity of a
super-Gaussian fundamental-frequency beam).

_ Trong ving nay, bién dd clia truong hai bac hai ¢ thé dwoc biéu dién boi
chudi Fourier-Bess4l:

M
Ex(p,2) =) Avio(d2up) - (6)

ni=|
Céc ham Bessel bién mat khi p =R, va g,,R, =(m-0.25)n , nghia la biéu thirc trén
biéu dién su khai trién theo cac mode cla vung hinh tru ban kinh Rg. Cac ham
Bessel chuan hoa sau duoc dwa vao biéu thirc trén

Jo(@2mp) = Jo(qomp)/ VAR  (¢2uRp) for p< Ry,

Jolgap) =0 for p=Ry, ()

Ry
Sao cho 2n j j2(a,,p )pdp =1. S thuan tién cla nhitng phép chuan héa nhu thé dac
0

biét 1a & chd kha ndng mo ta twong tac phi tuyén bang mot tich phan xen pha.
Biéu thirc (5) va (6) dan dén cac phwong trinh rt gon sau cho bién dd phirc
clia cadc chum tan s co ban Aj,, Ae Vaha bac hai Ay
M

d4,, . . " \
T ’aln"‘lc ng'42m exp{zN\'::J L]
- m=1
M
d4. . . . \
dz - l(’lc'"ln Zgrn""lm CX])(JA]\':Z‘I ’ (8)
m=|
dA . : ‘
% = 1052,,A 1,41 exp(—1Ak.z) ,

¢ day o,,,=4n’dy /Ny, V& o,=4n"dy /n, 1& hé s6 ghép phi tuyén; nise Van, la
chiét sudt tai tan sO o va 2o ; dg lahé s6 phi tuyén bac hai hiéu dung. Tich phan
xen pht cla cac treong twong tac duoc cho bai cac biéu thirc

Ry _
gm = ZnJ Jolaqpliol@mplpdp (m=1,2,...,M). (9
0
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Hé phuwong trinh (8) tinh dén su léch pha Ak, =k,,, -k, —k,, , gilta cac thanh
phan doc clia vector séng clia chum Bessdl k., ., = (k2. — )%, Ko = (k2 =2, J'*. St
hop pha xuat hién béi vi cac tvong tac vector trong cac chum Bessel va c {ing bai vi
twong tac cong tuyén xuét hién tai goc y /ny,, cla huong ¢, ctia hop pha vo hudng
théng thuong. Tinh toan bang s6 thu dwoc bang cach dung chiét sudt cua tinh thé
KTP tai tan s6 co ban vatan s6 ha bac hai [14] chi ra rang do léch pha Ak, gan
gidng nhau déi voi cac twong tac vector va vd hwéng, va trong trwdng hop cla
chiing ta né khoang 6 cm™. Phép gan ding nady &p dung cho cac chum Bessel clia
ching ta v&i géc non nhdy ~1° va tinh thé KTP véi khoang goc hop pha rong
A=p~2°.

Hé phuong trinh (8) sé dwoc giai trong phép gan ding cwong dd khong doi
[15]. Néu trong nhitng phwong trinh nay ching ta gia st rang |A[ =|AJ" =|A[ /2,
ching ta thdy rang cac bién do riéng phan a, = A, exp(iAk,z)dvoc cho bdi céac
phuong trinh sau:

dulm
z° - dz

M
= =002, 4 |" E gar, (m=12 ..., M), (10)
s=l

0 day gia st rang c,, =o,, =c,. NEu mdi phrong trinh trong hé trén dwvoc nhan vai
Om, VaNEu cac VE trai vavé phai dugc gia st rang, két qua 1a phuong trinh vi phan
saucho ham B(2) =" g,

d B_f"—iAk:i—f?anlB::l =0, (11)
¢ day
Ak, &,
P= (TL) +010’: AI‘_Z:‘"-"j . (12)
- m=1 ]

Nghiém cla phuong trinh (11) chiu diéu kién biénA, (0)=0 thudc dang
B(2) = B,sin(pz) . Thé B(z) vao hé phrong trinh (10) va xé&c dinh hang s6 By tir hé
phuong trinh (8) cho ta

4nio, P, g, exp(—iAk,z/2) .
2718w N = sin(pL) , (13)

Ay =
- cnyp

& day L la chiéu day tinh thé. Bi€u thirc trén chira cong suat blrc xa tai tan sb co
bin R =crA[*/8x. NEu ching ta dung biu théc nay va twong tu
P, =cn,> . |A,[ /8t cho cong suat hai bac hai, chiing ta thu dwoc hé suét chuyén
doi hai bac hai to?n phan:

Py 1 0

NIV AN VSN LS
‘“‘{(T)”LI_:(ZQ)J Ly, (14

= |

n
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¢ day P, =cn’n,?/1287°d2 |a mot tham s cé thir nguyén cong sudt. Tl biéu thiic
trén, hién nhién rang hiéu suét tao séng hai bac hai vé co ban dwoc xac dinh boi
tich phan g, biéu dién sw xen phl cac chim Bessel riéng phan vai chum bom, va
bai s6 mode M téng cong duoc tao ra. Hinh 6 cho thdy su phu thudc clia g? vao
chi s6 mode ham Bessel m. Chiing ta co thé thay rang tich phan xen phd c6 hai cuc
dai d6i véi m=m=1 va m=m, ~2q,R,/n +0.25 va sO mode t6i da duogc tao ra la
M ~62.Vi li do nay, s dong gop 16n nhat vao hiéu suét tao séng hai bac hai duoc
tao ra bdi hai nhém mode ma chi s6 clia chiing nam & vang 1an can cla nhitng cuc
dai nay. Mt khac, sw mo ta chinh xéac si tao song hai bac hai doi hoi rang tat ca
cac modetlr m=1 dén m=M s8 dugc xem xeét.

1 1 1 1

0 10 20 30 40 50 m

Figure 6. Dependence of the parameter g,, onthe modeindex m.

T biéu thirc (14) cho phép ching ta c6 thé tinh hiéu suat chuyén doi cong
suét chum Bessel bom thanh birc xa tai tan s6 hai bac hai. D8i voi KTP dwoc cat
trong thi nghiém cta ching ta, chdng ta c6 dy =d,sin*¢,, +d,, cos’ ¢, va, theo bai
béo [16], d.=1.9pmV*, d,, =3.4pmv*. Thé gia tri bang s6 cta n, van, tir tai liéu
tham khao [14] vao trong biéu thirc (14) va dung céc tham s thwc nghiém cla
chum Bessel tan s6 co ban (P;=8.10"W, Rg=1mm) cho tan ~0.19, phi hop t6t véi
giatri thuc nghiém n ~0.21.

Nhirng nhdm mode nay twong rng voi cac cuc dai blrc xa vong vatrung tam
dwgc quan sat trong thuc nghiém (hinh 3), va ddi véi twong tac vector khac nhau
clia cac thanh phan song phang cla chum Bessel (hinh 7). Diéu kién dé hop pha
khong gian theo phuong ngang trong sw hinh thanh d6 phan cuc phi tuyén (hinh 7)
mang lai
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o U §|

Figure 7. Vector interactions of plane-wave components of Bessel light
beams.
.
W -
2q, cos (7 = G » (15)

& dayy la géc phuong vi gitra hinh chiéu theo phwong ngang cua cac vector séng
clla chum Bessel. Hiéu sudt Ién nhét la cac twong tac twong ng véi cuc dai cla
tich phan xen pha. Néu m = my, ching ta nhén thdy rang v ;== , nhung néu m =
my, thi v » ~0.Do d6, nhém mode th(t nhat twong (ng v&i tuwong tac vector cla cac
thanh phan séng phang ctia chim Bessel bom dwoc dinh hudng gan nhw ngwoc lai,
trong khi nhom thi hai twong (rng véi cac tuong tac gan cong tuyén. Mode hai bac
hai twvong tng v&i m=m; twong ng voi chum Bessel véi mét cwc dai trung tam
trong chum Bessel bom. Néu m=m,, s0 vong trong chum Bessel ha bac hai gap
hai 1an s6 vong trong chum Bessel tan s co ban.

Biéu thirc (13) cho cac bién do riéng phan Ay, co thé dwoc dung dé tinh cau
trdc khong gian theo phwong ngang E 5 y clia truong hai béc hai:

Es(p) ~ Zf’yn./oifbni'l . (16)

Hinh 8 cho thdy phan bd cuwong d6 hai bac hai theo phwong ngang trong
vlng xa. Ching ta co thé thdy rang truong mode két hop c6 cu dai trung tam rd nét
vGi mot s6 nhd cuc dai mot phia yéu. Li do xudt hién cac cwc dai mot phia n ay la
sy dap tét giao thoa khéng hoan toan cia cac vong mdt phia ctia cac chum Bessel
riéng phan. Bai vi cac chum Bessal ban dau khéng nhiéu xa trong khoang 0 < z <
z;, c&c tinh chat giéng nhau dwoc hi vong clia su chdng chét tuyén tinh ctia nhitng
chum nhu thé dwoc mo ta bi biéu thire (16). Tinh chét nay biéu dién sy khac nhau
dang ké gitra mot truong duwoc mo ta bdi biéu thirc (16) va cac trudng Gauss, nd
chiu st m& rong do nhiéu xa duoc diéu khién bai kich thwét ngang clia chang.

Néu z>>z, dong gop vao cau tric khong gian cla trwong dwgc mo td boi
biéu thirc (16) phu thudc manh vao chi s6 mode m. Boi véi m=1, trwdng xa cé mot
cuc dai duy nhat. Mat khac, néu m>1, céac truong riéng phan hinh thanh nén mot
cau trdc vong véi ban kinh nhd. Sy chong chét clia nhitng tr vong nay lam nay sinh
cwe dai trung tdm dwoc quan sat trong thuc nghiém. Géc phan kie ; ciia mét truong
nhu thé 1a 6 ; =2qM/k,, & day M, la chi s6 mode cao nhat trong nhém mode dau
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tién. Mot tinh toan vée ,d6i véi M;=6 (hinh 6) cho ta 6 1~ 2 mrad,phu hgp tét véi
gia tri thuc nghiéme ;~ 1.7 mrad. Sy phu thudc do phan ki ctia chum trung tam
dwoc quan sat trong thwc nghiém vao toa do doc c6 thé dwoc giai thich trén co b
ctia md hinh nay bai su phu thudc s mode Bessel duoc tao ra vao cwong dd chum
Bessel tan s6 co ban.

4.K €t luan

Céc kham pha li thuyét va thyc nghiém vé su tao song hai bac hai tir chum
Bessel trong tinh thé KTP khi twong tac thudc loai 1. Chum Bessel dwoc hinh
thanh tlr chum siéu Gauss bdi mot axicon goc khic xa nhd. Trén quan diém cta do
rong dwong cong goc hop pha Ién, ching téi d& quan sat thuwc nghiém tat ca cac
twong tac vector va vo hwong clia cac thanh phan séng phang clia chum Bessel.
Chang t6i thay rang blc xa hai bac hai co cdu tric trwong xa bao gdbm mot chdm
trung tdm va mot vong dong tam.

Chuing toi d& xudt mo hinh Ii thuyét dua trén sy biéu dién trudng hai bac hai
bdi mot sw chong chat clia cac chum Bessel. Chlng téi thu dw oc biéu thirc gidi tich
md t& phan b khong gian trwdng hai bac hai dwoc quan sat trong thwc nghiém
trong c&c viing gan va xa. Su phan tich tich phan biéu dién sy xen phi cla t wong
tac treong tan sd co ban va hai bac hai lam cho ¢6 thé phan biét hai nhém mode
dong vai tro trong viéc hinh thanh cac chum trung tam va dong tam. Nguoi ta thay
rang st phan ki clia nhitng chim nay duoc diéu khién bdi s6 mode Bessel dugc tao
ra. Sy phan ki clia chum trung tdm nhé (~1.7 mrad), n gan lién véi cac goc non
cuc ki nhd clia cac chum Bessel dwoc tao ra trong cuc dai trung tam. Doi voi
cudng do chum Bessel bom trung binh 1én dén 25 MW cm™ hiéu suét chuyén d6i
hai bac hai n ~21%, |én gan gap 3 lan hiéu suat chuyén déi ch im siéu Gauss cling
crong do. Biéu thic gia tinh duoc rat ra cho hiéu suét chuyén déi trong phép gan
dang cudng dd khong doi. Bac tinh nang lwong Ii thuyét vakhdng gian cla blic xa
hai bac hai duoc tim ra phu hop voi cac két qua thuc nghiém.
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