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Output power of thin-disk laser with ring-shaped pumping distributions

R. Aghbolaghi®*, H. Sahebghoran Chareh jaloo and R. Zadjamal Seifi
! Photonics group, Faculty of basic science, University of Bonab
¢*r.aghbolaghi@gmail.com)

Abstract- In this paper, the output power of a thin-disk laser has been investigated with a ring-shaped pumping distribution. It is
useful to produce non-diffracting Bessel-Gaussian beams and radially polarized beams. The output power has been estimated by
solving the rate equations of a quasi-three -levels Yb doped material.

Keywords: Thin Disk Laser, rate equations Yb: YAG, Ring-shaped pumping distribution

59

ol e WWW.OPSEIT oKsg ;0 098 (g yiwd 4o byl ab alae


http://www.opsi.ir/article-1-1391-fa.html

[ Downloaded from www.opsi.ir on 2025-11-11 ]

1YAO Cpags V1Y

by Yol Y

Gl glaasy,l -Y-)
98 Sk oo sdlole Slaclsx  ers 5l (S
SzsS Gailginl S O jpon Lulul &)L ly bk
GaLL ) al s el oad S eie jeme (geliy

- 2 Dygods swsS (6455 ,L sl ail go owslS

a }exp{—ikz— fkr? +i§(z)} M

w'(z) YR(z)

o,
Ugass (N =A. Eexl{*

WSo5b slge ol @(z)=o0+(2/2.) 5T 0 o8
Ty > sloul gl R(z):z[w(z,/z)']
bl el Ez)=tan"(z/z.)
ol 5l (So (TJKD) siis (w31 la il
S5 b g ge el nslS SN 4S5 L oe dslee gl
5 TEMoix wwlete o oodad  _wslE 5Y oo g0

Z,:ﬁa)f/l 9

TEMoyy
TEM  (r,0)= E.\/?Lexp[_r: )cos(e)
TEM  (r.0)= E,x/;Lexp[;rr jsin(a)
[0) w

DV o] o5 0y coloe b el 5ol 455 )L
Um:x”TEM_\X(r,H)ﬂ/“I'EM_W(r,@)

r -’
=E~ﬁ;ex"[$} ®)
U, =YTEM , (r,0)-XTEM  (r,0)

:éE_WLexp[_rrj
w

Yo

loe g oled bahd A5 L U(a) 9 U(r) ]
saekad AL wud poye Jlgn YUSS p0 5 witun
J..M.g 4\54)L: LQM_:‘P )‘ )i"é g_?i.’. el 00 (o ) ‘scl.'.w
Dgd o0 ATty Aolre b aS (FJSCS) ool
U(r)=A,J,kre" "

™

sac Ky =ksing 5 ail o M asyo 5l Jow &b I a5
Sb S 5 H9le3, G S Il e 2’ T

S HR 45 el ond ool Lialas V S 55 og5ensST auly
B Baims s 5 JolS ozl sboary, iy AR

Y-

Olnl Sigigd (5,9l 5 (cwiigs (il 2IS aetd 9 Sgigd g Sl il )8 aeges g o

doddo —)

a5 Wl (Byme aSo L 5l s laius VAAL Ll o
Aok 550 00 e plialeal 5 eog sl ISL gl l
g onl Wadoe wayb dil> 5l e (Pl 0 w2 s
ST s Lol Jlio gl slassly sailss sl,ls baass b
Sl gl 092 (Sl 3 e g9 cnl slacuze alox
h @l orr 22 Oype IVX Ll 6l
Gl Do wsae Wz G Gz bl
L 5595 blod 51LIF] 05 oy saaniz slaynd (g3l
6“\5‘93-“‘ Slaisw I 6)5-7“")1:’. Ty deel:.c J>
L sl leaSi )l &Sm0 ol @ il
5 oSSV (slaaSy )l Ll (ot 45 WS oo oy
e VATF Lo o b sl sl S (Ss slo50)
kS 5V 5 & olyicee Wil 55 ool slilye 3 s
53 Sl 5SSl il s ssilss, 101 55 e al s
Ll b olosan 5 GiiSen 5 gVl U5y, s b
Gt SoeSl w5 sl liSan 5 skt Ly
2k sl e 1y Hsbssy ool Lo IVl as sleiany
Sl @ azgl Al o8 IS0 Sib (Saws sla
ogile 13,13 S92y S 3550 slod a5 4 5L cnlnle
o el el (Lol sblie 5oty 8 Sblse 5
Q; o)L{;‘)‘ u_im.ié C.E.w S9) @Loé u,..\.:‘).‘i‘ uﬂ.aslS Ew 0‘9"
Swd Vb (295 slagly 4 Ol ©gecnl 3 oS
[a] cat

o) ol S B85 A e b allae ol o
dw slo IS g Lalgy lacol ¢y oSanST a0l 5 SHL (Sews
sao b aex I gsil> slaaSoyl 4 bgrye sum
O ool 00l ol (g8 Ju g (gl Y (oS
ool 03,91 YDIYAG (55 du ads i 75 O¥olas
OlF 4 o Ole Cad lajloges aslsl o el
“de 609y el mje (oS S e b 699y
329 Gl 00 ) 6{‘-[:....: &.\.H.laﬁ 9 (5*“5[5 ‘LS"‘)alf
iloals aslie wol b loges ol Colys

ol e WWW.OPSEIT oKsg ;0 098 (g yiwd 4o byl ab alae


http://www.opsi.ir/article-1-1391-fa.html

[ Downloaded from www.opsi.ir on 2025-11-11 ]

1YAO Cpags V1Y

X, (2) = f 1,2+ 11,(2)

141, @)+ 1,(2) o

PRSI DY I VOV VA OV S JE VIS PN L
Dv] s oot o3l 5 DA Egane

.

00

g8 A,k Dol e (g A logad Y JSS

1,
.
0
500
500
00
sflad barlad de Db ) (Sam 4w loged T S
1
|
| “w‘\
1064 S0 1000

~.— 500
00

9l — Jh 8L S @5 o s Jged T S

g Y

95 Ol$ 4 (53955 Ol L lologal Sidu onl o
Joges 3l aS jghailen (V-0 sla &) Cewl odls 004l
=95 4L (295 Ol A 69959 OlF Cumd 4 by e
797 OlF «699)3 Ol (R bl (asiine (B JS2)
Gox A &588 & azg b Gaizres ol Al il
039 (695 S shls 35 0 50 Dad mjer ((VJSE) o
Ol 45 sy o0 093 laie (eS8 4 lead o g
3 dybes Jub e mhae LS pde pas oo

Olnl Sigigd (5,9l 5 (cwiigs (il 2IS aetd 9 Sgigd g Sl il )8 aeges g o

S oslesy cnl yo s Sley 5 55 Slazaedsk sl
ol o ooliwl [A] )0 oty l)l sloes pinansns

m.z A?‘R )

] Ryt
. A
||/
v

S5 S

T e Sl

S3U S 5 H5lis)) G S ) IS8

op Vigxy - ™ 0o 1-/9vcm”’
Nt VYA T fin AVE
hvp YRy fuz AT
Tu 7-us Cwb AR

CyoYol -YV-Y

0 &lr @Al syl el Sl Jaw colawlre iy
olawi 51U g0 ladd 0gd g0 a8 )T ) 10 pgu i ooVl
ST A 8 Cogi g L anld s U g | el;
b ogi e ool il Ny =N, + Np L oo

Lw‘ J‘:"ﬁ Coro> @3)‘5

f N
AN =f N, —f N, =N, f, +f, )J(——-—),
[ Tl uy Cu Yb( B} ur)(f|\+fu\, NYb)
N f
AN, =f N —f N =N, (f +f }(—~-—"—),
I uy tu (R Yb(l\‘ U\)(NYD fl‘,"rfu\)

)

PV LS Gl 1y Fp OYolee (gilwoles 1 oolanwl b
aSiliz 0,8 o Bl oo dimgey 55

dN N
L =5,cd,AN, ——~—g,cd,AN, =0, *)
dt

u

0 o 9 ke Elsel sl oiss S k=L@, a5

ol e WWW.OPSEIT oKsg ;0 098 (g yiwd 4o byl ab alae


http://www.opsi.ir/article-1-1391-fa.html

[ Downloaded from www.opsi.ir on 2025-11-11 ]

1YAO Cpags V1Y

9> Ol A wh ateie sdel Cands bl 4 axgi L
9 oS oo uss Jlad Laoe 4 (63959 Sl 98 b cenliie
SLlo ewglS= o a5l (95,9 Dol b g Sy
Sl Db lag 5 ple 2 Sl (295 OlF Cn b
&5 w9 ALl a5 amo 0 i 5% (0l g
Wlgse 5 Al Lo plo 4 Cond (6 FeSleshy Lol
b oro> Oly g ool gy il | b e e

Bl it Al @565 Ay 4y S D0D @85

&=l o

[1] V.1 Kruglov, R.A. Vlasov, “Spiral self-trapping propagation of
optical beams in media with cubic nonlinearity”, Phys. Let. A,
Volume 111, Issues 8-9, 401-404, 1985.

[2] M. S. Soskin and M. Vasnetsov,Progress in optics,. Opt,Vol.
42.pp. 219-276, 2001.

[3] Zhangrong Mei and Olga Korotkova, "Random sources
generating ring-shaped beams," Opt. Lett. 38, 91-93, 2013.

[4] Salla Gangi Reddy, Ashok Kumar, Shashi Prabhakar, and R. P.
Singh, "Experimental generation of ring-shaped beams with
random sources,"” Opt. Lett. 38, 4441-4444, 2013.

[5] A. Giesen and J. Speiser, “Fifteen years of work on thin-disk
lasers: results and scaling laws”, IEEE J. Sel. Top. Quantum
Electron. 13 (3), pp. 598, 2007.

[6] J. Rogel-Salazar, G. H. C. New, and S. Chavez-Cerda,“Bessel—
Gauss beam optical resonator,” Opt. Commun.190.,pp.117-122,
2001.

[71 A. N. Khilo, E. G. Katranji, and A. A. Ryzhevich,
“Axiconbased Bessel resonator: analytical description and
experiment,” J. Opt. Soc. Am. A 18., pp.1986-1992, 2001.

[8] R. Aghbolaghi, S. Batebi, and J. Sabaghzadeh, "Thin-disk laser
with Bessel-like output beam: theory and simulations,"Opt. 52, pp.
683-689, 2013.

[9] Tom Dietrich, Martin Rumpel, Thomas Graf, and Marwan
Abdou Ahmed, "Investigations on ring-shaped pumping
distributions for the generation of beams with radial polarization in
an Yb:YAG thin-disk laser," Opt. Express 23, 26651-26659, 2015.

[10] Reza Aghbolaghi and Habib Sahebghoran Charehjolo,
"Radially and azimuthally polarized laser beams by thin-disk
laser," Appl. Opt. 55, 3510-3517, 2016

[11] Bahaa E.A.Saleh, Malvin Carl Teich, Fundamentals of
Photonic ,1991.

[12] Gilbert L. Bourdet, "“Theoretical investigation of quasi -three-
level longitudinally pumped continuous wave lasers, " opt.Vol. 39,
No. 6, 2000.

MY

Olnl Sigigd (5,9l 5 (cwiigs (il 2IS aetd 9 Sgigd g Sl il )8 aeges g o

Dol @ b (e Ol wssgys Ol pRIFIL P S
moly ¥ UK 51 el atdl igl3dl S e (g5il>
33 e 0l ey AL S o aE S Sy & el
Olies 49 009 (31980 hls wud @i (Al 4k
Aok 53 wgdee ool ilgy Jld bze gl LSy
80 Ol ol L s Ol eled Baglad
Sl ol ©ad mpe s (VUSS) el adly il
2 ke opl (Jg casl jlade op i glls S e (ygel
Sl odpusy e (a8 4 g 4l talS 4S5l 35 5
S oy Jdoy (ool Juns 40 ,L il (o9 o8 (Y SCE)
Gl & Sl (2s5 Ol AT Ssdee wrse ] on
Slaly aST,> abl ool aje8 ple 5l i ©ul a598
a2 0 5 Cowl ol (sl 5 oled Baplad slaasy L

el Pl bl a5l B (g5 Ol

1
io.s
fos6
a

=04
3

-
50.2 A
o

%

2 4 6
Input Power(KW)

a8 L L o5 ole 4 6995 Ol Cand 1 O IS

N
o

L]
"\
v
i
i
H
H
1
v
1
i
1
i
1
i
v

Output Power(KW)
-
4]

2 3
Input Power(KW)

38 s 40,51 (29,5 Ol 4 (89959 Ol S £ IS

1

io.s
Zos
=]
o4
=

z
50.2
o

00..

2 4 6
Input Power (KW)

oled oo da8 b aSo )l (295 Ol 4 (6999 Bl Cuad 1 VIS

SrSaxas ¥

ol e WWW.OPSEIT oKsg ;0 098 (g yiwd 4o byl ab alae


http://www.opsi.ir/article-1-1391-fa.html
http://www.tcpdf.org

