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Output Properties of Self-Heated Alkali Laser with Mini Vapor Cell
Abstract

Han Gaoce'*, Li Zhiyong'®, Tan Rongqing'?, Huang Wei''*, Li Hui'*

"' Department of High Power Gas Laser Technology, Institute of Electronics, Chinese Academy
of Sciences, Beijing 100190, China ;

*Uniwversity of Chinese Academy of Sciences, Beijing 100049, China ;

*State Key Laboratory of Pulsed Power Laser Technology, Electronic Engineering Institute, Hefei, Anhui 230031, China

show that, pumped by a common external cavity semiconductor laser, the W-class output laser can be achieved
and expand the application of alkali laser with low power.
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The pump light unabsorbed by gain medium is used to heat alkali vapor cell in a self-heated alkali laser
with a mini vapor cell. A theoretical model of alkali laser under semiconductor laser double-end pumping is
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constructed, and the influences of the length of gain medium, the temperature of vapor cell and the linewidth of

pumped source on the output laser of the self-heated alkali laser with a mini vapor cell are analyzed. The results
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when the length of gain medium is 2 mm. The output power of the self-heated alkali laser can be improved with a
high pump power. The research results offer the theoretical foundation for the self-heated alkali laser experiment,

iy R Dy JORE X O A R Ot AR S BB IR A T AR, B AT 50 4 JE IR T Dy RS A O o, B RO A
W BHEE: 2017-01-19; WRMEMFEBEHEI: 2017-02-19

F QRO I3 58 4 R BOE 28 (DPAL) 2 — g 8 B el iz SR BOEE: . 2016 4F, Pitz 25 F1] 65
SIH &

SR AR E S T IR 1.5 kW R B 28 ABOG R L% T A8 B TR O A T S8 B A IR s I 2
E-mail: hangaocel4@ mails.ucas.ac.cn
WA (1966

EEWB: EEHMRPFERES(61505212) kb D) A B OG5 AR 5 5250 % 5 4 (SKL2016KF02)
ail: rongqingtan@163.com Gl {5 B & )

PEZ B A w5 (1991—) , Lo, W L AT ST A= 3 B8N S50 B G &5 M 0T s 14 05 T B BF 5T

0601002-1

e

) 5 RS B A R U A S RO R e G 45 O T

2%
Fto



H = # ot

P BEOE HAT R R A VETE AR I AR R 1 D SR AT R O R . DAL R LA DPAL 7R I
TE TS i B (SERF) HLA il J (R AN 466) J5 7% J0 3+ Shig 8t . GE 48 52 IRAIE SERF R4 77314k iz IR i
AELR TP RO LA B D AR T AR B Bk R OGS R MBOL A B R TR R

T B ENHOE AR A2 e BT B3 £ 0 BORL T ROH L B4 R O g 28 TR IR R AE 100 ~
200 °C, 2015 4, Zhdanov 55" S BT 4 45 4 BUOE PR 7 3l (9 B0 28 OO A% 28 =R R 185 °C 52016 4R,
TR R A5 R A G e FR A5 R Y 28 RS SE B T I )R 16,8 W i O i i L 2R LR IR 160 °C
2015 45 B AR DGR H 5 K S AOL A% i T Z 22 E KN 5 mm MR OGS B AE IR E
H107.6 °C o HHT 78 /N 300l J O i o 8 o P B0 o e 28 E L O TR BIOE AR B T
VEIRLEE 30 75 2 Bl B 28 U R . 2014 4, Li S BE @ nofin i D0 1.4 W 46 28 06 A% iz ot
DR Dy 7.8 WL BRIz e D R 2508 3 WL OB R A T BHARH 20 mm Ky 12 mm #9 FAEE 4
PR AEE AR E PR AR LYy 20 W InFAZE S TR I 1 3 S8 /N 308 5 s O A AN T 2
W 1) IHE T8 T 5 s G B SR AT AU . AT R e < i 2 A T B A il R o A S R AR e R
INT B 45 T PO A A S A BRI 0 e O A A /N D R EOE AR SR R . R, B I AR R O
i P9 52 RS B 3R = 0 JaR SO AR AR /D T R BOL AR ST 58 4 7

FI A i < s SO A5 R U il iz 254 L TR g 28 U e iy iz el R 28 =m0 . — 7
T & I AP OE A% 78 A B IERIRAL o 1 Ak L 5 R < e OG AR R A IR A R O A (] L R LR IE 2%
AR E R T R R R By (s ORI AR B T b BRSSO T R A R i il iz Ot
T BB <5 2 A Il e R LA T M AR A A DR ) e/ e 4 i OE AR B B 2R Pk AT A B
B v e < R O A I Sk BROR L S BRTlz G A AR I R 2R U B L A A TR R L B A A T
Bk <6 Ja POE AR 9 B IMAGHOE R o AR SO 2R BB R WO R AT TS THE T XU s i < P
DA B WO R R O 0 A8 A T O @ S8 B A I SO B AT AT EAT T AT

2 PR

i e DPAL BRI AN E 1 iR . 1) R iz Jere iR 10 P3[R 07 & 1 filiz Th = 1 1(h) Ry i

G Ja BOGE A i B O DR BOB IR I R R B R Th . B R, PBS R AR 4y AR s HR SR i S5t B & it

FR99.5 %0, IS THE P HR P 100%6; OC i G 8, B4R 0%, KH &S 8ENY
B 1R,

@ 1 (=dP,

HR ) 50 d “av &
2@ 3 v gres[(n-gn)a,1]
PBS ‘ 2 @ z
—
) ) ‘ L {ﬂ
]
TS . PBS
EL dvEeXp[_(nl_En“)%zL] N light l_[ o 00
absorber 2% dv
. light
T absorber
(b) 1 P, 1_;; T:eXP[("z—nl)%lL] / p_1
! oc “1-R
ocC
| | —
I PBS ‘ L l PBS
I
I
HR | P, % exp[(n,—n,)o, L] P & 0C
PR T -

Bl 1 XU R DPAL /R BB, () AR E RS 63 (b) AS TR L B 4 0 2 %
Fig. 1 Diagram of double-end single-pass DPAL. (a) Pump light powers at different points;

(b) Cs laser powers at different points

0601002-2



L

Bz i %R . izt sl PBS # Gk A48 22 <% RS B3z 6o AL T A M WOt Frad 6 AL g
AL H TS G R AR S S PR R, BRI Y 25 ) RS R AR R E WO il s S S pk ) — M ok
W, AT I8 B IS I 2R R E W B B, O T SEBUGE OG5 0k 4 8 O R A L 7E I 4R I N i A PBS,
OG5 OGS S IR OGS 174 3 R RTURE R O 09 D 4 25 R Dy 22 e B i R ' . DA T AR
SERF # J3 i1 )4z 6 .

H 4 28 SOBOG A8 1 28 IR RAR L B 5 SC B0 B I BGOGE H , DRL I, 0 4 28 SOO6 B8 1T 43 B R

. HEZE R HOLE R R = RSO0 R G A2 A I 4 B8 SURL -850 B2 AN B I (8] 28 Ak, s 32 7 FE Ry
d,
(iltl:—FP+F[,+7’12(A21+Q21)—~—n3(A31_’_Q31):07 (1)
d AE
C’;tz =LA Y |:n3 72€Xp[*kBT)nz:|*ﬂz(Azl + Q. =0, (2)
dn AE
C?If2 =p = Yoix |:713 o Zexp[_k“Tjﬂg]—ns(Asl +Q:) =0, (3)

o ny g g SRS 0 P By REG IR F B8 B S AL A 53R Py R P, BRI B K B I BR AT
L Qo Qa5 R Py NP Py o BE Y JO A S BRAT JLR T S WU S8 R I A HOE R v B Py,
F2 Py, BEBOAE AN 25 ¥4 B Rl 1E R, AE AP Py, M Py (N RER IR  ky NI RG2S W HL T N4 R, R F
LS YR )
n=n, +n, +ny, 4)

Kb on AR R BT RCE D TR TR TR S ERGE LR /N T A R R LR, 7 B AR
T 22 TC R SRR JL AR W e EL A R i A a2 W A RN R PR A I Rl =2 TR RS AN 2 R il i T R 1 AR
L B TEZA @ R0 | Ao M n B 4 TR O R Ge b AR SR B i AR e 4 JE O R P AU
BEAE R G vp S . BEAN S5 A A NI DPAL %0 25 0% 08 26 K 3 550 0 1 R 0, 76 A 52 o) 3 A5 7R ) 6 1 11 i
P AT A R - 1) PINRHE Y8 X RR 5 2) A SR iz 6o T TG, TR % 450 3) iz el
WOLTERE 25 X AL i, HOG R AR UANAE s 4) ZE 2RSS 5 1R 51 19 dhiz S Aot i i 2k

RRVETE A AT 4 B ORI TAESRM TN BB G, R D 7R OR A, s S R et
AT NP 4 8 28 S BRI L R T ke e 4 e UK AE B AR XU i iz 06 B AT 58 4 A R 1 S BORN R
AR T Z s 2) R BB PR e R B AR R R R O 40 AT
AT 0 LUA 2 6 R PTG 3) S 78 1 52 B0 4 J SWOR 28 19 1 A SO 2% I 1 25 T K (i
Ko 4 mm) B, HLAhIE 6 Y T 76 A 26 5058 B 1 10 4L DRI 3 32 D' 7 398 25 DX P9 B0 6 TR B 42 T A o )
ANAE 4y SR FHA AR R g RN R S SR R T Bt L B O R i iz o e 4 TR PO AR I AR L B Ik
Al DLZS 8 S E R SR M i e ot ik .

HRAE AR B A& 1T 09 4 B B L B S lE R T ML H0R Iy w2 Bl R R

— ‘r]mod(‘J.00 l de . - B l
T Vi Jo hv dv {1 €xXp n 2"3 O'I)Z(V)L }dy, (5)
1 PL R()c 1 TZ‘
DTV ! = | (6)
" Vi v 1—Roc (m ] (1 + R

Yo WBVCEC KT, Ve RBOCBAR B 0 3% B0 508 80y iz Ui, Py AL Py 4350 D iliz 63
RAPOCI AR von, () A4 8 BT D, LEWMCIE XoF B A — B4 ) WSO TR . L ok 36 2 A O B T's O LA
PAFE R oc W A B S HE, Ts TR oc Y C R MG 2
RocTSexp [2(ny —ni)op L]=1, (7N
X o S HAE IR T Dy 2R . d 12 i O i i R e S I T D, 2T 0, R v B
PRAL
HRAL (D~ (D30 TR RO R P S5Hhiz e, Py RIKR N

0601002-3



H | i

G

it':f:' T, #n T, ﬁJ‘%’J%fPl/z Fn? Pz/z He

Pl 1 ZR()( ;
V] th 1*R(>(, VTER o

o) (i)
n-———— |exp|—
TSR oc P kT

ZDL

—(71 — Ny +——
1

T2
—1|]1+ S j:
j( R()C
nt[lOdEJw i dPP o _i 72 o
Vi Jo hv dv {1 €xp 2 " s

1
Y mix {na — (n —ny+o——

1
)GDZ(D)L:| } dV +

——In
ZGD]L TSR oc

ZO'D 14

ns3

1
|
TéR()C) ) ( )

T,

EFMIBER FF i o W LAY FEOE T P fuorescence ~ BT TR P (pienea T I 5

P e B H
ny hce 3 hc
P juorescence = V1, (Z —+— j , €D
'L'Dl /11)1 Tp, ADZ
Roc 1
Pscal\ered = (1 - T:é)PL o ’ (10)
I =Roc VTSR oc
AE
P ermal :VLVm;x{(ﬂx —n,) — |:2€Xp( Tj — 1:| 712} AE, 1D
B
Ao WEZEH, BZIXEWREIZ IR Poa i
Prs =P+ Pworescence T P scattered T P thermal (12)
#1 HASH
Table 1 Model parameters
Parameter Definition Value Reference
Py, I'p Power and absorption rate of double-end pump light Equation (5)
P, I, Power and emission rate of laser Equation (8)

Nis Nygs Ny

A21 * Asl

QZI ’ QS]

Tp,» T,

Vps VL
o
Dl

/1[)1 s /II)2

7 mix

AE
L
T

\

N mode
P methane

Ts

Population densities of *S,; ,

’Py/, and * Py, energy levels
Number density of alkali atoms

Spontaneous emission rates of *P,,; and
*Ps, energy levels
Quenching rates of Py, and *Ps,, energy levels
Lifetimes of P, and *P;,, energy levels
Laser and pump frequencies at line center
Stimulated emission cross section for
D, transition at line center
Laser and pump wavelengths at line center
ull width at half maximum of pump light
Fine-structure mixing rate between *P,,, and

“Ps,, energy levels

Energy gap between *P,,, and *Ps,, energy levels

Length of gain medium

Absolute temperature

Volume of laser mode
Mode overlap parameter

Pressure of the buffer gas methane
Other intra-cavity single-pass losses assumed to
be located at back reflector
Planck constant

Boltzmann constant

Speed of light

Rate equations

5830

_ 133 322 X 1074~
kT

n
A=7"!

tp =34.791 ns, tp =30.405 ns
1 2
v=c/A

op, =1.53X10 ’ em?

Ap =894.59 nm, Ap, =852.35 nm
1 2

10-100 GHz

1.07X 107 s !

1.1054 <10 % ]
2-4 mm

373-393 K

0.9
80 kPa

0.95

6.626 X107 Jes
1.3806504 X102 J+K™!
3.0X10% mes™!
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