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Buffer gas effect on the Doppler broadening of atomic transitions of Alkali
metal vapor in the presence of magnetic fields

Malihe Ranjbaran?, Fazele Yahyavi Koochaksaraee!, Mohammad Mahdi Tehranchi!?, Seyed Mohammad Hosein
Khalkhali®, Seyede Mehri Hamidi?.

! Laser and Plasma Research Institute, Shahid Beheshti University, Tehran, Iran
2 Physics Department, Shahid Beheshti University, Tehran, Iran
3 Physics Department, Kharazmi University, Tehran, Iran

Abstract- Investigation of hyperfine and Zeeman atomic transitions of alkali metal vapors have found numerous applications in
recent years. In these applications, there are some spectral broadening, such as Doppler broadening, which affect the accuracy of
measurement of energy difference between two levels. One of the preferable ways for reduction of the Doppler broadening is
usage of Buffer gas in the alkali meatal vapor cell. In this paper, the effect of Buffer gas on the reduction of Doppler broadening
of D1 atomic transition of natural rubidium has been investigated. Circularly and linearly polarized beam enters the rubidium cell
containing Buffer gas and atomic transitions were studied in the earth magnetic field and also an applied magnetic field with a
semi experimental way.

Keywords: Alkali metal, Zeeman effect, Doppler broadening, Buffer gas

Y
el e WWW.OPSEAT ol 10 3890 (o yiws ,0 by b allie ol


http://www.opsi.ir/article-1-1250-en.html

[ Downloaded from www.opsi.ir on 2025-11-12 ]

VYA poge VEY

O Bilyns ol 2B eeeblae e Sl o
o] 545 oy ommsbliio s Jlael b Lol it
355 syl 59y (omabline (ylace 13U 05d po atuSs
@ aS ©ebee Ol GRSy Gekels Sl o3 G,

olag

\
H =% (g.s+g Ltg).B, M)
I

il pwblize ploe B Sgela opl jo asb e
955 el 0 bogaye @, S5 4 g9 0, <0,
Db oo At (el g 059,51 Lo

@ bl (Sadlar s cabline sl sl
sabul, 5l aiboe (b &)50
4]

AEM’> =u9g.mB,,
Sy () ool 51 g, (o, e 09800 dnmloxe
el e Glegy STy eogame cpl o Sadlas oyl e
Dl a8 8,5 eslitul Glgi oo (Sloj |) hend o o
0.B= A by aS asl slojlul & csblite o
Iyl ass os,91 51,
FF+1)-1(1+1) +JJ+12)
2F (F+1) "
F(F+1)+1(1+1) - JJ+1) N
! 2F (F+1) D)
F(F+1) - 1(1+1) +JJ+1)
’ 2F (F+1) '
Sleis 5 bl Sadliz 3do lade gdmslre sly
ool Sgilals o ile 3,8 )8 5l Glsiee lag]
ey Jsesd jleslaul b (Lo & j50 @y azes 0 S

Sl 00 00l

E

™

Ep, =%AF @ +1) 5 Xx=(9,+G)uB/E, S

Iv] asb oo
ooleS sae Mo wadY g g (F) sakal, o
Slagly Al 1 pundblise lawe Coss B cwbliae
O a4 adlie @ LSl b Ay ates ol

S e slely) (Sl wais o Cudes Gl e S

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

doosio —)

(2B sl leyy UKL 5 5,358 3l (o)
5 Silwopw dayid wolis lolul yo ) loy 4z
@ (03] mblise oS Gizen 5 (ool RIS
eblise sl Kus o V] el atals Gglane s45
S omebline slagloe o pSojlal jolaie 4y oSl
35 b gl slaglying abols &5 cnl 53 s
Sla Sai e Elgl 9y Ll IV] 0si 6 Sojlasl LV
pas obml cel gihgs (Sodiyy eyt 4 b
3 wgdsn a3 050 ail (Sl )l3S (6 pSesluil o Coalad
s V] olt) i 58 25l a0l
3590 Slogty; crghate 51 IE] i Jsho 00,5 Szs8
Wibise ool lajls (Fadiy Shals jslate 4 ool
Sail5ns 9 b sl o IS S Sl oS
2slie ool B 1) olos

L ol bl (Sabinn el Wlgs oo a5 (6,500 (s,
Gl Jokw jo zmileo 515 5l oolatul cadily ails ol yon 4
245 lagig; a4 s, cnl 0] ailoe L o
ool g, G g oo oolatul YU Cds o 9ig i
B a8l ke e Sl b A o Gl
sele ale ol oz oyl Jels Yseme il
Obe Sl pardesy slasl (SBs bl 55,1 5 O3s
FoS R0 L lagsl 9,55 1 g oo it (ke 5K
T3 Jsb i 31 obssS gl oy Bosie ofjT s o
S rlgd ofuuu.g‘; 1A g (SSo byi) Sgu g0 Al
I#] sl oo ials

S slonls s (Jas ool ;58 joue pw)p b allis (pl o
i bghs (il 55 g pgaang; 58 e g5l ok
(oabline Glage jea> pac 5 jpa> )3 (ol (I D1 I8
okl b iz op el w85 18w n 950
5 38 5 il o )N (5,95 oS
(bt Glase jpa> 50 ples Glajlin; Geizee
Ao gy U o275 o ool ol pen 4y g ol Cowny
el 00l (Byre Slory Sl sn Sln 2
S Gogi -

bl 55 2R+ Jells (F) 5,398 o550 515 »»
S o et |y 9580 zoe b glasgly aie a5 ol

el e WWW.OPSEAT ol 10 3890 (o yiws ,0 by b allie ol


http://www.opsi.ir/article-1-1250-en.html

[ Downloaded from www.opsi.ir on 2025-11-12 ]

VYA poge VEY

e g e ¥

walizes pwnblon glolas o (F) gdolwe J> b
Slplas o Gln ) plesy s 5y @8 LSl Gl
Moges (V) IS 50 0,50 cewss Rb 3 BRb slacgigs!
2 AD pmamg, DL IS ol pley (Sodlae (5,95
el 0 005! NS Lo B0+ U joo pundolie o

3 A pgag; D S 4 bgye bl 068 bSle ¥ SS
B sblise lawe jga>

Sl AV prdng; oyl NS b o5 e @
70888 sl Saslae  (F) gaobwe ;o D1 L 68
ol ol ey ()13 pwnbliae o jea> 0 8'Rb
B La> b opmdmg; ol Joke Sl o 9 b
eblide Glage 55 (G U5 of s 5 b

sl 00 ooly Las (V) Ko )0 ais)

e et

0.30 4

Output signal(V)
=
=
!

)

N

-]
n

T T T
338859 338862 338865 338868 338871
Frequency(GHz)

9 e S jpax L opnons) ol Jobe 5l 6y b Y USS

i) pmblise (o 3 (9,5 JS) o)f (e
Gaslas 4 Glgfse (0,28 dsd (g, SO 5l eolatul b
ookl b gy (0,78 (Sote ;0 S92 ge (i (SIS
0,8 e g oo |y ldvaicion e 55985 sl s
Cewdy (6,95 3l a5 S laS e j0 aS Ojse ol
w2 a5 pla dmel b oogd ooly Ced Aoy u.ﬂso
Logo 5l ipdn S Dyge a0 S ) dpda
5 eolatal b sl co (695 5l ool Cowdy dicin i

S 5l odel Canns e sloaiiins olaws o )| saali

@ ailo ;0 U ogd oo gaie o0 sla oy (5,85

04

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

sabayly 5l oolainl b ooads ool pwebline las ;o lay;

Pkl Gl -Y

Jdob 00 55 n Gd8 sl xSl sl o
pedws,y o> Jskw 51 (D1 )l38) A=VAF/A nm zos
5 555 00+ 5 CRD 5 BRb gignl g0 Jold) xmb
5 edsbe ol 5l 55 59 eee b oS oy He (ol
25 398 Gl IS sl b5 ey oSS 550
5 0ad oy slopsl wdz i) oAbl iy e,
O3 53 3 D yge nl gt 50 WS oo ai Sl ) L]
5 S8 b lply S o e it Jokw 5l Qi
3 o3l s )liS el Blgioe Jobo 5l (5508 595 (o) 2
O S oy sl 4 oged (e 1) 5398 bl
g dy odindad 5l jene 5lam 5 e clesy ol )
@ Eee &y 4 3l ses 5l o R0 Sl s b ekl 5
o a5 s By sk ols slopls onprlad 55 &5
Loy ogdion ol ad)5 18 Cull pwbline lase 36
Il ppa) slaps! OIS bl goucl 4 4z
3 b §) bl olae S S Y
B e Soge a4 Jole Byl g0 50 45 (558 sliyal
4 S byl galols ;s b ogd oo Jloel wilaid 5
IS e & Jloel Gl Glie poaong; Joko
s b rd delas ol b oy jo 0ediee

Sy b oS8T Lo Job

Ll

o

oadad o5 5l eslannl b ylesy slajls o pSoslasl pleses ) IS
s

el e WWW.OPSEAT ol 10 3890 (o yiws ,0 by b allie ol


http://www.opsi.ir/article-1-1250-en.html

[ Downloaded from www.opsi.ir on 2025-11-12 ]

VYA poge VEY

0.6 -

o
o
1

Output Signal(V)
°
2
L

o
w
N

— T T
338859 338862 338865 338868 338871
Frequency(GHz)

AV 5 AD poaomg; )3 (b 98 ln slre lou sla )l J5:V ses
7S 050 (69, M (e VT pbline (ylae )0

lo -0

Sl o ail 6la 58 anlllas 03,5uF 0,15 4 4z |
ol S el Cur sl slaghy, (2L
cgosle 5l (S lis ol o el oad will Ll
byl asllhae cqx sHhes Sadon S slalts,
5okl b el a8 )5 5158 s 2 0590 Loy 9 525 (39
5 7 b S oIl 5l JSate ¢ 052 Aes (s, S
9 )3a> pas ;0 o598 o Jld ) ool el sla,laS
Obors silin) G s)S (pueblie Glae Jlesl b

el ewdy lopls oadad g o cudad o3 U L

122l po

[1] V. B. Tiwari, S. Singh, S.R. Mishra, H.S. Rawat, S.C.
Mehendale, “Laser frequency stabilization using Doppler-free
bi-polarization spectroscopy”, Optics Communications, Vol.
263, pp. 249-255, 2006.

[2] M. Ranjbaran, M. M. Tehranchi, S. M. Hamidi, S. M. H.
Khalkhali, “Harmonic detection of magnetic resonance for
sensitivity improvement of optical atomic magnetometers” J.
Magn. Magn. Mater, Vol. 424, PP. 284-290, 2017.

[3] J. B. Kim, H. A. Kim, H. S. Moon, H. S. Lee, “Saturated-
absorption spectroscopy of weak-field Zeeman splittings in
rubidium: comment”, J. Opt. Soc. Am. B, Vol. 14, pp. 2946-
2947, 1997.

[4] D. G. Sarkisyan, A. V. Papoyan, T. S. Varzhapetyan, K. Blush,
M. Auzinsh, “Zeeman Effect on the Hyperfine Structure of
the D1 Line of a Submicron Layer of 87Rb Vapor”, Optics
and Spectroscopy, Vol. 96, pp. 328-334, 2004.

[5] P. Gill, “Frequency standards and metrology, Proceedings of
the sixth symposium”, World scientific publishing Co. pp.
184, 2001.

[6] C. Audoin, B. Guinot, “The Measurement of Time: Time,
Frequency and the Atomic Clock”, Cambridge University
Press, pp. 124, 2001.

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

B8 e g ead e leaias LSt slaaiin
Bed ool Hlas |y asains slaaeluy

.

0.40

0.35 i A
W/ A A‘.;
__ 0304 ¢ \ )
) k \ T
= A
< {
S 0254 \“( L
5 R TS
g |
S 0204 &
o] S|
6|
51
0.15 4 ¢ S
0.10 T T T T
338859 338862 338865 338868
Frequency(GHz)

Oles )3 AY 5 AD poaag) ) §98 JLSle sla)lis” JsoF Jss
75 095 (S9y Ahy (smloline

33355 G)liS 4 by pe s (69908 gl (F) USS )0
F,=2>F =3 F,=2>F =2
9 ®Rb &l F =3-5F =3 4§ F =3->F =2
«F,=1->F =2 ‘ F,=1->F =135,3
¥Rb lp, F,=2-F =2 F,=2-F =1
ASb o

Olory $la,)l05 punbline plose jpa> 13 ol F (et @
i o o8z slopls adad b5 (695 5l oolazul b
shlo e ol &Sl @ dazgr bl oals ools ylid (B)
o 098 el >l o il o - (Slasgly Al
e a8 a0 S gy (rels asly SO Wb A
Al AmML =1 a5 Wgd oo jlre

0.5 : it
s <

0.94

0.8

0.74

QGQQQ@

Output Signal(V)
%
2 =l
O—,

0.4

T T
338859 338862 338865 338868
Frequency(GHz)

3 BRD ;o lopls sardad yoi slp jlme o o 38 JS 0 S
ety o) (65 M e VYA sangbliis e 0 7RD
ool b glesy o )ld8 cwnblise las jpa> o
Sl 8 sy Syge s b el b5 sein
bases ol Solas .l oals ools ylis (F) JSi j0 oS
I, e,las as sadnd (o5 a8 ol aiSS () 0 O S
Al Am =0 &5 &S 5o

el e WWW.OPSEAT ol 10 3890 (o yiws ,0 by b allie ol


http://www.opsi.ir/article-1-1250-en.html
http://www.tcpdf.org

