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Sensitivity improvement of optical pumping atomic magnetometers using

Bloch equations
Malihe Ranjbarant, Mohammad Mehdi Tehranchi*?, Seyedeh Mehri Hamidi?, Seyed Mohammad Hosein Khalkhali®.
! Laser and Plasma Research Institute, Shahid Beheshti University, Tehran, Iran
2 Physics Department, Shahid Beheshti University, Tehran, Iran
8 Physics Department, Kharazmi University, Tehran, Iran

Abstract- Optically pumped atomic magnetometers are one the most sensitive sensors introduced for the measurement of the
extremely weak magnetic fields. The sensitivity of these magnetometers can be improved by using the optimum operating
conditions. In this paper, the influence of laser beam power, cell temperature and rf field strength on the magnetometer sensitivity,
using resonance absorption and dispersion of the light beam passing through a rubidium vapor, has been simulated. Our
theoretical predictions indicate that a great reduction in the sensitivity can be observed under the best selection of affecting

parameters.

Keywords: Magnetic resonance, Optical pumping, Alkali metal, Sensitivity improvement, Bloch equations.

Y

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://www.opsi.ir/article-1-1249-en.html

[ Downloaded from www.opsi.ir on 2025-12-15]

VYA poge VEY

(ed pid Dol ez Shelse b eSE s S aneS
2 @bl sl Jsle les s Slug plae anels
B owin B9 @75 e w4 ool S Sl
RPRVESIRPIPSCOUN PP SN I | PO § IRCHW PUE K 5
Dad Joko slal oo Lol [F] a2 o 4 bgrpe (229
5 3B o2 sboaalie g ool ools 1,8 A SYolee o i
Camd o Sal 00l (g3l wpais oo 5B ol
Jolos sesd b nats lopioee 51 SG 5o anals 4 gy
@ ol (Staly (o) p b Sl 0o )S S 550
ol 00035 (raetd S 5o digy polie «Jalge

M ¥ slro 4y 5 Y

(o 8 SgSag Slo Sl @ plites jobine &
5 Bo) ol uobline flawe jea> jo ol iodad
N (Syre O Yol (Br) Slog (omublioe o
Jsl XY amio 57 sbily )3 w5 4 Bir 5 Bo 31 [0]

adasl ) b #3b S¥oles wighs

M M, [Brcos(@nt)) (m g, M

M, [=7| M, |x| Bysin(a4t) [-| M /T,

a y
M M B, (M, =My)/T,

ol @by e ol Gald (poye 5 Job
alie 4w b Qb8 5B )Be ol Sl g jee OY¥olee
4z S oglioe JS Mz g My My (pomy (il (a8
ool Bo Jlasl conbline lae sl 4 S ins
5 Bo oabline ologe «ies g5 sliwl, ) s Y]
o olad @b 3 o5l Jobo 4 s | (Glugi Glae

X
.
y
X -
. g
2
light beam b

ol Kz 5 Slos ojlgm )b N S
solizl 15 > Slatses olfiws 5 Dl SYolas J> (sl
s> 53 el b XY amio ol (ol o oS 0

o ladie (laizw pl 1o o) oo a5 4 col (Jolss

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

doosio —)

srSoilil 3l sl 0 e ol 1S
|) ‘5‘0)39 a>g5 FL| W) )L».w.a st.blm Lgl.(bulu\.uo
G rSoll sl IN] el ails Gslans 595 4 G ud053
S a5 Col Gl s cwgblae o i
oz 1ol 0,55 (@YU Hlws Coslus 5l punbline
e ‘50..'.‘ &Lm)i.p 5&&.&‘0[—»&& le.a:)iw) u.»)...wl..,.o
@ azg bowh bloypl egilsS 3105 bl
colre lQ)iA.».’ CJ‘i‘ gél&" 6Lm> ) 605‘ LSL“)i“*’ a;)tf
@ 5l YU s cole anie aes 5l Ll ol sl K>
J.'a)L.\.S ‘) b.......]ab.u cblas> dbl 13J 9 > il y
Iy 4]

el Lg).sfo)'k\.;‘ :.\.>l.: » ‘G.o.?‘ 6L‘°)i“‘-> 6)—.’5"}“-\3‘ J}.&‘
Sl ol (@ =yB) (o2 &5 > 4y bgpe y50Y
el 4 sanld cou bl Lol gl (oL B S
aS anlyd ol el oo ol Siodad glils  (SCOl jies
Dydier Glery slasling Coxer Jolsb pae coge
Gulaie «(0,82) 5 Kuul) (slopls oandad yoi aSG L Jawes
Slaagly WSS 45 2,5 o0 D90 (2L o] (20> LS »
S 0,Shae a5 Sl oS o Wl sl 4 1) (<)) +)
Ol G wyls 3ls byl wgded sl OS> 4
B L bl ool S > obul Gl Sloy owabloo
3 Sy ewabloe lase Jlael bogd co Jlos! LSS
odd eapdad Sl e b aS slable 4 g dwlas
Do S laer los) o150 0 S0 e ean
Sole (nl b osle (Sl (olss oS 09l o0 crge g 485
(o, =w,) 23&5 bl )18y Ojeo 0 08 ley
3 LA IRVRR: ST g o Aicdon Slugl ol asals
Oldee oIl & 90, debay (Siwndly a2 a9 b 09d oo
o] el oo o3lasl e delas ol ¢ Jlae! unboling
Iy

JROUPS JCH NP VRNIIN K GWESP SO 251 Kt NG RRPL g P { I
0AiS pnd Jole odnl Cawdy dpaid  Jowe gaiels
WAL Jore akeld A Ly Cond Canbigo N>

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://www.opsi.ir/article-1-1249-en.html

[ Downloaded from www.opsi.ir on 2025-12-15]

VYA poge VEY

3,5 o 3
1 )

BN

y o9 g a4 JiKw Sond SIN Gl jo a5 358 e oo
o Sligy 5l eolaiul b To 5 cnl ubblineg w5 o o
G oazg bowloe Cesdy (Avpyyy =1/27T,) wois
aelo & Ly S 4z 50 &5 S Gl o 595 e alai
I g 0gdn faS Sl 098 S8 sS WaLT e
bt e fiSsS Slieais pakts Cobll S
I5 5 ¥] casls wales 1, Jlusl

@b =Y

J> 5l esel ey Beal g Ben slaadlge (V) S
aiels 5 Ly aoo co lis delus s o 1) 236 Y olee

wiloads asein (V) S0 [0 wyaid o

F aat
0.16 === Quadrature component ’l ‘§~

=== |n-phase component ~'h
0.1 ~eand

x
7
1]
0.06 ¥
r
I
]

Output Signal (a.u)

Peak amplitude

-1000 500 0 500 1000 1500 2000 2500 3000
Frequency (Hz)

DS JiSew 56 ool g 56 oo adlse Y S

Wl (ke Bl 5 SBen slaadlie Dl TS
A3 oo Hlid Gles Sad sl b

0.2}
% 06}
z 08

2z

Zaa
EPT
~aast

000 500 0 500 1000 1500 2000 2500 300 %y W 00 w0 0
Frequency (1z)

0o
Frequency (Hy)

red Sad Gl L s g glaadlie Dl s ¥ SO
ol FOSs o F IS e some ainls a4 Ly o
OBl b ogd go alaxde a5 jghailes el 0ol oold
Sol @ azgi b bl ogd oo (e9) yie Somles Db
P G VRN IV OO RS YV i A SOV SPIR W Y |
Cnol Y=Y MW/EM? g0 S 45 bogy pe Gl aige
g Dad Gl g Conl oals mdle Dl ol a5

RN NP S

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

Olyie b aS My JiSew (M]) 56 ool 5 (M) 36

M= @, 00 )
4o, TT,+ 007
M ' — a)rfTZ

_ M,
Y 14w, TT,+T,00)7°  °

9 5(0:@)—0)0 u—| o as “.\;5....:‘50 oals uw.ul.o.v
5 ok oaly pley adbiee jeY el @y =B,
Lly) T2 9 T1 el Giudad oo ye

1 1
.Fl:a(RSD +Rop) + Ry D
1 1 1

T e
0 el Gipnss gy Q o(V) bl 5o 35l o 00,50 |y
75 Rsp g oo 00ls g=21 +1 L JolS jindad <> o
gwl Jols ulals &5 Rse ‘Wl ©ogl Lulalg
z5 Sl G 75 Rop g Joko o)l90 b 5,95 5 7 5 Rual
@5l 5l (2L (Rp =R +Rgp) el S5l Loy
BLy K LRD QL slapst 05950 5T )8 !
3ly 03lgd b )93 p &5 RalS Cuz &5 cosl (HE) (8L
Jobs g5 el ot Joho 0)ly (oLl L8 (ssl> Jobe
b oUW Glawsl 9,550 )3 Gapsl S35 51 (26 ]
3 Gmel 639 51 GB0 0)les Lo e £ s SuSe
S sk @ cwl QL B sl Joke o)leas b o9
s Va5 355 c0 005 R =N oV alayl, b Lilaly &5
N B N7 =BT 72mM) oleS Lawgie
ahie b [¥] wilo )55 alaiio glaws 0 5 LS
Arprdng, @B I Gl el o0l slos )55 5
5 oo =9x10%em? 6% =1.6x10Vcm? L el
Loyl B el Gl Gl ol ghaile mhaw
Gl Lol el o5 =1.9%x10em?
Sty Jlowy] 55 2l dlolas 5l ) L8 b S
otels £ (o) basgio Cs pus ably 1) Lod g (]
&5 elise Sy el Sl (alely €55 5 el (50520
colie (L6 oo b (Rop) (So) (ies 5l (226 ilalg
Sl b cslie o)lgms 51 alaly &3 9 Cowl (red ud b
L IY] el (R =D(x/R)) 2l 3 sol> Jsho
To 5 To Gilaly lagle; (F) Laily, 55 9)l5e cnl 6 0L
M) Lilyy 0 bole; cnl @B by anliee conn,
L5l wal g 56 mo sleadlie goelay (Sonly (lgio

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://www.opsi.ir/article-1-1249-en.html

[ Downloaded from www.opsi.ir on 2025-12-15]

VYA poge VEY

1,05+
1.00]
0.95
0.90

3 05

Z 080

£ 0.75]

s

2 070+
0.65 -
0.60

0.55 1— T T T T
42 44 46 48 50

Tempreture ("(‘)

S5 s —F

Sl Sz (nules I (S0 (Seml oo (o K>
bl ol (3l ST gl a5 ol anpbliio
2 S ol o Slee ol 395 00 L, 4 s L
slosliial b jg0,¥ (goaddi &8 > dabay (6 S 03Il (slive
ol Comlas nlply cal woss JUSw 5k,

ol Aoly 2125 JESew 2 S0 Julge @ S
aiald a4y Ly G gy 0 b sl 50 Jlge 530
ol 3 ySel 3yt LS 56 ol g 36 o (loailge
S Gad e g Cowlees Olpsd (G cpl o
3heolaiwl b Jelo les 5 Glugs lae aisls (iwes
o3lail g A Yol lawg wais JUKw (glwands

28lie 5 48,5 )13 (o) 3550 (225 plodez SlaCeS

ool Sy g

&=l

[1] D. Budker, M. Romalis, “Optical magnetometry”, Nature
Physics, Vol.3, pp. 227-234, 2007.

[2] S. J. Seltzer, “Developments in Alkali-Metal Atomic
Magnetometry”, Ph.D. Thesis, Princeton University, 2008.

Gdo> (6 e 0w « JBS s deze S o]z aonde [v]
ooy (S (Sl (5lo 58"« aulb (s dozre
S mblise Glaglae 6 ySojlal jelareas LIS (claesl
Omeliid g Sigigd g Sel Gl IS (raegd g Conn Mliins

ATAF Il SS9558 65918 5 (omaiten sl xS
[4] 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.
[5] Bloch, “Nuclear Induction”, Phys. Rev. Vol. 70, PP. 460-474,
1946.

0F

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

0.6

Sensitivity (a.u)

0.5+
0.4+

0.3+

0.2 T T T T T T
0.5 1 15 2 25 3
Laser Intensity (mW/cm?)

PRI RUIRV.UWESSRLIVI IWES0H JOUEL I gl LW
oy dsle cpl @ Conlis Jsly Brr als s
aals Gioli8l 4 0a go cdalin (O JSKI) Cwl 00yo )8
Ol 5 (26 H9e,Y selas (595 5 58U cge Brr ansls
Sade VeNONT sgu> jo Slug flae ccl YYeNT

e = e oy
E o ] o
L 1 L !

Sensitivity (a.u)

e
[
1

e
o
L

0 5 10 15 20 25
rf field (nT)

Sl Glas 28l oy ol i B JS
d> 5l edal sy Conlir Sk S eed
S b el a5 Jobo slos o 2O SYoles
eSS ams e i (P USE) cel LB B L
S8 5y sl Jsho sles & o o Sl
s (X1 CM? Ly JE> Jolee) FF OC squ
S S Gl case L Gl e )
Lol g oo ol 2alS 1 5 JuS aals b33l
3 el SOl g ol sleoyesn slasl (lejes
i Sloo o Colas o138l Coge a5 a0l oo !4

B9 0 Y OC 5

] e WWW.LOPSILIT osg ;0 4098 (g s 4o byl ab allae


http://www.opsi.ir/article-1-1249-en.html
http://www.tcpdf.org

