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Designing of Zeeman slower for laser cooling of 87$r atoms

Davood Razzaghi, Mina Baradaran*

Photonics and quantum technology research school, nuclear science and technology research
institute, P.O. Box 14155-1339, Tehran, Iran,

davrazzaghi@yahoo.com, baradaranm@ alum.sharif.edu®

Abstract- In this paper a Zeeman slower for slowing of 3757 atoms has been designed. Thermal atoms come from
oven at 350-400 C having a most probable velocity about 430 ? , enter the Zeeman slower and must been slowed

down to about 50 % This slower has been designed by matlab software. Then simulation of the atomic Zeeman

slowing dynamics were performed. The results of simulation showed that Zeeman slower is properly well designed
and atoms with velocities up to 394 ? were slowed in this Zeeman slower.

Keywords: Sr atoms, laser cooling, Zeeman slower.

Yyy
Qb o s B WWW.OPSTIT Colis jo a5 coul jlael l)ls 5ya0,0 alioe oyl


https://www.opsi.ir/article-1-2226-en.html

[ Downloaded from www.opsi.ir on 2026-06-19 |

Olpl SE9558 (698 5 (smditr 1A (rem33lys 5 (lnl Soged 5 Seil (WIS (et 5 S
VWAA crage V81D il el ooanslss oSl

58 plmlr b6y e (22U LaS Sl eslanal L L]
S e Sleasl Ngd (oo WS 39d (oo 00l g g, 5l aS ol
olate o Jlaie b aS 8 = =K 0(x) ool bulr 9 (15 2
@bl S g Leadl Sy i b a0 Sl nlie
bl gl digd oo )5 55 o b (il 5l ke skl
e bl e 51 ool b dgadl g5l 55 iyl 3
9958 0 Ol Ghed olmlr (55l slajly almlx b
A Y Ak, g wsile (oo (Bb 5 b by, 5o Les

ilo oo

(O + #B}EX) = Wy, + KLV(.X) (Yl)

o olee By s 5niSe [ zge sas K ¢ abyly ol o
JJ‘LSA)O)")E—))MLQ,QJ‘)J\))‘965)&)‘MAML}LSA

_ hkgT é 4p)

F = L&
scat 2 1+L+4(5L—k-v—£)2/l"2
Ts 7

S925r b g e 3l Gl asgezme Gl aS(OV) USL) e
1#] D9 (o ol ! s

i =461 nm
=32 MHz

gl TN g5 Jolo L y5d g coms oatiS S ) IS5
S o 0S| 0,5 5l ond g, slgead] Sota gl Dl

b
lp 0" Cate gl opls Galn D gp 5l LSl o
a2l oolal ¥7) nm Zoe Job 5o 87Sr Sheos! 5lwass
Feool¥or &)l ax )0 0 ldl (29,5 (oSl Sy 0,5
abaly 5l as ol oo TV M/S sgu> 0,55 51 ol Kl ax 0

v = ’3kBT/M )

Sy Slg oo cnlpl g g 900 Lall (SIS D136 o
5% Olye 4 6550 sl ST S8 | il S
Lol azg psl sldls o (o5l SG5d sz o 3L
S a4 VY Lo g opl oS (5)9b a4 ol a1
oyl Gilwoym ojeyel ol el and; cpl LKAy
(o8l Sopd ke la asls o 1) Gg38l5e, sles )l
VAAY Lo po el @bl 0y g (shslom ¢ (558l9xSsil
b simle,s legs o 5l (ool a5 S WIS 5 eded
as ol eS8 L g5 aSl abewgy 4l e vz
Lt o a5 jphailon 033,87 WS 0l go a3l 4L 4 9,
b ilinsy 5l orkls s 1 5 Lpadl aliS ol G208
Oy Sl alwgy S 3 almler (Wl oo ) 5]
bl (lae b (pa S 5 098 oo Gl (03l 105
Al gles ouus WS oBiws oyl 0l o obml olad s
ool a5 L 00itS WS (gl 039 50l 45 sl Lol Aliasg 5 0,10

.[\c—\]ob %

b Jgel

LS o o 53 (il 45 (sr5,05 53 53kt oy 3
8 olelr L) plae b oagzlee 0 Voo
‘54)-:‘ )L).f L)M.)ng.g (Oh) 9 )).J L)M-JL{)S (I)L) 6L = W — Wy

I
hk,T Is o)

T2 1+é+4(zSL—lc-1J)2/l"2
Sad | g adl (oo )08 anb b gy ¢ 9T =21y o«
Ll el G5 el bl cal ds g 5 e

. 1
ol S5klo lmle ke v g uligs) glet) el 5o =

Fscar =

b ol as obis ancig jlade wbL I [ a5 ol jo

ol o Gy oy abal) 5l oS S adilgie

_ hky M

a - =
max 2m

Al o yiwd BB WWW.OPSLIE ol jo a5 sl jliel glyls 550, allie o


https://www.opsi.ir/article-1-2226-en.html

[ Downloaded from www.opsi.ir on 2026-06-19 |

Ol Sigisd (53 5 (owiiges (ST ejles 5 (lnl SE9558 5 Sl (ST el 5 Cen
VWAA crage V81D il el ooanslss oSl

Ol loged LIS (50 52Kl jdor oS allus (285
Orizes g wSb aneS Wb et Shb plase 5 JT ol
Wb At Wb Gl 4 cnd eal (b o Ol s
ke | celied b g s Vo 5l onliial oy, soliid
25 el g (Bl gl o sloygo slawi 4 yol N Gl
Olawe ¥ S jo el ool V gz 0 a5 bl cws

oS oo odalin |y ouls b lae g el

30 g0 slaws 30 g0 slass

slbed sbeal,

3l bl
180
173
162
148
132
85
73
52
29
18

OO (NG |R|WIN(F

gjlojorjorjorjor|o (M~ |o1|ot

[EEN
o

19 mm

wbjaﬂwhJauowfljbum)ujﬁdmmc)bYL\’ng

Ded 00 elad g 38l sl jeo slasy o] 4o &S Zy e ghads

(MOT) Syl 55%e 4l o st |, lgad! Sl sl Las el
00iiS WS 3l eslitil b ol plis el WU L sl ol oy
W) eadl Sy 025 (oo )] aladons 90,55 G oS (e
Sy 89959 Sy Olgie 4 a5 quile, (o O MUS 390>
Sl UK 50,9] e (gly 09 oo &85 Ly o MOT
Lo () dsbee b 1, colf malS 5, S cwsblie

S (o

v(x) = m @)
Lyls s Jes o el @l Glid 5 adyl cepu v oS
s3e) DB b g (pmeblie (g ;0 25290 alis 5 oSiyle]
3G 4 g oS (ool Iy Cewd Ay PLd 4 0aisS WS
Obeas S (b sl cnlple o) Ol (o0 aiptin LS
WS o i ymi 1) (b all plar Gl S sS (sl
9 oS oo LS 1 =050k Lo all o0 @ = NapaxaS

1392 wals> pj lade QLS cnlply

_ kLT
T M4

Slde gl il 1S5 = 1Py (I35 6l Y [=2ny a5
sl g (F) alal) Sleslaial b oplpl adl oY = 32 MHz
il e s a5 Lo 1350400 'C (glos b lgwasl (40,5 oS

~5 % 105m/52 )

ol VA ga Job b gley; cife dusys 00 M/S 350> 4
2

2— h
4 el dlms 15 Lo = T alaly 5145 oy, anlss sl
LSS5 0l il 0o Ko )99 bz e Olg5 015 5l
mu&lwbé‘ow@om)@@\‘\ @)b]]a:é
L (¥) doleo o polie cpl fols JI3 L acal Soop L]

f"‘i)ﬁi <° Cewdo ‘) J] odu‘ ‘;u.J@LM O‘M JS.«»

.,;2
Bigeai(x) = By |1 — (1 - v—’;)%-p Bpias \)

Sk (o0 B, = v

= 665 gauss <
oS (50 k] Bpias = —167 gauss ke s

Ol S8 4 Lz e 3l 6l as 9o (S L L >

@ gl aaby ag b1y 5 ol e aSto,S lag caws JT oy

A 50 b Sy sl 1 LI cnlyo eesls plasl e 0L

Al o yiwd BB WWW.OPSLIE ol jo a5 sl jliel glyls 550, allie o


https://www.opsi.ir/article-1-2226-en.html

[ Downloaded from www.opsi.ir on 2026-06-19 |

Olpl Sgigd (659L8 5 (s (ST e d3lsd 5 Ol nl S350 5 Syl (ST et 9 S
VYA Crage 151D el eyt g o olKtils

450 T T T T

400

350

300

= 250

E
= 200

150

x(m)
IS AR NVORIS PUR] JCX JESIE JUNERE G Lo

1wl

lassl o8 S0 5l 1, Gloyad g Sas il oty
ol plml cuz el plil lemles b plnl egtilsS
g T N Y SV BT V- KPP P v-E)
S lis] slembocaly ol r’)] A5 sBl Ll 9 (Sl

ol sl

loaz

[1] H. J. Metcalf, P.V.derstraten,”laser cooling and
trapping”, Springer, (1999).

[2] S.Chu, C. Cohen-Tannoudji, W. Phillips, Noble

lectures, "' for development of methods to cool and
trap atoms with laser light *,1997.

[3] P. Molenaar, P. van der Straten, H. Heideman, and
H. Metcalf, “Diagnostic technique for Zeeman-
compensated atomic beam slowing: Technique and
results,” Phys. Rev. A,V.55, 605 (1997)

[4] B. Ohayon, and G.Ron, Rev. Sci.lnstrum. 86,
103110 (2015)

[5] ERYN C. COOK, LASER COOLING AND
TRAPPING OF NEUTRAL STRONTIUM FOR
SPECTROSCOPIC MEASUREMENTS OF
CASIMIR-POLDER POTENTIALS, PHD Thesis,
Department of Physics and the Graduate
School, The University of Oregon, 2017.

[6] M. Schioppo, Development of a Transportable
Strontium Optical Clock, PHD Thesis, Dept.
Physics, Degli University, France, 2010.

YY®

0.06
B(calculation) |
0050 =~ _ — — —B(ideal) |
0.04 / _‘\
o 003 ‘\}T?
X N
@ 002 NN
~
~
0.01 \
N
N
0 \
\
\
0.01
0 0.05 0.1 0.15 0.2

x(m)

oals b g J] oyl Hlae YL oY S

Ol o0 b Rl &S (gie e ke aiin 05 g 12
b 5 4D 5l Ll S8 o Sl 08 05
SS9 85 g e 8 ln el S AY Ol Gl e 5l
0ds c’_>‘).’o Oloe Olss bz el o 1 cce! ool (F)
2 ool a8 098 o el g el e T ol yloe 4 S
IS el o Wgid 7)1 (gilwasS a5 > 5l lawe &l puss Sl
s —028<x <01 sl X Jobb o> 0 iy ciXe
Sl 3 —01<x<01 glo X Jols o> 5 MOT
e P Be YV il 8 olbnl> a5 09l (0 cvnline
m
2,5 A8 (cpagy 0aisS 0S8 ol ol YAF T e

ROW PRWBIES NSRS ONE UL SILLE P PN | B3 WAL o
Fo TV Cie 4 (63959 9 0095 Sl (29> el ey
ey g S5 (e Sl S izren il
azgi b ool s and § s 0 4l o 2e O MOT @ (504 ,9
s s dslze 1 oay] cunbline ylawe adgl oyl i oy
b (e SiRe g e V5l (orilie S 5 jleslanl b
Lol 5o oS log caws JT ol floe ool 0 b ol
ams ol 4 ad (2hb o o sl e85 > g5l a4l
S5k &5 bl g oud (il (93 4 Glare (0l &S
Lol s b oS [F] o o s sl a 1ls 1, YA 2 6 L]
1 L ol Como sl ool bl 1y oyl ol SlaSy 4

Qb o s B WWW.OPSTIT Colis jo a5 coul jlael l)ls 5ya0,0 alioe oyl


https://www.opsi.ir/article-1-2226-en.html
http://www.tcpdf.org

