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EFFICIENT LOADING OF A Rb DARK MAGNETO-OPTICAL TRAPBY CONTROLLING CURRENT THROUGH A GETTER SOURCES. Singh *, V. B. Tiwari, H. S. RawatLaser Physis Appliations Division,Raja Ramanna Centre for Advaned Tehnology452013, Indore, IndiaReeived February 26, 2010We report a study on the loading of a Rb dark magneto-optial trap from a urrent-ontrolled getter soure.The e�et of hanging the temperature and number density of the bakground atoms on the old atomi pop-ulation in the dark state has been investigated by passing urrent of di�erent magnitudes through the gettersoure. We observe that the dark state olletion rate of the old atoms is maximized for an optimum value ofthe getter urrent used. In our experiments, old atoms in the dark state have been olleted with the maximumolletion rate 3:6 � 107 atoms per seond and bakground atom ollision rate  = 1:9� 0:2 s�1 for the getterurrent � 4 A.1. INTRODUCTIONCold atoms free from the perturbing e�ets oftrapping laser radiations were reported using a darkmagneto-optial trap (MOT) [1℄, where atoms olletedin the lower hyper�ne ground state do not interat withthe trapping lasers. Over the time, the old and denseatomi samples from dark MOTs have been extensivelyused for experiments involving Bose�Einstein onden-sation and quantum optis experiments [2℄. Reentstudies using dark MOTs inlude ompression of atomsin semidark MOTs [3℄, spetral harateristis and non-linear optial reoil-indued resonanes [4; 5℄, and life-time measurements for di�erent values of populationsin the bright and dark hyper�ne states [6℄. In the exper-iments involving a dark MOT, it is indeed important tounderstand the role played by the atomi soure used.Traditionally, atomi beams and ampoules have beenused for loading a magneto-optial trap [7�10℄. How-ever, getters or metal dispensers are rapidly beomingpopular, e�ient and easy-to-handle soures of bak-ground atoms in the laser ooling experiments. Forexample, getter soures were reently used in the load-ing of alkali atoms traps suh as a Na MOT [11℄, a RbMOT [12℄, and a Cs dark MOT [13℄. The operation ofthese getters or metal dispensers requires only a mod-est magnitude of getter urrents of few amperes. The*E-mail: surendra�rrat.gov.in

urrent passing through the getter heats it, whih re-sults in the redution of the alkali metal salt and rapidrelease of the atomi vapor. Similarly, the supply ofatoms an be rapidly swithed o� by turning down thegetter urrent below a threshold value.The additional advantage of these getter souresover other traditional atom soures suh as a thermalatomi beam is that the trap an be e�iently loadedwithout involving additional ompliations. For exam-ple, the use of a di�erential pumping sheme, transverseooling laser beams, and the Zeeman slower for e�-ient loading of the trap, in ase of the thermal atomibeam, ompliates the experimental setup. The ur-rent passing through the getter soure determines thedensity and temperature of the bakground atoms usedin loading the trap. The loading behavior of the nor-mal MOT as a funtion of the getter urrent has beenstudied in [11; 12℄. However, similar studies in a darkMOT have not been reported so far. The experimentalstudies in [13℄ were performed only for a �x value ofthe getter urrent.In this paper, we present a systemati study to ob-serve the e�et of variation in the getter urrent onthe e�ieny of operation of a Rb dark MOT. In thesteady-state ondition, the e�ieny of the trap in-reases with the olletion rate and is adversely af-feted by the loss rate due to bakground atoms. Wehave measured the temporal evolution of the atoms ol-leted in the dark state by measuring the absorption of421



S. Singh, V. B. Tiwari, H. S. Rawat ÆÝÒÔ, òîì 138, âûï. 3 (9), 2010a weak probe beam passing through the enter of thetrap. These measurements were used to estimate boththe olletion and loss rates in the trap. This experi-mental arrangement is muh simpler ompared to thatused in Ref. [13℄, where loading in the dark-state wasestimated by periodi swithing on and o� of a ��ll-up�laser beam resonant with the repumping transition.2. EXPERIMENTThe dark MOT was obtained by suitably modify-ing our Rb MOT desribed in Ref. [14℄. It onsistedof a ten-port stainless steel vauum hamber pumpeddown to the pressure 1 � 10�8 Torr using a moleularturbopump and a sputter ion pump. Rb vapor wasinjeted in the hamber by passing urrent throughtwo Rb getters (SAES, Italy) �xed in series at thedistane 25 m from the MOT enter. The trappinglaser was kept red detuned at �L = �12 MHz fromthe transition 52S1=2(F = 3) ! 52P3=2(F 0 = 4) of85Rb. A hollow repumping laser beam with 5 mWpower and with the frequeny loked to the peak ofthe 52S1=2(F = 2) ! 52P3=2(F 0 = 3) transition wasused. The hollow repumping beams are usually gener-ated either by bloking a entral part of a beam [1℄ orby using an expensive element suh as axions [15; 16℄.We have used a simple tehnique to generate a hol-low repumping beam with a two-lens optial setup anda dark irular spot plaed near the fous of the lenssystem to generate a well-ollimated hollow beam. Inthis tehnique, the size of the hollow laser beam washanged easily by translating the dark spot near thefous of the two lens system. Figure 1 shows a shemeof the experimental setup used for produing a hollowbeam. Two onverging lenses of the foal length 10 mseparated by 20 m were used to obtain ollimation ofthe beam. A dark spot 2.5 mm in diameter on a thinhigh-quality glass slide was mounted on a translationstage at a distane zB from the fous. The diameter ofthe dark region, Ddark, and the intensity of the hollowbeam were varied by relative horizontal translation ofthe dark spot. This lens system was kept in the path ofthe repumping beam in the MOT, suh that the outerregion of the trap onsisted of a ooling as well as a re-pumping laser beams. However, due to the absene ofthe repumping beam in the internal region, the atomswere aumulated in the �dark� hyper�ne state F = 2.The temperature of the bakground vapor was esti-mated from the Doppler-broadened spetra of a weaksanning probe laser beam. Further, using the probebeam, the number density of the bakground vapor was
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d = 20 m DdarkDbrightzB Dark spotf = 10 mf = 10 m z = 0Fig. 1. Sheme of the experimental setup for produinga hollow beam
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Fig. 2. Normalized absorption spetra for two getterurrents, Ig = 4 A (�) and Ig = 5 A (Æ) with the re-spetive bakground vapour temperatures 400 K and800 K. Solid lines are the theoretial �tsalso estimated. The loading urves for the dark stateF = 2 were obtained for di�erent values of the getterurrent. These loading urves were used to estimatethe olletion and loss rates in the dark state.3. RESULTS AND DISCUSSIONFigure 2 shows the typial Doppler-broadened spe-tra for two di�erent values, 4 and 5 A, of the urrentpassing through the getter. The temperature of thebakground vapor for these two values of urrents wasrespetively estimated to be near 400 K and 800 K.Figure 3 shows the temperature of the bakground Rbvapor as a funtion of the getter urrent.Initially, the temperature of the bakground va-por inreases slowly with the getter urrent Ig untilIg = 4 A, whih is followed by a muh steeper inrease.The getter temperature is governed by the I2gRg law,where Rg is the resistane of the getter, whih itself isa funtion of the temperature.We have also measured the resistane of the get-422
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Fig. 3. Temperature and number density (inset) of thebakground Rb vapor with a getter urrentter with the urrent passing through it. The getterresistane dereased from 0.65 to 0.58 Ohm as the get-ter urrent was varied from Ig = 0 to Ig = 5 A. Asa result, the pressure in the dark MOT hamber wasalso found to inrease from 1 � 10�8 to 2:5 � 10�8 Torr.The variation in the number density of the bakgroundvapor with the getter urrent is shown in the inset ofFig. 3. The number density inreased steadily after thethreshold getter urrent 3.2 A and approahed a nearlyonstant value at Ig � 4 A, possibly due to uniformheating of the whole getter material.The laser ooling experiments an be performed ineither swith-on or swith-o� ondition of the gettersafter aumulating the required number of the bak-ground atoms in the hamber. We have observed thatthe temperature of the bakground Rb atoms dereaseswith time after swithing o� the getters. For exam-ple, the vapour temperature attained the value of roomtemperature (near 300 K) in approximately 30 s forIg � 4 A. However, the assoiated number density alsodereases signi�antly (by an order of magnitude) dur-ing the same time intervals. We therefore performedexperiments with a dark MOT using swith-on ondi-tion of the getters to ensure the su�ient bakgroundnumber density.We have used the following rate equation for theolletion and loss of old atoms in the dark MOT [9℄:dN(t)dt = C �N(t) � � Z n(r; t)2d3r; (1)whereN(t) is the number of old atoms trapped at timet, C is the olletion rate of the old atoms into the dark

trap, n(r; t) is the trapped atom number density,  isthe bakground atom ollision rate, and � harater-izes the strength of the density-dependent loss proess.The solution of Eq. (1) is given byN(t) = Ns [1� exp(��st)℄ ;where Ns is the steady-state number of old atoms.The �rst term in the total trap loss rate, �s = +�ns,is the ollisional loss rate due to bakground atomsand the seond term is the ollisional loss rate due totrapped atoms with the spatially averaged steady-statedensity ns.Figure 4a shows the variation of the trap olle-tion rate C = Ns�s with the getter urrent estimatedfrom the measured value of Ns and �s. It is lear fromthe �gure that the trap olletion rate inreases up toIg � 4:0 A, whih orresponds to the bakground vaportemperature near 400 K. We observed that the experi-mental values of olletion rate show a dependeneC = Kns=T 3=2; (2)whih is similar to that obtained for a normal MOT [7℄.Here, K is the proportionality onstant and T is thetemperature of the bakground vapor. Figure 4b showsthe aompanied variation in the trap loss rate withthe getter urrent Ig . It follows from Fig. 4 that thee�et of the temperature inrease with the getter ur-rent has a prominent e�et on the trap olletion rateompared to the total trap loss rate in the pressurerange of our dark MOT operation. Initially, the traploading rate inreases with the inrease in the bak-ground atom number density. But after the optimumvalue of the getter urrent is reahed, the trap loadingrate starts to derease due to a sharp inrease in theaverage thermal veloity of the bakground atoms de-termined by the vapor temperature (see also Fig. 2).In Fig. 4b, the total trap loss rate inreases with thegetter urrent. However, the slope slightly dereases atthe getter urrent approximately 4 A, due to a smallernumber of trapped atoms evident from Fig. 4a. Theseobservations therefore show that the optimum loadingof a dark MOT an only be ahieved by properly settingthe operating getter urrent.To evaluate the individual ollisional loss rates fromthe experimental results, the dependene of �s on nsin the dark state was investigated by varying the dark-spot diameter. �s was plotted versus ns for estimatingthe ollisional loss rate oe�ient � and the bakgroundatom ollisional loss rate . The slope and the inter-ept of the best-�tted data were respetively used toestimate � and . The values of � and  were re-spetively estimated to be (4:7� 0:5) � 10�9 m3/s and423
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Fig. 4. a) Trap olletion rate for a dark MOT with agetter urrent. Solid line shows the theoretial alula-tion using Eq. (2). b) Total trap loss rate �s for a darkMOT with a getter urrent1:9 � 0:2 s�1 for the bakground vapour temperature400 K. The old atom ollision ontribution towardsthe total trap loss rate was estimated to be about 30%for ns = 2 � 108 at./m3 in the working pressure regimeof our dark MOT.4. CONCLUSIONWe have studied the role of a getter soure inoptimizing the olletion of old atoms in a dark MOTusing a simple experimental setup. The optimum valueof the olletion rate in the dark magneto-optial trapwas found to depend ritially on the value of the get-ter urrent used. The olletion rate 3:6 � 107 at./s andthe bakground atom ollision rate  = 1:9 � 0:2 s�1for the old atoms in the dark state were estimatedfor the optimum getter urrent about 4 A. Our results
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