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AbstratThe di�erent steps of the target polarimetry analysis for E01-012are presented in this note.



1 Introdution
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EPR RF FieldFigure 1: Optial pumping priniplePolarized 3He nulei reated on small magneti �eld ÆB3He inreasing theZeeman splitting between the sublevels of the Rb atoms. The transitionfrequeny between these sublevels is proportional to the external �eld andin our ase: B0 + ÆB3He, where B0 is the holding �eld. Using an RF oil,the resonane frequeny an be found for the external �eld B0 + ÆB3He andthen, by ipping the 3He spins, we an aess the resonane frequeny forthe external �eld B0 - ÆB3He. Therefore the polarization of the target isproportional to the resonane frequeny shift:P3He = 1�EPR ��2 (1)�EPR depends on the external �eld, the density and the temperature of thepumping hamber. 2
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Figure 2: EPR measurement spetrum2 Holding �eld2.1 from Helmholtz oils alibrationA alibration of the Helmholtz oils was performed at the beginning of theexperiment and the results are:Bx = �3:45228 � Ilarge � 0:1759 (2)Bz = 3:51139 � Ismall � 0:00346 (3)Ismall and Ilarge are the urrent in the small (longitudinal) and the large(transverse) oils respetively. Due to the fat that the Helmholtz oils werenot for purely longitudinal and transverse diretions, both set of oils were3



used to have the 3He spins in longitundinal or tranverse. Thus the norm ofthe holding �eld is determined by:B0 = qB2x +B2z (4)Figure 3 shows the holding �eld value alulated from eq. 2-4 when EPR
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Figure 3: Holding �eld magnitude from Helmholtz oil urrents.measurements were performed. However, the power supply of one pair ofHelmholtz oils failed during the preparation of the experiment and therewas not enough time to realibrate the oils with the new power supply.4



In order to hek the Helmholtz oil alibration validity, B0 an be alsodetermined using the EPR resonane frequeny.2.2 from EPR resonane frequenyIn our polarized 3He system, the holding �eld is about 25G. In this senario,the Zeeman splitting is smaller than the hyper�ne splitting. The energy ofthe sublevels an be determined for 85Rb (I=5/2,S=1/2) from the Breit-Rabiformula [1℄:EF;mF = � h�hf2(2I + 1) � gI�NB0mF � h�hf2 s1 + 4mF2I + 1x + x2 (5)where F= I + S is the total spin. During E01-012, the polarized light andthe holding �eld were setup in order to populate the level -3. An RF �eldis applied in order to indue the transition between sublevels. Thus themagnitude of the external �eld an be extrated when the RF frequeny hitsthe resonane [4℄.h�res: = E3;�2 � E3;�3= �gI�NB0 + h�hf2 "s1� 43x + x2 �p1� 2x+ x2� (6)with x = gJ�B+gI�Nh�hf B0 ' gJ�Bh�hf B0 sine gI�NgJ�B ' 11800 .B0 an be found by solving eq. 7 and with x = 9:2297� B0(Gauss). Fig. 4shows the holding �eld magnitude extrating from eq. 7 at di�erent orderpreisions for eah EPR measurement.�res:�hf = 16x + 536x2 + 16x3 � 116x4 +O(x5) (7)
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Figure 4: Holding �eld magnitude from EPR resonane. For the EPR anal-ysis, we will use the 3rd order results.
2.3 Comparison of the two methodsThe holding �eld magnitude from the two methods above is plotted on �g. 5.The disrepany an be explained by all the other magneti �elds surround-ing the target area (spetrometer magnets, earth �eld). Thus the seondmethod is able to measure the external �eld felt by the spins with a verygood preision.
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Figure 5: Comparison of the holding �eld magnitude extrating fromHelmholtz oil alibration and from EPR resonane.
3 Determination of EPR onstant�EPR = 23�0d�EPR(F;�mf)dB �0�3Hen3He (8)with [4℄: d�EPR(3;�2$ �3)dB = 0:4670779 + 7:37904 � 10�4B (9)and [2℄: �0 = 4:52 + 0:00934 T (10)T is expressed in ÆC. For eah EPR measurement, RTD readout were ex-trated and the pumping hamber temperature and density ould be alu-lated. We used the holding �eld magnitude from �g. 4. The EPR onstant7



�EPR for eah EPR measurement is shown on �g. 6 as well as the holding�eld, the density n3He and the temperature T of the pumping hamber.A reent measurement [3℄ of �0 is onsistent with [2℄ for temperatures upto 350ÆC: �0 = 6:39 + 0:00914[T � 200℄ (11)
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Figure 6: EPR onstant.
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4 Pumping hamber polarization
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Figure 7: Comparison of polarization from up and down sweeps.
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Figure 8: EPR onstant.
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5 Polarization gradientTable 1: Cell harateristisell name Duke Exodus�old (h) 52.6 (44.1)�hot (h) 26.2 nonePmax (%) 46.0 44.0n0 (amg) 9.18 9.62Vp (m3) 113.8 103.9Vt (m3) 82.6 84.7dBz=dz (mG/m) 7.6 7.8
5.1 3He relaxation rates� relaxation from holding �eld longitudinal gradient��B = 2D (dBz=dz)B20 (12)D ' 0.2 m2/s: 3He self-di�usion oeÆient For a longitudinal gradientabout 8mG/m, ��B ' 1:5� 10�4 h�1. Thus it is negligeable.� 3He-3He magneti dipolar interation�dipolar = [3He℄744 h�1 (13)� beam relaxation Sine EPR measurements were not taken with thebeam on, the beam relaxation is not inluded here.� wall relaxation The total relaxation e�et an be measured by �ttingthe spindown data and extrating the average lifetime of the ell:1� = �dipolar + �wall (14)During EPR measurement, the pumping hamber is at about 500K andthe target hamber at about 320K. So a lifetime measurement done11



when the target was at room temperature doesn't allow us to extimatethe wall relaxation. In the EEL target test lab, a hot spindown wasperformed on Duke in July 2002. The target and pumping hamberdensities was alulated from the temperature test done at the sameperiod: nt = 11.8amg and np = 7.2amg.�targwall = 1� � �targdipolar = 145 h�1 (15)�pumpwall = 1� � �pumpdipolar = 135 h�1 (16)Duke and Exodus are made with the same glass (GE180) and their physialharateristis are not very di�erent, we will onsider that the wall relaxationsare the same for both ells.The spin relaxations rates will be determined for eah EPR measurementfrom the densities of the target and pumping hamber as followed:�t = nt744 + 145 (17)�p = np744 + 135 (18)5.2 Rubidium onentrationTRb = temperature of the pumping hamber bottom = oven temperature =170ÆC6 EPR-NMR alibration onstantDuring Feb. 8 alibration, EPR showed large AFP loss. That might be dueto masing. So this alibration an be ignored and the valid alibration forExodus is the one from Feb. 14 where we made sure no masing will our.For Duke, the Jan. 7 alibration di�erene with the other alibrationis due to the realignment of the lasers on Jan. 9. Otherwise, the threealibrations done after the realignment agree pretty well.12



Table 2: EPR-NMR alibration onstants (in %/mV).ell name date CEPR�NMRDuke Jan. 7 3.211 � 0.060Jan. 16 3.300 � 0.037Feb. 3 3.307 � 0.046Feb. 4 3.314 � 0.042Exodus Feb. 8 2.299 � 0.043Feb. 14 2.426 � 0.031
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7 Target hamber polarization from EPR-NMRalibration
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Figure 9: Target polarization using EPR-NMR alibration.
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Figure 10: Comparison of the target polarization from EPR-NMR alibrationand water alibration.
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8 Masing
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Figure 11: EPR measurement spetrum showing strong masing
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