In situ evidence of radiation trapping limiting Rb polarization in common P T —

“ of NORTH CAROLINA
1

continuous-flow SEOP setups Uil | crarer nowc

Michele Kelley and Rosa Tamara Branca

Introduction Results and Discussion ~ Radiation Trapping during SEOP

0.4
o Radiation trapping is a source of Rb o Radiation trapping is still present despite N, _ 08: 5 % S. mw
depolarization which occurs when Rb absorbs buffer levels used for continuous-flow SEOP s 3 : ”i% | P 7 ‘03§ = 26 W
unpolarized photons from radiative processes (Fig. 2) £ 06 - BT g =, 3l W
due to optical pumping*~ (Fig. 1) o The relative prevalence of radiation trapping = §‘_0°2 -
L. L . . L . 0.4 =
o Radiation trapping is proportional to the optical seems to track Rb polarization (Fig. 3) 5 | &® & | Evaw
' - .. . S ! 10.1 S
pumping rate and therefore should be highest o At low Rb densities additional pump power 2 02} v e g - 1! = o 46 W
.. . _ -
at combinations of high pump powers and low does not increase Rb polarization (Fig. 3 — see | st E 3 Y 6 55 5] F
Rb densities3 g ool + . . . . .. % .20 7100
Rb polarization values at 22 W and 39 W for the 50x107  10x10®  15%10'8 20108
o Common models assume that radiation lowest Rb densities) Rb Density (n-3)
trapping is quenched by N, buffer gas used in o Behavior implies a depolarization mechanism | o | |
SEQPA4S . . . . Figure 3 The Rb polarization (upper data points) and fraction of Rb
that is proportional to the optical pumping rate atoms participating in radiation trapping (bottom data points) as a
o 100’s torr for continuous-flow SEOP — radiation trapping function of Rb density for laser powers ranging from 22 to 46 W. The
’ fraction of atoms participating in radiation trapping is greater for
o 1000’s torr for stopped-flow SEOP ower densities, where the optical pumping rate will be the highest.
OP 3 Evidence of Radiation Trapping at the D, As a function of density, the fraction of radiation trapping appears to

thermal transition track the Rb polarization.

OPjp —

Conclusions

unpolarized emission (D,)
optical pumping (D) " C .. .
o Radiation trapping is still an issue for

5s,, ————————————————— continuous-flow SEOP as it limits the Rb

Figure 1 Example of radiation trapping. The 5p,, state is thermally :: polarization
accessible to excited atoms in the 5p, , state. By monitoring emission [SEEES _ 199 S .
at the D, one can get a measure of the relative prevalence of o Higher Rb and ““Xe polarization values might be

radiation trapping. ~0.08 obtained with h ig her percentages of N )

Methods ~0.10 o More investigations are needed for higher pump
S power with larger optical cells

~-1x 10"

o Small optical cell (5 cm x 10 cm) containing

1. Saha, I., Nikolaou, P., Whiting, N. & Goodson, B. M. Characterization of violet emission from Rb optical

- : : : : . : pumping cells used in laser-polarized xenon NMR experiments. Chem. Phys. Lett. 428, 268—-276 (2006).
Several atm Of 1/10/89 Of Xe/NZ/He Igure 2 Example Of In situ monltorlng Of the DZ €mission under Optlcal 2. Mortuza, M. G., Anala, S., Pavlovskaya, G. E., Dieken, T. J. & Meersmann, T. Spin-exchange optical
. yumbine (red). The absorption line (blue) used to measure the Rb pumping of high-density xenon-129. J. Chem. Phys. 118, 1581-1584 (2003).
@ AbSO rpt'On SpECtrOSCO py WwWas USEd tO measure p g ( ) , P ( ) , 3. Rosenberry, M. A., Reyes, J. P, Tupa, D. & Gay, T. J. Radiation trapping in rubidium optical pumping at
. density is taken with the halogen lamp on, but with the pump laser off.  ow buffer-gas pressures. Phys. Rev. A - At. Mol. Opt. Phys. 75, 1-6 (2007).
the Rb density To optimize the fitting, the absorption and emission data were added gi'mi';rt‘ir;izteiiti’pHefr:ﬁt(:ejns&ggh;ggeixtognlg“(Xé;tz‘g‘;ped‘ﬂowSp'”'EXCha”geOpt'ca' pumping:
" " together (green) nefore fitting and integrating. The radiation trapping 5. Kelley, M., Burant, A. & Branca, R. T. Resolving the’ discrepancy between theoretical and experimental
O Fleld CyCI | ng was used tO mMeasure the Rb : : polarization of hyperpolarized 129Xe using numerical simulations and in situ optical spectroscopy. J. Appl.
Iarization®’ fraction was taken to be the area of the blue minus the green curve hys. 128, 144901 (2020).
pO d rlzatIOn ’ divided by the blue curve. 6. Nikolaou, P. et al. Near-unity nuclear polarization with an open-source 129Xe hyperpolarizer for NMR
. . and MRI. Proc. Natl. Acad. Sci. U. S. A. 110, 14150-14155 (2013).

O Optlcal SpECt FrOSCoO py Was used to monitor DZ 7. Kelley, M. & Branca, R. T. Theoretical models of spin-exchange optical pumping: Revisited and

reconciled. J. Appl. Phys. 129, 154901 (2021).

emission during SEOP ,
This work was supported by the NIH under Grant Nos. RO1DK108231 and RO1DK123206, Dr. Branca’s startup fund, and the NSF Graduate Research Fellowship (No. DG51650116).



