PPPL-3129 - Preprint Date: August, 1995Measurements of Energetic Confined Alphas and Tritons on TFTRS. S. Medley, R. V. Budny, D. K. Mansfield, M. H. Redi, A. L. RoquemorePrinceton Plasma Physics Laboratory, P. O. Box 451, Princeton, New Jersey 08543 USAR. K. Fisher, H. H. Duong, J. M. McChesney, P. B. ParksGeneral Atomics, San Diego, California 92186 USAM. P. PetrovA. F. Ioffe Physical-Technical Institute, St Petersburg, 194021 RussiaN. N. GorelenkovTRINITI, Troisk 142092 Russia1.0 IntroductionIn a collaboration involving General Atomics, the A. F. Ioffe Physical-Technical Institute,and the Princeton Plasma Physics Laboratory, the energy distribution of the fast-confined alphaparticles in DT experiments on TFTR is being measured by active neutral particle analysis using theablation cloud surrounding an injected impurity pellet as the neutralizer[1]. Recent papers reportedthe first measurements of the energy distribution fast confined alpha particles[2] and examined theinfluence of magnetic field ripple and sawtooth oscillations on the behavior of the alpha energyspectra and radial density distributions[3]. This paper focuses on alpha and triton measurements inthe core of quiescent TFTR discharges where the expected classical slowing down and pitch anglescattering effects are not complicated by stochastic ripple diffusion and sawtooth activity.2.0 Pellet Charge Exchange (PCX) Diagnostic and Data AnalysisA toroidally extended ablation cloud forms around the pellet when it is injected into aplasma. A small fraction of the fusion alphas incident on the cloud are converted to helium neutralsas a result of electron capture processes. The escaping helium neutrals are mass and energyanalyzed using a high energy (0.5 - 4.1 MeV for 4He) neutral particle analyzer developed by theIoffe Institute[4]. The neutral particle analyzer views the radially injected pellet from behind at atoroidal angle of 2.75o to the pellet trajectory. Thus only near perpendicular energetic ions withvelocities close to v||/v = 0.048 are detected by the PCX diagnostic. The radial position of thepellet as a function of time is measured using a linear photodiode array situated on the top of thevacuum vessel. By combining this measurement with the time dependence of the PCX signal,radially resolved fast ion energy spectra and density radial profiles can be derived with a radialresolution of ~ 5 cm. Further details on the PCX diagnostic have been presented elsewhere[5,6],including results obtained on the measurement of RF-generated energetic ion energy distributions.By measuring of the energy distribution, dno/dE, of helium neutrals escaping from theplasma, the energy distribution of the incident alpha particles, dna/dE, can be determined using:

2.52.01.51.00.50.0

101102103104105

Energy (MeV) dn/dE (cm-3eV-1)TritonData TRANSPTRANSP normalizationAlpha Data

Fig. 1 Comparison of measured alpha andtriton spectra with TRANSP simulation.dna/dE ~ dno/dE [Fo(E)] -1where Fo(E) is the equilibrium fraction of incident alphas neutralized in the cloud as a function ofalpha energy. The value of Fo(E) is obtained from modeling calculations[9]. The experimentaldata are compared with modeling results obtained with the TRANSP[7] Monte-Carlo Code andwith a specially developed Fokker-Planck Post Processor (FPP) code. TRANSP follows theorbits of alphas as they slow down and pitch angle scatter by Coulomb collisions and takes intoaccount the spatial and temporal distributions of background plasma parameters for each particularshot. Since the Monte-Carlo methods used in TRANSP give noisy results, we developed the FPPpost processor code based on a numerical solution of the drift-averaged Fokker-Planck equation[8]which uses the pitch angle integrated alpha source distribution provided by TRANSP. TheTRANSP and FPP calculations agree well when the modeling basis for both codes are applicable.3.0 Alpha Particle and Triton MeasurementsThe alpha particle distributions measured by the PCX diagnostic can be influenced by theeffects of classical slowing down and pitch angle scattering, toroidal magnetic field ripple andsawtooth activity. In order to separate the classical behavior from the other effects, PCX Li pelletactive measurements of the slowing down alpha spectrum were obtained in the plasma core duringa quiescent DT discharge (#78607) and the triton spectrum from a similar DD discharge(#78601)as shown in Fig. 1. Note that the error bars inFig. 1 only reflect the statistical errors due tothe counting statistics. The basic dischargeparameters were: R = 2.52 m, a = 0.8 m, Pb ~20 MW with Ip ramped down from 1.7 MA to1.0 MA during the 1.3 s duration NBI pulse.The absolute scale for dn/dE was derived fromnormalization of the PCX data with theTRANSP modeling results and was made onlyonce for the alpha data as noted in the figure.The same normalization is used for the tritonspectrum. Both the shape of the energy spectraas well as the ratio of the alpha-to-triton signalagree well with TRANSP simulations. Thisresult corroborates the expectation that fusiongenerated alphas and tritons in the core ofquiescent TFTR plasmas are well-confined andslow down classically.In the TFTR DT experiments, pellets

10-510-210-1

Alpha Energy (MeV)

Equilibrium Fraction0.11.010

Li+B3+10-410-3Fig. 2 Calculated equilibrium fractionsfor Lithium and Boron.T43210 dn/dE (a.u.)

Boron Pellet

Lithium Pellet(normalized)104105106107Fig. 3 Comparison of alpha spectraobtained using Boron and Lithium pellets.typically are injected 0.2 to 0.5 sec aftertermination of neutral beam heating. Thistiming delay leads to deeper penetration of thepellet as a result of decay of the electrontemperature as well as to enhanced signal-to-noise ratio because the neutron backgrounddecays significantly faster than the confinedalpha population. Even so, it is advantageousfor PCX measurements to enhance the pelletpenetration further and also to increase thesignal level at higher alpha energies. For thesereasons we investigated the use of boronpellets in place of lithium. As shown in Fig.2, for alpha energies above ~ 2 MeV thecalculated equilibrium fraction for boron issignificantly higher than for lithium. Thehigher heat of ablation energy of 5.3 eV/atomfor boron compared with 1.6 eV/atom forlithium should increase the pellet penetration.In practice, this gain is offset by lower pelletvelocity from the injector due to the larger mass of boron relative to lithium. Nevertheless, anincreased penetration for boron pellets ranging up to 20% (~ 12 cm) relative to lithium pellets ofcomparable mass is observed experimentally. In order to validate the use of boron, alpha energyspectra were compared for DT discharges using both lithium (#86225) and boron (# 86228, 89,81) pellets as shown in Fig. 3. The boronspectra for the three discharges werenormalized to account for small differences inthe plasma conditions. As can be seen, theshapes of the alpha energy spectra for lithiumand boron pellets are essentially the same.These measurements also confirm that foralpha particle energies above ~ 2 MeV, boronpellets provide a more effective neutralizationtarget that lithium pellets. Both pellet typesare now routinely used in PCX diagnosticmeasurements.Alpha spectra during the birth andslowing down phases are shown in Fig. 4.

543210

Alpha Energy (MeV) dn/dE (a.u.)

normalization

Slowing Down

"Beam Blip"qqqqqqqq106105104103FPPCode

Fig. 4 Alpha energy spectra during birth and slowing down phases.For the slowing down case (#86291, Pb =15 MW), the alpha distribution from 1-3.5MeV was obtained using a boron pellet200 ms after termination of a 1.0 s beampulse while for the "beam blip" case(#86299, Pb = 20 MW), the boron pelletwas injected 20 ms after a 0.1 s beampulse. Reasonable agreement is seenbetween the data and the FPP code resultswhich include Doppler broadening of thealpha particle birth energy, Ea, given byDE(keV) = 182(Teff)0.5 where Teff = 30keV is the effective temperature of thedeuterium and tritium ions.4.0 ConclusionsIn the core of quiescent DT discharges in TFTR, good agreement is observed between thePCX measurements of the confined, trapped alpha particles and tritons and TRANSP and FPPsimulations. This indicates that alphas and tritons are well confined and slow down classically.AcknowledgmentsThis work was supported by US DoE Contract DE-AC02-76-CHO-3073 and US DoEGrant DE-FG03-92ER54150. H. H. Duong is a General Atomics ORAU Fellow.References[1] R. K. Fisher, et al., Rev. Sci. Instrum. 63, 4499 (1992).[2] R. K. Fisher, J. M. McChesney, P. B. Parks, et al., "Measurements of Fast Confined Alphason TFTR," accepted for publication in Phys. Rev. Lett. (1995).[3] M. P. Petrov, et al., "Studies of Confined Alphas Using the Pellet Charge ExchangeDiagnostic on TFTR," submitted for publication in Nucl. Fusion (1995).[4] A. B. Izvozchikov,et al., JET Joint Undertaking, Report JET-R(91) 12, (1991).[5] S. S. Medley, et al., in Proc. 20th EPS Conf. on Controlled Fusion and Plasma Physics,Lisbon, 1993 (European Physical Society, Petit Lancy, 1993), Part III, p 1183.[6] J. M. McChesney, et al., Rev. Sci. Instrum. 66, 348 (1995).[7] R. V. Budny, Nucl. Fusion 34, 1247 (1994)[8] N. N. Gorelenkov and S. V. Putvinskij, Sov. J. Plasma Phys. 15, 80 (1989)

[9] J. M. McChesney, et al. "Neutralization Fractions for Alpha Particles Interacting with LithiumPellet Ablation Clouds," to be submitted to Nucl. Fusion, GA-A21958 (1995).