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IntrodIntrod

● increasing  decreases thermal● increasing eff decreases thermal 
diff si it ( )diffusivity (e)

● factor 2 decrease in  from● factor 2 decrease in e from 
positive to negative edgepositive to negative edge 
t i l ittriangularity

● is there a measurable trend in● is there a measurable trend in 
l t t b l f ti felectron turbulence as function of 

eff or in  ?eff

Y Camenen et al; Nucl Fusion 47 (2007) 510 516Y. Camenen et al; Nucl. Fusion 47 (2007) 510–516

Shape & Collisionality ScanShape & Collisionality Scanp y

 -0 4 0 3 0 0 0 0 0 4 -0.4, 0.3, 0.0, 0.0, 0.4

Collisionality approximately constant from one discharge to the nextCollisionality approximately constant from one discharge to the next

 0 36 ; 0 8  0 36 ; 0 5  0.36 ;   0.8
0 36 0 8

  0.36 ;   0.5
0 36 0  -0.36 ;   0.8     -0.36 ;   0.5   
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Frequency (kHz) Frequency (kHz)q y ( ) q y ( )

  - 0 4  0.4
  - 0.3 0.3
  0

  + 0.3
  + 0.4

T d/T d  with l and with  going from –ve to +veTrad/Trad  with vol and with  going from ve to +ve

 /  with from core plasma to the edge /  with vol from core plasma to the edge

 /  ith f ti t iti /  with from negative to positiveg p

effect less significant deeper in the core but still presenteffect less significant deeper in the core but still present

 / increases with 1/ ff and / increases with 1/ eff and 

Di i &Discussion &Discussion &

B d B d T b lBroad-Band Turbulence

 Experimental observations of dependence of  / & T d/T d on Experimental observations of dependence of  / & Trad/Trad on 
t i l it lit ti l i t t ith C ’ i t ftriangularity qualitatively consistent with Camenen’s picture of g y q y p
improvement of confinement with negative triangularityimprovement of confinement with negative triangularity
 Collisionality scaling of  / is also consistent with expectations Collisionality scaling of  / is also consistent with expectations

D ff t f t i l it t t W ll d it th f t th t Does effect of triangularity penetrate .... Well yes depite the fact that g y p y p
triangularity does not penetrate and that kinetic gradients are the sametriangularity does not penetrate and that kinetic gradients are the same 
 Comparison global numerical results & synthetic diagnostics planned Comparison global numerical results & synthetic diagnostics planned

i A ti M d i th TCV T k k EX/P3 57esic Acoustic Modes in the TCV Tokamak EX/P3‐57esic Acoustic Modes in the TCV Tokamak /
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uctionuction

 Finite-frequency (ω c /R) zonal-flow component Finite-frequency (ω cs/R) zonal-flow component

 n=0, m=1 standing-wave density fluctuation, g y

n=0 m=2 standing wave magnetic component [sin(2)] n=0, m=2 standing-wave magnetic component [sin(2)]

Fl d d it t b d l d i Flow and density components observed on several devices

(Doppler backscattering, reflectometry, beam emission spectroscopy, heavy ion beam probe)(Doppler backscattering, reflectometry, beam emission spectroscopy, heavy ion beam probe)

GAM characterisationGAM characterisation

n=0 global mode seen in magnetics (m=2)n=0 global mode seen in magnetics (m=2) 
coherent with mode detected by TPCI, CECEcoherent with mode detected by  TPCI, CECE
DBS (E B GAM l id l fl 0 7 k /DBS (ExB GAM poloidal flow 0.7 km/s rms( p

(background flow 2 km/s) )(background flow 2 km/s) ), 
fGAM cs/RfGAM cs/R

Maximum amplitude close to the LCFS &Maximum amplitude close to the LCFS & 
lit d d i kl i id th lamplitude decreases quickly inside the plasma p q y p

(TPCI outward propagating structure while(TPCI outward propagating structure while 
CECE inward & outward propagation; n b TPCICECE inward & outward propagation; n.b. TPCI 

& CECE l diff t l l )& CECE sample different plasma volumes)p p )

GAM i l i d t ti tGAM single eigenmode to continuum spectrum g g p
transition at high qtransition at high q95

GAM amplitude is roughly constant during the density ramp-up, whileGAM amplitude is roughly constant during the density ramp up, while 
broadband turbulence increases Eventually GAM becomesbroadband turbulence increases. Eventually GAM becomes 
undetectable Is collisional damping compensating increased drive orundetectable. Is collisional damping compensating increased drive or 
reduced energy transfer from turbulence?reduced energy transfer from turbulence? 

Bicoherence shows nonlinear GAM turbulence interaction thatBicoherence shows nonlinear GAM-turbulence interaction that 
disappears at highest densitiesdisappears at highest densities

& C l i& Conclusions& Conclusions
GAM characterisationGAM characterisation

GAM iti l id tifi d GAM positively identifiedp y

 ORB5 numerical simulations consistent with experimental ORB5 numerical simulations consistent with experimental 
b tiobservations

 eigenmode  continuum spectrum transition at high q95 eigenmode  continuum spectrum transition at high q95

l i t l b t GAM d i (d it ) d d i complex interplay between GAM drive (density) and damping p p y ( y) p g
(collisional damping)(collisional damping)


