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Outline

• Negative triangularity: a long history for TCV

• Effects on core and edge profiles

• Improved confinement

• Gyrokinetic simulations

• Pedestal pressure predictions

• Towards a NTT‐Demo?
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(, ) effects on MHD and confinement
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(, ) effects on MHD and confinement
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Ip

N*Ip



q95=2

• Troyon limit: 

[F. Troyon et al., PPCF (1984)]
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(, ) effects on MHD and confinement
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• Troyon limit: 

• TCV design: N decreases for >2.5
before q95=2

[A. Turnbull et al., NF (1988)]

[F. Troyon et al., PPCF (1984)]
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(, ) effects on MHD and confinement

6

• Troyon limit: 

• TCV design: N decreases for >2.5
before q95=2

• TCV results: N does decreases for 
>2.2 before q95=2

[A. Turnbull et al., NF (1988)]

[F. Troyon et al., PPCF (1984)]

[F. Hofmann et al., PRL (1998)]
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(, ) effects on MHD and confinement
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• Troyon limit: 

• TCV design: N decreases for >2.5
before q95=2

• TCV results: N does decreases for 
>2.2 before q95=2

[F. Hofmann et al., PPCF (2001)]
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(, ) effects on MHD and confinement
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• Troyon limit: 

• TCV design: N decreases for >2.5
before q95=2

• TCV results: N does decreases for 
>2.2 before q95=2

[J.-M. Moret, et al., PRL (1997)]





d
drHs

• TCV: Shape enhancement factor 
explains most confinement 
improvements at high kappa, 
negative delta
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(, ) effects on MHD and confinement
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• Troyon limit: 

• TCV design: N decreases for >2.5
before q95=2

• TCV results: N does decreases for 
>2.2 before q95=2

[J.-M. Moret, et al., PRL (1997)]

• TCV: Ee~(-)

• TCV: improv. saturates at high 
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(, ) effects on MHD and confinement
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• Troyon limit: 

• TCV design: N decreases for >2.5
before q95=2

• TCV results: N does decreases for 
>2.2 before q95=2

[J.-M. Moret, et al., PRL (1997)]

• TCV: Ee~(-)

• TCV: improv. saturates at high 

• All shapes overlay essentially
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Improved conf. at negative triangularity
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• Ohmic and EC heated L-modes show improved conf at high coll.

[Y. Camenen, et al., NF (2007)]
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• Same profiles at half the power for <0 
 Factor 2 global confinement improvement

Improved conf. at negative triangularity
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[Y. Camenen, et al., NF (2007)]
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• Main difference at low collisionality (when TEM more dominant?) 

Collisionality dependence

13

[Y. Camenen, et al., NF (2007)]
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Highly resolved measurements of Te and ne profiles 
localise changes of gradients and scale lengths

14

[O. Sauter, et al., PoP (2014)]

• Center dominated by sawtooth
• Core by stiffness
• Edge gradients increase with Ip (P, nel, …)
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Highly resolved measurements of Te and ne profiles 
localise changes of gradients and scale lengths
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[O. Sauter, et al., PoP (2014)]

• Linear with v in edge region
• Gradient increasing with Ip, P, nel, …
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“Core” profiles also remain stiff with  modifications
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[O. Sauter, et al., PoP (2014)]

• Same input power with positive and negative  with good radial 
resolution

• Almost whole profile self-similar…except edge (next VG)
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Role of edge for  effects on transport
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[O. Sauter, et al., PoP (2014)]

• Te(v=0.8) increases with negative  because of increased gradient 
in edge region 0.8-1.0

• Consistent with previous simulations (Marinoni et al)



O. Sauter, 24th EFPW, Poland, Nov. 2016

Nonlinear local gyrokinetic simulations at <0
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[A. Marinoni, et al., PPCF (2009)]

• Ratio of e between positive/negative  explained outside =0.7
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Relative density fluctuations are lower at negative 
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[Z. Huang et al. Proceedings 41th EPS Conf.(2014)]

• Reduction of turbulence with LCFS<0, confirmed by extensive 
Phase Contrast Imaging measurements

< 0

> 0
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Equilibrium effects with change in delta

20

• Elongation “penetration” or shear different for diff. edge 
[A. Marinoni, et al., PPCF (2009)]
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Equilibrium effects with change in delta

21

• Main changes for ft and Shafranov shift

• q and 
profiles are 
related

 effects on ft reproduced by new formula in 
[O. Sauter, FED 2016]
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Role of  revisited with local gyrokinetics
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• No change in core
• <0 better at outer 

radii
• Less stiff near edge
• Linear critical 

gradients increase 
with decreasing 

[G. Merlo, et al., PPCF (2015)]
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Link between core and edge and stiffness

23

• How to get same profiles with ½ power with <0 ?
• Local runs hint towards change in critical gradients near the edge
• Local runs not sufficient to explain experimental heat fluxes
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Simulation tool

24

[F. Jenko et al., Phys. Plasmas 7, 1904 (2000)]

• Full study in G. Merlo, et al., PhD thesis No 7065, EPFL, 2016
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[G. Merlo, PhD (2016)]
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[G. Merlo, PhD (2016)]

• With C ongoing
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Negative Triangularity Tokamak: NTT Demo
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Advantages of NTT Demo
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TCV ELMy H-modes with negative t
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TCV ELMy H-modes with negative t
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• Type I ELMs from power dependence
• Negative  increases ELM frequency and decreases relative ELM 

power loss
[A. Pochelon, et al, PFR (2012)]
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Basic trend of pedestal height recovered by EPED-CH
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[A. Merle et al, PPCF submitted, Varenna 2016]
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Pedestal height/width versus triangularity
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[A. Merle et al, PPCF submitted, Varenna 2016]
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Ideal limit is very different
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[A. Merle et al, PPCF submitted, Varenna 2016]
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No 2nd stability region with negative 
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Thus little effect of beta on pped(<0)

36

[A. Merle et al, PPCF submitted, Varenna 2016]
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Conclusion: Integrated solution NTT demo

37

• R0=9m, a=3m, B0=5T, Ip=15MA
l=-0.85, u=0, =1.8

• Stable up to N =2.9
• Compatible with low pped (<0) and R/LTe~10

[M. Kikuchi et al., JPS Conf. Proc. 1 (2014)]

[S. Medvedev et al., IAEA (2016) ICC/P3-47]



O. Sauter, 24th EFPW, Poland, Nov. 2016

Conclusion: Integrated solution NTT demo
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• R0=9m, a=3m, B0=5T, Ip=15MA
l=-0.85, u=0, =1.8

• Stable up to N =2.9
• Compatible with low pped (<0) and R/LTe~10

• Potential for improved core 
transport with <0

• Use “MHD” to limit upper bound
=> no single large events


