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Abstract
 The ADITYA-U tokamak is a small size tokamak that recently upgraded to divertor configuration and is suitable for studies of micro- instabilities in the

presence of steep gradients.
 Global linear and nonlinear simulation studies of the conventional and short scale ion temperature gradient mode (SWITG) for experimental profiles

and parameters of ADITYA-U tokamak are carried out.
 Global gyrokinetic PIC code GTS, linear global gyrokinetic code GLOGYSTO and the flux-tube version of GENE are used in simulation study.
 GTS is first benchmarked for ion temperature gradient modes with adiabatic electrons and non-adiabatic ions for the familiar Cyclone DIII-D base case

(CBC).
 Good agreement is obtained for the real frequencies and growth rates between different codes for CBC.
 For experimental shot# 29029 of ADITYA-U tokamak, the real frequencies, growth rates and mode structures are calculated using GLOGYSTO and GTS

and compared using flux tube GENE code for linear case.
 It is found using linear stability analysis that the SWITGs are suppressed for low values of R/Ln

 Nonlinear global simulations using GTS for ADITYA-U tokamak are also performed.
 The results for SWITG dominant case are compared with nonlinear runs where SWITG is relatively suppressed.

Introduction
 The ion temperature gradient mode, which is driven by the temperature gradient of ions is shown to become unstable even at wave lengths kθρi >1.0, in

the presence of sharp temperature gradients [1,2].
 Similarly, trapped electron modes also can manifest a shorter wavelength branch in the presence of strong gradients [3].
 Such short wavelength branch of micro-instabilities is shown to be crucial for experimental parameters using gyrokinetic simulations [4].
 Therefore, it is important to understand the nonlinear properties of these multi-scale modes and their contribution to the anomalous transport of

particles and energy.
 Nonlinear flux tube simulation of short wavelength branch of the ion temperature gradient modes considering adiabatic electrons showed that the

contribution from the shorter-scale modes to the total heat flux is weaker than the longer wavelength branch [5].
 However, the region across the steep gradients might be very small and flux tube calculations might not be appropriate under these conditions.
 But such an assumption fails in the narrow gradient regions. This naturally calls for the necessity of global calculations that treat small scale fluctuations

and large scale equilibrium variations on the same footing or in other words a multi-scale study.
 It is therefore important to investigate how this mode behaves nonlinearly and if there is any significant contribution of this mode to the net ion

transport in the core of the system.
 To this end, we carry out a systematic linear and nonlinear study of the mode for ADITYA-U [6] using global gyrokinetic PIC code GTS [7] and global

eigen value gyrokinetic code GLOGYSTO [8].
 For comparison, in the linear regime, flux tube version of GENE [9,10] is also used.
 All simulations are done with non-adiabatic ions and adiabatic electrons.

Summary and Conclusion
 GTS code is first benchmarked for ion temperature gradient modes with a simplified adiabatic response for the electron dynamics for the CBC.
 Linear simulation studies of the conventional and shorter scale ion temperature gradient mode (SWITG) for experimental profiles and parameters of

shot# 29029 of ADITYA-U tokamak are carried out using the global codes GLOGYSTO and GTS.
 Flux-tube GENE results in linear regime for comparison with GLOGYSTO and GTS results.
 There are differences in growth rate and real frequency values between GLOGYSTO and GTS, finding an explanation of this differences are ongoing.
 From the linear results, we observed two peaks in contrast to the single peak generally observed in the linear analysis of the standard ITG modes. The

second peak appears around kθρi =1.3 and is characteristic of the SWITG mode. It is found using linear stability analysis that the SWITGs are suppressed
for low values of R/Ln.

 Nonlinear global simulations using GTS for ADITYA-U tokamak are also performed for R/Ln = 10 (experimental profiles with inherently multiscale ITGs in
ADITYA-U) and R/Ln = 5 (to check how transport looks like if SWITG is suppressed) keeping η fixed.

Simulation Model

GTS

 The dynamics of particles in GTS code is determined on the gyrokinetic formalism.
 The time evolution of the perturbed part δfα of the particle distribution function fα expressed as the sum of an equilibrium part fα0 and

a perturbed part δf, where α stands for particle species.
 For the collision less case and electrostatic limit, the gyrokinetic equation for ions (α = i), with μ and v∥ as independent velocity

variables can be written as,

𝜕𝛿𝑓𝑖
𝜕𝑡

+ (𝑣∥𝑏
^

+ 𝑣
→

𝐸0 + 𝑣
→

𝐸 + 𝑣
→

𝑑) ⋅ 𝛻𝛿𝑓𝑖 − 𝑏⋆
^

⋅ 𝛻(𝜇𝐵 +
𝑒

𝑚𝑖
Φ0 +

𝑒

𝑚𝑖
𝜙)

𝜕𝛿𝑓𝑖
𝜕𝑣∥

= −𝑣𝐸
→
⋅ 𝛻𝑓0 + 𝑏⋆

^

⋅ 𝛻(
𝑒

𝑚𝑖
𝜙)

𝜕𝑓0
𝜕𝑣∥

Here, 𝑣
→

𝐸0 and 𝑣
→

𝐸 are EXB drift velocities resulting, respectively, from the equilibrium potential Φ0 and turbulent potential 𝜙, and 𝑣
→

𝑑 is the

magnetic drift comprising of curvature and 𝛻B drift velocities 𝑣𝑐
→

and 𝑣𝛻B
→

. The definitions are given in the following:

𝑣𝐸0
→

=
𝑐𝑏
^

× 𝛻Φ0

𝐵
,

𝑣𝐸
→
=

𝑐𝑏
^
×𝛻𝜙

𝐵
,

𝑏⋆
^

= 𝑏
^

+ 𝜌∥𝑏
^

× (𝑏
^

⋅ 𝛻𝑏
^

),

𝑣𝑑
→
= 𝑣𝑑

→
+ 𝑣𝛻𝐵

→
=
𝑣∥
2

Ω𝛼
+ 𝑏

^

× (𝑏
^

⋅ 𝛻𝑏
^

) +
𝜇

Ω𝛼
𝑏
^

× 𝛻𝐵

With 𝑏
^

= B/𝐵, 𝜌∥ = 𝑣∥/𝐵 and 𝜇 = 𝑚𝑖𝑣⊥
2/2𝐵 the magnetic moment. Also, mα and Ω𝛼 are mass and gyro frequency of species α. 

GLOGYSTO

 GLOGYSTO code is a global spectral code. 
 Calculates the real frequency and growth rates of unstable modes for a given equilibrium using Nyquist method and also gives the eigen 

mode structure. 
 The perturbed density for a species j, can be expressed as sum of adiabatic and nonadiabatic parts as follows:
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In the above equation qj and Tj are the charge and temperature for the species j, N stands for the equilibrium density. The diamagnetic drift 

frequency is given by 𝜔𝑗
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and 𝜂𝑗 = (𝑑ln𝑇𝑗)/(𝑑ln𝑁) , vthj is the 

thermal velocity of species j. The Bessel function 𝐽0(𝑥𝐿𝑗) with 𝑥𝐿𝑗 = 𝑘⊥𝜌𝐿𝑗 , incorporates the full finite Larmor radius effect. Note that here 

m and n are poloidal and toroidal wave numbers, q(r) is the safety factor, kθ is poloidal wave vector, Bp is the poloidal magnetic field. fMj is a 
local Maxwellian for species j.

Benchmarking of GTS code
 GTS code is benchmarked for ion temperature gradient modes with a simplified adiabatic response for the electron dynamics for the 

familiar Cyclone DIII-D base case (CBC) [11]. 
 INPUT parameters and profiles for CBC:

• Inverse aspect ratio a/R0 = 0.334, ion temperature profile R0/LT = 6.92exp-[(r – r0)/0.28]6, Te/Ti = 1, q = 0.854+2.184r2, 
and η = Ln /LT = 3.145.

• Simulation is carried out in a radial domain from 0.1 to 0.9 (in terms of normalized minor radius).
• The ITG instability is measured at r0 = r/a = 0.5, where the temperature gradient peaks.
• Six toroidal mode numbers: n = 5, 10, 15, 20, 25, 30 which cover the poloidal wave numbers kθρi from 0.1 to 0.7. 

Fig. 1 Fig. 2

Fig. 3                              

• Plasma parameters profiles for CBC case are shown in Fig .1.
• Comparison of growth rate and real frequency of ITG modes 

between different codes GYGLES, Dimits, GENE, data extracted from 
published figures and. Note that only GTS results are from present 
study. The results for other codes are taken from Ref. [10,11] are 
shown in Fig. 2.

• Mode structure of most unstable mode is shown in Fig. 3.
• Good agreement is obtained for the real frequencies and growth 

rates between different codes.

Linear simualtion of shot# 29029 of ADITYA-U tokamak

 The ADITYA-U tokamak is a small size tokamak that is recently upgraded to divertor configuration and is suitable for studies of micro- instabilities in the 
presence of steep gradients.

 Linear simulations using GLOGYSTO and GTS codes for parameters and profiles of shot# 29029 of ADITYA-U tokamak are carried out for hydrogen 
plasma in the electrostatic limit.                                                                                                                       

 The profiles and parameters that are used in simulation of ADITYA-U are given in below table.                                                      Fig. 4                              

Parameters: Equilibrium profiles:
B-field: B0 = 1.0 Tesla                                          N-profile and T-profile:
Temperature: T0 = T(r0) = 70.5 eV

Density: N0 = N(r0) = 9.05x1012 cm-3 N(r)/N0 = exp (-
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Minor Radius: a = 0.25 m                                     δsn = 0.35, δsT = 0.2 at r = r0

radius: r = ρ/a, r0 = 0.6                                          q(r) = 1.25 + 0.67 r2 + 2.38 r3 – 0.06 r4

Ln0 = 0.075 m, LT0 = 0.03 m                                 such that q (r = r0) = 2.0;
ηi,e(r0) = Ln0/LT0 = 2.5, τ =Ti(r) /Te(r) = 1             Magnetic shear s is positive and at r = r0, s = 1.0 
ϵn = Ln0 /R = 0.1, ϵT = LT0 /R = 0.04                        

 The density, temperature, safety factor and shear profiles for ADITYA-U circular plasma at Z = 0 midplane are as shown in Fig. 4.
 For the parameters and equilibrium profiles as given in table 1, the growth rates and real frequencies are calculated using GLOGYSTO and GTS for 

ADITYA-U’s R/Ln =10 for different toroidal mode numbers.                                                             

 In Fig. 5, upper and bottom panel shows real frequency and growth rate from GLOGYSTO and GTS codes for the value R/Ln = 10.
 From Fig. 5 we can see that, it exhibits two peaks in contrast to the single peak around kθρi =0.4 generally observed in the linear analysis of the standard 

ITG modes using GLOGYSTO code. The second peak appears around kθρi =1.3 and is characteristic of the SWITG mode
 Fig. 6 shows mode structure (from GLOGYSTO) for toroidal mode numbers n=35 and n=110.
 For comparison with a situation without SWITG, we have looked at R/Ln = 5 keeping η=Ln/LT fixed. To ensure that indeed SWITG is suppressed, flux tube 

GENE is run for both cases and it indeed suggests that for R/Ln = 5, SWITGs contribution would be small as shown in Fig. 7.
 Since GTS simulation is much more expensive therefore few n scans are presented with GTS. The complete toroidal mode number scan for the GTS are 

still under process. 
 Standard ITG single peak around kθρi =0.7 using GTS can also be seen from Fig. 5. we also see that there are differences in growth rate and real 

frequency values between GLOGYSTO and GTS, finding an explanation of this differences are ongoing.
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Non-linear simualtion of shot# 29029 of ADITYA-U tokamak using GTS

 Following the linear simulation, in this section we present nonlinear global simulations with GTS for R/Ln = 10 (experimental profiles with inherently 
multiscale ITGs in ADITYA-U) and R/Ln = 5 (to check how transport looks like if SWITG is suppressed) keeping η fixed.

1.     R/Ln =10 case: SWITG dominant case

Fig. 8 a) Mode amplitude, b) turbulence intensity, c) heat flux and d) mode structure plots for R/Ln = 10. 

 Fig. 8 shows the results from the nonlinear simulation from GTS for higher temperature and density gradient cases. 
 Fig. 8a presents the mode amplitude as a function of time. It is clear that after the initial linear phase the mode amplitude tends to saturate from time 

𝑡 ∼ 1.0 × 104𝑣𝑡𝑖/𝐿𝑇. 
 The second panel, that is, Fig. 8b shows the spatiotemporal behaviour of the turbulent intensity. The mode intensity peaks at time 𝑡 ∼ 1.0 × 104𝑣𝑡𝑖/𝐿𝑇

and around r/a=0.4-0.5. 
 The turbulence exists and spreads over a wide radial domain approximately from r/a=0.3 to r/a=0.65.
 The time-averaged heat flux in the steady state is around 2.0 × 103 in the normalised unit as shown in Fig. 8c . 
 The right-most panel shows the structures of Φ in the nonlinear phase on the poloidal plane. The snapshot is taken at 𝑡 ∼ 48800𝑣𝑡𝑖/𝐿𝑇. 
 The effect of zonal flow shearing of the potential is apparent from the snapshot. The zonal flow tears the global structures which regulates the 

turbulence. Also, the nonlinear turbulence spreading is evident from the figure.

2. R/Ln = 5 case: Conventional ITG dominant case

Fig. 9 a) Mode amplitude, b) turbulence intensity, c) heat flux and d) mode structure plots for R/Ln = 5

 Again, the mode amplitude is shown in Fig.9a. The mode amplitude increases and starts to saturate beyond 𝑡 ∼ 1.0 × 104𝑣𝑡𝑖/𝐿𝑇. It is clear that 
compared to Fig 8a the mode amplitude increases slowly due to the reduced strength of the gradients. The spatio-temporal evolution of turbulence 
intensity is presented in Fig.9b which peaks between r/a=0.5 and 0.6 and time around 𝑡 ∼ 1.5 × 104𝑣𝑡𝑖/𝐿𝑇.

 The time averaged heat flux in the steady state is around 𝑡 ∼ 6.0 × 102 in normalised unit as see in Fig. 9c. The steady state flux is quite smaller in the 
present case for R/Ln=5 compared to the earlier case where R/Ln=10 for fixed η=Ln/LT. The snapshot of turbulent Φ on the poloidal plane is shown in 
Fig.9d for t=54200. The effect of zonal flow is clearly visible from the figure.

 Note that these are preliminary results. More simulations regarding convergence with respect to spatial resolution, time step, particle/cell, etc., are 
going on.
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