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Quasi-Single Helicity(QSH) VS Multiple Helicity(MH)
In RFP, many tearing modes grows and overlaps, leading to the broken of nested flux surfaces, which causes a

bad plasma confinement. However, when plasma current increases to a certain level(1MA in RFP), the most

inner mode(dominant mode 𝑏"#$%) would grow dominantly, while the rest of the modes(secondary modes 𝑏&'(" =

∑𝑏+,/𝑛,𝑛 = 1,2, . . 6,8, . . 16) will be suppressed, leading to a Quasi-Single Helical state, which is named QSH

state and it has been observed in all RFP devices[1,2]. Moreover, it has been predicted[3] that only one mode

could sustain the so-called dynamo effect in RFP and in this case it would be Single Helical state, named as SH,

and the confinement could be enhanced even further. Figure 1 shows the mode spectrum of a QSH and a MH

state, respectively, showing a big difference between QSH and MH.
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Figure 1. Mode spectrum of a QSH state and a MH state in RFP.

Three different sub-states in QSH: DAx, SHAxi and SHAx
In high Ip plasma discharges, QSH state appears periodically. In the beginning of one period,

magnetic island appears, forming a new helical structure and resulting double magnetic axes

configuration and a high-Te thermal structure(HTTS) inside of the island, which is named DAx

state[4]. Afterwards, with the growth of the magnetic island, the X point of the magnetic island

anneals with the original O point, forming a new single helical state with no significant change of

the HTTS, named SHAxi state[5]. Further more, with 𝑏"#$% grows even bigger, the HTTS

becomes big in the center of the plasma and this is named SHAx state. Figure 2 shows the

magnetic structure(second column) with corresponding mode spectrum(first column),

representing DAx, SHAxi and SHAx state as well as the Te profile, which is in the unit of keV.
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Figure 2. The mode spectrum, magnetic structure and thermal structure of DAx, SHAxi
and SHAx states.

Transport Analysis on a database of the three states
In order to get a deeper understanding of the 3 QSH states, transport analysis is performed on a

database obtained from RFX-mod. The density range is [2.5, 3.5]1019m−3 and the plasma current

is [1, 1.5] MA.

Typical Thomson Scattering data of DAx, SHAxi and SHAx state is shown in Figure 3. Here it is

clear that the size of the TTS is in the same size range for both DAx and SHAxi while in SHAx the

HTTS is ‘big’. The gradient of electron temperature, the so called eITB[2], is the area which this

work should be focused on. Figure 4 shows the mean value of the two eITBs in the machine

coordinate as a function of the 𝑏"#$%/𝑏5 , where 𝑏5 is the 𝑏6#7#%"58 at position where 𝑟 =

a	(a	is	the	minior	radius) . It is clear that the eITB is decreasing with the increase of the 𝑏"#$%.

It is also found out that there seems to be a Θ limit, which one could see from Figure 5. Θ is

proportional to the plasma current. It is clear that when Θ is bigger than around 1.4, all DAx states

disappeared. This is reasonable in the sense that the 𝑏"#$% increases with the increase of the

plasma current. Also there is a big growth from SHAxi to SHAx as a power of 4. The cyan line is a

power of 4 polynomial fitting and the shade area is only an indicate of the fitting.

The transport study of the database uses the code MAxS(DAx_transp3)[5], which is capable of

dealing with both single and multiple axes. The work is not fully complete but the preliminary

result could be seen in Figure 6. It is clear to see that with the increase of the 𝑏"#$%, the minimum

thermal diffusivity 𝜒$%+ , which is always located in the eITB region, shows a big increase. This is

agreed with the results from Figure 4. The black line in Figure 6 is an indicate of the tendency of

the 𝜒 profile.

Thermal diffusivity is a local parameter, which could only indicate the local change of the plasma

property. Indeed, even though the thermal diffusivity increases with the increase of the dominant

mode, the confinement time still increases[6]. The confinement time of this database is ongoing.
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Figure 3. Thomson Scattering data of
DAx SHAxi and SHAx
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Figure 4. 𝛻𝑇' 𝑚𝑒𝑎𝑛 	 versus the
normalized 𝑏"#$%/𝑏5
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Figure 5. 𝑏"#$%/𝑏&'(" versus Θ
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Figure 6. The thermal diffusivity 𝜒$%+
versus 𝑏"#$%/𝑏5.

This work was supported by the
European Commission and carried
out within the framework of the
Erasmus Mundus International
Doctoral College in Fusion Science
and Engineering (FUSION-DC).

!

Conclusion and future work
1. In RFP machine, QSH state will appear after plasma current reaches a certain limit, which is a

better confinement regime in the sense that the confinement time increases[6].

2. There are 3 different QSH states: DAx, SHAxi and SHAx. In one period of a QSH state, DAx

appears first, forming a magnetic island with its own axis together with a HTTS. With the increase

of the 𝑏"#$%, SHAxi appears with the annealing between X point and original O point, remaining

no big change of the HTTS and finally with the further increase of the 𝑏"#$%, SHAx state appears,

forming a ‘big’ HTTS.

3. The gradient of the thermal structure decreases with the increase of the dominant mode, which

indicate a local increase of the transport around the gradient area.

4. The next step is to finish the transport study on 𝜒 profile, together with the confinement time

profile based on this database. A further study of the mechanism (𝐸7QR ) should be considered as

well.


