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Aspart of its national commitment to modernizing the energy system and achieving
alow-carbon future, China has identified nuclear fusion as an essential component of
its long-term energy strategy and is accelerating the development of fusion science,
technology, and engineering capabilities. The Institute of Plasma Physics, Chinese
Academy of Sciences (ASIPP), stands at the core of this effort. Witbre than four
decades of leadership in tokamak research ranging from HT-series devices to the
world -leading EAST superconducting tokamaky ASIPP has built @omprehensive
capability, spanning plasma physics, superconducting engineering, cryogenics, power
supplies, plasma heating systems, diagnostics, fuel cycle technologies, and nuclear
grade component development.

To transition from present-day experimental devices towards future fusion
reactors, ASIPP has defined a stepwise developmesitategy centered on the China
&OOET T % CET AAOET ¢ $AIT1OOOAOQEIT 2AAAOI O |
high fusion gain @Q=10-30), generate net electricity, demonstrate tritum self
sufficiency, and validate reactosrelevant materials under significant neutron flux and
fluence. To supply the required scientific foundations and mature the enabling
technologies, ASIPP is constcting a complementary suite of largescale facilities,
including the CRAFT technology campus and the new superconducting tokamak BEST
(Burning Plasma Experimental Superconducting Tokamak).

BEST is a pivotal step in this integrated strategy. When completed, it will be the
xT Ol A6 O 1 AOCAH kamakprioOd IDER. \@ith & major radius of 3.6n,
central magnetic field of 6.15T, a fulktungsten first wall and divertor, and 50MW of
auxiliary heating, BEST is explicitly designed to explore higperformance plasmas,
long-pulse operation, and burningplasmarelevant physics. Its role is twaofold:

(1) to act as an advanced physics and technology testbed that accelerates readiness for
CFER, and (2) to serve the international program by generating I data in support
of preparing and optimizing future ITER operations.

The missions of BEST span three principal domains:

1) Plasma physics. BEST will explore highperformance DT scenarios, achieve
scientific breakeven QI 1), study confinement in a fulW environment, investigate
alpha-particle and fastion dynamics, and develop advanced operational regimes
capable of approaching burningplasma conditions Q 15).

2) Fusion technology and engineering. In support of CFEDR, BEST will validate high
field superconducting magnets, higkheat-flux tungsten divertor concepts, heating and
current drive systems, plasmafacing components, remote handling, and redlime
control systems. BEST will also demonstratan integrated tritium fuel cycle, including
direct internal recycling.

3) Fusion nuclear safety and tritium breeding . BEST will operate with an initially
licensed tritium inventory of 110g and provide a platform for testing tritium
accountancy, detritiation systems, and confinement barrier performance. It includes
three dedicated ports for Test Blanket Modules (TBMs),mabling early validation of
breeding blanket concepts under realistic tokamak conditions.
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Construction of BEST is scheduled for completion by the end of 2027, with first
plasma expected in late 2027. The operational campaign is structured in multiple
stages. Initial hydrogen and deuterium plasmas at half magnetic field will support
integrated commissioning of magnets, heating systems, plasma contrdielling and
impurity management, diagnostics, and disruption mitigation strategies. Subsequent
full-field deuterium operation will refine scenario development and prepare for BT
campaigns through pellet fuelling tests, wall conditioning, highpower RF
commissioning, and advanced control algorithm deployment.

The first D-T plasmas will begin at moderate current (34 MA), followed by
systematic optimization at higher plasma current (up to 6-7 MA). Conservative
inductive scenarios, based onITER physics andrecent D-T campaigns atJET, are
predicted to generate more than 50MW of fusion power with Q> 1 z approximately
three times the historical fusion power record achieved at JET. These scenarios directly
support the high-level objective of demonstrating scientific breakevenn BEST.

Long-pulse operation exceeding 100&Geconds will then enable integrated testing
of fuel cycle technologies, tungsten divertor solutions, control systems, and TBMs,
offering critical learning for CFEDR. At the same time, largépha-particle and fast-ion
populationsin D-T plasmas on BESWill permit significant advances in alphaparticle
physics, expanding upon discoveries from JET DTE2 and DTE3 and contributing to the
global understanding of burning plasmas.

As ITER will begin its first DT operations in the early 2040s, BEST fills a crucial
strategic gap. It will provide ITER with validated operational scenarios in a tungsten
environment, insights into pedestal behavior, confinement with low external torque,
impurity control, ELM mitigation and no-ELM regimes, RF optimization, and early
testing of AI/ML plasma control strategies. BEST also offers significant value through
materials testing at moderate neutron wall loadings and through early demonstration
of breeding blanket elements and tritium management strategies, all of which eésk
CFEDR design choices.

A major upgrade of EAST, launched in 2025, further strengthensdtecosystem
of ASIPP EAST will support BEST by providing a platform for scenario development,
divertor testing, H&CD optimization, and advanced profile control, ensuring rapid
feedback loops between the two devices.

In summary, BEST is an essential step in the ASIPP strategy for the accelerated
development of fusion as energy and electricity source. By tightly integrating high
performance plasma physics, fusion technology qualification, and nuclear safety
demonstration, BEST not only enables the timely realization of CFEDR but also
provides essential data and expertise to the international fusion community and
to ITER. Together with EAST and CRAFT, BEST fornmprehensive scientific and
engineering foundation that alvances China and the world toward the realization of
practical fusion energy.
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) “; Shielding Blanket: W/Cu first wall
I bolted to stainless steel shielding block

/)
Passive Stabilizer: W/Cu first wall
supported by stainless steel structure

Divertor: W/Cu PFCs supported
by stainless steel cassette
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Figure 3.2: The Hock diagramme of the fuel cyclen BEST
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4.1: Introduction

In this chapter, the possible contributions of BEST to research in the field of tokamak

transport and confinement are discusseds OE 1 C4 ZB&ROA ET OACIORIOBA 11

AOAT AxT OEO AT A OOATZDAOAD DOAAEDAETDIEWIOEAD" %!

POAOGAT OAAh ET Al OAET ¢ OEA AgpPAAOGAA MEOOEIT bIi
This chapter is closely linked to Chapte2, providing physicsbased support for

the METIS simulations described there, as well as for the selection of the main

operational parameters. These physichbased simulations serve as reference for

further analyses including MHD and faston physics studies. Furthermore, all the

proposed scenarios are coreedge integrated, ensuring that separatrix parameters

used as boundary conditions for core simulations are consistent with the scrapaf-

layer parameters discused in Chapter6.

4.2: BEST operational windows from engineering to dimensionless

parameter domains

In this section, we analyze the expected achievable parameter domains for BEST,
linking key engineering parameters with volumeaveraged dimensionless plasma
guantities. The results are obtained assuming 4#hode confinement, as described by
the IPB98(y,2) saling law[1l]. The fusion power is computed using the actual
temperature dependence of the fusion reaction rate, while the radiated power includes
contributions from Bremsstrahlung, synchrotron, and line radiation, accounting for the
temperature-dependentcooling rates of argon (Ar) and tungsten (W) impurities.

A tungsten concentration of 1 and an argon concentration of 0.003 are
assumed. Additional light impurities, helium and boron, are included, resulting in
atotal effective charge ofZest = 2.2. Typical Hmode profile shapes are assumed, and the
corresponding volume-averaged temperatures are rescaled to match the total thermal
stored energy predicted by the Hmode scaling law. Thus, these calculations effectively
represent a0.5D approachz the profile shapes are assumed, but profile effects are
retained in the computation of both the fusion power and the radiated power.

Q|
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Figure 4.1: Upper row: J -power, fusion gain,Psep (full line) and P.-1(dashed line) using

the TG26 L-H threshold scaling; lower row: dimensionless plasma parameters (from
left to right: volume-averaged values ofl/ ms h*, amd [n) as a function of the plasma
current in MA, for different values of the lineaveraged density, as reported in the
legends in 13° m-3 units, at 6.15 T, with 35MW of auxiliary heating. Horizontal lines
give CFEDR (solid), ITER (dashed) and HREMO (dashdotted) reference values.

In the we* figure DEMO and ITER are overlapping.

The power reaching the separatrix Psep) is obtained as the difference between
the total heating power (sum of auxiliary and alphaparticle heating) and the radiated
power up to mor = 1. Psep is then compared with the I-H transition power threshold,
calculated using the recent T&6 scaling law for tokamaks with metallic wall§2, 3].

If Psepfalls below the L-H threshold, the l-mode confinement scaling law from IPB98 is
applied instead[1].

Figure 4.1 presents an example with 33W of auxiliary heating atBo =6.15T.
The alphaparticle power and dimensionless plasma parameters are plotted as
functions of the plasma current for different electron density values. A strong
dependence of fusion power on plasma current is observed: operation wit®> 1 can
be achieved forlp H6-7 MA, provided the electron density exceeds roughly 0.5 of the
Greenwald limit (new). Theadditional alpha-heating ensures that, during the flattop
phase at high plasma cuents, the ratio Psep/ PH reaches values well above unity for
robust H-mode operation.

From the application of the scaling laws (i.eHos=1), the thermal stored energy
is computed and then used to compute the dimensionless parameters, including.
In Fig.4.1(e), ue* is given byue* =5x1051 1 Zg Rqne/( Te2 (r/ R)115), with Rin meters,
Nein 101° m-3andTein keV. InFigs.4.1(d)-(f), dimensionless parameter values for ITER
(dashed lines), CFEDR (solid lines) and EDEMO (dashkdotted) are included for direct
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Figure 4.2: Same quantities as in Figh.1 as a function of the bby,2factor, for different
values of the lineaveraged density (in 18° m-3 units), at 6.15 T and 6MA, with 33MW
of auxiliary heating.
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Figure 4.2 shows P, Q, Psep and PLy, p e B n. as afunction of the Hosy,2
confinement factor for different line-averaged densities (extending to higher values
than in Fig.4.1) at Bo =6.15T, I, = 6MA, with 33MW of auxiliary heating. The results
indicate that achievingrn® ¢ 8 A PA T QA KHep08 8¢ AO AAT OEOGEAO |
Greenwald limit (new=1.6p1020 m-3 at 6 MA).

4.3: BEST research on transport and confinement

4.3.1: BEST main characteristics relevant for transport and confinement studies

BEST will be a burning plasma facility bridging the gaps towards ITER and CFEDR.
The high values ofB: and I, foreseen in BEST make it also an unprecedented platform
for transport and confinement (T&C) studies in BT plasmas, particularly under
conditions of a significant fraction of seHgenerated plasma heating. The presence of
asignificant population of highly energetic ions, including alpha particles, will enable
novel studies of their effects on thermal plasma confinement, as specifically addressed
in Sections8 and 9. Here, we focus on the general transport properties of BEST plasmas
and its potential contributions to advance understanding of transport and confinement

in tokamaks.
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1 As shown in Sectiord.2, atBo =6.15T, BEST will achieve reacterelevant values of
M and be*. Reactorrelevant 1~ could also be attained if scenarios withHosy,2> 1.6
can be developed. In addition, the possibility of operating BEST at half magnetic
field, Bt ho 8 pvidl facilitate access to highy n scenarios, andwill also allow direct
comparison with lower field tokamaks such as JET and -BDSA. It will also be
important to compare low and high B plasmas within the same device.

1 At Bo=6.15T, the high plasma current enables operation at high densities,
achieving reactorlike conditions of low collisionality at the pedestal top and high
density and collisionality at the separatrix.Together with a full tungsten first wall,
as currently planned for ITER, CFEDR, and future fusion reactors, these properties
will allow BEST to address critical questions on the integration of the plasma core,
pedestal and scrapeoff-layer (SOL). A key resarch topic will be the compatibility
of high core confinement and high fusion gain, which require sufficiently high
pedestal pressure, with tolerable exhaust conditions in the absence of large edge
localized modes (ELMs). This will involve studies of EL¥tee or mitigated ELM
regimes in DT plasmas, suk as grassyELM regime[4], EDA Hmode[5], quasi
continuum exhaust regime with type Il ELMs (QCHBP], as well as theX-point
radiator (XPR)[7].

1 Regarding fuelling, the edge opacity will necessitate studies of deefuelling
techniques (pellets and compact torus injector) in reactoirelevant scenarios.

1 On the topic of LH transition studies, BEST will provide valuable data on the
parametric dependencies of the tH threshold in metallicwall devices
(complementing results from AUG, JETLW, etc.) and will contribute to improving
PL-1 extrapolations for ITER.

1 The availability of high ICRH and NBI power will enable further studies of nen
linear stabilization of ITG turbulence by low and medium-energy fast iong[8],
amechanism that can facilitate the access to the burning phase in future reactors.

1 Finally, as in future reactorsthe electron-ion collisional exchange time in BEST is
much shorter than the thermal confinement time over a broad range of parameters
(seeFig.4.3(a)), favouring temperature equilibration. In contrast, the current
diffusion time is several times longer see Fig4.3(b)), making it more challenging
to shape the current density profile via external current drive.
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Figure 4.3: Volume-averaged values of the electronion energy exchange time (a) and
the current diffusion time (b), normalized to the energy confinement time, as a function
of the plasma current at different plasma densitiesBo =6.15T, Paux = 35 MW).

4.3.2: Transport research areas for BEST scientific exploitation

In this subsection, we summarize the main areas of research in transport and
confinement that can be pursued during BEST operations. For clarity, these are
organized into five main blocks:

E

E

3

(0]

(0]

(0]

(0]

AT AOAT AT 1T £ET AT AT O POT PAOOEAO

Investigate thelp, and B: dependence of Hmode confinement scaling under
electron-heated conditions, studym scaling and isotope effects
Study the effect of impurity seeding on confinement performance

~ ~ s s o~ oz

Investigate ITG, TEM, and ETG turbulence, and associated heat and partic
transport including impurities

Study ion stiffness mitigation strategies and the effects of fast ions on
thermal transport

Examine the effect of they-profile on core transport

Develop and validate turbulence models and synthetic diagnostics

Explore the physics of highy plasmas at full and half-field magnetic field

0OAAAOOAT OOAT OPT OO PEUOEAO

Characterize residual turbulent transport in the pedestal using global
gyrokinetic (GK) simulations. Evaluate ETG role in electron heat transport.
Study particle pinch mechanisms in the pedestal

Investigate intrinsic rotation and residual stress in the edge region
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Z #-edgdintegration physics

o0 Assess the impact of ELM mitigation strategies on the pedestal

0 Study ELMfree and smaltELM regimes, including the influence of
separatrix density

o Investigate opaque edge effects, including the comparison of de&gelling
systems versus gas puffing

o Study impurity-seeded detached scenarios and impurity control strategies

o Examine the impact of the Greenwald fraction on edge and core transport,
including density limit studies

0 Explore plasmas with high density but low collisionality

0 Assess advanced scenarios and their optimization in presence of a metallic
wall

E -H transition physics
o0 Study L-H transition physics in a tungstenwall device
0 Investigate operations marginally above the tH power threshold

4.4: Physics-based integrated modelling of flat -top plasma profiles

4.4.1: Methodology
The integrated modelling of the flattop phase of different scenarios in support oQI p
operation in BEST was carried out using the ASTRA framework [B0], employing
physics-based transport models. TGLISAT2[11] in electromagnetic mode was used
for turbulent transport, NCLASY12] for neoclassical transport of the main species, and
the FAGT module [13] for impurity neoclassical transport, accounting for centrifugal
effects of rotation on impurity transport. The equilibrium was computed with the
FEQIS solvef14] in fixed-boundary mode.
Six quantities were evolved in the simulations: electron and ion temperaturelg
and Ti), electron density (e), tungsten and argon impurity densities tw and nar), and
plasma current density ). Plasma rotation was calculated once using TGISATO in
electrostatic mode and then kept fixed, as it has limited impact viage® OEAAO8
' AAT AT ABAmpah EGOO0OA xAO Al xAUO AOOOI AA8 4E]
Ol 1 OAA Ob O OBMMADAMAGRIA OB BOTAIGCEA OAPAOAOD
AT A Pl AOI A AOOOAT O AAT OEOU8B &1 @ pAAAG®A IO AN
ET A OA O 6kl resep VAL BlasMa shape as inputs. Europed generates a set
of profiles with increasing pped, Where the pedestal width is determined according to
the EPED1 assumptionwped=K (f5 r 9¥% The constantk=0.11 was chosen in
agreement with experimental results from AUG, MASU, and TCV [1618]. Low-Z and
mid-Zimpurities were modelled as an effective ion withiZ =9, representing both Ar and
He, with a density set to match the prescribedes. For each profile, Europed computed
the equilibrium using HELENA and assessed stability with MISHKA. The predicted
pedestal pressure profile is the one marginally stable to ideal peelingalloning modes.
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Heating power and current drive deposition profiles for NBl and ECRH were
calculated using ONETW(Q19], while ICRH deposition was computed with TRANSP
TORIC[20]. The ECRH power was distributed over a radial region extending up to
Mor = 0.45 by steering the poloidal launch angles of the gyrotrons. Using toroidal angle
adjustments, the ECCD was configured to drive counteurrent inside mor = 0.25 and
co-current outside this region, to assist centra-profile flattening. In all simulations,
3He minority ICRH with a minority concentration ofn(3He)/ ne =3% was employed,
except for one comparison case using a hydrogen minority ICRH witl{(H)/ ne = 3%.
The ICRH power for3He heatingt was equally divided between two frequencies,
f1=61.5 MHz andf: = 68 MHz, to broaden the fast ion profile to enhance the beneficial

stabilizing effects on ITG turbulence. T AAAEAAOQOAA OAAT 1T & ) #26
ol AT 1T AAT GBAOGEARAT DPAOAI O AA ATA EO OAOAOOAA
511 A0O 1 OEAOXxEOA OOAOAAR AOCI T OAAAEIT C x/£

OEA OAPADAOO® OBRA ET EAAOAA AOQGEI EAOU EAAOQE
Tandabbp pel AT A OAT pAOBOOIOEAN OF AT OOOA AT i PAO
AARAOAAEAA 3/, AT TAEOEITO8 4',& xAO AAI1AA
EUAOI CATEA EIT xEOE AOITEA 1 AOGO ¢8uh ! Oh 7C
) #2& AEAOO EI T O Al AZEA AMA@E RAARGOOEAOCODARAE T EUI
i AO AAOAOEAAA ET ryYQqQ xAOA IEIN&SEN4AIAGOA A AN
EAO AAAT AOOEAIAIOARA EGUOIGFATAOEA OEi OI ACEIT O
OADPAOAOAI uUs

4EA MEOOEIT OAAAOEIT OADAp WA Ox AN GG BX& A
Ol xET ¢ AixT AT A AT 11EOEITAI Al DPEAZ ERAOEIT C
A4EATT OOEAOOEIT 1T A& OQPOEQERADET COAARDEET OAO/

"R AT ACACROT ADO AT A ORAGIOAT A OAD BAIOIAG OADAOA
42! . 239" ¥ quys8 &I O OEA Ai1T OEAAOAA OAAT AOET O
x ptb T £ OEA OIgpAl OEDOEI 11 PxkRO Al Al UOEOh O
AT OOAODPI T AO ODEDEBARAAICOEODOHE IOEBT xAO Al I DPOOGAA
AT A OEA 0OObBOA OEHinally,AHe coAfindmerit facfol Vs determined by

comparing the global confinement time from ASTRA simulations with the ITPA
IPB98(y,2) scaling[1], both neglectingPrad and considering it.

4.4.2: Conservative inductive scenarios

The results of the integrated modelling simulations are summarized in Fig.4, which
shows the total fusion gainQas a function of the plasma current. The summary of the
global parameters are listed in Tablel.1, while Table 4.2 provides the corresponding
Europed input values used in these simulations.

1&T O OEA AT T OEAAOAA Al 1T AEQEITITAhOEXOERIERN A GEAA O #0A0 1
OAATT A EAOI T b EARAABI T AT AAR

d4EA AOOCAOCOI AT O T £ xEAROEAD | OBDL A ARDA IABIOKD GA DERE I
OEADYIPABEAOAR AT 111 xXA AU EGADEGAE®BI & EIl ££ ABGEMAOOE |
y AAAEOEI T h OEA 1 POEI EUAQGETT DA AGABAEBOEE AR AORIOA /

OAAT ADHAdH® (UG xEOE EAAQOEBADH Bi BOBBAEAGI j! @k O AA EI

¢
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Figure 4.4: Fusion gain,Q as a function of the plasma current for several inductive
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BEST scenarios discussed in Chaptér For all these cases, the suprathermal fusion
component contributes approximately 10% to the total fusion powet.

Table 4.1: Summary of global parameters for the simulations shown in Fig.4. In all

cases, the total auxiliary power isPaxBo @ v 7h ABAADPO MbEw- 11T A 1 £
AAOAOh xEA@RBEcQBAHOAAMO OOAA ONDEI ALAAGEAOEA
AAAOI OO AOA AADsABOI AOAA 1T Aci AAOET ¢

Scenario Q Prus [N | Ne/ New | Hosy2 PL-H Psep/PL-H

lp=7 MA
(reference type | ELM;| 1.47 |51.3MW | 1.46| 051 |1.12| 21 MW 15

3He minority)

lp=7 MA
(reference type | ELM;| 1.52 | 52 MW | 1.51| 0.51 |1.13| 21 MW 15

H minority)

lo=7MA 0.96(33.4MwW| 1.2 | 041 [1.03| 17MW | 1.8

(reduced density)
lp=7 MA
(Trea: 20% reduced) 1.12| 39MW |1.26| 052 |0.98| 22MW | 1.4
lo=7MA 1.32| 46MW |1.43| 05 |111|21Mw | 13
(strong seeding)

lp=7 MA
(QCElike conditions) 1.19| 42MW | 1.3 053 |1.01| 22MW 14

Ip =6 MA 0.76 | 26.2MW | 1.23| 0.53 1.04| 19 MW 15

o =6 MA 091 26Mw |1.13| 05 |1.01| 18MW | 1.4

(reduced Paux.)

Ip=5MA 0.48|16.7MW| 1.2 0.62 1.05| 18 MW 15
d4EA )#2& AOANOAT AU OAT CA ET "%34 Allix0O0 O ETAO
AAAAT AOKOMETACOAOAA HROOBAQRT OEJ EI AO 01 OEA OAAT AOE
OAAT OA $4%9 AT A $4 %xDRADADEAABIT OO A0 OBEDELEEO A0
ATTA AO PAOO 1T &£ EAOOOOA Y#2& 1 POEIi EUAOGETT OOOAEAO
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Table 4.2: Input parameters for Europed for the scenarios shown in Figure 4.4.

i Ne,sep Ne,ped Tsep

Scenario (1019 m-3) | (1019 m-3) Zet (eV)
lp =7 MA

(reference type | ELM3He minority) 3.8 6.4 20 | 150
Ip=7MA

(reference type | ELM; H minority) 3.8 6.4 2.0 | 150
Ip=7MA

(reduced density) 3.8 5.0 2.0 | 150
lp=7MA

(Tped: 20% reduced) 5.8 6.4 2.0 | 120
Ip =7 MA

(strong seeding) 3.8 6.4 2.7 | 150
lp =7 MA

(QCElike conditions) 45 6.4 20 | 150

Ip =6 MA 3.8 5.5 2.0 150
Ip =6 MA

(reduced Paux.) 3.8 5.5 2.0 | 150

lp =5 MA 3.8 5.5 2.0 | 150

Three reference cases were analyzed §=5MA, 6MA and ™A, illustrated with
black circles in Fig4.4, each with a total auxiliary heating power 0fPaux. B35MW
(composed of 13MW ECRH, 1MW NBI and 10MW ICRH). These reference cases
assume a standard Europed pedestal and a standard level of impurity seedingstfong
dependence of the fusion gain factor on the plasma current is observed, primarily
driven by changes in the pedestal performance, as evidenced in Hgs. The
simulations indicate thatQl p AAT AA AAEEAOAA OBIAT '0%3 A A&ixA A
o-! AlT-A 8x 4EA OAEALEAT AAUEAOAOAOGEA AT T AEOQETI
OAEAT OENEA AQAA&EADAIBEDO AODRAEANOAT AA AAOA EAO .
ACAET 00 OEA *) . Ad2b¥h OOBDAXEEZEAOBAOOAI A EAAC
I AOGAETET C G&i EI AO OAOGOI 00

I OAOEAT O 1T £ OEA @aoks B3 DAYMEEDRH GAMWOAA A
NBland 1I0MWICRHx A0 A@bi 1 OAA O ET AOAAOA OEA AEOOE
Al PEOCEADPD 1T EAETT1ET AAO A1l AAOOT 1 ACT AOEA OOA
E¥ ¢cihy Al OET OCE OEA 11T AAl xAO 1T OECETAI1TU 060
OOCCAE9OEADAU AA | AOCKEHpAI IUA OA DIOEA 1ORBA T OA
EO xEOQOEET ¢ OEA AdDAQR ORIAA OADACAT OA Od AAI

)T otewh OEA *) . 4210 # OgAﬁl@@E@@A@@A&Aié@EAQEAHOA
%ﬁZK’EAAQETQ‘QTQOAéég QQQOEAQAAAlggmAEEQQEQEMD*0%:
OAAT AOET O xEI1 AA A1 1 AOAOAA ET ~Z£OOOOA OOBAEAOS

iag T OOAE OOAAEI EUAOGEIT 1T AAEAAOO xAhOASEIT Al OAAA ET O
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Figure 4.5: Predicted electron temperature (Te), ion temperature (Ti), and electron
density (ne) profiles for the reference scenarios atp = 5MA (blue), I, = 6MA (red) and
lp =7MA (black). Forlp =6MA and 7MA, the Greenwald fraction ine/ new Hrt 8 Thé
density for the 5MA case was not scaled with plasma current, resulting e/ new Bt 8 @ 8

&1 O PEA ! AAOAh OAOAOAI AAAEOEIT T Al OAO
AAT T DPAOEOTT xAO 1T AAA AAOxAA{ AOCEET OAEAOA) AA (
ACTETT OEOU )#2( | Al AA&T1 Q©84 BA OBx AEDAOAROEAOA |
ET OADAIOA T OOEIT bDixAoh xEOE OI EGCEOI U EEGEA

OEA OAI A AT T AAT OOAOQOET T h AO GEA )GH2HCEED Ul AA
Al AOCA®EIINTARIEI OOEI T 8

. Agdh A 11T xA0 AAWMOcmUB tOAALIORARET AEOAE AQ x/
i TOEOAOGAA AU ETOAAAAMOETCRA GOFEAR o3RI OAI OAh AE
I OEAO PTET 008 4EEBTSAMATAOEIAAACH OBOEIEAO |
OAEAT OENEA AOAAEAOGAT h A O AgAi I A AU AAEOOC

4EA OAI AET BlEg- 'AADBDI TAWA T DOETT O AT 1T OEOOAT
%, - | EOECAOQETT 1T 0 OOPDOAQIOEAD 80BN BAOAGDAA A
I £#/ OEA OOAT AAOAh x OEA OUBPA ) %, - OAAIEIC
DW/ Whped B15% (~2 MJ), which, if confirmed, is not acceptable for operation and
requires mitigation strategies. The cases considered include:
1. ELM mitigation with error field correction coils [28] (grey circles in Fig.4.4). An

average reduction of the temperature pedestal by 120% relative to the

reference case can be assumed [32,33]. The corresponding fusion gain values are

Qhp8opQBoisddpch OAOPAAOEOAI US
2. Strong impurity seeding regime (brown circle)[29-31]. In moddling this

scenario, the argon concentration is increased toa/ ne=4.8p p&j: A&z 8 x h

A ££A A @lahd corfifement remain essentially unchanged. Due to higher

dilution, the computed fusion gain is somewhat lowerQHp 8 0 ¢ 8
3. Quastcontinuous exhaust (QCE) regime (light blue dof)6]. For the high

triangularity configuration foreseen in BEST, modkiing the QCElike regime is

achieved by increasing the separatrix density tonesep=4.5p perd #h  x EE1 A

EAAPET ¢ OEAI pbAARICORDU AT A Ei POOEOU OA/

~ e

jnalne=2.6p pa: Ak 88 4EA 1#% OACEI A EO AEAOA
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OOAT OEOETT ) ET &l - AOODOUDIAAN AOABPEERDE OHAA B
OAAOAOETT AAOOAO An and gtdbal dbiideddntl QidldingE 1
asomewhat lower fusion gain ofQHp 8 p w8

In this version of the Research Plan, detailed analysis has focused on the Q&

scenario as the promising candidate for conservative El{fffee BEST operations,

enabling Q>1 while maintaining edge conditions compatible with divertor

requirements.

4.4.3: QCE regimegz radial profiles and global parameters

In this subsection, we present additional details of the integrated modkng results for

the QCElike scenario atl, =7MA and ne/ new 10.5. Figure4.6 (red lines) shows the
electron temperature, ion temperature and electron density profiles as predicted by
ASTRA mod#ing. For comparison, the figure also illustrates the kinetic plasma profiles

for the reference type | ELM scenario (black lines) and the strong seeding scenario
(blue lines). The global parameters for the QGHlke scenario are as followsQPp 8 p wh
Prus P42MW, Prad ©12 MW, ze H1.23 s, Hosy,2 H1.0,1 n 1.3, Psep/ PL-HTL.4.

For completeness, Figurd.7(a) shows the computed heating power densities ,
including contributions from alpha-particles to both electrons and bulk ions jpe,orand
pi,oT). The external+ alpha heating is distributed as 60% to electrons and 40% to ions.
Figure4.7(b) illustrates the computed g-profile and current density components.
At 7 MA most of the current density is Ohmic, with a nofinductive fraction of 30%.
The ECCD is not enough to flatten the q profile, but together with the higjs H4.7
it helps to maintain theq =1 surface atmor 0.2, preventing large sawteeth.

Figure 4.8(a) shows the predicted radial profiles for tungsten and argon impurity
densities, as well as theZes-profile. Under the considered conditions, no central
accumulation of tungsten is observed, and the tungsten remains approximately flat
across the plasma radius. This W profile is consistent with a strong pedestal screening
and a role of the core ECH to érance turbulent diffusion, counteracting accumulation.

Finally, Figure4.8(b) shows the predicted radial profiles for alphaparticle
density and effective temperature[22]. In the plasma core the alphaE AOA A EEZAAOE

N s oA o~
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Figure 4.6: Te, Ti, ne, notnrt profiles for the QCE (light blue dot in Figd.4) and the strong
seeding (brown dot in Fig 4.4) regimes, compared with the standard7 !  OOUDA ) %,
scenario (black dot in Fg.4.4).
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Figure 4.7: Details of the computations for the QCE regime. (a) Radial profiles of the
different power deposition terms. (b) Radial profiles of the total and ohmic current
density, bootstrap current, current drive andg-profile.
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Figure 4.8: Details of the computations for the QCE regime. (a) Impurity density and
Zeff profiles (right Y-axis). (b) Alphapatrticle density, n, and effective temperature of
alphas, T, profiles (right Y-axis).

4.4.4: Comparison of BEST dimensionless parameters with other D -T devices
In this subsection, we present the comparison of a set of dimensionless parameters for
the BEST QCE scenario described in subsectib4.3 and four past and future BT
machines, JET, ITER, CFEDR;BBEMO. For JET we have selected thgbrid D-T pulse
#99950 [34], for ITER the baseline scenario described in [35], for CFEDR the most
recent set of predicted profiles [36], for DEMO the 2018 version from [37].

7A OOAA OEA Al | lu=a9D21¢q R AfrEvk)/E TPER)I[38]q,
with In ¥e=15.270.5In ne(1020 m-3) + In Te(keV),R=r/ R, with local valuesr [m], q, Zet,
Ne [101° m3], Te[eV]; M =4.57p p&jde! QTEA" 01> x4&BE ERBIGAOO 1 Oi AAO
i E¢8u 2 @Ok 1$ AEN  [IEQt-DT" oicox EGEOEA DOAOOOOA EI
[ ErA"oMpx EGET -1 8
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4.5: Gyrokinetic simulations to quantify possible fusion gain
enhancement due to non -linear electromagnetic stabilization

4.5.1: Introduction
Local gyrokinetic (GK) simulations with the GENE code [380] were performed in the
ETTAO AT OA 1T £ OEA " %34 OAEAOAT AA x4.4,tb OOUD/
study the impact of electromagnetic (EM) fluctuations on the heat transport,
potentially giving a beneficial stabilizing effect which could result in a dstiffening of
the Ti profile [8, 41,42]. The transport reduction due to the fast ions (FI) produced by
NBI and ICRH, which can in principle contribute to suppress micrturbulence
[43-46,35], was also investigated, but not the effect of alphas, which would require
very heavy GK global nodinear EM simulations. Both these mechanisms are only
partially included in the quasklinear model TGLF, used for the integrated modelling of
the scenarps described in Sectiort.4. Therefore such simulations could result in an
underprediction of the fusion gainQ.

The radius mor =0.33 has been selected for the analysis, since it has a good
combination of a relatively high rep ®1mp%tand a non negligible Fl density
nrl ne oo 8 X 9o that both thermal EM stabilization of ITG modes, due to a finjte, and
Fl-induced stabilization could in principle impact the Ti profile. The FI have been
OEi O1 AGAA AO A OETCiI A O1 O0i PAAS CUOI EET AGEA
3He FI from ICRH and the deuterium FI from NBI, merging them while keeping the same
Zestand neutrality. The DT mixture is modelled as a single species with the atomic mass
A=2.5. To include the effect of impurities on the transport, AHe and“He ash are
addeA AO A OET CI A cuoOl EET ACGEA Oi Oi pPAAS ODPAAE}/
equilibrium with the main DT ions. The density profiles of the lumped species
(impurities and FI) are shown in Fig4.10, together with the effective Fl temperature.

10! 250
E\., ~1200
R electron desity 150 =
£ 0 \ —Fl density [
9—; 10 impurity density =
<

Pror
Figure 4.10: Radial profiles of the electron (dashed black), fagbn (solid black), and
impurity (solid blue) densities. The effective fastion temperature (solid red) is shown
on the right-hand Y-axis. The vertical dashed line corresponds to the radius used for
the local GK analysisior = 0.33).
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The GENE code solves the GK equations, coupled with the Maxwell equations, within a
1 -Approximation. The simulations were carried out in the fluxtube (radially local)
limit using realistic magnetic equilibria, reconstructed with the MHD solver CHEASE
[47], accounting for collisions and finiter effects fromy ‘y andy * fluctuations.

4.5.2: Linear simulations at mor =0.33

Linear flux-tube GENE runs were performed first, to characterize the micro
instabilities at the radius of analysis and assess the entity of the linear stabilization
effects (thermal and Flinduced). For this purpose, the spectra of the linear eigenvalues
were computed for three different cases: without FI, electrostatic (ES); without FlI,
electromagnetic (EM); with FI, EM. The results are shown in Fi¢.11, by red, green and
black lines, respectively. In the figure, the growth rate and the real mode freqency

S are normalized with respect tocs a, where cs= (Te/ mi)¥/2 is the sound speed and
a=(Bedgd A '0)Y2 provides an estimate of the average minor radius of the tokamak,
where 3 is the toroidal flux, while the binormal wavenumberkyis normalized with the
inverse of the ion sound Larmorradius m = ¢/ m, with mj the ion cyclotron frequency.
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Figure 4.11: Results of the linear fluxtube GENE simulations ator = 0.33 for the three

modelling cases:q
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(@ and (b) Spectra of the growth rater and real frequencyd (5 >0 means ion
direction) of the most unstable linear mode, computed at the nominad/ Lti =1.69;
(c) and (d) Spectra ofr and 5, computed at a large®l/ Lti = 3.
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An ITG dominant micreinstability regime is found, with micro-tearing modes
(MTM) at the lower wavenumbers, which a posteriori have been checked not to show
in the nonlinear runs. A rather strong thermal EM stabilization is seen, reducing the
growth rate peak by~40% at both nominal & Lti =-d InTi/ dmor = 1.69 andat an almost
double valuea/ Lti =3, selected to test the sensitivity of the results to the main ITG
drive. Note a small effect of the Fl onand  in linear simulations.

Figure4.12 shows the results of an additionalfe-scan, performed for the
AT AAOOT I AcT AGEA AAOA x E @i @) cormsmoidingtd the® j Ox T
maximum of the linear spectrum) with &/ Lti =1.69. Thereference valuereop 8 o b
(obtained from scenario transport moddling) is relatively low compared with the
kinetic ballooning mode (KBM) thresholdy ¢* hoZ 8 v Fhese reference conditions lie
in al interval which is compatible with linear EM stabilization, as indicated by the
monotonic decrease of the growth rate with increasing e towards the KBM threshold.

4.5.3: Nonlinear simulations at mor = 0.33

A set of nonlinear GENE simulations have been performed at three values of fhe
inverse logarithmic gradient: i) a/ Lti = 1.69, ii) &/ Lti = 2.0, and iii)a/ Lti =3.0, for each
of the 3 cases that were considered for the linear analysis (without FI, ES; without Fl,
EM; with FI, EM), inorder to test if the EM effects would impact thd; stiffness (i.e. the
degree to which the radial Tprofile responds to changes in the applied heat flux). The
simulation results are shown in Figure4.13. The main picture that emerges is that
anonlinear EM thermal stabilizing effect is present, even larger than the linear one, as
expected @pproximately 70% reduction of the fluxes with finite beta). However, the
available ion heat flux is insufficient for this effect to impact the ion temperature
profile, since the resultinga/ Lri is placed too close to the ITG threshold. Indeed, by

051
: 1
0.4 - %xp- KBM  “os
) PRI
L 03" /s e
? | ooooboooooood 0o °
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b A 0.4
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.‘-e
Figure 4.12: Results of an additionalfe-scan for the linear growth rate and mode
frequency (right Y-axis) for the electromagnetic case without fast ions, computed
at kyms = 0.5 with a/ Lti = 1.69.
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looking to the zoomedin region in Fig.4.13, one notes that GENE predicts the
EM stabilizing effect to only increasea/ Lti by less than 10%, which is a negligible effect
within the numerical error bars ~10%. This small improvement is actually comparable

to the effect given by the mockup model used only for the optimized GVMA case

in Section 4.4. The effect of the FI for the considered conditions is negligible, as in the
linear analysis.

In summary, a noticeable thermal electromagnetic stabilizing effect is found at
work. However, for the considered scenario, the BEST ion heat source is insufficient to
allow it to significantly impact the ion temperature profile at the radius of analysisThis
implies that a possible future increase in the auxiliary heating power may lead to better
exploitation of the effects resulting in ITG stabilization, thereby further enhancing the
fusion power production in BEST.
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Figure 4.13: lon temperature stiffness plot atmor = 0.33. The ion heat fluxgi is shown

as a function of the main ITG drivea/ Lti for three different cases: i)electrostatic

OEi O1 AOCET T O xEOET 6O Z£EAOO EIT 1 Glectjomagifetic &) h
OEi O1 AGET T O xEOQOEI OO0 AZ£AOGO EITO jOx¥I &)h %-
OEi O1 AOET T O xEOE AA®Mbols. Thetefejelde poitt)ifoy 8w 0h Al A
AT &Lt hp 8 gigmtrked by a blue star. A zoometh view of the region around this

reference point is highlighted by a green rectangle. The vertical dashed lines denote
alibp8ovalkibPA8noh OABWREOUAderGIBL) rGnge onal Lri.

4.6: Outlook

Future modelling work will address physicsbased time dependent simulations of the
full discharge evolution of the QCE scenario using the ASTRA/TGLF framework,
in order to achieve more precise estimates of the duration of the rampp, flat-top and
ramp-down phases. It will also address possible further optimization of the heating
deposition, as well as the possibility to work at higher densities. Finally, other types of
scenarios will be addressed, such as the loweQ Hrt 8lang pulse scenario to be used
for technology experiments and the highQ 5 advanced scenario for burning plasma
studies.



2 AR .

# EABDIQACOAT OPT OO OEUOEAG RAT@ )T OACOAOGAA -1 AA

4.7: References

[1] ITER Physics Basis Editors et aNucl. Fusior89, 2175 (1999)

[2] E.$ Al AAE A Scdlily oAthesth th@shold power for metal wall machines
(ITPAtask TG26)d 66th Conf. of APS Division of Plasma Physics, Atlanta ((ER2%)
[3] P.Vincenzi et al. Plasma PhysControl. Fusior67, 045013 (2025)

[4] G.SXu et al.Phys. Rev. Lett22, 255001 (2019)

[5] M. Greenwald et al.Phys. Plasma8, 1943 (1999)

[6] M. Faitsch et al.Nucl. Mater. Energy6, 100890 (2021)

[7] M.Bernert et al.,Nucl. Mater. Energyl2, 111 (2017)

[8] J.Citrin and P.Mantica,Plasma PhysControl. Fusior65, 033001 (2023)

[9] G.VPereverzev and P.N0 OOE | A A$TEKAutdMated System for Transport
Analysis in a Tokamak h x-Plakck-Institut f &r@lasmaphysik Report, IPP 5/98 (2002)
[10] E.Fable et al.Nucl. Fusiorb3, 033002 (2013)

[11] G.M.Staebler,Plasma Phys. Control. Fusié8, 015013 (2021)

[12] W.A.Houlberg et al. Phys. Plasma4, 3230 (1997)

[13] D.Fajardo et al. Plasma Phys. Control. Fusiés, 035021 (2023)

[14] E.&AAT A FEQS: A freddund@ry equilibrium solver for integrated modeling
of tokamak plasmaé @pen Plasma Sciende No. 2 (2025)

[15] S.Saarelma et al.Phys. Plasmag6, 072501 (2019)

[16] P.Schneider et al.Nucl. Fusiorb3, 073039 (2013)

[17] M.Knolker et al.,Nucl. Fusior6l, 046041 (2021)

[18] U.A.Sheikh et al.Plasma Physics and Controlled Fusiéh, 014002 (2019)

[19] W.W.0 £A E A£A£ONETHVO: akdmPuier ddde for modeling plasma transport in
Tokamak® h ' AT AOAT | OAlbIR8N ™80 APT OO ' !

[20] M. Brambilla, Plasma Phys. Control. Fusidi, 1 (1999)

[21] P.N.Yushmanov, 131JUN87, private communication

[22] R. Bilato et al.Phys. Plasma21, 104502 (2014)

[23] D.E. PostApplied Atomic Collision Physi@s 381 (1984)

[24] C.M.Roach and I.A. Mitsekhovich, private communication (1999)

[25] A.Pankin et al.,Comp. Phys. Comiib9, 157 (2004)

[26] M. Romanelli et al. Plasma Fusion Re8, 3403023 (2014)

[27] F.JCasson et alNucl.Fusion60, 066029 (2020)

[28] Y.Liang et al. Phys. Rev. Let®8, 265004 (2007)

[29] C.Giroud et al.Nucl. Fusior64, 106062 (2024)

[30] S.Gloggler et al.Nucl. Fusiorb9, 126031 (2019)

[31] M. Bernert et al.,Nucl. Fusion61, 024001 (2020)

[32] M. Faitsch et al.Nucl. Fusior63, 076013 (2023)

[33] M. Faitsch et al.Nucl. Fusiorb5, 024003 (2025)

[34] J.Hobirk et al.,Nucl.Fusion63, 112001 (2023)

[35] P. Mantica et al. Plasma Phys. Control. Fusié&, 014021 (2020)

[36] J.Chen, private communication (2025)

[37] M. Siccinio et al. Fuson Eng Designl76, 113047 (2022)



2 AR .

# EABDMACAT OPT OO OEUOEAQG RAITA )T OACOAOAA

[38]/ 8 AOOA @ EAUGD 8A 1 pchhd 6 kpAun w Q

[39] F.Jenko et al.Phys. Plasmasg, 1904 (2000)

[40] T.Gorler et al.,J. ComputPhys230, 7053 (2011)

[41] G.Whelan et al. PhysRev. Lett120, 175002 (2018)

[42] J.Citrin et al.,Nucl. Fusiorb4, 023008 (2014)

[43] A. Di Siena et alNucl. Fusiorb9, 124001 (2019)

[44] J.Citrin et al.,Plasma Phys. Control. Fusiéi@, 014032 (2015)
[45] J.Citrin et al.,Phys. Rev. Lett11, 155001 (2013)

[46] J.Garcia et al.Nucl. Fusiorb5, 053007 (2015)

[47] H.LO@er® et al. Comput. Phys. Commudi7, 219 (1999)

T AA



# EABIGACAT OPT OO OEUOEAQG RAITA )T OACOAOAA -1 AA



Chapter 5: Heating, Current Drive and Fuelling

#1171 OAET*ADT (ORI dJ hA EQOGRAIS/BYE 96! | ! 3:)E0A0ICch j"!'83) 00 Q

7EQET OOEAOOEI T O £&EOT I g

1 3) 00 “hVhi (B8 (BOH38AMBThEATRC8FTAThE 7&h 8 SBA
88 8Gh 0Ah 8 3BARH 8 1 B BO*EBAhTC8 EAT'E$BIh@ wéh(8$BO A
088 BAs g &8 +BD8: @i h, E RIS Alir § 338

EUROfusion Team: Ye.®azakov(LPP-ERM/KMS, Brussels, Belgm)

v8pd )1 60T AGAOGET 1

4EA EAAOQOET ¢ AT A AOOOAT O AOEOA EQAEDHID OAW OOAI
AOA EAU AAOOAOTI OO &I O AAEEAOGEIT ¢ OEA 1T AET 1A
I £ " %34 EO Al i Pl OAA T £ Al OE2 ARADBAOARBRAAT )1
EAAQOET ¢ OUOOAI 6h xEEAE 1 BPAOAOA AAOI OO OEOA
jEpxm(UEh EET ABFAIZHOOUh KEOE A£OOOOA A@OAT OE

wr (UQhERITIA xEA OFE 8 HOEA8 fHEMDUOOATI T PAOAOAO xE
AT A EAAOOOAOC AAAAI AOCACERGBEOPDOACHEADAEO ObA
Al ACADEEROAA . ") OUOOAI EO bi ATTAAR AAPAAIT A

xEOE AT AOCEAO Eifpn@RAS8 OAEARA T ODAOAINn 1 AUl 60
OPARKEDEI T O 1T £ OEA (0#3%$ OUOBAHIBO AOA OOI I AOEU

Injected | Nominal

RF frequency
power power

ECRF | 15MW | 24MW 170GHz
40-65MHz
ICRF 10MW | 16MW
c 0 6 (40-90MH?z)
LH 10MW | 16MW 4.6GHz
NBI
120key) | LMW | 15MW Z

| AUT 66 AT A 1 AET DPAOAI AGAOO

"%34 EO Al O ANOEDPDPAA xHEHE CA CUIGIORD A TARKX
OPAAENEA 1 PAOAOGEIT T Al 'ADIERGCHIET ©O8 j 24 E AOA T RIOA 1AC
AAOT 6O OAOET OO ODPAOEAI 11 AAQOEMIEAIT AEIOKIABAEI]
AEOAOOI O OACEIT T O0q O DOl OEAA ni AgeEAIN ET &1 1T OC
OUOOAT O ETSAINAA Al AEOEAOAIAO O | 300p) AdD KATTIARKORIBA O
N EAAOQGETT j3-")q OUOCOAI OIIATHEHIAEFEREAGEIABDOAT OA
i #4)qQ EO Al 01 AOAEI AAIl A IEKJdTC8AT&AAD AA BAAAG\D O 10
AT A i AAEET A POl OAAOQCET T h " %34AGOBAEODOEADI TAN

') q OUGCGBADOOM®DAMERAOI O i 30)Qs8 4EA [ AET DPAO

m - s N oA~

AEoAlAnEAl AEOOOPOETT 1 EOECAOQEITT uvd8AI 6 AOA O

Uy



#EABDGAOAOET Ch #OMMIO EHCGEOA AT A

4AAAVRp Qi i Aou T &£ 1 AET MOMOATEAIGAOO 1T £ OE/

AEOOODPOETT 1 EOECAOEIT OUOOAI O EI
N . L
.u.mbfar & Fuelling Gas Injection
System injection . . .

. region species specifications

locations
Fuelling systems

9 Total 100 Pa-n#/s

(distributed Edge, D (fuelling)
_ . 2, T2, He, . .

Gl across equatorial,| antenna regions, Ar. Ne 5 Pa-n#/s (impurity)
upper, HFS, and divertor ’ 10 Pa-n#/s (WC)
divertor regions) Continuous operation

2 on the LFS, <5 Hz
PPl 1 on the HFS Core D2, T2 Continuous operation
<500 Hz
D2, Tz, He, ’
SMBI 2 systems Edge, core ;r 2Nee <20 Pa-n¥/s
’ Continuous operation
5 Pa-n¥#/s
CTI 1 syst C D2, T
system ore 2 2 <2 Hz for 10s
Disruption mitigation systems
Whole plasma He, Ne, Ar, .T.he rnaxmum.gas
MGl 3 ports volume o Mixtures injection capacity >
5000 Pa-ms3 pershot.
Whole pl N A
SPI 22 ports ole plasma | Ve, D Fe, A, 500 m/s
volume or mixtures
Yyl OEA A&E 11T xETC OAAOCEIT Oh AOEDEINCEALAAOAE
AEOOODPOETT [ EOECAOQOEIT OUOOAI 6 AOA DPOAOGAT GAA

v8c¢d (AADBIOADBOMOOAITI O

v8c8pd AAAA DUITTAOAMOAT AU

YT " %34h OEA %2 ARORIOAROGBARAUOQIWH#2&q OUOOAI
AAT EOAO -G T @& 2@&v Pi xAO0 A0 AU ABRQOADABAOEE p A
pTORAT T AO8 4EA %#2&CBOADOOI TADS OEIGON0 | EO ¢®OA]
ANOAOI OEAT 1 AOT AEAOOh 1hi AGHA A ¢ A O AZBIOTIBIGKOR U' h>

piiliEAAI 1AGTAE AICIAO T& OEA OUOGOAI DOT.
OAAT AGEI/ AAT ET C AAAEOETT Al &O01 AGET I1BDEOEAD
AT A GAixd AOOEOOAT AAR AT A [ EOECHBEII 1 &£ EI D

160 A OAOOAGEI A AAOOAGI Oh OEA DPOEI AOU Of |
EAAGET Ch AOOOAT O AOEOA AT A DOIMNEI A OAEI T OEIT
" %34 OAAT AOET O AO OEAEdS ol vEAIRA IA 11 AZGOEAGLERR |AORAA

T



#EABDGAOAOET Ch #OMMIO EHCGEOA AT A

AGEO bPi xAO AAPT OEOETT h T 0 ASBAKIQSABIOAQHTXAAO A
NEAT AOh  %# 2 ( AATZA OlEA OR DA OFA4 BAE E MOABES v 4
i OABEADPOR OAT A AAITOOAEABQET CnEA@ pBRI £ NEAIT Ah
4EA %#2& OUOOAI AAT Al 0T AOEOA bl AOI A 17
i ACT AGEA NEAI A0 AU AAEOOOET ¢ OEA AT OATTA IE
OEA %# xAOAO8 &I O O O EAADT Aigdd RIOOIEAOEKIEAO OB
OEAOCADBERAOAA w# AOOOAT O AOEOA pjpsau # &XJ7 8A £ENE A
$00DBEA DA DE Pwhs AMAT AA AbpblI EAA O OAOGA 1 A

0.2 T T T .
Pecg™1 MW —0 = 92°,¢ = 190°
—_—0 =93° ¢ = 195°
o 4° h — y
—~ 0.15 6 = 94°, ¢ = 201

— 0 =95°,¢ =207 |
0 = 96°, ¢ = 213°

0 0.2 0.4 0.6 0.8 1

p
SECOBKYAGEAEI EOU | £ @& BDYOORBAEEZRO ARDI OF
"TE@8puv4h AAEEAOAA AU OOAAOET ¢ OEA DPililEAAI

LBC¢B8CAA)T OAIgABAMOAT AU
)T OEA ETEOEAI DPEAQAI#UAE I"DAd 4 ROAROAVEDT h) HE
OUOOAIT xEI T Ai70pHTA @A OEOANHA G AUWS OAT C D AIOAI
OAOAAOAE AT A AAOGAT T PIi AT O AEEI OO0 AOA 1TI1CIE
AOANOAEQBEAD Yq8 ) #2 & AbRA-OADENET IAOGAT AAT A OEA
EUAOT CAT T[T ETT OEOU OAEAI A &£ O AT OA bPI AOi A EA

4EA 2& DI AT O DOl OEADET & OROAI AREOPAA AiI D
0f xAO EO OOAT Oi EOOAA O Ox1 )Y#2& AT OA4 1 AOh
AT T 1 BN P AEAAEc3D AGEAT T EVL OB 1 1OA OBARIT AEAO
O0O0APDYB A2 Ad ®DRAT A OEA T OEKA@OA D AAIBDAMACGOEDAA
Oif T ETEIEUA EIi POOEOU OiI OOAA &EOI i )#n2&8

%AAE 1 AOT AEAO AAT AA AT AOCEUAA ET AADAT AA
POl OEAET ¢ NI AGEAEI EOU APAOOKAT A@RK ERDAE ICAD A
PEAOEI ¢ AAT A1 01 AA OAOEAA O IiZITEI EURAEEAG
AT T OOT 1T Ak AT Z0EEDE OAT ET OOAAEI EOEAO8 ! AAEOE
T AAO OEA AT OATTAO xEI1 AA OOAA O ABEAT AA A



#EABDGAOAOET Ch #OMMIO EHCGEOA AT A

(b)

P - Z
f

O —
>
m’
O)
b
> 3

I OAT CA T &£ AENEAEAT O )#2& OAAT BIERAITI G HEAI AA
AO OEA T11 ET Al NMERAIAAE pRAEKISPHERROEGNE AE EUAOT CAI
OAEAD BYajE ( qh xEOQECRAPGEAAOT ogBOR RI(Q MADI OEAAO
OT AOOO AAOI OPGETATZNEIED AT @O FEIAIENEAEB plot h Al OC
AENEAEAT &6 OAAT AOET O AAT AA 1 AOGAET AA AADPAI
OARECHBT (

Edor (Ud (UAOT CAEMNEEQT DEDOECRAPQPEAAOT OPOEI]
EERpAp v ( W@A [ ETSIEOEDWB | x EOECRADPEAAOT OPOE]
EEMdx (Ud $AOOAOEDI BN 0GEFDPU EAAOET Ch

~ N 2 A QN ™

T C
(e

ICRF resonance location, (R, — Rp)/a

ICRF frequency, f(MHz)

&ECO@A #1 T NECOOAQET T 1 )
Al O AEEAZEAOAT O EI T OPAA

—_—) >l



#EADGAAOET Ch # OCROMIO EHCE OA AT A

1 O AAOAOEAAK @I A#EADGRNRO AOGOOAT O 2A0AAO0A
ADDI EAAGERT | EWEl OEAU ) #jo(&A tOHobAT A 1 -OEODEOI OCE|
OAiZDD AT A OEA | AET DEAOAOS &OOOEAD AliDed e /
y#28& Al OAT (A DAHAGEATQROAOET 1 OAAT h O&GGAUET C
ETEAAOET WM AGEA | DEHEG B QEIAG O1 QEOE il IAFEOA G © £
Al ORAARDAOOAA ET AOOOOA xi OES

AEA Y#28& OUOOAI xEil AA E1 0000 Al OKI A& O
AEAEAOM G OEKVAR OAE Ad AZIh jBOA E UAO & SAR(SA
i ABou- (UQh AAT AA ADEAIAGA OFA GoOA 1 FAIDIAD AMI} M BAO
DAOOEAI AO AAAI OA OOAOOETI C | DAOAOGEI 1 O xEOE C

%BOAT AET C OEA )#28& AOAUOKIOAGT OAT ®A OBIAE DO
EO AllixO OEA OOA | £ OEALHBAOUGADEADAAOEDE
OEA OAIEMT BAOGIGDAEAOR ZEDIAD D AED COAGHIC 08 -1 OA
OKREAT A AA] Ai1 OOEAGOA Oi' L0K&u HO} ORAKKE EADD
PO OET ¢ AAl OOAI Al ARG ( GAAOET C xEOE ) #2&

L 8¢ 8o dEUAICEMC ABAMOAT AU
4AENA x AKOAOEA j, (q OUOOAI EI7 "Aw3 /A xmOAINOCHOIAQE A
Al O AOOAOQCET T ORAAAMOBT @ EAAn2@& 7D IO ED CA AT H O AAGDA |
AOAET AAT A EIT UOO®IpB O0RADIT ®ADEIEIOI TOQAT OI EOOAA
1TAABAA AO PI OO0 + ATAI AR DBAOGRVLADOARBOAQGI
"T ORAOT AEAOO OAIAAOEIOAA | BAOBEORAGRT T1AT Adl EQC
AEEAAOEOA |, ( PI xAO A1 OAT EACAEDOARAAEAE pi AOI A

4EA , ( AT OGATT A 1AUT OO0 AT A mASAUAS AkA ARE OENT O /
AT TOEOOO T &£ 1 0OixO0 ATA 1 AT106i10 j Oi OAI EI
p@mn8u7TEY- 78 %AAE EIT UOOOIT 1 TAOIA OPI EOCO OAT
pET O ofhi COAEGOIpy AAOEOA xAOACOEAAO PAO 11 AGQD
EAEEEOyI8it AT A Exiph OB

364 mm

LT

T
T
T
I

LTI

LTI
LLEREERTULAT
[T

LT
LT
LT

SECOBGAHA 1 AUl 6O T &£# OEA 11T xAO EUAOEA A

938.4 mm

g



# EADGAOAOET ch #OGAWIAG ESAGEOA AT A

50ET ¢ OEA AAOOAIT A1 OAT 1 AprgADI AOABANK OODE AT ¥
AT OATT A A1 OplI ET ¢ AEAOAAOAOEOOEAO ABAHj DA >
I DOEI Al AT OPI ET C T AAQOO 1Ak sl B OEFDNYA GEIOEAL
Al ETEI 61 OAni AAGETT AT AENEAEAT O j2#q AAIT x
OPAAOOOI AEOAAQEOEOU OAAAEAO x xnidoAldEATl OF
priaraber £@EA OANMI AAGEIT T AT AZENEAEAT O OAI AET O
AEOAAOGEOEOU AAAOAAOGAOG COAAOATT U A&OI T xmb OI

4EA T AET OPAAOOAI PAAE AAT AA OEEAOAA AU
xAOACOEAAO8 | 08QPFERGgh BEASPHDEROA AIAExAAT p8w
4EAAOA OPAAOOOI AEOAAOQOEOEOU EO OAT OEOEOA O
xnmb T AAGBEAGO-sE®Eh xEEI A AO pynd DPEAOAR OE
pnb xEQEExSEWCE RELOHOA OEI xO OEA xAOA OPAAOOOD]
A £O01I1 xEAOE 1T &£ OEA | AET OPAAOOAI DPAAE x m8o

20 —— T 3.0 T T T T T T n =1810"im*A® =0, N,=2.22,D_=70.1%
~ 15 F = 254 sesessneel
s 10 n, =2.6"10"/m* 10, . [ = 2.0 7,.,....unonnounon-ro b ‘-a .
0 - - ; | 3
A e e ER
L 1 I T - f 70+ i YYYYYYYY: ol
0 — T T T T T = T v 1"”!""" """""""" TTYYys Vg T v 4
704 ! L o 604v"" """vv\ g 4 <
= ‘ - : : : : T 2
< &0 3 gg LI ETCLITTE AN, ~0.36
D — =7 ... .. C g 2 [ u ”
sodl i by 2 :g '-__."___.- e 2 22
0 5 1015 20 25 30 35 40 150 100 50 0 50 100 150 = 2 0 2 4
n (10°/m>) Phase between modules (deg.) N

CQECO& , ( OUOOAI ApRAMOCAAMOBROEIOOEARAIOBANBRAAEAT O A

~ A s s s oA N

OAOOOO0 PEAOCA AAOxAAY AGER 1OBEAA OO A CAOTBAAA CBBE A |

, T x KOAOEDOOMBODEOA j,(#%$q EO Al EI DBl OOATO
EPAOOEAOI AO &I O OEA AAOGAITPIATO 1T &£ AAOGATA
OAAT AOET Oh OEA , (#$ OUOOAI AAT DA PEADLAAAI A
AR ADDRNBARNE & OEADE(OQ OAGAITOGAITS A4 EHO AD @ERIED (
bi xAO AT 10011 AU DPOI OEAEI ¢ AAAEOEIT Al AOQEI
0icl.28 (1 xAOAHAIBDIACOEEOBA DI AOIAO T &£ 1 AOCA
AAPT OEOET 1T BR®OBURBREARAIDIAU AIGCBAOCET T AT A AOOOAIT
, (#$ OUOOAI xAOA A0OGAPOXRMAEAOEIOEAAQAI AGAO
OAi PAOAOOOA POI MEI AOh AT A t1HiBA OIOA OANSNERN EREAR E
, ( xAOA O1 AAOCT ABDAGOI ARADADPOENICI ATA EO OAD
bl AOi A8 4EA PAAE bl whds RDEIOGE CEAT ABDODOEEDO A
o7 1 &£ ,( Ai&ANEDSB, 0 1 OETI 01 AOETT 6h OEA OAEAOA]
xAO OAAOAAA AU ¢nbh( OCAODA OEAICA EOA GRIAIBRA O T O

AADT OEOCET T mBrt8s @BRMBEAA AOEOAT EARABOOAT O 1T £ x 1 1im



#EABDGAOAOET Ch #OMMIO EHCGEOA AT A

12 ] ] ] ‘ . RF power density (ijm=10 MW)
0.25
_NH =te=Te
—+—0.8*T
10 - --landau damping 0.2/ :
8 ""'Nacc —
— ¥ 0.15
1
4 - T o
2 e 0.05
0 0
0 0.2 04 06 08 1 0 02 04 06 08 1

p /)
SECO&A 2AO00IL00A AEA 'QAIUE 8% -ALDp OGBRAIKAOET EI
i D11 OOERT , ABAAO AAI PET ¢ AT A xAOA AAAAOOE
AAPT OEOET 1T PDPOTNEITA A O ,( xAOGAO &I O OEA |
420AAOAAA AU c¢mbh OAOOI OET ¢ ET AAAPAO xAOA E

v8c¢8t1d AAABOORMAGET I
YT OEA NEOOO PEAOGA T A& "%34 1 DPAOAOGEI T Oh OE/
AROGECT AA O AAT EOACADOODODEODcTt AOOOAT O ET OI
ANOAOT OEAT AAAI 1 ET BRAc POIEABDGEEACOA ADBD )dc 1 AO,
QWOOAI xEiI 1 AA7O0ARAOCHAGAAT DI AdAT O OAGAE As 163 O BpinC
T ACADEDA O1 OOAAB YIqAMEABABS OAOEAAT A AT AOCEA«
AEEEAAOAT O AAPT OEOQEIT 1T DPOINEI AO O1 1 AAO AEOAO
i £/ OEA 2AO0AAOAE 01 AT h ET OAOAAOETIT O AAOxAA
AT T OEAAOAA AT A xElI1l AA AAAOAOOGAA ET OEA AEO(
AAOREDAI NET A AT 1 DOV PAGECOO KIFROA . "#$Qq8 4EA . "
PI xAO0O AT A AOOOAT O AOEOA AAPAAEI EOEAO AOA
OOOCOAET | A Ol O OAAICAOEEADPPRA O" %34h OAA

. ") ZHAIOO1I 1 OOAOG AOA AOOEI AGAA O OAIl AET
AgAi bl Ah - EL10p OEMRATYAOET h OEA DPAIAET A\ ADZ AW A0\

ndapdrie $0O0A OF OEA 1 AOCA . ") ZIBRAAOEAT ARI OB
OEA AAAi AOAOh DIl OAT OEAIT U AAOOEI C AOQI I ERZ
AAOEOAOET T8 41 1 EOECAOA OEEOh A |1 Apx®AA OEE

OAAOGAET ¢ 1T AOOOIT OAAEAOETT AEEAAOO AT A DPOAC

| Phase I: PNBI system

.

ET " %:
APl OEOEOA ®%ifgp cAGQAA xiIEOE A E£O0OOCGRAT OPGOABAA
AAPAAT A 1T £ ET EAAGET ¢ Al ApakBABEE AAOOAOCEODI 1 A

W



#EABDGAOAOET Ch #OMMIO EHCGEOA AT A

v8aod OAFORAITAET C

"%34 AIDITUO A& 6M0ADIEDITCAI O MAOUVOAOEOAU AEO,
TAAKEQA Gl EARQESE B | 1)ABA AD EBEEAO O 11 1EAAA OA A0

N EAAQEEGH] | BMEKOQCEAAOET OBO @EDRIPA 0480 AlhIORIAG A
AAT OEOQU AT T 00T 1 h %, - | ECEDAOBAT HDOBAAGT NADO¢

V8o 8pH EAAQEIGAI
AERA G EAAIOEDPQODAOALEA AABONIATEAAZAT T AEOET T ET (
i AOET A n&Eu® AAI EOAOETI ¢ A£OAT h EiIi DBOOEOUAM AT A
AEOOOEADOOAA OOPPI U 1T AOxT OEERO CAIDI A ® DIl 4
AEOOOEAOQOET T OBEDOAUEARABOEA CAO

71T OEET ¢ CAO EO Oi OOAAA &EOI 1T Oxi $AAEI EO
OOEQ@HOIAICHM. ISE0OO0OAOQq AT A OEA CAO OGMADEADAAT O
CAOAO AOA AT TBAUVAARAODADAIN GBGAIAD A1 O AT 1T OAET I A
OOAOQETT EO ABDOROODEREDE SkAhT I DOAOCOGORDOPGFE QE
(Ah . AhB OB E®AIABETOEOC OEQ@OAAO AT OAO OEA OI EAIT ¢
A Ol OT EAAT OET C A0 " #PDAWMIEGESBSAA OAOOEAA]I OE

4EA CAO EI EERRADEDERADUBDRAADEI AN ORAICE OEGIT 0O
EDPT OO0 ! nOiwh EATEARA A)OH OO0 EIT ZWEIADAO O ART A (-&I3 A |
bl o AT A0 AEOAOOI O ET EAAOI O ET bPI OO $n Al
Al AADE OO0 AAI EOAOO OE®W CAO OPAAEAOG

T &OAI CAMAG{S$SAOI T OEA OOBAEMDON PI AT O AO pr
T )i DOOEOU CAOAO j ( ANOARMO 0RO qc A®AT A ORIFA 11 TAC
AEA ART REOGETTEIC OUOOAIh 11TAACAAT AO(ANAADI

pTOAENO A O EAI EOI Cii x AEOAEBAWC D ANDABRIOEAD |
CAO ET EAAREBAT OOUBDABBAGRA

4AAT A- ABIcdpOT PAOOEAO T £ OEA CAO ET EAAOD

Total: 9
(equatorial Z A, E, I,
Gas injection top zC and M;
locations high-field sidez M;

inner divertor z D;
outer divertor z D and L)

Gas tvpe D2, T2, D+ T2,

yP He, Ar, Ne

Operational T2: 0.8bar

pressure Other gases: 12 bar

. Total Fuel: 100 Pam3/s
Fuelling .

Impurities: 5 Pam3/s
rate

Wall conditioning: 10 Pam3/s
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Specifications Remarks
Pellet material D2, T2
OAT T AO OimmdIi A
Pellet size mass ofone PP AT 1 AO Dand T2 peIIet§ have
mass ofone T AT 1 A Gng 9 the same size
Injection frequency S Hz
Pellet velocity Sp mmE
Acceleration method Gas gun Acceleration gas: He
Cooling method Liquid helium &1 T x  OAgBA ¢
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POl AAOGO AEACOAI T &£ &0) &£ O pPAI 1 AO EAAOEAAQE

4AERODAOOIIIEAA O MID EAAGETqOUOOAT DOl EBAKOEIAG ¢
%, DAAET ¢h ZAll @@ ERAROECAOET 1 OEARAE OOAALMNE EA
1 TZAEOAOCAT AA 1171 AAOI AO AAAI 08 )OO0 OEI bl EAEC
Ol AADPI T UkAT ®6!i314 h ( 4 3 40712E0A 88 EAG0H BAEDXRCA DT E @G |
AO DPIT 000 ! BMAME) GITIEAOO AR ADpEE QAR AOTAMO@ EA O/
I DPATET ¢cq ATA A , AOGAIT 1T7TUUIAg CAO AAAAI AOAOA
OOPAOOITEAAT 1T B8 AAEI OA ET EAAOQEITI

. AGOOI T OEEAI AETBAORNAEDRO DAXDAREBRIEEAT K
DOAOAT OET ¢ AEOAAO AAAI DAOOACA8 " %34 AAAT O
OAl OAd OEA TTUUI A AEAAAAODLOEAAID]I BREODRAT GAEDA A AL
AR¥cOB 2AAO0T AAT O OTTATTEA OAlI GAO AT DHDOED Ail
AAEIT OOAs

40EOEOI CAO EO OOAT OPA@OAAT AEOH ® AXEBRO B AN
TAAO xEOEET OAATTAAOU AT T OAETIT AT O A B4 EAR OI
. Ah Al fsc D AgMBiI® POl OA ZEAOEOEN EAHOET T AOANO!
vmgUh AT A ORI 1 ®GRIOBIDEBT BAEAGE®I ETI | O0QCA0RAM ET
Ol CAOEAO xEOE OEA OOi i1 AOU 1T &£ OEA EAU DAOAI A

Gas pressure |4 bar
Gas type D2, T2,

He, Ar, Ne
Injection Max.500 Hz
frequency
Injection

. 1-1
pulse width 00ms
Fuellingrate |20 Pams3/s
Continuous
. Capable

operation

CQECO®GMMEGA nNi i x AEAGCOAI AT A OOii Aou 1 & I AEI]
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v8o8t1q HIOEEADOET I
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Al p1 T UAA O 1 AAO OEAADARNOB OXXAB AOBPREAGEICE
pOl OAA Al AAOOT i AcT1 AOGEA AAAAT AOAGET T h OEA x
OACEI1T AU A pOI OAA CAO OAI 6GA8 51 AAO A AEAC
EQOI AAOCTI D01 GECE AOAAEAT x1 @Al 1T EFEQOOAA OPEAOI
xEEAE EO OEAT AT i POAOGOGAA AT A AAAATI AOAOAA OF
01 OEA O1I EAI AE OEOI OCE A AOEAZAO OOAA8 &i O OE
Al BIEEAA OAGQA AiTA HGLORIO Adh xEOE AAAEC #4 DI
pi®AOOEAT AO j pliAca AITIAAGD *ENsBABOBROIAT ODEDEK AT
AEOAT T ET C OADDARMmMSBAMMAOEIICO A #4) OTEO xEII
i 1T AOGAT |, pQs

47 AAEEAOA OEAOA ®OGMI OBDAIGNODE BE GRA O OO0E
OUOOAT EO OANOEOAABDOOBRR OADX EOAEAOCEEOBO OAAZ
tnn E! xEOE A AGOONR| SEBPEDAI ADBEOBAAEKEI ¢ AT 1T OF
¢ (U8 #OOOAT O1 Uh TAEOEAO CAO OxEOAEAO 110 O
Al O DAVICZEAEAROEOETI T 1T PAOAOGEIT 1 8 42810 OK A 7
OAI EATT AOCAOT O Ox EOAEACWA OAE OEOTAODA AKDD 1TAA AR
EERABOOAT AOAGETT [ AAEAT EOI 6h EAAO OOAAOGI AT
Ol EZAI Ol EOU8 4EAOA AOAAOG OAPOAOGAT O AOEOEAAI
OEA AEOOOOA AAOGATIZMANI AOUWDOGAE 8OEA " %34

4AAT Adr A8 1 DPAOAT AOAOWE® OALE &HA " %3 4

BESTFCTI Requirements Existing Parameters
Working Gas D2, T2 D2
Locatlo.n & Port |, Level L1 /
Quantity
CT Plasma mass ~0.5 mg per pulse ~0.2 mg per pulse
Fuelling 2 Hy <1Hyz
Frequency
Injection Velocity ~300 km/s S200 km/s
Particle Inventory pnoi DAOOE pmmoi DAOOE
Main Switch Peak current ~400 KA, Peak current ~300 kA
Requirements COOO0OAT O OEOA QqOOOOAT O OEOA
g 2 Hz operation for 10 s 1 Hz operation for 5 s

W



#EABDGAOAOET Ch #OMMIO EHCGEOA AT A

v8td 01 AOI A AEOOOPOEIT 1T EOEGCAOEIT oOuUc
4xi AEOOODPOEIT 1 EOEGCAOEIT OUOOAI O AOA A& O
AT T OANQATAEAGOBOPOEIT 1T EOECAOEIT OUOOAI | $-3Q
ET EAAOET T OUOOAZOEEAORQOAAEKRC OEOAE | AOOEOA
EAO AAAT DOAT EI ET AOU AAOECT AA ET 1 OAAO O i
bl AOI MOBEHJOAT A O AT OO0OA OEA OAZA 1 PAOAOET

LBTB8MQOGGREAAOQET I

4EA - AOOEOA ' AO )T EAAOGEITT j-')q OUOOAI 1 EC
O1 EAI AE AU OAPEAI U ETEAAQOETI C Ei DPOOEOU CAOA
AAT EOAOET C ¢mnmnm O0Agi oh AOA ET OOARIOKDAT 4 EEA OF
OAIXGEAOE A OAOBBDLEN TGEAGRAGEIOA AG O adriGiE VEAAO
O p8mppmnmoyd DAOOEAI AO8 #1 1 POEOET ¢ A& 60 AT O/
OO0PPI UR AT A AT1T 0011 gh DAL -AOET EA HOOOAD OO AD

AT@T T jSk@8Qiv®q AT A OOBPDPTI OO0 OAI T OA 1zbAOAOE
OADPI AT EOEI AT 68 40ECCAOAA AU A 44, GFIiCO Al h E
Oi AOI NEl " %3400 AEOCOODODGEIT 1 EOECAOEIT1T OANC

- ) OAAETTI1 1T CAOGEAATIEIOGEAART )T OAODBPI T OA Ol

EECEAO CAO OEOI OCEPOO ET OEA " %34 AAOGEAAR O
OPCOAAA8 4EA AT CET AAOETI ¢ AOAxET CO &£ O OEEO

OO0ADP® ORAT ®IOT O1 OUPA | AT OEAAOOOET ¢ AT A DPAOA Ol

L8T8cd 30RA BARORGEI |
AEA 3EAOOAOAA O0Ai 1 AGEQIIGEAEBEIBAIj ADOq OGDO OF
AiTAAT OAGEI 1T 1 A& Ei DPOOEOU CA GGA GO GO A ARG AL
CAGBEIA] GRNOET ¢ OEA DEAOARDEDERIT DBDHRDOIEBGO

Of Al | CIEfAA BB GO OAOED AT OXTAKE OAI OOOEAAA AOAA
EOOAOGOAT DEAAD UOEAT OEAO | &£ Al ©Bi GADEDBAI | A
AAI AGEIAT OAOEA CPI AOT ABODADARKRDERD A& EIOEEAOEA |
OAOU BOEGE) GMEACAE I ORAMAKIAIGN AT ITIEOBAIERRAAO OAAEA
AEOOEDAORAT BRAGOAES AAI DO Al ET OACOAOAA AAC
ETEAROI OOR AiiOTOEIC OF A O OAbsdps clicl A1 GA
AiTOEOGOETI C 1 & pn E1 EARDDADWIROBOEN Ih AL Ed 1A0 BAIA]
OAOO xEiil AA ET1OOAI I AA AO OEA ODPDAO DI 06O
0ET EAAOT 008 2ACAOAEI C AAAE DPAI 1 AO EI EAAOI OF
AU 1 ENGEA EAIEOI O AAOOAI Ei AOGA OEA [ AOAOE
AUl ET AOEAAI DPAIT AOOS



#EABDGAOAOET Ch #OMMIO EHCGEOA AT A

AAE DAI1AO ETEAAOI O A I DPOEOGAO A DPAITITA
ADOT PAT 1T AT O CAO OOPPOAOGOI Oh A PAIT 1T AO AEACT I ¢
OEAOET ¢ A OAAOOI DOIiPETC OUOOAI 8 %AAE EITE
CAT AOAOGA pPAIT 1 AOO T £ MEBELEDOAT @ I E@OOOAIOO 1L
xEOE A $p, AEITATOEIT 1T &£ ¢mpon 118 4EA | AOA
AAAT OAAT AA xEOE PDPEGYOBAMEAOARGHORA AD OO AO E(
AOGAT T AEOIUT ® AA W TEGOBICRDBOIOOAEEQRE EQIACAADDEEICC (
DOl AMOEA PAITTAO ATA OEA POI PAIT AT O CAO OE
EO OAi T OAA8 51 OEi AOCAT uh OEA DPAI 1T AO OOAOAOOA
A OEAOOAO T AAEAT EOI AO OEA OOAA2O AT A DPOEIT C
pl 6i A AT A ETEAAQGEI 1T AEOAAOQEI1T AAT AA OAcCOI A

v8wd 2AEAOAT AAO

Fp(v8, 8 7TADCADDAABARKB ®MARERY 1j8¢mco(

F 7Y AE A0 AT 8h 3 AcE8B m@AWERP 1 i8¢ mp wq

fr o8 80) oAU DAT 08 Wl AOP Aw 3 AERE AQG

F TOMAOAAAOREKREAD ApaBp $AWSBT j ¢mgu
ruew T AET OO ROAOAABSBEUO8 vkl MmMPainicg & @abpixiq
f g8 AOAET A0 TEA ONOA# AOTERD 8l g &TOWOETEIEp j ¢ Mg mQ
F X8 AT %AOODA T BOL&DIGEIgmup j ¢cmtpw

Fyr : EAT.COAIOA AD 8-hAOAOEMT ©p AT jAc fip AQCU
r A8 AOAEA YAD #AllT8Maht 01Od A8BTLV | ¢ TI¢c o
FpaAXS/AAJAET O EVOSAIQ&MA @aiysOpp j ¢cmpuq



# EABGAIOAOET Ch #ORMMIG EHGEOA AT A
fppYO AS/ABJAET O EA@8AIQdNA @ic AO p | ¢
Fo38AT AEQRAOVLA) %% )1 OAOT AGET T Al hé AIRODOT
f oYOBEAAO. ADI Aloahd PKiplc | pwwu q

pr- 8( & AROAEIdh %p€CR SAOECH j ¢mpwq

o BET 1 AEOKDAT B &adigddivinpnn j ¢npnq

oY 8 # EAOGERRATEIRAT 88 8O0 @oxt o ox j ¢mpu(

pY! 8* 8 S3EARAEB®N SABOT ok ow j cmpw(

o SUBO AROOEKI 8h wt el SsAOECI | cmgoq

rar( SBBO AROOKI 8h wteB SsAOEE®L j ¢mcquQ

e 8A1T ROOKINSh wbg SAOELCD | ¢mge(

Fav$ 8kIBT ¢ AIBAQI Bh3 AEB mARERd 1 8¢ngoQ
Fc98s RO  AAR a0 GHEjlitinne j ¢mecuq

qv* BEAT C OAG OAIA8 B AcEX8 ptARAAEMP 1 i8¢ mgu g

TY- 83AR1T AROOEISRBEGB pptuvvw jcmgt g

qY( 8$EOAT ¢ AEADLE®/ESOOP®I Buovmeg j¢mpuq
o DVAT LOOHRIN B hpololig 8p BAWBY | ¢mgoq

xv* VAT AOORIN B hepohilg 8p dAOBp j ¢mgt q

¢ POAT AOCOAAS 9O QEIgnny j ¢megoq

e 3 8" BAT AGATAS @and Obpigdntt ¢ § ¢mquq

roft, BE AQDMAOBHhNT nyeonmpe j ¢meuq

n¢pq
Al

- kK =

-

T T B B



Chapter 6: Divertor, Scrape-Off Layer and Plasma-Wall
Interaction

Coordinators: R.Ding (ASIPP),0O. Pan(IPP-Garching Germany

With contributions from:

ASIPP TeamGZ. Jia, X.liu, T.Y Xia, G.LXu, J.L.Chen, B.F.Gao, C.JLi, H.Wang
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Chapter 7: Validation of Fusion Technology Systems
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Chapter 8: MHD, Control and Disruptions
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Figure 8.1: Comparisonof ramp-up casesfor the reference (blue) and late(red)
L-H transition s. Panels(g) and (h) show the evolution of j during the flat-top phase.
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Figure 8.3: Thetotal PF and CS contributions with 1 cm shift or 0°1tilt
at the same direction for error field in plasma ramping up at 2 s.
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Figure 8.4: Field-null poloidal flux and field magnitude contours
for BEST plasma initiation at 0 and 290 ms.
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Figure 8.5: Time evolution of plasma parameters withp = 0.5 mPa. (a) Plasma current
and RE current (b) Parallel electric field, critical electric field and Dreicer electric field
(c) dnrddt and its components (d) Effective impurity level; (e) Electron density and
RE density (f) E/ Ecand E/ Ep; (g) RE transport time (h) Electron temperature.
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For the unmitigated disruption investigated here, most of the outgoing heat flux
EO AADPT OEOAA 1101 OEA 11 xAO0O AEOAOOI O OACEIT I
OACEI 16 EO A 10i ACEAAT AOOCAEAAO ET 100 OEI
apparent n =1 asymmetry, as well as dobe-like pattern which has been observed in
previous studies concerning EAST.
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The heat flux distribution close to the final core temperature collapses on the
inner and the outer divertor regions (att =49.01ms), which is shown inFig.8.11. Itis
seen that local peak heat loads ar2.5x10° W/m 2, which is far above safe operation.

Exposure to such heat flux for more thanl04s would result in energy impact
approaching the tungsten melting limit at38 MW s2/m 2, putting the PFCs at risk.
The lobe-like toroidal asymmetry is clearly seen in the inner divertor region, while also
present to a lesser degree in the outer divertor. Nevertheless, in both regions the
dominant toroidal asymmetry is n=1, corresponding to the dominant core MHD
modes. Another feature is that the maximum heat flux maintains 2:1 asymmetry
between the outer and inner divertor during the TQ. This is the reverse of previous
observations in DIII-D or ASDEXU, where the heat flx asymmetry between the inner
and outer divertor is around 1:2 during normal operation, and reverses to about 2:1
during transient events such as ELMs or disruptions. The reason BEST maintains the
inner-outer heat flux asymmetry during the disruption is currently uncertain and
requires future investigation.
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