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* What is SPI supposed to deliver?

* What is the specific goal of the ASDEX Upgrade SPI system?

% What did we learn from the AUG SPI project so far?
= Commissioning (Lab) phase
= AUG SPI experiments in 2022 & AUG SPI modelling
« Disruption evolution
« Radiation asymmetries
* Radiated energy fraction (f,.4)

* Is there an ,optimal® shatter head for all purposes?

s Shatter head setup for the 2025 experimental campaign
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The goals of shattered pellet injection (SPI) m [

Runaway
electron
generation

Thermal
loads

Assimilate large

High Z material amount of D,

(neon in our case)
== ncrease core

free electron
density

98%+ Neon doping increases
assimilation via
D> plasmoid drift reduction

Tailor CQ duration
==$ minimize induced currents

=P radiate energy
uniformly
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. Upgrade
Outline

heat loads: forces: runaway electrons (RESs):
max. radiation  tailor CQ rate max. assimilation (density increase)
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How does the AUG SPI system work?

~3.5m

ASDEX
Upgrade

E
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~" Phantom UHS v2012
(prlvate communlcatlon)
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https://www.phantomhighspeed.com/

How does the AUG SPI system work? &

(i

=" Phantom UHS v2012
(prlvate communlcatlon)
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How does the AUG SPI system work? &&/
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https://www.phantomhighspeed.com/

| ASDEX
wpgrade
A

How does the AUG SPI system work?

F!‘ Pellet #1314, 100% D,, D=8mm, L~6.86mm, v=560m/s, 25° circ. short, 30kFPS

T+ +12.956 ms
File: AUG SPI Pellet 1314 GT2 H110236 26663 2765 trim c.avi Ima#: 384 Rate: 29676 Exp: 1 us
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What is special about the SPI system at AUG? &

« 10 different shatter head geometries

« 12.5° 15°, 25° and 30° angles
» Pellet speeds between
70 - 800 m/s

R

(top view)

T o

3x independent freezing
cells and delivery lines!

-
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(private communication)
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Shatter heads at ASDEX Upgrade in 2022 |

— —
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—_— 4 Prase i >
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6 ——— > _ GT3:12.5°, 78 mm long, . A
) 12.5° [] rectangular, 5 21mm -

< or 25°
SN 5
4 - VT

matching Vimpact

=» similar fragment size distr. R —
Pellet #1279, 100% D,, D=8mm, L~7.95mm,

v=570m/s, 12.5° rect., 30kFPS
smaller & slower
2‘.;:.

- ~& ~< GT1:25°, 78mm long, '
/ 4 @ O rectangular, 5 21mm o o S e
i T —— = - ~ Y ,». B - ==
. . \ g - - ‘4 “o
GT2: 25°, 46 mm short "-L ‘ \‘ ‘ o L 5 r- s '__:

chcular o 16mm | 4 1 ‘ ‘ P

Pellet #1314, 100% D,, D=8mm, L~6.86mm,
circ. short, 30kFPS ‘
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AUG radiation measurements

side view (poloidal cut)
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Top-down view (toroidal cut)

*Colored areas do NOT represent

the toroidal extent of the
observation volumes

2 1
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ASDEX
Upgrade

Foil bolo. (angle w.r.t. SPI)
— FO01 (22.5°)

— FO05 (112.5°)

—— F09 (202.5°)

— F15 (-22.5°)

- F16 (0°)

—» SPI
— NBI (co-current)

AXUV diodes
D01

D15
D16
DHT

* 4 channels for each foll
bolometer per sector

» estimation of the
radiation in that sector
via weighting factors
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. Upgrade
Outline

heat loads: forces: runaway electrons (RES):
max. radiation  tailor CQ rate max. assimilation (density increase)

s What is SPI supposed to deliver?

* What is the specific goal of the ASDEX Upgrade SPI system?

Highly flexible system (angle and velocity) = unique for characterizing fragment size & velocity effects!
s What did we learn from the AUG SPI project so far?
= Commissioning (Lab) phase
= AUG SPI experiments in 2022 & AUG SPI modelling
« Disruption evolution
« Radiation asymmetries
* Radiated energy fraction (f,.q)

* |Is there an ,optimal® shatter head for all purposes?

* Shatter head setup for the 2025 experimental campaigns
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Tobias Peherstorfer (TU Wien)

Fragment count for experimental data

T. Peherstorfer, M.Sc. thesis (2022)

sorted by normal velocity

& Pure Ne pellet size distributions,
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https://doi.org/10.48550/arXiv.2209.01024
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Pellet ID

Parks model
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SDEX
pgrade

Tobias Peherstorfer (TU Wien) P &g
,, \ A

- s |

Statistical shatter formulatand lab fragment detection2 £ =4

. . 5 100% neon, 4mm
— ® == = Linear fit _ — = Exponential fit
E 2.5 - ~ E ® ® Circular
- ~ Statistical shatter =4 b | w Rectangular
N2.0t N o . | 2 Lab results 30°
@ <0 formula 5
I P 2314
£ 15 X 2|\
ol Wy SN
& o ‘ ® ““" % o\ @ 25°
=05 o ¢ 211 % | =
’ ° ® N -8 fun9——- e
T T T T ‘ -— J T T E!
[Parks, 2016] 2[Peherstorfer, M.Sc. thesis (2022)] o
T ," 3 ] } =
2 == = Exponential fit ® 210 g ® — 2
z '..r » g ) g - 150 &
£ 1074 | o g M X h
@ 27 0 © ®
= - & e
5 % 3107 & o
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© - 5
© ##' Z 12.5°
; #"’ o 10° == = Linear fit
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Johannes lllerhaus & Mohammad Miah (IPP) &g
U

New fragment detection based on Machine Learning

pgrade
Boolean masks act
as training data

Lab data

Input: Raw Frame Output: Boolean Mask for Whole Frame

[lllerhaus et al., Journal of Fusion Energy 43:14 (2024)]
Label from previous detection
method (T. Peherstorfer)

With the help of Machine Learning (model: U-Net; EfficientNet BO backbone) » Generation of Boolean masks for fragment tracking

» Possible to analyse all 1100 lab videos without manual parameter adjustments (Mohammad Miah)
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" "
. Upgrade
Outline

heat loads: forces: runaway electrons (RES):
max. radiation  tailor CQ rate max. assimilation (density increase)

s What is SPI supposed to deliver?

* What is the specific goal of the ASDEX Upgrade SPI system?

Highly flexible system (angle and velocity) mp unique for characterizing fragment size & velocity effects!
% What did we learn from the AUG SPI project so far?
= Commissioning (Lab) phase The Parks model does not seem to fit our observed fragment distributions well
= AUG SPI experiments in 2022 & AUG SPI modelling
« Disruption evolution
« Radiation asymmetries
* Radiated energy fraction (f,.q)

* |Is there an ,optimal® shatter head for all purposes?

* Shatter head setup for the 2025 experimental campaigns
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Disruption evolution

ASDEX
Upgrade

8 mm 2-10?? deuterium atoms 2-10" neon atoms 5-10" neon atoms 7-10%" neon atoms
L I L l
>0.6 Lnomlnal pure D2
8 mm | up to ~ 0.6 Lyomina PUre D, pure D, - 0.085% neon 0.085 - 0.25% neon . 0.25 - 40% neon | 100% neon |
I | 1 | | 1
4 mm  L,gmina Pure D, - 1.25% neon 1.25 % neon 10 % neon 10 - 100 % neon
o.a-AJ\_’_/,_,—— 4 4
0.7 1 1
0.6 1
< 05 1
= -
-
0.3 4
0.2 1
0.1 1 1 . 1
#40739 #41014 #41006 #41003 #41002 #40679
D T T T T T 1 T T T T T
- x @ i}
2 I8 E
5| = =
= o = 9
: Es |8
g 2= I8
g L - -
S 30 N
=
o
O 20-
) L\
0 —&— , ; . . . . . ; . . . ; . , . . . . ; '
0 20 40 60 0 10 20 30 -5 0 10 15 20-5 0 5 10 15  20-5 0 5 10 -5 0 5 10
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Rad|at|0n asymmetry c heon (fu"_sizer 8 mm)[O/o] e B 55 A &

% o
‘90 ,95057 00,9057,
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»

shatter head [#shots 58) ;
F15 (-22.5°) e i ]

501 = 25°, rect., long (13) T T — ......... L]
A 12.5°, rect., long (3[])} : F16 (0°)
® 25°, circ., short (15) ' FO1 (22.5°)
: FO5 (112.5°)

Jowneon |, § Y-S FO9 (202.5°)

40 4 .......................... plasmo|d - :l
drift supp. , =2
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[ |

>
aen

0 B .
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Pareto front
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content radiation
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Toroidal asymmetries

466 m/s mp 25° rect. S

0.8 1 #41004
0.6

I, [FPC|IpiFP]
Brirst Light

tipgip ~ trg 0.4 -

Ir [MA]

tIP-spnke 0.2 1
tCQ-end
0 .
sector (angle w.r.t. SPI) 15

—— S1 (22.5°)
10 4
5 -
0_

S5 (112.5°)
2.365 2.370 2.375 2.380

S9 (202.5°)
S15 (-22.5°)
S16 (0°)

I:)rad [MW]

0.8 #41008

Ir [MA]

Tor. asym.

Pmax ) 0
rad 25

o
~J

I:"’rad [MW]

le I:,rad,,i 20:
i=0 16 10

2360 2.365 2.370 2.375
time [s]

Toroidal asymmetry

233 m/s=»12.5° rect. Wy
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Cneon (full-size, 8 mm) [%]

o

o0c90007
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. Upgrade
Outline

% What is SPI supposed to deliver? ~heatloads: forces: runaway electrons (REs).
" max. radiation tailor CQ rate max. assimilation (density increase)

* What is the specific goal of the ASDEX Upgrade SPI system?
Highly flexible system (angle and velocity) mp unique for characterizing fragment size & velocity effects!

% What did we learn from the AUG SPI project so far?

= Commissioning (Lab) phase The Parks model does not seem to fit our observed fragment distributions well

@ (b) (©) (d)
incr. neon

» Disruption evolution convex ——=»concave CQ shape ~ _"~ | ;s-JL"s' : T
« Radiation asymmetries asym.l & S5/S9 asym.] with neon] "o v L J .

2.365 2.370 2375 2.380 2360 2365 2370 2.375 2.365 2370 2375 2325 2.330 2335

= AUG SPI experiments in 2022 & AUG SPI modelling

- Radiated energy fraction (f,,4)

* |Is there an ,optimal® shatter head for all purposes?

* Shatter head setup for the 2025 experimental campaigns
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Outline

heat loads:
max. radiation

s What is SPI supposed to deliver?

forces:
tailor CQ rate

* What is the specific goal of the ASDEX Upgrade SPI system?

china eu india japan korea russia usa

ASDEX
Upgrade

runaway electrons (RES):

Highly flexible system (angle and velocity) mp unique for characterizing fragment size & velocity effects!

% What did we learn from the AUG SPI project so far?

max. assimilation (density increase)

= Commissioning (Lab) phase The Parks model does not seem to fit our observed fragment distributions well

= AUG SPI experiments in 2022 & AUG SPI modelling

incr. neon

« Disruption evolution convex concave CQ shape

content
* Radiation asymmetries asym.l & S5/S9 asym.] with neon]
* Radiated energy fraction (f,.4)

* Is there an ,optimal® shatter head for all purposes?

* Shatter head setup for the 2025 experimental campaigns
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ASDEX
Upgrade

Radiated energy fraction (f,.4)

Wmag
Weowpos [N W
energy coupled energy radiated energy conducted
into the structure (derived from foil to the PFCs
(e.g. coils, vessel) bolometers) (mainly divertor)
Wmag T Wth T Wext. heat. — Wrad T Wcoupled T Wcond T WRE
f _ Wrad _ Wrad
rad — —
Wmag T Wth T Wheat.' WC Wrad + Wcond

[Lehnen et. al., Nucl. Fusion 53 (2013) 093007]
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Wi,ag (tr=> tena) [MJ]

Radiated energy fraction (f,.y) &
Wrad Wrad Wrad

frad - - —
Wplasma Wmag t Wth T Wheat - We Wrad + Wcond
#N, .., [atoms] Ne part. p. ratio for 8mm [%] (#pellets 48&8 mm)

100%
: 1 : . 100 (5
29T@ s ® 251wy
| High 2 .| 10 4 o | 90% “
| Wiama 5 55 40 (4) not disrupted (20) disrupted (92) ©
201 N I a4 201 = 4mm (11) ®4mm@3 7 7 =
' ~ std. AUG T Llio@y | Y8mm(9) * 8 mm (80) c
H-mode 1021- _ 5 : 70% Q
(1.8 & 2.5T) ] t';
15 9 300 4 5] .. 60% .g
. P’ 37:‘;5-‘_-2* o - 1.25(12) 4 50% >,
LowTe,” i ¢ 7 e 10°7 |o.65(1) | %
1.0 Ohmic ./ 2 1.0 : g 40% &
- 0.25(2) (]
= “o“‘d\sﬂ,pwe - 0.17(8) | 30% msy
10'4 | 0.085 : Q
05 ............ ...... B - ‘;;;;B“J.gmm.purena ] (13) 05 ............ . % e 20% E
: : amm low “aonandpurebz - 10% E
: : : -
0; i ' . - 0 0 41) 0. . . . |
0 0.5 1.0 1.5 2.0 2.5 Log 0 0.5 1.0 1.5 2.0 2.5
scale
Wplasma (tFL) = Wmag + Wth = Wc [MJ] total: (112) Wplasma (tend) = Wplasma (tFL) + Wheat [MJ]
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Radiated energy fraction (f,.y) &

Cheon for full-size, 8 mm [%]

frad

Q%,qu ec_? 6.7 [1] P. Halldestam et. al. REM 2024 * .4 dominated by the impact of the neon amount
1 0 Q /i ‘9I %I‘S\ }5\ 16\3 1|O 410 1|00 _] 4
' D‘;isruptl .nolt disrupt. (lﬂ)l I [1] I — I( } * frad Of d|Srupt|Ve SPI 2 35%, non_dlsr. S 20%
& MGI + SPI afterwards (2) ﬂ -0
® Control system action (5) v QD
| v s M
e a2,
' : - 8. " ~— '
S » (2)
o6l Awmo A = Cheon (full-size, 8 mm)[%]
' U B = | | 0.0 0._0_7 0.8
: 3.0 OY , Y Y07 -
‘e © < [ 109, BTETE3 10 40100
! % g_ Post-TQ g 7 < (a) | =<(b)=< | (C) > (d)
0.4 A T 'fh o i o A 5 l . . - 0.7
o * X | 2.0 ™y 48 8
e SUSIUPIVE SPI ghateer head (#shots - 97) S E , = o
. noén-d|srupt|ve gSPI | 25°, rect, long (21) ) = (20) e e~ 06 ®
| I A WO | A 12.5° rect, long (36) -3 | O o A Y
0.2 - © 25°, circ., short (19) }3 Q &S 1. i - , 1
8 . -t J 1 v .
i " * @ 25°, rect., long (4) N q 11-0 < ; | ¥ .
3 © 25°, circ., short (8) 3 Li “not disrupted
0 +—— i , : : inear (18) —) j j i i
0 1019 1020 1021 1022 t .«;:Ia;gs) 0 10  10%°  10% 10~ 0.4
otal:
N,con [#atoms] N,eon [#atoms]
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Prad [MW]

Radiated energy fraction (f,.y)

Cheon for full-size, 8 mm [%]

ASDEX
Upgrade

- 0.7

- 0.5

0.4

‘02,9 90 6.7 [1] P. Halldestam et. al. REM 2024 * f.,qg dominated by the impact of the neon amount
102, 572759583 10 40100 \a
Y T2 iorupt, = not disrupt, (18). W — B[« fuq Of disruptive SPI = 35%, non-disr. < 20%
& MGI + SPI afterwards (2) ﬂ »-0 _ _ _ o
® Control system action (5) o« .7 Q a2 Change in CQ-shape reflected in discontinuity of
0.8 . Lo 8 unscaled Atjg>#~80%
.‘“ " ° H ~4.0
A o r—
| 2
0.6 | B . A g “ Cheon (full-size, 8 mm)[%]
| A © _ | 0_.0.,0_7
5 3.0 "
o . L \ 0.2, 25 %s3 10 40 100
z;: —‘\f\ :::iW\r\ #41008 Z:::*——\l\ #41002 Z:: ™ #40679 i ‘ (a) =<(b)=< : (C) . (d)
0.4 4 k 0.4 \ 0.4 \ 0.4 & - 5 l A‘Q g i }
0:: Uz: Ozi 04(2) m A &
15 : . . . zZ:' : . . 40 4 : : : ! : . E vy @)
10 ] ® o .
] N 10 ” EU 1 ‘@ ® Y
o 2365 2.370 2375 2.380 | Dz._z‘so 2.365 2.3'70:2.3'75. ) é_ 723'675 2370 2375 - ’ 2325 2330 12.3'35 | 0.5 i R = A
| ¥ T ZDT, UG STUTU (o) | I  nNot UISI‘I.IptEd
"y ; i . . | Linear (18) —/ ; ; ; i
0 1019 1020 102! 1022 scale 0 102 10¥ 10& 1p*
total: (88)
N,con [#atoms] N,eon [#atoms]
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Radiated energy fraction (f,.y)

Cheon for full-size, 8 mm [%]

ASDEX
Upgrade

Q%,Q 2957 [1] P. Halldestam et. al. REM 2024 * .4 dominated by the impact of the neon amount
Lo 9,  EZTEETS3 10 40100 o - |
' = disrupt. W not disrupt. (18) % DREAM (106) [1] —_ _|5 0 * f.,q Of disruptive SPI = 35%, non-disr. < 20%
& MGI + SPI afterwards (2) T Mean/Std. of DREAM ﬂ A _ o
® Control system action (5) . Yoy | =2 a2 Change in CQ-shape reflected in discontinuity of
0.8 i N S unscaled A¢Z30%80%
) : ‘ : ¢ It <4.0 . .
P ,z — « Matches DREAM simulations well! (VDEs not simulated)
T ,
0.6 I R - : e | [ Coeon (full-size, 8 mm)[%]
: i 9
© S | K3.0 Q09,8957 0.8
S aiy © ~| | 0 <03 10 40 100
hl- ﬁ\ﬁ C_ ;& 10_ /4 . 1 L) ol 1 1 . 1 1 1
. S m 2 (7) (@ (b (c) (d)
; Post-TQ oo < >e—pe >
04 I T ﬂk s N 5 . L 0.7
i 5 5 A o ) — l sAg %
o X | K2.0 " o
non-disruptive SP1 o 550 rect., long (21) " Z (20) — . — 0.6 ®
021 . | A 12.5°, rect, long (36)}3 | < o I N , ha
. g . . o 25°, circ., short (19) J 3 '._L,} 49 14 . . 0 } . | -
i . * & 25°, rect., long (4) q 11-0 (| : ¥ ‘ &
Y va2serect, lng (9) }g [9) 0.5l SR
i ~ © 25°,circ., short (8) L not disrupted ~° * disruptive DREAM *
"y i ; : ; inear (18) —// ; ; ; ;
0 0 1019 1020 1021 1022 scale 0 10  10%°  10% 10+ 0.4
total: (88)
N,con [#atoms] N,eon [#atoms]
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,Optimal“ ¥ shatter head geometry

1.0

0.9

0.81

0.7

0.6

0.41

0.3

Cheon [ % ]

0.17 1.25 10 40 100

shatter head (48) - total fit w(tm b = 5.85 x10'
B 25° rect, long (9) (1= a=201x10"
e 25° circ, short (10) =(2= a=1.78 x10"

.....................................................................................................................

A 12.5° rect, long (29) =3)= a=1.53x10""

Q large & fast

rect.,, a=12.5°

circ., a=25°

rect., a=25°

ldzo 1(521 1@22
N,con [#atoms]

1019
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small & slow

ASDEX
Upgrade

b
. . « _ a <1 * <Ninjected neon))
Fit function*y =\ 1 +

b

Overall, the 12.5° rectangular shatter head

shows the highest values of f,4

? . Prad . 1
rad = Prad + Pinrw 142

. 3/2
with thermal heat fluxes onto the PFCs Pthrw o< N - Te/ ,

Prad X Ile * Nimp - Lrad (Te) ,

T3/2 1
T X . = Graa(Te) -
Lrad(Te) Dimp " ( E) Nimp

, and

Nimp X Nassimilated neon — b/(l 0 b/Ninjected neon)

- f ! 1
rad — 1 + B~Grad(Te) T 1 + a(1+(b/Ninjected neon))
Nassimilated neon b
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,Optimal“ ¥ fragment size &
0
« Low neon doping (< 102%): Cheon [ /°]

0.17 1.25 10 40 100
1.0 e T S T

normal velocity v, (48)
. ¢ B8lL1(18) wIm 42<V,<80 a=1.17 x10", b=3.70x10"
Pure D, INDEX: Number of fragments (fragment size) scan 0.9 125.7 (19) @ 80<Vi<150 a=1.85x10" b= 67410
141 136.7 (4) L =1. D:=6. ’
Nigs 20 ' 1972 (4) (3 " 20
N - : 150 < Vy< 248 a=2.82x10", b=1.13x10
1 ﬁfmngﬁo Wy large & fast e 248.0(3) * ®
[ frags
N rags 300 rECt'f u = 12'50 & A
N:mzsz 600 i 0-8 L S-S RPN OSOOURRONY _.| @@-
F 10} —— Ny =800 - @
vg —— N = 1000
zga sl —— Ny g = 2000 O 7 |
s Small to large &
° f Experiment
O 12.5°-3q 1.
A 0 25.00-sq = 0.6
20 O 25.0°—cr O 12.5°-sq
® 1.3x10""Ne [|] O 25.0°-sq
%0 2 4 6 g 0 g 2.6x10™Ne ® ..0 e
: O std H-mode
Time (ms) o ® 1.8x10°Ne @ low H-mode O . 5 1
. cc>\‘: ® 1.5x102" Ne S
A. Patel, M.Sc. thesis (2023) 3
8 o o
] 10 cd-z
material < ¢ larger fragments W 0.4 1
.. . 3 o -
= @ L 2 €]
assimilation \'a L - P e e
large small 0.3 r ; ! ;
< > . 19 20 21 22
0
0 100 200 300 10 10 10 10

impact velocity v, [m/s] N neon [ # atomS]
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assi. ratio

rad power/MW

,Optimal“ “ fragment size &

. 0
« Low neon doping (< 102%): Cheon [ /O]
1.0 0.17 1.25 10 40 100
large (lower v, ) fragments (shallow angle) | normal velocity v, (48) | '
¢ B8L108) (D= 42<Vv,<80 a=1.17x10" b=3.70x10"

« High neon (8 mm, 10% or 2x102%): 125.7 (19)
0-9_.. 136.7 (4) @ 80<V;<150 a=1.85 X1U1Q,b=6,?4}(1019 ........ N
197.2 (4) <V, < =2 9 p=1, 20
First hints: small (larger v ) fragments (further studies needed) o 2am0(y O 150<V<248 aS282x10%b=1.13x10
rect., a=12.5°

¥

e JOREK: small fragments for all neon ranges 0.8 1 ........................ |

N . Al

e T T ——— L #shards
0.2 Ve e Tl DT S === 53 %821 higher v, o 4!
T e T e lpw &%
;:;:""‘ _________ 8 0-6 P -—-“ |®Wervl “l0.81 u ‘_ 4
01F - o === 199 |
1, 3 ) 0.80 o A
A | @)
ook = ' ' ' ' gmus W ool L/ S0 R fo7s g I
0 2 4 6 8 10 . A T 12
o/ /o 0.78 A
s — 53 Wy ¢ /u higherv, ta
3 . 0771 lower v, “
ool | 04 S [ 4_
S . E [
S — 1105 :‘}'Q 075 421 2x 1071 3x 102
1] = = A — —— —— 0.3 g ' ' y
0 > n 6 3 10 1019 1020 1021 1022
fime/ms Courtesy of W. Tang N neon [ # atO I'I‘IS]
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Which is now the ,,optimal“ ¥ fragment size?

9

VN pure D, high neon
oal D, assimilation for | plasmoid drift suppr. | max. radiation for
g suppression of REs for high D, assim. load mitigation
Exp. . .
ge!
g INDEX
JOREK no diff:erence [3] :.;* [3]
_5 EXp. ‘ [2] [2] |only minor"lhAtCQ change
ks
E INDEX ‘ [1] unclear  [1] ‘ [1]
2] -~
@ JOREK [3] <8 [3] o
D, assimilation Ne assimilation Ne assimilation E
(™

Depending on the goal (max. frad or D, assimilation),

smaller or larger fragments may be considered ,optimal”

(high neon)

experiment (

Mismatch in neon assimilation for
) and JOREK ()
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Small fragments seem beneficial for maximising frad

Large fragments seem better for pure D, SPIl assimilation

pellets in

0.9

0.8

0.7

0.6;
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0.4

0.3

[1] A. Patel, M.Sc. thesis (2023)

ASDEX
Upgrade

[2] Jachmich et al., 49th EPS (2023)

[3] Courtesy of W. Tang

#NI"IEOI"I cI'IEOI"I [DA)]
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(without VPEState change) into SPI H-mode AN /100 (1)
- 22
1q Neon 10 40 (3)
A A memm- =P
o 'i" ....... - ke S S ot SO
_ : ! - 10 (11)
1 10%";
1 F3.00
"'.:":'." ..................................................................................... B 1-25 (11)
| 10%°4 Lo.6501)
A ]
D Ne - 0.25(2)
i = - 0.17(8)
A P | ure D
-"-___..—".i-------'---}p ......... . td ] 1019-5 | 00‘85{8)
l’a'—' -
i ® :
’ ‘ Jarge srﬁall > 0.
- - : ; ' 0 0(12)
50 100 150 200 250 300 ~Log
scale
v.l. [m/S] total: (60)
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VN

4 . ASDEX
£ o= @pgrade
" 1ter

15— .

Outline A

heat loads: forces: runaway electrons (RESs):
max. radiation tailor CQ rate max. assimilation (density increase)

s What is SPI supposed to deliver?

 What is the specific goal of the ASDEX Upgrade SPI system?
Highly flexible system (angle and velocity) mp unique for characterizing fragment size & velocity effects!
% What did we learn from the AUG SPI project so far?

= Commissioning (Lab) phase The Parks model does not seem to fit our observed fragment distributions well
(a) (b) ‘ (c) (d)

#41008 0.8 +— #41002 0.8 1—

#40679

= AUG SPI experiments in 2022 & AUG SPI modelling g . il il
- Disruption evolution convex mccor'n?:rin concave CQ shape e =t o

- -

]

'
401 |
204 |
oL

* Radiation asymmetries asym.l & S5/S9 asym.] with neon] PR i

o w5 h Y

- Radiated energy fraction (f,.q) strong function of neon content, 2" order effect of geometry: 12.5° rect. ./

 |s there an ,optimal“ shatter head for all purposes? optimal fragment size depends on neon %™ SPI-goal
0% ~0.17% ~1.25%  10%+

% Shatter head setup for the 2025 experimental campaigns frad

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | PAUL HEINRICH | 04.09.2024 OVERVIEW AUG SPI | 3RD TM DISRUPTIONS 2024 38



Q>
. Upgrade
Outline

heat loads: forces: runaway electrons (RES):
max. radiation  tailor CQ rate max. assimilation (density increase)

* What is SPI supposed to deliver?

* What is the specific goal of the ASDEX Upgrade SPI system?

Highly flexible system (angle and velocity) mp unique for characterizing fragment size & velocity effects!
* What did we learn from the AUG SPI project so far?

= Commissioning (Lab) phase The Parks model does not seem to fit our observed fragment distributions well
(c) (d)

0.8 T— . £ #41008 0.8 #41002 0.8 17—
§ T

= AUG SPI experiments in 2022 & AUG SPI modelling T o)

0.4 1
i
1
0.

#40679

0.6

0.4

Ip [MA

0.2

incr. neon _contentinsi
25 i)

« Disruption evolution convex concave CQ shape

content » ol |

204 !

- -
o « o ho N

Prag [MW]

* Radiation asymmetries asym.l & S5/S9 asym.] with neon]

f I
2.365 2.370 2.375 2.380 2.360 2365 2.370 2375 2.365 2.370 2.375 2325 2330 2335

- Radiated energy fraction (f.,4) strong function of neon content, 2" order effect of geometry: 12.5° rect. W’

« |s there an ,optimal“ shatter head for all purposes? optimal fragment size depends on neon %m SPI-goal
0% ~0.17% ~1.25% 109+

s Shatter head setup for the 2025 experimental campaigns frad Iy <%= W Wy = 0 e Wy
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Shatter head setup for the 2025 experiments &@

What if we miss g=2 ?
(P: head pointing upwards)

We'd like to thank
T. Gebhart (ORNL)
for testing fragment impact
effects on the PSL tiles!

BN main: -6°(+6°)
=== plume direction

e exit point \

—— g = 2 surface

Peter Halldestam
OVERVIEW AUG SPI | 3RD TM DISRUPTIONS 2024 40
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ASDEX
Upgrade

heat loads: forces: runaway electrons (RES):
max. radiation  tailor CQ rate max. assimilation (density increase)

Outline

* What is SPI supposed to deliver?

* What is the specific goal of the ASDEX Upgrade SPI system?

Highly flexible system (angle and velocity) = unique for characterizing fragment size & velocity effects!

% What did we learn from the AUG SPI project so far?

= Commissioning (Lab) phase The Parks model does not seem to fit our observed fragment distributions well

(a) (b) (c) (d)
0.8 0.8 # 0.8 # 0.8

= AUG SPI experiments in 2022 & AUG SPI modelling

: i : incr. neon lg‘#\neob 'nsidm : t 1
« Disruption evolution convex ———— concave CQ shape f\& j:kq . . f

content
- Radiated energy fraction (f..4) strong function of neon content, 2" order effect of geometry: 12.5° rect. .1

I [MA]

Prad [MW]

* Radiation asymmetries asym.l & S5/S9 asym.] with neon]

« |s there an ,optimal“ shatter head for all purposes? optimal fragment size depends on neon %™ SPI-goal
0% ~0.17% ~1.25%  10%+

< Shatter head setup for the 2025 experimental campaigns  frad

Upside-down shatter head to study the SPI performance in case of missing the q = 2 rational surface
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