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Introduction
Wall conditioning
* Inter-Shot boronization
* In-situ wall diagnostics
Confinement & heating
* Hot ion mode during NBI
« ICRH
SOL
« High field side high density
 Power decay length
Instabilities
« Alfvén Instabilities
« ELMs
Globus-3
Conclusion



Value
Parameter :
achieved

R [em]/a [em] 36/24=1.5

k 2.0/2.1

Lo} 0.5/0.4
Br[T] 1/0.95

Ip [KA] 500/450

t puise [MS] 400/170

Eyg [keV] 30-50

Pye [MW] 2/2

Max T;, [keV] 4.7 at<n,>=5-10""m-3
Max T, [keV] 1.8 at <n>=5-10"9m=3

Extreme specific heating power =4 MW /m?

Additional systems:
2.45 GHz LHCD, 5-15 MHz ICRH
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* dispersion interferometer
[IVANENKO, S.V. et. al., Fus.Eng.Des. 202 (2024) 114409]
— ceThoclomste * charged fusion product detector
A , (lon product detector [BAKHAREV, N. N., et al. Tech. Phys. Lett. 50 10 (2024) 24-27.]
\\ - A o / * two-color pyrometer
probes mode  EERXTAY [VORONIN, A. V., et al. Tech. Phys. 68 12 (2023) 799-805 ],
* locked-mode sensor

TS collectig

i - [PETROV, Y.V, et al., Plasma Phys. Rep.. 50 7 (2024) 773-780.]

Gas puffing .
seming ¢ high-speed cameras [TIMOKHIN, V., EX-E P4]

kg multichannel Doppler

spectroscopic
diagnostics
CNPA CXRS

H HXR 3 SXR
[ spectrometers ;

”' (\‘ & .o.
toroidal fission N . ¢ £
-@

: cham ACORD-12 oge «
b g e 5 * Silicon Precision Detector array
seses ' .
R o A e D * Real time Plasma EQ and control
ICRH antenna  Rogows ‘ 2R g (under implementation)
Highnesd camera Z thermal imaging / Sc&g:mg
He-thermometer} pyrometer J—ACORD-24M [KORENEYV, P. S, et al. Tech, Phys, Lett. 49 4 (2023) 372-375.]

S divertor TS

NS laser interferometer h i LIA'QMS, LIBS

CXRS

7™ thermal imaging [RAZDOBARIN, A.G. et al. Plasma Phys. Rep. 50 6 (2024) 667—
- Neutron 7 a—s g 677][0.S. MEDVEDEV, et al., Nucl. Mater. and Energy. 41 (2024)
[3 counters / 4 I,?,-Z?:?;r I';::g:'nuir \ 101829]
SOSOHEX microwave interferometer Ezae\?bing L4 U235 neutron cameras
ITER [KORMILITSYN TEC-FNT, P6]
technologies * Divertor Thomson Scattering

[ERMAKOV, N. V., et al., Plasma Phys. Rep. 49 12 (2023) 1480]



New boronization technique was utilized during the 2024-2025 campaign.

Significant advantage over conventional glow discharge boronization (GDB)

Technique:

 vessel with carborane (B, H,,C,) connected to tokamak — gas inflow between shots.
* Boronization is happening in the initial phase of the discharge->doesn’t affect plateau

U,, and impurity lines

Z . decreases during ISB
eff & demonstrate similar behaviour.

Z. < 1.1 during NBI in C-wall tokamak

<n,> =2*101°m3, before sawtooth start

45570 45580 45590
. = By = 0.7-0.8 T, 1,=300 kA, Pyg = 700 kW, 40 keV D NBI
2.0 16 3.0 [ .
: 2541 [ T T T T T
2 20f without boronization
©
18 15 % oF : \_ = | = GDB
- s " ‘ °® | e ISB, various P
- 5t L @} E
_ 14 3 F e au L o| © ISB,Pgu,c2410°Torr o,
164 =— - : F ° & A
:I% g 4 E —— (,,‘ ,‘,; x
4 [=3 b
Y % % e ;%, %2— sosth .
c r r O
1.4 % ‘}j [ 1Fonau. s N ol ey
42 o 15 L : YN
1.2 8 of g e
I 11 T[Felau. i od
B4oH1,C; 0K I s
1.0 T T : . 60 [ F
45575 45580 45585 45590 of i
30k Bl B, H,.C T 1 T T T T T T T
shot, # au = Pt 05 10 15 20 25 30 35 40 45

[Bakharev N.N. et al. submitted to PoP] e ey o <n >y, 10%°m
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: Same stored energy at
DD Neutron rate doubling Fast ion confinement improvement | p
ower P,
While NUBEAM modeling But at higher Py,
predict neutron rate decrease NPA energy spectra:

12— . . — 8 . . . . 10 ' ' ' '
e [od 1074 w190ms —=— 45587 (end of ISB) i 7] Z I\/Sv:zt"hout boronization ne © ]
1.0 - <& o E —— 45580 (during ISB) g/ = GDB : i

< 6 & 1010+ 1 ' %
" 08 e o < = % [ T
ﬂe OOQ ® % S'> 10° 4 E 2 °] ]
x 08 O 14 3 o ' % 54 i
e I3 a E o
v 0.4 - OOO"OQ 2 o 10%4 \-—\""\ 3 = . ]
J— © - 3 4
#45580 #45587 28 - PSSR

0.2 4 I | ] 107 4 4 24 _
B1LJH1ZCZ L‘ : \ 14 ° ‘é 4

0.0 T T ‘ 'I T — T 0 106 r T T T T T g T \ 0 T T T T
45570 45575 45580 45585 45590 0 10 20 30 40 0 1 2 3 4 5

shot E, keV <ng>y, 107°m™

For the same Qe#41570 vs #41580: No energy confinement change

* NUBEAM simulation: 30% Yn decrease As compared to the case without boronization

* Experiment: 60% Y increase T.~12 ms (<n>,~3-1019m3) is consistent with
Most probable explanation: decrease of Charge-Exchange losses Glb-21 scaling 7
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: LID-QMS LIA-QMS
LIA-QMS (Laser—l nd uced Ablatlon + Quad ru pOIe MaSS' Desorption S(Dz, T,) Ablation (atoms, molecules, clusters...)

Spectrometry) — in-situ layer-by layer H/D concentration j S
LIBS (Laser-Induced Breakdown Spectroscopy)-Elemental “sﬁ l// \/

composition with “500 nm depth resolution

[RAZDOBARIN, A.G. et al. Plasma Phys. Rep. 50 6 (2024) 667-677]
[0.S. MEDVEDEV, et al., Nucl. Mater. and Energy. 41 (2024) 101829.]

o Co-deposits

Plasma Facing Component Plasma Facing Component

Scanning

Nd:YAG laser
1064 nm, 9 ns
5-10J/cm?2

Optical spectroscopy (LIBS)
1) Wideband spectrometer 250-750 nm
for elemental analysis
2) High resolution spectrometer 655-657 nm
for hydrogen isotopes separation

Residual gas analyzer —
Qms
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In-situ LIA-QMS

In divertor

3D localized in-situ co- deposmon study w?ﬂg |

L o A O SR L : P

Post mortem FIB-SEM

Co-deposition

D content: (0.7
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[KURSKIEV, G.S., EX-H P4]

Hot-10n mode - a natural operating regime of Globus-M2

[G. S. Kurskiev et al. Plasma Phys. Rep. 49, 403—-418 (2023)]

T(0), keV

during H and D NBI in D plasma at B.> 0.7 T

ASTRA modeling

MAXT{0) B.=0.8-0.9T D NBI

DNBI: 4.7 keV T30 400 ka

H NBI: 2.9 keV Neoclassical ion transport
o DNBLT, 10

N‘Q \./
S
=

¢ % i
a E;z% gg ge 0.1 #az2re7, DB E:eocl
" 0.0 02 0.4 /O 6 08 1.0
4 6 8 1b 12 ' 12 '
<ng 1075, m T =14 ms

H NBI

Anomalous ion transport
10

e m?/s
[

#42119, H NBI ©

neocl

0.1 T T T
00 02 04 06 08 1.0
r/a

T.=7ms 10



Higher T, corresponds to Linear gyrokinetic
higher rotation velocity simulation with GENE
040.  [KISELEV, E.O., EX-C P1]
51 o DNBI ]
e HNBI 0.35 1
1 TEM
4- 0.30 ©
1 ExB
1 1TG
> ] N 0.25
= S 0.20-
=2 = 1
= 24 0.15-
0.10- Pexp
14 |
0.05 4 r/a=0.7 D NBI
| H NBI
0 T T T T T T T T T T T T T T T T T T T T T T T 1 0.00 T T I
0 20 40 60 80 100120140160180200220240 0 1 2 3
Vior(0), km/s ky, 1/ecm
ITG is suppressed by the rotation velocity shear during D NBI

During H NBI rotation is not enough to suppress TEM

11



Previous ST data had suggested a strong confinement improvement with B; increase

Data from Globus-M/M2 and ST-40 data [MCNAMARA, S. A. et al. Nucl. Fusion. 63 5 (2023) 054002][KAYE, S. M., et al. PPCF 65 9 (2023) 095012]

' \ 4 _
1.4 _ = & S ® Globus-M2
' o_ - - B~06T
1.2 é v ST40 %
’ / 4_
. D-NBI
10 O'.o ® Globus-M2
% 0,84 # v ST 231 B,~0,7-0,8 Te
R 4 £ ©
< B~0,9T 00
= 0,6 59 ~0,
R =2 B18T  o@®
0,4 v [
] 14
0,2
0,0 : ; : . 0 . .
0,5 1,0 1,5 2,0 0,001 0,01 0,1
*
B, T Veff

New data indicate saturation of confinement improvement at B;~ 1 T.
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onfinement: ICRH
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1010
3 Background
During Globus-M2 2024 campaign the novel experiments .| == i i:j;gzgﬁgxz e
with ICRH in Minority Heating and 2"¢ harmonic regimes % o %o
at B;=0.7 T. Absorbed power ~50 kW. P I 01 ° o _
MH experiments exhibited 15% increase in T, at X;~20%. . & ... fee e o
2" harm. NBI+ICRH showed 10x growth of n® with E> E,,, 7, Dy
800 H w/o HF ®
#44707 _— D:,f,’ HE 075 5 10 15 20 25 30 35 40
7501 444709 H w/ HF Eex [keV]
D w/ HE
700 A 10% 1z
Background
650 1074 % $  #44807@175ms NBI
= g'_' a ] e $ #44808R@175ms NBI+ICRH
2 ‘I;-,. 10 ee
o 600 - 3 o] *$=%8338s,
= ' @88699998§
550 + T 104 Lo,
§ 105 4 °°
500 - T LT e
I @
: T 1044 @
450 E E E, NBI | PP
107 v E
400 " ' e T 102 - ~ . e ~
150 160 170 180 190 200 o] 10 20 30 40
Ecx [kev]
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B ' A WE N . DR < . | s . Nl
High Field S|de High Density feature has been discovered in Globus-M2
Ne_center 10" (m-3)
using newly installed divertor Thomson scattering o
. £
[EE MUkh|n, EX'D; P2] neattheinner ‘c_ao 3 ne=1/2nDTSM //—
Observed over a wide range of discharge divertor leg T L7
: —> 2 2 HoOE
parameters: n,(0): 2:10%°-1.4-10%° m*3 1.5-3x higher than 3 4& ,;f‘ -
with and without NBI in midplane g Yo kil
SOLPS-ITER simulation taking into account drifts — ° — g I el N
experiment AV c 0% z : ; ! ; |
102 54x 1019 * 1019 ( -3) ‘ : =0 :’."‘
0.35 __},41%1/ Ne_pTs m
i R .
g 04 10" 7, ¢ ExB drift in the HFS direction leads to the formation of a HFSHD
N .45 ‘ 100 :g | . 2 oo midplane \ o n°
-0.5 1] I Y \ : 40
107!
- g 0 — — = = ¥
7 v 1/ '1« 1 20 S%
30 ®~... ... midplane,
-0.35 ; H o
g 04 100 < 20 v : = ‘ :
N 045 T2 P~ yoTse 02 03 0.4
' H = 107 L, —3 R, m
0 10° £ The total drift flux through the inner divertor separatrix equals
92 ' P s Pa s P to approximately 50% of the ion flux to the inner target 14
R, m %V’Q., Q—V\\: %'1;”“" ?-1’). q't”w



SOL power decay length A, was measured using IR thermography
B;=0.5-0.95T, /,=155-400 kA, up to 0.8 MW NBI

Comparison with multi-machine scaling

-

0 -

perimental (mm)

A Ex
N
1

el OoXHO

JET |
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C-Mod
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NSTX
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D3D
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2., Eich-2013(mm)

oo

10

o+ mePJde

T
MAST
NSTX
DIlI-D
JET
AUG
C-Mod
Globus-M2

o',
4 \

Cp’\f Elch13 (0.63+0. 08)B 1.19:0.08
34 ° &

7

pol, MP (

A flebusiz~ g Lin ST with By up t0 0.95 T and A,~2mm,

confirming data from conventional devices (A, "~

Bp-1.19 )

[Eich T. et al 2013 Nucl. Fusion 53 093031]
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in a wide range of experimental parameters

Alfvén-type instabilities exists

2.5 -

aﬁ1plifude at prbbe, mT
N

0.2 0.3 04

Bfast/ Btotal

Improved plasma parameters and fast-ion confinement =

MHD, a.u.

T,10% s'sr'ev¥2cm?

previously unobserved EPMs

T T
#41849

1 23t

1 23l

"] aBF:

. =785keV sl
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i .
ol Hﬁl :

2 L

NPA wal ‘ 1
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4,2

EPM-induced

fast ion transport

and losses

were observed:
up to ~30 MW/m?

local wall load

s
[

240 L 242411
200 |

(-]

O 160
=120]
80

40!

I MHD‘probe i

~30 MW/m?

t, ms

1814 1816 1816 1817 1818 1819 1O
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Multi-frequency Doppler backscattering method
demonstrated central localization

Avaen Instabllltles TAE % *’ @%

Up to 20 MW/m? local fast ion wall load

during TAE was observed chirping TAE bBS
10 -
- [PONOMARENKO A. EX-W, P4] o
/’/ ;; 8- : :_-'“ o B, =06T
L s, I Gauss™"
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1 ;
= 44
IR camera .
0 21;“' .
—————— 0 12 . st t
. IR Y- 3
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s af ‘ ‘ ' ' ‘ ' "l coherent
o 6
JCI; 0 ~MW'WTMVM <5l
= 2 g 4 .
—— — — = Orbital losses
i) 300 |- max AT=150°C 5
5 20 11 S
2 - - -5B(x2)
= 200} [ . .
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12 [ max @~ 20 MWim’ PR “1j 4
E ; ’ R ] e
s 8r mcoherem, » 0] . ’
= 4l _ ’ coherent E j 34
[SKREKEL O.M. EX-W, P4] Y P, 0, ¥ M | WAAA o pe £ s e
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] 44 n‘:’.
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Both coherent and incoherent components are associated with the convective REDAd - -8
0,00 0,05 0,10 0,15 0,20 0,25
’ : ' . ‘ : 17

transport but different type of losses: orbital and CX respectively. - 4B e T



B=09T, lp=0.4 MA #44194
7/ LI O I A B B |

During small ELMs significant T, changes
inside the separatrix were not observed

0941 1

200

Langmuir probe
X ELM peak _ _
x inter-ELM| | associated with ELMs =

180 Fast particle losses

NBI: 46 keV

160

E“"O' Lost ions: <52 keV
' ~~27-7771 | were found R tF
140 S 200 -
. TR T VN R PR ;
|
120 4= = - -
= :
=2 100 - S S D __:_ _ | [A. Ponomarenko et al 2024 Nucl. Fusion 64 5
= o —4-_J1 022001 5

80+ - - - - 1@ _ J - - [AY. Tokarev et al Plasma Phys. Rep. 50, 541—
] -1 551(2024)] —0T

60 - <+ = [A. Yashin et al submitted to Physics of - 23]
————————————— : - Plasmas]. E

40 &30
| TS measurements| v

204 ® ELM
® inter-ELM
| I | T

-10.0 -75 5.0 -25 0 25 5.0 7.5 10.0
R - RLCFS [mm] t [ms]

I
pmLigflei |
]
H@H |
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Triangularity was varied from 0.4 to 0.2

[Solokha V.V. TH-S, P7]

Low triangularity pulses (6=0.2) exhibited small

ELMs at pedestal pressure around 1 kPa

#44330

(a)

-
®

®
[

"70.045 0.050 0.055 0.060 0.065 0.070
t [s]

The 3-field linear MHD simulations using BOUT++ showed low-6 PB to have peeling traits and mode structure

...
*

Int. SD [a.u.]

0.0

pE=? [kPa]

Br=07T Ip=0.3MA 6=0.19
2.00

175

02 6=0.2 p,es~1.1kPa

0
0.00 0.02 004 006 008 010 012 014
Pedestal width [norm]

Br=07T Ip=0.3MA 6=0.30

251
201 g _—

054

6=0.3 p,eq=2.3 kPa

0.0 T T T T T T
0.00 002 0.04 006 008 010 012 014
Pedestal width [@norm]

@
i
5]

0.10

Growth rate [1/7a]

Growth rate [1/Tal

L]

oMl

LCH

ELM-free regime with EHO

[YashlnA Yu. EX-E, P4]
#4433 EHO

SP [a.u.]

SP [a.u.]

SP [a.u.]

SP [a.u.]

SP [a.u.]

46 8 1012 14 16 18 20
f [kHz]

located near separatrix, while mid-6 PB have more ballooning properties and wider structure.
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Globus-3 is the next step ST in loffe institute. [Minaev V.B. PWF-P2]

B —1_9(9)951. B—Z‘llfT * Design implements Globus-M and
1k ! Globus-M2 solutions, while

T=1keV T=5keV ] . )
correcting their design flaws

% * The project is aiming to achieve
thermonuclear plasma (simultaneous
T,,~25 keV, <n_>~10?m~) in H plasma

 Globus-3 will be a tokamak with the

Globus-M2 highest P, /V = 3-4 MW/m?3 in the
world.
WM
0.36/0.24=1.5 0.775/0.44=1.76 .

Application of ICRH,

Br, T 05 1 2
LHCD and ECRH s

l,, MA 0.2 05 2 g derati

tpulse,s 0.1 04 3 unaer consiaeration.

NBI, MW 1 2 11.5 (14) 20



Continuous delivery of 2-3xNBI from Budker institute

=6340

<n.>,=102’m3, 11.5 MW 60 keV NBI, Hot-ion mode, neoclassical ions

2700

3000

Base scenario,
H-factor=1

3400

ENBI
I:)NBI

=50-60 keV
=5 MW

Upside scenario,
H-factor=2

L <n,>,=10®m, IPB98(y, 2)
204\

T, keV

<n_>,=10"m", IPB98(y, 2)x2

a-particle from
HUB(p, o) 2a:
1011 s1-1014 st
Acceptable for
experimental studies

Timeline:

=
—A

i)
i

=2
——=
w4

—

Globus-3, = 2MA,B;=18T

1.0
0.8 4

confined
2.46 MeV
a—particles, %

-0.8 4
-1.0 4

T T T T T 1
0.2 0.4 06 0.8 1.0 1.2 1.4
R,m

Conceptual design — 2025 — 2026

Detailed design — 2026 — 2027
Manufacturing of EMS and VV —2027-2029
Modernization of the power supply system —

2029 - 2031

Assembling the Globus-3 — 2030
Start-up of the tokamak with the existing
heating and diagnostics systems - 2031 21
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Advanced diagnostics and control were successfully implemented

A novel Inter-Shot Boronization technique was demonstrated 7Z_; < 1.1 the neutron vyield
doubling.

A hot-ion mode was established as a natural regime for Globus-M2. D NBI provides superior
ion thermal insulation through toroidal rotation gradient stabilization of ITG turbulence.

ICRH experiments demonstrated 15% T. increase and beam ion acceleration.
The High-Field-Side High-Density phenomenon was identified for the first time in ST.
Alfvén eigenmodes cause up to ~30 MW /m? wall load.

ELMs were shown to perturb plasma parameters only outside the LCFS but cause fast particle
losses.

The next-generation Globus-3 ST is under preliminary design. With significantly increased
parameters (B.=2 T, |,=2 MA, R=0.775 m) it is projected to achieve fusion-relevant plasma

parameters. 22
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\*\ﬂ Qj Confinement: ICRH
A % iv X

Globus-M/M2 is the only ST successfully implementing lon Cyclotron Resonance Heating

~100 kW ICRH

Ky

800 ; : 1019 13
H -3 1 O CDOH
750 - 107 5 3 b #44807@175mc HU
200 H, ICRH, ||NPA 8 108] % ¢ #44808@175Mc HU+ULIPH
h | 1 B0
@ 8888888
650 - 7107 58
Q ©38e6p86668

} Q b 0]
D 600 - v 1% °e
a H, OH, [INPA : 3 °°

550 1 B, (CRH, LNPA < 10° o
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Divertor Thomson Scattering - prototyping ITER equipment

Diagnostics: [ERMAKOV, N. V., et al., Plasma Phys. Rep. 49 12 (2023) 1480]
Application: mukHiNEE ex-D, P2

&7 New Diagnostics: DTS L.. J@Z

T, : 1-100 eV — _

n,: 1017-1020 m3 Applicability of the TS hardware in the tokamak
9 spatial points control system was demonstrated: At < 1 ms.
resolution ~1 cm [ZHILTSOV, N. S. et al. Tech. Phys. Lett., 49 8 (2023) 350-354.]

Precise (~¥0.1mm) online alignment of the TS diagnostics was

implemented in the equatorial TS.

[ZHILTSOV, N. S. et.al, Fus. Eng. Des.. 211 (2025) 114753]
Extra optical

shot# 45822 path 4m

Recorded TS oscillogram

LES fibers _7
9 8 &
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X2-mode

40 20 0 20 40 20 20 0 20 40
R-Ro, cm R-Ro, cm
The ray-traced trajectory of the extraordinary wave is shown by the brown curve in the poloidal cross-section of
Globus-3 (n,=1x10?°m>3, T, =3 keV, B, = 1.5 T) and (b) the contour diagram of the perpendicular component of the
wave number of an extraordinary wave in the poloidal cross-section of Globus-3. The white region is the evanescence
region due to the L-cutoff for the X-mode. e
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Advanced diagnostics and control were successfully implemented, including an Divertor Thomson Scattering system and
fission chambers using ITER technologies and Laser Induced Ablation—Quadrupole Mass Spectrometer / Breakdown
Spectroscopy.
A novel Inter-Shot Boronization technique was successfully developed and deployed, demonstrating advantage over
standard GDB, leading to a significant reduction in plasma impurities (7. < 1.1) and doubling of the neutron yield.
A hot-ion mode was established as a natural regime for Globus-M2. Deuterium NBI provides superior ion thermal
insulation (close to neoclassical) compared to Hydrogen NBI, achieved through toroidal rotation gradient stabilization of
ITG turbulence, resulting in higher ion temperatures (up to 4.7 keV) and energy confinement times.
ICRH experiments demonstrated 15% T, increase and beam ions acceleration.
The High-Field-Side High-Density phenomenon was identified for the first time in a spherical tokamak.
Alfvén eigenmodes cause up to ~30 M\W/m? wall load, with losses explained by resonant convective transport of fast ions
from the plasma core. For the first time fast ion transport and losses induced by EPM were observed.
A comprehensive study of edge instabilities was performed:

Small ELMs were shown to perturb plasma parameters outside the LCFS and cause fast particle losses.

Low triangularity destabilizes peeling-ballooning modes, leading to ELMs at lower pedestal pressures.

EHO were observed in ELM-free regimes.
The next-generation Globus-3 ST is under preliminary design. With significantly increased magnetic field (2 T), major
radius (0.775 m), and plasma current (up to 2 MIA), it is projected to achieve fusion-relevant ion temperatures and study
alpha-particle physics from the p + "B reaction.
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Scaling suggests the importance of B; increase. Will be tested at Globus-3.
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Thermoneclear reaction

TU Te

SCALING:
= Globus-21
+=e=+ IPBOB(y,2)x2
— — IPB98(y,2)

Alpha yield: BY}(p,2a)He*, m—3*s~!

Total yield: 1.45e+13 s~*

1.00{

0.50 {

-0.251{

-0.50 {

-0.751

~-1.00 {

50 keV

04 06 08 10 12
R, m

lel3

0.00

Yq, s Im3

Beam-plasma

1E14 SCALING:
Globus-21
— = IPB98(y,2)x2
1E13 4 IPB98(y,2)
1E12
1E11 4
1E10
1E9 T
0.0 0.2 0.4 0.8 1.0

Alpha yield: B*}(p,2a)He®, m™3*s~1

1.00

-0.25

-0.50

=-0.75

-1.00

Total yield: 6.27e+09 s~*

150 keV

04 06 08 10 12
R, m

lel0

Alpha yield: B*}(p,2a)He*, m~3*s~*
Total yield: 5.67e+14 s~*

100

| 500 keV
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R, m
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lels
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