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i The ECRIS confiquration
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g, ECRIS: classification in terms of''generations”

1st generation: 2"d generation:
f=6-14 GHz, i LA f=24-28 GHz, P=5-
— = yF -= — .
P-(l.s kW, I<mA, mA, q=8-16 for 10 k!\l, I=20-40 mA,
q=6-12 for Ar q=14-18 for Ar

3rd generation:

T & SERSE, IN |

]I

| SC-ECRIS, MSU-NSCL —— VENUS, LNBL-USA
. CAESAR, INFN-LNS | § |
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NS = Ion Scurce

main beams

| Frequency
Type of launching
Axial maxima distance
B,... (Injection side)
B
B, .. (extraction side)
Resonance zone length
Hexapole length
B,.; (at chamber wall)
Biased disk
¢ plasma electrode
| ¢ puller
Extraction voltage

max

18 GHz + 14.5 GHz
WR62, off-axis
490 mm
27T
03to0.6T
16T
< 100 mm
700 mm
1.55 T maximum

300t0 600 V.1to2 A mA | |

8 mm
12 mm
30 kV max

I

i —

| Now restarting operations

—

Beams from SERSE

145 GHz 18 GHz

14+18 A.LE. optimumj |
O’ 200 208

o™ 40 55

martedi 15 dicembre 15



3
3

Qvercoming the current Limits of ECRIS

- - Output beam
9 o n _ 60 m e ‘2 —n
o Wy < w ) |7, < 2 W™ = Neytof f

Microwaves
in GHz range

>

W

ecRiayer [ |
<q> x ECRIS STD MODEL
Beam characteristics m— > INTRINSIC
] x<n n, Xy, Density
< limitation

1. High Frequency Generators to increase the plasma density;
2. High Magnetic Fields to make longer the ions confining time;

Brute force cannot be anymore used because of technological reasons
(magnets, hot electrons generations, plasma overheating, cooling, ...)

l Development of advanced diagnostics tools to

- x make a step forward in understanding heating
Alternative heatlng schemes " and confinement mechanism
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Some quesﬁmmsw

% Does exist an “ECRIS fine structure” with respect to magnetic
. M. ; . ?
ﬂf“etd th QP ‘Freque.MCj EMV\LV\S D. Mascali et al., Rev. Sci. Instrum.;2014

_ _ — — |

x 10
T Intensity of the Argon |
14.5017 smooth y of 9 -1 i}
l

fluorescence X-radiation - ] Smooth B profile
|

O. Tarvainen et al. Plasma Sour. Sci. Tech. 2014 ‘f —8
o ' —11

: 12 — . r r . . . . - | smooth [/ ] Steep B profile
1 3‘ “ ‘ -

(0]
135 uA 55 uA 0%t
. A o’

Normalized FC current

Stable Unstable ' - m 1200 A
(larger error bars) ) | § ® 1100 A

-

068 069 07 071 072 073 074 075 0.76 0.77

Evidences of plasma
instabilities when tuning B

132 134 136 138 14 142 144 146
Mlcrowaves frequency [GHz]

Evidences of sf:rov\g fluctuakions with &ke I‘Z!w
frequency correlated to X-ray emission
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Some quesﬁo-msw

Does exist an INTERPLAY bebtween bthe and

the beam shape, brightness, emittance? sim. density

f: 14,380 GHz f: 14385 GHz f: 14370 GHz
239 pA 24.6 pA 245 pA

f: 14375 GHz J: 14380 GHz J: 14.385 GHz
242 pA

.

£: 14.390 GHz

D. Nicolosi et al. ICIS-15, New York City L. Celona et al., Rev. Sci. Instrum. 2008

Does the plasma diskribute uhi{ormiv?
Are electrons of different energy domains merged each other

or nok?
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heating schemwes

Frequency tuning
. Two Frequency Heating
. Two Closed Frequency Heating

“Flat B Field” heating

“Broadband” heating

Efforts on plasma diagnostics methods development,
studies about the impact of new techniques on the beam
rrorer&ts, eke,
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Strateqies for improving
LNS-ECRKIS eﬂffwcewav

6-18 months

Improving beam
. transport/handling |
‘ *—-—P ‘* 0-18 months

Implementing new
- plasma heating methods \
— == 1536 months

A Big Jump ---> installing a
21 GHz machine (AISHa)
for very-high intensities
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i Sl Noh-inkrusive F’-’LO\SMQ
| diagnostics methods
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| RF IR Visible & UV EUV Soft-Xray Hard-Xray |

m

| (3kHz-300 | (300 (1,6-12 eV) (10-120 eV) (0,12-12 keV) | (10-100 keV) |
GHz) ¥ GHz-430 ¥ v v \2 \’ |

THZ) optical plasma X-ray Pinhole C
Observation Imaging & 2D-
Spectroscopy 1D/2D Spectroscopy
density-temp. 2D energy distribution
measurement (relative) densit

,ﬁ ﬁ* < Microwave Interferometery measuring plaéma density > ]

s — =" — - = —— e — S ———— = — _ —

= Measuring the plasma dev\s in different energy

.....

o = -

regimes: density, temperature and plasma structure

......

evaluation under different operative parameters
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H

f‘i Ade\eed techniques of plasma dn&gv\os&es
T have been im plemented: the X-ray pin-hole
camera

: .
APERTURA X-ray imaging can be performed with a pin-hole

CAMERA :
camera technique

The pin-hole is mounted between the plasma and
a X-ray sensitive CCD camera having 1024x1024
pixels in the 0.5-15 keV energy domain
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Mastering beam transport and
source-to-CS matching

.. & evaporation
In progress |

BaF. deposited layer

t=2
L/ s

™ Al background
y t=2mm
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BaF> screenirradiationﬁ Selection Oﬂf makerials

Irradiation time (minutes)

' 20 minutes stop| -

(source operatio

OAr8* jons lpeam = 9.5 HA Vextr = 20 kV E = 160 keV Deposited power

114,360 GHz f: 14,3685 GHz [: 14370 GHz

23.9 A 246 pA 24.5 pA

GGG

f: 14375 GHz f: 14,380 GHz f: 14,385 GHz
24.2 A

4

f: 14,390 GHz
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BaF> screenirradiationﬁ Selection Oﬂf makerials

OAr8* jons lpeam = 9.5 HA Vextr = 20 kV E = 160 keV Deposited power

0,9995 1

| > 0,999

Normalized Ilght efficienc
o
©
(o]
(0]
(@)]

0 998§§
0,9975 1
0,997 1

0,9965 1

0,996:1111}11H}1H,‘}H:1}11HM:H}HH}HHM:H}H
0 10 20 30 40 50 60 70 80 90

Irradiation time (minutes)

1100

' 20 minutes stop} -
(source operatio

f: 14,360 GHz f: 14,3685 GHz [: 14370 GHz

23.9 pA 246 pA 24.5 pA

The BaF> screen does not
suffer for beam irradiation
in a significant way
No remarkable
degradation observed

" 4 4 g

f: 14375 GHz f: 14,380 GHz f: 14,385 GHz
24.2 pA

4

f:14.390 GHz
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Steps toward high intensity beams monitoring

Thermal Simulations

holder shaft

simulation time 6000 s
simulation conditions = experimental

ones
Power=13 W 60
R_spot =2 mm >
50
45
40 2000+
zz 1800 + KBr
1600 +
25 — T
BaF2 ' e 1400( Behavior at higher currents
S 12007 P =80 W, R_spot = 9 mm for both screens
300 ® 10007 which means about 500 yA for 40Ars+
Power=8 W 250 Q
R_spot =9 mm . £ BaF: +
- . Al background
R 150 i
KBr 0 , | . | , | , | , | , | , | , | , | , |

O 50 100 150 200 250 300 350 400 450 500
Time (s)

Our BaF2 screens is suitable also for
high current beams —-> AISHa beams
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Short/mid/long term strategies

Short
(0-6 months)

Short/Mid
(0-12 months)

Short/Mid
(6-18 months)

Mid/Long
(18-36 months)

Broaden the beams
availability in the
perspective of high
intensity

e R&D on vaporization
techniques (oven, sputtering,
innovative methods);

e Fast and reliable tunings of
the Sources

Improving the primary
currents and <q>

Implementation of

Alternative plasma heating
methods (TCFH)

Improving the IS-CS
beam matching

Diagnostics and beam
transport modelling and
optimization

Boost of primary beam
currents + Testbench

The AISHa replace
CAESAR. CAESAR
becomes a Testbench.
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Radial field 1.3T

Axial field 26T-04T-15T
Operating frequencies 18 GHz (TFH)
Operating power 1kW

Extraction voltage 40 kV

Chamber diameter / length

092 mm /300 mm

| LHe

Free
Iron yoke diameter/length 42 cm / 60 cm
Source weight estimation 480 kg

L ~
T = e T -
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o Reliability

e High flexibility (RF
+B field)

e High Performances
e Compactness

® Fasy-to-tune

¢ | ow maintenance

Ion Expected currents (epA)

Cc+ 300

O+ 1000 |
o7 400 |
Ne’* 500 \
Arldt 150 |
Kr2* 100 |
X2+ B
Audt B




A partial List of Actions aireao&v
scheduled

Low temperature oven for SERSE;
New comtrol system for SERSE (ready for CAESAR);

Motorized stage for (repetier*graumd
electrodes) ——-> SERSE (ad.re.aciv done for CAESAR);

Beam pipes alignement;

Installation of beam diagnostics tools (Allison Scanner +
beam viewers, almost ready);

Beam &ramsgor% simulakions;
X-ray and RF passive diaghostics helping sources tuning;

New plasma chamber for SERSE and injection flange;
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Assels and ceribicalibies

Long time elapsed from Llast systematics;
Time needed for implementing all the actions;

no test-bench available (very short time available for off-line
experimam&s and bkests); ———> AISHa will serve as testbench
during 2016

Motivated kechnical manpower with valuable skills;

Well-established know-how gained by the RD group
(recognized interhational leadership in Ion Sources science
and Eeakmc}mgv);

INFN-LNS management supporting new synergies and strategies
for revamp of LNS machines.
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