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One of the three projects
Fusion Broader Approach between Japan & Europe

IFMIF: International Fusion Material Irradiation Facility

18 kW 0.6 MW 1.1 MW 1.8 MW 3.3MW 5.0 MW 2 X 5 MW
T 100kev ‘ ‘ ‘ 5Mev ' T oMev__ "  1d45MeV ' 26 MeV ' "aoMEv ] ! ' ' ‘ ‘ ‘ ! ! T
DIPOLE DODECAPOLE OCTUPOLE
ION I 1 ‘ |
SOURCE F “'” l
I L I i 1 |
i o Wi
QUADRUPOLE ] D +

EXTRACBIEI‘(‘): LEBT| RFQ MEBT SDLENOID " CM"TY(:US M:R:: LINAC E HEBT I
IFMIF: 2 ACCELERATORS, EACH ACCELERATING 125 mA CW DEUTERON BEAM TO 40 MeV
1 L L 1 1 L 1 1 L 1 1 L I 1 1 L L 1 | L L 1 1 1 L 1 L L 1
0 20 40 60
P todkel T T T T T dMevt T T T T
lZONc BEAM DUMP
125 mA, 1.1 MW
E)(TRAgrEIQI: LEBT RFQ MEBT— SRF-LINAC HEBT Under‘ Constr‘uction by Eur‘ope
EVEDA: 1 ACCELERATOR ACCELERATING 125 mA CW DEUTERON BEAM TO 9 MeV 1.0 be ins-‘.a"ed in Japan
0 T T 1I0 T 2‘0 IIIIIIIII 30 I
(m)
EVEDA: Engineering Validation Engineering Design Activity
[ IFMIF - EVEDA |
| ———— (11,
2

p—s- | ‘ th
WNAMICS IFMIF-EVEDA - EU-HT - Beam Dynamics IPAC 2011, Sept 4



TTTTT T T IIIIII‘ T T IIIIII‘ T T IIIIII‘ T T IIIIII! T T TTTT
3 ! ! |
10 ; | | — IFMIF
X 10'4 — rrrrrrrrrrrrr N - rrrrrrrrrrrrrrrrrrrrrrrr —ESS [ —
8 . j — LINAC4
S~ N NN — JPARC [ —
% 10° [~ —— ProjectX u
o 10'7 I R S B [ —
D
Sl TR
S oL
o 10
) S0 S
B 10
10-11 B h h h h h
10'12 IIIIIi 1 1 IIIIIIi 1 1 IIIIIIi 1 1 IIIIIIi 1 1 IIIIIIi 1 L1111
0.1 1 10 100 1000
Energy (MeV)
108 IIIII‘ T IIIIIII‘ T IIIIIIII T IIIIIII| T T T TTTTT T T TTTT
P S S S —
s 10°
\: 105 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
(O]
8 10"
a — IFMIF
€ 10° — ESS B
P SNSupgr
@ SNS
10 — JPARC | ]
] : : ; —— ProjectX
10 =~ s R — LINAC4 |
100 IIIIIi 1 1 IIIIIIi 1 1 IIIIIIi 1 1 IIIIII| 1 1 IIIIII| 1 L1111
0.1 1 10 100 1000
IFMIF-E.__.. Energy (MeV)
(B n—
[omm——l . _ _ _ _ .
\—‘BEAM DYNAMICS IFMIF-EVEDA - EU-HT - Beam Dynamics

Global parameters (1)

The highest intensity
The highest beam power
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Global parameters (2)
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Main Issues

E < 5 MeV N |E > 5 Mev N

Losses still significant (%) Losses << 1W/m for material activation

EVEDA: 1 ACCELERATOR ACCELERATING 125 mA CW DEUTERON BEAM TO 9 MeV
1 . ! . | : 1
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Strong space charge > Distribution dependem'w 1
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Issues and Strategy for E < 5 MeV (1)

CW Current: 175 ma (ion source), 125 mA (RFQ) Optimum injection intfo RFQ
Strong Space Charge > Emittance f > Emittancey

[STraTeqy: Work around Space Charge effects }

~

/Enlar'ge extraction aperture
Enhance SC compensation in the LEBT (heavy gas and e- repellers at each end)

Shorten lengths where no SC compensation
(reduce number of extraction electrodes, reduce injection path to the RFQ)

Gncr’ease accelerating field (in extraction and RFQ, to the limit of el.breakdown) Y

E

HH Solenoid 1 Solenoid 2

i —

| L L 1 L 1 L . L L |

0. 0.5 1.0 1.5 2.0 2.5 3.0

__IFMIF - EVE ' ‘ (m)
——— 3 1, ||

e - - - - i th 6
BEAM DYNAMICS IFMIF-EVEDA - EU-HT - Beam Dynamics IPAC 2011, Sept 4




Issues and Strategy for E < 5 MeV (2)

High current > strong SC Large o; = strong neutralisation

Main focusing field, Heavy ion gas (Kr), e~ repellers at entrance at exit

[ SolMAxP (CEA code): SC potential map ]
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Resulting SC potential map is NOT uniform
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Results for E < 5 MeV

e-screening electrode
-9.8 kV
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Extraction: 175 mA total
140 mA D*, 26 mA D,*, 9 mA D;*
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RFQ: 96 % current transmitted (134 mA)

Losses mainly in the first part, at low energy
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Issues and Strategy for E > 5 MeV (1)

MEBT: transports and matches the beam into the SRF=Linac
SRF-Linac: channel with its well defined matched beam in terms of RMS

Tuning of MEBT_and-SRF-Linac are decoupled

> - E>BMeV >
harmful loss-induced activation

any change in beam distribution

will change net forces, -
will change particle trajectories - High beam power (~MW)

> >
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MEBT + SRF-Linac

IFMIF - EVEDA

e pne—

Uncommon procedure:
- Match beam rms envelope, then
- Minimise extent of particles on the border

- "Halo matching” instead of “"Envelope matching” Y

\
L_I'\_ﬂl'l Lﬂﬂ_ﬂj:m

1 macroparticle/10°¢ ;—0101

[%] [
(=] [41]
PR TR [ T -

Particle density distribution { mm
Ansuap

5 10 15
Position (m )

[omm——l .
BEAM DYNAMICS

IFMIF-EVEDA - EU-HT - Beam Dynamics IPAC 2011, Sept 4t

10



Issues and Strategy for E > 5 MeV (3)
EVEDA HEBT:

- Adapt the beam size for measurements .. -
(Diag. Plate) > many tunings to foreseen ’
- Expand the beam at the Beam Dump

Diag Plate ;
Beam Dump

IFMIF HEBT:
Beam footprint at Lithium Target
must be rectangular and uniform
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Issues and Strategy: on-line fine tuning (1)

Strong SC: settings depend on
the beam distribution nature
But real beam #calculated
beam, and changes with time

For E> 5 MeV,
Losses << 10-° of the beam

But num.calc.not precised to 10-°,

machine not reproducible to 10-6

~

~

On-line fine tuning ... with diagnostics
should be mandatory and frequent.

Strong space charge >High compactness
~Lack of room... for diagnostics
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that can be later applied online with suitable diagnostics

Adopted rule: only carry out beam dynamics optimisations }

For the LEBT-RFQ,
Optimisation method: highest transmission
On-line: maximise current at RFQ exit

For the MEBT-SRF-Linac
Optimisation method: halo matching
On-line: minimise micro-losses

These beam current and micro-loss monitors
should be used daily for fine tuning,
should be considered as "essential" as the classical BPM

IFMIF - EVEDA
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Emittance-growth issue (1)

Lower emittance = More external halo (?)
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Emittance-growth issue (2)

Once the external beam limit is perfectly minimised and regular,
sometimes the emittance can literally blow up
> Compromise between halo and emittance minimisations

Envelope equation: 2 competing terms
2

g % and . K K is generalised perveance, continuous beam
x,y ol 5C = 2o, + Gy) independent of particle distribution type
or SC. — 3K5(1-f)  K; is generalised perveance, bunched beam
> (o,+0,)0. dependent of particle distribution type

(coef)

Coef is obtained by equalising SC and SC; at one position at MEBT entrance
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Emittance-growth issue (3)
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Transverse-Longitudinal coupling:

When v, =~ v,,

Transfer of horizontal emittance
to vertical one
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BEAM DYNAMICS

This afternoon, 3 posters on IFMIF beam dynamics:

N. Chauvin et al: Start-to-end simulations
W. Simeoni et al: Stability charts

P.AP. Nghiem et al: Quad-Scan emittance measurement

IFMIF-EVEDA - EU-HT - Beam Dynamics IPAC 2011, Sept 4"
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Conclusion

The highest intensity
The highest power

The highest space charge
The longest RFQ

Ve Ny

True "Laboratory" for studying

challenges physics of High Intensity Beam
> new concepts: micro-losses, (Halo formation, Core-halo interaction
halo matching, essential diagnostic Emittance growth, sudden particle loss)

S

Improve beam dynamics
Improve tuning methods
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