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Beamline design requirements

(1) allow the 1on beam to enter the chamber

(2) provide electron neutralization of the beam space
charge

- provided by 2 plasma plugs of 10> cm density
(Lsp sim)
(3) mhibait rapid upstream motion of electrons

(4) provide protection from chamber plasmas and gas
expanding upstream after the fusion explosion

- initial plasma plug increases in density to 1013
1onizing neutral gas (analytic calc), dipole
magnet diverts plasma to wall (Lsp sim)



High perveance HIF beams can be
neutralized with a localized plasma
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« After final focus magnets, beams must drift roughly
6 meters and strike a < 3 mm target radiator

* Localized plasma or “plasma plug” can provide
significant neutralization



Problem - Emittance growth has
been calculated 1in Lsp simulations of
NBT with a plasma plug

« Plasma plug electrons are attracted by the beam
space charge, downstream and upstream

— If electrons are not uniform in density, the resulting
anharmonic electrostatic potential increases the beam
emittance before reaching plasma

— For large currents, unacceptably large spot sizes have
been calculated

e Here, we focus on the upstream interaction of the
ion beam with plasma electrons

* Solution 1s consistent with NBT beam port design



Lsp model for beam-plasma plug
upstream teraction

Simulations are two and three dimensional

Beam i1s injected through open boundary on left:
25-4 kA current, 4 GeV Bi1"

Electrons are Child-Langmuir emitted from
grounded plane on right

CL electrons react like electrons from a dense
plasma plug without the need to resolve plasma
parameters (simulations are fast)



Plasma electrons are pulled into unneutralized
beam as beam approaches plasma plug
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Beam emittance

Emittance {pi—cm—rad)

Plasma electrons are pulled into unneutralized
beam as beam approached plasma plug
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Emittance growth (at z = 50 cm) scales with current, higher for smaller

electron current (at z=45 cm) grows faster than linear with beam current



We now attempt to suppress upstream
motion of electrons with applied
magnetic fields in two geometries

* Solenoidal field (B))

* Dipole Field (B,)



2-k@G solenoidal field removes most of
the emittance growth
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Dipole field >2 kG, only 5-cm long,
suppresses backstreaming 1n 3d Lsp sims

« Electrons eventually
ExB drift into beam, . seeimeno o gt e 50
drift time slowed by % mat
increasing B ! i

W ol

* Some emittance
growth 1s due to
beam steering in BEGR P 2Xd
dipole field " - R

20

All species; time 8.0

B P _ — _ — _ — " — _.':
DR loipid FE— AR — S N lkG
= 2 i : ! i 3
ToAxT0TIE e R R A Feeeeneeeee )
£ = : d : : 3
o E
| F : o : E
G 3*10_53 --------------- e LR ERRRREEECEEREREEE
@ E : : : 3
g £ Ny : : : E
g 25107 FFreeeenns o ALk SETEER R ESRERIENEY ERRE S SEIEE SR ;
£ 2 i 5 : 5 E
L F : : : E
1107 ey o s EESTIRRSRRE Beeennnt By
E : N : iy . 3 I
G§ F : ) 5 10 15 20
E L - Z e}
7.7 4.308
2 10 12 14 18 18 @

Tirne (ns)



Beam plasma plug interaction

can increase emittance for high K

effect scales with current

electron EM fields are non-uniform creating
anharmonic potential, emittance growth

solenoidal field of order a kGauss can force
electrons to be uniform and greatly reduce
emittance growth

dipole magnetic field can suppress upstream
motion of the beam, no plasma-B field interaction



Dipole magnet 1s consistent with
current beamline design
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* Dipole magnet and upstream plasma plug both have dual roles
— 2 kG field suppress both electron and chamber plasma upstream motion
— Initial plasma plug density ramps from 102 to 10'3 to both neutralize ion beam and ionize neutrals



Conclusions

« Unacceptable emittance growth calculated
for high-current beams entering plasma plug

 Electron motion can be suppressed with a
dipole magnetic field just upstream of
plasma

* 1-2 kG dipole magnetic field 1s consistent
with current beamline design, verified in 3D
Lsp simulations
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