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Current status

Plasma accelerating module(61%) Technical design (83%) Writing(40%)
10.1 Introduction 100% 100%
10.2 Plasma module design
10.2.1 Plasma sources 70% 60%
10.2.2 HV-sources for plasma creation 100% 100%
10.2.3 Plasma discharge stabilizaiton 100% 100%
10.3 Plasma chamber design 20% 20%
10.3.1 Focusing and extraction systems Beam physics
10.3.2 Capillary supports and handling 70% 0%
10.4 Vacuum pumping system 60% 30%
10.5 Diagnostics
10.5.1 Plasma diagnostics 100% 50%
10.5.1.1 Stark broadening technique 100% 100%
10.5.1.2 Interferometric techniques 100% 0%
10.5.2 Beam diagnostics Beam diagnostics
10.6 High repetition rate plasma sources 80% 80%
10.7 Future developments
10.7.1 Segmented capillary 100% 0%
10.7.2 All-in-one capillary 100% 0%
10.7.3 APL collimator system 70% 0%
10.8 Plasma module safety system 80% 0%
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Plasma accelerating module
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PRA /\GA High repetition rate plasma sources-walls material

To operate at high repetition rate with gas-filled capillary-discharge the key point is the thermal dissipation

3D plastic materials Sapphire Shapal

...............
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10° shots/1 Hz

I(kA) ( |
Te(eV) =5.7 ( ~4 eV g = +k(T)VT
Feap(Mm) S 2
=400 A 40 W/mK at 25°C Sapphire
J=2mm Thermal. .
conductivity 93 W/mK at 25°C Shapal
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PRA ,ﬁA High repetition rate plasma sources-walls material

150 Hz repetition rate discharges Transverse Stark broadening method
to characterize non-transparent materials

Spectral lines as a function
of the longitudinal slices

Spectral lines behavior as a function of the recombination time
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PRAIA

High repetition rate plasma sources-walls material

V=8kV
Ip = 400 A
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PRAIA

Electro-valve

High repetition rate plasma sources-walls material
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PRA /\GA High repetition rate plasma sources-walls material
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PRA /\GA High repetition rate plasma sources - 60 cm long plasma source

1.1 GeV (1.5 GV/m 600 MeV in 40cm
Iong capillary - density 10" cm-3 ):
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PRA ,dA High repetition rate plasma sources - 60 cm long plasma source

Design 60 cm long capillary

B —LL 22 b filglatd * 10 injectors of constant
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PRA /\GA High repetition rate plasma sources - 60 cm long plasma source
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PRA /\GA High repetition rate plasma sources - 60 cm long plasma source

1.1 GeV (1 GV/m 600 MeV in 60cm
long capillary - density 10'% cm-3 ):

= Fabrication by machining

= 10 increasing diameter

= Density range 106 -1017 cm-3
= 13 kV with 500 A

= 100 Hz rep Rate
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PRAIA

High repetition rate plasma sources- HV source
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* High voltage for plasma
formation (Max 30 kV)

* High current output for high
repRATE (Max 150-200 mA)
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Q=CV=10kV x 40nF = 0.6x103 C
t. = dQ/I, =3 ms at 200 mA
Rep Rate > 300 Hz

V=10-15kV
Ip = 400 — 500 A
At = 600 ns FWHM

In principle, there are no limitations to high repetition rate (>400 Hz) for HV generator and pulser but
overheating problems could cause damage

Istituto Nazior

Angelo.Biagioni@Inf.infn.it | TDR Review committee 26 — 28 June 2024 | Page 13/17



PRA /\GA High repetition rate plasma sources- HV source
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For higher repRATE an oil cooling system for SCR
component will be used (in box)
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PRA /\GA High repetition rate plasma sources — Vacuum system
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Turbo pump
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@_ Gas Argon, Nitrogen
Flow rate 10-20 I/h at 100 Hz

Turbo pump

Turbo pump

Turbo pumps | 4-6x2300 |/s

Multi-stage roots pump

Primary pumps | 2-3x480 m3/h

Cooling system | 3-5xchiller 30 I/min
cooling capacity

4500W
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Current status Next status (next TDR meeting)

PRAIA  Next steps

Plasma accelerating module(61%)_(90%) TD (83%) W(40%) nextTD(91%) nextW(89%)
10.1 Introduction 100% 100% 100% 100%
10.2 Plasma module design
10.2.1 Plasma sources 70% 60% 100% 100%
10.2.2 HV-sources for plasma creation 100% 100% 100% 100%
10.2.3 Plasma discharge stabilizaiton 100% 100% 100% 100%
10.3 Plasma chamber design 20% 20% 50% 50%
10.3.1 Focusing and extraction systems BP BP BP BP
10.3.2 Capillary supports and handling 70% 0% 70% 70%
10.4 Vacuum pumping system 60% 30% 80% 80%
10.5 Diagnostics
10.5.1 Plasma diagnostics 100% 50% 100% 100%
10.5.1.1 Stark broadening technique 100% 100% 100% 100%
10.5.1.2 Interferometric techniques 100% 0% 100% 100%
10.5.2 Beam diagnostics BD BD BD BD
10.6 High repetition rate plasma sources 80% 80% 100% 100%
10.7 Future developments
10.7.1 Segmented capillary 100% 0% 100% 100%
10.7.2 All-in-one capillary 100% 0% 100% 100%
C 10.7.3 APL collimator system 70% 0% 70% 50%
INN 10.8 Plasma module safety system 80% 0% 100 100%



Thank you for your attention
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