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MicrowaveDischargdon Sourcevs ECRdn Source @

Electron Cyclotron Resonance(ECR)is one of the Gas

most convenientmethod to excitethe plasmain lon +

Sources Magnetic field
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Microwave power
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axial confinement low current (mA maximum)C high charge states (up tG9)
ECRIshigh TC bigger cylindrical plasma chamberXix35cm




MicrowaveDischargdon SourcevsECRdn Source INFN

MDISmagnetic configuration
Since 1991, following experimental evidences,B..; was
placedat the injection and at the extraction ends of the
plasmachamber

ECRIfnagnetic configuration

A high TC B minimum configuration
A B..ds a closed surface at the center of the plasma
chamber

A Magn eto Hyd ro Dyn amics stabilify C A high-current low-emittance dc ECR proton source

Terence Taylor and John S.C. Wills
Chalk Rwer Laboratories, AECL Research, Chalk River, Ontario, KOJ 1JO, Canada
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Fig. 3. Magnetic induction on the axis of the solenoids as a

function of axial displacement from the microwave window.

The dashed vertical lines define the axial extent of the plasma
chamber.
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ECRIfnhagnetic configuration | MDISmagnetic configuration
A high TC B minimum configuration Since 1991, fqllpwmg experimental ewdgnces,BECRwas
A B..ds a closed surface at the center of the plasma placed at the injection and at the extraction ends of the
chamber plasmachamber

A Magneto Hydro Dynamics stabiliy — ¢
A Scalinglows® —nN@) 1 ¢ 8
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> HSMDISproject will investigate on the physics
behindthis evolution and the possibilityof further
1 improvements

The dashed vertical lines define the axial extent of the plasma
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First HSMDIS publication
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(@3//' mr PSESS first experimental setu :

Ground Shield Sugpressor

lonBeam 4 I Fa,.-,gs,, Diagnostics
Aa Faraday cugor beam current
Faradaycup | rraecor E measurement80 mm diameter,
Entranoe Slit ExltSIlt preCiSioniO.Z mA, 1 Ms/s

ACCTor the measurement of the
total beam current extracted:
bandwidth from3Hz to1MHz,
droop compensation circuit, Ms/s,
accuracy0.1%, precisiorr0.2mA

Doppl .
ahitt EMU(Alison scanner) for the
L vl emittance measurement: precision
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The capability to satisfy ESS requirerent

Intra-pulse stability 2%

4ith Peam pulse shape at different RF power from 100 to 1200 Watt
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PS-ESS was fully commissioned at LNS

Background of HSMDIS project INFN

and performance were validated by ESS personnel

Requirement Value Measurement done for
configurations that satisfy
the ESS stability
requirements

Total beam current >90 mA 40 - 140 mA

Nominal proton beam current 74 mA 40-105 mA

Proton beam current range 67-74 mA 40 - 105 mA

Proton fraction >75% Up to 85%

Pulse length 6 ms 6 ms

Pulse flat top 3ms 3 ms

Flat top stability 2 % <+2 % upto1.5%

Pulse to pulse stability +3.5% <+3.5% up to 3%

Repetition rate 14 Hz 14 Hz

Beam energy 755 keV 75 keV

Energy adjustment +0.01 keV 10.01 keV

Transverse emittance (99%) 1.8 1.06 pi.mm.mrad @ 82 mA
pi.mm.mrad

Beam divergence (99%) <80 mrad 50mrad @ 82mA

Start-up after source maintenance 32 hours 32 hours

Comments
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L

Second source with second part of the commissioning was not needed

mbled in Lund by INFN-LNS team

PSESS Teamh. Neri, L. Celona, S. Gammino, A. Miraglia, O.
Leonardi, G. Castro, G. Torrisi, D. Mascali, M. Mazzaglia, L.
Allegra, A. Amato, G. Calabrese, A. Carusthifes G. Gallo, A.
Longhitano, G. Manno, S. Marletta, A. MaugerR&sarellpG.
Pastore, A. Seminara, A. Sparta, S. Vinciguerra.
Acknowledgmento LNS Accelerator Division, Technical Division
Administration and External Funds.




Background of HSMDIS project INFN &

15-11-2018official delivery with
Italian President Mattarella and Sweden King
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Describe source configuration exposing physic corre
with the magnetic field

Magnetic Field

A Microwave power
A Gas flux

Physics says thainly
Magnetic field is 600
directly correlated to

source behaviouand o A y A )
not the coil currents B Fine tuning Coarse tuning To the soufcy | _
: : 6 | + 5 Gauss + 50 Gauss | N\
Source configuration: 20 0 20 vl B o 0 80 100
A B Field @mm _—
. R | ZECR=8756G 1P s ‘ 2upss H upss ‘ ‘ 1+Up =50 1 2 up st H 3 Up 50 l Coil Inj 188.6 A
A B Field @Smm R 2°Field =900 G O
A B Fleld @4mm HERHE 302 I . S H e I oo ‘ l & oo H oo Coil Ext 117.4 A

A Microwave power
A Gas flux Comsot MatlabC EPICS




Semiautomatic beam characterization tool

BEAM CURRENT MONITOR

Main GRAPH
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Trend GRAPH
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In the graphical interface: > maximumand are evaluated,
and the trend showed for the beam pulse betwe2®ms and5.9ms .




Semiautomatic beam characterization tool

BEAM CURRENT MONITOR

Main GRAPH Trend GRAPH
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With extremely high flexibility and with the capability to test thousands of
configuration without survefC we dor®need a predictive simulation too
C we need a simulation tool able to disclose the reasons for different
behaviors




Visualization of collected data @ il

Pulse shape and magnetic profile in max current Current on the FC (max=82.5mA in O) Current on ACCT (max=135.3mA in O) Mi P
250 1400 - icrowave Power
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ESSequirements

A The beam pulse current variatior2 €% of flat top mean
current

A The flat top mean current variatiorB5% from pulse to
pulse.

We introduced Ripple parameteito quantify how much the
beam is noisy:

A Standard deviation between beam current aith order
polynomial fit of the flat top part

200Pulse shape and magnetic profile in * center Ripple parameter (* ESS ripple and stability)
[ 1400
Inj Ext .,
_ 150 1 5 g
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Visualization of collected data
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The three most relevant source behaviors INFN g
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INFN

A high-current low-emittance dc ECR proton source

Terence Taylor and John S.C. Wills
Chalk Rwer Laboratones, AECL Research, Chalk River, Onitario, KOJ 1JO, Canada
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Received 18 June 1991
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The three most relevant source behaviors

Ripple parameter (* ESS ripple and stability)
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Different magnetic configurations produce differer€ INFN tir)
emittances

InsideHSMDI%roject we will work to understandthe reasonsfor lower emittance beam produced
with HSMDI$nagneticconfiguration

-ms=0.129pi.mm.mrad@LNS -mg=0.398pi.mm.mrad@ESS

30

10

20

10

Standard
i MDIS

Angle [mrad]

€ = 0.398 m mm mrad
Al B =5.66m
a=4.93

HSMDIS

710 7\ T T T T T T T T T T T L 0 0
o0 o 20 Xmax =40,173 mmOX'max =6.812 mrad 20 « * —200 —190 -180 -170 —-160 —150 -140
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Different magnetic configurations produce dii‘ferer@:T\l
emittances

InsideHSMDI%roject we will work to understandthe reasonsfor lower emittance beam produced
with HSMDI$nagneticconfiguration

Chopped beam emittance @ 190 us

Transmitted

time [ms]

Matlabé C EPICS




The three most relevant source behaviors

Field at 35 mm [G]
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{AYdZ | GA2Y 2F an

At the startup of the plasma the plasma density is ZeérdNo Coulomb collision
C No space charge
C No tensorial permittivity

Simplest possible simulatio&lectrons motionn a3D magnetic fieladnap +3D electromagnetic fielcdhap computed
iIn anempty plasma chamber

o Magnetic field @Y=0

50
e 0.14
I - 0.12

' 0.1
0 ( 0.08
' 0.06
-25 0.04
0.02

-50
25 0 25 50

-50
vo0.03 Z [mm]
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{AYdZ | GA2Y 2F an

At the startup of the plasma the plasma density is ZeérdNo Coulomb collision
C No space charge
C No tensorial permittivity

Simplest possible simulation: Electrons motion in a 3D magnetic field map + 3D electromagnetic field map computt
in an empty plasma chamber.

From the very first electrons are accelerated by the electromagnetic field,
we can observe a strong deconfinement that do not allow the plasma ignition

Drift Y @X=0 %1010

0Electron to RF energy exchange [au] @X=0 Temperature [eV] @Y=0 50

1 50

25 ECR 05 25

Low

= temperature :
£ o (o o 0 Deconfined 0
25 Small heating 05 25 25 ?
region 4
-50 -1 -50 : -50
-50 -25 0 25 50 -50 - -50 -25 0 25

Z [mm] Z [mm] Z [mm]



Stationary- Particle In Cell

A Motion of electrons with a time step of 5B s Borismover)

A Motion of ions with a time step of 50 s Borismover)

A Gridbased Langevin equations to model Coulomb collisions via drag and diffusion coefficients
A Reactions inside plasma + reactions in the walls

A Maps of neutrals and neutrals dynamics

A Threedimensional RF (2.45GHz) electromagnetic simulation with tensorial permittivity

A Electrostatic simulation (stepl)

A Electrostatic simulation (step2)
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Stationary- Particle In Cell:
MDIS magnetic configuratiost¢p 1)

Electromagnetic field [V/im] @Y=0 x10*
5

Density of neutrals [%] avaraged on Z axis
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factor is used to speed up the simulation
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Stationary- Particle In Cell:

MDIS magnetic configuratiosté¢p 1) INFN

Electroagnetic field [V/im] @Y=0 104 Density of neutrals [%] avaraged on Z axis : Mean potlential insidle the plasn}a chamberl[V]
Visualization of ions: |
- Spatial distribution ,
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Average density evolutio
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Stationary- Particle In Cell:

MDIS magnetic configuratiosté¢p 1) INFN

x10"8 Electromagnetic field [V/im] @Y=0 x10% Density of neutrals [%] avaraged on Z axis Mean potential inside the plasma chamber [V]

RF Electromagnetic field:
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Stationary- Particle In Cell:
MDIS magnetic configuratiost¢pl)

Density of neutrals [%] avaraged on Z axis

Electromagnetic field [V/im] @Y=0
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Neutrals:
Total spatial variation
Variation evolution
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Stationary Particle In Cell:
MDIS magnetic configuratiost¢p 1)

x10"8 Electromagnetic field [V/im] @Y=0 x10% Density of neutrals [%] avaraged on Z axis Mean potential inside the plasma chamber [V]
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Stationary Particle In Cell:
S magnetic configuratiost¢p 1

INFN
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Stationary- Particle In Cell:

MDIS magnetic configuratiost€p 1 INFN

x10"8 Electromagnetic field [V/im] @Y=0 104 Density of neutrals [%] avaraged on Z axis Mean potential inside the plasma chamber [V]
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Density of neutrals [%] avaraged on Z axis
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Electromagnetic fie

— 0 Matching transformer, optimized with 10R plasma impedance, start t
work increasing the amount of power coupled to the plasma chamber
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Plasma density rise exponentially, the gain factor was reduce
from 100 to 10
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