2021-03-16

Plasma Lenses
for the Positron Source:

Challenges and Prospects

G. Moortgat-Pick, K. Floettmann,
S. Riemann, M. Formela, N. Hamann



e+ bunch

Damping Rings IR & detectors compressor

e- source

& BiiEeh e+ source ‘
compressor positron . 2km
main linac __—~
| 11 km
central region
5kem
k electron . — ~+ CM Energy: 250 GeV; upgradeable: 0.5-1.0 TeV |
\ main linac "~ .+ Pulse: 5 Hz, 1312 bunches |
e By 11 km ' » Bunch: 1.8 MHz, 2x10* particles
~2km + DR: 5 GeV 3
— . * Main linac: 1.3 GHz SCREF cavities, 31.5 MV/m |
Source: Behnke, Ties, et al. "The international linear collider technical design
2021-03-16 report-volume 1: Executive summary." arXiv preprint 2

arXiv:1306.6327 (2013).



e+ bunch

Damping Rings IR & detectors compressor

e- source

e- bunch _ .
compressor positron . 2km
main linac __—~
| 11 km
central region
5kem
k electron . — ~+ CM Energy: 250 GeV; upgradeable: 0.5-1.0 TeV |
\ main linac "~ .+ Pulse: 5 Hz, 1312 bunches |
e By 11 km ' » Bunch: 1.8 MHz, 2x10* particles
~2km + DR: 5 GeV 3
— . * Main linac: 1.3 GHz SCREF cavities, 31.5 MV/m |
Source: Behnke, Ties, et al. "The international linear collider technical design
2021-03-16 report-volume 1: Executive summary." arXiv preprint 3

arXiv:1306.6327 (2013).



Positron Source

“aux. source (500 MeV) |

T

150-250 GeV S——

SC helical undulator

Photon
collimator ) Pre-accelerator
(pol. upgrade) | Optical (125-400 MeV)
Target mat.chmg SCRF booster
device (0.4-5 GeV)

photon

Capture RF T dump
(125 MeV)
e- dump
pp 150-250 GeV
e- beam to BDS

to Damping Ring

-—spin rotation
solenoid

2021-03-16

Source:

Adolphsen, Chris, et al. “The International Linear Collider
Technical Design Report-Volume 3. II: Accelerator Baseline Design. “
No. arXiv: 1306.6328. CERN, 2013.




Posﬂron Source Bunch Propertles

energy distribution & =
2000
250 Small
Beam
1500 | 200 .
diameter
1= 1000 Large energy width, 3 150 ]
HES : i
<10 MeV
prrrrrrrerrerer R NS i 100
2001 : angle distributioni\% i
2000
50
: % 10 20 30 Pl
_E[MeV] ...... : 15001 0 - e e
§ ~10.0 -7.5 -50 -2.5 00 25 50 75 10.0 |
o : x [mm)]
- 10001 dlvergent .................................................................................................
= : Emission time: ~80 ps emission
500 :
%o 0.2 0.4 06 0.8 1.0 1.2
3 SINOLLL s eerens
2021-03-16 5

LCWS2021



Matching: why?

Initial e+ beam
........ e,
' Small diameter

+ & divergent

2021-03-16



Matching: why?
Accepted phase-space
Initial e+ beam by accelerators
________ | U I
: Small diameter X’ : Big diameter
+ & divergent : & parallel

2021-03-16 7
LCWS2021



Matching: why?
Accepted phase-space
Initial e+ beam by accelerators
________ | U I
: Small diameter X’ : Big diameter
+ & divergent : & parallel

2021-03-16 8
LCWS2021



Matching: why?

Accepted phase-space

Initial e+ beam by accelerators
ry S e b, ’ mmm - Jee- -
X ' : Small diameter X : Big diameter
. & parallel

2021-03-16 9
LCWS2021



2.1 cm

2.2 cm

Quarter Wave Transformer (QWT)

2.1 cm

-s+——target
solenoid
Iron shell

2021-03-16

i e Peak magnetic field:

1.04T

: » Focussing coil:

match e* source to accelerator acceptance

e Bucking coil & iron shell:

minimize eddy current in rotating target

If narrow energy width:

Trace-space diagram

Source:

M. Fukuda, ‘Undulator Positron Source
Capture Simulation’ LCWS 2019

- —— J._-
X .e source'

10



2.1 cm

2.2 cm

Quarter Wave Transformer (QWT)

2.1 cm

-s+——target
solenoid
Iron shell

2021-03-16

i e Peak magnetic field:

1.04T

: » Focussing coil:

match e* source to accelerator acceptance

e Bucking coil & iron shell:

minimize eddy current in rotating target

If narrow energy width:

Trace-space diagram

Source:

M. Fukuda, ‘Undulator Positron Source
Capture Simulation’ LCWS 2019

11



2.1 cm

2.2 cm

Quarter Wave Transformer (QWT)

2.1 cm

-s+——target
solenoid
Iron shell

2021-03-16

i o Peak magnetic field:
1.04T

: » Focussing coil:

match e* source to accelerator acceptance

e Bucking coil & iron shell:

If narrow energy width:

Trace-space diagram

minimize eddy current in rotating target

L

% |

EN

5. f

IN .='

m ‘

: z [cm]

Source: M. Fukuda, ‘Undulator Positron Source

Capture Simulation’ LCWS 2019

12



2.1 cm

2.2 cm

Quarter Wave Transformer (QWT)

2.1 cm

-s+——target
solenoid
Iron shell

2021-03-16

i e Peak magnetic field:

1.04T

: » Focussing coil:

match e* source to accelerator acceptance

e Bucking coil & iron shell:

minimize eddy current in rotating target

If narrow energy width:

Trace-space diagram

Source:

M. Fukuda, ‘Undulator Positron Source
Capture Simulation’ LCWS 2019

13



2.1 cm

2.2 cm

Quarter Wave Transformer (QWT)

2.1 cm

-s+——target
solenoid
Iron shell

2021-03-16

i e Peak magnetic field:

1.04T

: » Focussing coil:

match e* source to accelerator acceptance

e Bucking coil & iron shell:

minimize eddy current in rotating target

Source:

M. Fukuda, ‘Undulator Positron Source
Capture Simulation’ LCWS 2019

If wide energy width:
Trace-space diagram
——m——— - J.--
X’ ' et source ; '

14



2.1 cm

2.2 cm

Quarter Wave Transformer (QWT)

2.1 cm

-s+——target
solenoid
Iron shell

2021-03-16

i o Peak magnetic field:
1.04T

: » Focussing coil:

match e* source to accelerator acceptance

e Bucking coil & iron shell:

If wide energy width:

Trace-space diagram

minimize eddy current in rotating target

L

% |

EN

5. f

IN .='

m ‘

: z [cm]

Source: M. Fukuda, ‘Undulator Positron Source

Capture Simulation’ LCWS 2019

15



2.1 cm

2.2 cm

Quarter Wave Transformer (QWT)

2.1 cm

-s+——target
solenoid
Iron shell

2021-03-16

: * Peak magnetic field:

1.04T

i « Focussing coil: :
. match e’ source to accelerator acceptance :

* Bucking coil &iron shell:
minimize eddy current in rotating target

If wide energy width:

Trace-space diagram

L 5

% |

EN

e f

IN !

i :

: z [cm]

Source: M. Fukuda, ‘Undulator Positron Source

Capture Simulation’ LCWS 2019

Narrow energy band
devrceI :



AMD: Flux Concentrator (FC)

coil Iron core

2021-03-16
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But adiabaticity has
dephasmg as trade- off
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Plasma Lens: Potential
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2) Chromaticity - high + low
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In rotating target
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- helical - helical

- high + low

+ manageable ( problemati

> difficult for fast rotating target
> QWT proposed for ILC
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Plasma Lens: Potential

I = R

+ sinusoidal

1) Dephasing - helical - helical

2) Chromaticity - high + low + low

3) _Eddy current + manageable - problematic ++ low
In rotating target

2021-03-16

22



3/17/21 LCWS2021




Active Plasma Lens: —
Principle nlet

-l
inlet v

%aS ke .%. \'\2\

\




Active Plasma Lens: —

Principle inlet ring
- electrode
ring
electrode

)




Active Plasma Lens:

Principle

inlet
ring
electrode

inlet

ring
electrode




Active Plasma Lens:

Principle

inlet
ring
electrode

inlet

ring
electrode




Active Plasma Lens:

Principle
inlet
ring
electrode

inlet

ring
electrode

+




Active Plasma Lens:

Principle

inlet
ring
electrode

inlet

ring
electrode




Active Plasma Lens:

Principle

inlet
ring
electrode

inlet

ring
electrode




Active Plasma Lens:

Principle

ring
electrode

o,

ring
electrode




Active Plasma Lens:

Principle

e

ring
electrode

-

ring
electrode

&




Active Plasma Lens:

Principle inlet
inlet /
ring Cycle repeats!
electrode — |
. et

ring
electrode




Active Plasma Lens:
Principle
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* Little plasma-beam scattering
* Little gas pressure needed
* As AMD:

Tapering > adiabaticity

\G)
> low chromaticity




Active field of research!
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Outlook

No windows? Is an exit window possible due to widened beam?

Electrode implementation?

Gas Inlets?

Wakefields? Avoided by neutral e-e* beam passing the capillary?

Cavity behaviour under vacuum conditions near the target?
* What discharge routine? One for each bunch? For each pulse?

- Next Talk: Simulations of PL as OMD
by Niclas Hamann
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