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Outline

Motivation

High repetition rates for Laser Plasma Acceleration
Combine high power laser with continuous flow target

Increase efficiency and data acquisition

Differential Pumping
Concept at LUX

Pressure reduction of 7 orders of magnitude in 1,5m

Additional Benefits of Continuous Flow

Direct high precision pressure measurement, absolute values




Motivation: Continuous Gas Flow Operation

- Sety | Diff. Pump.
9 Focusing Chamber Chamber Target Chamber

|
> ANGUS: 200TW @ 5 Hz

> Target pressure: ~50 mbar

> Laser Beam Line pressure: x10/-6 mbar
> @Gas from target contaminates vacuum

> Previous Experiments:

> pulsed gas operation due to high gas load

> shoot with fraction of laser repetition rate

> slow data acquisition

1,.5m
' CFEL
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Motivation: Continuous Gas Flow Operation

- Goal | Diff. Pump.
Focusing Chamber Chamber Target Chamber

|
> Use full repetition rate of laser

> Decrease pressure fluctuations caused by valve
dynamics

«-————— 3!
1,5m

lil
(@
=
m
AL

Niels M. Delbos | lux.cfel.de | EAAC 2015, Elba | September 01, 2015 | Page 5

n
®)
=
Z
@)
®



Motivation: Continuous Gas Flow Operation

-~ Goal | Diff. Pump.
Focusing Chamber Chamber Target Chamber

|
= Use full repetition rate of laser

> Decrease pressure fluctuations caused by valve 4
dynamics
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> Pressure drop: 7 orders of magnitude under
continuous flow
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> Differential pumping scheme within 1,5m

1,5m
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Differential Pumping

Design Basics: Flow in Vacuum

Flow inside a vacuum system:
Conductance in series:

Conductance, parallel:

11 11
Ctotal Cl

- Cy  Ch

Ctotal — Cl + 02 + 03 + ...
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Differential Pumping

| Diff. Pump.
Focusing Chamber Chamber Target Chamber

= |. Target Chamber Pumping Concept

~ |l. Differential Pumping Chamber

~ |ll. Overall Vacuum Simulation
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. Target Chamber

Parameters: Ho> optimized Pump

Incoming flow: Q ~ 10 mbar I/s (H2)
Target Pressure: ~ 50 mbar

Narrow apertures: d = 3mm

Compact

Reduces outgoing flow to < 0.2 % of incoming flow

| : Target:
End pressure in chamber: p ~ 1e-2 mbar . | Q ~10 mbar I/s

Aperture: 3mm i
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Differential Pumping

| Diff. Pump.
Focusing Chamber Chamber Target Chamber

~ |. Target Chamber Pumping Concept

= |l. Differential Pumping Chamlber

~ |ll. Overall Vacuum Simulation
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|. Differential Pumping Chamber

Without Laser:

Differential
pumping

conductance,

MA MA
TP TP
] I
Target
Target Differential
chamber pumping

as small as possible

Pump speed limited by number of attachable pumps,
Space consuming

CFEL
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Q=C-AP
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|. Differential Pumping Chamber

Without Laser; With Laser: Q=C- AP

MA MA MA MA MA MA
TP TP TP TP TP TP
— ] — Laser
A Target A Target _
A A
Differential Target Differential Differential Target Differential
pumping chamber pumping pumping chamber pumping
conductance,
as small as possible growing conductance

Pump speed limited by number of attachable pumps, Space consuming + inefficient l
Space consuming
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|. Differential Pumping Chamber

Close to focus: Two separate Volumes in one chamber QQ=C AP

MA Turbo Pump

Qout Qin

e “G— -
small
conductance

YVYY Turbo Pump
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|. Differential Pumping Chamber

Experimental Test

> Comparison:

> with separation

> without separation

~@Gas: N2

> Pumps: 2 x 255 I/s

>Measure incoming flow and resulting pressure in
different sections
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|. Differential Pumping Chamber

Measurement: Normal Chamber

MA Turbo Pump

Qout Qin

YYY Turbo Pump
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Measurement: DIff.

out

Pump. with same pumps

AMA Tur

YYY Tur

00 Pump

00 Pump



|. Differential Pumping Chamber

Measurement: Normal Chamber Measurement: Diff. Pump. with same pumps
0,1 - . . 2X.255 |/s; no bottom 0.1 : . 2X25.5 l/s; Pump @ Q_Oll.lti 80l/s; Exit Tube: d. = 25mm, |I= 56mm
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I. Differential Pumping Chamber

Measurement: Normal Chamber Measurement: Diff. Pump. with
0.1 2 x 255 I/s; no bottom 01 2 x 255 I/s; Pump @ Q_out: 80l/s; Exit Tube: d = 25mm, |I= 56mm
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Differential Pumping

Diff. Pump.

Focusing Chamber Chamber Target Chamber
!

~ |. Target Chamber Pumping Concept

~ |l. Differential Pumping Chamber

~ |ll. Overall Vacuum Simulation
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1l. Overall Vacuum Simulation

Target: 50 mbar
/
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1. Overall Vacuum Simulation

Target: 50 mbar
/

4

Pressure reduction: ~7 orders of magnitude
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Additional Benefits of Continuous Flow Operation

Direct pressure measurement
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Additional Benefits of Continuous Flow Operation

Direct pressure measurement

Pros

Continuos flow enables direct measurement
Absolutely calibrated

High accuracy = 0.2%
Online diagnostics during experiment

Robust

Able to measure gas densities < 10'°cm

cons

Low spatial resolution

CFEL
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Summary and Outlook

Continuous flow allows for

High repetition rates
Direct pressure measurement, online with sub-% accuracy

Stable flow into target
Target area installation and first tests Q1 2016

Cross-calibration of direct pressure measurement with
Raman scattering”

*in Cooperation with DESY FLA, Group J. Osterhoff
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