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II\/Ieasurement of the target thickness
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ISimuIation of the nozzle flow

e inviscid flow is assumed
(high Reynolds number)
= entropy is conserved

e stationary
quasi-one-dimensional
model:
nozzle geometry described
by area A(z)

o different equations of state
can be used, e.g.

e perfect gas
e Van der Waals gas
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IVeIocity of perfect gas

1200 ! T T T T T T T
g/nozzle throat
1000 Fr i
?Ui 800 |
2
o
2 600 |
4 Large mass of the clusters
S 40| = cluster velocity decouples
>
from gas velocity
200 | = behind “freeze-out position":
velocity of clusters & Viay
O 1 1 1 1 1 1 1

0 2 4 6 8 10 12 14
position in nozzle / mm



II\/Ieasurements at FERMILAB E835
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IRegion of operation for cluster jet targets
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f-flight

Velocity determination via time-o

pulsed electron gun
= ionizes a cluster

— start signal for TOF

stop signal for TOF




ITOF spectrum of clusters
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ICIuster velocity at 8 bar isobar

velocity / (m/s)
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IVeIocity distributions at 8 bar isobar
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ICIuster velocity at various isobars
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IVeIocity of the Van der Waals gas

velocity of the gas / (m/s)
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Gas velocity is strongly position dependent
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IVan der Waals model for 8 bar isobar
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IVan der Waals model for 17 bar isobar

velocity / (m/s)
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IDescription of the measured cluster velocities

e Van der Waals model provides an accurate
description of the measured data with
two free parameters z and Zg:

uc(po. To) = uvaw(po, To.21) for Ty < Ti(po)
Ao e uvaw(po, To,zg) for To > Ty(po)

Ti: pressure dependent transition temperature
e Fit to the measured data:
MCT1 MCT2 all data
z/ mm  0.736(37) 0.445(14) 0.500(15)
z; / mm 1.52(20) 1.67(20) 1.61(16)
AAD /% 44 5.1 5.4
average absolute deviation (AAD) =~ 5%
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IDescription of the measured isotherms
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ICIuster formation process

pressure / bar
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19
I Summary and outlook

o Precise technique for velocity measurements of clusters
e Comparison between measurements and simulation:
= better comprehension of the cluster production process
= important for improved nozzle design / cluster density
e Found two cluster regimes:

conventional targets Miinster type (at highest density)
o (Clusters formed from e Clusters formed from
condensated gas evaporation of liquid
o Cluster velocity e Cluster velocity
= perfect gas velocity =~ = velocity of real gas
o Lower density o Higher density

e In the future:
Investigation of the mass distribution of the clusters
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ITime—of—fIight method
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ICaIibration of the time-of-flight

pulsed
electron

hydrogen clusters as »
source for H, molecules 4
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ITOF spectrum of the calibration source

dN/dt / 10° ps™"

14

12

—_
o

(00}

time resolution ~ 3 ps

100 V data
H3
|

time—of-flight / us

23



ICaIibration of TOF measurements
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IDescription of the measured isobars
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