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The PANDA experiment at FAIR
Overview

FAIR: Facility for Antiproton and Ion Research
HESR: High Energy Storage Ring
PANDA: AntiProton ANnihilation at DArmstadt
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The PANDA experiment at FAIR
PANDA detector

p+ p −→ mesons, exotic hadrons ⇒ insights into strong interaction

internal target

           target spectrometer                   forward spectrometer

beam dump

For 4π solid angle acceptance −→ installation of the internal target in a distance
of 2.1m from interaction point

Planned internal targets for PANDA: cluster-jet target & pellet target
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Requirements for an internal target for PANDA

High purity of used target material
−→ Decrease of background reactions

Target density
ρT in order of 1015 atoms

cm2 at 2.1m
−→ Full exploit of antiproton
production rate
Constant in time & adjustable
(offline)
−→ For data aquisition

Variable target beam size & shape
(offline)
−→ Depends on experimental programm

Effective target beam size
as small as possible
−→ Low influence on vacuum
conditions in the HESR

cluster-jet target

target spectrometer
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Prototype of a high density cluster-jet target for PANDA
Overview

Prototype already built up and set successfully into operation

Complete system installed in PANDA geometry
(scattering chamber corresponds to PANDA interaction point)

cluster
source

scattering
chamber

beam dump

Cluster beam
characteristics can be
transferred directly to
the situation at
PANDA

Target beam
diagnostics in
scattering chamber

=⇒ Determination of
cluster beam position,
size & density
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Prototype of a high density cluster-jet target for PANDA
Cluster production with a Laval nozzle (in case of hydrogen gas)

Cluster: Particle with n atoms/molecules, in this case van der Waals interactions
responsible for bonding

10−1 mbar 10−5 mbar
(differential pump system)

skimmer

Laval nozzle

H2 gas

collimator

cluster

gas

Temperature range: T = 20− 50K
Pressure range: p = 7− 20bar

Laval nozzle: ∅ = 28µm (narrowest point)

Skimmer: ∅ = 0.5mm (movable)
Collimator: ∅ = 0.7mm (movable)
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Prototype of a high density cluster-jet target for PANDA
Cluster source

cold head

insulation vacuum
chamber

skimmer chamber

collimator chamber

Laval nozzle

skimmer

collimatorgas pipes

Temperature range: T = 20− 50K
Pressure range: p = 7− 20bar

Laval nozzle: ∅ = 28µm (narrowest point)

Skimmer: ∅ = 0.5mm (movable)
Collimator: ∅ = 0.7mm (movable)
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Prototype of a high density cluster-jet target for PANDA
Cluster source

cold head

insulation vacuum
chamber

collimator chamber

Laval nozzle

skimmer

collimator
skimmer chambergas pipes

Temperature range: T = 20− 50K
Pressure range: p = 7− 20bar

Laval nozzle: ∅ = 28µm (narrowest point)

Skimmer: ∅ = 0.5mm (movable)
Collimator: ∅ = 0.7mm (movable)
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Prototype of a high density cluster-jet target for PANDA
Scattering chamber

scattering chamber
with beam diagnostics

Scattering chamber equipped with a beam
diagnostic system =⇒ Determination of:

target position
size
density
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Scattering chamber
Determination of target position, size and density
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Determination of target position, size and density
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Scattering chamber
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Scattering chamber
Determination of target position, size and density
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Scattering chamber
Determination of target position, size and density
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ρT ∼
psc

vc

ρT : Target density

psc : Pressure increase
in scattering chamber

vc : Cluster velocity
(200− 1000m/s)

−→ see talk of
A. Täschner at
12.20
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Target density
Important parameters of different cluster-jet targets

PROMISE/WASA E835 ANKE, COSY11 PANDA Prototype
(CELSIUS) (FERMILAB) (COSY) (IKP Münster)

nozzle diameter < 100µm 37µm 11− 16µm 28µm

gas temperature 20− 35K 15− 40K 22− 35K 20− 35K

gas pressure 1.4 bar < 8 bar 18 bar > 18 bar

distance 0.325m 0.26m 0.65m 2.1m
from nozzle r

max. areal 1.3× 1014 cm−2 2× 1014 cm−2 � 1014 cm−2 8× 1014 cm−2

density (with presented setup)

Target density decreases with 1/r2
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Target density
...at 17 bar, above critical point (33.18K, 13 bar)

fluid                        vapor

supercritical fluid

17 bar
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Figure 17: Target thickness as a function of the hydrogen temperature in front
of the Laval nozzle at a constant gas pressure of 17 bar.

volume density and r =
�

x�2 + y�2 is the distance to the centre
of the distribution, and ρ̂(r = 0) = 1. In this case the areal target
thickness is given by

nT = 2
� ∞

0
ρ(r) dr. (4)

The first model represents the simplest situation and assumes a
homogeneous density distribution with a sharp edge at a radius
R, where

ρsquare(r) =


ρ0 for r ≤ R
0 for r > R.

(5)

The solid line in Fig. 10 represents a fit to the data based on
this model. The corresponding volume density distribution is
shown as an inset in this figure. Obviously this simple model
is not able to describe sufficiently well the observed density
distribution. The second model uses an empiric ansatz with a
Fermi-like function to describe the volume density distribution

ρFermi(r) = ρ0

�
exp(−R

s
) + 1
�
/
�
exp(

r − R
s

) + 1
�
, (6)

with the beam radius R and the parameter s describing the
boundary smearing of the distribution. This type of distribution
leads to a prediction for the pressure increase shown by the
dashed line in the figure. It is clearly seen that the data can
be described with high accuracy using this kind of distribution.
The reduced values of χ2/ndf were found to be in the range
between 0.5 and 2.

Based on the parameters obtained by fitting the Fermi-like
volume density distribution to the measured data, Figs. 17
and 18 show the values found for the maximum volume den-
sity and for the areal target thickness. At a distance of
about two metres behind the nozzles, a target thickness of
(8.1 ± 0.3) × 1014 atoms/cm2 combined with a target beam di-
ameter (2 R) of approximately nine millimetres was achieved.
In agreement with earlier results, the isobaric data show a strong
correlation between the target thickness and the temperature.
The target thickness can be easily varied in a range between

Figure 18: Dependence of the target thickness on the pressure before the nozzle
at a constant temperature of 25 K.

1012 and 8 × 1014 atoms/cm2 by choosing a hydrogen temper-
ature in the region between 20 and 50 K. On the other hand,
changes in the gas pressure do not affect the target thickness as
significantly.

Figure 18 shows a result of such a measurement that was
performed at a constant nozzle temperature of 25 K. In the
pressure region between 5 and 19 bar, the target thickness
increases by less than one order of magnitude. These two
measurements indicate the relevance of the variation of the gas
parameters e.g. in hadron physics experiments. By adjusting
the nozzle temperature one can choose the order of magnitude
of the density. Depending on the heating power and the mass
of the nozzle holder the variation of the nozzle temperature and
the approach to a stable situation is on the order of minutes.
Instead, the density of the target can be varied within seconds
by changing the pressure of the incoming hydrogen. Therefore,
the variation of this parameter is highly suited for a real time
adjustment of the target thickness. This might be of interest for
adjustments of the luminosity in real time and can be used to
compensate for the loss of beam particles in order to achieve a
constant luminosity. The reproducible fluctuations seen in both
figures can be attributed to a change in the emission angle of
the cluster beam from the nozzle.

Below a nozzle temperature of about 25 K a brightness struc-
ture was observed in the beam, as can be seen in Fig. 7. Surpris-
ingly these structures, which are regions with different cluster
jet densities, are not symmetrically distributed with respect to
the cluster beam axis. Therefore, a dedicated mechanical ad-
justment system is currently under development [15, 16] which
allows to tilt the nozzle axis with respect to the skimmer axis
during target operation. Recently, in first tests using a prototype
of such a tilting system very high cluster beam densities have
been achieved, i.e. approximately 2 × 1015 atoms/cm2 at a
distance of two metres behind the nozzle (p0 = 18.5 bar,
T0 = 19 K). This result strengthens the assumption that the
decrease of the cluster beam densities at temperature below
25 K (see Fig. 17) is caused by structures within the cluster
jet beam and can be compensated by an online alignment.

9

Target density easy to vary
over several orders of
magnitude (T , p)
Increase of target density
with decreasing temperature
up to 24K
(with small variations)
Drop because of different
state of matter at formation
of clusters (supercritical fluid
−→ fluid)
Decreasing target density
below 24K ???
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Cluster beam in skimmer chamber
Overview

camera with zoom lens

diode laser with beam
expander

skimmer chamber
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Cluster beam in skimmer chamber
50K, 18.5 bar
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Cluster beam in skimmer chamber
49K, 18.5 bar
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Cluster beam in skimmer chamber
48K, 18.5 bar
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Cluster beam in skimmer chamber
47K, 18.5 bar
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Cluster beam in skimmer chamber
46K, 18.5 bar
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Cluster beam in skimmer chamber
45K, 18.5 bar
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Cluster beam in skimmer chamber
44K, 18.5 bar
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Cluster beam in skimmer chamber
43K, 18.5 bar
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Cluster beam in skimmer chamber
42K, 18.5 bar
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Cluster beam in skimmer chamber
41K, 18.5 bar
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Cluster beam in skimmer chamber
40K, 18.5 bar
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Cluster beam in skimmer chamber
39K, 18.5 bar
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Cluster beam in skimmer chamber
38K, 18.5 bar
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Cluster beam in skimmer chamber
37K, 18.5 bar
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Cluster beam in skimmer chamber
36K, 18.5 bar
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Cluster beam in skimmer chamber
35K, 18.5 bar
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Cluster beam in skimmer chamber
34K, 18.5 bar
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Cluster beam in skimmer chamber
33K, 18.5 bar
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Cluster beam in skimmer chamber
32K, 18.5 bar
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Cluster beam in skimmer chamber
31K, 18.5 bar
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Cluster beam in skimmer chamber
30K, 18.5 bar
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Cluster beam in skimmer chamber
29K, 18.5 bar
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Cluster beam in skimmer chamber
28K, 18.5 bar
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Cluster beam in skimmer chamber
27K, 18.5 bar
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Cluster beam in skimmer chamber
26K, 18.5 bar
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Cluster beam in skimmer chamber
25K, 18.5 bar
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Cluster beam in skimmer chamber
24K, 18.5 bar
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Cluster beam in skimmer chamber
23K, 18.5 bar
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Cluster beam in skimmer chamber
22K, 18.5 bar
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Cluster beam in skimmer chamber
21K, 18.5 bar
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Cluster beam in skimmer chamber
20K, 18.5 bar
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Cluster beam in skimmer chamber
19K, 18.5 bar
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Cluster beam in skimmer chamber
18.3K, 18.5 bar
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Cluster beam in skimmer chamber
Cluster beam in skimmer chamber

Inhomogeneous cluster beam in skimmer chamber
Density still constant in scattering chamber
(PANDA interaction point) −→ extracted beam is homogeneous
Do we have a higher density at the brighter area?

=⇒ Movable nozzle required
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Improvement of target density
Movable nozzle

cold head

insulation vacuum
chamber

skimmer chamber

collimator chamber

Laval nozzle

skimmer

collimatorgas pipes

nozzle extension

point of rotation

±6°

spherical joint
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Improvement of target density
Spherical joint
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Improvement of target density
Nozzle extension
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Improvement of target density
Movable nozzle
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Improvement of target density
Movable nozzle

nozzle extension

point of rotation

±6°

spherical joint
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Improvement of target density
19K, 18.5 bar
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19K, 18.5 bar
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Improvement of target density
19K, 18.5 bar
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Improvement of target density
19K, 18.5 bar
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Improvement of target density
19K, 18.5 bar
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Improvement of target density
19K, 18.5 bar
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Improvement of target density
19K, 18.5 bar
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Improvement of target density
19K, 18.5 bar
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Improvement of target density
19K, 18.5 bar
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Improvement of target density
19K, 18.5 bar
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Improvement of target density
19K, 18.5 bar
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Improvement of target density
19K, 18.5 bar
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Improvement of target density
19K, 18.5 bar
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Improvement of target density
19K, 18.5 bar
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Improvement of target density
19K, 18.5 bar
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Improvement of target density
19K, 18.5 bar
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Improvement of target density
19K, 18.5 bar
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Improvement of target density

temperature:
19K

pressure:
18.5 bar

diameter:
10.3mm

velocity:
253m/s

Volume density:

1.9× 1015 atoms/cm3
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Improvement of vacuum in scattering chamber
Special shaped collimator

view of

cluster beam

direction

antiprotons

Using a collimator with a slit
instead of a round opening

=⇒ Reduces the influence on
the vacuum in scattering
chamber or rather in the HESR
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Improvement of vacuum in scattering chamber
LM-Micrograph of a collimator with round opening and slit

∅ = 0.7 mm 150× 860µm
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Improvement of vacuum in scattering chamber
Round shaped cluster beam vs. line formed cluster beam
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Cluster beam is easy to shape with an orifice
=⇒ Effective target beam size as small as possible
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Requirements for an internal target for PANDA

High purity of used target material H2 X
(good experience with the use of D2 at previous cluster-jet targets)

Target density
ρT in order of 1015 atoms

cm2 at 2.1m with movable nozzle X
constant in time & adjustable (depends on temperature
& pressure settings) X

Variable target beam size & shape (collimator) X

Effective target beam size as small as possible
−→ Low influence on vacuum conditions in the HESR
(special shaped collimator) X

All requirements are fulfilled by using a cluster-jet target
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Summary and Outlook

Summary

Cluster-jet target prototype built up in PANDA geometry
Prototype set successfully into operation
(see A. Täschner, et al., Nucl. Instr. and Meth. A (2011)
& talk of A. Khoukaz, Friday 14.10.2011 at 12.30)

Inhomogeneous clusterbeam & use of spherical joint
lead to higher densities =⇒Target density: 1.9× 1015 atoms

cm3 at 2.1m
...so far ¨̂

The prototype fulfills all requirements for PANDA

Outlook
Search for settings with the highest density
Search for smallest size for a special shaped collimator to improve
vacuum conditions
Research on cluster size and mass
Construction of the final target for PANDA in progress
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Thank you for your attention!
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