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The PANDA experiment at FAIR

PANDA: AntiProton ANnihilation at DArmstadt
FAIR: Facility for Antiproton and Ion Research

9

2.1 Overview

The concept of the FAIR Accelerator Facility has been 
developed by the international science community and 
the GSI Laboratory. It aims for a multifaceted forefront 
science program, beams of stable and unstable nuclei 
as well as antiprotons in a wide range of intensities and 
energies, with optimum beam qualities. 

The concept builds and substantially expands on 
seminal developments made over the last 15 years at 
GSI and at other accelerator laboratories worldwide 
in the acceleration, accumulation, storage and phase 
space cooling of high-energy proton and heavy-ion 
beams. Based on that experience and adopting new 
developments, e.g. in fast cycling superconducting 
magnet design, in stochastic and in high-energy electron 

cooling of ion beams, and also in ultra-high vacuum 
technology, a first conceptual layout of the new facility 
was proposed in 2001. Since then, the layout published 
in the Conceptual Design Report has undergone several 
modifications in order to accommodate additional 
scientific programs and optimize the layout, but also to 
reduce costs and to minimize the ecological impact of 
the project. 

The present layout is shown in Fig. 2.1. A super-
conducting double-synchrotron SIS100/300 with a 
circumference of 1,100 meters and with magnetic 
rigidities of 100 and 300 Tm, respectively, is at the heart 
of the FAIR accelerator facility. Following an upgrade for 
high intensities, the existing GSI accelerators UNILAC 
and SIS18 will serve as an injector. 

2. FAIR Accelerator Facility 

Figure 2.1: Layout of the existing GSI facility (UNILAC, SIS18, ESR) on the left and the planned FAIR facility on the right: the supercon-
ducting synchrotrons SIS100 and SIS300, the collector ring CR, the accumulator ring RESR, the new experimental storage ring NESR, 
the rare isotope production target, the superconducting fragment separator Super-FRS, the proton linac, the antiproton production 
target, and the high energy antiproton storage ring HESR. Also shown are the experimental stations for plasma physics, relativistic 
nuclear collisions (CBM), radioactive ion beams (Super-FRS), atomic physics, and low-energy antiproton and ion physics (FLAIR).
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The PANDA experiment at FAIR

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

internal target

           target spectrometer                   forward spectrometer

beam dump
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Requirements for an internal target for the PANDA
experiment

Target density constant in time and adjustable
Target beam size and shape variable (depending on used orifice)
Effective target beam size as small as possible
Low influence on vacuum conditions in the accelerator
High purity of used target material (H2, D2)

All requirements are fulfilled by using a
cluster-jet target
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Requirements for an internal target for the PANDA
experiment

Distance between target source and
interaction point : 2.1m
Required target density: above
1015 atoms

cm2

Previous cluster-jet targets
(COSY-11, ANKE):

Working distance: up to 0.65m
Target density: above 1014 atoms

cm2

Target density decreases with 1
r2

cluster-jet target

           target spectrometer                   forward spectrometer

beam dump
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Prototype of a high density cluster-jet target for PANDA

Prototype of a cluster target generator, already built up and set
successfully into operation
Complete system installed in PANDA geometry
Scattering chamber =̂ PANDA interaction point

cluster
source

scattering
chamber

beam dump
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Cluster-jet target

cold head

insulation vacuum
chamber
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Cluster-jet target

scattering chamber 

beam dump
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Cluster production with a Laval nozzle

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

skimmer

Laval nozzle

H2 gas

collimator

cluster

gas
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The cluster source

cold head

insulation vacuum
chamber

skimmer chamber

collimator chamber

Laval nozzle

skimmer

collimatorgas pipes

Cold head: T = 20− 50K
Pressure: p = 7− 20bar
Laval nozzle: ∅ = 28µm

Skimmer: ∅ = 0.5mm (movable)
Collimator: ∅ = 0.7mm (movable)
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The cluster source

cold head

insulation vacuum
chamber

collimator chamber

Laval nozzle

skimmer

collimator
skimmer chambergas pipes
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Determination of the target density

scattering chamber
with beam diagnostics
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ρT : Target density
vc : Cluster velocity (200− 1000m/s)
psc : Pressure increase in scattering chamber
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Determination of the target density

Premiere
ρT = 6.7 · 1014 atoms

cm3

=⇒ 1015 atoms
cm2 using ∅ = 15mm beam at 2.1m

≈ 8 mm

skimmer
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Adjustable target density
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Improvement of target density

30K

25K

20K
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Summary and Outlook

Summary

Cluster-jet target prototype built up in PANDA geometry
Prototype set successfully into operation
Target density is 1015 atoms

cm2 by using ∅ = 15mm beam at 2.1m

Outlook
Improvement of target density
Research and improvement of vacuum pressure in scattering chamber
Research on cluster size and mass
Design and construction of a final target for the PANDA experiment
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Thank you for your attention!
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Auffänger

1. Auffängerstufe

2. Auffängerstufe

3. Auffängerstufe

4. Auffängerstufe

Schieber

Detektor

Kaltbleche der Kryopumpe

Clusterstrahl
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Dichte

ρ = 2 ·
p · S · NA

RT
dS · dCS · v

ds

dV A
Clusterstrahl 

mit der Geschwindigkeit v

Stab des Monitorsystems 
mit Durchmesser dS

Durchmesser 
des Clusterstrahls dCS

Streukammer mit Saugvermögen S und Druckanstieg p

E. Köhler (WWU Münster) The cluster-jet target for PANDA 15th March 2010 19 / 20



Vakuumsystem

n VPn

h
m3

h

i
RPn

h
m3

h

i
1 175 1000
2 200 600
3 65 2000
4 25 500
5 25 3000
6 200 500

n TPn [ l/s]
1 360
2 1000
3 1000
4 150
5 360
6 1000
7 360
8 1000

Stützvakuum-

kammer mit 

Kaltkopf

Skimmerkammer

Kollimatorkammer

2. Auffängerstufe

3. Auffängerstufe

1. Auffängerstufe

Streukammer

4. Auffängerstufe

TP1

TP2

TP3

TP4

TP5

TP6

TP7

TP8

RP1

RP3

RP5

RP2

RP4

RP6

VP1

VP2

VP3

VP4

VP5

VP6

KP3

KP2

KP1

H2-Reiniger

H2-

Gas

10
-4
mbar

10
-4
mbar

10
-5
mbar

3 · 10
-5
mbar*

17bar

Channeltron

Abluft

Flugrichtung des 

Clusterstrahls

Blenden zur Reduzierung 

des Streukammeruntergrunds

e
-

Elektronenkanone

Skimmer zur 

Vermeidung der 

Detektion 

reflektierter 

Cluster

Skimmer

Kollimator

Laval-

düse

10
-6
mbar

10
-5
mbar

10
-6
mbar

10
-5
mbar

8 · 10
-2
mbar*
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