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electrons, 
muons, pions, 
antiprotons, 

kaons, 
neutrinos...

Picture: a collision of a sulphur ion onto a gold target, recorded by the NA35 experiment at the SPS in 1991

target

primary 
beam
e.g. 

protons

Fixed target Experiments:
Physics experiments which use a secondary beams
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Non-collider experiments vital part of physics landscape 

• Exploration and understanding of
➡ of novel phenomena
➡ using high statistics
➡ and investigating rare processes

• Active option in front-line physics: factories for e.g.
➡ τ/Charm, K, antiproton, anti-Hydrogen, different neutrino species

Covered in this talk:

The European Strategy for Particle Physics - Update 2013:
h.      Experiments studying quark flavour physics, investigating dipole moments, searching for 
charged-lepton flavour violation and performing other precision measurements at lower 
energies, such as those with neutrons, muons and antiprotons, may give access to higher 
energy scales than direct particle production or put fundamental symmetries to the test. They 
can be based in national laboratories, with a moderate cost and smaller collaborations. 
Experiments in Europe with unique reach should be supported, as well as participation in 
experiments in other regions of the world.
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Fixed target experiments at the CERN accelerators
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...there are more opportunities
for FT experiments in the world.
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Testing the SM at ISOLDE, an example
ISOLDE (Isotope mass Separator On-Line facility): radioactive nuclides are produced 
via spallation, fission, fragmentation reactions in a target, irradiated with a proton beam 
from the PSB at an energy of 1.4 GeV and an intensity >2 microA. Energy of 3.5MeV/
nucleon. Currently upgraded to HIE-ISOLDE, reaching energies up to 5.5 MeV/nucleon, 
start 2015.

• Example: Test of the unitarity of the CKM quark mixing matrix via
Measurements of Q values of Superallowed beta emitters
(Decays of nuclear 0 + → 0+ states)

➡ QEC value: mparent - mdaughter

➡ Characterised with an ft value
(f stat. rate function; (f  QEC5), t partial half-life t1/2/b)

➡ corrected value: 
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Main tool:
Penning trap mass 
spectroscopy
Challenge:
need Q-values at 100 eV levelcurrently 13 transitions contribute
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Significant progress in the precision of 
the unitarity test of the Cabibbo-
Kobayashi- Maskawa quark-mixing 
matrix. 

Tests of CKM unitarity; SUSY 
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Unitarity contribution: 

95% 

5% 
0.001% Vub 

Vud 

Vus 

Check unitarity via first row elements: 

Vus and Vub from particle physics data   
(K  and B  meson decays) 

Vud (nuclear !-decay)  = 0.97425(22) 
Vus (kaon-decay) = 0.22521(94) 
Vub (B meson decay) = 0.0037(5) 

Present status: 

Towner&Hardy, Rep. Prog. Phys. 73 (2010) 046301 

0.9999(6) 

Info taken from and for details see:
Tommi Eronen (MPI für Kernphysik, 
Heidelberg, Germany): Precision mass 
measurements for fundamental studies
and Klaus Blaum (MPI für Kernphysik, 
Heidelberg, Germany) privat communications

• Also at ISOLDE - Example for measuring electromagnetic dipole moment, expect strong 
contributions if there is SUSY:
225Ra EDM to the 10−27 e . cm level (HIE-ISOLDE project)
(see L. Willman, K. Jungmann, H.W. Wilshut, CERN-INTC-2010-049; J. Pakarinen et al, CERN-INTC-2010-022)

Current experimental limits e.g. |dTl| < 9x10-25 e·cm or |dn| < 3x10-26 e·cm

 
Significant german contributions to “low energy precision experiments”.

Contact person:  Klaus Blau (Max-Planck-Institut für Kernphysik, Heidelberg)
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Antimatter experiments at the PS
• Over the last few years 

experiments with antimatter at the 
AD facility at CERN have provided 
important new physics results. 
These allow for different new tests 
of the symmetry of the Standard 
Model under the combined CPT 
operation (Charge conjugation, 
Parity and Time reversal) through 
comparisons of properties of 
particles and corresponding 
antiparticles.
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ALPHA, ATRAP, ASACUSA experiments:
Looking for differences between hydrogen and anti-
hydrogen using spectroscopy

AEGIS, Gbar experiments:
Comparing the behaviour of 
hydrogen
and anti-hydrogen in the earths 
gravitational field
 

Very recent BASE experiment:
Comparison of anti-proton / proton 
magnetic moment aiming to 10-9 precision 
(current limit 4.4·10-6 by ATRAP) by use 
of double Penning trap 
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Key Measurements: location of the annihilations
using silicon strip detector.

ALPHA demonstrated that anti-hydrogen can be 
stored >>2000 sec.
Next steps, starting 2014: spectroscopy

An example: the ALPHA experiment - trapping and 
detecting antihydrogen
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background:
cosmic particles

signal: annihilations

As for many “smaller” experiments, state-of-
the-art particle detectors are used. 
Experiments need expertise, technical support 
and collaboration.
Example: the ALPHA strip detector build in 
collaboration with University of Liverpool, e.g. 
also in ATLAS strip detector community.

Small dots: simulation
Triangles, big dots:
data
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Very active programme at the CERN’s AD
• To provide sufficient number of antiprotons, the “antiproton 

accumulator” ELENA (10-100 times more antiprotons for 
experiments), commissioning 2016, operation 2017.

9

GBAR

Also to the AD facility and experiments significant german contribution

Contact person:  Walter Oelert (Johannes-Gutenberg-University Mainz
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• flavour physics programme in the world covering
B physics (LHCb), charm physics (CLEO-c) and
kaon physics (NA62.)

Flavour Physics: Probing the Standard Model
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“Standard”
  Penguin

   Possible 
“Super-Symmetric”
Penguin

The contribution to
      these  processes due to the Standard Model is 

strongly suppressed (<10-10) and 
calculable with excellent precision (~%)

...so-called
“penguin graph”

They are very sensitive to possible contributions
from New Physics 
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N62 at the CERN SPS: measuring rare kaon decays
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SPS primary p: 400 GeV/c  
Unsepared beam: 
•  75 GeV/c 
•  750 MHz   
•  !/K/p (~6% K+) 

CHANTI 

K π

Goal of the experiment: 
Measure rate of rare kaon decay K+ ➙ π+ νν
Rate in Standard Model: ~O(10-6) but
much enhanced when there
is physics beyond the SM

Beam line:
•CEDAR: K ID
•Gigatracker: beam particle ID
•CHANTI: Charged particle veto

Detector region:
•pion tracks: straws
•particle ID: LKr, RICH
•muon rejection: MUV
•photon rejection:  LKr, LAV, SAV

•K+ rate: 11 kHz

Main background
K+ ➙ π+ π0
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NA62 high intensity will allow searches for lepton flavour 
violation

• 4.5x1012 K decays/year will allow improvements in many possible processes:
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• First studies indicate that sensitivities down to 10-12 are possible.
•  Also option to measure decays from π0 are currently studied as e.g. decays into eμ 

are forbidden by SM.
• More studies for future measurements at NA62: study of very rare K0L➙ π+ νν

German participation in NA62, Johannes-Gutenberg-Universität 
Mainz, contact Rainer Wanke 
or contact NA62 spokesperson Augusto Ceccucci (CERN)

from T. Spadaro, talk at BLV2013 in Heidelberg 
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• Search for the lepton flavour violating decay of the muon to three 
electrons with a branching ratio sensitivity of 10-16;
➡muons from a beam at the PSI; supply of low-energy surface muons (from 

stopped pion decay at rest, at the surface of the production target);

• Innovative technologies (large scale HV-MAPS, tracker cooling with 
gaseous helium), data taking 2015/16 (Phase1) 
➡HV-MAPS important technology also for ATLAS, CLIC (commercial CMOS 

technique allows low-cost, thin, radiation hard detectors with very good timing 
resolution);

Mu3e - searching for lepton flavour violation
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German participation,
University of Heidelberg,
contact Andre Schoening
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More ideas for future experiments
• Expression of interest to search for heavy neutral leptons

(νMSM: T.Asaka, M.Shaposhnikov PL B620 (2005) 17)
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Search in region above K mass
(not yet covered by others)

Experimentally challenging:

EoI at CERN SPSC (October 2013),
no german participation,
experiment contact Andrey Golutvin



                          Fixed Target Experiments - KET Jahrestreffen, 23 November 2013                                  Christoph Rembser         

The COMPASS experiment
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SM1 

SM2 

Beam 

MuonWall 

MuonWall 

E/HCAL 

E/HCAL 

RICH Target 

Two-stage spectrometer 
•  large angular acceptance 
•  broad kinematical range  
•  ~250000 channels 
•  > 1000 TB/year 

50
 m

 

[COMPASS, P. Abbon et al., NIM A 577, 455 (2007)]  

RPD 

Whatever detector technology you can imagine:
COMPASS has it!!!
Important technologies and techniques e.g. also
for LHC experiments.

Two major experiment programmes:
1) Investigating nucleon structure
2) Hadron spectroscopy:
QCD describes the interaction between colored quarks by the exchange of gluons which carry color 
themselves. In contrast to QED, therefore, the gluons can also interact among themselves, generating a 
rich and complex excitation spectrum of bound quarks and gluons. High-statistics measurements will 
lead to a more complete understanding of the spectrum of mesons and baryons up to masses of 2.5 
GeV.

Strong german participation, contact 
Stephan Paul
(Technische Universität München)
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More on fixed target experiments
• Not covered in this talk: accelerator-based neutrino 

experiments

➡ main programmes: search for sterile neutrinos and 
determination of neutrino mass hierarchy;

➡ The European Strategy for Particle Physics - Update 2013:
f.  Rapid progress in neutrino oscillation physics, with significant European involvement, has 
established a strong scientific case for a long-baseline neutrino programme exploring CP 
violation and the mass hierarchy in the neutrino sector. CERN should develop a neutrino 
programme to pave the way for a substantial European role in future long-baseline 
experiments. Europe should explore the possibility of major participation in leading long-baseline 
neutrino projects in the US and Japan.

• Note: also non-accelerator based experiments address 
fundamental questions beyond the Standard Model of 
particle physics, e.g. axion search experiments as CAST, 
ALPS.
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Summary
• Fixed target experiments play a very important role 

in exploring novel phenomena in particle physics 
and/or to understand the SM physics processes;

➡ Vital part of particle physics community;

➡ very often innovative technologies, methodes - a lot can 
be learned;

➡ provide excellent opportunities for education/training of 
young colleagues;

What can KET do to support these experiments?
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German participation in particle physics experiments (LHC 
experiments not included)
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