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• I will attempt to go through the basic design & operation principles of secondary 
particle beams 

• Describe the available facilities of the PS and SPS experimental areas

• Not discussing AD experiments nor primary beam facilities (like HiRadMat or AWAKE)

• Give some highlights of the physics experiments that take place in these facilities and 
their corresponding beamlines

• Hoping to motivate you to visit and participate some experiments or perform a new 
one .... ☺

Outline – Contents 
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• The term refers to secondary or tertiary beams, i.e beams produced from primary
beams, typically via the interaction on a target material or particle decay.

Particle beams – What are they ?
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Ion +A → Fragments 



1. Exciting physics opportunities with particles that can mainly be produced via hadronic 
interactions or particle decays

• Kaon physics : A prominent example 

Motivation for particle beams
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Val. L. Fitch et al. – Nobel Prize 1980
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...Still many open questions hiding with kaons

But where do we find the kaons ?



1. Exciting physics opportunities with particles that can only be produced via hadronic 
interactions or particle decays

• Muon physics : Measuring fundamental properties of matter

Motivation for particle beams
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We need intense muon beams to understand more....

Main source of muons: pion decays. 
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1. Exciting physics opportunities with particles that can only be produced via hadronic 
interactions or particle decays

• Dark Matter : It is there, but can we measure it ?

Motivation for particle beams
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Overwhelming evidence of existence of dark matter, 

but we have no clue what does it mean on the particle 

level.  

A’ signal should be in here

We need intense and pure electron beams to understand more...

High energy electrons (O(10(GeV)) can currently only be produced via the π0
→ γγ → e+e- channel 
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• 2. Detector development and R&D

• The design of the big LHC experiments and the future accelerators 

& machines needs a lot of research in order to understand and 

choose the correct and expensive components. 

• Simulations are certainly valuable – However ...

Motivation for particle beams
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Courtesy: A. Sfyrla

The only way is to test these new components, 

starting from their “development” phase many 

years before



• 2. Detector development and R&D

• The design of the big LHC experiments and the future accelerators 

& machines needs a lot of research in order to understand and 

choose the correct and expensive components. 

• Simulations are certainly valuable – However ...

Motivation for particle beams

09/02/24 N. Charitonidis - Physics at the CERN secondary lines 8

Courtesy: A. Sfyrla

 TEST BEAMS

 Controlled and easily accessible 
environment (and lots of space !)

 Low intensities (105 – 106 pps) of high 
quality beams

 Many different particles and energies

 Possibility of long-term housing of big 
and complex  installations 



The CERN secondary lines 
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Essentially, the only place world-wide that such 

a large variety of high energy secondary 

particles & momenta can be produced, 

transported and delivered to various 

experiments. 

SPS : protons/ions @ 400 GeV/c/Z 

PS: protons /ions @ 24 GeV/c/Z 



Focus on North Area 
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Commissioned in 1978 as the flagship CERN project
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Courtesy: N. Doble
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North Area : EHN1 building 

H2

H4

H6

H8

Beam



• Typically, the accelerators are located 
underground ; 

• Radiation, lower cost (land owning), safety ...

• Not very practical for experimental halls 
though:

• Accompanying infrastructure, electrical installations, 

cryogenics 

• Lower intensities – Lower radiation environment

• Background is important to be minimal !

• For this reason: NA designed with two 
experimental halls & one underground cavern

• In all cases: Momentum selection necessary. 

Layout considerations 
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Courtesy: I. Efthymiopoulos

Schematic NA beam design



• The high energy, high intensity proton beam from PS or SPS is extracted on a target 
material. 

Particle production 
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Target 

Development of hadronic shower

Primary p beam

(24 or 400 GeV/c)
Attenuated proton beam

Courtesy: M. Calviani

We need to select 

from here

Absolute electron/positron production rates from Be 

targets
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The North Area Target Stations
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NA62 

COMPASS 
SPS beam @ 400 

GeV/c

North Area 

Test Beam 

Facilities 

Detailed information: 

https://cds.cern.ch/record/277471

6/files/CERN-ACC-NOTE-2021-

0015-NA.pdf



• “Wobbling” of the beam before and after the target allows for different production 
angles in the different beamlines allowing for many different configurations serving 
various experiments

The North Area Target Stations -- Wobbling
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400 GeV

180 GeV



Momentum selection 
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The momentum selection is done in the vertical plane with specially designed collimators. 

View of the H8 and H6 beam lines in TT82 tunnel. 



Optics 
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Particle with a 

different momentum 

than the nominal

~600m length

• Spill duration approx. 5 seconds

• Usually: 2 cycles / SPS supercycle 

for NA

H-plane (1-sigma beam envelope)

V-plane (1-sigma beam envelope)

Momentum selection

Pb absorber (for e-

production)

“filter” for tertiary 

beam production

Cleaning collimators

Cleaning colimator

V-Acceptance collimator

H-

Acceptance 

collimator

Momentum selection

second order

Cleaning colimators



North Area EHN1 Beamline Characteristics
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Parameters Target T2 Target T4

Beam Line H2 H4 H6 H8

Maximum Momentum 

[GeV/c]

400 / 350 400 /330 - / 205 400 / 350 

Maximum Acceptance [uSr] 1.5 1.5 2 2.5

Maximum Δp/p [%] ± 2.0% ± 1.4 % ±1.5% ±1.5%

Maximum Intensity / spill * 

(Hadrons / Electrons)

107/105 107/106 107 **/105 107 **/105

Available Particle Types Primary protons/ions*** OR pure electrons OR mixed hadrons (pions, protons,kaons)

* Imposed by Radio Protection, and not available to every zone

** In some zones can be elevated up to 108 subject to certain restrictions

*** Not available in H6  



Experiments / test-beams in the SBA
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Just a few highlights of experiments ....
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The NA62 experiment
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Courtesy: G. Ruggiero (NA62)

Courtesy: Α. Cecucci
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The K12 beamline
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...And exciting proposals on the table for the future 
of ECN3 with higher intensities
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Courtesy: M. Fraser 
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Just a few highlights of experiments ....
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AMBER: Uncovering the mysteries of muon/hadron 
structures and spectroscopy
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Courtesy: Α. Cecucci

New TPC to be employed 

and will offer 

unprecedented precision 

in the Proton Radius 

Measurement program

In M2 line, up to 2x108 muons/spill @ 190 GeV/c

“The most intense polarized muon beam in the 

world”

Hadrons of high intensity also available for D-Y 

measurements. 



The M2 beamline
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Just a few highlights of experiments ....
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• Strong interaction physics 

• Focus: Understanding the properties of the ‘onset of 

deconfinement’

• Direct measurement of open charm mesons

• Neutrino and cosmic ray physics 

• Service measurements for JPARC,FNAL and other 

laboratories 

• Nuclear fragmentation cross sections for intermediate 

mass nuclei. 

• Measurements using hadrons of very broad 
energy range (30 – 120 GeV/c). 

• With a unique TPC + spectrometer of large acceptance

NA61: Understanding hadronization

09/02/24 N. Charitonidis - Physics at the CERN secondary lines 29

C
o

u
rt

e
s

y
: 

N
A

6
1



• NA61 in need of measurements in the 
“Very-Low” momentum range of 1 – 10
GeV/c. The beamline serving NA61 is 
optimized for momenta > 30 GeV/c. 

• A new, short, high-acceptance beamline 
was designed in front of NA61 that could 
deliver particles in this very low energy 
range.

• Led to the PhD thesis of C. Mussolini 
(Univ. Oxford, 2023) 

• Proposal under consideration by the 
CERN committees.

NA61 Low-Energy – A DOCT thesis from Univ. 
Oxford & CERN
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• Comprehensive search for new physics with 
feebly interacting particles 

• 100 GeV/c pure e- beam from H4 offers unique 
conditions to measure missing energy 
observables with the stricter limits in the world

• Part of their physics program in M2

ΝΑ64: Looking for dark matter and FIPs
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Test beams for LHC experiments (and not only)

09/02/24 N. Charitonidis - Physics at the CERN secondary lines 32

CMS: Electrons 20-250 GeV/c @ H4
MPGD: Hadrons 120 GeV/c @ H6

ATLAS: Hadrons / Electrons 20-180 GeV/c @ H8

ALICE: Electrons / Hadrons 20-250 GeV/c @ H2 LHCb: Hadrons 180 GeV/c @ H8
POKER: Hadrons/Electrons @ 20-180 

GeV/c @ H8



(Quick) Focus on the East Area 
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Recently (2021) renovated and commissioned : Improved energy consumption (11GWh /y → 0.6 GWh/y) 



09/02/24 N. Charitonidis - Physics at the CERN secondary lines 34

Courtesy: D. Brethoux, M. Lazzaroni

T11

T10

T09T08

East Area beamlines



East Area Lines : T9/T10
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Beam

Beam



East Area Beamline Characteristics 
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Parameter T09 Target T10/T11 Target

Beam Line T09 T10 T11

Secondary beam Max Momentum (GeV/c) 15 11.5 3.5

Δp/p (%) ±0.7 to ±15.0 ±0.7 to±15.0 ±0.7 to ±15.0

Maximum intensity/spill (hadrons/electrons) ~few x 106 ~few x 106 ~few x 106

Available particle types Pure electrons (T09) or mixed/pure hadrons or pure muons

T08

..and a dedicated primary line – T08, delivering the PS

protons of 24 GeV/c to various irradiation facilities



• T11: CLOUD experiment

• Study of aerosol particles influence on climate

• Simulation of a CLOUD in a dedicated chamber 

using the 3 GeV/c hadron beam from PS

East Area Experiments 
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• I hope that I have given a summary of the existing facilities in the CERN secondary 
areas 

• There are exciting physics opportunities in these unique areas, and as well a long 
standing collaboration with JAI and Univ. Oxford. 

• Looking forward to see you at CERN ! 

• Contact sba-operation@cern.ch

Summary
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• NA61 in need of measurements in the 
“Very-Low” momentum range of 1 – 10
GeV/c. The beamline serving NA61 is 
optimized for momenta > 30 GeV/c. 

• A new, short, high-acceptance beamline 
was designed in front of NA61 that could 
deliver particles in this very low energy 
range.

• Led to the PhD thesis of C. Mussolini 
(2023) 

• Proposal under consideration by the 
CERN committees.

NA61 Low-Energy – A DOCT thesis from Univ. 
Oxford & CERN
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East Area testbeams
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Τ10: ALICE MUON ID



NA64 mu
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HiRadMat
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LHC

HiRadMat



• Improve layout and 
diagnostic equipment

• Larger beam size

• 𝜎𝑟 ~ 1 mm → 2/3 mm

• Beam parameters
• 3e11 ppp

• 4𝜎𝑡 ~ 1 ns

• 𝜎𝑟 ~2-4 mm

• Integrated fluence will not 
exceed 1x1014 protons

HRMT64 FIREBALL-2 – Oxford Univ.
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Introduce:

- an additional target

- a magnetic lens (permanent 

quadrupoles)

To enhance:

- spatial structure in the 

proton beam

- Collimate the electron-

positron beam

• Motivation: Produce a laboratory analogue to 
an electron-positron enriched astrophysical jet

Courtesy of Charles Arrowsmith (and the FIREBALL collaboration)
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