
LEMMA-TB: an experiment in the 
CERN NA for the positron-driven

muon collider
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• Low Emittance Muons Accelerator (LEMMA): an alternative 
scheme to the traditional “protons-on-target” for the 
production of muon beams for the muon collider
– Positrons on target, aiming at e+e- à mu+ mu-
– Process at threshold: e+ at 45 GeV, e- at rest à high boost (~200) of 

the CoM system à muons preserve original e+ beam emittance
– No cooling needed👍, But very small cross section 👎

Introduction: LEMMA
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Figure 2: Cross section as a function of

p
s of the e+e� collisions.

where me is the electron mass, with a boost of � ⇡ E+/
p
s ⇡

p
s/(2me) ⇡ 220. The scat-

tering angle of the outcoming muons ✓µ is maximum for the muons emitted orthogonally
to positron beam (in the rest frame) and its value depends on

p
s (see figure 3).
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Figure 3: Muon scattering angle distribution as a function of
p
s of the e+e� collisions. The colours in

the 2D distribution reflects the bin content (scale from violet to black).

In the approximation of �µ = 1, where �µ is the muons velocity, one can easily obtain for
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Figure 4: Muons energy distribution as a function of
p
s. The colours in the 2D distribution reflects the

bin content (scale from violet to black).
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Figure 5: Scattering angle vs muons energy distribution for the
p
s=0.214 GeV case. The colours in the

2D distribution reflects the bin content (scale from violet to black).

4.2. The process e
+
e
� ! e

+
e
�
�

The Bhabha scattering represents the largest source of beam loss in this study, setting an
upper limit on the muons production from positrons on target. The large angle case has
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• 𝒆! source @300 MeV è 5 GeV  Linac
• 5 GeV 𝑒! Damping Ring  (damping ~10 ms) 
• SC Linac or ERL: from 5 è 45 GeV and 45 è 5 GeV to cool spent 𝑒! beam after 
𝜇± production 

• 45 GeV 𝒆! Ring to accumulate 1000 bunches: 5×𝟏𝟎𝟏𝟏 𝒆!/bunch for 𝜇±
production and e+ spent beam after 𝜇± production, for slow extraction towards 
decelerating Linac and the DR 

• Delay loops to synchronize 𝑒! and 𝜇± bunches 
• One (or more) Target Lines where 𝑒! beam collides with targets for direct 𝜇±

production 
• 2 Accumulation Rings where 𝜇± are stored until the bunch has ~𝟏𝟎𝟗 μ/bunch 

Current LEMMA scheme
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• LEMMA requirements for the e+ beam are very demanding
– High energy, high intensity, small emittance

• Currently no machine satisfy all of them
• Still, if 45 GeV positrons are available, the production process

can be studied
• The idea is then to exploit a tertiary beam in the North Area 

with a dedicated beam test: “LEMMA-TB”

• Note that several other tests can be conducted on the LEMMA 
scheme, i.e. on the targets and their thermomechanical 
endurance, on the optics for high momentum acceptance, etc.
– Not discussed in this presentation

An experiment for LEMMA
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• Main goal: exercise and gather experimental experience with  
the LEMMA production scheme

• Study the muon beam:
– Tiny muon beam emittance, but how much exactly? How much does it 

depend on the properties of the e+ beam and kinematics?
– How different target choices affect the muon beam features?

• Study the e+ spent beam:
– Spent e+ beam needs to be recuperated and re-utilized for additional 

muon production: what are its properties? Can it be reused indeed?

• Physics goals
– simple QED process, but no experimental data available at threshold!
– Is True-muonium accessible? 

Experimental goals
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• The SPS is the only machine in the world that can currently 
provide a 45 GeV positron beam

• Protons on target è positrons as tertiary è limited beam 
intensity and large emittance

Beam at the North Area

6



• O (1) cm2 spot-size on target
• About 1% energy spread at 45 GeV
• 𝑁!! ~ 5 $ 10" per spill (~5 sec long) è ~ 1 MHz e+ on target 

during the spill
– 10% e+ per minute with about 2 spills per minute

• with a 0.1 X0 thick Be target:  𝑁## = 𝑁!! 𝜎 𝜌 𝑙 ~ 5 per spill

Beam at the North Area
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Since then & follow-ups
• Monday

• Unstable compensation of the 50 Hz component already in the morning. Along with this, the
QDA.219 issue came back Monday evening.

• Adjusting the vertical tune the losses could be further reduced and also the 50 Hz
compensation could be stabilized.

8/23/2018



• A “thick” (w.r.t LEMMA scheme) target, e.g. 3 cm Be target to 
gain on event statistic

• Precision tracking around the target (see later)
• Dipole to separate µ+ - µ- , µ+ (~20 GeV) vs e+ (<45 GeV)
• Calorimeters to measure spent beam, Bhabha and gg events
• Absorbers in front of muon chambers to tag the µ+µ- pair

Generic experiment layout
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• The issue with the emittance:
– Emittance of e+ beam in the NA is very large 

(several order of magnitudes larger than in the
LEMMA scheme)

– Intrinsic emittance due to muon kinematics 
and interaction with the target is tiny! 

• Aim at measuring the “intrinsic” muon 
emittance by correcting event-by-event 
for the incoming e+ kinematics:

• Requires extremely good tracking 
resolution before and after the target  

The challenge (I)

9
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The challenge
• “intrinsic” emittance of emerging m ’s is tiny, and buried deep into the 

emittance of the incoming 𝑒 beam
• In order to get a meaningful result, the measured muon kinematics must be 

corrected by that of the the incoming positron:

• Requires extremely good tracking resolution both before and after the target

intrinsic true 𝜇 emittance 

(C. Curatolo)

Positron-corrected measured 𝜇 emittance
with reasonably achievable tracking system

𝜀 = 3.8 nm rad 𝜀 = 30.1 nm rad
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• Each muon –and corresponding e+ – needs to be tracked 
individually è need to resolve in time the structure of the NA 
spill (~1 MHz)

• è Fast and dead-time-less trigger and DAQ systems

• Very large background to fight to isolate (eventually steer) the 
signal muons
– Emerging positrons have a continuous energy spectrum, swept in a 

large direction range by the magnet

• Cross section measurement requires full control on trigger 
efficiency and detector acceptance
– Luminosity normalization shall require reference to other physics 

process, e.g. gg production è dedicated calorimeter

The challenge (II)
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• Two beam tests in the CERN NA in the past (2017 and 2018)
– Along H4 in 2017 and H2 in 2018
– done with essentially ~0 budget, reusing equipment from other 

experiments
• Most severe limitation: low resolution, high dead-time tracking devices

– About 10 days of beam time in total…

Past experiences
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Past TBs
• 1 week in 2017 at H2, 1+1 weeks in 2018 at H4 (North Area)



• Despite the tiny investment, some physics results obtained 
out of those data takings

• Most importantly, experience was gathered on what are the 
critical issues and how to tackle them

Preliminary results
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Figure 6. Invariant mass of the muon track pairs. Data are shown by the dots. The filled histogram
corresponds to the result of the simulation. Both data and simulation are normalized to unit area.

Two main sources of ine�ciency contribute to the modest final number of collected events in
the August 2018 data taking period, namely:

• the rate limitation of the silicon detectors and calorimeters readout system available, at about
500 Hz, was introducing a large dead time given the observed trigger rate;

• the lack of redundancy in the measurements performed in the region between the target and
the magnet. In order to have well measured tracks, hits in both of the two available detectors
had to be requested for both muon tracks. This stringent condition leads to an additional
reduction of the e�ciency.

In September 2018, to reduce the too large dead time of the August runs, an additional
scintillator was added, to trigger on events with a track in each arm crossing the corresponding
muon chamber, shown in figure 1 with a di�erent symbol. This action partially mitigated the dead
time issue, but due to an hardware misconfiguration the trigger e�ciency was very low. Using the
trigger-less data recorded by the DT system, the e�ciency could be estimated to be as low as ⇠ 2%.
Once the hardware issue was fixed the estimated e�ciency went up to ⇠ 10%. A similar estimate
of the e�ciency was obtained for the August 2018 runs.

A set of data corresponding to a 45 GeV positron beam impinging on a 2 cm thick carbon target
recorded after the hardware misconfiguration fix was analysed. Applying all the analysis cuts except
the positron-muon pair vertex matching a sample of 157 events was obtained. These reduced to
9 when the positron-muon pair matching condition was applied. Additional investigations showed
that the “geometrical overlap” of the silicon detectors used in coincidence to tag the incoming
positrons was significantly worse in September 2018 w.r.t. August. This resulted in a severely
limited e�ciency for matching the recorded muon pair with the positron that originated it.

5.2 Raw emittance

The raw emittance is defined in the x(µ) x 0(µ) plane where x(µ) is the extrapolated position along
the x-axis of the track at a reference plane taken to be perpendicular to the z-axis and at a z position
corresponding to the target end point. x 0(µ) is the corresponding extrapolated local track slope.
The observed distributions in the x(µ) x 0(µ) plane, as obtained from the August 2018 data sample,

– 8 –
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are shown separately for positive and negative muons in figure 7. No e�ciency corrections are
applied. The numerical values obtained applying eq. (3.1) are:

✏(µ+) = (3.53 ± 0.38(stat.)) · 103 nm ⇥ rad
✏(µ�) = (2.89 ± 0.29(stat.)) · 103 nm ⇥ rad

where the statistical uncertainty reported above has been obtained from the bootstrap method [15, 16]
applied to the 61 events data sample. The following main sources of systematic uncertainties have
been considered:

• variations of the spatial resolution of the tracking detectors: this e�ect has been investigated
repeating several times the analysis of simulated events increasing the resolutions imple-
mented in the simulation by up to 25%. This had an impact at the percent level on the raw
emittance quoted above.

• uncertainty on e+e� ! e+e� background contamination: this e�ect has been investigated
looking for muon tracks in positron calibration runs (without target). As a result the e+e�

background contamination of the final event sample was estimated to be well below the 1
event level.

Hence systematic uncertainties are much smaller with respect to the statistical error and neglected.

Figure 7. Raw emittance of the positive (left) and negative (right) tracks. The numerical result is shown as
an insert in the plot.

Corresponding predictions have been obtained from the MC simulation. Events were generated
using an incoming positron beam with the same kinematic properties, in terms of spatial distribution
and divergence, as measured in the data with the two silicon detectors upstream of the target. These
have been reported in section 3.1. Varying the boundaries of the flat spatial distribution or the
divergence leads to uncertainties in the predicted raw emittance of about 5%. Averaging the µ+ and
µ� simulation results leads to a predicted value of:

(2.76 ± 0.15(modeling)) · 103 nm ⇥ rad,

in fair agreement with the experimentally measured values.

– 9 –
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Figure 4. Reconstructed momentum for positively (left) and negatively (right) charged tracks, in events where
both are reaching the muon detectors. Data are shown by the dots, simulations by the filled histograms. Both
data and simulations are normalized to unit area.

As a trivial consequence of energy conservation in the process e+e� ! µ+µ� on a target at
rest, the sum of the muons momenta should peak at the fixed energy of the incoming positron
beam. The observed experimental spread depends mostly on the muon track momentum resolution
convoluted with the energy spread of the incoming positron beam. The measured shape is shown
in figure 5 and compared to a simulation obtained by smearing the generated muon track momenta
by 3%. This resolution is consistent with what obtained from single muon calibration runs with
fixed momentum in the range 18 and 26 GeV. A few data points occur at values about 10% smaller
than the main peak, around 40 GeV. A similar behaviour is also seen when analyzing single muon
calibration runs. Hence events around 40 GeV are more likely to be due to non Gaussian tails in the
momentum reconstruction rather than being an unwanted background contribution or arising from
a tail in the momentum distribution of the incoming positron beam.

Figure 5. Reconstructed sum of the muon track momenta. Data are shown by the dots. The filled histogram
corresponds to the result of a simulation assuming a 3% energy resolution on the track momenta. Both data
and simulation are normalized to unit area.

The last kinematic quantity considered is the invariant mass of the two muon tracks, figure 6.
As the reaction e+e� ! µ+µ� is measured at the threshold energy the naive expectation is a peak
at twice the muon mass, i.e. about 212 MeV. This naive expectation, well visible in the selected
events, is also confirmed by the simulation results.

– 7 –
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Experiment from 2022 on

13

• Fast and high-resolution pixel-based telescopes in the target region
• Fast GEM detectors beyond the magnet
• Combination of several Calorimeters
• 4+2 Muon chambers 
• Improved (integrated, low dead time) DAQ system
• Improved trigger system  



Experiment in 2021 (->2022)
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Introduction

Colliding muon beams at high energies represent a fascinating opportunity to probe the microscopic
scale beyond the current reach of the LHC. Such beams could originate as tertiary products of
a high intensity proton beam impinging on a target or, alternatively, exploiting very asymmetric
collisions between positrons and electrons yielding directly muon pairs. The former production
scheme requires a very e↵ective phase-space cooling; a dedicated R&D program has been carried
out addressing this issue both in the US and by the MICE collaboration [2] [3]. The latter scheme,
also known as LEMMA (Low Emittance MuonS Accelerator [1]), grants instead prompt muons
with long lifetime, which gather into a beam with a very small emittance and thus ready to be
further accelerated. In order to achieve that, a high brightness positron beam needs to be shot

⇤The member of CERN personnel having contributed to the study, does not take position nor responsibility
towards the required approval processes, as established by the organization
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eUniversità degli Studi dell’Insubria - Como, Italy
fINFN Sezione di Milano Bicocca - Milan, Italy

gINFN Sezione di Ferrara - Ferrara, Italy
hINFN Sezione di Padova - Padova, Italy
iINFN Sezione di Trieste - Trieste, Italy
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Submitted to SPSC

Initially aiming at 2021, but pandemic has stopped hardware preparation at 
CERN and other labs 

http://cds.cern.ch/record/2712394

http://cds.cern.ch/record/2712394


• CMS modules deployed as beam 
telescopes by the CHROMIE 
collaboration 

• Fast readout (>100 KHz) and high 
point resolution (~10 µm)

• Will use 12 modules arranged in 3+3 
pairs
– 4x7 cm2 active area

Pixels
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Towards the operation of the 
telescope 

6

 Pre-calibration of each pixel module (before being mounted on telescope) → 

 Calibration of each module after installation in the telescope → 

 Commissioning in the beam (when we make the modules run synchronously) →

 Commissioning completed: all telescope modules run synchronously and there is a 

strong correlation between hits in different telescope layers → Particle tracks 

Standalone 
telescope 

results
• CHROMIE commissioning in 

SPS H6A beam line 

• Local reconstruction in 
CMSSW 

• Home made tracking and 
alignment 

• Fit with two Gaussian: signal 
and background

8
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GEM
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• 2 Dedicated hi-res 10x10 triple-GEM
– X-Y, 260 um pitch (75 um resolution)

• Standard CMS modules in muon arms
– Trapezoidal, 360-600 um resolution

• Fast read-out (possibly continuous)

10

GEMs

• 2 Dedicated Hi-res 10x10 triple-GEM
• X-Y, 260 mm pitch (75 mm resol.)

• Standard CMS GE2/1 “M1” and “M2” modules in muon arms
• Trapezoidal, 364-593 mm resol.

• All read out by CMS Phase 2 DAQ 

M2

M1

A. Colaleo et al.



• Deployment of the full experimental setup
– Integration of sub-detectors, time-synchronization, calibration

• Would profit a lot from 2021 tests
– Alignment of pixel modules, check its stability over time
– Prove pixel modules combined spatial resolution and hits 

disambiguation (for modules between target and magnet) 

• Goal: first accurate assessment of the properties e+e- →  µ+µ-

process at threshold
– Differential cross section measurement
– Intrinsic muon emittance measurement

• Desiderata:
– High intensity (>5x10^6 ) and high purity (H4 line) e+ beam
– 3 consecutive weeks

Year 1
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• Gather large dataset to improve precision on Year 1 goals
– Chase true muonium as well? (to check first if possible on simulation)

• Test several target options
– Different length of Be targets
– Other light materials
– Crystals (to study possibilities of channelling exploitation)

• Study of the spent e+ beam 
– Positron energy and angular distribution after target for different 

target solutions (both in amorphous and channeling regime)

• Desiderata:
– same as Year 1 for e+e- →  µ+µ- studies
– reduced e+ beam intensity for spent beam studies

Year 2
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• Resume what left from Year 2
• Other goal:  Measurement of the energy spectrum of the 

photons produced in the target (to study the possibility of 
using them for an additional positron source in the LEMMA 
scheme)
– Additional dedicated calorimeter to be deployed

Year 3
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• Multipass scheme proposed in 2015 paper by Antonelli et al. 
(Nucl.Instrum.Meth.A 807 (2016) 101-107) proposed figures 
for a 6 km ring, in particular:
– I = 240 mA (100 x 3e11 e+) è 140 MW at E= 45 GeV

An improved e+ source?

20

• That beam intensity was meant for the SPS, aiming at the 
actual source for a high luminosity Muon Collider (assuming 
an outdated, unrealistic scheme)  

• A demonstrator would require way less than that

https://doi.org/10.1016/j.nima.2015.10.097


eSPS as an option?
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CERN Yellow Reports: Monographs CERN-2020-008

A primary electron beam facility
at CERN — eSPS
Conceptual design report

Corresponding editors:
Torsten Åkesson, Lund University
Steinar Stapnes, CERN

ar
X

iv
:2

00
9.

06
93

8v
4 

 [p
hy

sic
s.a

cc
-p

h]
  2

1 
D

ec
 2

02
0

LEMMA is explicitly discussed as item under the list of 
“Accelerator facility research and development”



eSPS as an option?
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CERN Yellow Reports: Monographs, CERN-2020-008

which is used as a radiator of intense gamma-rays, followed by an amorphous converter target placed
downstream of the crystal. Such a scheme, baseline for the CLIC positron source as well as FCC-ee,
promises high-intensity positron bunches. Other challenges related to positron production and capture
would require experimental validation, e.g. the adiabatic damping device and the capture linacs, which
ultimately define the initial positron beam parameters.

In order to provide high-quality positron bunches with small transverse emittances, the low energy
positron beam should be transported to a damping ring to reduce the transverse emittance and to make
them suitable for re-acceleration. The design of such a positron damping ring could be based on the
FACET II facility design [37]. Possible parameters of the positron production and beam are collected
in Table 6.3. These parameters have been checked with beam dynamics simulations and are within the
capabilities of the linac described in Section 3.

Summarising, to operate for production of high-quality high-current positron beams, the facility would
need: a positron production target, a capture linac, a positron return line, and a small damping ring. Such
a scheme is thought to be technically feasible but would represent serious integration challenges or
require some civil engineering to provide the appropriate space for the different components.

Table 6.3: Possible parameters for positron production.

Parameter Symbol Value
Electron drive bunch
Energy W0 3.5 GeV
Charge Q 1.7 nC
Bunch rms length sz 200 µm
Positron bunch
Energy W0 3.5 GeV
Charge Q > 1 nC
Bunch rms length sz 200 µm
Capture energy Wc 335 MeV
Final emittance e < 20 mm mrad

6.6.3 The LEMMA muon collider

The LEMMA [99] muon collider concept has many attractive features. One possible implementation
route of such a facility at CERN is a phased approach in three stages:

• Phase 1: eSPS tests of positron production and targets, and injector studies for LEMMA;

• Phase 2: LEP3 where 45 GeV positrons would be available in the LEP/LHC tunnel providing a
test ground for muon production with positrons;

• Phase 3: A final booster and storage ring for muons which could be the SPS or a larger tunnel
adapted to the physics requirements pertaining.

Alternatives to phase 3 would be the higher energy stages of CLIC or using novel accelerator schemes to
reach higher energies in e+e� collisions. The attractiveness of this is that at all three stages high-priority
physics studies can be performed, and decisions about the future phases will be based on physics results
and accelerator studies in the previous stages. The initial stage physics at the eSPS is the main subject of
this section, while the necessity of exploring the Standard Model in detail in e+e� collisions is widely
recognised. More information about the studies for LEMMA that could be made at the eSPS and about
the scenario above can be found in Ref. [116].
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LEMMA is a novel scheme to produce the muons for a muon collider. It uses a positron beam that is
sent through a target to produce muon pairs. The produced beams have much smaller emittances than
muon beams produced via pion decay. This could avoid the complexity of cooling the muon beams
and could lead to high luminosities with small muon beam currents. Such a technology could have the
potential to reach very high lepton collision energies.

One of the challenges that this approach has to face is the production of very high average positron
currents, well in excess of what is needed for linear colliders. Positron source R&D is thus instrumental
for this approach.

A key issue of the LEMMA scheme is the stress in the muon production target due to the impinging
positron beam. Different technologies could be considered to overcome this. They range from conven-
tional targets from robust materials to crystals or liquid targets. Experimental studies of these targets are
of great importance in order to establish whether they are practical for a muon collider.

Another challenge that has to be faced is the control of the positron and muon beam emittance. The
beams pass through the muon production target repeatedly, each time increasing emittance by multiple
scattering. Experimental studies of the scattering of positrons (and also electrons) will improve the
reliability of the predictions of the emittances of the produced muon beams. It will also allow the testing
of specific target shapes and materials that promise improved performances.

6.6.4 Plasma wakefield experiments with a positron beam

As introduced in Section 6.4, PWFA is under consideration as a possible high-gradient accelerator tech-
nology for an Advanced Linear Collider [117, 118]. The electron beam-driven experiments described in
Section 6.4 are needed to show that the quality of the electron witness bunch can be preserved throughout
the acceleration process, thus demonstrating a suitable first stage of a plasma-based linear collider (or
advanced linear collider, ALIC).

However, a linear collider requires both electron and positron beams, and there are substantial chal-
lenges in preserving the quality of the accelerated positron witness bunch in a plasma.

6.6.5 Physics of positron acceleration in plasma

Plasma wakefield acceleration is the only charge-asymmetric acceleration mechanism currently under
consideration as a future accelerator technology. The asymmetry arises from the fact that plasma is
composed of light electrons and heavy ions. The ion-electron mass ratio ranges from 1836 for hydrogen
(commonly used in laser-driven plasma acceleration [119]) to 155800 for rubidium used in the AWAKE
experiment [105]. When an intense drive bunch propagates into neutral plasma, it induces an oscillation
in the mobile plasma electrons, while the plasma ions remain stationary on the time scale of an electron
oscillation period (typically measured in femtoseconds or picoseconds depending on the plasma density).
For electron beam-driven PWFA in the non-linear regime, this results in complete expulsion of the plasma
electrons from the region surrounding the drive beam (referred to as blow-out). This region, filled with
a uniform background of plasma ions, provided a strong focusing force on the transiting electron beam.
The blow-out wake has attractive properties for accelerating a trailing bunch of electrons, namely the
large gradients and strong focusing fields, which when combined allow for substantial energy gain in
the plasma over distances much larger than the beam vacuum beta-function. Finally, since the ions
are uniformly distributed in the blow-out region, it is possible to exactly calculate the parameters of a
matched witness beam, as shown in Section 6.4 and in principle to also maintain the emittance of the
accelerated electron bunch.

Such a a pure ion column situation, ideal for an electron bunch, does not exist for a positron bunch.
Despite this complication, significant experimental progress has been made over the years that demon-
strates the possibility of accelerating positron beams in plasma [120–122], while also characterising the
effects of nonlinear focusing and transverse wakefields on the quality of the accelerated beam [123,
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Quoting from paragraph 6.6, “Potential upgrade: positron 
related research and development ”



• If eSPS will make a convincing physics case, a LEMMA 
demonstrator can be part of the program

• Do not need figures close to those needed for an actual muon 
collider; such a facility will allow experimenting the key 
concepts of the LEMMA scheme and prove (or not) its 
feasibility

• A suitable experimental setup could be designed on the basis 
of what learned in the incoming NA tests

General considerations
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BACKUP
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• Brand new apparatus compared to past beam tests
• Due to the pandemic we accumulated delays on several fronts

– In particular the pixels modules are being delivered at CERN only now (6 
months delay).

– Similar situation for the GEMs (less affected though)
– Not clear when we’ll be allowed to get to CERN to work on detectors 

testing and integration
• The experimental campaigns cannot start as planned on 2021. 
• Still, even a limited amount of beam time could be useful for setting 

up things

Status
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• GEM will be tested as part of the RD51 program, a reduced setup could 
be deployed right afterword:
– Be target, 2 GEM stations and muon chambers

• i.e. almost complete setup beyond dipole magnet

• Goals (more details later):
– Integration of GEM and Drift Tubes
– Test of trigger schemes
– Validation of geometry and assessment of background fluxes

2021 (Year 0)
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• Requirements:
– One week of beam time
– Standard e+ beam, muon beam 

for calibration and alignment
– <10 meters along H2 or H4



• The DAQ/trigger system was what limited the most the 
physics performances in past beam tests

• We aim at deploying a continuous, deadtimeless
(“triggerless”) 40 MHz acquisition for Drift Tubes and GEM

• A trigger is anyhow needed for pixel modules and for 
increasing the purity of the recorded dataset. Critical 
requirements:
– The trigger selection must be fully efficient for signal events and at the 

same time reduce background rate to << 100 kHz
– The trigger efficiency needs to be assessed very accurately to allow a 

precise cross section measurement
• Beam induced showers (interactions with magnet, absorbers, 

supports, etc.) can increase dramatically detectors occupancy 
è validating Geant studies and figuring out in situ an optimal 
components disposition is critical

Details about 2021 program
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