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The ALADDIN experiment at the LHC aims to measure the electromagnetic dipole moments of
charm baryons, a powerful probe of physics within and beyond the Standard Model. Utilizing the
phenomenon of particle channeling in bent crystals and a novel detector setup, ALADDIN over-
comes challenges posed by short-lived particles, enabling precise spin-precession measurements.
This initiative not only promises groundbreaking physics insights but also drives the develop-
ment of advanced detectors and experimental techniques. With a compact design and minimal
impact on LHC operations, ALADDIN represents a new frontier in fixed-target experiments and
instrumentation. This proceeding will explore its physics potential, experimental innovations, and
broader implications.
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Profing Charm Baryon Dipole Moments: Advancing Physics and Experimental Innovation with ALADDIN
at the LHC

1. Introduction and Physical Motivation

The study of the static properties of particles, such as the magnetic (MDM) and electric (EDM)
dipole moments, provides insights into the Standard Model (SM) and allows to probe for new physics
[1]. The observation of the electric dipole moment of a particle could be a signature of CP violation
beyond the SM that could help explain the matter-antimatter asymmetry observed in the Universe.
The first direct measurements of the A} and E} charm baryon dipole moments have been proposed
to be performed at the Large Hadron Collider (LHC) [2]. For baryons, the study of magnetic dipole
moments provides useful insights for the understanding of strong interactions and their internal
composition, beyond the static quark model. The MDM of heavy baryons is a fundamental static
property, and remains, to date, out of experimental reach. The theoretical predictions include
effective theory approaches based upon the heavy quark limit and show a significant variation for
charm baryons [3]. For the case of the Al baryon these are in the range 0.15 — 0.40 uy , and
similarly for the Z} baryon, where p is the nuclear magneton uy = efi/2m,,. In the constituent
quark model, the A} (EY) are described as A} = [ud]c and Ef = [us]c with an antisymmetric spin
configuration of the lighter two quarks, so the MDM equals to that of the charm quark, u.. The
direct measurements of charm MDMs at 10% level would allow to test these predictions to a level
suitable to discriminate among current theoretical models [4]. Because of the known CP violating
contributions in the SM, permanent EDMs of elementary particles arise at three or four-loop level,
resulting in predicted values of order 10732 ¢ cm for neutrons and 10™#° ¢ cm for electrons, thus
being very sensitive to new sources of CP violation. Reaching an experimental sensitivity of
~ 10716 ¢ cm on charm EDM would be of utmost importance in ruling out speculative theories or
interpreting any potential signals [1]. Simulation studies indicate that, assuming a proton flux of
109 p/s interacting with a 2 cm-thick tungsten fixed-target and producing A} (E}) particles with
non-negligible polarisation of ~ 25%, such measurements could be achieved within two years of
data taking, expecting a sensitivity of 2 - 1072 y for MDM and 3 - 107! ¢ cm for the EDM. This
programme of measurements, as well as the corresponding machine layout, has been developed
within the Physics Beyond Colliders (PBC) working group at CERN [5]

2. Experimental foundations

The experimental principles builds on a pioneering experiment with the X* hyperon MDM
performed at Fermilab in the 1990s [6]. The idea has been adapted and expanded to the MDM and
EDM of charm baryons at the LHC [7-10], and ultimately of the 7 lepton [11] and it is based on
inducing the precession of spin of the charm baryon in a region with a strong electromagnetic field,
so that the magnetic and electric dipole moments can be measured by analysing the polarisation
of the decaying charm baryons. The extremely short lifetimes of charm baryons, ranging between
T ~2-4-10"13 5, make experimentally challenging to induce spin precession before they decay.
The proposed method employs a fixed-target setup at the LHC, where positively charged charm
baryons are produced in a fixed W target by interaction of 7 TeV protons with a tungsten (W) target,
at a corresponding centre-of-mass energy of 4/s ~ 110 GeV, in a forward cone with an aperture of
approximately 1/y ~ 1 mrad, where vy is the Lorentz factor of the charm baryon. The technique
then exploits channeling in bent crystals [12], where positively charged particles entering the crystal



Profing Charm Baryon Dipole Moments: Advancing Physics and Experimental Innovation with ALADDIN
at the LHC

with momentum aligned along the atomic planes are confined by the crystal lattice potential. This
corresponds to an interplanar electric field of approximately 6 GV/cm in silicon (Si). Charm baryons
produced in pW collisions are highly boosted, with an average y ~ 900, yielding a typical flight
length of ScyT = 5 — 10 cm. Baryons that do not decay in flight and remain channelled through the
full length of the bent crystal are deflected along the direction defined by the crystal bending angle,
6c, within the detector acceptance and undergo spin precession induced by the interaction of their
magnetic and electric dipole moments with the intense electromagnetic field inside the crystal. In
the limit of y > 1 the spin precession angle, ®, is related to the gyromagnetic factor g, while the
spin polarization component perpendicular to the bending plane after the crystal, s, depends on
the gyroelectric factor d according to
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The initial polarization vector, so = (0, sg, 0), is perpendicular to the production plane defined
by the incoming proton and the outgoing A} baryon, as required by parity conservation in strong
interactions. The final polarization, s’, can be extracted from an angular analysis of the charm
baryon decay products [13]. Simulation studies indicates that the average momentum of channelled
charm baryons is around 1.8 TeV/c for A} baryons with ¢ = 7 mrad, and the direction of the
baryons within the bending plane is constrained by the crystal orientation.

3. ALADDIN experiment at CERN

The ALADDIN experiment [2] is a proposed fixed-target experiment at the LHC, designed
according to the principles described in Sec. 2 in order to enable a unique program of measurements
of charm baryon electromagnetic dipole moments. A dedicated experiment at Insertion Region
3 (IR3) allows optimization of both detector design and data-taking strategy for a fixed-target
configuration in the very-forward pseudorapidity region 5 < n < 9, complementing the acceptance
of 2 < n < 5 of the LHCb experiment. This configuration enables a physics program focused on
charm baryon dipole moments and forward physics measurements, aiming to constrain the electric
dipole moment to ~ 10716 ¢ cm level and to measure magnetic dipole moments with better than
10% precision over two years of data taking. The proposed layout, as described in the Letter of
Intent submitted in June 2024 [2], is illustrated in Fig. 1. Protons are extracted from the main 7
TeV LHC beam using a bent crystal, the Target Collimator Crystal for Splitting (TCCS), with a
bending angle of 50 urad and a length of 4 mm along the beam axis. The TCCS intercepts halo
protons from the main beam directing them onto the tungsten target. After traveling approximately
100 m, the protons collide with the target, producing charm baryons. A second silicon bent crystal,
the Target Collimator Crystal for Precession (TCCP), is positioned immediately after the target, it
has a length of 7 cm and a bending angle of 7 mrad. Its function is to channel the charged particles
produced in the collisions, in particular A} and E baryons, and induce the spin precession required
for dipole moment measurements. The decay products of the charm baryons are then reconstructed
downstream of the TCCP by a spectrometer consisting of four tracking stations and a dipole magnet,
deputed to measure the deflected particle trajectories and determine their momenta. Each tracking
station can accommodate up to twelve tracking modules, designed as high-granularity silicon pixel
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Figure 1: Experimental layout for the charm baryon dipole moments measurement at the LHC

detectors, with expected resolution of 20 ym in position and 14 urad in track direction, and housed
in Roman Pots. The distinctive event topology, with high-momentum particles focused within the
narrow region defined by the crystal channeling angle, aids in reducing combinatorial background.
The baseline configuration for the magnetic spectrometer uses an existing dipole magnet at IR3,
with a length of L = 1.7 m providing a uniform magnetic field of B = 1.1 T. After a few years of
operation, an upgrade is planned to replace this magnet with a high-temperature superconducting
(HTS) compact version, with higher integrated field of approximately BL ~ 4 Tm, resulting in a
twofold improvement in momentum resolution and increasing the detector acceptance up to 90%.
Following the spectrometer, a Ring Imaging Cherenkov (RICH) detector is planned for particle
identification (PID), which is essential to reduce background from misidentified D mesons, and
it features a 20 m-long radiator vessel filled with neon gas with highly pixelated photosensors
optimized for hadrons with momenta up to 1.2 TeV/c. The estimated angular resolution in the
detection of the Cherenkov light is 42 urad/photoelectron, allowing to reach a 95% background
rejection with a 90% signal retention.

4. TWOCRYST proof-of-principle at LHC

The ALADDIN proposal to measure charm baryon dipole moments was submitted to the
LHC committee and evaluated by an expert panel. Following a positive assessment, it was rec-
ommended to conduct a proof-of-principle (PoP) test at the LHC to validate the feasibility of the
novel experimental approach. The LHC Machine Committee (LMC) subsequently approved the
TWOCRYST PoP for data taking in 2025 at Insertion Region 3 (IR3). The TWOCRYST project is
designed to demonstrate the feasibility of operating a double-crystal setup at the LHC. A primary
goal of TWOCRYST is to ensure the angular alignment between the two bent crystals, TCCS and
TCCP. Since the critical angle for channelling is only a few urad, achieving a relative alignment
better than 0.1 urad is essential for efficient channelling. Another key objective is to determine
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Figure 2: Schematic view of the TWOCRYST setup

the achievable proton-on-target (PoT) rate. To reach the sensitivity required for magnetic dipole
moment (MDM) measurements, a total integrated flux of 1.4 - 10'3 PoT is necessary. Simulation
studies [14] indicate that an average rate of 4 - 10° PdT/s can be expected during a standard LHC
fill. Validating these predictions with experimental data is essential, with the channelling efficiency
being a critical factor in determining the overall performance and physics reach of the setup at TeV
energies. Finally, TWOCRYST will allow studies of backgrounds arising from interactions of the
proton beam with the tungsten target and the long crystal, providing valuable input to optimize the
simulations of the ALADDIN detector systems. The experimental apparatus for TWOCRYST is a
scaled-down version of the ALADDIN setup. A schematic view is shown in Fig. 2. To perform the
required measurements, at least one movable 2D detector is necessary. The first detector is a pixel
tracker, a prototype of the ALADDIN tracking system. A second detector, the TWOCRYST Fiber
Tracker (TFT), originally developed by the ATLAS-ALFA collaboration [15], was also installed.
Both detectors are positioned inside Roman Pots within the secondary vacuum, allowing operation
close to the beam. The primary function of the detectors is to measure the positions of single-
and double-channelled proton spots. The relative intensities of these spots provide a measure of
the TCCP’s channelling efficiency. To address TWOCRYST goals, the measurements were dis-
tributed over several Machine Development (MD) sessions. All four sessions were approved and
successfully completed during the 2025 MD blocks. The data analysis is currently on-going.

5. Conclusion

Advancements in the experimental techniques for the measurement of charm baryon dipole
moments have been presented. A proof-of-principle test at the LHC, the TWOCRYST project, was
approved for data taking in 2025 to demonstrate the feasibility of the future experiment. The project
has successfully completed its planned Machine Development sessions, and data have already
been collected with promising results. The proposed fixed-target experiment at LHC Interaction
Region 3, ALADDIN, is designed to perform the first direct measurements of charm baryon dipole
moments. The Letter of Intent [2] has now been published, outlining the experimental concept and
objectives, and the collaboration aims to begin data taking during LHC Run 4.
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