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ALADDIN (An LHC Apparatus for Direct Dipole moments INvestigation) is a compact fixed-
target experiment proposed for LHC, designed to achieve unprecedented precision measurements
of the magnetic dipole moments (MDM) and electric dipole moments (EDM) of charmed baryons.
Its innovative design exploits the deflection of protons from the main beam halo onto a solid target,
combined with a curved crystal. This configuration allows for the production of highly forward-
collimated charmed baryons, which are then channeled through the crystal. A key element of the
experiment is the study of spin precession induced by the channeling effect in the curved crystal.
By analyzing the polarization of decaying charmed baryons, ALADDIN aims to measure both the
magnetic dipole moment and the electric dipole moment with great precision, providing crucial
data for understanding fundamental interactions. The experimental setup includes a 4.4 m long
spectrometer and a RICH detector for particle identification. Installation is planned in the IR3
region of the LHC during Long Shutdown 3, without the need for infrastructure interventions and
with minimal impact on the operation of the LHC. Data taking is planned for Run 4. Currently, the
TWOCRYST proof-of-principle test is underway at the LHC to demonstrate the feasibility of the
concept, with results expected in 2025. The experiment’s Letter of Intent has been submitted to
the LHCC, which has approved the continuation of the collaboration towards a technical proposal
in 2025.
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1. Physics motivation

The study of static electromagnetic properties of fundamental particles, such as magnetic
dipole moments (MDMs) and electric dipole moments (EDMs), represents a powerful probe of the
Standard Model (SM) and of possible physics beyond it. For a spin—% particle, the MDM and EDM
can be written as u = %g,u pP and 6 = %d,uBP respectively, where g and d are the gyromagnetic
and gyroelectric factors, P is the spin polarization unit vector P = 2 (S) /A, and up is the Bohr
magneton [1]. The corresponding interaction Hamiltonianis H = —u - B -6 - E.

A non-zero EDM violates both parity (P) and time-reversal (T) symmetries and, via the
CPT theorem, implies CP violation [2]. Since the amount of CP violation predicted by the SM
is insufficient to explain the matter—antimatter asymmetry of the Universe, EDM measurements
provide a sensitive probe for new physics. On the other hand, MDMs offer insight into the internal
structure of hadrons and the dynamics of the strong interaction, as well as tests of CPT invariance.

Despite their importance, no direct measurements of EDMs and MDMs exist for charm and
beauty baryons, and the 7 lepton, mainly due to their extremely short lifetimes, 7 ~ 10713 s. In the
quark model, charm baryons such as A = [ud]c and E} = [us]c are expected to have magnetic
moments approximately equal to that of the charm quark, ppr+ = u=+ =~ p.. An experimental
measurement is needed to test this model. However, alternative theoretical approaches, including
heavy-quark effective theories, predict deviations at the level accessible to experiments. [3]

A direct measurement of charm baryon dipole moments would therefore provide a stringent
test of QCD-based models and could reveal signatures of physics beyond the SM, with sensitivities
potentially reaching O(10~!¢) e-cm for EDMs and percent-level precision for MDMs.

2. Experimental technique

The short lifetime of charm baryons makes conventional techniques for inducing spin precession
unfeasible. A novel method based on channeling in bent crystals has been proposed to overcome
this limitation [4—6]. When a positively charged particle enters a crystal with its momentum aligned
within a small angle relative to the crystallographic planes, it can be trapped in the interplanar
potential well [7, 8]. Inside the crystal, the particle experiences strong effective electromagnetic
fields, of the order of several GV/cm, which can induce a seizable spin precession before its decay.
The transverse motion of the particle is confined by the crystal lattice. Consequently, the trajectory
is steered in accordance with the curvature of the crystal.

The proposed method consists of a fixed-target setup, where 7 Tev protons from the LHC impact
on a tungsten (W) target. Charm baryons are produced in high-energy proton—target collisions with
an high relativistic boost (y ~ 10°), resulting in decay lengths of several centimeters. If they are
channeled through a bent crystal, their trajectories are deflected by the crystal bending angle 8,
while their spin precesses under the influence of the internal fields.

The spin precession angle @ is related to the gyromagnetic factor g, while the EDM introduces
a polarization component s’ perpendicular to the bending plane. These quantities are related by
the following equations:

g-2

b = Tyéb, S; =50

g:lz(cosd)—l) (1
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Figure 1: Proposed experimental layout for the ALADDIN experiment at LHC.
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The initial polarization vector sy of the baryons is generated perpendicular to the production plane
due to parity conservation in strong interactions. The final polarization vector can be reconstructed
from the angular distributions of the decay products. This allows a simultaneous extraction of both
MDM and EDM.

3. The ALADDIN experiment

The ALADDIN experiment (An Lhc Apparatus for Direct Dipole moments INvestigation) is a
fixed-target experiment proposed at the LHC [9, 10]. It features an innovative layout with two bent
crystals [11] that will enable the determination for the first time of electromagnetic dipole moments
of short lived charm baryons. In this setup, charm baryons are produced by impinging the 7 TeV
LHC proton beam onto a tungsten target. The spin precession required to extract both the electric
and magnetic dipole moments is generated by the strong effective electromagnetic field experienced
by the baryons while traversing a bent crystal.

The proposed experimental layout is reported in Fig. 1, and it is planned to be installed in
the Insertion Region 3 (IR3) of LHC. Protons are vertically extracted from the main 7 TeV LHC
beam by means of a first silicon bent crystal, the Target Collimator Crystal for Splitting (TCCS),
characterized by a bending angle of 50 urad and a length of 4 mm along the beam direction. The
TCCS primarily intercepts halo protons scattered from the vertical primary collimator (TCP) in
IR7, steering them towards the tungsten target, placed 100 m downstream. This crystal is needed
to create a safe separation of about 1 cm between the circulating beam and the ALADDIN devices.
The protons extracted by the TCCS interact with the target, producing charm baryons. Immediately
downstream of the target, a second silicon bent crystal, the Target Collimator Crystal for Precession
(TCCP), with a length of 7 cm and a bending angle of 7 mrad, channels a fraction of the positively
charged particles produced in the collision, in particular A} and E} baryons. While being channeled
inside the crystal, these particles undergo spin precession, which is an essential element for the
determination of their dipole moments. The decay products of charm baryons are reconstructed
downstream of the TCCP by a set of particle detectors, namely a forward magnetic spectrometer
and a Ring Imaging Cherenkov (RICH) detector, covering the pseudorapidity range 5 < 7 < 9. The
magnetic spectrometer is composed of a total of four tracking stations and a dipole magnet. Each
tracking station can host up to twelve tracking modules. The two upstream stations are dedicated to
reconstructing the decay vertex and to precisely measuring the trajectories of the decay products.
They are based on high-granularity silicon pixel detectors installed in Roman Pot stations, allowing
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operation close to the LHC beam. The development of these modules is parallel and synergetic
with the research and development done towards the second upgrade of the LHCb Vertex Locator
(VELO) [12]. All four tracking stations contribute to the momentum determination by measuring
the deflected particle trajectories. The downstream stations are designed with a larger geometrical
acceptance and reduced occupancy. For the magnetic spectrometer it is foreseen to use a dipole
magnet already installed at IR3, the MCBWV.4L3.B2 vertical corrector. This magnet has a length
of L = 1.7m and can provide a magnetic field of up to B = 1.1T. Downstream of the spectrometer,
a RICH detector is foreseen for particle identification (PID). Efficient identification of the charm
baryon decay products is crucial to suppress combinatorial background arising from misidentified
particles. The RICH detector is based on a 20 m long radiator filled with neon gas and employs
highly granular photosensors, optimized for the identification of hadrons with momenta up to about
1.2 TeV/e.

Optimization studies of the layout are currently ongoing to minimize the need for bespoke
primary vacuum beam-pipes and the material budget traversed by particles. The latter point
is particularly important for minimizing the amount of secondaries particles produced, which
negatively impact the occupancy of the RICH detector. The topology of signal events features
high-momentum particles, with a direction well defined by the bending of the crystal. This peculiar
event topology provides a strong handle for reducing combinatorial and beam induced backgrounds.
The configuration of the ALADDIN experiment enables a rich physics program focused on charm
baryon dipole moments and forward physics, with the goal of reaching a sensitivity to the EDM
at the level of O(1071%) e-cm and measuring the MDM with a precision better than 10% over
approximately two years of data taking.

4. TWOCRYST proof of principle

The proposal of the ALADDIN experiment was submitted to the LHC Committee and un-
derwent evaluation by an expert review panel. After receiving a positive assessment, it was
recommended to validate the feasibility of this novel experimental approach by performing a proof-
of-principle (PoP) test at the LHC. The PoP, called TWOCRYST, was approved for data taking in
2025 at Insertion Region 3 (IR3) [13, 14]. The main objectives of this test are: (i) to demonstrate
the operational feasibility of the double-crystal setup and of the tracking detector system at the
LHC; (ii) to verify the expected proton rates on target; (iii) to perform the first measurement of the
channeling efficiency of long crystals at TeV energies; and (iv) to carry out the background studies
required to validate the simulations and optimize the detector design. The setup of TWOCRYST
is a reduced version of what is foreseen for ALADDIN, as can be seen from Fig.2. During its
operation, the two bent crystals have been oriented to achieve the double-channeling configuration
for the first time at TeV energies. The channeling efficiency of the TCCP crystal has been measured
as a function of the beam energy up to 3 TeV/c, yielding a maximum value of about 50% at 450
GeV/c [15, 16].
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Figure 2: Experimental layout of the TWOCRYST PoP at LHC IR3.

5. Conclusion

ALADDIN is a fixed-target experiment proposed for the LHC to perform the first direct
measurement of electromagnetic dipole moments of charm baryons. The TWOCRYST PoP took
data successfully during 2025, validating the feasibility of the experiment. The Letter of Intent was
reviewed by the LHC Committee and received positive feedback. The collaboration is currently
preparing a detailed Technical Proposal, aiming to start data-taking during LHC Run 4.
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