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ALADDIN: A New Experiment to Probe the
Dipole Moments of Charm Baryons at the LHC

ALADDIN (An LHC Apparatus for Direct Dipole moment INvestigation) is a proposed fixed-target
experiment at CERN's Large Hadron Collider (LHC) that aims to open a new frontier in the search for
physics beyond the Standard Model. The experiment is designed to measure the electric (EDM) and
magnetic dipole moments (MDM) of charm baryons, such as the A *, with unprecedented precision.
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Introduction

* Measure electromagnetic dipole moments of unstable particles at LHC
e EDM & MDM are sensitive to BSM physics
e The EDM violates T and P and, via CPT theorem, violates CP

L MDM of spin-1/2 charm b G 8. _e
=do— of spin-1/2 charm baryons u, . = and p=, =
2m h p y /’lAC 9 2m: /_{_ /"._,C 2 2’7152_
s f
+ g = 2 for e, u, 7 (point-like), g, = 5.6 for proton (substructure)

‘ Charge conjugation: Cy =

0= clectric dipole moment (EDM)
d = gyroelectric factor Parity: Py(r) = w(—7) C P T
i : . o 7 - + -
_gns Time reversal: Ty (1) = y*(—1) Heavy baryon
“2m h Hamiltonian 1 -1 * |- EDM observation:
HAAS H=-u-B-6-E Eifo- ecilig clear signature
. | B of new physics!
Time reversal, Parity: " + -
| TP -
p= magnetic dipole moment (MDM)
g = gyromagnetic factor The EDM violates 7 and F and, via CPT theorem, violates CP
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Introduction
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J. Phys. G: Nucl. Part. Phys. 47 (2020) 010501

No measurement for charmed| baryons due
to their short lifetime (t~107"2 s)

e SM prediction (from neutron EDM):
EDM < 1026 e cm [1] — sensitive to physics
Beyond the Standard Model at the current
experimental sensitivity

o EDM violates T and P symmetries — CP
violation via CPT theorem

[1] Phys. Lett. B 291 (1992) 293

PLB 326 (1994) 303
PRD 77 (2008) 114008
PRD 65 (2002) 056008
== PRD 56 (1997) 7273
— NPA 735 (2004) 163
+ arXiv:1209.2900
+ PRD 81 (2010) 073001
+ J Phys G35 (2008) 065001
arXiv:0803.0221
o NPA 797 (2007) 131
+ PRD 73 (2006) 094013
+ J Phys G31 (2005) 141
NPA 739 (2004) 69
+ Few Body Syst 20 (1996) 1
+ NIM B119 (1998) 259
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o MDM measurement — experimental test of low-
energy QCD models, related to non-perturbative
QCD dynamics + sensitive to internal baryon
dynamics [1]

o Lattice QCD studies in progress [2]
Need of experimental

measurement of 10%
precision

[1] Eur. Phys. J. € (2017) 77:181
[2] C. Alexandrou et. al., PRD111: 054505 (2025)
[3] CERN-PBC-REPORT-2018-008
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Experimental Strategy

= Very short lifetimes: no direct measurements so far (only indirect estimations)

* Conventional magnets produce fields of orders of 1T

= Example: proton in 1T magnet has a Larmor frequency of about 107 Hz

Idea: use the spin precession in strong electromagnetic fields

EDM/MDM from spin precession of channeled baryons in bent crystals

Physics program started with preparatory measurements with LHCb data

— P S
AP _ 5 o e
dl.  ~.
Spin polarization
. . X
Need to bridge 6 orders of magnitude! -
MAGNET
z
A __//—-//" P

S b Sl .

= Potential well between crystal planes
= Well understood phenomenon (Lindhard 1965)

= Bent crystals used already to steer high-energy particle beams

= We use 2 crystal to do both steer & procession

interplanar potential wells (along x)
;

/
i)

Q Q Qo
o ° o Q Q/ Q °
Q Q o [~ Y
Q ° o % o
o Q o Qo Q o
o9 e
Q@ 9o ")
Q o o
o2 e
° Q o Qo o Q Qo °
Y o

Yl ©xMDM
- E'=E
S, o EDM S \T
B —E'®

Polarization after the precession extracted from the angular distribution of the decay particles:
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The ALADDIN experiment
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The ALADDIN experiment
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ALADDIN: fixed target experiment proposed at the LHC for the measurement of MDM /EDM of charm baryons
Charmed baryons produced very forward, with momentum of the O(1) TeV

Pseudorapiditycoverage: 5<n <9

parallel to LHC data-taking
W target: 2 cm thickness

Instantaneous luminosity L=0.9x1031cm-2s-1

Requirements:

» Excellent angular resolution: =15urad

* Good momentum and mass resolution
e Tracker: 4 tracking stations: 2 upstream the magnet

e Excellent RICH resolution for tracks with momentum of up to 1 TeV
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Detectors

Major reoptimization effort to improve experiment layout, beam pipe and RICH ongoing
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TWOCRYST

TWOCRYST

The TWOCRYST Proof-of-Principle was installed in 2025 at IR3 (same asALADDIN)
It took data with several dedicated MD runs in 2025 & 2026

Layout is similar to that of ALADDIN, but simplified "Nsics
*Beyond

Goals of the proof-of-principle: G bidors

e Demonstration of operational feasibility

e Measurement of channeling efficiency for long crystals at TeV energies

Later replaced b
e Study of proton beam intensity on target and background studies Pixel, can go tracki};lg!
RP about 1m apart
Double »
N channelled =
\.“ I halo % E
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e > »
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Paolo Gandini 1st October 2026 — QCD@LHC (Oxford) paclogandini@cernch 9


mailto:paolo.gandini@cern.ch?subject=Hi,%20I've%20seen%20this%20presentation

TWOCRYST

Beam goes right to left

Paolo Gandini 1st October 2026 — QCD@LHC (Oxford) paclogandini@cernch 10



mailto:paolo.gandini@cern.ch?subject=Hi,%20I've%20seen%20this%20presentation
https://twocryst.web.cern.ch/

TWOCRYST

* 4 dedicated MD during 2025

* First observation of double channeling at LHC! N | Preliminary Resuits
i FibreTl;a;k:r /
. . . . leasuremen ata A
e Measurement of channeling efficiencies at LHC energy ,
o Pixel Tra;kor /
easurement Data
e TFT detector replaced with VeloPix during the 2025-2026 YETS V-
* Ongoing measurement of proton beam intensity on target
. . . . <& py 3
* Real-time reconstruction proof-of-principle RN
P 2 B VRS, $ 4 ;..' ..).9
e Based on the LHCb Allen software . ncnn\ il A
neCrymte Bent Crystal - i
e Online monitoring with Grafana
* To be used as a trigger application for ALADDIN
i Channelling efficiency TCCP
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TWOCRYST

https:/ /home.cern/towards-new-physics-bent-crystals /

CERN | Accelerating science

About v News v Science v

TOPIC: Experiments

Towards new physics with bent crystals

Double crystal channelling was observed for the first time at the LHC, a
milestone for future short-lived particle research

Written by: Insa Meinke

Celebrations in the CCC (LHC Control Room)

E100Y o Celivare: 1081 1

atal Rosardad: 1000 %"
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Status & Schedule

2025 2026 2029
|

POP test Construction & Installajion

2030

Run3 | LS3

PoP test from Feb 2025 mid-2026 to the end of 2029

June 2024

¢ Letter of Intent (Lol) submitted
e Positive review by the LHCC

e Invite to write Technical Proposal

2025-2026
e ALADDIN proto-collaboration created and organized

e Simulation framework finalized

e Reoptimization of detector layout & performance

* Detailed studies of integration in LHC

2027

e Technical proposal to be presented to the LHCC in Spring

Commissioning, Data taking

| i |

Run4.

https:/ / cds.cern.ch/record /2905467

=

ALA

#/aLADDIN

Letter of Intent

Construction and installation
during LS3 & Run 4 YETS
Data taking during Run 4+
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Conclusions

#/ALADDIN

The ALADDIN Collaboration at Elba 2026
https:/ /aladdin.web.cern.ch/ ’ i

e Proposed new fixed-target experiment at the LHC

e Physics goal: charm baryon EDM/MDM measurements
* Expected data taking during Run 4+

* Proto-collaboration created

e Technical proposal to be submitted next year at LHCC

\5\ TW 0 C RYS T ThevTW(')_CR\.{S cre i te CC |

ol | aghal ¥ vi_iPe o

Bt

https:/ /twocryst.web.cern.ch/

b

* Proof-of-Principle experiment for ALADDIN a e '
* Successtul operation during several MD in 2025 and 2026
e First double channeling observation at LHC

e All goals achieved!

e Many papers in preparation with data results
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Miscellanea

Lindhard angle
50.35
GC) ’\,\\ s Si 16 mrad 10 cm
10 :— § 0.3 ‘\\ = Si 7 mrad 7 cm
- %025 \\ we= Si5mrad 7 cm
i o ’ Ge 16 mrad 10 cm
™ g 0.2 w—— Ge 7 mrad 7 cm
@
i 20.15
n
— 0.1
g 0.05 |
0~~7060'2000"'3000~4000500060607000 %1000 2000 3000 4000 5000 6000 7000
Energy [GeV] Energy [GeV]
ALADDIN LHCb-SMOG
Vs (GeV) 115 115
Momentum p (GeV/e) = 500 < 500
Transverse momentum pp (GeV/c) < 1.3 0.2t0 1.8
Rapidity y* 1to 3.5 —3.0t00
(very forward) (central/backward)
Pseudorapidity n 509 2105

15to 115
Down to —3
—(0.5to 0, max. at —0.1

Four-momentum transfer (2 (GeV/c) 4
log,, rp (Bjorken) Down to —3.2
xrp (Feynman) 0.1 to 0.5, max. at 0.3
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