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Introduction

e No direct measurement of the Magnetic (MDM) and Electric (EDM) dipole moments of

charm baryons (", A_")

e Existence of a permanent EDMs violates P and T

— CP violation

e Probe for testing CP violation beyond the CKM mechanism in the SM

* SM-CKM = SM-0 - <g'®xpected) , . q(meas)
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https://cds.cern.ch/record/2652223?ln=en

Introduction

e MDM of charm baryons can provide valuable insights on non-perturbative QCD models

e Gives access to that of the charm quark and its gyromagnetic factor
e In the naive quark model

w(A ") = u(E,) = u(c)

e Alevel of precision of at least 10% is required for HQFT predictions
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Experimental technique

Spin precession in the presence of an EM field is a signature for the EDM/MDM

Challenging for short lived particles y
o 1~2-4x10' s for the charm baryons
A high intensity beam of charm baryons
needed with sizable initial polarization
Efficient signal reconstruction with track

g—2

angular separation below 500 prad 5 e
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The ALADDIN experiment

An Lhc Apparatus for Direct Dipole moments INvestigation

e Perform a direct measurement of the MDM at a precision better than 10% and put a first
limit of the EDM at the x10'®ecm level in two years of data taking
e Covering the very forward region (5 < n < 9), also opens the door for a dedicated physics
program complementary to the LHCb (2 <n < 5)
o Forward D meson production
o J/y photoproduction

CERN-LHCC-2024-011,LHCC-1-041
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The ALADDIN experiment

#/ALADDIN

e Proposed to be located at the Insertion Region 3

(IR3) of LHC

o LHCb detector at IP8 as fallback option
e TWOCRYST proof of principle ongoing to prove
feasibility and establish impact of the setup to LHC

operations

e 10" Protons on Target (PoT) in 2 years of data

taking to reach

o EDM sensitivity ~10°ecm
o MDM expected precision below 10%
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mid-2026 to the end of 2029

Run4

4000 s P e, 0
by W RS (CMS) NN
4 b N
/ N
,,. IR4 (RF) IR6 (beam \'\
i 4 extraction) N\
2000 4 B

S
-
-

IR7 (betatron
collimation)

|
@ IR3 (momentum .
collimation)

\
\

- -

\ 1 .J
I
i
’

\
-2000 ‘ 4
“\_  IR2 (ALICE, IR (LHCb, /

\\;‘ injection B1) injection B2
\ \\\ J/
L, R

N

. "2 "LHCb
-4000 -2000 0 2000 4000
X(m)

|




The ALADDIN experiment
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The ALADDIN experiment

e Charm baryons produced in the pW fixed target _ iimied
collisions at an average energy of 1.8TeV

e Detector spectrometer optimized to maximize
acceptance and reconstruction efficiency based on
the three body decay A" — p K'n”

e Momentum distribution of the decay products
estimated from simulation

e Particle Identification (PID) information essential
for an efficient background discrimination
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The ALADDIN experiment
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Si tracking detectors housed in Roman Pots (RP), to allow insertion close to the main
LHC beam (d~1mm)
Local corrector dipole magnet (1.7m long and 1.1 T) available in situ
Momentum resolution c_~ 2%
: p
Track angle resolution o, ~ 14 prad
Impact parameter resolution c_ y~ 20 pm
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e Four tracking stations, two tracking upstream + 2 downstream of the magnet, housed

in Roman Pots (RP)

e Number of layers in each RP needs to be optimized in terms of the available space

o, =27 (18) MeV for 2 (6) tracking layers per RP
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e Current solution based on the LHCb VELO pixel sensors and the VeloPix ASIC
e Synergy with LHCb Upgrade II VELO pixel and PicoPix ASIC

0.65m

Cooling system

Supports

GBTx

Data flex

Tile (Si sensor)

0.34 m
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RICH detector

A RICH detector would be an optimal solution for the PID and background suppression
Good separation up to 1 TeV/c is needed

Angular resolution o, ~ 50 urad/photon

Active R&D underway, aligned with DRD4 objectives

Helium or Neon as radiator gases

Initially considered a compact 5m long vessel at the Lol, two options under investigation

12-20m vessel with single reflection 7.5-12m vessel with double reflection

F 750 cm

Photosensor

array PDA

F = radiator length = mirror focal length

Track 50 cm

Photosensor Helium (or neon) \
array <

Plane Track

mirror

— Mirror Spherical
mirror
Beam-pipe with exit window ) Beam-pipe with exit window
— Optimal solution if sufficient space available see talk by Elisabetta Spadaro at RICH25 this week

e SiPM or MCP of mm-pixel size for readout photosensors
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RICH detector

e Excellent background rejection from
three-body decays of charm mesons can
be achieved while preserving a good signal
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Charm baryon polarisation

e A —pK 7 isthe golden mode for the A_* measurement

e Precise knowledge obtained from the amplitude analysis by LHCb can be applied to
the polarisation measurement of the A " in ALADDIN

o Similar ongoing study using p-gas collisions (LHCb-SMOG)

e Average event information S?
(analysing power)

|ess| = V/3S

<9 >20.145 = I(Xeff’ ~ 66%

e Can be applied similarly to other decay
modes, as well as for the = *
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TWOCRYST: Proof of Principle at the LHC

e Being performed during 2025 at IR3

e The TWOCRYST experiment main objectives are
Assess the feasibility of a double crystal setup for the ALADDIN experiment
Measure channeling efficiencies at the TeV scale

O

O
o  Verify the required angular precision to maximize the detection efficiency
o Determination of possible backgrounds from fixed target collisions
\“/ 1B
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TWOCRYST: Proof of Principle at the LHC

e Short crystal (TQCS) e Channeling efficiency from a
o bsourad bending angle parametrization of simulated results using
o 4mm long CRYSTALRAD (INFN-Ferrara)

e Long crystal (TCCP)
o 7mrad bending angle
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TWOCRYST: Proof of Principle at the LHC

e Installed during March 2025
e Roman Pots housing the

detectors
o Secondary vacuum without
interfering with the beam
o  Sensitive areas included
~1mm from the beam

e Data taking during 2025
Machine Development shifts,
special LHC beam
configuration

S. Jaimes Elles 17




TWOCRYST: Proof of Principle at the LHC

e First observation of double crystal channeling at the LHC
e Highlighted in a recent CERN bulletin

)

TWOCRYST

Preliminary Results

Fibre Tracker
Measurement Data g

Pixel Tracker
Measurement Data
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First Ssconid channelled
Bent Crystal
ensilysia Bent Crystal

e See also the talk by Rongrong Cai at EPS 2025
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https://home.cern/news/news/experiments/towards-new-physics-bent-crystals
https://indico.in2p3.fr/event/33627/contributions/156212/

Spin precession induced by channeling of charm baryons in a bent crystal is
presented as a novel experimental method for the measurement of the EDM/MDM of
short lived particles

The ALADDIN (An LHC Apparatus for Direct Dipole Moment INvestigation)
experiment is proposed as a dedicated fixed-target experiment at LHC

Composed of a very forward spectrometer and a RICH detector for PID, it will cover
the range 5 <n < 9, opening the door for other interesting measurements

The TWOCRYST PoP ongoing during the present (2025) data taking year to
demonstrate the feasibility of ALADDIN and provide insights into channeling
efficiencies needed for the future experiment

Lol submitted to the LHCC (CERN) committee with a very positive response
Technical Proposal to be presented by the end of the year to consider the approval of
the experiment and its installation for commissioning and data taking during Run 4

Thank you!
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Channeling

e Channeling in bent crystals
o High boost (y = 600 - 990) — Increased flight length = 7-10cm
o  Strong electric field E = 2GV/cm between the atomic plane
m  Effective magnetic field B~ 650 T
Detailed simulation of the process is very computationally intensive,
Simulated using the CRYSTALRAD library for a subset of crystal configurations, and parametrized for
the critical angle and the steering efficiency as a function of the particles energy
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ATLAS-ALFA Roman Pots

refurbished for TWOCRYST Detector Housing CMS-TOTEM top part
and new closing flange
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