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= First direct measurements of A, =
magnetic (MDM, u) and electric (EDM, 0)
dipole moments

v To date, out of experimental reach

* Dipole moments are sensitive to baryon
substructure. Arise from electric charge and
current distributions inside baryons

= MDMs can test QCD theory

= EDMs are sensitive to new physics
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Why charm baryon dipole moments? AF
= In the naive quark model A] =[ud]c, E =[us]c: Hy+ =) = M @

c

* Theory predictions Errz) ® 0.9g, o+

PLB 326 (1994) 303 C.
PRD 77 (2008) 114006
PRD 65 (2002) 056008
PRD 56 (1997) 7273 1.27 GeV/c?
NPA 735 (2004) 163 2/
arXiv:1209.2900 17, C
PRD 81 (2010) 073001

J Phys G35 (2008) 065001
arxXiv:0803.0221

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 (1996) 259
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2~0.49 g~ 1095 g~ 1.05 g=~2.10 g—2

a~-0.76 a~-0.03 a~-047 a~0.05 2

= A measurement of 4,. and zi_, at 10% precision would be useful to confront
with theory predictions
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https://cds.cern.ch/record/2652442

‘ Why charm baryon dipole moments?
= Search for charm EDM, probe for BSM physics
= Fill gaps of world-wide effort: charm quark might have special BSM couplings

J. Phys. G: Nucl. Part. Phys. 47 (2020) 010501
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= Coherent effort with strange baryons (G. Tonani’s talk) and dreaming the

T lepton...
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https://iopscience.iop.org/article/10.1088/1361-6471/ab4cd2

Experimental technique
= MDM and EDM accessed through spin precession in EM field

= Requirements & challenges:
v" Charm baryon lifetimes are very short, T ~ 2—4x1013 s
= large enough flight length ~ 7-10 cm = ultrarelativistic baryons, y = 1000
= very strong EM field, B_;~ 500 T
v" High intensity beam of polarised charm baryons

v Forward spectrometer for signal
reconstruction, background rejection and
angular analysis (analysing power)

* Charm baryons from fixed target-targef |
pW collisions at the LHC, /s ~115 s—av _
(7 TeV proton beam) -

= And the EM field? | 5. _’ AR TuncsTen

TARGET

Ac” baryon
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Channeling in bent crystals

= Potential well between crystal planes

From Biryukov, Chesnokov, Kotov, “Crystal

| Incident positive Charge particle can be trapped channeling and its applications at high-energy

accelerators” (Springer)

if parallel to crystal plane (within few urad)
= Well understood phenomenon (Lindhard 1965)

= Bent crystals used to:
v Steer high-energy particle beams

v Induce spin precession

Transversal potential

Lindhad (1965)
Biryukov (1997)

The structure of the crystal .
lattice and its primitive cell S1110
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Spin precession in bent crystals
= First predicted by Baryshevsky (1979)

= In bent crystals we have:
v Electric field E ~ 2 GV/cm
v Effective magnetic field B .4~ 500 T (y=1) .

Pis’'ma Zh. Tekh. Fiz. 5 (1979) 182
Phys. Rev. Lett. 69, 3286 (1992) _

JHEP 1708 (2017) 120 s = (0,50,0) \
Eur. Phys. J. C (2017) 77:181 5

Eur. Phys. J. C(2017) 77:828
Phys. Rev. D 103, 072003 (2021)

= [nduce spin precession of the particles in a short
distance

EDMs2026, Les Houches MEDMs of charm baryons 8 ‘



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.69.3286
https://link.springer.com/article/10.1140/epjc/s10052-017-4679-y
https://link.springer.com/article/10.1140/epjc/s10052-017-5400-x
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.072003

Signal Kinematics .

= With 7 TeV LHC protons
and 7 mrad bent crystal

v Charm baryons
produced in a very
forward direction

v'Very high momentum,
higher than 1 TeV

Bent crystal

target
W target &

p \PV __
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POlariS ation Y | Production plane

= Parity-conserving production, polarization transverse
to the p-A_" production plane, unknown for p-N at
Vs =115 GeV

= Until the past week, only existing
A." polarization data was from
E791 with 500 GeV/c = beam,
covering —0.1 <x,<0.4

= Indications from A baryon
Phys. Lett. B 471 (2000) 449
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X in p-W at /s ~115 GeV and = zero angle ~ 0.1 and 0.5 = expected = 30%

EDMs2026, Les Houches MEDMs of charm baryons 10



https://link.springer.com/article/10.1007/JHEP09(2024)082
https://www.sciencedirect.com/science/article/abs/pii/S0370269399013970?via%3Dihub

LHCDb measurements and MEDMs %

= Dominant A}, E; final states are 3-body with protons and hyperons, e.g.
A — pK 7" E>E ", pK 7" (CS)

c

— amplitude analyses from pp collision data at LHCb performed/ongoing

= 400k A’ — pK r" signal events from beauty hadron decays to determine the
amplitude model and A_" polarisation
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Phys. Rev. D108, 012023 (2023) mz(pK_) [GeVz] I-h Tt 'M
= Large sensitivity to polarisation | wory e TR
: . ~ 0 — Dta — Model — A3 — AI6D0Y
(analySlng power) | aeff |~ 66 A) — Al TOH — K(892) Ko 1430) — K700

= Ai1405) — A{1520) Al 1600) — A{1670)
A6 = A{20000 = Background
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.012023

LHCDb measurements and MEDMs %

= ~190k E' — pK 7z signal events " ~200k E' > E 721", ET > An ,A—> pr”

from beauty hadron decays to signal cascade decays from beauty
determine amplitude model and Z;°  decays and prompt production to
polarisation determine amplitude and ="
polarisations (model agnostic)
(§2~5: T T T T 1 1192 §5.5 ——— T T =
g > - ] g
S L 1P E S LHCb Unofficial | | %
= ok Jd s € = T 1 —200£
t 2— i ;: :f 5__ E <
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5
m2(pK~) [GeV?]
Phys. Rev. D112, 092003 (2025)

= Large analysing power: | [~ 69% = Analysing power?
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https://journals.aps.org/prd/abstract/10.1103/gcft-fgp1

LHCb SMOG measurements and MEDMSs %

= A, polarisation in pW collisions at Js =115 GeV is unknown

= Measure A_* polarisation in LHCb SMOG p-Ne collisions at Js = 68.6 GeV,
with =2k AT — pK 7" and /_\; — pK*z~ signal decays

= First differential measurement of A" and A_ polarisation as a function of p;
and x.. Interesting per se to understand polarisation mechanism in QCD

arXiv:2602.17184 (submitted to Phys. Rev. Lett.)

L L = A 1 F T T T T T T T -
= 08F
= 0.6F
+ = 04F + :
E 02F E
s g oo l ................................................. = 0 ;_ ........................................................... l ........................................................................ ;
2F — -02F .
4F T 3 ~04F I
-0.6 ;_ (] A;’ — stat. uncertainty =~ — total uncertainty = -0.6 ;_ @ A} — stat.uncertainty ~— total uncertainty
-08F O A. — stat. uncertainty ~ — total uncertainty - -08F O A, — stat. uncertainty ~ — total uncertainty
_1|....|....|....: _1t . . , . ! . . . . 1
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= Larger yields (>x10) with different gasses (Ar, D, He, H,, Ne) already recorded
with SMOG2
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https://arxiv.org/abs/2602.17184

‘ The ALADDIN experiment ht:j//‘ilgdAv?eb)C!Nch /
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e e nee i I -
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#/aLADDIN
oo - ALADDIN is a fixed-target experiment proposed at LHC
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for MDM/EDM measurements of charm baryons
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https://aladdin.web.cern.ch/

Spectrometer specifications

#/ALADDIN

'—C'l(][} L L L L L L L L L L L L L L L T e B B l(]l]g—
e | 2 layers/station e
= Pseudorapidity acceptance 5 <1 <9 5 S ™5
= Excellent angular resolution =15 prad < eop 10
* Good momentum & mass resolution L 1
<25 MeV to separate the signal from nf a0
misidentified background, eg. S
! I0.4I - I0.5I - IO.EiI a IO.'?I - IO.SI . IO.QI - Il.OI v
lever arm [m]
D" — K 7" 7" with one 7" misidentified as p T
D’ — K*K 7" with K* misidentified as p 8ok ;E 2 Trater b Toman ot ;
4 Trackers per Roman Pot
6 Trackers per Homan Pot
have similar cross section, channeling efficiency, T ]
and lifetime as A" 6 { .
[ —+
——
I e :
= Tracker requirements: oL ]
in “‘h%
[y I__,I raa sl |5 |"|"-"|’:;—L»..L4_gn.5| L |-| 141y |:'| L
— 1 m lever arm, at least 6 layers/station, 3-4 stations P
pitch (um) hit rate (MHz/cm?) fluence (neq/cm?) area (cm?) tech. solution
Upstream 55 250 3.5 x 10 10 Si pixel
Downstream 100 30 9.0 x 1013 30 Si pixel/strip

EDMs2026, Les Houches
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#/ALADDIN
Pixel detector for the tracker

= Layout based on the LHCb VELO U2 *® Detector package mechanics based

v' 3D Si sensors — 45 mm pitch on the PPS2 (CMS) development
v’ Readout ASIC: 28 nm IGNITE & LA- v Modules in secondary vacuum (S1
PicoPix & S2) and possibly air (S3 & S4)

v VeloPix2 Control Electronics & DAQ: v" Cooling based on Peltier cells

VTRX+ (baseline) or Silicon Photonics (SiPh) v Can use both VTRX+ and SiPh
LHCb upgrade 2 pixel detector prototype

PPS upgrade mechanics/cooling

EDMs2026, Les Houches MEDMs of charm baryons 16




#/ALADDIN
RICH detector

= Need a RICH for charged particle identification up to 1 TeV to suppress
background from misidentification and random combinations

= Design choice for baseline: 20 m long vessel, 80 cm diameter, filled with Ne
(980 mbar, 25 °C, A=309 nm), single reflection configuration

- ~29.8m R S
& ” =
i i radiator
va radiator 140
z i TlOOmm exit window
i * |
L " _ m ‘E =0 View in the xy pIan? at the
' 72=33690 mm L=20m AZ (TCCP — RICH) = 15.2 m o RICH entrance (not in scale)
I. Panichi (Firenze) R
x Track sl e
= Uses highly pixelated (100 cm?, 0.5%0.5 mm? pixel) & Iél_é‘f;]::;? ane s N i N
efficient photosensors (SiPM or MCP-PMT) N °
, = ' .
= Using the track and the position of the detected photon, 25—
the Cherenkov angle at emission can be reconstructed L RN
o, ~ 50 urad per photon 7N\
| K
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: #/ALADDIN
Machine-detector layout

= Main goal: integrate spectrometer and RICH in IR3 while minimizing
technical challenges (beam pipe modifications)

= Full simulation studies and analysis of technical aspects ongoing to define an
optimal and realistic layout

= Machine impedance and beam dynamics studies from the machine for HL-
LHC conditions are required to validate the layout
‘_l Coordinate system used
X in ALADDIN simulation

~30.5m e674.99 ~ &M

<+ ™
o o
o oC
RICH

1
i
1
._I ) E i - . I_I
LricH = 20m AZ (TCCP - RICH) i i l i
1 1 1!
1 y [
1 1 1 !

1
z=3555mm z=1854 mm z:II'Jmm

—»

1
6644.54 s(m) 6676.53 6681.11

P. Hermes (CERN), C. Maccani (CERN-Padova)
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#/ALADDIN

‘ Machine-detector layout: simplified concept

* Try to minimise the impact on the (Cu) beam pipe modifications. Below, the
downstream tracking stations are positioned outside the vacuum

ylmm] T4 exit window - :
N magnet | elliptical beam pipe
30 - H T3 /
[ |/ \ 2 1
40 3 . ! .
1 /l : = |
" standard beam pipe : U ! |_|
0 0 [ e e e e Lol
ED:80mm 'D, = 140 mm D:80mmi
-40 :

-80

beam pipe flange ‘ magnet

F. Bertinelli (CERN), F. Bizzeti (Firenze), N. Turini (Siena)
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Sensitivities to charm dipole moments

= First measurements
of charm baryon
MDM and EDM

v 2-year data taking

v 10% p/s
(1.37x1013 PoT)

v P =30%

1 1

#/ALADDIN

S \/ 77 +2 > n \/Nrec

77=1—cos<CD>

Phys. Rev. D103, 072003 (2021)

EDMs2026, Les Houches

Si Ge
Deflection angle [mrad] 7 5 7
Length [cm] { 7 J 7 7
A baryon
a ~ —0.03[—0.76]
Niot deflected per 100 PoT 86 162 120
(7) 945 1036 886
(pr) (GeVlc) 0.84 0.88 0.81
(sz) 0.20 0.23 0.20
(5y) 0.24 0.24 0.24
Niee pK~ 7 only 1474 2773 2066
Ny all charged 2836 5409 3940
ou (x1072 py) all charged 1.2 1.1 1.1
o5 (x10~1%e cm) all charged 1.5[4.6] ) 1.2[3.1] 1.4[3.8]
=T baryon

a ~ 0.05[—0.471
Niot deflected per 1019 PoT 135 215 98
(7 596 641 602
(pr) (GeV/c) 0.74 0.77 0.74
(sz) 0.16 0.17 0.14
(5y) 0.27 0.28 0.26
Niee E-70 ™ only 735 1202 1096
Nyec all charged 1939 3198 2898
oy (1072 py) all charged 1.8 1.8 1.5
o5 (x10716 e cm) all charged 3.1[3.0] | 3.0[2.5] 2.9[2.3]

20
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.072003

— #/ALADDIN
Other opportunities

= Opportunity for other measurements in the very forward region, 5 <n <9, i.e.
cross section of charm hadron production, QCD polarisation, J/y photoproduction

= Explore measurement of T g-2 and EDM

X
v Requires much larger #PoT and further R&D A ©
S D;‘
— 1015
= (g, ) 3 10
100N ™~ umm {a, 8) §=0.58 ] Void
== a 8,-tagging ]
------ =5 6,-tagging
— aDC T JHEP 03 (2019) 156
""" 4107 g
2102 F ] o,
:-E E : g + :ﬂDT
2 ] & Y Y e
sl > A
% - 17 5 n
= . 5107 & W target
10° F ) ] “ ¥
: D\ ﬁlé“ \ 1
- "-. _ P + <
i ._‘% DS y’[d ........... v,DsT
18
% 107 Z
10_\4' 1 1 |||||I| | |||||||| 1 |||||||| 1 |||||||| 1 IIN'
10 10" 107 10" 10'° Phys. Rev. Lett. 123 (2019) 011801
PoT
EDMs2026, Les Houches MEDMs of charm baryons 2]



https://link.springer.com/article/10.1007/JHEP03(2019)156
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.011801

#/ALADDIN
Schedule and synergies with LHCb U2

= [ etter of Intent (Lol) submitted in June 2024

= Very positive review by the LHC Committee (LHCC), ongoing
= ALADDIN collaboration created and organized

= Technical Proposal to be presented to the LHCC by Summer 2026. Dedicated
workshop in La Biodola, Isola d’Elba (May 17-21, 2026)

= Data taking during LHC Run 4. Installation during LS3 & a Run 4 YETS

2025 2026 2029 2030

POP test Construction & InstallJ\ion Commissioning, Data taking

Run3 LS3 Run4

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

= Strong synergy with LHCb U2 for tracker, DAQ & trigger

2026 =p 2027 = 2028 =p 2029 = 2030 2032++

; I
Possibility to deploy and test several ALADDIN timescale .

key elements well in advance with
respect to the LHCb U2 deadline!

LHCb U2 timescale

EDMs2026, Les Houches MEDMs of charm baryons 22



https://cds.cern.ch/record/2905467
https://agenda.infn.it/event/49967/

Proof-of-principle: TWOCRYST

)\

\/

TWOCRYST

= The TWOCRYST PoP was installed in 2025 at IR3, one of the two collimation

regions of the LHC, where ALADDIN will be housed

Precession A

Beam Splitting

crystal production loss crystal Primary
(TCCP) target monitor (TCCS) collimator
Beam loss TFT! | Pixel -
monitor detector! ! detector
I
B2 o) 0)
/" LHCb ALICE \ %, /76,7,7@%5/@

/l Injection B2 Injection B1 /GO' ba/

/ (0]

/ [

i IR7 Spyi

:: Betatron ~ plit Channeled

i Collimation halo Secondary

1
\
1
A

Beam

PR
-
——

Goals of the PoP
- Demonstration of operational feasibility.
- Measurement of channeling efficiency for long crystals at TeV energies.

- Study of proton beam intensity on target and study of criticalities.

halo

4

From R. Cai at EPS2025
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https://indico.in2p3.fr/event/33627/contributions/156212/attachments/95239/145784/Status%20of%20the%20TWOCRYST%20project%20for%20a%20double-crystal%20fixed-target%20experiment%20in%20the%20LHC.pdf

Pixel detector

= Based on LHCb VELO pixel sensors and VeloPix ASIC (2 layers)

N

TWOCRYST

= New design of vacuum feed-through board and data flex to accommodate
control and data lines inside RP, water & Peltier cooling

= Housed in ATLAS-ALFA RP (width 128x height 60x thickness 46 mm?®) extracted from
LHC tunnel, with CMS-TOTEM based design for detector package in the RP

Tracking module

Detector package

~

GBTx hybrid —__|

Si sensors + VeloPix ASICs

EDMs2026, Les Houches

Ready to install

MEDMs of charm baryons

24




Installation in the LHC tunnel O

TWOCRYST

= Successfully installed & commissioned in March 2025

——-
———
L

e aantie” e

SORPEL
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n
Successful operation & preliminary results 7

TWOCRYST

= 4 dedicated MD runs in 2025, experimental technique established: successful
machine studies conducted during MDs, double channeling achieved at LHC

First observation of the double channeling at the LHC TWOCRYST members in the CCC
A\ Preliminary Results I i eie— = — —t

. R W
CERN News

Channelling efficiency TCCP

Preliminary § <

60

50 §

—e—i

Efficiency [%]
g

~
o

-
o

S. Cesare PhD Thesis (Milano)

; ; i ; i s 26
o] 500 1000 1500 2000 2500 3000 3500
Energy [GeV]



https://home.cern/news/news/experiments/towards-new-physics-bent-crystals?trk=feed-detail_main-feed-card_feed-article-content
https://repository.cern/records/y2499-6bf38

21d pixel detector for 2026 ~

TWOCRYST
= In Jan 2026 replaced the TFT with a 3 layers pixel station:

v’ tracking of double-channeled particles & vertex reconstruction

v proton flux
. . . The installation crew: N. Turini
v’ channeling at additional energies & backgrounds (Siena), C. Vinotto (Pisa), J. Mazorra,
V. Svintozelskyi (Valencia), G. Tonani
The 2" tracker ready to install The RP before insertion (Milano), F. Zangari (CERN)

-
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Summary #/ALADDIN

= ALADDIN is a proposed fixed-target experiment for the LHC Run 4 with the

goal to first measure charm baryon MDMs with sensitivity of 2x10~2p,, and
explore EDMs at 10716 e.cm level with 1013 PoT

v" Opportunity for major synergies with LHCb U2 & CERN R&D projects

N

TWOCRYST

= TWOCRYST is a successful proof-of-principle: demonstration of operational
feasibility and channeling of secondary beam halo with efficiency at TeV
energies according to expectations

el

* Preparatory measurements for ALADDIN delivered and ongoing at LHCb

EDMs2026, Les Houches MEDMs of charm baryons 28




‘ Next stop: TP & La Biodola, Isola d’Elba

= 17-21 May. See indico page of the workshop with the details for registration

= Main goal discuss theory, machine, detector aspects for ALADDIN Technical

Proposal
P Anyone is welcome to join!

EDMs2026, Les Houches | ) MEDMs of charm baryons 29



https://agenda.infn.it/event/49967/
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ALADDIN collaboration #/aLADDIN

Authors as 22/07/2025 61 proponents from 25 institutions https://aladdin.web.cern.ch/
K. Akiba', F. Alessio 2, M. Benettoni 3, A. Bizzeti 2324, F. Borgato ®*, F. Bucci 23, R. Cardinale 6, S.

Cesare "8, M. Citterio &, V. Coco 2, S, Coelli 8, P. Collins 2, E. Dall'Occo °, M. Ferro-Luzzi 2, A. Fomin 21,
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LHCb SMOG measurements and EMDMSs %

* Charm fragmentation fractions recently measured by ALICE are not in
agreement with previous measurements from e“e™, e™p, pp data
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v Points to an increase of charm baryon fragmentation fractions with lower py

= New measurements ongoing with LHCb SMOG(2) at similar /s and low p;
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#/ALADDIN
‘ (Very) forward spectrometer

= Pseudorapidity acceptance S <mn <9

= 4 tracking stations: 2 upstream housed in Roman Pots (RPs) + 2 downstream
(w/ or w/o RPs)

= A local corrector dipole magnet MCBWYV (1.1 T, 1.7 m) available in situ

Tracker Tracker Tracker Tracker

TaEEt Station #1 Station #2 Station #3 Station #4
: |
TCCP 100 cm ‘ Dipole Magnet 1.1 T ‘ 100 cm

Brotog
23T .

I I
I
layer2 layerd layeré

I
70 Cm layero L |ever arm lawer3 170 Cm Iayﬁ L |EVEF daifm |a}’lel'?

laver
L

: o) . _ 1
= Momentum resolution: 22 ~— 22 & ~2% .with P =>00GeV/c, BL=19Tm,

p O03BLD ° D=1m,o, ~10 um

= Track angle resolution: o, = \/Eax / D =14 prad

= Impact parameter resolution: o, , 20 um
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