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Overview of this talk

A concept on a direct measurement of magnetic and electric
dipole moments of short-lived charm particles.

ALADDIN : a possible experimental setup in the LHC

TWOCRYST: LHC test stand operated 2025

l; , WSiCcs

Developed in the framework of the *Beyond
Physics Beyond Colliders Fixed-Target Working Group ERECIICEE
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Introduction

Magnetic and Electric Dipole Moments (MDM & EDM)
Insights to baryon internal quark dynamics — QCD

Charm baryon MDM Test of heavy quark dynamics in QCD
Charm baryon EDM Test of physics beyond SM

Very short lifetimes: no direct measurements so far

Conventional magnets produce fields ~ T
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#/ALADDIN oo gl T

at LHC” — S. Cesare

 LHC double-crystal based fixed-target experiment.

 Bent crystals used to split and induced precession.

- “The original idea for spin precession in a curved channeling crystal was suggested independently by V.G. Baryshevskii in Byelorussia and Lee Pondrom of
Wisconsin”
- “First observation of magnetic moment precession of channeled particles in bent crystals”

Precession Crystal (TCCP)

Bending angle: 7 mrad Target
Length: 7 cm
Radius: 10 m

Splitting Crystal (TCCS)
Bending angle: 50 prad
Length: 4 mm

Tesla magnet
Radius: 80 m
Machine safety ' \ | ‘

Equivalent to
hundreds of

requires ~1cm

680 MJ Beam
| etter of Intent

10 July 2025 R. Cai | Status of the TWOCRYST project for a double-crystal fixed-target experiment in the

LHC


https://indico.in2p3.fr/event/33627/contributions/155347/
https://indico.in2p3.fr/event/33627/contributions/155347/
https://indico.in2p3.fr/event/33627/contributions/155347/
https://cds.cern.ch/record/2905467
https://cds.cern.ch/record/1732096/files/vol33-issue1-p032-e.pdf
https://cds.cern.ch/record/1732096/files/vol33-issue1-p032-e.pdf
https://cds.cern.ch/record/1732096/files/vol33-issue1-p032-e.pdf
https://cds.cern.ch/record/1732096/files/vol33-issue1-p032-e.pdf
https://cds.cern.ch/record/1732096/files/vol33-issue1-p032-e.pdf
https://cds.cern.ch/record/1732096/files/vol33-issue1-p032-e.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.69.3286

Open questions

TCCP Performance

Never tested in LHC:
Efficiency at TeV energy?

10 July 2025
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proton
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Requires 1.4 x 1013 protons on
target:
Can this be reached?

LHC
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Operation
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w
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Two high precision devices:
Operationally feasible?
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Open questions

TCCP Performance Statistics Operation

7 TeV/c / I SN b=
Never tested in LHC: Requires 1.4 x 10'3 protons on Two high precision devices:
Efficiency at TeV energy? target: Operationally feasible?

Can this be reached?

Can be tested with an
operational test stand
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TWOCRYST
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Collaboration

L]
'bJCLab L-Universita
o [} ta' Malta

Collaboration est. in 2023
Eight institutes in 7 countries O\
More than 60 scientists TWOCRYST

Broad range of expertise
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Project schedule

Shutdown/Technical stop
Protons physics

Ions

Run 3 Commissioning with beam
Hardware commissioning

TWOCRYST

al
MD Studies LS3

Integration Com

HW Manufacturing

Validation 2025
Collaboration setup Integration studies EYETS 24/25
Prototyping Cabling for motion] ECR
Specifications

Crystal Manufacturing
H8 hadron test EYETS 23/24

2023
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TCCS Assembly

V. -

Recovered (early generation) goniometer from LHC IR7

Installed in January 2025

LHC 16

7
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TCCP Assembly

Precession crystal (TCCP)
5 um/ 0.1urad precision

\ Fixed Target
/ 5 ym precision

a8

Design started in 2023 (CERN SY/STI
and BE/CEM)
Installation in January 2025! l-
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TCCP Assembly

Precession crystal (TCCP)
5 um/ 0.1urad precision

Fixed Target
S5 um precision

R
2 @)

R. Cai | Status of the TWOCRYST project for a double-crystal fixed-target experiment in the
LHC

10 July 2025



TCCP Assembly
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Roman Pot stations

2023: Recovery of
ATLAS-ALFARP
stations: physics Refurbishment 2024

program concluded

5 4:. ‘e,
Installation 2025
Photographs: Courtesy of S. Jakobsen
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Detectors

VELO silicon

Fibre tracker _
pixel detector

Recovered from
ATLAS-ALFA

Courtesy of S. Jakobsen
Courtesy of S. Cesare

4 & &5
_ JMIACIED. o
//" Jm !
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Installation complete

« Successfully installed in
2025

 All hardware
commissioned and
operational

10 July 2025

First beam tests conducted e

January 2025 ) February 2025 ) March
2 3 N 5 6 [ 7 8 9 10
D6D7080910111213141516(1 7llsh S20212223242526R27282930310102030405060 70809{10h lﬁZh 301401516171819202122232425262728010203040 SDGb 7b8b9[10_1 11213141504
Mechanical works

man Pots equipment
by SY-5T
rt by for Roman Pots
I Driilling for the supports
&= New collimator and Romn Pots transport
= TCCP and Roman pots installation
Alignment TCCP.C4L3 and Roman pots
..
Vacuum bake-out Tz FFEEY PIPEIILIIAA A ZZZIZTIZ AP TIIIIEETT crrpets FIFEIEAES crrsies rrs vl
Pumping and leak test
Vacuum controls equipment installation
Bake-out installation C4L3
NEG activation
Bake-out dismantling
Installation insulation vacuum instalaition for Roman Pots

Machine handover
on the 14t of
March.

Water cooling connection

BLM installation - new device and Bi equipment remove before
7] Commissioning TCCP

confirmed)
I Ortical fibers pulling (UI33 -LSS) + 2 fiber in UI33
Control system installation in W33 for TWOCRYST
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TWOCRYST test campaign
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Open questions

TCCP Performance

Never tested in LHC:
Efficiency at TeV energy?

10 July 2025

Statistics
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Requires 1.4 x 1013 protons on
target:
Can this be reached?
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Operation
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Two high precision devices:
Operationally feasible?
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Open questions

TCCP Performance Statistics Operation

Trackeds Trackers
. .
Sprctiomator

7 TeV/c / I SN b=
- proton - N
Never tested in LHC: Requires 1.4 x 10'3 protons on Two high precision devices:
Efficiency at TeV energy? target: Operationally feasible?

Can this be reached?

Extensive machine development
studies devised
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First - /V/*m

experience =
- Success! . u =

§ Gy!/!

Dose

4890

Crystal rotational angle

4830

21.6 - 23:14:00 23:14:30 :15:00 23:15:30 23:16:00 23:16:30 23:17:00
Timestam p (Local time)
preven

7 23:15:00 =

TFT VELO
detector detector

Beam

TWOCRYST
| < et s s e i 5 3 « Preli m"i‘nary
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First
experience
- Success!

TFT
detector
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No split
channeled halo ‘
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¥

23:15:11 | H231521.2

TWOCRYST .
= Preliminary

TWOCRYST
= Preliminary

Integration time (s): 1
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First experience

- Success! B o Fiber Tracker
vl Channeled
Precession Pa rticles
crystal “
TFT VELO T 8’ cP)
detector detector 350
ch i
(S)
/7/7(9 %
db 250
o -
T | ~
TWOCRYST
Bea m 5%0 5(|]D Béﬂ 760 ] T‘ISIJ 860 8%0 BCIID BESDreII ml?jory
v Enable data stream Integration time (s): |5 Set
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First experience .
- Success! | Fiber Tracker

550

500

wl Channeled
Precession particles
t I 400 - L)
TFT VELO crysa « First channeling
(TCCP) o b
detector detector 0| of 7cm crystal in

LHC.
* Highest energy
for 7cm crystal!

300

d 250
b —

200

v Enable data stream Integration time (s): |5 Set

M\
TWOCRYST
Preliminary

1 !
200 950 1000

L 1
550 600
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First experience - Success!

Key setup: Double channeling

- Challenges:

* Never performed previously

TFT VELO

detector g detector . - Split halo has small intensity =
D rmary : H
o e | collimator potential weak signal
hayy 60 Shiit .
° channejg  Both transverse and angular alignment
Qg needed.
Beam « Potentially large scanning field.
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First experience - Success!

NN\
..-;-f;l_"'}w:)CRYST ) )
ﬁ_.___‘:}f:;;freliminary ",f..'?'-' I- : ..-
e TWOCRYST . " g _-.._:"‘-
Single . <, Rlgat g |
channeled &
Primary
collimator
TFT sk, Spiit
; . _ o
detector VELO Zg';e/ed
o)
detector ‘
Beam

TCCS splits beam...
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First experience - Success!

. L
. TWOCRYST -
Single R Preliminary '
channeled ;

Primary
TWOCRYST :
Preliminary collimator
TFT Spljt
detector ’ Chzgflve/ed
VELO &
detector ‘
Beam

TCCP intercepts the split beam...
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First experience - Success!

Double
channeled g
N\
Single Preliminary .
channeled
N\ , _
( X _ Primary
TWOCRYST .
Preliminary. - . I collimator
TFT ch Split
detector | | Zg';e/ed
VELO ~ < y
detector
Beam

TCCP channels the split beam!
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First experience - Success!

Double
channeled .. =

N\
TWOCRYST
Single Preliminary -
channeled =
f'\ Primary
TWOCRYS - o - 8 )
Preliminary &5 . - i collimator
TFT ’, : S o Shlit
detector : : Zg';e/ed
VELO ~ 2
detector ‘
. Beam
Target in!
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Conclusions & next steps

TWOCRYST is a proof-of-concept test stand at CERN for the ALADDIN experiment.

* Its main goals are:
» Explore the characteristics of the long precession crystal;
* Prove operational feasibility;
« Estimate proton-on-target.

 Initial prototyping and testing started in mid-2023.

* In the End-of-Year Technical stop of 2024 two detectors, two crystal goniometers, two
beam loss monitors, and numerous auxiliary components were installed in the LHC.

- All software and data integration tests were completed before the first allocated
experiment time.
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Conclusions & next steps

During the first experimental time all planned
tests were carried out successfully, in particular:

« Single channeling was found for the splitting and
the precession crystals;

* Double channeling was established on the
primary beam halo.

Next steps:

Complete the measurement campaign.

Analyze collected data.

Translate findings for ALADDIN.
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« CERN Main Workshop for design and construction of RP parts

« BE/CEM for work on RP controls, low level controls, and interlocks

« BE/GM for alignment and fiducialization work ACknOWIEdgements
« BE/OP for development of TWOCRYST control system

« EN/ACE for their excellent integration studies, planning, and coordination

« ENIJ/CV for the water connection for detector cooling

* ENJ/EL for the extensive cabling and fiber connection work

« EN/HE for their expert handling of our sensitive devices

« EP/LHCDb for support on the Twocryst Velopix-based module and its readout.

- EP/DT

DI Controls group for secondary vacuum system
Design office (redesign RP station support)
Cable & crate workshop
«  EN/MME for their support in installation and RP preparation
« SY/BI for the work on the new TWOCRYST BLMs
 TE/MPE for integrating the TWOCRYST devices into the BIS
« TE/VSC for their extensive vacuum-related work
« ATLAS-ALFA for lending the TFT to the TWOCRYST collaboration and providing the two RP stations
« HSE/RP, TE/VSC, and TE/MPE, for allowing to use their rack space for the TWOCRYST equipment

* Plus other teams that may not be listed
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