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PBC LHC FT Studies 
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Particle channelling and 
deflection in bent crystals
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LHC Options for 
Double-Crystal FT Experiments

D. Mirarchi, Eur. Phys. J. C (2020) 80 :929

IR8

IR3

Possible LHC B1 layouts and 
achievable PoT studied by

D. Mirarchi et al. (2020)

CRY1: 0.15 mrad

CRY2: 14 mrad

CRY1: 0.05 mrad

CRY2: 7 mrad



25.03.2024 The TWOCRYST PoP for 2-crystal FT experiments | P. Hermes | PBC Annual Workshop 2024 8

Motivations for a Proof-of-Principle
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Bent crystals for spin 
precession (TCCP)

Eur. Phys. J. C (2017) 77 :828

7mrad / 7cm

Figure: courtesy of A. Mazzolari

What are the crystal properties in 
energy range of interest (~TeV) ?

Long precession crystals 
were so far tested with SPS 
beams but never probed in 
TeV range
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Double Crystal Setup in Operation

● Integration in collimation hierarchy 

● High angular precision needed for 2 devices

● Operationally challenging 

Can a double-crystal setup be 
reliably operated in the LHC?
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Performance estimates

What statistics can be 
reached with the double 

crystal setup in the LHC?

● Performance estimates based on complex 
combination of particle-matter interaction 
simulations and symplectic particle tracking 

● Relies on tools designed for other applications 
● Experimental validation of achievable PoT 

would strengthen physics case! 

K. Dewhurst



25.03.2024 The TWOCRYST PoP for 2-crystal FT experiments | P. Hermes | PBC Annual Workshop 2024 12

2025 Proof of Principle - TWOCRYST

Validate crystal properties

Long TCCP crystal: challenging to 
manufacture with required accuracy

Hadron beam test (NA + SPS): promising 
results but need data in TeV range

Scaling to TeV to be addressed experimentally

Prepare Device Operation

Need to demonstrate operational feasibility + gain experience

Prepare input for experiment design

Experimental validation of simulation based performance estimates

● All uncertainties could be alleviated 
by a proof-of-principle setup in IR3

● TWOCRYST: A proof-of-principle 
setup in LHC IR3 for MDs in 2025 
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Project Schedule
Now

Collaboration setup
Prototyping
Specifications

Cabling

Hardware 
Manufacturing 
+ Validation

EYETS 23/24

2024

Integration and
Commissioning

TWOCRYST
MD Studies

2023

2025
EYETS 24/25

TWOCRYST inputs 
needed before LS3
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Layout and Devices
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TCCS goniometer recovered from LHC IR7

Refurbishment currently ongoing 
(experts from STI & CEM)

Crystal installation imminent

Cables for motion control installed in YETS23/24

TCCS assembly

TCPC - STI device in collaboration 
with CEM
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TCCP goniometer designed for TWOCRYST (CERN SY-STI)

Independent motion of target and TCCP crystal

Currently procuring raw material for construction

Cables for motion control installed in YETS23/24

TCCP Assembly
(Combined Target and Long Crystal)

R
. 
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J.-P. Corso

TCCPRP1RP2

B2
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Crystals

TCCP crystal mounted for H8 beam test

Both crystals 
manufactured and 
delivered by INFN-Ferrara

Courtesy of A. Mazzolari

Successfully tested in 
CERN NA at H8 beam line 
(180GeV Pions)

TCCP crystal also under 
development by CERN SY/STI team

TCCS

TCCP
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H8 Beam Test Results

Channelled 
Particles

K. Dewhurst

S. Cesare
Channelling Efficiency 

vs. Position

Deflection at crystal 
surface centre
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Anodic Bonding Crystal 

S. Cesare

~13mrad

R&D : Alternative 
technology to 
produce bent 
crystals

First hadron channelling through 
anodically bonded crystal measured in 

TWOCRYST hadron beam test

Under discussion: 
production of 7mrad 
crystal?

New technology: Potential LHC installation 
would require multiple validation studies
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Devices: Roman Pots

S. Jakobsen

Removal of two 
ATLAS-ALFA Roman 
Pot stations after 
high-β run 2023

ALFA detectors removed → 
refurbishment ongoing

S. Jakobsen
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Detectors

2D detector/s needed: 
observe double channelling 
and estimate efficiency

K. Dewhurst

Double 
channelling 

Single channelling
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Dedicated TWOCRYST 
Detector WG 

See Talk by N. Neri

Discussions ongoing 
to define second 

2D - detector
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Milestones for 2024
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Milestones 2024

● 2024 will be the last year of preparation

● Crystal x-ray validation & thermal cycle checks at CERN

● Beam test with hadrons >180GeV: possibly during NA commissioning

● Finalize preparation and validation of TCCS assembly and RPs

● Complete detector design and procurement of acessories

● Construction, validation of TCCP assembly

● Installation of TWOCRYST devices in YETS24/25: challenging timeline! 
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MD Program
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MD Program

1 shift: Establish optimized energy ramp in steps to 1 TeV and 3 TeV

1 shift [Optional]: Identify secondary halo channelling (IR3 TCP & IR7 crystal)
2024

Possible in present machine

Proposed with new hardware

2025

2 shifts: Commissioning detector & TCCP crystal characterization at 450GeV

1 shift: TCCP crystal characterization at 1 TeV and 3TeV

1 shift: Measurements of double-channelling without/with target

1 shift: Identify secondary halo channelling with IR7 TCP / IR3 TCCS

1 shift [Optional]: Full operational configuration test

All MDs with 
setup beam flag

Preparation

Preparation

TCCP

OP

PoT

PoT

PoT
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Collaboration
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One institute expressed interest in joining TWOCRYST

University of Chinese Academy of Sciences (J. Fu)

Collaboration

project G.A. 771642

CERN with 7 involved teams 

INFN, Italy

IJCLab, France

IFIC, University of Valencia-CSIC, Spain

University of Malta, Malta

Warsaw University of Technology, Poland

MoUs signed - Contributions defined at the TWICB 
(Addenda need to be finished)

Acknowledgments for 
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Conclusions
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● TWOCRYST project : a proof-of-principle for a double-crystal based FT 
experiment in the LHC

● Project is well on track but on a very challenging timeline 

● Thanks a lot to all contributors!

Conclusions
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