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Target

Inner bore of COBRA magnet
e+ tracking volume

COBRA magnet

e+

Photon converter

Toroidal field coils

Cobra B field direction: 
point outward

Toroidal B field direction: 
 Toroid(1) 



  

● Disadvantages
● Additional mechanical support. Below COBRA?
● Absorbers to remove conversion pairs can be required 

between sectors 
● Inefficiency for g detection due to coil material (?) 

● Advantages
● Preserve COBRA for positron tracking
● Converter tracking detector (TPC) can be planar
● Separate tracking volumes
● Magnetic field for positrons and pairs can be tuned indipendently
● Easier staging of the detector 



  

Target

Inner bore of COBRA magnet
e+ tracking volume

COBRA magnet

e+

Photon converter

Toroidal field coils

Cobra B field direction: 
point outward

Toroidal B field direction: 
 Toroid (2) 

No coils’ materials in
front of the converter



  

ATLAS Barrell



  

3 Photon converter

Toroidal B field direction: 

The g converter are active crystals (LYSO)

The e+/e- trajectories are curved perpendicular to the plane

Radial TPCs for tracking



  

 Toroidal field strength 
For p = 52.83 MeV
R(cm)B(T) = 17.6 cm T
Asymmetric pairs to be tracked 10-40 MeV
Thickness of the tracking layer ~10 cm
B 1-2 T.
Large B, reduced radial size of the toroidal 
magnets.
Too large B difficult tracking low energy e+-

30-40 cm for 3(4) layers
Optimized separately from e+ tracking.



  

 Extended Acceptance
Increasing angular acceptance is important to 
enhance sensitivity with a given data taking time.
Extending f up to 2 p requires to fully 
readout CDCH2 and complete pTC.
With COBRA extending Q depends 
on the material budget at z far from 
the centre.



  

Long and large solenoidal magnet
A single solenoidal magnet 2m long and 1m of bore
diameter could accommodate the whole detector.
Probably costly.
Different magnets for Phase I and II difficult to afford.



  

● Disadvantages

● Long solenoid allows large Q acceptance 
● Long solenoid allows multiple targets
● No material in front of the g converter  

● Advantages

● Abandon COBRA
● Converter tracking detector (TPC) must be cylindrical
● Unique tracking volumes
● Magnetic field is in common for positrons and pairs
● Staging of the detector problematic
● Magnet design before phase I, before testing converter 



  

PSI decided to not install the liquid He line in
the experimental area pe5.
That makes impossible to use the BTS.
It must be replaced with a new magnet with 
the same characteristics not using liquid He.

 BTS replacement



  

COBRA will not be adequate for Phase II
The tracking system will be redesigned
Two options:

● Single long and large solenoidal magnet (see before)

with tracker and converter inside
● Long and narrow solenoidal magnet with only tracker inside

surrounded by a toroidal arrangement with the converter

 Magnet for phase II



  

Should we study the possibility of end caps similar to MEGII 
RDC for Phase I or II to enhance angular acceptance?
Crystal caps with scintillators in front for veto/trigger.
The detection with different techniques would be far more 
robust.
In case of discovery possible the study of dependance on Q.

 Phase I/II End Cap
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● 16 January 2026 deadline for presentation 
● Presentation at BVR 3-5 February 2026
● Otherwise next deadline is next year
● The size of LOI should be ~10 pages
● The existing contribution to European Strategy 

of Particle Physics is a good starting point
● In OverLeaf the text of ESPP copied to LOI MEGIII

LOI deadlines



  

The LOI 
should present 
the goals of 
each of the 
three phases.

The Letter Of Intent of MEGIII



  

● Test of the converter in magnetic field with CEX(?)

Which magnet, COBRA? Another existing magnet?

The new one?

Where, PSI? No beam in 2027-2028. Is 2029 late?
● More that one beam tests may be required.
● Goal: define the converter (crystal+tracking) technology

and geometry and measure its resolution and efficiency
● Be ready for approval by PSI and funding agencies 

Phase 0



• Proof-of-Concept experiment
Phase-0 experiment

Plastic target

𝜋-

𝛾 B

A very small detector (possibly 
(10x10x103 cm) in a dipole magnet 

could be enough to demonstrate the 
performance of the conversion technique.

BGO 𝛾



  

● A real experiment consisting of the MEGII positron tracker 
refurbished 2p and the photon converter (magnet structure 
to be chosen).

● Single particle sensitivity depends on maximal m decay rate 
sustained by tracker (~108 Hz), efficiencies, solid angle.

● Sensitivity depends also on the background

Phase 1

Single Event Sensitivity (SES)

BR due to background



  

CDCH efficiency vs beam intensity
Efficiency to be
studied up to 2x108 Hz
by simulation. 

It can be tested up to 
1.5x108 Hz with MEGII 
in the last days of 
2026 data taking.
We should propose it.



  

Rough estimation in the ESPP

with a new solenoidal magnet.

Similar result with toroids

confirmed by independent

estimation: UL~1-2x10-14 for 3 y

data taking at 108 Hz compared to

MEGII final sensitivity UL~6x10-14.

Phase 1



  

From MEGII to MEGIII Phase 1:
● ESSP: geometric acceptance 0.09 → 0.85 (!!)

            Muon rate: 4x107 Hz → 2x108 Hz

            Photon efficiency 0.63→0.06

            SES(MEGIII) = SES(MEGII)*(0.06/0.63)*(0.85/0.09)*(2x108/4x107)

                                 = 6x10-14/4.5 = 1.3x10-14 (not considering photon angle)
● Toroid:  geometric acceptance 0.09 → 0.40 (!!)

            Muon rate: 4x107 Hz → 2x108 Hz

            Photon efficiency 0.63→0.18

            SES(MEGIII) = SES(MEGII)*(0.06/0.63)*(0.40/0.09)*(2x108/4x107)

                                 = 6x10-14/6.2 = 1.0x10-14         

Phase 1 sensitivity



  

From MEGII to MEGIII Phase 1:
● The background is proportional to dteg: 78ps→39ps
●  The background is proportional to dEg

2 : 2.0%→0.4%
● The background is proportional to Rm: 4x107 Hz→2x108 Hz

Bacc(MEGIII) = Bacc(MEGII)*(1/2)*(1/25)*5 =  Bacc(MEGII)/10

Better than the expected improvements in SES: OK.

Phase 1 background



  

In Phase 2 the positron tracker

must be replaced by a new one 

sustaining 109 Hz with the same 

resolution: UL~1-2x10-15 for 3 y.
● Silicon detectors (Mu3e)
● Radial TPC to be developed

New long solenoid is required

allowing multiple targets with g angle

measurement.

Phase 2



  

SES can be improved running 

at 109Hz with the same positron

resolution.

Possibly also the acceptance can

be improved up to 85% (end caps?).

Background reduced with multiple targets

exploiting g direction measurement.

g energy resolution could be improved 

with many thin crystals’ layers.

Phase 2



  

Should we mention the possibility of crystals’ calorimeter in 
the end caps?

They can extend the angular acceptance in presence of a 
long positron tracker system whose angular coverage is not 
fully covered by the g converter.

End Cap Phase 1/2
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