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Far-Backwards Tagger Layout

I Adapted DD4hep implementation.
I World set to vacuum so beamline volumes could be removed.
I Virtual detector planes added as thin vacuum calorimeters at

magnet exits and tagger positions.
I Magnet beampipe radii increased to HCAL hole radius.
I Central solenoid currently taken out.



Far-Backwards Tagger Layout

I Acceptance of virtual tagger
planes T0-T3 investigated.

I (Looking at the machine
file, T3 looks impossible, or
would need more machine
components added.)

https://indico.bnl.gov/event/10974/contributions/51260/
https://indico.bnl.gov/event/10974/contributions/51260/
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Acceptance studies

I Beam spot tracked through virtual planes.

I 10σ rectangular cut made physics events.

I Using Jarda’s QR generator at 18x275GeV and Derek
Glazier’s spectrosopy events at 5x10GeV.



Beamspot - 18GeV



Beamspot - 18GeV



QR Distribution - 18GeV
Events from QR generator by Jarda.



QR E-log(Q2) Acceptance - 18GeV
x-y 10σ cut



QR E-log(Q2) Acceptance - 18GeV
x negative 10σ cut



Extending Acceptance - 18GeV



Beamspot - 5GeV



Beamspot - 5GeV



Spectroscopy Events - 5GeV

Events from generator by Derek Glazier:
https://github.com/dglazier/elSpectro/
Also on ECCE event database somewhere.
No beam effects or crossing angle in these events
Crossing angle has since been implemented

https://github.com/dglazier/elSpectro/


Spectroscopy Distribution - 5GeV



Spectroscopy Acceptance φ(2S) - 5GeV



Extending Acceptance φ(2S) - 5GeV
Almost doubling the number of φ(2S) events detectable.



Extending Acceptance

XYZ spectroscopy events show use for lower energy tagging.
Much lower Brems background.

Could make smaller tagger much closer for low E.
Need to change dipole from cylinder?
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Interaction Reconstruction

I Machine learning approach
using simple ROOT TMVA
(DNN) neural network.

I Focus on Tagger 2.
I Two methods:

I Position and vector of front
detector hit.

I x-y hit pixel number on two
or more layers.

I 55 µm initial pixel size

I 20 cm initial layer separation

I Increased pixel size by using
floor(pixX/N)

Native DD4Hep pixelization



Energy Resolution - Tagger 2 - 18GeV
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55um pix Energy Reconstruction
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Energy Resolution - Tagger 2 - 18GeV
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Energy Resolution - Tagger 2 - 18GeV

55 µm pixels using different combination of tagger layers.
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logQ2 Resolution - Tagger 2 - 18GeV
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logQ2 Resolution - Tagger 2 - 18GeV
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Phi Resolution - Tagger 2 - 18GeV
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Phi Resolution - Tagger 2 - 18GeV

Cut Q2 >-4
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Phi Resolution - Tagger 2 - 18GeV

Cut Q2 >-4
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Reconstruction Improvements

I Need to be careful of initial kinematics.

I Training on small dataset (100k hits) with quick/relaxed
convergence requirements.

I Prior position and vector reconstruction may help at least
guide the network.

I Tinker with network structure and parameters.
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Timepix4 ASIC

I Brand new but existing ASIC already exceeds criteria of our
tracking detectors.

I 55 µm pixel pitch.

I Would increases rate capabilities and/or allow for smaller
stations closer to the IP.

I Future within EIC timescales
I Coupled to Inverse LGAD for finer timing
I Generation beyond Timepix 4 planned.



Timepix4 ASIC



Timepix4 ASIC

CERN Detector Seminar last Friday “Applications of Timepix
technology for Beam Instrumentation at CERN”

Indico Link
Demonstration of Timepix3 for beam profile monitoring in the

vacuum.
Key point - Detector and readout from beam vacuum with cooling.

https://indico.cern.ch/event/1151976/


Timepix4 ASIC
LGAD sensor bonding

Moffat (2020) PhD thesis

Sub 100 ps timing
Aimed towards LHCb VELO
upgrade.

https://theses.gla.ac.uk/81281/


Outline

Simulation Layout
Acceptance Studies
Resolution Studies
Timepix4 Pitch
Allpix2



Allpix2

I Framework for simulating
the performance of silicon
detectors.

I Propagation of charge
carriers.

I Signal digitisation and
readout.

I Remove background early
via cluster classification in
hardware.



Allpix2
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Allpix2
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Backup

Backup



Spectroscopy Acceptance X - 5GeV



Spectroscopy Acceptance Y - 5GeV



Raw training correlations
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