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Courtesy: Burkert JFEUTURE, Messina.

A Horizontal plane in Hall B

* Non-interacting electrons, Moller electrons, bremsstrahlung;
electrons leave only accidental energy in CLAS12 detectors.

* Hadronically interacting electrons leave significant amount
of energy and tracks in CLAS24, O(10GeV).

* The strategy would be to trigger on the event measured in
CLAS24 detectors and tag those events with electrons
measured in a 0-degree spectrometer.

Detector plane

* This should be studied in simulations to determine what
magnitude in instantaneous luminosity can be achieved.
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* Note that the Torus magnet open bore of ~ 4 cm
Dipole tagging magnet accommodates ~0.5° scattering angle without interfering
Energy range 2~ 14 Gev materials. * have assumed here can be

" increased to 0.75°°
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Here, particularly for 17GeVv CLAS12
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EPIC LOW-[J? TAGGER - INTRODUCTION

EIC ePIC Low-0? Tagger

- For precise measurements of photoproduction and vector mesons.
- Extends central detector reach down to effectively 0? = 0.

- Located after first group of beamline magnets.

- Scattered electrons follow a unique path through magnetic optics.

- 4-momentum of virtual photon interaction can be inferred.
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Figure 1: ePIC Low-0? Tagger in Far Backward region.

Figure 2: 2 Tagger stations beside the outgoing beamline.



EPIC LOW-[J TAGGER - DESIGN

Tagger Design

- Two tagger stations covering different energy ranges.

- Tracker consisting of 4 layers of Timepix4 detectors.

- Detector layer consisting of tiled Timepix4 ASICs using TSV.

- SPIDR4 readout.

Sensor bias ‘Timepix4 power
Slow

Control board
T control

Carrier board

Figure 3: SPIDR4 readout - K. Heijhoff et al 2022
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Figure 4: CAD model of a tagger station



ACCEPTANCE, EFFICIENCY & RESOLUTION

Detector acceptance

Events - Theta < 10 mrad
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Integrated efficiency = 29%

Kinematic reconstruction (using neural network)
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Resolutions
In vacuum tracker and reconstruction technique provides better energy
resolution than baseline calorimeter with improved and



TRACKING & RATES

Typical bunch crossing (18x275 maximum luminosity)

Contains 12 electrons
7 are accepted by Tagger 2
Clustering and tracking: 95% reconstruction efficiency

0 from Quasi-Real scattering event among 0 from Bremsstrahlung

Rates

Maximum rate per 55 [ pixel: 20 kHz
Maximum pixel rate per layer from MIPs: 2.5 GHz
At 64 bits per pixel = 320Gb/s. (Big but Timepix4 + SPIDR4 can do this)

Tagger 2 QR Hit Distribution [Hz/ 5.m pixel]
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TIMEPIX4 + SPIDR4

Hybrid pixel detector: Timepix ASIC + Sensor (Si)
55 m pixel pitch
<1 ns timing resolution (Si limit)

Store only MIPS clusters (xy,time,energywidth) = 80 bits

2 tagger modules, 4 layers SPIDR4: http://www.nikhefnl/ s01/SPIDR4-MF-GP-apr2020.pdf
200 Gb/s to DAQ SPIDR4 DAQ: https://indico.cern.ch/event/1215762/contributions/5137274/

15 Gb/S to disk DAQ mgger rate 500kHz Timepix4: X. Llopart et al 2022 JINST 17 C01044
Timepix4 + SPIDR4 an off-the-shelf solution
Next-gen sensors improve on Si timing limit: i-LGAD (link)



https://indico.cern.ch/event/829863/contributions/5061075/
http://www.nikhef.nl/~s01/SPIDR4-MF-GP-apr2020.pdf
https://indico.cern.ch/event/1215762/contributions/5137274/
https://iopscience.iop.org/article/10.1088/1748-0221/17/01/C01044

TIMEPIX4 + SPIDR4

Hybrid pixel detector: Timepix ASIC + Sensor (Si)
55 m pixel pitch
<1 ns timing resolut{” )

Glasgow Timepix4 Working Group

- Members of OO0I0I collaboration
(required for using Timepix)

- 01000 0000000 (lead)

- 000 D00000o00(coordinator)

- 00000 Onooooo

- 0000 000000 (hardware tests and simulations)

Store only MIPS cluste - 0000000 00000 (tracking and machine learning)

2 tagger modules, 4 la F-GP-apr2020.pdf
200 Gb/S to DAQ L ) contributions/5137274/
1.5 Gb/s to disk, DAQ trigger rate 500KHZ TITTEpTXe A TTOpaTTeTaT st 17 CO1044

Timepix4 + SPIDR4 an off-the-shelf solution
Next-gen sensors improve on Si timing limit: i-LGAD (link)


https://indico.cern.ch/event/829863/contributions/5061075/
http://www.nikhef.nl/~s01/SPIDR4-MF-GP-apr2020.pdf
https://indico.cern.ch/event/1215762/contributions/5137274/
https://iopscience.iop.org/article/10.1088/1748-0221/17/01/C01044
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CURRENT RECONSTRUCTION STRATEGIES (BASELINE)

Reactionl= &DDVCS:00 ¥ 0° + (0%

- 000000007 Scattered electron (2°) in the new 0000, calorimeter

and the muon pair ( * ) in the forward spectrometer. » I° (Missing)

- 100000000 The recoil proton (1) is "missing” and identified
through 010000 OOO0 000I0000:

2 — 0 2 2 Baseline  CLAST2 utilizes
Oy=@+0 0O 0+ 0 ) D0Of mising partcle analyel

to fix kinematics.

H o 0 + 0
Reaction TCS: 0 ¥ 1 @ - Challenge: High luminosity (10%) makes

detecting the recoil proton difficult due

- 000000007 The recoil proton (0°) in the central recoil tracker and
to background.

the muon pair ( * ) in the forward spectrometer.

- 000000000 The scattered electron (0°) is "missing.” Its kinematics - Limitation: Most photoproduction
are deduced via 0100000 00000000 0O0I000C: occurs at 0 where 0°is lost in the
- Assumes quasi-real photoproduction (0> 0). beam pipe.

SOE oo



THE CASE FOR A ZERO-DEGREE SPECTROMETER (ZDS)

The "Missing” Physics at 10 cm ?s
- 0000 000000 00000 Photoproduction cross-sections peak at
0 and 2 ¥ Q.

- 000000000 0000 00000 In the baseline  CLAS12, these electrons
never exit the beam pipe or are lost in the first magnets.

- 000000 0001 There is a forward hole in CLAS12 of around 0:5 .
May be able to detect e- after this...

CLAS12

ZDS: Transforming the Reach
- Range: 0:5 < [p < 3:5 GeV.

- 000000 ODDDO00! Detects electrons in the critical < 0:5 range. . . .
- Impact: High-resolution tagging

- 0000000 0000000007 Directly measuring Op provides a precise enables precise GPD studies through
0 for every event, removing missing-momentum ambiguity. TCS and = .

- 00000000000 Measuring scattering plane gives transverse/linearly
polarised photons - more physics.



ZDS CONCEPT: BORROWING FROM EIC DESIGN

The EIC Heritage (ePIC)

- 000000000000 0000007 The ePIC Far-Backward region
uses existing beamline steering magnets to bend
scattered electrons.

- 000000100 The degree of bending allows for precise
reconstruction of electron momentum and 02. Track
required to extract vertex 3-momentum.

- 0000000 Requires high-granularity and <1 ns timing
to separate signal.

e |

o i
Tagger2 Taggert

0000 000002 000000 0000000

Applying to CLAS12

- 000000 000000000 We introduce a dedicated dipole to
bend electrons away from the 11 GeV primary beam.

- 0000 000001 At 1037 Lluminosity, we face greater
background challenges to EIC.
- 0IO00000 00Otooooan
- 0000100 0000000000; (<55 O) required to resolve
momentum at very small angles ( < 0:5 )
- 0010000 0000000000: (<1ns) required for GHz scale
backgrounds and to resolve beam bucket.
- 0000 000000000: (GHz per layer) required for GHz scale
backgrounds. It's the only pixel detector / readout
combination that can handle this sort of rate.

‘\ Signal Center

5 T~ Zaxis(0 )
em Core



SIMULATION: BREMSSTRAHLUNG AT 9M FOCAL PLANE

The Separation Challenge ZDS Focal Plane : All brem. e-

- 000 00000000000 Bremsstrahlung produces a massive flux of
electrons at extremely small angles.

¥ Position (mm)

- 0000000 DO00IDO0 At the 9m focal plane, the magnetic deflection is 20
1000 0000 000 0itbCoo 0000 Ooeo. 0

- 000000000001 Deflection alone cannot cleanly separate signal
electrons of different momenta from the background. w0

%00 0 200 400 600

The Hardware Requirement Reostion (miy

. . . J100000000! 00 OI00iDomoo 00 0000000000000 00 001
- 000000 O A standard dipole would kick the primary beam and the ZDS Top-Down Schematic (X-Z Plane)

Brem core into the detector. 05T.m C-Magnet v SO mepixd arrays
Area=25x11.2cm

- 000000 00 Beam is diverged from dump by some amount. Needs |
correcting and produces synchrotron radiation.

- 000000000 0000000 OI0000 000000 100000000000

z=9.1m)

Layer 1(2=9.0m)

r

Targe Bremsstrahiung cone

1ron Septum Tube Shield(10mm) 11 GeV Beam

- 00000000 Provides a field-free bore for the "hot” core while
maintaining a high-field region immediately adjacent for the signal.

8m
. ) ) 0000000} 00000I0 000007 000 00007 01000 (00000
- 0000000000 Lose acceptance for one side of our signal cone



ZDS HARDWARE: C-FRAME LAMBERTSON MAGNET

Magnet Design & Parameters

- 0000 Normal-conducting C-frame Dipole Septum. R=1.0cm C o
- hole
- 000000000 O0ooae 0.5 T-m.
- 000000 DoDO0onooD 8 3~°1f“‘ i
- 0001000000 00000 10 mm diameter for the 11 GeV primary beam chosen region
and Bremsstrahlung core.
- 000000 00000000 High-permeability iron to shield the bore from magnet 035:3'
the dipole field. yoke >
- 0000 Ideally 25x11 cm.
- Is such a device possible? Is the field region too large? -
C1
What are the issues in the proposed environment? yoke
- How can it interface to the beam vacuum pipe??? 00010 000 DI0000I000) 00000 D00%00 000070 00 000000000 00000N
Lamberston References C-frame advantage: Allows the magnet to be installed/serviced without
breaking the primary beam vacuum.
- A new design of Lambertson magnet with true zero field region Septum: Reduces leakage field in the bore to < 0:1%.

- Development of Lambertson Magnet and Septum Magnets for Splitting 30-GeV
Proton Beam in Hadron Experimental Facility at J-PARC


https://iopscience.iop.org/article/10.1088/1402-4896/ab83a2
https://ieeexplore.ieee.org/document/7422767
https://ieeexplore.ieee.org/document/7422767

FOCAL PLANE DISTRIBUTIONS: IF NO MATERIAL, JUST FIELD

Simulation:
- 000000001
https://g\thub.com /adamjarO/GETaLM ZDS Focal Plane : All brem. e- Accepted Brem. Electron Energy
- Energy 11 GeV Bremsstrahlung Z100 2 s
£ g
- Divergence = 0:10000 g% 1o
- Beamspot = 100 S o
- 40 S 140
- 00000000 0000000001 Sem liquid hydrogen
target: (=0,  0:0058) 2 10
100
- modeled using the PDG Highland formula : °
= 80
0:000833 * ; :
" §[ooo=n o ®
—60/ 40
Relevent numbers 0 2
- DI0O00000000000 Extremely high rate for %0 o 200 400 sooxpaoo ( m'oo % 2 4 6 8 10 12 14 Ewe 1(% Vz'o
ul L U U osition (mm] nergy (Ge'
10700 20 " we get > 1000GHz
Corresponds to > 4000 e- per bunch Top: Bremsstrahlung Focal Plane (Energy vs. X-Y)

- 0000000 Characteristic angle at 11 GeV is
50 000 14






	ePIC LowQ2-Tagger
	Zero Degree Spectrometer for CLAS12
	Summary

