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Pre-R&D Activities - Scope

e GEM readout - more general MPGD readout
e Tracking options
e MCP-PMT

= to be combined with a Detector Beam Test in Hall C

July 07, 2025 4 Je on Lab



Pre-R&D Activities — MPGD Readout

e MPGD readout
VMM tests

* Two test boards ordered
e Six SoLID prototype boards constructed
* Evaluation board developed = spy on data with small subset of detector data
* Issue with external trigger, waiting for new firmware
e Can check pedestal width
* S/N of detector with source or cosmics
e Monitor direct readout signals for 12 channels

* Prototype development for data performance; testing of direct output with
detector and X-ray source

July 07, 2025 5 Je on Lab



Pre-R&D Activities — MPGD Readout

e MPGD readout

* |nvestigating the production of modified VMM
* Drop the low gain
* Add high gain setting

* |nquiring design time + production costs

July 07, 2025 6 Je on Lab



Pre-R&D Activities — MPGD Readout

e MPGD readout

New potential dedicated ASIC

* High luminosity running
* Pile-up and deadtime can be significant

* Dedicated chip
* Optmized gain and dynamic range
* Optimize shaping time for high rate operation : from 50 ns to 25 ns or better

* Zero dead time
* High speed links to allow streaming

July 07, 2025 7 Je on Lab



Pre-R&D Activities — MPGD Readout

Proposed Architecture

FS || WS 300MS/s
1 MX
Ss &, - 8ADCs | ..
o> [ic] e
th
64 channels ngh
test thr bias | temp | regs control — interface
CA: charge amplifier ADCs

« optimized for 50-200pF

= programmable gain 25fC to 250fC
F5: fast shaper

*  programmable 5-20ns

55: slow shaper

= for discrimination (zero suppression)
*  programmable 20-100ns

DS5: discriminator

* trimmable per channel

= external trigger option

WS5: waveform sampler

= 128 sampling cells (127 effective)

* continuous sampling until trigger

*  300MS/s — ~ 400ns waveform

* programmable pre-post trigger samples
LC: local control logic

* internal or external trigger

* neighbor (sub-threshold) logic

July 07, 2025

* B operating at 10-bit 100M5/s

* waveform conversion time ~ 2.5pus

Data

= channel, trigger, 127 samples = 1,280 bits per waveform
* up to 8 waveforms with sub-threshold neighbors = 10,240 bits
*  up to 8 SLVS outputs operating in DDR at ~ 500MS/s

« conversion/readout time (dead time) ~ 2.5us per event
*  maximum event rate ~ 330kHz

+  maximum data rate ~ 4Gh/s

Architecture

= event-driven analog/digital with acquisition/readout

*  SEU tolerant register and logic

*  DSP-ready

Power, Size, Technology, Schedule

=  power consumption below 3mW/channel

* anticipated die size ~ 6x8 mm?*

* technology TSMC 65nm 1.2V

* development time ~ 24 months (1* proto in 12 months)
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—
] ———
=
e

B4 channels

i .
L bias, threshold, samp

T FNTETRATNNTOAN U0 TN NN N e

& control —

Design
* charge amplifier, shapers and samplers
based on verified architectures
ADCs from collaborative effort
+ first prototype design time
+« =~12-13 months plus ADCs
= ADC can be parallel effort
= second prototype design time
* =~ 4-5 months

Key Features

+  power-efficient analog zero-suppression
« efficient data generation and transfer

* highly flexible, highly programmable

Je on Lab



Pre-R&D Activities — Tracking Options

e Default configuration: Triple — GEM a la MOLLER

July 07, 2025 9 Je on Lab



Pre-R&D Activities — Tracking Options

e Default configuration: Triple — GEM a la MOLLER
e Alternative configuration: uRWell and derivatives

Drift cathode PCB

Well pitch: 140 pm
Well diameter: 70-50 um
Kapton thickness: 50 um

DLC layer (<0.1 um)
R-100 Mnl
Filmglut-—-.....,

Copper top layer IS um)

Rigid PCB readout
RWELL Pcs
electrode e

July 07, 2025 10
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Pre-R&D Activities — Tracking Options

e Alternative configuration: uRWell and derivatives

GEM as Pre-amplifier Concept

uRWell o4
Dniftelectrode

e - E E E = E E = BN E E E E = s
AAAAAS :
e S | 1 muluplication step
AN I A e 1550 Common cathode
g e coovecee te0oecee oo
e ﬁ/‘/‘ﬁﬂﬁnon/‘ﬁ(‘(‘ﬁﬁﬂpm/ A, I ‘" E B EEERE N

00 OC o s (‘O(‘(‘/‘/‘ﬂﬁ()/
JV‘MWVWJVWWVV\.

MSGC y/ & 4 / ; 7
2 Smm Ay 4 Y &

L

7 v 7 ) // il e URWell , ..
= = L 1 i1 L S’
pitch 300um anode 10um  cathode 170um
LLtRGroove
Gap=3mm
Pitch=200pm
i = Width=70/50um
Thickness=50um /50u
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Pre-R&D Activities

e MPGD readout
e Tracking options

SoLID_preRD_Fall2024 — Proposed Milestones and Budget

Budget uncertainties postponed this endeavor

July 07, 2025 12 Je on Lab



Pre-R&D Activities — Past Activities

FY22 Hall C Beam Test Overview

1. Goal was to study ECal and SPD performance under high rate, high
radiation

2. Installed in Hall C in summer — fall 2022
3. Three stages:

» 80 deg beam-left in Fall 2022, low rate “commissioning”
« 7 deg beam-rightin Jan 2023, high rate part 1

» 18 deg beam-rightin Feb-March 2023, high rate part 2

. de-installin March 2023

4. Analysis was focused on:

« Comparison of data with simulation

. detector performance and stability from low to high rate
. ECaland SPD PID performance

5. Report now ready for review by collaboration, is part of it publishable?

July 07, 2025 13 Je on Lab



Pre-R&D Activities — Past Activities

prelead Preshower

Setup Overview

GEM1,2 GEM3,4
Shower
I:| I:y] Cherenkov I:||:| H |:|
SC-A SC-C SC-D SC-B
GEMO, 1
SC-A
GEM2,3
top
A sc-C
—ZISC M
LASPD :ﬂﬁt:lm N, .
i lefi= T ;gh
prelea T
preshower — /\ )
shower = ¢
sc-B8

GEMs SC_A

No magnetic field

7
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Pre-R&D Activities And Test Beam Plans — Hall C

e Perform a sector test with SoLID ‘
sub-detectors :
e Focus on new MPGD

technologies

& | \\

July 07, 2025 15 Je on Lab



Pre-R&D Activities And Test Beam Plans — Hall C

10x10 Compass Pads
10x10 Coarse Pads

Mirror

10x10 Compass Pads

: iy ‘ 10x10x40 PbGI
- ﬂ 1 |:| Radiator I:I ﬂ =
|
3x3 Scint 3x3 Scint
[

4’x8" Al table

Supporting frame on wheels, attached to Al-table

July 07, 2025 16
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Pre-R&D Activities And Test Beam Plans — Hall C

ﬁ 1, Mirro,
. g 10x10 [b'ﬂ[l:)u

55 I.)a ds

ﬂ ﬂ 110w py,. /

33 SCing

4’x8" Al table

Supporting frame on wheels, attached to Al-table
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Pre-R&D Activities And Test Beam Plans — Hall C

ECAL

Scintillator

MPGD-DUT
MPGD-Ref

Cerenkov

MPGD-Ref
MPGD-DUT

Scintillator -
Scintillator I

MPGD-DUT
MPGD-Ref

Scintillator

on Lab
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Pre-R&D Activities — Planned Future Activities — Hall C

Detectors under Test (DUT)

Trackers
Hybrid uRWell — strips = status TBD
Hybrid uRWell — pads = status TBD
LURGroove - two prototype trackers in production — SBU
General reference trackers — GEMs = status TBD
RO electronics — VMM3/APV25 - appropriate?

MRPC — sealed = in HMS?
Kinematics: Angle, distance from target
What particle will we track?
Electrons: need high rates to get clean electrons
e*/e  from photons?
Minimum ionizing m: low energy = multiple scattering?
Reducing soft background.
Soft Moller electrons in front: Absorber or magnetic field (sweep) = NPS magnet
Distance from target
Anticipated beam current:
Need 100 nA for tune-up, 5 pA for low-rate tracking.
Will useful data be obtained at higher rates?

Are there other tests beyond tracking that may interfere?

July 07, 2025 19
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Pre-R&D Activities And Test Beam Plans — Hall C

e Background reduction

Detector

Remove Mgller electrons - sweeping magnet
Dipole magnet

Aperture, gap, field strength
Accommodated around detector setup

®®®
BOO®®
®®®

July 07, 2025 20
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Pre-R&D Activities — Planned Future Activities — Hall C

« Possible use of sweeping magnet — NPS magnet
« Magnetic rigidity B - dl = 0.58T - m
« Documentation available, field-map integrated in GEANT4 (Ye Tian)

July 07, 2025 21 Je on Lab



Pre-R&D Activities — Planned Future Activities — Hall C

» Possible use of sweeping magnet — NPS magnet
« Magnetic rigidity B - dl = 0.58T - m
« Documentation available, field-map integrated in GEANT4 (Ye Tian)

Non-uniform field but only
1-2% uniform integral Bdl
The same power and coil,

larger radius for the coil.

July 07, 2025 22



Pre-R&D Activities — Planned Future Activities — Hall C

» Possible use of sweeping magnet — NPS magnet
« Magnetic rigidity B - dl = 0.58T - m
« Documentation available, field-map integrated in GEANT4 (Ye Tian)

EJDEI:' _.: ................................................................................. ................................................................................. ....:

Field 'rn the NPS aperture
B, 0000 e R s s e BT PN PSP SRR SRR

D —
-2.000 — I T T T T T ...i... T ] T T I
] 200 400 600

Distance from the target center (cm)
July 07, 2025 23




Pre-R&D Activities — Planned Future Activities — Hall C

« Looking into alternative to NPS magnet -
permanent magnet array

« Magnetic rigidity should be B - dl = 0.58 T - m as
for NPS magnet

« Halbach Array

- Magnetic array producing a high magnetic
field utilizing permanent magnets

- Magnets arranged with spatially rotating
magnetic field vector - focusing and
augmenting the magnetic field on one side,
while cancelling it out on the other

* Non-trivial = needs investigations

July 07, 2025 24 J)_g_tfeEOn Lab



Pre-R&D Activities — Planned Future Activities — Hall C

« Looking into alternative to NPS magnet -
permanent magnet array

« Magnetic rigidity should be B - dl = 0.58 T - m as
for NPS magnet

« Halbach Array

- Magnetic array producing a high magnetic
field utilizing permanent magnets

- Magnets arranged with spatially rotating
magnetic field vector - focusing and
augmenting the magnetic field on one side,
while cancelling it out on the other

* Non-trivial = needs investigations

Jeffé-_gon Lab
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Pre-R&D Activities — Planned Future Activities — Hall C

« Looking into alternative to NPS magnet -
permanent magnet array

« Magnetic rigidity should be B - dl = 0.58 T - m as
for NPS magnet

« Halbach Array

- Magnetic array producing a high magnetic
field utilizing permanent magnets

- Magnets arranged with spatially rotating
magnetic field vector - focusing and
augmenting the magnetic field on one side,
while cancelling it out on the other

* Non-trivial = needs investigations

.Lgff/egon Lab
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Pre-R&D Activities — Planned Future Activities — Hall C

« Looking into alternative to NPS magnet -
permanent magnet array

« Magnetic rigidity should be B - dl = 0.58 T - m as
for NPS magnet
« Halbach Array

- Magnetic array producing a high magnetic
field utilizing permanent magnets

- Magnets arranged with spatially rotating
magnetic field vector - focusing and
augmenting the magnetic field on one side,
while cancelling it out on the other

* Non-trivial = needs investigations
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Analytic approach to creating homogeneous fields with finite-size magnets

Ingo Rehberg®
Institule of Physics, University of Doyrewth, 35440 Hayreuth, Germang

Peter Blilmler!
Institule af Physics, University of Wain.
(Dated: June 12, 2023

5125 Mainz, Germang

Homogeneous magnetic fields can be geoesated through the strategic arrangement of permanent
magnets. The Halbach array serves as a prominent example of an efective design following this
principle. How it is a twosdimensional approach because it is optimal when placing infinitely
long magnets — line dipoles— on a drcle.  IF shorter, more realistic magnets are to be used, the
optimal arrangement of magnetic moments diverges from the classical Halbach peometry. This

paper preseots optimal solutions for threesdimensional arrangements caloulated for point dipoles,
including optimized orientations for single rings and stacks of two rings. They are superior to the
original Halbach arrangement and a modification described in the literature, both in terms of the
strength and the homogeneity of the magnetic Beld. Analytic formulae are provided for both cases

and tested by experimental realizations.

L INTRODUCTION

The generation of homogeneous magnetic fields by per-
manent magnets is of interest for both laboratory mea-
surements and various technical applications [1-7). Ap-
plying the concept of one-sided fAuxes [8], Klaus Hal-
bach [0] kas presented a perfect solution to this challenge
which is illustrated in Fig. 1.

Point Dipolas

FIG. 1. Comparison of line and point dipales. (a) Halbach
arrangement of line dipoles (pink circles) with the direction of
magnetization m’ (magenta arrows) given by oy =2, The
central square shows By (color bar). It is very homogensosus
with all fiedd vertors {yellow lines and arrows) pointing in the
redirection. (k) The same orientation of point dipoles (groy
circles with black arrows) leads to an inhosnogencous Beld
with & local minimum S in the center. The white contonr
lines indicate 2%, i= (G, deviation from H._

Halbach considered two-dimensional magnets, aka line
dipoles (see Appendiz A), which can be approsimately
realized by very long crenlar vods magnetized perpen-
dicular to their axis [J_ :i]. The Halbarch ring is formmed

® Inge.Rebberg@uni-tayreuth.de
bl ler€inm-maine de

by placing the evlinders in a civcle with rading K. their
eross section i shown in light magenta in Fig. 1{a). Set-
ting the orientation angle o of the magnetic moments
indicated by the arrows to twice the location angle ¢, a
wvery homogeneous field ensues [10], as shown in the inset
af Fig. 1{a).

Using the same arrangement with finite-size magnets
introduces a problen. To illustrate this, we consider the
field of homogeneonsly magnetized spheres, which can be
perfectly modeled as point dipoles [11]. The result is il
lusteated in Fig. 1(b), where the circles indicate the cross
section of the spleres. The field now has a local mini-
i i the center, amd the lines of equal feld strength
are roughly ellipsoidal, with the long axis of the e
ariented perpendicnlar to the magnetic feld direction.

Tewari et al. [12] suceessfully sddressed this issue.
They mumerically optimized the orientation angles o of
the point dipoles to achieve the best homogeneity within
a finite region of intevest. That region was chosen as the
area inside a circle of half the diameter of the dipole ring.

Here we present an analyvtical calenlation for the ori-
entation with the primary goal of maximizing the field
strength in the center of the ring. The resulting config-
uration & shown to lead to a stronger field compared to
both the crcular Halbach [9] and the homogeneity op-
timized arrangement [12]. Moreover, it is also the most
homogeneous one of these three arrangements. where ho-
mogeneity is quantified by the curvature of the magnetic
field strength at the center of the arrangement.

This analvtical approach 8 further refined by inteo-
ducing an additional degree of freedom — allowing the
magnets to twist along the third dimension. This shifts
the maximum of the homogeneous field ont of the mag-
net plane and facilitates the construction of stacked ring
assemblies (limited here to two) with improved field
strength and homogeneity, Moreover, rotating the rings
within auch a stack further enhances the uniformity of
the magmetic field (magnitude) within the magnet plane.

Jgfggon Lab



Pre-R&D Activities — Planned Future Activities — Hall C

Table fi: Beference cube magnel, used inall stacking caleulations.
Value Mote

Parameter

Gieometry 20 i % 20 mm < 20 mm cube Edges parallel/perpendicular 1o the

ring planc

Material grade MNdlbcll N2 Nominal remancnee 5. = 1.45°1 al

2070

Magnetic moment (magnilide) e 5.2 A m? Chosen so thal one ring ol radios

R = 0.Xbm produces B, ~ (L005T
al Lhe cenle

Mapgnels per ring N = 16 Placed al acimuolhs de

Pak/N, k=10,... . N 1

Unit magnet assumed throughout  The revised magoel counts (288320 cubes Tor 910 loowsed pairs)
Lherelore use Lhe some 20mm N52 cubes as Lhe carlier 480-cube “roomy-mangin® example; only the number
ol stacked rings has been redoced.

July 07, 2025 28

Table 72 LS. sources lor grade N52 cube magnets suitable for the focused-ring array (prices as of June 30

2025).
i Vendor (HCY) Example catalog ibem Typical |:r11:tﬁ Moles
1 Applicd Magnets /1 inm % 1 in % 1 in $14-16 cach(1-9  Ni-Cu-Ni coal; ~ 148 Ib pull;
MagneldLess (1K) “N52  Harc-Earth  Cube  paos) Heouston fullillment.
Magnet™ [T]
2 K&l Magnetics (PA)  BXOXOXO-NS2  cube, 1 34171 cach; $37  Same-day shipping (Moo Fri);
in;tm ca 10 | dietailed data sheets.
3 LotalElement. {C0) 1 in Heavy-Duly Cube  $20.79 cach;  Free U8, shipping <$10; 9.6
Magnet, N52[| F23.83 call 1k pull Foree.
4 Supremi: Magnels 20 mm % 20 mm % 20 mm == $6.60 ca. (pack  True melric cube; 55 b pull;
{OH) cule: N2 of 10) Lriple-nickel plated.
O CMS Magnetics  Custom 20 mm cube NG2  REFQ (=485 7 ca. Two Us. wirciioses;
(1% /ML) (in stock) 5] small lotl) HoHS/BEEACH  corls  avail-
able.

.Lgtégon Lab
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Pre-R&D Activities — Planned Future Activities — Hall C

] focused_array_Opairs.ipt X |

. E
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Pre-R&D Activities And Test Beam Plans — Hall C

i

e NPS magnet or Halbach Array

Detailed information available

Need to investigate configuration

MPGD

Mirror
MPGD

i
x |:| Radiator

100 4

3x3 Scint

10x10x40 PHUI

e

3x3 Scint

4'x8" Al table

July 07, 2025
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Pre-R&D Activities And Test Beam Plans — Hall C

e NPS magnet or Halbach Array
Detailed information available
Need to investigate configuration

Mirror
MPGD MPOD ura
i 10x10x40 PbGl
ﬂ' ' [I Radiator I] U ﬂ
'
3x3 Scint 3x3 Scint

4'x8’ Al table

July 07, 2025 32 Je on Lab



Pre-R&D Activities And Test Beam Plans — Hall C

e NPS magnet or Halbach Array
Detailed information available
Need to investigate configuration

Mirror
MPGD MPGD irce
i 10x10x40 PbGl
n . I] Radiator |:| H ﬂ
"
3x3 Scint 33 Scint

4'x8’ Al table

July 07, 2025 33 Je on Lab



Pre-R&D Activities And Test Beam Plans — Hall C

# | Experiment | Topic Start End Pass Change/Rescaling | Run Time/Days

1. | E12-22-001 Transverse structure of the hadrons (N to Delta) 1/28/2026 | 2/20/2026 24

2. | PR12-23-001 | Transverse structure of the hadrons (Polarizability) 2/21/2026 | 3/22/2026 | 03/05 PC 28

3. | E12-06-107 Color Transparency 3/28/2026 | 5/03/2026 | 03/23 —03/27 (5 days) 37

4. | E12-24-001 Nuclear Dependence ¢,/ in SIDIS 5/4/2026 6/21/2026 | 5/20 PC; 6/04 PC 45
E12-06-104

July 07, 2025
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Prospective

« Configurations for Hall C experiments to be specified for parasitic beam tests
- Exact details will be worked out ~ August

* No funding from NP in FY’25 = what funding is available in FY'26

« What can we start with in FY’'26?
« What is already now/then (Fall/Winter 2025) available?

July 07, 2025

Topic

Lead Group

New tracking

MAPMT and MCP-PMT

MRPC

JLab, SBU, UVA-Liyanage
ANL, UVA-Zheng
JLab, Tsinghua University

35
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HMS/SHMS Configuration — PR12-22-001 (# 1.) — N to Delta

Setting SHMS 0 (deg) SHMS P (MeV/c) HMS 6 (deg) HMS P (MeV/c)

la
pr:
3a
4a
5a
6a
/73

Setting SHMS 0 (deg) SHMS P (MeV/c)

1b
2b
3b
4b
5b
6b
7b

7.29

8.95

July 07, 2025

952.26

946.93

18.77
25.17
33.70
42.15
50.44
54.47
12.37

HMS 0O (deg)
22.01
28.24
36.52
44.64
52.68
56.53
12.46

532.53
527.72
506.61
469.66
418.56
388.38
527.72

HMS P (MeV/c)

547.54
542.61
520.95
483.08
430.78
399.92
535.98

Setting SHMS 6 (deg) SHMS P (MeV/c) HMS O (deg) HMS P (MeV/c)

1c
2C
3c
4c
5c
6C
/c

Setting SHMS 6 (deg) SHMS P (MeV/c)

1d
2d
3d
4d
5d
6d
7d

10.37

11.63

941.61

936.28

Run group a: 6 pA beam current
Run group b-d: 15 pA beam current

37

24.40
30.47
38.52
46.47
54.17
57.85
12.69

HMS 0O (deg)

26.24
32.16
40.01
47.73
55.18
58.71
12.47

Je

562.00
556.95
534.79
496.06
442.64
411.16
543.24

HMS P (MeV/c)
575.96
570.80
548.17
508.64
454.17
422.13
548.17

N. Sparveris
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HMS/SHMS Configuration — PR12-23-001 (# 2.) — Polarizability

75 uA beam current
on 10 cm LH2

L~20x10%%cm 25!

Kinematic Group Spectrometer Particle detected Angles (°) Momentum range (MeV/c)
General Runs HMS Protons 11.3°-56.5° 494 -993
SHMS Electrons 11.2°-20.5° 736.3-1783
Elastic ep Calibration Runs HMS Protons 50°-63° 495 - 994
SHMS Electrons 19° —33° 924 - 1797
N. Sparveris
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HMS/SHMS Configuration — PR12-06-107 (# 3.) — Color Transparency

Target

Liguid Hydrogen
Liquid Deuterium
Carbon (solid)

Copper (solid)

Q? [(GeV/c)?]
8.0

10.0

12.0

14.0

16.4

July 07, 2025

80 puA beam current

Thickness (cm or %6X,)
15 cm (2% Xo)

15 cm (2% X;)

6% X,

6% X,

HMS Angle (electron)
25.90°
33.30°
44.30°
35.00°
48.05°

39

Luminosity £ [ecm2s™]
3.18 x 1038
3.79 x 1038
6.40 x 10%7

3.66 x 103

SHMS Angle (hadron)
22.73°
17.86°
13.32°
14.00°
10.00°
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HMS/SHMS Configuration — PR12-14-002 (# 4.) — R-dependence

80 A beam current D. Gaskell

Target Luminosity £ [cm™s™]

Liquid Hydrogen (4 cm) 2.3 % 10%8

Liquid Deuterium (4 cm) 3.2 % 10%8

Carbon (2% X,;) 21 % 1037

Copper (2% X;) 1.2 % 1036

Gold (2% Xg) 2.0 % 10%°
Spectrometer Role Angular Range (degrees) Momentum Range (GeV/c)
HMS Electron arm 50°—-63° 0.495-0.994
SHMS Hadronarm  19°-33° 0.924 -1.797
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