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JeffersonLab ... ..., INFN
Why Neutron TOF? <L
Axial Form Factor Direct Measurement

* Why Measure it?
* Current measurements still have large experimental uncertainty

* The Proposed Experiment at Jefferson Lab (Jlab):

* Polarized electron beam on a proton target to study p(e, n)v,
* Neutrons identified by ToF, required TOF time resolution o < 100 ps

My Thesis Work: Development of TOF detector for neutron
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Goal:
CNFR

* Develop a neutron detector with a time resolution
smaller then 100ps.
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The Detector (Jefferson lab) A
* 3 Plastic scintillator bars p
* 6 PMTs o
* Optical cement |
* Wrapping: aluminized mylar + black card + black blankets ’ ,

* Cosmic rays used for characterization
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DAQ Apparatus @

Main components: TDC (VETROC) and FADC (FADC 250). r——

* FADC: one sample every 4 ns
_,[ FADC
waveform / charge {

* TDC
PMT TDC ]
signals Fan-out } precuse timing
| CFD
U CINmnal ComcldenceH Trigger / ]

unit T! unit
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JefferSon Lab
omas Jefferson National Accelerator Facility

TDC (VETROC) Resolution: =

Istituto Nazionale di Fisica Nucleare

* Corrected the TDC non-linearity:

* Measured the TDC resolution: Width o of the fit represents the TDC timing
resolution

TDC resolution

TDC resolution

Counts

Entries 23178
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Je?gon Lab

omas Jefferson National Accelerator Facility

Time resolution evaluation NN

Istituto Nazio cleare

* Goal: Determine time resolution of the apparatus

* Rationale: For each coincidence event, reconstruct
the same point and evaluate the time spread — this
spread represents the detector time resolution
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BAR 1
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Time Resolution (initial) Results

Counts

TDC resolution

TDC_resolution
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At (ns)
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Resolution~(186.3 +-5.7) ps



Time Resolution Improvements

* CFD Discriminator instead of fix threshold

* Offline time-walk correction using signal area measured by the FADC.
The parameter c is optimized by minimizing the width of the At distribution.

 Cuts: Energy and on Vertical Direction
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Time Resolution Summary:

Original setup:
fix threshold discriminator

Final setup:
CFD discriminator

Final setup:
CFD discriminator
+ Area cut

Final setup:
CFD discriminator
+ Area cut + angle cut

Resolution Without Correction

(ps)

186.3 +- 5.7

113.1 +-1.8

85.2+-0.9

81.0+-1.6
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Resolution With Offline
Correction (ps)

93.8+-1.7

106.9 +- 1.6

73.5+-0.9

64.4+-1.3



TDC resolution TDC resolution (corrected)

- TDC_resolution - _ TDC_resolution_corr
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TDC resolution (corrected)

TDC resolution
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Current Work

* Geantd simulation of the detector:
* Geometry implementation;

* PMT response model: electronics
simulated using the single-
photoelectron waveform.

* Validation of the simulation using lab
data.
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PMT window
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Aluminized
Mylar wrapping



Next Steps for the Thesis

PMT vs SiPM readout
* Build a comparable setup in Rome

* Repeat the timing study with
SiPMs

Light-guide optimization

* Study possible geometries with
Geant4
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| would like to thank Evaristo, Roberto, Maurizio and
Bogdan for welcoming me into this project, for all their
very insightful advice and support during the work.
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Thank you for your attention!
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Backup
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TDC (VETROC): Intrinsic Resolution”

Jgj/?on Lab

* Principle: Two identical signals sent to the TDC — one

delayed by a known amount.

The measured difference resolution.
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: . . Jefferson Lab
Al go r I t h m t I m e re S O l u t I O n : dTHomas Jefferson National Accelerator Facility

* Lagrange interpolation near peak

* CFD at 50% - time extraction

* Average waveform per channel
*At=t_event-t_avg

e Mean time per bar: tBARl , tBARZ , tBARS

tBAR1tIBAR3
‘ 5 Lpar2 2 O_1

Double validation of the result using both python
and C++ code

Sofia Betto JLab Update 08/07/2026



Apparatus

* High Voltage Supply: LeCroy 1461N. -1.5kV to PMTs
PMTs: Photonis XP2282/B (current detector)
-an Out: LeCroy 428F Fan-Out

Discriminator: PzS Type 711 Discriminator

* Coincidence Unit: LeCroy Model 465
* Translator: PLS Model 726 (Level Translator)

Pulser: PLS Model 794 — Quad Gate/Delay Generator
_ogic Unit: PLS Model 754 — Quad Four-Fold Logic Unit

FADC: FADC-250

* TDC: VETROC

* PMts: Hamamatsu type: R13089 NO: AA0O172 (new detector)
e Scintillators (new detector): EJ-200 Plastic Scintillator.
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The New Detector
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TDC Calibration Curve Jefferon Lab

dTHomas Jefferson National Accelerator Facili ity

* Measured mean positions of the At peaks for each delay cable

* Linear fit gives conversion factor
Calibration fit

—
(0]
I | T

Slope = 1.036 +/- 0.023

Mean A t (TDC unit)
N
I | I

—
N
I | T

10—

Calibration Result
1TDC=1.04 £0.02 ns

1 1 1 1 1 1 1 1 1 1 1 | | 1 1 1 | 1 1 1 | 1 | 1 |
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Counts

Final configuration after acceptance cut:
2000<A <12000

Resolution ~ (85.2 +- 0.9) ps

Area PMT2 Area PMT3 Area PMT4
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Counts

Final configuration after area and angle cut

* Select particle with vertical trajectory: -1ns <t -tz <1ns

TDC resolution

Resolution~(81.0 +- 1.6) ps
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TDC_resolution

Entries 1166
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x2 / ndf 11.24 /10
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4000,

A(PMT2) vs 12 - 16

A2_vs_dt

-2 0

A(PMTB) vs 16 - 12

Entries 3190
Meanx 1,081
Mean y 3434
Std Devx 1.919
Std Devy 1933

2000

4 6 0
Aty [bin]
A6_vs_dt
Entries 3190
Meanx  1.081
Mean y 2843
Std Devx 1.919
StdDevy 1593
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APMT3) vs 13 - {7

A3_vs_dt

Entries. 3190
Meanx —0.5325
Mean y 3920
Std Devx 1878

4 6
At,, [bin]

A7_vs_dt
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2000
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1 Ad_vs_dt
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t M
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10000C

2000-
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Counts

Final configuration after acceptance cut:

1600

1400

1200

1000

800

600

400

200

corrected

TDC resolution (corrected)

TDC _resolution_corr

Entries 4939
Mean 0.472
Std Dev 0.09386
x2 / ndf 15.8/9
Prob 0.07123
Constant 1615 +28.7
Mean 0.4715 £0.0013

Sigma  0.09071 +0.00095

At (ns)

Sofia Betto JLab Update 08/07/2026

Resolution~ (73.5 +-0.9) ps
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