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Probing the matter with an electron beam

% The DVCS is one of the various physics process studied

to extract information about the nucleon/nuclear structure
o scale of interaction is A = 1/VQ?

% Electroproduction of areal photon:e+N — e+ N’ +y
o the virtual photon interacts with a quark inside a nucleon
(inside a nucleus) without breaking the whole nucleus

% The DVCS highlights the Generalized Parton Distributions
o Mathematical functions of kinematics variables (x, ¢, t)
emerging from Quantum ChromoDynamics (QCD)
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Generalized Parton Distributions™* (GPDs)

% They encode the correlation between the transverse position and the longitudinal
momentum distribution of the partons (i.e quarks or gluons)
% They encode various informations about the nucleon structure such as:

Nucleon Tomography Contribution to the Access to Gravitational
i Form Factors
H.W. Lin, Phys. Rev. Lett. 127 (2021) 182001. nucleon total spin

x=0.3

1 1

— ==-AY+ AL+ AG

2 2

° Quark contribution is not the main
contribution (30 %) —— spin crisis

° Quark’s orbital angular momentum is
accessed through GPDs

° Gluon contribution

° Mass/energy distribution
inside the nucleon

° Forces distribution

° Nuclon radius

° Shear forces and
pressure distribution

r%p(r) (<102 GeV fm™")

* Juan Sébastien ALVARADO GALEANO (his slide from CLAS collaboration meeting - July 2025)
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Overview

L

L

An experiment at Jefferson Lab to investigate the nuclear structure of He-4 and D2

The physics program is very wide. It contains:
o Measure of Deeply Virtual Compton Scattering on He-4
o Measure of Deeply Virtual Meson Production on He-4
o Short range correlation study

The data taking was from early April 2025 to September 03, 2025
ALERT is also a new detector. It stands for A Low Energy Recoil Tagger

It is composed of A Hyperbolic Drift Chamber (AHDC) and A Time-Of-Flight system
(ATOF)

o AHDC for track reconstruction
o ATOF for particle identification
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ALERT experiment

Experimental setup

& Continuous Electron Beam

Accelerator Facilities (CEBAF)

@  CEBAF delivers spin
polarized electron beam
with energy up to 10.6 GeV

%  ALERT took place in Hall B

B o o
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& CEBAF Large Acceptance & ALERT
Spectrometer (CLAS)
-1 (N T
fl Al
] oy =
1 \-‘ Target

Drift chamber

mn

Scintillator array

CLAS provides a good detection 8
of the scattered electrons and the
production photons )
3° <08 <35° (forward part)

35° < 8 < 145° (central part)

0° <¢ <360°

Inside CLAS, very close to the
beamline, surrounds the target
Detects the recoil nuclei
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Drift chamber and signal generation

& The AHDC is a gaseous detector
o Gas mixture : He-4 (80%) + CO, (20%)
o 3026 aluminium wires organised in 21 concentric layers

AHDC detection cell

@® 1 sense wire connected to the HV ~ 1400 V
O 8field wires connected to the LV

charged
particle
How can we generate this
Molécules du gaz signal in simulation?
R
&

This disposition instaures an electric field that
ensures the drift of the electrons generated by
ionisation.
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First approach (internship)

& The AHDC detection cell is a volume in the Geant4 simulation /
o The discretisation results in a collection of hits/steps ®
& Xrepresents a step, i.e a Geant4 object that contains information /
such as

o  position (x,y,z) and momentum (px,py,pz)
o deposited energy E t;=f(D)

% During the development of the AHDC, here at IJCLab,
Lucien CAUSSE determined a relation between the

distance and drift time
o a polynomial fit is f(x) = 7x + 7x2 + 4x® B i e
—+ He-CO, (50-50)

% We use this distance2time relation to compute ot

05 1 15 2 25

drift times from step positions B
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First approach (internship)

# We use this distance2time relation & We add an envelope to these punctual # The resultant is a complex signal
to compute drift times from step distributions (Landau distribution) 3
positions ’39/\: ~
) N EL A Eg- 2K
ot % g -, f/ st
E’ ......... . A« ot /
S """""" $ AJ ///
53 ......... ., .......... Q Az / /k
e 6 ¢ ¢ i
4 2 <3 y ADC)
QTJZ (/\
s
& The samples of this signal are recorded in the relevant ‘xx / "'“""19'“’
X

data structure gs?" |
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First approach (internship)

& Here is a typical result from simulation < = 3091,@(9 )M e gt g b
& This approach has several free parameters M= ti

o the scale parameter o of the Landau distribution

o the eventual delay added to the resulting signal

o the noise level

o the proportionality factor that ensures the conversion to keV/ns to ADC

& These parameters have been choose to fit the signal measured by Lucien during his

thesis
< £} State of the
A measurement ) g 1200 simulation
made at ALTO g & before the thesis
during the g 1060
development of 5
ALERT 80

<

600

Lucien CAUSSE ‘s

thesis |

400
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o
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New problematics (thesis)

& |n the previous state of simulation, the time window was about 6000 ns, hence 120
samples at 50 ns.

% An efficiency study, made during the commissioning of the experiment in April 2025,
has shown a reduction of the live time with respect the increase of the number of
samples.

1.  We have been constrained to reduce the number of samples at 30 then at 20.

2. 20 samples cover only the first 1000 ns, i.e a very small part of the signal in
simulation i

3. We have to make the simulation matching
read data. ’
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Elastics study

L

L J

To compare simulation and real data, we need to look at the same kind of events
o e.g finding protons in real data and simulate them with the same kinematics
How can we find protons if the reconstruction software (including its calibration) is
not completed?
o looking at elastics events
All the kinematics quantities in an elastics interaction can be retrieved knowing
the @_ angle

o Fortunately, CLAS has many years of service and can provide very detection of the
scattered electron.

26 P % K F P
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Elastics study

& Data analysis
o Arun on Deuterium target (run 22712)
o Reconstruct the missing mass W?

\/V2 = (ql +p1)2 = M% + 2Mp'\/ — Q2

—qy-py lab
vV = I\/llp - = F‘kl T Ekz
X Q2 = 4EeEe/ Sil’l2 <62e’>

_ Q2 la:b Q2
2p1 g1 2MpV

XB
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Elastics study

& Selection cuts
o W?2cut: the energy at rest of D2 i.e its mass is 1.875 GeV (and 1.875% = 3.51)
o For D2, we cannot separate elastics and quasi-elastics events
o A cut : for elastics event, the final states move back to back

W2 (Gev2) A ¢ = ¢e - ¢ (deg)

10° W2 0 delta_phi_0
i Entries 1664771 20000 — Entries 215102
100/— % - Mean -23.43
B o b bk - Std D 165.3
+ StdDev  0.7391 18000 — ev :
s0l— 16000/
B 14000 —
60— 12000;—
: 10000{—
40— 8000
L 6000 —
e 4000 —
: MJ 2000}
0 1 Y R B A I N TR ‘m
> 25 3 35 4 45 5 55 6 65 7 o L s ; s i L
3.46 < W2 < 3.8 GeV?, only electrons | Ad - peak | < 20 deg
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Elastics study

% Only for couples {electron, track} that satisfy the previous cuts, we plot the
correlation between the deposited energy of the track versus the transverse

momentum of the electron.
o the points in the red rectangle are identified as proton
o pTelectron <= thetaelectron ==mp p, pT, theta, phi, vz of the track i.e proton

elastic_pT_adc

= | Entries 384386
| Mean x 0.2612
= Meany 5593

Tedinnes s @ We know what we
P N have to simulate!
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Current approach in simulation

& The drift time is now the time at half amplitude

é}.: }*L~ 126 @

before Landau’s property

b=y

& After selecting good protons in real data and plotting the time over threshold (ToT)
distribution of their signals, we can have a direct estimate of the scale parameter o
of the Landau distribution

Q/ FW W M _ ’YJV Landau’s property
Ll. \0:" Ll -OI:'L FWHM : Full Width at Half Magnitude

Felix Touchte Codjo



Work performed (simulation)

Current approach in simulation

# The delay parameter is taken to be the time correction from calibration, i.e t0

(@]

(@)
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t0 is loaded from the Calibration Constant DataBase (CCDB), even in simulation!
& The model of noise is still a normal distribution N(300, 30)
we can play with standard deviation to increase or not the level of noise
# Results: waveforms — data (left) vs simulation (right)
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Current approach in simulation

% Results: quantitative comparison — data (left) vs simulation (right)

amplitude vs timeOverThreshold amplitude vs timeOverThreshold
amp, tot
. B000 _ amp, tot
3 r B Entries 34975 & €000 o - Entries 71267
% C e Mean x 477.5 s - - Mean x 481.7
r Mean y 340.8 Q L £t :
£ - L - Mean 310.3
5] 25007 -: 5_. Std Devx 57.09 E 2500 — Std Deyv X  48.41
B i _:- . StdDevy 256.4 C StdDevy 275.2
2000/ 2000
1500 1500
1000 — 1000 -
50— soof-

90 400 450 500 550 600

We have a bias in real data because of the selection cuts that remove big deposited energy
Real data are very disperse at very low amplitude = we suspect a bad time reconstruction at the

decoding level (object of the next section)
18 /25
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Decoding

& The reconstruction is the processing part that goes from the decoding of raw data to
the identification of particles

% For the drift chamber of ALERT, the decoding consists of the extraction of time and

charge informations for the waveform
o The initial code has been developed during the internship (in C++ and Java)

o Small modifications have been done since then. E.g:
m t start renamed to leadingEdgeTime
m noise_level renamed to to pedestal
m t ovrrenamed to to timeOverThreshold
m theintegral is no longer the green area, it
is the sum of samples after the noise reduction

1200 —

t_start = 663.94 ns

t_ovr= 1005.17 ns
max_value = 1145 adc
integral = 15727 adc per 44 ns
noise level = 283 adc

1ade= 10°keV/ns
t_cfd=587.74 ns

1000

Charge (adc)

@ ©
o =3
=] =]

5
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n
o
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oo Lo b b L 1
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Time (ns)

o
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Decoding (some issues)

% The decoding work well for very big signals but sometimes fail for small signals

& Some convention used to determine the time don’t work very well when the noise

level is big. § ™ £ . =

s L2zwiz L41 W1E

Signals from real data. The shape are relatively good except =} B

the decreasing peaks. We don’t have a direct explanation in ~E B

that moment. But we see that what we the trailingedgeTime “F y

(and so the timeOverThreshold) is not well reconstructed. o ’ = T e

g 5°°‘ ~ 2 eoo:— —

°°‘ L42 W19 L51 W3cC
so0 | |

ab.in2p3.fr Felix Touchte Codjo
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mon12

% The monitoring of the quality of the data is essential for data taking.
% | have added some monitoring plots in the live monitoring software of JLab/Hall B, i.e

mon12
o Each square in the 2D histograms represent a sense wire
o The distributions correspond to the decoding outputs

Felix Touchte Codjo 21/ 25
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amon (ALERT monitoring) v From scratch in C++ using the GTK library

Settings D & &
Apply wFType cuts (yes/no) | |
witypes 0 @ 1 @ 2 @3[]4 []5(]
Apply raw cuts (yes/no)
adcMax
MmN °
MAX ey
adcOffset
MmN °
MEX 100
leadingEdgeTime
MmN ©
MAX 12
timeOverThreshold
MmN °
s 1351
timeMax
“““““
MmN ©
MAX 1351
III||||l|||Ill|||||
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logbook-gui

logbook-gui & X 5 & LAST2ZMe X M éception-felix x @ frouchte |LogEntry x| + v 5 6@ &
— des>ca O 8 fouchte.githubio/logboskaui/enty/ hemt Y L@
| Entry n*° 51: Enter atitle for your log entry... ]
Email Marker
Screenshots et plot2data is working very well
SpEY Lognumber 50.

‘Submitted on Fri, 05 Sep 2025 - 17:47:04 CEST

Marker: software development

Send to:

Use:

0) Load an image. For the moment a default image will appear (I will request the user to select a image later... TO BE DONE).

1) Manually define xmin, xmax, win, wax (do not forget to press ENTER)

Teke * E l:l 2) Set a point in the plot area. From this you can decide to save the width or the height as wmin, wmax, hmin, hmax by clicking the relevant buttons (Set wmin, Set

wmax, Set hmin, Set hmax)

Submit Reset
3) Everything is ready, move the mouse and look at Position. If one value in NaN or nan, verify that xmin, xmax, ymin or ymax are numbers and make sure to press
ENTER after editing these values.

plot2data R

ocdara 6o®® soasns - x
L orawigarea ormien e [
i Select file deltaTime vs adc deltaTime vs adc
- deftaTim et min 7
& > £ 300
£ o s
IS e st en Mean y 3000
3000 Std Devx
Std Devy 2500
2500—
E 2000
rosition 2000 X eewm v smeme
E 1500
- tso0 = 100
ined 1000— o [ i
E - P t—
P 3014087 0"
= 00 o
= - P o
350 400
mn s [ dehaTime (ne) »
20 w252 asiser . wao s e e
Qe e e < i oo o e e
Last racords [y
polnt seieeted. - (. press = 1)
wree smema hrec aas.ans e an n
wee amonss  yrec  mnsens
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From March 01, 2025 to July 12, 2025

Detector expert
XP Summer school (HUGS) Poster competition during JLab

user group meeting

strong interaction

- AHDC expert - A very good occasion to meet other students in - Poster competition, my best picture at JLab
- Target expert (responsible of the target ~ my field. - Again, the other competitors were very good.
change every one or two weeks) - They all had a very good level. | have an idea of - 1 didn’t win the competition. :=(

- Shift expert what | have to do to match their level.

24 /25



° ©
- - 5 WG
Conclusion and Perspectives universite il

Conclusion

# Alot work in simulation
% Areal physics analysis through the research of elastics event: my first one
% The decoding is not perfect
o Further progresses can be done with a good tracking reconstruction
% Not mentioned in the presentation but | had a teaching assignment at polytech
Paris-Saclay (TP Object Oriented Programming, C++)

Perspectives

% Matching simulation and real data
% Data calibration
& Data analysis (DVCS on Helium-4)
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