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J/@ photoproduction at threshold

vp — J/Y p—etep

5 J/1p

A

* The t-dependence of the cross-section allow to access gluon
Gravitational Form Factors (GFFs), mass radius of the nucleon
and gluon GPDs (under 2-gluon exchange assumption and no open-charm contributions)

* Model-dependent limit on the branching ration of the Pc
pentaquark.

Publications at JLab
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General analysis strategy
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1) CLAS12 PID + Positron NN PID l

ep — (e )yp — (¢)J /b p' — (X)ete p

.

/

PX = Pbeam + Pp — Pet — Pet — Ppr ——  2) |M%| < 0.4GeV? —— 3)Q? < 0.5 GeV?

Event selection

* Event topology:

* exactly one electron in FD

* exactly one positron in FD

* exactly one proton

* anything else
« HTCC and ECAL hits in the same sector
 HTCC lepton time within 2ns

Lepton momenta > |.7 GeV
Proton in the FD
Sampling Fraction > 0.15
Lepton Al PID score > 0.05 (trained on pass 2 simulation)
Exclusivity cuts:
¢ |[MM?|<0.4 GeV?
« |Q?<0.5 GeV?
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End Date

Dec 08, 2023
Jan 02, 2024
Oct 27, 2023
Apr 09, 2024
Feb 12, 2024
Apr 10, 2024
Dec 08, 2023
Mar 01, 2024
Jun 10, 2024
May 31, 2024

Jun 18, 2024
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DONE

On time for PID, Data processing and radiative corrections
Still some tools required/preferred for the analysis (Momentum corrections/smearing)

Name Start Date
Lepton Al PID Sep 18, 2023
Data processing Oct 09, 2023
Energy loss corrections Sep 18, 2023
Momemtum correction Jan 22, 2024
Fiducial cuts Jan 02, 2024
Momentum smearing Jan 22, 2024
Radiative correction validations Sep 18, 2023
Radiative corrections Dec 11, 2023
Systematics Apr22, 2024
Analysis note writting Sep 18, 2023
Article writting Apr23, 2024

°
°
°

Still on track for analysis note submission by the summer

DONE
S

In progress
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Data samples

* Analysis on Pass 2 data only

* jpsitcs train is used

All main Fall 18 (Inbending and outbending) and Spring |9 runs are processed.
* The supplemental runs of Fall 2018 (run number <5000) are not used.

JefferSon Lab CInga
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Integrated luminosity calculation

The QADB tool is used
(https://github.com/|JeffersonLab/clas | 2-qadb) to
retrieve the accumulated charge per DST files

The tag OkForAsymmetry is used, with additional Config. Beam currents Total

post-checks (remove low current runs, etc) Fall 18 45 nA 50 nA 55 nA 35.667 mC

The RCDB interface of clasl2root is used Inbending 26312 mC 4000 mC 5.355mC

(https://github.com/|effersonLab/clas | 2root/blob/a

/ba949fc92ed355e47f993f8342b0acb4b9303d/Ru Fall 18 40 nA 50 nA 32.451 mC

nRoot/Ex8 RcdbReader.C ) to query the RCDB Outbending 11.831 mC  20.620 mC

for each run and retrieve Beam current and

Requested beam current Spring 19 50 nA 45.994 mC
45.994 mC

Accumulated charge is computed per beam
current for each configuration (In/Out Fall 18,
Spring 19)

.ggf_f./egon Lab CIq;‘ﬁ


https://github.com/JeffersonLab/clas12-qadb
https://github.com/JeffersonLab/clas12root/blob/a7ba949fc92ed355e47f993f8342b0acb4b9303d/RunRoot/Ex8_RcdbReader.C
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MC samples

* 3 Generators are used: TCSGen (real photon BH), JPsiGen (Jpsi signal), Grape (Virtual photon BH)
* Simulations are processed through OSG with pass 2 configuration

Config / Beam currents

Fall 18 In. Fall 18 Out.

Generator

45 nA 50 nA 55 nA 40 nA 50 nA 50 nA
Grape 8.2M each 6.7 M
TCSGen 2M each I.5M
JPsiGen 2M each
JPsiGen (No rad.) 3M each

Total of 24 MC samples
.ggf,f.;gon Lab CIQg°a
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Radiative corrections

* Inclusion of radiative effect is done in all generators according
to formulas in: Matthias Heller, Oleksandr Tomalak, and Marc Vanderhaeghen. Soft-photon

corrections to the bethe-heitler process in the yp — I+|—p reaction. Phys. Rev. D, 97:076012,Apr Gen. radiative correction check
2018. ——T T T
* The JpsiGen and TCSGen generator with radiative effect are on '
Github " . :
) Radiative tail at the

* https://github.com/JeffersonlLab/|PsiGen/tree/Rad_Corr
* https://github.com/]effersonLab/TCSGen/tree/Rad_Corr
* https://github.com/PChatagnon/Grape_Rad_Corr
...not yet on OSG
* A full note on the algorithm is ready and will be included in the

analysis note.

* The work was presented at the CLAS collaboration meeting in
July 23:
https://indico.jlab.org/event/724/contributions/ 13 105/attachme
nts/10013/14848/RadiativeCorrections_for BH.pdf

generator level

Ratio

.ggfj;gon Lab CIQ;‘?



https://github.com/JeffersonLab/JPsiGen/tree/Rad_Corr
https://github.com/JeffersonLab/TCSGen/tree/Rad_Corr
https://github.com/PChatagnon/Grape_Rad_Corr
https://indico.jlab.org/event/724/contributions/13105/attachments/10013/14848/RadiativeCorrections_for_BH.pdf
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Lepton PID using Al
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* Multiple evidences for large contamination from pions in the positron sample at high momenta (P>4.5 GeV)
*  We developed a PID algorithm to use on top of the EB PID for leptons (electron, positron, muon(soon))

* Multivariate classifier using calorimeter responses only

* Extension to Pass2 to the work that was done for the Pass| TCS analysis

* One classifier per configuration and lepton flavor (6 in total)

* Soon available through lguana
* Trained on simulation and validated on data

Signal efficiency validation on data
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Work by Mariana Tenorio

Background rejection validation on data
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Other tools

Fiducial cuts/dead paddle cuts

* Passl fiducial cuts on the PCAL (~ 8-9cm onV and W)
* Additional dead paddle cut, cross-check with Valerii Klimenko

Radiated photon correction

* Loop over photons in the event
* Add 4-vectors to the lepton if AB<I.5 deg.

Plots from Mariana Tenorio

Github repository

»  Github repository getting populated, some scripts https://github.com/PChatagnon/TCS_Analysis

still missing

Jefferson Lab Clﬂg‘ﬁ
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Missing tools

* Not included in the following:
* Energy loss / Energy corrections
* Momentum smearing
* Edge-based fiducial cuts

Jefﬁ/e?son Lab CInga
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Data/MC normalization

* Each event is weighted by:

L-Otot  for generator providing integrated CS, W= "7 GEN  for weighted generator.
NOGEN

* Where the luminosity is obtained from target specification:
Length of the target |1=5cm

Density of the target p = 0.07 g/cm3

l-o-NA-C- . vogad = 6.02x1023 mol-1
L ===A Q _ 1316.875 - Q(in mC) Onahare s Loaise

Conversionto pp C = 10736

https://clasweb.jlab.org/rungroups/tic/wiki/images/e/e7/Normalization_MC_Data-5.pdf

.ggfj;gon Lab CIQ;‘?
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Plotting conventions

Color-filled histograms are stacked, ie they show the total number of events with

contributions for different channels “on top of each other”
Marker histograms are not stacked and simply superimposed

CLAS12 Preliminary - Dilepton final state
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Comparison data/MC - Fall 2018 outbending
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CLAS12 Preliminary - Dilepton final state
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Comparison data/MC - Spring 2019

CLAS12 Preliminary - Dilepton final state
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Overall strategy for background modelization

| ) Event mixing CLAS12 Preliminary - Dilepton final state
*  From data randomly select electron,
positron, proton (from different events)

—e— Data Pass2 (6061.0)
. v (318.0)
BH TCSGen (70.5)
BH Grape (672.4)

Events

500

e Construct kinematics and make sure 400 o2
they are within the region of interest 300 ; Region C Region A Region B
(M..>2 GeV, [MM|2<0.4 GeV?, Q%<2 GeV?) " (Signal) (Training) (Validation)
200

2) Reweight events to match data in the
training region 100

3) Validate the weights on region B

4) Apply weights on region C and obtained
BG-subtracted yields
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Reweighting methods

Results oe0oooo00c000e

Binned weights

Compute ratio (Data-Signal)/(Mixed_BG), and
apply to event from the mixed BG sample
* Inconvenient method
|) Need to track bin indices
2) Curse of dimensionality: the more
variable, the less events per bins

Boosted decision trees

* Use a BDT to compute a weight event-by-event
so that source and target distribution match

* Using method from Alex Rogozhnikov 2016 J.
Phys.: Conf. Ser. 762 012036

* Code available here:
(https://github.com/arogozhnikov/hep_ml)

* Advantages
|) As many variables as needed can be
matched
2) Nol/less of a dimensionality curse
3) Easy to use, no need to handle
complex bin indexing

Jefferson Lab
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Reweighting method using BDT
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Using BDT reweighting from Alex Rogozhnikov 2016 |. Phys.: Conf. Ser. 762 012036 (https://github.com/arogozhnikov/hep_ml)
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Reweighting validation - Fall 2018 inbending (1)
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Normalization factor

CLAS12 Preliminary - Dilepton final state

2]

S 180 — e Data Pass2 (3246.0)
z = B v (2525)
160E= BH TCSGen (57.9)
— BH Grape (489.3)
140k BG (2832.9)
» Normalization factor can be computed as: 120E- +++++++++ +++ +
_ Npata—NBg 100 + +
e = Nsiv BH 80,_—+++++ +++++ + +
60

* Here this would be 49.6% for inbending 2018 40

with large statistical error 20ft i + + g + + l + + 1 + {

* Requires larger BG samples

.
. TO be continued % 1_51;TE‘;.II;“P.ﬁ%‘ff?zf@ﬂirf;?§:‘+7.f?........#.....+..... i . """""""" + """ l:| MG Uncert:
%OSE% I21'.2 ¥ 2]4; 2Z£ I 2.8 £ 3:2¢++ 3.4
o Mee [GeV]
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Cross-section computation
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Number of }/Psi

Results oo

All data samples are combined and fitted together

Double-gaussian with common mean is used to fit the peak

Error bar on number of J/Psi is set to sqrt(N)
Systematic study to be performed on the fit function
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All Data fits

Data/MC ratio
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Results

Photon flux
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|) Real and virtual flux are provided event by event by the |PsiGen
Generator:
https://github.com/JeffersonLab/|PsiGen/blob/eb40dd934bb9f022873
414a57e0dad9d | ccbebdf/src/KinFunctions.cc#L38

2) The integral over the range of energy of the bin j is done using the
integral/mean theorem:

[, FudE = AR s TeForne

Felj = W

3) Each flux (one per configuration) is multiplied by the corresponding
accumulated charge:

Fj:ZCCc'Fc/j

Total number of photon in
the bin j in unit of e

4) The results is multiplied by the luminosity factor to recover the
correct normalizing factor:

r— l-p-N4-C
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Q
S
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Integrated flux
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Detection efficiency computation

CLAS12 Preliminary L
P 70—
f 2 50: —e— Data (815.0) -
) From the data fit a second . 1) s retede 13.4) 60| -
order polynomial 40 X?34.9, NdF 26.0, X*/NdF 1.3 -
o q 50—
background function is i # -
30— ~
extracted = + 40—
2) Events are generated 2= : -
di hi - Background function sof
according to this o -
background function and . Zop—>
- , NP £ 3)
added to the |psi signal MC R Ty . [oe st .. 1ol 2)
1E- I
SamP|e 3 ]SS5 - | | |
4 = | N T I | LI I B | 1 1 11 1111
3) The obtained distribution is |~ % z7 Tz Tz 3 ET 3733 §@ 3 96 27 28 33 34 35
fltted. with the same CLAS12 Preliminary
function as the data 2 - Acc L
. ) - B )y (350.897818), 6=230.4 pb r
4) The acceptance correction 5 1600 By (53 350505), 0=230.4 pb 0.1~ | S 3
. C B v (71.424939), 6=230.4 pb B -
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- fisetaais?) =230 4 pb 0.08— ) I
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All MC fits
E. € [8.2,8.65]GeV E, € [8.65,89]GeV  _ E, €[8.9,9.05|GeV E., € [9.05,9.2]GeV
96 27 28 28 5 51 3z 33 34 ds 86 27 28 28 3 31 32 33 54 35 9 27 28 29 3 31 32 33 34 35 ;.e 27 28 29 3 31 32 33 34 35

L €19.2,9.46]GeV E, €[9.46,9.7)GeV E, €19.7,10|GeV E, € [10,410.2|GeV

33 34 35

B~ Bs 27 28 29 31 32 33 34 35
E., €[10.2,10.4]GeV * E, € [10.4{10.6]GeV
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Radiative correction
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|) Jpsi samples without radiative effects are
produced

2) The radiative correction is defined using
the GEN kinematics as:

Ny j/RAD

j/GEN

Rad. Corr. Factor
4.5

4

3.5

3

2.5

2

Nj/pj

Fjbewes - Bree;

93

1.5

—_

o
—_

2 3 4 5 6 7 8 9 10

Bin number
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Preliminary cross-section as a function of Ey
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o [nb]
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Selection cut systematics
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Every step of the analysis is repeated with different cuts:

« Q2DONE
* |MM|?2 To be done

* Lepton momenta cut To be done
* Lepton ID cut To be done

e Proton PID To be done

Q2 cut
— 18—
£ — On
=S —e— 05 effect
= —e— 02
14— 1.0 o
— CLAS12 Preliminary
1'2:_ 8 o —e— Data (894.0)
1— 0 Jy fit (171.3 £ 13.1)
— X?51.5, NdF 26.0, X2NdF 2.0
08_— 50j
oo =
= o |
04 L = + +
— I :p_é_' 0F—
0.2__ '_‘1’_‘=.’= =
— > 10—
— —r 1 1 1 1 I 1 1 I 1 1 1 1 I 1 1 1 1 :
S L e o o — an : N R
c 20;_ """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" g LT RSO (SRR (U DU . Dw:uncat
o =
= e T g
% —20;— """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ‘%i 05 + ............................................................
> ~40 :._"". .................................................... R it a ) i ) ) i ) ) i )
2 3E 5 5'F 15 oE 9% 27 23 29 3 31 32 33 34 35
E, [GeV]
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Radiative correction systematic

* The standard CS is extracted using the Radiated |psi MC samples and radiative correction
* The alternate is using non-radiated MC samples

* The effect is of the order of 10% (GlueX quoted 8.5%)

Rad. Corr.
© 16 — —&— With rad. corr.
14— No Rad.
12—
= 41
08— — o :
06— :
04—
— —h— 4
| .—ﬁ\—._‘[,_
02— o
— -~
— :r 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
= ]
S 10— SRS . e T
® =
c>‘E -20 E_ """""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""
—30%3 85 9 95 10 105

E, [GeV]

+ Closure test (Implemented but not presented here) .ggf_f./e?son Lab Clcg"a



Results °

Bin volume correction

:

Ny/p/;j

V = Ratio Area within boundary / Area rectangle
5.8

48
tmin bOUndary 46

4.4

III|III|III|III|III|III|III|III|III|III|II 4.2

Ey

5.6
- 5.4F

5.2F

39/43

dt |4 — Fj-ﬁ-wc/j-Br°€j'€Rad/j|Vj'Atj\

In practice is this readily done using integral of
functions in root

~ f_Bin_limit_T_min_function

174

B L
2 84 86 88 9 92 94 96 98 10 102 104 A=

E. € [9.28,10.36|GeV
—t € [4,6]GeV?
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t-dependence of the cross-section

do/dt [nb/GeV?]

The t-dependent cross-section can be parametrized as: GlueX 2023 publication

do _ doj | L (E.) [GeV] 9.86 10.82
T = drlo (1—t/m3)* g [GeV] 0.767 0.078

ms can be interpreted as the mass radius of the proton. do /dt(0) [nb/GeV?] 2629?850 4l-]?r6634
Our results are consistent with GlueX =0 =05

" m. [GeV] 1472 1313
We do not see/are not sensitive to the cusp at small E\gamma and large t +0.075 10.049
: S f
. CLAST2 3 — 8 CLAST12
15_ — A GlueX (2023) = ! = A ——— GlueX (2023)
- " Fit CLAS12 (0, 1.36 + 0.63, m_1.40 + 0.18) % . {2 Fit CLAS12 (0, 1.92 £ 0.51, m_1.50 = 0.06)
C B L
IR (e Fit GlueX (o, 3.89+ 1.79. m_1.04 +0.10) © = « 2 Fit GlueX (g, 2.34 £ 0.35. m_ 1.45 £ 0.06)
; U S| L * .
~ -1 A
107" L. OE P
- : :
o LY [ T
- ¢ v + - 4 \
B A ' 1
102 107 .f.
- E., € [8.2,9.28)GeV - B, € [9.28,10.36]GeV
10—3 1111 | 1 11 1 I 1 11 1 I 1 111 | 1 111 | 1111 | 1111 I 1 11 | I 1 11 1 I 1 1 1 10—3 1 1 | | | | | | | | | | | | | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I | | | |
1 1.5 2 2.5 3 3.5 4 4.5 5 1 2 3 4 5 6
-t [GeV?] -t [GeV?
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[ ]
Integrated t-dependent cross-section
* The integral of the t-dependent cross section is done bin-by-bin: 0 = Zj 3—? i Atj
* And compared to the total CS
5 o E, € [8.2,9.28]GeV 5 E., €[9.28,10.36]GeV
© 1.8?— Integrated CS CLAS12 A © 1.8?— Integrated CS CLAS12 A
160 Integrated CS GLUEX | 16F- Integrated CS GLUEX ,}
1.4f— i T 1.4 \
- 1.2 :
1.2: PO - Ao,
1— 1=
08 ‘ ++i[ 08 ‘ ++il
0.6;— N . 0-65— N -
0.4 04—
= A —— - A ——
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* Qualitative good agreement !
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Results

Systematic studies on the t-dependent cross-

section

42/43

Variation (%)
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Large variation mostly due to the fitting

— Systematic way to choose the binning
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Take-aways and path going forward

The JPsi analysis is at an advanced stage.
Data and MC samples have been produced, the framework to analyze them is final.
Some common tools remain to be developed and used in the analysis.

Current effort in on finalizing the background modelization and normalization factor (Final results for
the collaboration meeting).

A release note will be ready by early March at the latest. An analysis note will be ready
for the summer
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Sampling fraction MC/Data mismatch

Inbending Fall 2018

CLAS12 Preliminary - Dilepton final state
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Outbending Fall 2018
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Lepton PID using machine

learning (Status as of October
2023)
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Motivations and previous work

Motivations

* Above the HTCC, threshold both pions and leptons

produce a HTCC signal. In the EB, only ECAL provide a
separatlon between the two.

ep — ept (n ) is a large background at large positron
momenta

ep — epntm~ VS ep — epet
CLAS12 Preliminary - ee ch.

e e e e e I e e
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Previous work and motivations

* Long standing feature, already solved for the TCS publication
* Use the layer segmentation of the ECAL to provide separation

Variables used: SFs and m2 of PCAL, ECIN, ECOUT
Method tested: NN, BDT

Signal Eff.

0.98
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094

0.92

—— ROC from data
B Cutat05

0.9 5 — e
—— Systematic variation
m— ROC from simulation L | L | L |
0 0.2 04 0.6 0.8

1
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Current status

All material of this section provided by M.Tenorio Pita  Input variables for signal (blue) and background (red)
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Performances

We tested both 6 and 9 input variables, for 2 methods
NN and BDT.

Signal efficiency: 99.4 %

Background rate: 10%

ROC curve for both methods
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Validation on

simulation

Signal efficiency and
background reduction as
a function of particle
kinematics

Done on separate
samples

NN. 9 Variables

1.2
1.1

..II..--I....I....I....I-..!-I acnandaaaada s aa b1

|
i

01 0.2 0.3 0.4 0.5 08 0.7 0.8 09
=]

1
0.1 0.2 03 0.4 0.7 0s 0.9

1 g Rgem W
R
1 -||| aa L o 1, |-| sl s ‘-‘ aa Ll .-|. M L -||. P |

3 2 1 0 1 2 3
@

2 3

Boof e Hegatve s (101450

A ]

1400

1200

1000 g=

800

600 =

400 p=

200

0
0.2
0.15
0.1
0.05
0

T T U I P L LA B

r

Ty i
E'%*MW*W*W v.:{

-2 -1 [1] 1 2 3
@

.ggf_f;rjson Lab CIq;‘ﬁ



