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Outline

o Current status of the TCS analysis

o Pion/Positron separation above 4.9 GeV: multivariate analysis approach
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From DeepIyVirtuaIComptonScattering to TimelikeComptonScattering
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@ Measured in DVCS asymmetries
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TCS, Bethe-Heitler and some kinematics
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~vp — ete~p Cross section and CFFs
Interference cross section
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Data analysis

ep — €vp — (e)ete p J

Pt/P vs Mass? scattered electron

05

Scattered electron

o Cut on scattered
electron missing
o Use the CLAS12 ek
reconstruction o Cut on missing
software PID transverse
o Events with momentum
exactly one @ These cuts
e",one e~ and constrain the
one proton are virtuality of the
selected photon
) @ x
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Pierre Chatagnon (IPNO) TCS with CLAS12 at JLab November 14th, 2019 6 /23




Lepton-pair spectrum
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@ Whole inbending data set available (64 runs)
e 22 J/Psi (Analysis by J.Newton)

@ The mass region between 2 GeV and 3 GeV is resonance-free and will be used for
the final analysis. We are investigating the possibility of using data down to 1.5 GeV
(Discussion with M.Guidal and M.Vanderhaeghen).
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Acceptance estimation

Experimental cross section ¢ modulation ratio
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Estimate of CLAS12 acceptance with BH simulation
o 0.52 GeV? <-1<0.65 GeV? 0.65 GeV? <-1<0.8 GeV?
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— Yellow lines are CLAS12 acceptance limits (Limits set at first bin with acceptance

higher than 5%)
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Statistical error estimation using Monte Carlo
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Projected results (2-3 GeV region)

Generator developed by R. Paremuzyan at Jefferson Lab.

— Double distribution GPD parametrization

1 X
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Preliminary results (1.5-3 GeV region)

3GeV<Eg<10GeV 15GeV<M<3GeV
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@ ~1000 events
o No Fiducial cuts, no further pid cuts yet included (EB only)
o Central efficiency for protons to be corrected using (ep — epm™n~) (In progress)
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Positron/Pion Separation at high
momentum (>4.9 GeV)
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Clear Pion contamination in PID -11

Data: clear increase in the number of

positron above 4.9 GeV

Simu.: mis-identified pions above 4.9 GeV
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Simulation of e™ and 7t

AFe
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@ Momentum between 4 and 10.6 GeV
@ Pt between 0.5 and 2 GeV (=~ CLAS12 FD acceptance)
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Simple approaches: Chi2 and sampling fractions cuts (from simu.)

True positron: Fake positron:
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Multivariate analysis approach

o Positron/Pion separation above HTCC threshold is a typical multivariate problem :
sampling fraction (total, PCAL, ECin, ECout), shower profile , shower skewness ,...
@ Use of the Root/ TMVA package https://root.cern.ch/tmva

How does it work ?
@ Give "signal” and "background” trees
@ Training and testing of the selected method performed by the package
@ "Weights” produced for later applications

TMVA application on Sampling Fraction (from simulation)
Input vriable: PCAL
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https://root.cern.ch/tmva

One example of MVA: Multilayer perceptron

Output

45 [ Signat sy T
20 H7"] Background (test sample)
test: signal probability = 0.047 (0.004)
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Comparison of different methods on simulation: ROC curve

Background rejection versus Signal efficiency
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Comparison of different methods on data

@ e p— e_ﬂ';f,D _11X provides good estimation of mis-identified pion ("background")

"Signal+Background” —number of lepton pair photoproduction events with P+ > 4 GeV

(TCS exclusivity cuts).

For each selected method measure "signal” and "background” for multiple values of cut —
Plot "signal+background” strength VS "background” strength (=~ ROC curve).

cut
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3D VS 1D/2D Positron/Pion separation
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@ Chi2 is not optimal.

@ Common Linear behaviour at high Background strength: validation of the procedure

@ Cut on the ECINsf/PCALsf is compatible with multivariate methods although less flexible.
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6D Positron/Pion separation

Shower width M?
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6D Positron/Pion separation
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Adding the shower profile to the disciminating variables reduces contamination by a
factor of ~2
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Conclusion

TCS analysis
@ Timelike Compton Scattering allows to investigate the real part of CFFs.
@ Projected statistic will allow insight on the strength of the D-term.
@ The analysis procedure leading to R’ is fully

o Extension of the mass range down to 1.5 GeV being investigated; developed.

Positron/Pion Separation
o Contamination of Pion in PID -11 is important
@ MVA tools applied to this issue leads to good reduction of background.

@ These results will be added to the TCS analysis code soon.
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Back up
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Physics Motivations

o The CFFs dispersion relation at leading-order
and leading twist :

=1l (<10 GeV fim)

1
ReH (£, t):P/_ldx <€ix fi )/mH(g, £)+D(t

@ D-term expansion

D(t):%/ - 2z1)

1—2z

D(z,t) = (1 - 2°)[ci(t) *(2) + ]
o di(t) is directly related to the pressure
distribution in the nucleon.

@ Measurement of photon polarization asymmetry
will provide a test of universality of GPDs.
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Projected results

o R’ is sensitive to D-term strength BUT also depends on acceptance limits —
difficulties to compare measurement with theoretical models

@ Possibility to restore 6 dependence of the interference cross-section

We want to access the ¢ moment of the cross section. We can measure :

dStor _ ) d*oror L _ dSgH dSint
dQ2dtdp b(&) dQ2dtdQY Ly  dQ?2dtdp  dQ?dtdod
° ‘mﬁ% is calculable from form factors.

@ The 0/¢ dependance of the interference term is fully known :

e et A 1 o [0 cos@)a0 Re i1 4]
dQ2dtd¢ T 4ws? —t Q 7vV/1-—71 ()

This method will be implemented at a later stage of the analysis, as it requires good
accumulated luminosity estimation.

Pierre Chatagnon (IPNO) TCS with CLAS12 at JLab November 14th, 2019 3/8



1.5 - 3 GeV event kinematics (1)
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1.5 - 3 GeV event kinematics (2)
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2 -3 GeV

4 GeV <Eg<10GeV 4GeV<Q?<9GeV
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Lepton Pair momentum

All even
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Mis-ID Pion

2 MomMassPi
EX C Entries 122374
C Mean x 6.208
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