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Introduction

Overview

Q’ 8 H
- December preTDR 18x275 /N \O
e February Campaign Plots +
> > u
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* May Early Science 10x130

 RAD->Combi RAD (combinatorial + background
analysis)

 Amplitude Fitting Work — Physics extraction

-£'-8

Quasi-real (Q?->0) I'l photoproduction: Timelike Compton Scattering.



Recap December preTDR 18x275

Produced a first version of analysis macros, overleaf note

and plots for Dec 1st deadline.
https://github.com/Garypenman/TCS-ePIC-preTDR/releases/tag/v1.0.0

Some minor typos in axis labels — now fixed.

Relevant Analysis repo(s) now tagged on github as 3 § 10vf 2PIC Performance BT
. o epe i 2 . * .=s_.‘ ep — e'e’ep
"preTDR" version — reproducibility as code evolves. - A Bl
https://github.com/Garypenman/rad/releases/tag/v1.0.0 © z . MG Accepted
o RECO
https://github.com/Garypenman/epic-rad/releases/tag/v1.0.0 10°
https://github.com/Garypenman/DDVCS-Analysis/releases/tag/v1.0.0 10°
Code can be used and built upon to move into early ol
science analysis. 3
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Figure 4.37: Number of generated events in (left) Q% and (right) log,,(Q?) plotted with
reconstructed values out of the tagger and central detector. Scale is not normalized to any

luminosity. Analysis code used to analyze the reconstructed data can be found in this
repository and scripts used to make this plot can be found in this repository.

Figure 4.38: Projected rates of the full exclusive reconstruction of the observables which enter
the d* (¢py + ores + oynr) differential cross section at an integrated luminosity of 5 fb!.
(Top Left) |t], (Top Right) Q"2, (Bottom Left) #; and (Top Right) ¢, the polar and azimuthal
decay angles in the TCS photon rest frame, respectively. Analysis code used to analyze the
reconstructed data can be found in this repository, and scripts used to make this plot can be
found in this repository.
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May Early Science 10x130

Generated 1M h+, 1M h- 10x130 events with EpIC

cos(8)

Steering cards and metadata has been updated to
DDVCSdataset github.

https://github.com/Garypenman/rad/releases/tag/v1.0.0
Production request has been made.

0.5

Plan to continue building out analysis code on
18x275 data, should run out the box on march
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https://github.com/Garypenman/rad/releases/tag/v1.0.0

RAD -> Combi RAD

Large rewrite of base RAD code over winter in order to facilitate
"combinatorial analysis".

File Edit Options Buffers Tools C++ Help

O & & x @eve qudo ¥ 3 EY
#include "CommonDefines.h"

#include "HepMCElectro.h"
#include "KinematicsProcElectro.h"

Finctode “pascangon " A (basic) example: two electrons are reconstructed in the final state

#include "ElectronScatterKinematics.h"

Flaclude <Toenchaark. of an event -> there are now two choices of scattered electron and

-
* @brief Example Script: TCS Analysis with Combinatorics and Missing Mass. h f 2
* Updated to use SetMesonParticles shortcut and CloneLinked. t ere Ore Q .

/
void ProcessHepMCTCSCombi(){

using namespace rad;
using namespace rad::consts::data_type;

gBenchmark->Start(“df");

/7 100 5
// 1. SETUP & INJECTION
1/
HepMCElectro hepmc{

"hepmc3, tree" , —— Scattered Electron

" fw/work5/home/garyp/eic/Farm/data/EpIC_DDVCS_ee_18x275/rootfiles/18x275_ddvcs_edecay_hplus.root”
};
hepmc.SetupMC(); 1 UE
/" —— Decay Electron

// 2. PARTICLE DEFINITIONS
1/
hepmc.SetBeamIonIndex(3);
hepmc.SetBeamElectronIndex(0) ;
hepmc.SetScatElectronCandidates({1, 6});
hepmc.SetParticleCandidates("ele”, {1, 6});
hepmc.SetParticleIndex("pos", 7);
hepmc.SetParticleIndex("pprime”, 5);

hepmc .MakeCombinations();

1/
// 3. KINEMATICS PROCESSOR (Standard Topology)
1/
KinematicsProcelectro kine{&hepmc, MC()};

// A. Define Particles FIRST (Topology Construction)
kine.Creator().Sum("gprime", {{"ele", "pos"}});

// Missing Mass: n_calc = (Beam + Target) - (ScatEle + Jpsi + pi+)
kine.Creator().Diff("pprime_calc",{
{consts::BeamIon(), consts::BeamEle()},
{"gprime", consts::ScatEle()}
-:---  Proc pMCTCSCombi.C  Top L51 (C++/1 Abbrev)
Beginning of buffer

Example new TCS HepMC analysis macro for combi rad
framework




TCS Combi-RAD Setup (Example)

root [6] events->Scan("MCParticles.PDG:MCParticles.momentum.z:MCParticles.generatorStatus")
e o ke e ok ok ol ke ke ol o ok e ol ol ol ol ke s o ok ol ol ok ol o ok o o ol ok o e ke o ok ol ke ol ol o ok s ol ol ol ol ke e o ol ol ol ol ol o ok ok ok

oo, Instence - Meharticl v HCParticl - Mcharticl - rad_df . SetBeansFromc (0,
11 * -17.99854 *
11 -17.63491
22 -0.363626

2212 274.97614
22 1.0722021

2212 273.54031
11 1.4346587

-11 -0.362456
11 0.0014734
22 .0418103
22 .2465751
22 .0260029
22 .1950669
11 .0042578
11 .0266722
22 .0160718
22 .0497269
22 .0078861
22 .0825953
22 .0038061
22 .0852239
11 .0024149
22 .0044093
22 .0032838
22 .1450339

(consts::ScatEle(), Role ScatEle, rad::index::FilterIndices(11), {"rec true pid"});
("ele", Role DecayEle, rad::index::FilterIndices(11), {"rec_true pid"});

("pos", Role DecayPos, rad::index::FilterIndices(-11), {"rec_true pid"});
("pprime", Role Recoil, rad::index::FilterIndices(2212), {"rec true pid"});

3);

* *

int Role ScatEle
int Role Recoil

nt Role DecayEle
int Role DecayPos
int lep PDG = 11)
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rad df.SetParticleCandida
rad df.SetParticleCandidat

rad_df.SetParticleCandidate
rad df.SetParticleCandidate

=
25
5
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Fresh Combi-RAD Output

log10(tru_Q2)
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Using 26.02.0 campaign files to now build out
combi-rad software.

Some "truth" info is being output incorrectly
-> possible internal indexing bug.
Investigating.

"Losing" events, see 4k sample -> 1.1k
output.

Clearly, still fixing teething issues with new framework. Soon this will be a powerful tool for folding in background
merged and DIS background event samples to the main physics events, and performing unbiased cut based analysis as
well as fits and beyond.



Physics Extraction — Amplitude Fitting

Currently only one published TCS
measurement so far:

Phi Asymmetry integrated over Q'2 and
theta!

More appropriate to fit both anglesin t
Qp2 bins.

Currently building out the
phenomenology for this using fitting tool
https://github.com/dglazier/brufit

o
n
T

t H

—0.6 | Agu 0.166 + 0.084

25<-t(GeV?)<0.34

< s} + 0.15<-t(GeV?)<0.25

Agu 0.3101+0.0725

" P i i N i |
50 100 150 200 250 300 350

" i | i N i L L |
0 50 100 150 200 250 300 350

—0.6 | Agy 0.3056 + 0.0656

o ()

> 06k 0.34<-1(GeV?)<0.48 0.48<-t(GeV?)<0.8

_I_

.6 | Agu 0.1768 + 0.0647

0300 350
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P . |
0 50 100 150 200 250 300 350

50 100 150 200 25

BSA from the first measurements of TCS, P. Chatagnon et al

(2021) PRL.127.262501



https://github.com/dglazier/brufit
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.262501

Physics Extraction — Amplitude Fitting

Brufit Work

dopy a; ' '(1-' ' [--') A R+F 2 B]
dQ* dtd{cos@)do  dm(s— M) —¢L |\ * Ve g VA
e Edi View Cptons Jooks e LGN VWw LDUoas 1001 W LOT VW UDBONS  100M -
Fit components for mc_GMass Fit components for me_DeRtaT Fit components for me_Holi_Phi
1060 i o 0.01000000000 J = 001000000000 ;;;W‘Bho.owoooooooo A= (s '”J':A-ll ~ tala +b) = M?*PF ~ t{4M? - 1)Q*
lﬁopion: 00000000000 5.0 1d_Diopton » 33203 ' Ivid_Dilepton = 33203, 2 r ) 12
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005 g I‘ l L J‘ ‘
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: (Q* — 1) = b*(6.0)
L{#.0) =
. |
000
"k ’ 5
ER . . . .
b TCS Cross section is 4fold in t Qp2 theta phi
L soluutal Lanbuulild | % TSTTS PUTIN IPTTY FTETY PUPIA I
0 1 L e 9 10 0 2 94 B 4 T 8 0 :ll 3 2 ' © ' :.“‘ p:. . . . .
e il MR T Physics is encoded in the amplitudes controlled by
: | the CFFs

Fit components for me_Hel Theta

Events (005

'C8H « 0.01000000000
§
[Yid_Déepton = 33203.00000000000

Left: Proof of concept - Fitting the (full) BH amplitude
for EplC data with brufit.

Next: - extend to Interference term -> Re and Im
, ‘ ; parts give the CFFs
| moamammannusmonnmune | (o705 v e e e 038 e a8 ] Bt - BininQp2andt
- Fold in acceptances for statistical projections on
Observables

P Y PPN TS PSS T PR P
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