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Why Meson Structure - Hadron Mass Budgets

Hadron Mass Budget N .
Revealing the structure of light

pseudoscalar mesons at the electron—ion
collider

B QCD Mechanism
Higgs + QCD (DCSB)
MlHiggs Mechanism

o Only the portion in red is directly from the Higgs current
o Multiple mechanisms at play to give hadrons their mass
o Mass generation mechanisms intricately connected to structure
o The simple gg valence structure of mesons makes them
an excellent testing ground

o What can we examine to look at their structure?
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o Charged pion (%) and kaon (K*) form factors (F,, Fx) are
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o Momentum space distributions of partons within hadrons

Stephen JD Kay University of York 15/07/25 2/23



Quantifying Meson Structure - Meson Form Factors

o Charged pion (%) and kaon (K*) form factors (F,, Fx) are
key QCD observables

o Momentum space distributions of partons within hadrons

)
F(OY=[4, ) (p+a)dp
HARD (pQCD) /

K k p p+q

¢n,mma\ Tfinal

TC Uistribution Amplitude

Stephen JD Kay University of York 15/07/25 2/23



Quantifying Meson Structure - Meson Form Factors

o Charged pion (%) and kaon (K*) form factors (F,, Fx) are
key QCD observables

o Momentum space distributions of partons within hadrons

)
F(OY=[4, ) (p+a)dp
HARD (pQCD) /

ks K P P+q
o Meson wave function can be split into ¢° (k < ko) and
#hrd | the hard tail

¢n,mma\ Tfinal

TC Uistribution Amplitude

Stephen JD Kay University of York 15/07/25



Quantifying Meson Structure - Meson Form Factors

o Charged pion (%) and kaon (K*) form factors (F,, Fx) are
key QCD observables

o Momentum space distributions of partons within hadrons
iinal

)
F(OY=[4, ) (p+a)dp
HARD (pQCD)
Y. (S
kﬂ S’

k p p+q

Printa

TC Uistribution Amplitude

o Meson wave function can be split into ¢° (k < ko) and
#hrd | the hard tail
o Can treat "4 in pQCD, cannot with ¢s°ft
o Form factor is the overlap between the two tails (right figure)

Stephen JD Kay University of York



Quantifying Meson Structure - Meson Form Factors

o Charged pion (%) and kaon (K*) form factors (F,, Fx) are
key QCD observables

o Momentum space distributions of partons within hadrons
iinal

)
F(OY=[4, ) (p+a)dp
HARD (pQCD)
Y. (S
kﬂ S’

k p p+q

Printa

TC Uistribution Amplitude

o Meson wave function can be split into ¢° (k < ko) and
#hrd | the hard tail
o Can treat "4 in pQCD, cannot with ¢s°ft
o Form factor is the overlap between the two tails (right figure)
o F; and Fk of special interest in hadron structure studies

Stephen JD Kay University of York



Quantifying Meson Structure - Meson Form Factors

o Charged pion (%) and kaon (K*) form factors (F,, Fx) are
key QCD observables

o Momentum space distributions of partons within hadrons
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Printa

TC Uistribution Amplitude

o Meson wave function can be split into ¢° (k < ko) and
#hrd the hard tail
o Can treat "4 in pQCD, cannot with ¢s°ft
o Form factor is the overlap between the two tails (right figure)
o F, and Fk of special interest in hadron structure studies
o 7 - Lightest QCD quark system, simple
o K - Another simple system, contains strange quark
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Measurement of F, at High Q?

o To access F; at high Q?, must measure F, indirectly
o Use the “pion cloud” of the proton via p(e, e'7"n)
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o At small —t, the pion pole process dominates o,
o In the Born term model, F,f appears as -
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Measurement of F, at High Q?

o To access F; at high Q?, must measure F, indirectly
o Use the “pion cloud” of the proton via p(e, e'7"n)

o At small —t, the pion pole process dominates o,
o In the Born term model, F,f appears as -

.
doy,  —tQ? %
: 22 (F2(Q2, 1)

dr (t — m2)

o We do not use the Born term model G

o Drawbacks of this technique - N N

o Isolating o, experimentally challenging
o Theoretical uncertainty in F, extraction

o Model dependent
(smaller dependency at low -t)
o At a collider, must isolate do /dt from measured doy,s/dt,

using a model
o Measure Deep Exclusive Meson Production (DEMP)
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Ingredients for DEMP

o DEMP as a process is fairly self descriptive!

o Consider the p(e, €7t n) reaction
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Ingredients for DEMP

o DEMP as a process is fairly self descriptive!

o Consider the p(e, €7t n) reaction

o

e scatters from p, exchanging ~* @
e/, mt and n final state

©

o

e’ — Central detecter/electron endcap

*
7T — Central detector/hadron endcap Y @

n — Far-Forward Detectors (ZDC)

©

©
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Ingredients for DEMP

o DEMP as a process is fairly self descriptive!

o Consider the p(e, €7t n) reaction

o e scatters from p, exchanging ~* @
o €, ™ and n final state

o €’ — Central detecter/electron endcap

*
o 7t — Central detector/hadron endcap Y @

o n — Far-Forward Detectors (ZDC)

o Can also measure n(e, 7~ p)ine+ D
collisions
o Kaon DEMP, 7t — K* and n — A°

o (or X9 D

o So just need e + p or e + D collisions
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Early Science - Opportunities for DEMP

o Given our requirements, e + p or e + D collisions, what do the
early science prospects look like?
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o Given our requirements, e + p or e + D collisions, what do the
early science prospects look like?

Species Energy (GeV) L“'"i"(?:_i:))!/year

Electron polarization p/A polarization

YEAR 1 e+Ru or e+Cu 10x 115 09 NO N/A
(Commissioning)

1.4 NO
REST2 Ce+D 495-533 LONG TRANS
YEAR 3 495-533 LONG TRANS and/or LONG

oA 1 084 N/A

UK Cep) Ciox 250)> 6.19-9.18 LONG TRANS and/or LONG
e+Au 10x 100 084 N/A

YEARS e+3He 10x 166 8.65 LONG TRANS and/or LONG

Note: the eA luminosity is per nucleon

o Opportunities with 10x130 and 10x250 e+p as early as year 2
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Early Science - Opportunities for DEMP

o Given our requirements, e + p or e + D collisions, what do the

early science prospects look like?

Species Energy (GeV) Lumir}?:_i:))//year Electron polarization p/A polarization
YEAR 1 e+Ru or e+Cu 10x 115 09 NO NIA
(Commissioning)
1.4 NO

JESRZ C**D 495-533 LONG TRANS
YEAR 3 495-533 LONG TRANS and/or LONG

o+A 1 0.84
VR Cetp) C0x250) 6.19-9.18 LONG TRANS and/or LONG

e+Au 10x 100 0.84 N/A
QESRS e+3He 10x 166 8.65 LONG TRANS and/or LONG

o Opportunities with 10x130 and 10x250 e+p as early as year 2

Note: the eA luminosity is per nucleon

o Assume [ £ =5 fb! in projections
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Where we were...

o Early simulations and projections for F, looked promising
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o Early simulations and projections for F, looked promising

o Initially focused on 5x100 N pa
+O T|a Brauel et al. (Reanalyzed)
o 10x100 also looked good
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o Early simulations and projections for F, looked promising

o Initially focused on 5x100

0.6 4 Ackermann ple'nn L
B A Brauel et al. (Reanalyzed)
mo JLab (6 GeV) Projected ePIC 10(e)x100(p)

o 10x100 also looked good @ Tab Grojected 2 Ge¥ error) Lot ot

o Higher Q? seemed to be
statistics constrained

01 L

Nesterenko & Radyushkin QSR
Roberts et al Dyson—Schwinger
I
0.0 T T T
0 10 0 30

Stephen JD Kay University of York



Where we were...
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o Early simulations and projections for F, looked promising

Initially focused on 5x100
10x100 also looked good
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Where we were...

o Early simulations and projections for F, looked promising

Initially focused on 5x100
10x100 also looked good

Higher Q2 seemed to be
statistics constrained
Improvements to generator
efficiency + bug fix

Only one “early science”
config here though!
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Where we are now

o Focus has shifted to the early science programme and what
we can achieve in the first few years
o 10x130 is the main measurement of interest here
o Processed and refined simulations here
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WE are now

o Focus has shifted to the early science programme and what
we can achieve in the first few years
o 10x130 is the main measurement of interest here
o Processed and refined simulations here
10x250 is a “new configuration”
Updated DEMPgen (more on that soon) to incorporate this
Processed 10x250 events with personal simulation run
Re-wrote earlier analysis code from Love Preet
o More flexible, not one code per beam energy
o Simulated statistics limiting — refined generator
o Process in distinct @2 ranges — More events generated at
high @2
o Narrowed —t generation range
o For F studies, only want low —t
Need to provide a new release for DEMPgen and submit latest
files as a sim campaign request

© 0 0 ©

o

Stephen JD Kay University of York



How we got there - DEMPgen

o DEMPgen - Deep Exclusive Meson
Production event generator

o Fixed target (JLab) and colliding beams
(EIC) modes
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How we got there - DEMPgen

o DEMPgen - Deep Exclusive Meson

Production event generator | mitalization & PSF Check
. L v
o Fixed target (JLab) and colliding beams Random event generation
& Kinematics calculation
(EIC) modes .
o Feed in an input .json file | Bvent selection cuts |
o Specify conditions Y
. | Cross section calculations |
o Beam energies, number of events etc T
| Event weighting |
. |

| Output format
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How we got there - DEMPgen

o DEMPgen - Deep Exclusive Meson
Production event generator | mitalization & PSF Check
. . v
o Fixed target (JLab) and colliding beams Random event generation
(E I C ) d & Kinematics calculation
modes
- . - - *
o Feed in an input .json file | Bvent selection cuts |
o Specify conditions L
. | Cross section calculations |
o Beam energies, number of events etc 7
o Several reactions available | Event weighting |
o p(e,e'ntn) v
5 p(e e/K+A) | Output format I
)

Qo ...
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How we got there - DEMPgen

Q

DEMPgen - Deep Exclusive Meson
Production event generator

| Initialization & PSF Check

. . v
o Fixed target (JLab) and colliding beams Random event generation
& Kinematics calculation
(EIC) modes .
o Feed in an input .json file | Bvent selection cuts |
o Specify conditions L
. | Cross section calculations |
o Beam energies, number of events etc T
o Several reactions available | Event weighting |

12

Output format I

o p(e,e'ntn)
o p(e,eKTA) |

Qo ...

o Further details in recent paper

https://doi.org/10.1016/j.cpc.2024.109444
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DEMPgen - Parametrisation

o DEMPgen uses parameterised Regge-based models
o Uses the CKY model for p(e, e'nr*n)

Authors of model are - T.K. Choi, K.J. Kong and B.G. Yu - CKY
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https://link.springer.com/article/10.3938/jkps.67.1089
https://doi.org/10.1103/PhysRevC.61.025204

DEMPgen - Parametrisation

o DEMPgen uses parameterised Regge-based models
o Uses the CKY model for p(e, e'nr*n)
o Parameterise o, and o7 across broad kinematic range
applicable to EIC
0 5<@Q<352<W<10,0<-t<13

._Sig L vs. -t CKY model . Sig L vs. -t CKY model _Sig L vs. -t CKY model
° Qsq:5 w:7.5 ° Qsq: 15 w: 7.5 ° Qsq: 25 w:7.5
Blue line. Landau fucntion Blue line. Landau fucntion Blue line. Landau fucntion
102 Red line. Exponential fucntion 102 Red line. Exponential fucntion 102 - Red line. Exponential fucntion
\ Green points. CKY model __| (\ Green points. CKY model Green points. CKY model

;~! <
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DEMPgen - Parametrisation

o DEMPgen uses parameterised Regge-based models
o Uses the CKY model for p(e, e'nr*n)
o Parameterise o, and o7 across broad kinematic range
applicable to EIC
0 5<@Q<352<W<10,0<-t<13

. Sig T vs. -t CKY model Sig T vs. -t CKY model Sig T vs. -t CKY model
GoaE wiTS 1w
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Stephen JD Kay University of York


https://link.springer.com/article/10.3938/jkps.67.1089
https://doi.org/10.1103/PhysRevC.61.025204

DEMPgen - Parametrisation

o DEMPgen uses parameterised Regge-based models
o Uses the CKY model for p(e, e'nr*n)
o Parameterise o, and o7 across broad kinematic range
applicable to EIC
0 5<@Q<352<W<10,0<-t<13

. Sig T vs. -t CKY model . Sig T vs. -t CKY model _Sig T vs. -t CKY model
° Qsq:5 w:75 o Qsq: 16 w:7.5 o Qsq:25 w:7.5
Bluo lne. Pol 2 Bluo lne. Pol 2 Bluo line. Pol 2
pea Redine. Exponeniia fucntion pea Redine. Exponeniia fucntion o Redine. Exponeniia fucntion
Groen points. CKY model Groen points. CKY model Groen points. CKY model
N il b
e
210 \ 210 210
\\ " G
10 \ 10 10
. \
o 1 w0
0 N 3 0 D N I © L

o Kaon reactions — Use VGL model

Authors of model are - M.Vanderhaeghen, M. Guidal and J.-M.Laget - VGL
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DEMPgen - Parametrisation

o DEMPgen uses parameterised Regge-based models
o Uses the CKY model for p(e, e'nr*n)
o Parameterise o, and o7 across broad kinematic range
applicable to EIC
0 5<@Q<352<W<10,0<-t<13

Sig T vs. -t CKY model Sig T vs. -t CKY model Sig T vs. -t CKY model
o5 WiTS Qo 15 WS s s

Pol 2
Red lin ntial fucntion 107l
Green points. CKY model

\\

y y i )
1 L ] T2 1 [ a— [ T o L ]
1 1 1

o Kaon reactions — Use VGL model
o To access Q? > 35 GeV/?, need to parameterise model in this
range and add to generator
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Simulation Overview

o Generated new 10x130 and 10x250 files from DEMPgen
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https://github.com/JeffersonLab/DEMPgen/releases/tag/v1.2.3

Simulation Overview

o Generated new 10x130 and 10x250 files from DEMPgen
o Used DEMPgen v1.2.3* to generate new files
o Assume [ £ =5 fb~! in projections

Used £ = 0.2629 x 1033 cm ™25 ™1, based upon assumptions on per fill [ £ in Elke's slides. * - A modified version,
will provide a v1.2.4 release soon.
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https://github.com/JeffersonLab/DEMPgen/releases/tag/v1.2.3
https://agenda.infn.it/event/43344/contributions/250126/attachments/130534/194297/Early.Science.ECA.v2.pptx

Simulation Overview

Q

Generated new 10x130 and 10x250 files from DEMPgen
Used DEMPgen v1.2.3* to generate new files
o Assume [ £ =5 fb~! in projections

©

©

Ran p(e, e'7tn) split into three Q2 ranges
03<Q?<10,10<Q*<20and 20 < @*<35
o Roughly ~400k generated per Q2 range

Constrained —t to < 0.4 GeV/?

o

Technically, actually a cut on the range of 0/ values, directly feeds into Q?
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Simulation Overview

(®

Generated new 10x130 and 10x250 files from DEMPgen
Used DEMPgen v1.2.3* to generate new files
o Assume [ £ =5 fb~! in projections

©

©

Ran p(e, e'7tn) split into three Q2 ranges
©3<Q%<10,10< Q%<20and 20 < Q*<35
o Roughly ~400k generated per Q? range

Constrained —t to < 0.4 GeV/?

Ran independently for now

o Used 10x130 and 10x250 epic-craterlake detector config
o ip6-ep-130x10 and ip6_ep_250x10 afterburner configs applied
o Plots shown are from own simulation

o

©
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o Used DEMPgen v1.2.3* to generate new files
o Assume [ £ =5 fb~! in projections
o Ran p(e, &7t n) split into three Q? ranges
©3<@*<10,10< @*<20and 20 < Q*< 35
o Roughly ~400k generated per Q? range
o Constrained —t to < 0.4 GeV/?
o Ran independently for now
o Used 10x130 and 10x250 epic-craterlake detector config
o ip6-ep-130x10 and ip6_ep_250x10 afterburner configs applied
o Plots shown are from own simulation
o Need to produce new release of DEMPgen, then will update
campaign files and request
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DEMP Kinematics - Truth Distributions

o A quick reminder of DEMP kinematics with 10x130 events
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DEMP Kinematics - Truth Distributions

o A quick reminder of DEMP kinematics with 10x130 events
o e’ and 7t hit the central detector, neutron in FF detectors
o ZDC in particular critical for low —t neutrons

o Note that the Z scale is a rate in Hz

Ratebin (Hz)

f0 130 140 150 160 170 180 % 10 2 30 4 s e © % s 1 15 2 25
0(dog) 0(deg) 0(deg)

N
)
N
s N
o
Q

v

O(Deg)

Beam effects not removed here.
Note, in 7 the ranges are —1.15 < 71, < —2.45,0<7n_4 <0.9and4 <7, <5.1.
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DEMP Analysis Overview - Event Selection Cuts

o Need to select out ', 71, n triple coincidence events

o To begin, require that simultaneously we have -
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DEMP Analysis Overview - Event Selection Cuts

o Need to select out €', 7", n triple coincidence events
o To begin, require that simultaneously we have -
o One negatively charged track in the —z direction (the e’)
o One positively charged track in the +z direction (7 ™)
Q
o E, > 40 GeV (> 120 GeV for 10x250)
o 0, <4 mrad

0* is after a rotation of 25 mRad around the proton axis to remove the crossing angle
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DEMP Analysis Overview - Event Selection Cuts

o Need to select out €', 7", n triple coincidence events
o To begin, require that simultaneously we have -
o One negatively charged track in the —z direction (the e’)
o One positively charged track in the +z direction (7 ™)
Q
o E, > 40 GeV (> 120 GeV for 10x250)
o 0, <4 mrad
o Cut on difference between ZDC hit and py;ss track angles
o —0.09° < Af* < 0.14° (—0.07° < AP* < 0.17° for 10x250)
o |Ag*| < 55° (|A¢*| < 80° for 10x250)
0 1.8 % Eeeam < > (E — P;) < 2.2 % Eegeam

Pujiss = (€4 B) — (&Rec + TRec) - More on this in a moment
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DEMP Analysis Overview - Event Selection Cuts

Need to select out €', 7", n triple coincidence events
To begin, require that simultaneously we have -
o One negatively charged track in the —z direction (the e’)

o One positively charged track in the +z direction (7 ™)
o

©

o E, > 40 GeV (> 120 GeV for 10x250)
o 0, <4 mrad
Cut on difference between ZDC hit and py;ss track angles
o —0.09° < Af* < 0.14° (—0.07° < AP* < 0.17° for 10x250)
o |Ag*| < 55° (|Ag*| < 80° for 10x250)
0 1.8 % Eeeam < Y. (E — P,) < 2.2 % Ecgeam
Also cut on —texpage < 1.4 and W, > 0
o Using the TRECO convention for -t reconstruction methods

o

©
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DEMP Analysis Overview - Event Selection Cuts

Need to select out €', 7", n triple coincidence events
To begin, require that simultaneously we have -
o One negatively charged track in the —z direction (the e’)

o One positively charged track in the +z direction (7 ™)
o

©

o E, > 40 GeV (> 120 GeV for 10x250)
o 0, <4 mrad
Cut on difference between ZDC hit and py;ss track angles
o —0.09° < Af* < 0.14° (—0.07° < AP* < 0.17° for 10x250)
o |Ag*| < 55° (|Ag*| < 80° for 10x250)
0 1.8 % Eeeam < Y. (E — P,) < 2.2 % Ecgeam
Also cut on —texpage < 1.4 and W, > 0
o Using the TRECO convention for -t reconstruction methods

o

©

PID using PDG code assignment not used currently

o
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DEMP Analysis Overview - Af* and A¢* Cuts

o Ppjiss vector should correspond with hit location on the ZDC

o For a non-exclusive event, Py;ss vector should not correspond
to a real ZDC hit/cluster

o Effectively an additional “exclusivity” constraint
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DEMP Analysis Overview - Af* and A¢* Cuts

o Ppjiss vector should correspond with hit location on the ZDC

o For a non-exclusive event, Py;ss vector should not correspond
to a real ZDC hit/cluster

o Effectively an additional “exclusivity” constraint
o Select —0.09° < Af* < 0.14° and —55° < A¢* < 55°

P *x * _ * — 100 —
o A0* = gpMiss ZDC B, g
; * Ik * . £
o AP" = Pppiss — PzpC 5 60 g

40 102@
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DEMP Analysis Overview - Af* and A¢* Cuts

o Ppjiss vector should correspond with hit location on the ZDC

o For a non-exclusive event, Py;ss vector should not correspond
to a real ZDC hit/cluster

o Effectively an additional “exclusivity” constraint
o Select —0.09° < Af* < 0.14° and —55° < A¢* < 55°

p * __ O* __ A* 100
o A0* = gpMiss ZDC

E )

S 80 L

. * Ik * . £

o AP" = Pppiss — PzpC 5 60 g

. . . 40 Py

o Simulation is 2 - 10eE

exclusive only, 0 3

inclusive events 20 100

spread over broader
range
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DEMP Analysis Overview - —t Reconstruction

o Can reconstruct —t in multiple ways (see treco document)
o “Best” way for DEMP is —
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https://github.com/eic/snippets/blob/main/Exclusive/teXBABE.h

DEMP Analysis Overview - —t Reconstruction

o Can reconstruct —t in multiple ways (see treco document)
o “Best” way for DEMP is —

o Exploit exclusive nature of the reaction, generic
implementation available in code here
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https://github.com/eic/snippets/blob/main/Exclusive/teXBABE.h

DEMP Analysis Overview - —t Reconstruction

o Can reconstruct —t in multiple ways (see treco document)
o “Best” way for DEMP is —

o Exploit exclusive nature of the reaction, generic
implementation available in code here

o correlates well
with truth

Rate/bin (Hz)

.
0 0.050.10.150.20.25 0.3 0.350.4 0.45 0.5
txgase (GeV/C)
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DEMP Analysis Overview - —t Reconstruction

o Can reconstruct —t in multiple ways (see treco document)

o “Best” way for DEMP is —

o Exploit exclusive nature of the reaction, generic
implementation available in code here

o correlates well
with truth

o Far better than methods
using uncorrected neutron 02
track (tgage) and methods 015
utilising electron information o
(tex) and electron Pt i
(teXPT) info 800-150-100 50 ©0 50 100 150 200

enge ™~ two /by (%)

0.35

0.3

0.25
“ loxease

Rate/1% bin (Hz)

(eXBABE) = 10.95, o(eXPT) = 83.05, o(eX) = 110.2, o(BABE) = 42.82. All ¢’ 7 n triple coincidence
events
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Kinematic Reconstruction - Q2

o Various ways to calculate Q2 (and .". x, y)
o Evaluated the electron, JB, and sigma methods

See details of each calculation in this tutorial

Stephen JD Kay University of York 15/07/25


https://indico.bnl.gov/event/27319/

Kinematic Reconstruction - Q2

o Various ways to calculate Q2 (and .". x, y)
o Evaluated the electron, JB, and sigma methods

o appears to perform best for DEMP across broad
kinematic range

o correlates well with
truth

5(): T 035 T
456 jf'
40t &
35E
30F-
25F
20F-
156
10E
55 -

@, (GeVid)

E 1 L L L L Il L L L
%570 15720 25 30 35 .40 45 50 °
Q@ (GeVic)

Stephen JD Kay University of York 15/07/25 15 / 23



Kinematic Reconstruction - Q2

o Various ways to calculate Q2 (and .". x, y)
o Evaluated the electron, JB, and sigma methods

o appears to perform best for DEMP across broad
kinematic range

o correlates well with
-~ DA Method
truth == JB Method
10 == Electron Method
== Sigma Method

Rate/bin(Hz)

o Electron and sigma methods
perform OK, but not as well.

o JB method clearly not valid 4
for these kinematics 2

Al
7q00780 -60-40-20 0 20 40 60 80 100

100*(Q§A—ofﬂc)/Q;C

o(DA) = 1.359, o(JB) = N/a, o(Electrom) = 3.623, o(Sigma) = 6.877.
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Analysis Status - QA Plot Overview

Unfolding/full
P ity B
(el
be @

x

doz/Q2

dux

dyly

nergy

theta
Event loval

Observable of interest

Detector specific variables  Depends

PID quantities: Add when it comes
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Analysis Status - QA Plot Overview

e-sigma)

Event lovel

Observable of interest

Detector specific variables.

PID quantities:

daz/2
dx

dyy

< energy
etheta
HFS (Ep7)

HES (pT)

Epz (e+HFS)

E/p for calorimeter

Calo clusters

eg.tuete.

Depends

Add when it comes

Response (20)

Purity/bin migration detector acceptance-only corrected

_—

o Applies to both beam energies under study
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Analysis Status - QA Plot Overview

““““ ity e p riybiamigmion_ deteco sceplanmly corciedHOAIA

daz/2
dx

dyy

HFS (Ep7)

HES (pT)

Epz (e+HFS)

E/p for calorimeter

Calo clusters
Observable of interest

eg.tuete.
Detector specific variables  Depends

PID quantities: Add when it comes

o Applies to both beam energies under study

o Code produces a pdf of main (green) QA plots, will tidy up
and add to note (more on the note soon!)
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DEMP Analysis Results - @2, —t Binning

o After applying cuts, bin in Q? and —t
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o After applying cuts, bin in Q? and —t
o —t bins 0.02 GeV//c wide

S5<F<6 17<@¥<18

N\ goz T
N 2oz ¢ |
<oz <
Sors Soos 47 ||
Sots g |
\ Sota | Soos
Sor2 ﬂ b hy
01 0.004 +
Q) 008 by .
008 .
Rt o occz !
002 3
A3 g e |
N % 0056710150202 0555 0457505 005010150205 05354 5#0s
% e (V) paae (GOV9)

DEMP Analysis Results - @2, —t Binning

ate/(0.02 GeV? (Hz)

R

|

%7005 0.10.15 0202503035 04 045 05

toasee (GoV9)

-t(GeV/c)
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DEMP Analysis Results - @2, —t Binning

o After applying cuts, bin in Q? and —t
o —t bins 0.02 GeV//c wide
o Q? bins 1 GeV? wide
o Rebin if stats low
o From rate per bin, extrapolate to number of events with
[L£=5 fbL, project to Fy

)
)

S5<F<6 17< <18 32<@F<33

Foz4
Zo22

\ z } £
E i < | £ o8 1
<02 < < 1
Sois oo S os Uy,
Soe g | g ‘—|+
Sore | | oo Soa n
N Zore g hy H
L4 ot ‘m -4 LYY
oo L. 0008 - |
: 02
Q ‘ o .
p Nt 004 l o1 b
002 X L .
Wogh ol e ] o (N
% 005 0.10.1502025 03035 04 045 05 %7005 0.10.15 0202503 035 0.4 0.45 05 0005 0.10.15,020.25 0.3 0.35 0.4 0.45 05
% s 6210 e (30) tamec (GOV)

\ 4

-t(GeV/c)
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DEMP Analysis Results - F, Projections

o ePIC opens up high Q° F,
regime
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DEMP Analysis Results - F, Projections

o ePIC opens up high Q° F, 0.65 4o e T - B T8 7o
. ravel eanalyze: 10x130
regime 0.54 ¢

o Error bars represent real 0.43 | B2 m i
projected error bars o A

o 0.32 +
o Inner bar - statistical

&

o Outer bar - systematic 022 T -

o 0R=R, R=o0,/0T 0.1 +

o R=0.013-014 at ‘ Roverts ot o DysonSehwinger
lowest —t from VR model 0005 0 20 30 40 | 50

Q? (Gev?)

Stephen JD Kay University of York 07/25 18 / 23



DEMP Analysis Results - F, Projections

, ; 2 w s
o ePIC opens up high Q< F; 0.65 i - T T
. A Brauel et al. (Reanalyzed) 10x130
regime 0.54 g Tab (hrete 12 cev errors) F

o Error bars represent real 0.43 | B2 m i
projected error bars o A

& 032 i
o Inner bar - statistical
o Outer bar - systematic 0.22+ T— -
o 0R=R, R=o0,/0T 0.1 +
o R=0.013-014 at ‘ Roverts et a1 Dyson-Sehwinger
lowest —t from VR model 090 1 20 30 40 50

Q® (Gev?)
o Much finer @2 binning now!
o 10x250 projections very
soon, likely to be
comparable
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DEMP Analysis Results - F, Projections

ePIC opens up high Q? F,
regime

Error bars represent real
projected error bars o

o Inner bar - statistical E
o Outer bar - systematic
o 0R = R, R:O'L/O'T
o R=0.013 -014 at
lowest —t from VR model

Much finer @2 binning now!

10x250 projections very
soon, likely to be
comparable

0.65 ! . .
o Ackermann ple.c’n)n EIC L, =5 fb™
A Brauel et al. (Reanalyzed) 10x130
JLab (6 GeV,
0.54 7-‘:1 ILab EProjecied 12 GeV errors ) r
043 FL [ -
i M A A
0.32 L
0224  UUUes e s L
0.11 r
Nesterenko & Eadyusicin G5
Roberts et al Dyson-Schwin;
0.00 T T
0 10 40 50

82 (Gevgo

o Even from modest [ £ in
early science programme,
looks promising!

o How high in Q? will be
possible with full £?
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Analysis Note Status

o Analysis note writing in progress
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Analysis Note Status

o Analysis note writing in progress

o Background/motivation text
incorporated

o Need to write simulation
overview and event selection
sections still

Stephen JD Kay University of York

1 Introduction




Analysis Note Status

o Analysis note writing in progress

o Background/motivation text L tntroduction
incorporated

o Need to write simulation
overview and event selection
sections still

o QA plots all produced and
ready to place in

o Need to finalise 10x250
projection plot
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Future Analysis Improvements

o Analysis is not static, always room to improve and refine!
o Several planned updates/tests
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Future Analysis Improvements

o Analysis is not static, always room to improve and refine!
o Several planned updates/tests

o Electron finder, implement something like the inclusive group?
o More robust electron 1D
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Future Analysis Improvements

o Analysis is not static, always room to improve and refine!
o Several planned updates/tests
o Electron finder, implement something like the inclusive group?
o More robust electron ID
o Incorporate cluster info more broadly
o Refine PID in central region more broadly, more confidence in
e’ and 7 assignment
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Future Analysis Improvements

o Analysis is not static, always room to improve and refine!

o Several planned updates/tests

Electron finder, implement something like the inclusive group?

More robust electron ID

Incorporate cluster info more broadly

Refine PID in central region more broadly, more confidence in

e’ and 7 assignment

o As full PID assignment in EICrecon matures, transition to
utilising this

© 0 ©0 o
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Future Analysis Improvements

o Analysis is not static, always room to improve and refine!

o Several planned updates/tests

Electron finder, implement something like the inclusive group?

More robust electron ID

Incorporate cluster info more broadly

Refine PID in central region more broadly, more confidence in

e’ and 7 assignment

o As full PID assignment in EICrecon matures, transition to
utilising this

© 0 ©0 o

o Generator updates also planned
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Future Analysis Improvements

o Analysis is not static, always room to improve and refine!

o Several planned updates/tests

Electron finder, implement something like the inclusive group?

More robust electron ID

Incorporate cluster info more broadly

Refine PID in central region more broadly, more confidence in

e’ and 7 assignment

o As full PID assignment in EICrecon matures, transition to
utilising this

© 0 ©0 o

o Generator updates also planned
o Parameterise broader Q? range
o Incorporate improvements from kaon module to pion module
o New student at University of Regina will look at this when
they start ( Autumn)
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What next?

o As well as improving the existing analysis, There's lots more
to do for DEMP!
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What next?

o As well as improving the existing analysis, There's lots more
to do for DEMP!
o Need to look at eD reactions

o Start with early science config
o Rapid simulation or a generator modification?
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https://doi.org/10.48550/arXiv.2412.12346

What next?

o As well as improving the existing analysis, There's lots more
to do for DEMP!
o Need to look at eD reactions
o Start with early science config
o Rapid simulation or a generator modification?
o p(e,e’KTA) channel to look at for 10x130 too
A reconstruction in the ZDC expected soon
Initial signs look promising
Can hopefully check performance quickly
Analysis code should not need too much modification

© © ©0 o

https://doi.org/10.48550/arXiv.2412.12346 S.J. Paul et. al.

Stephen JD Kay University of York


https://doi.org/10.48550/arXiv.2412.12346
https://doi.org/10.48550/arXiv.2412.12346

What next?

o As well as improving the existing analysis, There's lots more
to do for DEMP!
o Need to look at eD reactions
o Start with early science config
o Rapid simulation or a generator modification?
o p(e,e’KTA) channel to look at for 10x130 too

o A? reconstruction in the ZDC expected soon

o Initial signs look promising

o Can hopefully check performance quickly

o Analysis code should not need too much modification

o Of course, when generator refinements are made, will also
need to re-process
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Deuterium Studies

o Model used to isolate o, from measured do s/ dt
o Examine 77 /7~ ratios as a test of the model
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Deuterium Studies

o Model used to isolate o, from measured do s/ dt

o Examine 77 /7~ ratios as a test of the model

o Examine ?H(e, e'7tn)n and 2H(e, &'m~p)p in same
kinematics as p(e, €'w " n), look at ratio

_oln(e,eémp)]  |Av — As|?

R= =
olp(e,entn)] |Ay + As|?
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Deuterium Studies

Q

Model used to isolate o; from measured do s/ dt
Examine 7" /7~ ratios as a test of the model

Examine 2H(e, 't n)n and 2H(e, e'mp)p in same
kinematics as p(e, €'w " n), look at ratio
_oln(e,eémp)]  |Av — As|?
~olp(e,e'ntn)]  |Ay + As|?

R will be diluted if o1 not small or if there are significant
non-pole contributions to o

o

o

R

o

Stephen JD Kay University of York 15/07/25 22 /23



Deuterium Studies

o Model used to isolate o, from measured do s/ dt

o Examine 77 /7~ ratios as a test of the model

o Examine ?H(e, e'7tn)n and 2H(e, &'m~p)p in same
kinematics as p(e, €'w " n), look at ratio

_oln(e,eémp)]  |Av — As|?

~olp(e,e'ntn)]  |Ay + As|?

R will be diluted if o1 not small or if there are significant

non-pole contributions to o

R

o

o Compare R to model expectations

Q?=10.0 GeV? Q=150 GeV? Q?=20.0 GeV? Q?=25.0 GeV?
W=7.0 GeV W=7.0 GeV W=75 GeV W=85 GeV

A~ 10t mmmmme o e ft-m-mmmmmmm |

e AN < < =T

\E 09{ N\ ~. N =

N

o8 N N b

0 N N

K o7 N

S)

0.6

T3 0364 01630304 01030304 01030304
—t (GeV?)

T.Vrancx, J. Ryckebusch, PRC 89(2014)025203
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Summary

© 100n130 pion results look good, even with low [ £ expected
from early physics
o Need further generator updates to determine how high in Q2 is
actually viable. 50 GeV/?? 100 GeV/??
o New student at URegina will focus on this when they start
(~Autumn), but will need onboarding time

Stephen JD Kay University of York 15/07/25 23 /23



Summary

© 100n130 pion results look good, even with low [ £ expected
from early physics
o Need further generator updates to determine how high in Q2 is
actually viable. 50 GeV/?? 100 GeV/??
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o 10x250 events processed and look good, just need to finalise
the projection plot
o Still need deuteron studies
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Summary

© 100n130 pion results look good, even with low [ £ expected

from early physics
o Need further generator updates to determine how high in Q2 is

actually viable. 50 GeV/?? 100 GeV/??
o New student at URegina will focus on this when they start

(~Autumn), but will need onboarding time
o 10x250 events processed and look good, just need to finalise
the projection plot
o Still need deuteron studies

o Also need to revisit KTA°
New ZDC AP reconstruction algorithm expected in main ePIC

Q
simulation soon
o A? reconstruction in ZDC looks very promising

o Expect rapid results when it is available
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Summary

© 100n130 pion results look good, even with low [ £ expected
from early physics
o Need further generator updates to determine how high in Q2 is
actually viable. 50 GeV/?? 100 GeV/??
o New student at URegina will focus on this when they start
(~Autumn), but will need onboarding time

o 10x250 events processed and look good, just need to finalise
the projection plot
o Still need deuteron studies
o Also need to revisit KTA°
o New ZDC A° reconstruction algorithm expected in main ePIC
simulation soon
o A? reconstruction in ZDC looks very promising
o Expect rapid results when it is available
o Last but not least, need to get text into analysis notel!

o Plots all ready, just need placing in
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Thanks for listening, any questions?
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