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Outline

On-going Data Analysis:

plee’)X
E=4GeV

e Results from Physics Runs: ep — e’K*Y [A(1116),
2(1193) ] channel studied exploiting data from
Fall 2018 Physics Runs in Hall B at Jefferson Lab
— new data available from 2024

* Extraction of KY Differential Cross Sections and
Separated Structure Functions for Fall 2018 and
Spring2024 datasets

 Comparison of results obtained with 6.5 GeV
(Fall 2018) and with 6.4 GeV (Spring 2024)
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Jefferson Lab Operatmg the 12-GeV CEBAF
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Jefferson Lab Operating the 12-GeV CEBAF
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CLAS12

Beam
= 85% longitudinally pol. electrons
= Max. luminosity: 1035 s-'cm2
= Energies: up to ~ 10.6 GeV

Targets (org. by Run Groups)
Proton (RG-A/K)

Deuteron (RG-B)

Nuclei (RG-M/D/E)

Long. pol. NH4/ND, (RG-C)

Magnetic Field

Forward
Detector;

Solenoid &
Central
Detector

¥ o —

[V.D. Burkert et al., Nucl. Inst. and Meth. A 959, 163419 (2020)]

Ideal instrument to study exclusive meson electroproduction
in the nucleon resonance region
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RG-K

Run Group Proposal (RG K) “Color Confinement and Strong QCD”:

Search for Hybrid Baryons (qqqg) DVCS
KY Electroproduction for the N* study SIDIS
RUN CONDITIONS
Torus Current 100% (3375 A) - negative out-bending
Solenoid -100 %
FT ON @ 7.5 GeV -> OFF @ 6.5 GeV and 8.5 GeV
Beam/Target Polarized electrons, un-polarized LH, target
Luminosity * ~“510¥%cmist @ 7.5GeV ~0.87103%cm3s! @ 6.5 GeV
0.87103cm3s!t @ 6.4GeV 103°cm2s1@8.5 GeV FULL LUMINOSITY
Fall 2018: EVENTS 15.6 G Spring 2024: EVENTS 60 G (Statistics increased by a factor 4|
50% of the total
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Collected Charge: 2018 vs. 2024

Event rate kHz

accumulated charge per shift [nC]

3200k | 60 m
ungated charge gated charge | 2
2400k 2l a5 2
o
Energy Change | g
1600k 7.5 GeV o 5 | 3 o
800k ' 1l 15 8
- . I B
0 1 | i ] | | 11 g =
Nov 29 Dec 1 Dec 3 Dec5 Dec7 Dec9 Dec 11 Dec 13 Dec 15 Dec 17 Dec19 Dec2l
W runwithemgly — Tekal Charge on empty
W unwith LMz == Tokal Change on LHZ RGK 2024 Progress |[PM2C21
Callbestion rung == Expacted charge Bt S0% U
# E, = 6,394 GeV Ep = 8,477 GeV 100
total: 51,35 mC
25 total; #1.77 mC
an
20 E
@
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total: 10,08 mc total: 10.08 mC
4 H“‘I ]I"Felh Mar 10

an 14
2024

a

11 Feb 18 Fehb 25 Mar 3

Date

The total collected
chargeis Q=45 mC

4

vx

The total collected
chargeis Q=91 + 81
mC
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KY Resolution: 2018 vs. 2024

c ¢ . 6.394 GeV Forward k* forward k* forward p forward k* central p
$ ° * 10 runs '
o * online calib/align |.E 3 s E
ok Fall 20 “F  Falj2018
sz | T 1 — .‘I.‘l..l e II.I;. alet = ... Ill,. .II.I fiafialel l~I Ill. r'“." 1.4
v 0s £ 3 - 3
O £ C 2
! r:-.—l o e S el o e e o E_Sprlng 024 2 E_Sprln 2024
100 0 100 ‘ . : : : o ||1 ) = | -L 4 |||‘
By Daniel ® (deg)  MM(eR) K
Carman Resolution is improved with higher DC HV settings
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Pseudoscalar Meson Production Formalism

Five-fold differential cross section separates in virtual photon flux and virtual photoproduction

d°c do,

dQ. Q™ dE, l AQsm

+ R: Response functions that account
for the structure of the hadronic
system- functions of Q2, W, and
cosx™ (which is why these are the
relevant kinematic variables for this
analysis)

electron
scattering plane

/.admn
b )

reaction plane

da, ; _ . ) ;
W;m = K, zgasﬁ [RE® + eRl* + Je(T+ &) (Rl cos® + REf sin®) + € (RY cos2 + *RYf sin2® ) + hJe(T = €) (REficosd + RLy;sin®) + hy/1 — 2RI ]
ap

a and B refer to the target and hyperon
polarization coordinate systems

12
Degree-of-polarization of photon: =1+ 2|g—|2tan2 6/2) .

€
Helicity of incoming electron: h
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Separation of Cross Sections Into Structure Functions

Five-fold differential cross section separates in virtual photon flux and virtual photoproduction

do do
* : *|
dE"d e, dQy 1O
/ K]
/ e W o wroMEod
4w ME?  MQ* 1-—¢
f A /
| reaction plane /
do _
Ja-, = OT + g0y, + oprcos2e + \/28(1 — £)0,7COSQ + h\/25(1 — &)oL Sing
K

=12
Photon degree-of-polarization: € = (1 + 2 Ig_lz tan*?/,)1
Helicity of incoming electron: h
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Pseudoscalar Meson Production Formalism

do,
dsig™-

K> SaSs [R?“ + €R%* + ¢, (‘RP% cos ® +°RP% sin @)
a,p
+  €(°RE% cos 2® +°R5%. sin 2®) + he_ (°RE%, cos ® +°R5%, sin @) + hcoRgf},]

B —— e ey

d o \/ 1— » sin @
(,T = A+ Bcos® + Ccos2d Aprr = — - ? U_ = (1 —g)or s
dQg™ P, ot 4o 00

® “Moment” analysis Beam spin asymmetry - SSA
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Analysis Procedure

* Java code is employed to read hipo files
* From LAB to CM frame: extraction of Q?, W, cos I, ®
*  MM(eK) plots are produced with the binning:
Histogram,,[helicity][Q2][W][cosUk ][ D]
* Lambda Yields Ni are extracted using a window around the peak (in the future a fit will be employed)

* The exercise is repeated using simulated events (MC::Particle and REC::Particle banks) to calculate

MC
_ Ngge

ni = MC
GEN

differential cross section is calculated amploying the formula

Acceptance Correction

dO’i
do

doj 1 1 RiN;BC; 1

dQy T, (AQ*AWAcos 95A®) niNo  (Napt/My)

and is expressed as a function of the three kinematic variables Q2, W, cos 95, ®
* For each bin oy, o1, orrStructure Functions are extracted via the fit to the dependence on the variable
* For each bin the o7 Structure Function is extracted via the fit to the A ;. dependence on the variable.
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RG-K Differential Cross Section Calculation
jg; N Flv ' (AQZAWAzos 95 AD) RierZIi\ZCi ' (NApi/Mw)

a
¢

. « w wZ-MZ 1 =
* I3 Virtual photon flux factor|[[, = —+—" - -t
4m  MEj MQ? 1-€

« AQ?AWAcos9;Ad: kinematic bin volume
* R;: Radiative correction — Set to unity

* N;: Hyperon yield — From yield fits/windows
* BC(;: Bin centering correction — Set to unity

0
* 7;: Acceptance and efficiency correction — From MC A .
* N, incident electron flux = 78.62 mC for 6.4 GeV | o0 T B
o TAPL N, %0.07151 -« 29— 1,079¢23/cm? MM(e") (GeV)
M,, cm 1.00794 mol
4‘EE,_ 2 W2+Q2_m2
€= 2”2(2 a=1/137 Eer = E, — :
2(EZ + EZ) + Q2 2m,,
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Spring2024 RGK Dataset

List of Analized Files:

skim21_819331.hipo skim21_819361.hipo skim21_819487.hipo skim21_819440.hipo skim21_81946%.hipo skim21_819497.hipo skim21_819528.hipo skim21_81%9574.hipo skim21_81%688.hipo
skim21_819333.hipo skim21_819362.hipo skim21_815%489.hipo skim2l_819441.hipo skim21_@819478.hipo skim21_@159498.hipo skim2l_819535.hipo skim21_@819575.hipo skim21_81%6081.hipo
skim21_019334.hipo skim21_819363.hipo skim21_@19418.hipo skimzl_wivssz.nipo skim21_819471.hipo  skim21_819499.hipo skim21_819538.hipo skim21_819576.hipo  skim21_819682.hipo
skim21_819336.hipo skim21_819364.hipo skim21_@819411.hipo skim21_819443.hipo skim21_@19472.hipo skim21_8195@8@.hipo skim21_@19539.hipo skim21_819677.hipo skim21_819683.hipo
skim2l_@19336.hipo skim21_019365.hipo skim21_819413.hipo skim21_81%444.hipo  skim2l_819473.hipo skim21_819561.hipo skim21_819548.hipo  skim21_81%578.hipo  skim21_81%68%.hipo
skim21_819337.hipo skim21_819366.hipo skim21_81%414.hipo skim2l_819446.hipo skim21l_@19476.hipo skim21_@15502.hipo skim2l_819551.hipo skim21_81957%.hipo skim21l_81%614.hipo
skim21_819338.hipo skim2l_@193467.hipo skim21_@19415.hipo skim2l_@819447.hipo skim2l_819476.hipo skim2l_819583.hipo skim2l_819552.hipo skim21_819588.hipo skim2l1l_@19615.hipe
skim21_81933%.hipo skim21_819382.hipo skim21_@819416.hipo skim21_819448.hipo skim21_6819477.hipo skim21_819584.hipo skim21_819553.hipo skim21_819581.hipo skim21_81%616.hipo
skim2l_@19348.hipo skim2l_819384.hipo skim21_819417.hipo  skim21_81%44%9.hipo skim2l_@819478.hipo skim2l_8195685.hipo skim21_81%554.hipo  skim21_81%582.hipo  skim21_81%617.hipo
skim21_819341.hipo skim21_819386.hipo skim21_819418.hipo skim21_8194508.hipo skim21_@19479.hipo skim2l_@8195@6.hipo skim2l_819555.hipo skim21_819583.hipo skim2l_819618.hipo
skim21_819342.hipo skim21_@19386.hipo skim21_@19419.hipo skim21_819451.hipo skim2l_819480.hipo skim21_819587.hipo skim21_@8195586.hipo skim21_@19584.hipo skim21_819628.hipe
skim21_819343.hipo skim21_819387.hipo skim21_8194208.hipo skim21_819452.hipo skim21_6819481.hipo skim21_81958%.hipo skim21_@819557.hipo skim21_81%585.hipo skim21_81%621.hipo
skim21l_@19344.hipo skim21_@1938B8.hipo skim2l_@19421.hipo skim21l_819453.hipo skim21_@19482.hipe skim21_819511.hipo skim21_@19558.hipo skim2l_@19586.hipo skim21_81%623.hipo
skim21_98193456.hipo skim21_019389.hipo skim21_819422.hipo skim21_819454.hipo skim21_019483.hipo skim21_819512.hipo skim21_819559.hipo skim21_819587.hipo skim2l_819624.hipo
skim21_8193446.hipo skim21_81939@.hipo skim21_81%423.hipo skim2l_819455.hipo skim21_@19485.hipo skim21_@19513.hipo skim2l_819561.hipo skim21_@819588_hipo skim21l_81%625.hipo
skim21_9819347.hipo skim21_019391.hipo skim21_@19424.hipo skim21_819456.hipo skim21_019486.hipo skim21_@19515.hipo skim21_819562.hipo skim21_819589.hipo skim21_819626.hipo
skim21_@19348.hipo skim21_819392.hipo skim21_@819426.hipo skim21_@819457.hipo skim21_@19487.hipo skim21_819517.hipo skim21_@19563.hipo skim21_81969@.hipo skim21_819627.hipo
skim2l_@19349.hipo skim21_019393.hipo skim21_819426.hipo skim21_81%458.hipo skim2l_819488.hipo skim21_819518.hipo skim21_81%5&64.hipo  skim21_81%591.hipo  skim21_81%9628.hipo
skim21_819351.hipo skim21_8193%94.hipo skim21_81%427.hipo skim2l_819459.hipo skim21_@1948%.hipo skim21_@15%51%.hipo skim2l_819565.hipo skim21_819592 . hipo skim21_81%62%.hipo
skim21_819352.hipo skim21_919395.hipo skim21_@819428.hipe skim21_@19461.hipo skim21l_@19490.hipo skim21_819520.hipo skim2l_@195466.hipo skim21_819593.hipo skim21_819638.hipe
skim21_819353.hipo skim21_819399.hipo skim21_819429.hipo skim21_819463.hipo skim21_619491.hipo skim21_819521.hipo skim21_@19547.hipo skim21_8195%94.hipo skim21_81%631.hipo
skim2l_@19354.hipo skim2l_@19480.hipo skim21_819430.hipo skim21_81%464.hipo  skim2l_@19492.hipo skim2l_819522.hipo skim21_81%568.hipo  skim21_81%595.hipo  skim21_81%632.hipo
skim21_819356.hipo skim21_919481.hipo skim21_819431.hipo skim21_819466.hipo skim21_@819493.hipo skim21_819523.hipo skim21_819569.hipo skim21_819596.hipo skim2l_81%9633.hipo
skim21_@819357.hipo skim21l_@19483.hipo skim21_@19432.hipo skim2l_@8194é66.hipo skim2l_8194%94.hipo skim2l_819524.hipo skim2l_@19571.hipo skim21_@19597.hipo skim21_@19634.hipe
skim21_81935%.hipo skim21_819485.hipo skim21_819433.hipo skim21_819467.hipo skim21_819495.hipo skim21_819526.hipo skim21_819572.hipo skim21_81%598.hipo skim21_81%638.hipo
skim21l_@193608.hipo skim21_819486.hipo skim21_819437.hipo skim21_@19468.hipo skim21_819496.hipo skim21_819527.hipo skim21_819573.hipe skim21_819599.hipa

Analized 233 RGK skim21 spring24 files available from
/lustre24/expphy/cache/clas12/rg-k/production/recon/spring2024/pass1/6395MeV/dst/train/skim21
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RGK 6.4 GeV Spring2024: A Yields
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Fall2018/Spring2024: X Yields
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RGK 6.5 GeV Fall2018: A Acceptance Function
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RGK 6.5 GeV Fall2018: A Acceptance Function

Wl { W2 W5

3 | ST TN L
f s Gl la g S IR P @ Pt e T ETET RVt an 05
3 E o= .

(3 ee - 3 ST e

EC T et R ofee T T,

E - -, x, T T2 e oat S FE a® =as Ta T8 3%,z

BT TR T A e WL T T PP PO T .

K
o
i
kU
iy
T
L]
"
L]
" 1]
.
¥
- :
2

I I N Al e - S S o
. R T rTEEN TS - xmm =
Zaan PIPICY, ot e e = L ST s

- Tr o, g, L = st - FE =

% Tzt zpoes =R RR, = E=

L s - =
- - -

Vawt s sin vt T TP, .1 Lty

T e
"
.
b b

o= DX E -
- = » Figa o S
o T e T =

all2018), Blue points:

JLab12 Italia, July, 8th 2026- Lucilla Lanza 18




RGK 6.5 GeV Fall2018: 2 Acceptance Function
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RGK 6.5 GeV Fall2018: 2 Acceptance Function
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RGK 6.4 GeV Spring2024: A Differential Cross Section
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RGK 6.4 GeV Spring2024: X Differential Cross Section
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RGK 6.4 GeV Spring2024 A Separated Structure
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RGK 6.4 GeV Spring2024 X Separated Structure

Functions Extraction

Cl 4] I . i : i I A ¥ i ; : i e
o1 S RFUE DTS AR TS RESE RAEY
H ! ¢ x
) I : R : ) -{ i}
z i ) i i I 4 o owodhe B oa . Gk i 1 ' i i
"R EETE FAAE FE AL BB T R B E SR NE T8 AFT LI ABTE FlrStQZbln,
- O TN N ¥ N ... Blue points:
g : : | : , Lucilla
:: '*l':’ "'l:"’1:"gi"'éxvx'lii;!‘,,".i' ]
'RGK Spring2024)
] i i
W (GeV) ‘ w l(k\'; : ‘ W (GeV) ' . w (Gc\"’l & W(GeV) P \\I' l(‘;e\'b . w (G‘EV) W (GeV) : w I(}‘c\'l W (GeV)
% = o7 + &0y, + e0ppcos2¢ + /2(1 — €)aprcose  helicity integrated
K
d
M; = A + Bcosg + Ccos2¢@ = g, Structure Functions obtained via a fit
K
JE(1-&)ayr,sin
App = w o7 - helicity sensitive, extracted via a fit

On

JLab12 Italia, July, 8th 2026- Lucilla Lanza 24



Spring2024 RGK Dataset: 6.4 GeV

List of Analized Files:

skin21 ©19316.hipo skin21 019351.hipo skun2l ©19405.hipo skun21 019439.hipo skun21 ©19475.hipo skun2l ©19509.hipo skun21l ©19564.hipo skun21 ©19597.hipo skun2l 019632.
skim21 ©19317.hipo skim21 019352.hipo skim21 019406.hipo skim21 019440.hipo skim21 019476.hipo skim21 019511.hipo skim21 @19565.hipo skim21 819598.hipo skim21 019633.
skim21 ©19318.hipo skim21 019353.hipo skim21 019407.hipo skim21 019441.hipo skim21 019477.hipo skim21 019512.hipo skim21 019566.hipo skim21 019599.hipo skim21 019634.hipo
skim21 ©19319.hipo skim21 019354.hipo skim21 019409.hipo skim21 019442.hipo skim21 019478.hipo skim21 019513.hipo skim21 @19567.hipo skim21 019600.hipo skim21_019635.hipo
skim21_019321.hipo skim21 019355.hipo skim21 019410.hipo skim21_019443.hipo skim21 019479.hipo skim21 019515.hipo skim21 019568.hipo skim21 019601.hipo skim21 019636.hipo
skim21 ©19322.hipo skim21 019357.hipo skim21 019411.hipo skim21 019444.hipo skim21 019480.hipo skim21 019517.hipo skim21 @19569.hipo skim21 019602.hipo skim21_019637.hipo
skim21_019323.hipo skim21 019359.hipo skim21 019413.hipo skim21 019446.hipo skim21 019481.hipo skim21 019518.hipo skim21 019571.hipo skim21 019603.hipo skim21 019638.hipo
skim21 ©19324.hipo skim21 019360.hipo skim21 019414.hipo skim21 019447.hipo skim21 019482.hipo skim21 019519.hipo skim21 @19572.hipo skim21 019604.hipo skim21 019639.hipo
skim21_019325.hipo skim21 019361.hipo skim21 019415.hipo skim21 019448.hipo skim21 019483.hipo skim21 019520.hipo skim21 019573.hipo skim21 019605.hipo skim21 019640.hipo
skim21 ©19326.hipo skim21 019362.hipo skim21 019416.hipo skim21 019449.hipo skim21 019485.hipo skim21 019521.hipo skim21 019574.hipo skim21 019606.hipo skim21 019642.hipo
skim21_019327.hipo skim21 019363.hipo skim21 019417.hipo skim21_019450.hipo skim21 019486.hipo skim21 019522.hipo skim21 019575.hipo skim21 019607.hipo skim21 019643.hipo
skim21 ©19328.hipo skim21 019364.hipo skim21 019418.hipo skim21 019451.hipo skim21 019487.hipo skim21 019523.hipo skim21 019576.hipo skim21 019608.hipo skim21 019644.hipo
skim21_019329.hipo skim21 019365.hipo skim21 019419.hipo skim21_019452.hipo skim21 019488.hipo skim21 019524.hipo skim21 019577.hipo skim21 019609.hipo skim21 019645.hipo
skim21 ©19330.hipo skim21 019366.hipo skim21 019420.hipo skim21 019453.hipo skim21 019489.hipo skim21 ©19526.hipo skim21 019578.hipo skim21 019610.hipo skim21 019646.hipo
skim21_©19331.hipo skim21 019367.hipo skim21 019421.hipo skim21_019454.hipo skim21 019490.hipo skim21 019527.hipo skim21 @19579.hipo skim21 019611.hipo skim21_019647.hipo
skim21 ©19333.hipo skim21 019382.hipo skim21 019422.hipo skim21 019455.hipo skim21 019491.hipo skim21 019528.hipo skim21 019580.hipo skim21 019612.hipo skim21 019648.hipo
skim21 ©19334.hipo skim21 019384.hipo skim21 019423.hipo skim21 019456.hipo skim21 019492.hipo skim21 019535.hipo skim21 @19581.hipo skim21 019614.hipo skim21_019649.hipo
skim21 ©19335.hipo skim21 019385.hipo skim21 019424.hipo skim21 019457.hipo skim21 019493.hipo skim21 019538.hipo skim21 019582.hipo skim21 019615.hipo skim21 0196560.hipo
skim21 ©19336.hipo skim21 019386.hipo skim21 019425.hipo skim21 019458.hipo skim21 019494.hipo skim21 019539.hipo skim21 @19583.hipo skim21 019616.hipo skim21_019651.hipo
skim21 ©19337.hipo skim21 019387.hipo skim21 019426.hipo skim21 019459.hipo skim21 019495.hipo skim21 019540.hipo skim21 019584.hipo skim21 019617.hipo skim21 019653.hipo
skim21 ©19338.hipo skim21 019388.hipo skim21 019427.hipo skim21 019461.hipo skim21 019496.hipo skim21 019551.hipo skim21 @19585.hipo skim21 019618.hipo skim21_019654.hipo
skim21 ©19339.hipo skim21 019389.hipo skim21 019428.hipo skim21 019463.hipo skim21 019497.hipo skim21 019552.hipo skim21 019586.hipo skim21 019620.hipo skim21 019655.hipo
skim21 ©19340.hipo skim21 019390.hipo skim21 019429.hipo skim21 019464.hipo skim21 019498.hipo skim21 019553.hipo skim21 @19587.hipo skim21 019621.hipo skim21_019656.hipo
skim21_019341.hipo skim21 019391.hipo skim21 019430.hipo skim21 019465.hipo skim21 019499.hipo skim21 019554.hipo skim21 019588.hipo skim21 019623.hipo skim21 019657.hipo
skim21 ©19342.hipo skim21 019392.hipo skim21 019431.hipo skim21 019466.hipo skim21 019500.hipo skim21 019555.hipo skim21 @19589.hipo skim21 019624.hipo skim21_019658.hipo
skim21_019343.hipo skim21 019393.hipo skim21 019432.hipo skim21 019467.hipo skim21 019501.hipo skim21 019556.hipo skim21 019590.hipo skim21 019625.hipo skim21 019659.hipo
skim21 019344.hipo skim21 019394.hipo skim21 019433.hipo skim21 019468.hipo skim21 019502.hipo skim21 019557.hipo skim21 @19591.hipo skim21 819626.hipo
skim21_019345.hipo skim21 010395.hipo skim21 019434.hipo skim21 019469.hipo skim21 019503.hipo skim21 019558.hipo skim21 ©19592.hipo skim21 019627.hipo
skim21 ©19346.hipo skim21 019399.hipo skim21 019435.hipo skim21 019470.hipo skim21 019504.hipo skim21 019559.hipo skim21 ©19593.hipo skim21 ©19628.h1ipo
skim21_019347.hipo skim21_019466.hipo skim21_019436.hipo skim21_019471.hipo skim21_019505.hipo skim21_019561.hipo skim21_019594.hipo skim21_019629.hipo
skim21 019348. skim21 919401. skim21 919437, skim21 019472.hipo skim21 019506.hipo skim21 019562. skim21 019595.hipo skim21 ©19630.h1ipo
skim21 019349, skim21 019403. skim21 919438, skim21 019473. skim21 ©19507.hipo skim21 ©19563. skim21 ©19596.hipo skim21 019631.hipo

Analized 282 RGK sk|m21 spring24 files avallable from
/lustre24/expphy/cache/clas12/rg-k/production/recon/spring2024/pass1/6395MeV/dst/train/skim21
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Increase Statistics: New Binning

Spring24 datasets allow fine binning in the relevant kinematic variables: Q?, W, cosdy , ®
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Modified Bins

First Q2 bin
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Modified Bins
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Modified Bins: Cross Sections
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Modified Bins: Separated Structure Functions
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W dependence of Structure functions, first Q2 bin, 15 cosd; ,,, bins
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Summary and Outlook

Extraction of KY Differential Cross Sections and Separated Structure Functions for Fall 2018
and Spring2024 datasets

Comparison of results obtained with 6.5 GeV (Fall 2018) and with 6.4 GeV (Spring 2024)

Ongoing work: extraction of results for 29, for 8.5 GeV dataset, ...
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Summary and Outlook
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