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Pion Form Factor and Scaling Study

= Interaction of quarks and gluons is successfully described by QCD. < et T1c s

= But unable to construct the quantitative description of hadrons in terms of 5| 4 frouel ot el (Roanalyzed)
the underlying constituents, quarks and gluons. o dan Er

= Pion is the lightest meson and gives an ideal testing ground for our understanding
of the hadronic system.

¢ JLab E12-19-006 (Beamtime Scheduled)

= Form factor (F(QZ)) is an important observable that can be studied to understand : @ Jlab E12-09-011 (Data under analysis)
the internal structure of hadrons by describing the transverse spatial position of e
partons within hadrons. Cf Py ——

= Measuring the pion form factor at various Q2 (up to 8.5Gel’?) checks the 0 ! =0 “ m;_'sc —
validity of QCD-based theories, including the transition between region Q* (GeV®)

between perturbative and non-perturbative approaches. Thesis topic of Muhammad Junaid

Unlver81ty
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Pion Form Factor and Scaling Study

p(e,e 7t+)n

B Projected Errors
1Q*
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X=0.39

do, /dt (ub/GeV?)
3

'Fit: 1/Qn

Thesis topic of Nathan Heinrich

January 26, 2026
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mendolia m+e elaslics
® Ackermann plee’n*)n
4 Brauel et al. (Reanalyzed)
W JLab Fr=1
O JLab Fr—2

¢

¢ JLab E12-19-006 (Beamtime Scheduled)
¢ Jlab E12-09-011 (Data under analysis)

Melntichouk Duality
Hwang Relativistic CQM

" Bakulev Hard QCD
Nesterenko & Radyushkin QSR

Roberts et al Dyson—Schwinger
I T I
2.5 5.0 7.5
Q* (GeV?®)

Thesis topic of Muhammad Junaid

GPD encode quark position and momentum information.

Study hard-soft factorization is important for GPD extraction.

Factorization regime predicts 1/0Q" dependence of p(e, e'n™)n cross-sections

in Hard Scattering Regime.

o, to leading order, scales as 1/Q°

or scales as 1/Q8

Scaling Study at fixed x = 0.31, 0.39, 0.55 as a function of Q2.

‘i?‘vggﬁla Go far, Togyefher.
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Pion Form Factor Measurement

O Direct Measurement: - Sxattirad
» Elastic Scattering of electrons from pions gives - E'ei}m" A1 HlSEa
e+nt e +nt’
» Limitation: Pion (& i) targets not possible due to short lifetime (~2.6 x 10 — 8s)
« Even scattering high energy pion beam (1 TeV, if some facility could be constructed) can O/ proton\SCattgrlgg
access only Q?~1GeV?

Neutron

O Indirect Measurement:

« Above Q? > 0.3GeV?, F, is measured indirectly using the “pion cloud” of the proton via ¥ m
pion electroproduction p(e, e’ )n
F (@9

» Indirect measurement — Form factor extraction requires a model.

* As anillustration of how o; connects to F,ZT(QZ, t), we consider a simple Born Term Model,

do;,  —tQ° g ()
« t)F2(Q%t nNN
« In reality, we use Regge base model such as VGL, YCK and PKT Models for FZ(Q?,t) N N'
extraction.

UIllVGI‘Slty
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Rosenbluth Separation

= Rosenbluth separation required to isolate o; for L/T separation.
= The Physical cross-section for the electroproduction process is given by;
dZO' dO'L dO'T d dO-TT
=€ + +./2€(e+1 cos 2
dtdo dt dt \/ ( ) dt ¢

Reaction Plane

Scattering Plane

o
dLT cosp + €

» Here “¢” is polarization of virtual photon.
-1

(E, — E_)* + Q% 0.
e e
1+2 7 tan® —= ~CP=(ps
« Perform two scattering measurements with different beam energies “E.” to vary “¢”
and separate different cross-section terms. ' j i
|
« Careful control of point-to-point systematics crucial, '/, . error amplification in o; . § 1] { ,H -
Ao, 1 1 s ey T
= Ao'% _I_ AO'% Ea.ms L S
O'L 61 _62 O-L ;Sc-.asc ~-~ Fit (low &) -
Where “0; = o1 + €; 0,” and “0, = o1 + €, 0" 00251 - Fi (igh o) o 20397 £ 0020
i owe 1;rg=|:|1|:|2+c|c|13
00001 § high e g = 0.030 = 0.028
« Careful attention must be paid to systematic studies such as spectrometer T bhieny T
acceptance, kinematics, efficiencies, etc. Umverswy

January 26, 2026 Muhammad Junaid, Hall C Winter Meeting 2026
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Coincidence Experiment in Hall C
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Pion-LT Experiment

U The Pion-LT experiment was conducted over a wide kinematic
range at the Hall C facility, JLab.

O Green points represent the Pion Form Factor Study.
O Yellow points represent the Pion Scaling Study.

O Vertical black dashed lines shows W-scan at fixed Q2.

e =N

Q Points marked with an ‘x’ are instrumental in higher Q%, F
extraction
0 Q% = 8.5 GeV? is highest achievable extraction at JLab

O Red lines allow for 1/Q™ scaling study at fixed x = 0.31, 0.39, 0.55.

3
O Focusing on the physics settings highlighted in purple box. Q% (GeV?)

Unlver81ty
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Analysis Flowchart

Systematic Studies
Planning and (PID, Efficiencies,
Collection of _ EIS agglil-::dtisogztector —| Kinematic variable
Experimental Data Offsets......) for . .
Experimental Data O Planning and Experimental data
N lizati . .
_ _ Sl collection were completed in 2021
Green Box represents L/T separation analysis procedure
B e l """""" ! and 2022.
E Experiment | [T T TTTTTTTTTTTTT T T m oA mmmmmmmmm eI 1 i
i I P . .
i I " P O Detector Calibrations were completed
i 2 tan i Yield { ! -
M o SeEI:g}::n e — Binni:g - Extriaection b in 2023.
g Selection &
E i | Monte carlo i i
! i | simulation i . . . . .
{ 1| (siMc) Data . | | 0 Systematic studies, including PID and
' | + Red box represents the iteration process with each model change i ! N .
P | . efficiencies, offsets, were completed
By — » in 2024.
t 1| Improving Unseparated Data/SIMC Yield || |
i - ::z:'lc; Cri:g-as?:teigns Cross-sections K;?\\;?:\thiecs ~— Ra:ioa Calculatlzms 2 i
| Tsme Measurement faloustion S and Comparisons || { O L/T separation analysis for Q2 = 3.85

} GeV?, W = 262 GeV (2-epsilon)
e T T ’ physics setting is completed in 2025.

Once a reasonable empirical physics model is achieved

o o ] - - - - - - - - -

Unlver81ty
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Lumi Analysis

» This analysis seeks to identify and remove all rate dependence from the physics yields
O Sub Tasks in Order:
0 Beam Current Monitor (BCM) Calibration and Zero Current Offset
O Remove rate dependence from Scalar Yields.
O Analyzed Carbon Singles Data
0 Remove Singles rate dependence.
O Analyzed LH2 Elastic Singles Data
O Determine Target Boiling Correction
1 Analyzed LH2 Physics Coincidences Data

O Ensure physics yields do not have any remaining rate dependence

This work is done by Nathan Heinrich University
’"Regina Go far, Wcr
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Carbon Singles - LiveTime

= Electronic Dead Time Monitor (EDTM) system is
found to be an unreliable measure of Total Live Carbon 12181-12191

Time. (See Jacob Murphy’s report DocDB id 1177)
* Instead use: Computer Live Time and 1027
Electronic Live Time (CPULT x ELT)
1.00 ++ *
= CPULT comes from scalers H
F 0.98-
» ELT estimated using the Hodoscope plane
combinatorics (D. Mack’s Method DocDB id: 1063) }
EDT = rate*GateWidth, ELT = 1 - EDT 0967 *
SO
LT30f4 = LT1*LT2*LT3*LT4 + DT1*LT2*LT3*LT4 0.94 4
+ LT1*DT2*LT3*LT4 + LT1*LT2*DT3*LT4 M T
+LT1LT27LT3"DT4 HMS EIReal (PS4) Rate (kHz

This work is done by Nathan Heinrich

January 26, 2026 Muhammad Junaid, Hall C Winter Meeting 2026
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https://hallcweb.jlab.org/doc-private/ShowDocument?docid=1177
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Carbon Singles - Flat

QO Carbon Target shouldn’t ‘boil’, so if detectors are Carbon Data Combined
understood, there will be no rate dependence in k> -
Yield: - -
S 104
£ i !
!  Vield Events = - 1
umitYield = P p S B
(Charge) = (1 Ef ficiencies) ¢ 1.02— ! k 1 i H
i IH h ” ) l ﬁ" I
, , . (. . 11— !
O With charge, tracking, and live time corrections - Hr Il | r
applied slope of the combined Carbon singles .
settings: 0-98I~
0-39 i 0-50 %I1 OOUA 0'96 __ y = (0.000039+ 0.000050)x + (1.002912+ 0.001967)
—a—  _/OUTPUTS/Lumif-4/SHMS/yield_data_Carbon_clean.qsv
e IOUTPUTSLumS Ik tota, Carhon, FoaS.Cov |
0 Consistent with no slope, 0.9 —— St el
0 10 20 30 40 50 60 70 80

] Data is well understood. Current (UA)

This work is done by Nathan Heinrich University Gofar 1
0T1ar, WZH

of
January 26, 2026 Muhammad Junaid, Hall C Winter Meeting 2026 eglna
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LH2 Singles Lumi - Boiling

O After ensuring that carbon data is understood, move

to the Liquid Hydrogen target. 10058
O Here, we expect “boiling” or a change in density with E
current (beam heating). 0.995]-
L Because of issues with live time approximation at a 0.990
high rate, only use HMS data. -
0.985(—
O Acquire boiling coefficient: -
2.8+0.17 £ 0.69 %/100uA 0.98
Others get: 0975—
C. Yero 6.3 £ 0.6 %/100uA T s v %
H. Bhatt 3.2 £ 0.4 %/100uA 0.97 T T T .o
Deepak 3.2 0.8 %/100uA Current (uA)
R. Trotta 7.9 £ 1.8 %/100uA
This work is done by Nathan Heinrich Unlver81ty

January 26, 2026 Muhammad Junaid, Hall C Winter Meeting 2026


https://hallcweb.jlab.org/doc-private/ShowDocument?docid=1023
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LH2 Physics Coin

O Moving to coincidence between HMS and SHMS
spectrometers (called Coin), specifically using data

CoinRate Data Combined

similar to what is used for physics studies. % 1.027
O EDTM issue that exists in singles does not exist for g
coin, as ALL Coin events are taken, rather than a o
fraction like with Singles o
0.96
O With all corrections applied find additional rate
dependence. 0.94
0 Still find additional effect coming from Coincidence 0.92
Blocking Rate (kHz)
This work is done by Nathan Heinrich Unlver81ty

January 26, 2026 Muhammad Junaid, Hall C Winter Meeting 2026
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Coin Blocking Correction — 12 GeV Era

» Coin Blocking is where noise events “steal” the coin time,

Causing the event to be lost. CTime.CoinTime_RAW_ ROCZ_
CoirTime Cut Entries 793349
» Fixed with by cutting on raw coin time and correcting Mean 6837
e oo Std Dev 26.58
— 10*
é 15 %}; '}I { I —B— Cutside Caintime Cut: 6033 000000 GOOd
£ 0995 % I [ * Coin
®  F oa + l * I 10%E
g 099 " l * ,} “ H | = “Stolen” H
8 F ] l ll - coin I‘H
-§ 0.985:— } i 5 ' '[' 1|]| ‘m
- | 3 HWM
0.98— -
0.975 ;— | I ‘ . :_ ”v
0.973— l ‘ ? wl ‘
0,965 B ‘ |
. ey |: MMWH L “
0 05 1 15 2 ~150 -100 -50 0 100 150 200 250
Coin Rate (kHz)
This work is done by Nathan Heinrich Umversmy

January 26, 2026 Muhammad Junaid, Hall C Winter Meeting 2026
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Coin Lumi Flat

» After correcting for Coin Blocking, it is very nearly flat, but not within the errors listed. So, uncertainty must be
under-estimated.

> Added a small systematic uncertainty of 0.94% to EDTM Live Time so that a constant fit has x> = ~1.

» Detailed report can be found on DocDB1307.

3 - 2 -
= B > 1.03—
@ — o -
E 1'02:_ i I l‘ g 1.02F ‘ ‘
s o }I Added |
1.01— v . -
“F L R Systematic = 1o ‘ I |
- l = | — 1= f
1: r I T E { i “ L J ! & ‘
- ~ { h 0.99— |
0.9 1 q - ' 7‘
- } l ‘ 0.98F il
0.98 [ ‘ -
- J 0.97— ‘
0_97:0—|||||||||||||||||||||||||||||||| E||\\|\||||||||\|\||||||||\|\|\|||||||
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
Current (uA) Current (uA)

This work is done by Nathan Heinrich University
’"Regina Go far, @aﬂw

January 26, 2026 Muhammad Junaid, Hall C Winter Meeting 2026
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Missing Mass Offset and Cut Study

= Purpose of the missing mass offset study is to improve the agreement between data and simulation and reduce
systematic uncertainties in the extracted cross-sections.
= Blue represents the experimental data MM plot.

Finalized PID and timings cuts

* Red represents the SIMC MM plot. \/( - i
M,, = E, + —Eg —Ep+)* — (Pe — Pe! — Pr+t
o s I g HMS Cuts (Electrons)
S osb £ oo ple,emon HMS_Cal_etottracknorm > 0.7
S8 °F @ F Missing Mass Cut
0.8F 0.8 issing Tass =t H Cer _npeSum > 1.5
F - 0.90 < MMpi < 1.06
0.7 0.7:—
0sE- 0.6E- SHMS Cuts (Pions)
0sE- osE- ,’ Aerogel (NPE) > 1.5
0.4F- 0.4 -2.25 > epiCoinTime > +2.25
03f- 03 1.2 > RFTime > 3.4
0.22— 0.22—
0.1 0‘12— IQ\_ ple,e’ k) These cuts will be applied to physics
T I I A e data to select a clean sample of em
bs 0.9 ! 11 12 13 Mh}p-_‘* B8 0.9 1 1.1 12 13 e events for further analysis.
Missing Mass Before Offset Missing Mass After Offset g
Q2 =3.85,W=2.62,t=0.21 (2 epsilons) [g?wggﬁla Go far 77 :

January 26, 2026 Muhammad Junaid, Hall C Winter Meeting 2026



Je son Lab

omas Jefferson National Accelerator Facility

Cross-section Measurements

O The ratio method is used to calculate the experimental cross-sections.

dZO' _ (YEXP> dZO'
dtd¢EXP dtd¢SIMC

YSIMC

U The same cuts, binning, and kinematic selections are applied to both the data and the SIMC.
O This technique is model-dependent.
O Requires the SIMC empirical model to reproduce data.
 Only reliable if SIMC reproduces the data well in both shape and normalization.
O Fit the Rosenbluth equation to extract the cross-section components.
do _ dO'L dO'T dO-LT dO-TT
zndtdgo =e—_—+t— -+ 2e(e +1) 7p COSpte—p coS2 ¢

O Need to iteratively tune L/T/LT/TT empirical model until MC reproduces experimental data.

University
_ . _ JRegina 00 far Tegeller
January 26, 2026 Muhammad Junaid, Hall C Winter Meeting 2026 17
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Improve ¢ coverage by taking data at

multiple T (HMS) angles, _20<enq <90, For each ® HMS setting, form ratio:

Diamond cut

. — Y, Lpxp
aL Ml Low e R =S

- —cut

: = Yme

Combine ratios for & settings together,
propagating errors accordingly.

£ [0.16- 0.24] Ratios t:[0.27 - 0.31]
I 1T P |
LT AT NIATRARS TR SRR RO
r;ﬂ.liﬂ hﬁi“‘»L i /"%»*%' + e ™ 4 tden)
g 4 A Extract via 2 2
3 0w ldo e I P . do Y do
E : LL,}‘_ f [ i* j% 7 Tl simultaneous fit —— = =L
g I did did
g of L,TLT,TT 4O gp  \ Ysiue ) AP gpc
bﬂ.'ﬂ'ﬁﬂ-
° === FEflow g) . = 0.489 = 0.042
o025 ___ F'rfw[:igh £) or = 0.397 + 0.020 do- do- do- do-
sowol § hone g;;%,é%ﬁ;%_ﬁlfs ”dci;gzﬁ = dtL + dtT +2e(s +1) =L COS¢+8—dtTT cos2¢
[1] 50 L1ie lpi':ﬁ id;ﬂ;} 250 30 350 UnlveI‘Slty

January 26, 2026
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Diamond Region Selection

Diamond cut mnrove o coveraae hv takina data at Ear oach o HMS cotting form ratio:
) n
owe | (3" = 3 > Elect tromet
. MLow [ - High e <10 ectron spectrometer
L B Low : acceptance is larger for high €.
- — cut )
i | » Selected an overlapped phase-
2.8 i
I iy space region.
28 > Divided data into 5 t-bins based
i on data statistics.
2.4
] ' 107 . .
_}i 2 i » Purpose is to ensure consistency
g o) 1 " 2.2 across different kinematic
Somdod fy i settings and measure the t-
GO_GTE- T -I L1 1l I L1 1 1 I L1 11 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1
S ool 2 25 3 385 4 45 5 55 dependence
D pas] Tl Q2 = 3.85, W = 2.62, t = 0.21 (2 epsilons)
§F lowe = =
00001 § high e omr = 0.030 * 0.028 74515 =Z FZEEFT) ”’117575+5 —COSZ2(
[ 50 100 150 200 mj;s'c- 300 350 dtd¢ dt d dt
Result from Fpi-2 phi (deg) Unlver81ty

January 26, 2026 Muhammad Junaid, Hall C Winter Meeting 2026
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Full p-Coverage

Niamand cut Improve ¢ coverage by taking data at = e LINAC it £ .
angles, -2°<e1Tq <2°,

To get full-¢ coverage, data is taken on two
degrees on the right and left of the central
angle by rotating the pion arm.

Red corresponds to the right angle pion arm
setting

Green corresponds to the central angle pion
2.6R, t = 0.21 (2 epsilons) arm setting

» Blue corresponds to the left angle pion arm
setting

- » Divided data into 15 ¢-bins to measure the ¢
‘ dependence.

Q2 = 3.85, W= 2.62,t = 0.21 (2 epsilons)
00001 : Ths our = 0.102 = 0.013 T do - .
: gh £ o = 0030 £ 0.028 o 1 1 'VH \u T J./ YULU o VUD &
[ 50 100 1%-:-. 200 250 300 350 dtd¢ dt dt dt dt
Result from Fpi-2 phi (deg) Unlver81ty

January 26, 2026 Muhammad Junaid, Hall C Winter Meeting 2026
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L/TSep Iteration Procedure

Improve ¢ coverage by taking data at
-20<8,,, <2°.

multiple  (HMS) angles,

For each T HMS setting, form ratio:

R = “ExP. Yo

YSIMC

Combine ratios for & settings together,
propagating errors accordingly.

£ [0.16- 0.24] Ratios t:[0.27 - 0.31]
I 1T P |
LT AT NIATRARS TR SRR RO
gﬂ.liﬂ "'ni“%L i ,"’_%"’%_ & tdeg) ™ b tden)
g 4 A Extract via 2 2
3 0w ldo 4 P . do Y do
E : LL,}‘_ f [ i f j% 7 Tl simultaneous fit —— = =L
:g'ﬂ.-:-]‘ﬁ- '{ 3 'E‘"i'" - '{
g of L,TLT,TT dtd@ vy \ Yopue ) AP g1
(=] 0.050 4
° === FEflow g) =0.489 + 0.042
o025 ___ F'rfw[:igh £) — 0397 + 0020 do- do- do- do-
sowol § hone g;;%,é%ﬁ;%_ﬁlfs ”dci;gzﬁ = dtL + dtT +2e(s +1) =L COS¢+8—dtTT cos2¢
[1] 50 L1ie lpi'{;.li id;ﬂ;} 250 30 350 UnlveI‘Sl

Muhammad Junaid, Committee Meeting 2026
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Yield Calculations
O Calculated normalized bin-by-bin data yield.
N

Yexp = 0 Charge Calculated run-by-run
eff .
where, HMS & SH_MS jl'rackmg > 98%
Efficiencies
Qesr
= Charge X Tracking Eff X Detector Eff Live Time Correction >98%
x EDTM Live T”?w ><. Boiling Corr HMS Cerenkov Efficiency >99%
X other normalization factors ... ...
HMS Calorimeter Efficiency >99%
0 Calculated normalized bin-by-bin SIMC yields. SHMS Aerogel Efficiency >98%
O Calculated ratios (DATA/SIMC) for each t & phi-bin HMS & SHMS Hodoscope 089
setting-by-setting, separately. Efficiency °
RF Efficiency >99%
Yexp " .
R(t, @) = % Boiling Correction Factor Calculated run-by-run
SIMC
Coin Blocking Correction Calculated run-by-run
O Combined data from each pion arm angle setting Pion Absorption Correction ~97%

per € by calculating their error-weighted average.
University Go far. 72
“Regina cgelher

January 26, 2026 Muhammad Junaid, Hall C Winter Meeting 2026
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Low-epsilon Data/SIMC Ratios

& [0.16 -0.24) £ (024 -0.27)

Hﬁﬂfm ey gw-}-ﬁﬁi}n-iiw
oo SN P |
Y .
R(t, (p) _ - EXP
Ll 100 150 200 250 300 350 o 50 100 150 200 250 300
$ [ deg) § ldegl
b (027 - 0.31] £ [0.31 - 0.36] £ [0.36 - 0.50]

1 et o
[SEFER “m“]h{ﬁ i hhﬁ i

Physics Setting: Q2=3.85 GeV?, W=2.62 GeV

g LarasIme
g ILhats
Data

January 26, 2026 Muhammad Junaid, Hall C Winter Meeting 2026
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High-epsilon Data/SIMC Ratios

10,16 - 0.24] b 10,24 - 0.27]
1.4+ 14
Physics Setting: ; { { ; { [ ; } J l I
Q3p85_W2p62_tOp21_higheps é;"m" I R B _T_T"' B §'1'°" - “{ ______________ - _T' 1
s RN H
Y 0.8+ 084
EXP {
R(t’ (p) — Y 0.6 0.6
SIMC . . . . \ \ . . . . . . . .
L1} 50 100 150 ¢|deg:200 250 0 350 [1] 50 100 150 ¢Ideg;'!0-ci 250 30D 350
£ 1027 - 0,31 £: 10,31 - 0.36] £ 10,36 - 0.50]
1.4 1.4+ 1.4
NSRRI RRSDURN(EIg § s HH ﬁ;
R e e e A ol A e S S e
H H H
0.8 0.8+ 0B 4
[1] 50 e 150 p|deg:zm 250 3D 50 L1} 50 100 150 ¢|degIZOC- 250 30D 350 [1] 50 100 150 ¢Ideg;'!0-ci 250 30D 350

Physics Setting: Q2=3.85 GeV?, W=2.62 GeV

UIllVGI‘Slty
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Data/SIMC Comparison Plots

d Compared kinematic and spectrometer variables between data and SIMC to verify that the SIMC model reliably

reproduces the measured distributions.
Q2 Distribution

W Distribution t Distribution
21 ] TDATA i I 1 DATA i :EF 1 DATA
1,8? ii—l% +SsIMC E +’H_<% +S|MC , B i "F +S|MC
16 :_ "F{" :}: 1.4~ ?ﬁ%‘} ’I“ﬁ ) r
C +F s T I F
1.4F i S 1.2f- £ " o
B B i i
w12 .{.i :F..[.. 1~ %_.:F{N :E'I" - ;
A g T : 1 e I 2
3 1:_ S ++ 3 ) 8: ++ % 1.5
0.8 :_ i ++ o U n '{"+ k3 Q i :F
i: + e : 5 : p * &
C 0.6 -I-+ + S| S
0.6¢ s o C T - i
- F I 3 JF + i H
e p ki Ly b 0.5 %:F
02F & ;* 0.2f * 3 T E Frg
U . 11 .I_l L1 1 | 11 1 | 11 1 | L1 1 | L 1 1 | L 11 | 1 s B H* | | | | | | :ﬁ B | | | |
5 32 34 36 38 4 4z 44 c;':?'s 04 245 25 255 26 265 27 275 28 Q=55 03 04 05 06 0.7
w t
Physics Setting: Q2=3.85 GeV?, W=2.62 GeV low-eps Center o
University Gofar 77
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L/T Separated Cross-section Measurements

O Calculated unseparated cross-sections.

t central = 0.198
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Theoretical Model Comparison

O Our philosophy is to publish our experimentally measured %, so that updated values of F,,(Qz) can be extracted
as better models become available.

O Jefferson Lab F, experiments use the Vanderhaeghen—Guidal-Laget (VGL) Regge model as it has proven to give a reliable

description of o; across a wide kinematic domain.
[Vanderhaeghen, Guidal, Laget, PRC 57(1998)1454]

O The VGL dramatically underestimates o, while doing a much better job on o}, led to new model development, with the goal
of increasing o without degrading o}, description.

0 Some recent model developments, more are welcome!
O T.K. Choi, K.J. Kong, B.G. Yu, J.Kor.Phy.Soc. 67(2015) L1089; arXiv: 1508.00969

Q T Vrancx, J. Ryckebusch, PRC 89(2014)025203
O M.M. Kaskulov, U. Mosel, PRD 81(2010)045202.
O R.J. Perry, A. Kizilersu, A.W. Thomas, PLB 807(2020)135581

0 Compared results with VGL and CKY Models.
University
oRegina | 60 far Toyelher
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Comparison with VGL Model

« 0,: results a little low compared to the scaled expectation from Fpi-2

« If this is confirmed in our final analysis, it could indicate F; is dropping more rapidly.

« o surprisingly large, an interesting rising trend from Q?=1.6-2.45-3.85.
* 0,1 & 0oy also much Iarger than Fpi-2.
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VGL model does not describe the t-dependence of o
very well and dramatically underestimates T/L ratio.
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Model is evaluated at precise kinematics of data. Discontinuities indicate change in (Q2,W) for each t-bin.
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« CKY model also does not describe t-dependence of o, very well.

Comparison with CKY Model

* Much better T/L ratio, as expected, but still low.
« o, somewhat higher than VGL, but still lower than
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Summary and Future Plans

d E12-19-006 (12 GeV Flagship Experiment) is expected to provide the definitive p(e,e'nr*)n L/T-
separation data set and will remain important for decades to come.

A Preliminary L/T separation is completed for Q?=3.85 GeV?, W=2.62 GeV physics setting.
O Systematic uncertainty studies still need to be done.

1 Next step will be to work on the other two physics settings to calculate the L/T separated cross-
sections using the Rosenbluth technique and extract the pion form factor.

O Then will do a detailed comparison with existing VGL, YCK, and PKT theoretical models.

0 Results will help to understand the dependence of the Form factor and in validating theoretical
models.

O It is expected as many as 2 publications will come from this research.

Un1versn:y
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