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Experiment Goals: Reliable E, Extraction

oReliable Charged Pion Form Factor (F;)
extraction to highest possible 07

0.6 | | |

o Using the proton’s ”pion’cI?rud” and pion T ce

1 A Brauel et al. (Reanalyzed)
electroproduction p(e,e'm™)n 0.5 & e et y i

o At small —t, pion pole process dominates in oy O Jlab Fr2

0.4 - & HEHE---.;‘.T;_‘_'--- . S
. . 2 2 b o e T
oPrecise E; extractionupto Q< = 6 Gel/ . / ¢ S—l T

03-_f ~~Z_ -}

=
o Highest possible E, extraction at 8.5 GeV/ ? L

¢$ JLab E12-19-006 (Beamtime Scheduled)

oLow Q? data (taken in 2019) allows for 0.2 7 ¢ Jlab E12-09-011 (Data under analysis) i

testing if m*electroproduction measures
on-shell form factor

o Compare p(e,e'n*)n F, extraction with 0.0 ;

] |
: + 2 0.0 2.5 5.0 7.5
elasticerr™ at same Q Q® (Gev?d)

—_—

; — Melntichouk Duality
On 1 ] ‘

' Hwang Relativistic CQM [
Bakulev Hard QCD Donoghue & Na Disp.Rel.
Nesterenko & Radyushkin @SR

Roberts et al Dyson—-Schwinger
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Experiment Goals: Validation of F;; Extraction

oValidation of E, extractions at highest possible Q%  oaf . - -
o2 F B
oExtract E, at fixed Q?, scanning t oar 7 | ]
o E, should be independent of -t ol . = |
oCheck dominance of t-channel process e . " ]
o Examine ratio of o, for d(e, e'n™)pps, and s | -t [GeV ]
d(e,e'm )nng, 25E o _o (1) ]
2 L T i
o Tests to be repeated at Q% = 1.60, 3.85, 6.0 GeV ? sl o (7") ]
1
o " i
-t [GeV?]

T. Horn, C.D. Roberts, J. Phys. G43 (2016) no.7, 073001
G. Huber et al, PRL112 (2014)182501
R. J. Perry et al., arXiV:1811.09356 (2019)
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Experiment Goals: L/T Separated Pion
Cross Sections

oScaling Study at fixed x = 0.31, 0.39, 5
0.55 as a function of Q? o bR B Projected Errors

— 1/Q°

oQCD counting rules predict 1/Q™
dependence of p(e, e'm™)n cross
sections in Hard Scattering Regime:

o o0y, to leading order, scales as 1/Q6
o o7 scales as 1/Q8
o At large Q?, 0,>> op

- 1/Q%04

do, /dt (ub/GeV?)
3
T | h'!

oStudy hard-soft factorization for GPD
extraction

o If o, becomes large, would allow for
leading twist GPD study

o If o becomes large, could allow for
transversity GPD study 3
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Optimized W vs Q# Settings for E,
Extraction and Pion Scaling Study

oVertical dashed lines scan t at fixed Q2

o Allows for F; extraction at varying distance from
pion pole

o Check that model accurately accounts for:
o T production mechanism
o Spectator nucleon
o Off-shell (t-dependent) effects

oPoints marked with an X’ are instrumental in
higher Q2 F, extraction
o0 Q? = 8.5 GeV? is highest achievable extraction at
JLab

oRed lines allow for 1/Q™ scaling study at fixed
x =0.31,0.39, 0.55
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L/T Separation via Rosenbluth Technique

oMeasure cross section at two beam energies
with Qz, W, and t fixed / reaction plane

o Scan 6, across left and right of 6,

scattering plane

oCarry out simultaneous fit at two different €
using the azimuthal angle ¢,

o Allows for separation of g, o7, 0,1, and orr

oSee Richard Trotta’s Kaon LT talk for more details

d?o 1 dor doy,

( 4 1oL dG'LT dJTT
dtdd,  2r  dt ' di

- COSOr + € o

+v/2¢(1 +¢) c0Ss20y)
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Fall 2021 Completed Kinematics

oKinematic settings for data collection 0r W |z Run Type 0, O c E
from September 2021 to February 2022 |+ 557308 [ 0.160 | LIi+. LD+, LD- | 8.26 | 2,0, +2° | high 0.177
08,z settings are limited 1.60 | 3.08 | 0.160 | LI+ 869 [-2,0.+2° | high2 [ 9876
o Right-angle setting not always possible 2451320 | 0.21 | LH+ 6.16 10, +2 low 7937
with hard limit of 5.5° for SHMS 3.85 1 2.02 1 0.55 | LH+ 15.79 | -2, 0, +2° low 5.986
o 02=8.50 limited to central angle due to 3.85 | 3.07 | 0.31 | LH+ 9.29 | -2,0, +2° middle-2 | 9.876
event rate (388 hrs in PAC 47 proposa|) 3.85 | 3.07 | 0.31 LH"‘,LD"‘,LD‘ 6.39 —0.89, 0, +2° | low 7.937
5.00 | 2.95 | 0.39 | LH+ 9.73 | -2,0, +2° middle 9.876
oEach setting is one part of the data 5001295039 | LH- 6.17 | 0, +2° low 7037
needed for an L/T separation 6.00 | 3.19 [ 0.390 | LH+ 506 | +0.44, +2° | low 9.177
o Need AT LEAST two beam energies 6.00 | 3.19 | 0.39 | LH+ 6.6 |0, +2° middle | 9.876
o Some settings have 3 € points 6.00 | 2.40 | 0.55 | LH+.LD+,LD- | 11.12 | -2, 0, +2° low 7.937
2 _ . 8.50 | 2.79 | 0.55 | LH+ 5.44 | +0.06° low 9.177
oQ* =1.60 setting requires low-¢ data
and rest require high-¢ LH+: p(e,e'm™)n  LD+: d(e,e'm™)nny, LD-: d(e, e'm™)ppsy
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Hall C Extremes in this Experiment

BPE o Several kinematic settings used the
et SHMS at its minimum angle of 5.5 deg

‘ o Ran continuously at this angle from
October 3 through November 5, 2021

EE ©Minimum opening angle between SHMS
B and HMS was reached for this experlment L

o HMS moved to 11.01 deg and SHMS moved
18 deg away at 6.99 deg

0 0

BEAMEINE ===

Chamber
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Spectrometer Issues While Running

oRadiation damage affected hall equipment and oSHMS Q1 interlocked at increased frequency near
electronics end-of-run
o SHMS UPS dying caused ALL magnets to interlock o

June, 2021

Thanks to the efforts off the hall staff, our run coordinators, and shift workers, these challenges
did not hamper our data collection in this very successful run




New EDTM GUI and EDTI\/I Studles for

TLT

oBrad Sawatzky’s GUI sets EDTM clock by desired EDTM
rate:

EDTM
0 EDTM,,, = ——sent

PSFmin
oELDTM,.. measured by event count in EDMT tdc Time Raw

oExamining prescaled non-coin data, determined that
equation is closer to:

_ EDTMsent
0 EDTMgec = =0

EDTMsent
PSF,

EDTMsent
PSF,+PSF,

oPrescale correction improves TLT calculation, but still have
runs with TLT>1

o Richard Trotta and Jacob Murphy looking into this

2/18/2022 JACOB MURPHY
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'[@] /nome/codajcoda/scripts/prescale GUl/prescales gui /home/: -

DAQ Config File Se es/S fault.flags'
—> The DAQ v Clic

Scaler Rate [Hz] Target Rate [Hz] Prescaled Rate [Hz]
If 000

Target Prescaled New EDTM Current EDTM  New Prescaled
EDTM Rate [Hz] Setting [Hz] Readback [Hz] EDTM Rate [Hz]

2 _——

[~ fadcnothr ¥ cermodel0 [ fadcmodelO

Value
psl:
ps2 :
ps3 :
pséd :

-

ps5 :

-

(=]

psé :

-

bufferlevel=10,cermodel0,edtmrate=2,edtmtarget=2,fadcmode=9,nped=0,ps1=0,ps2=-
1,ps3=0,ps4=-1,ps5=-1,ps6=-1,synccnt=10000,tscaler=2

Config file saved to 'fhemejcoda/coda/config_files/SHMS/default.flags'

Help l Reload | Save | Exit |
T.coin.pEDTM_tdeTimeRaw {T.coin.pEDTM_tdcTimeRaw>2600&&T.coin.pEDTM_tdcTimeRaw<3050}
htemp
3
10 Entries
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Std Dev
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Pion LT 2021 Running Complete! s

Number of  Number of Shifts with

oCompletion of a very successful Rank  nstitution/ Individual Name Shifts Weight
1 University of Regina, Regina, SK, Canada 419 487.5
data run 2 Jefferson Lab 244 250
3gzétholic University of America , Washington, 131 159.5 = University of Regina, Regina, SK , Canada
oCOVID restrictions limited 40hio University, Athens, OH 123 1485 * Jeferson Lab
inte rnational CO”a boration Z.:\e;lcc;]b Mur[:;hjy - 2‘; 1112 Catholic University of America , Washington, DC
= Nalfchaar:rl-rl]:inril::rl:al =5 164 = Ohio University, Athens, OH
OWlth pa N d em | C bo rd er 8 Ali Usman 68 91 = Artem Alikhanian National Laboratory (AANL).
o . . 9Stephen Kay 84 88 = University of Connecticut, Storrs, CT
restrictions improving, we are 10Richard Trotta 61 83
OptImIStIC that Inte rn at|0na| 11 Artem Alikhanian National Laboratory (AANL). 49 73.5
. 12 Dave Gaskell 62 62 ici i
n-Chart of Participatin
collaborators will have more T T & &% el pt_ 8
- . . nstitutions” countries
14 Petr Stepanov 52 58.5
O p pO rtu n Itles tO be INVo lved th 1S 15 University of Connecticut, Storrs, CT 40 48
fa I | | 16 Hamlet Mkrtchyan 28 42
17The College of William and Mary 29 39.5
. . . 18Virginia Tech 33 36.5
Ranklng Of most Welghted ShlftS, 19 Temple University, Philadelphia, PA 30 315
com bl ni ng InStItUtlons d nd ZOVﬁrdan okl 20 2o = United States Institutions
individuals 9 21Vijay Kumar 31 31 o . _
22 A.l. Alikhanian National Science Laboratory 19 28.5 = University of Regina, Regina, SK, Canada
. . 23 Arthur Mkrtchyan 19 28.5 Artem Alikhanian National Laboratory (AANL).
Note Owl was WelghtEd as 1.5 shifts 24Carlos Yero 25 26 — . .
25 University of Colorado, Boulder, CO 24 24 = A.l. Alikhanian National Science Laboratory
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Fall 2022 Planned Kinematics

Q* |W | Run Type €

1.45 | 2.02 | 0.312 | LH+ high
1.60 | 3.08 | 0.160 | LH+. LD+, LD- | low

2.12 | 2.05 | 0.390 | LH+ high
245 (3.2 |10.21 | LH+ high
2.73 1 2.63 | 0.311 | LH+ low, high
3.8512.02 1 0.55 | LH+ high
3.85 | 2.62 | 0.392 | LH+.LD+.LD- | low.,high
3.85 | 3.07 | 0.31 | LH+ high

5 2.95 1 0.39 | LH+ high

6 3.19 1 0.39 | LH+ high

6 2.4 | 055 | LH+,LD+.LD- | high

8.5 |[2.790.55 | LH+ high

LH+: p(e,e't™)n

LD+: d(e, e'n™)nng,

oComplementary of data taken in 2019 and 2021
o Kinematics are fixed by data already taken

oHigh-€ data is necessary for L/T separation and for
experiment goals to be met

o Further data taken at same beam energies will not
allow for an LT separation

oHigher beam energy allows for larger Ae
o Experiment results are very sensitive to this gradient

o Large impact on data quality

LD-: d(e, e'm™)ppsy

2/18/2022
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Call for Collaborators

oData collection for fall 2021 was very successful
oThank you to the Hall C staff/users and our collaborators!

oWe need your continued support to complete this experiment!!

oThe high-e kinematics are an absolute necessity for L/T separation and
our experimental goals

0E12-19-006 is currently scheduled to run October 1%t 2022 through
December 4th 2022

WE REALLY NEED YOUR CONTINUED ASSISTANCE TO MAKE THIS
EXPERIMENT A SUCCESS!!!
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PAC 47 E12-19-006 Proposed Kinematics

Q7 W = —tnn|Tvpe E. ¢ Hrs

0.3% 2.20 0.0%7 0.008 |[LH+ 2.8 0.2%6 371} 0, +7 +4 11.1

e Kinematics for the 57 0620\ 857 2,0, 42, +4° | 148
4.6 0.781|10.33 -4, -2, 0, +2, +47| 18.5

M 1.60 3.00 0.1656 0.029 |[LH+ 6.7 0.408] 6.36 0, 42° 9.9
pion form factor study S5 0689870 2,042 | 128

11.0 0.817] 9.91 -2, 0, 42° 12.8

H H 1.60 3.00 0.165 0.029 |[LD+ 6.7 0.408] 6.36 0, 4+2° 9.9

(left) and pion scaling o naom o | e

. 1.60 3.00 0.1656 0.020 | LD- 6.7 0.408] 6.36 0, 4+2° 18.7

11.0 0.817| 9.91 -2, 0, +2° 12.8

StUdy (rlght) 2.45 3.20 0.208 0.048 |[LH+ 8.0 0.383] 6.26 0, 4+2° 9.9

B . 8.8 0.505| 7.30 -1.8, 0, 4+2° 12.8

° | d 11.0 0.709| 9.03 2,0, 42° | 12.8
ue Settl ngs are use 3.85 3.07 0.311 0.120\LH+ 8.0 0.301| 6.55 -1.03, 0, +2° 33.5

. b th t d . 8.8 0.436) 7.97 2,0, +2° 18.2

9.9 0.572| 9.51 200, +2¢ 13.3

In O S u IeS 11.0 0.666)10.27 -2, 0, +2° 12.8

. . 3.85 3.07 0.311 0.120 |[LD+ 8.0 0.301] 6.53 -1.03, 0, 4+2° 33.5

 Red kinematics taken 110 0.666/10.27  -2,0,+2° | 128
3.85 3.07 0.311 0.120| LD- 8.0 0.301] 6.53 0, 42¢ 118.8

H 11.0 0.666|10.27 -2, 0, 42° 12.8

In 20 19 5.00 2.95 0.390 0.209| LH+ 8.0 0.238] 6.35 0, +2¢ 74.5

9.9 0.530| 9.76 -2, 0, +2° 1.1

11.0 0.633110.88 2.0, +2° 27.0
¢ Angles and bea m 6.00 3.19 0.392 0.21f|LH+ 9.2 0.18}] 5.13 0.37, +2° 182.2
. . 9.9 0.304) 6.64 0, +2° 80.6

11.0 0.452| 8.22 -2, 0, +2° 71.9

energies NOT final for | EEEE B LR E R

. Beam Energy Changes 72.0
bl k d bl Total Hours (100% efficiency) 1054.6
a C a n u e Settl n gs PAC35 Approved LHours (100% efficiency) 1248.0
Time Saved: 1248-1054.6 hrs (100% efficiency) -193.4

QW T  —tmin| Type E. € b, [ Hrs
1.45 2.02 0.312 0.114 [LH+ 3.7 0,511 |13.76 -2, 0, +27] 11.1
6.7 0.880 (20.17 -2, 0, +2°| 10.0
2.73 2.63 0.311 0.118 |LH+ 6.7 0.513[10.30 -2, 0, +2°| 13.8
11.0 0.845|14.58 -2, 0, +2°| 9.3
212 2.05 0.390 0.195|LH+ 4.6 0573 [15.14 -2, 0, 27| 11.1
88 0.907|21.44 -2, 0, +2°| 12.8
3.85 2.62 0.392 0.208 |LH+ 6.7 0.360|8.94 -2,0, +2° 22.5
11.0 0.799 |14.58 -2, 0, +29| 9.6
3.85 2.62 0.392 0.208| LD+ 6.7 0.360] 8.9] -2, 0, +2°| 22.5
11.0 0.799|14.58 -2, 0, +2°| 9.6
3.85 2.62 0.392 0.208| LD- 6.7 0.360] 8.9) -2, 0, +2°| 74.9
11.0 0.799|14.58 -2, 0, +2¢| 9.6
3.85 2.02 0.546 0487 |LH+ 6.0 0.582]17.41 -2,0, +2°] 9.6
11.0 0.808 {21.92 -2, 0, +2°| 9.6
6.00 2.40 0.551 0.530 |LH+ 8.0 0.449(11.26 -2, 0, +2°| 485
11.0 0.738 115.31 -2, 0, +2°| 184
6.00 2.70 0.551 0.530| LD+ 8.0 0.49|11.76 -2, 0, +7°| /8.5
11.0 0.738|15.31 -2, 0, +2°| 18.]
6.00 270 0.551 0530 LD~ 8.0 0.779|11.26 2, U, 72| 8.5
11.0 0.73815.21 -2, 0, +2°| 18.]
8.50 2.79 0.552 0.550|LH+ 9.2 0.156|5.52 0° 388.0
11.0 0.430|9.36 0° 108.5
Calibrations 48.0
Extra calibrations needed for large angle ytar 8.0
Beam energy changes 72.0
Total Hours (100% efficiency) 1057.3
PAC38 Approved Hours (100% efficiency) 864.0
Extra time: 1035.3-864.0 (Table I) hrs (100% efficiency) +193.5




Experiment Goals: Reliable E, Extraction

oReliable Charged Pion Form Factor (F;)
extraction to highest possible Q*

oUsing the proton’s “pion cloud” and pion
electroproduction p(e,e'n*)n

oAt small —t, pion pole process dominates in
oy,

oPrecise F, extraction up to Q% = 6 GeV?
o Highest possible E, extraction at 8.5 GeV?

oLow Q? data (taken in 2019) allows for
testing if w Telectroproduction measures on-
shell form factor

o Compare p(e,e'n*)n F, extraction with
elastic er™ at same kinematic
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