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Important open questions in nucleon structure at high-x:

- Whatis F,"/ F.? and d/u for x - 1?

- How well does quark-hadron duality hold in the neutron
=> confront dynamical models of duality

— How is the deuteron “constructed” from proton and neutrons?
|. What is the EMC effect in the deuteron?

ll. Are there isospin dependent off-shell effects in light nuclei?

Answering these questions requires precision structure function data on:

proton, deuteron, neutron, and A=3 mirror nuclei
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Ratio of d/u quark distributions at x—1
provides testing ground for nucleon models
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Still an open question, but JLab 12 GeV experiments should help provide answers soon.
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“Barely Off-Shell Neutron Structure” (BONuS) Experiment
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Results from E, = 6 GeV Experiment
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Neutron resonance states and duality
E=5 GeV
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Selection of backward, low momentum protons
minimizes nuclear corrections

Final State Interactions:

Palli et al, PRC80(09)054%)%10
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Expected BONuS12 precision (proposal)
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MARATHON + E12-10-002
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* BONuS12 has similar coverage as E12-10-002 SHMS, but also extends to lower Q?

* Marathon kinematic region covered by all 3 experiments

=> Leverage all 3 experiments to study: 1. F,"/F. (d/u),
2. nuclear effects in light nuclei,
3. isospin dependent effects

M.Eric Christy DNP2020, October 31 8



! BONuS12 Experimental Setup in CLAS12
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- Central:
— Target: D gas @ 6 atm, 293 K
— BONuS12 RTPC —>\\\ I
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BONuS12 RTPC

Active length: 40 cm
Radial drift distance: 4 cm

Drift gas He/CO, (80/20)

3 GEM amplification layers
16 HV sectors per GEM
(Segmented in @)
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=> 17,280 channels
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RTPC Assembly @
Hampton U. In
Collaboration
with ODU & JLab
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CLAS12 RG-F (BONuS12) Data Summary

Finished data taking ~ 1 month ago
-> Significant statistics taken for final physics results

-> only event reconstruction and calibration quantities will be shown.

Beam Energy Target Spring 2020 Summer 2020

H2 81M 185M

D2 37M 45M

1 Pass Data 4He 19M 44M
Empty 1M 22M

Total 138M 296M

H2 151M 266M

D2 2275M 2355M

5 Pass Data 4He 77TM 51M
Empty 21M 45M

Total 2524M 2717M
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RTPC Track Reconstruction
(calibrations iIn progress)
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I Preliminary Calibration Data Analysis

Electron Selection : 2.14 GeV on H, target Elastic e- with good proton tracks in RTPC:

vz, [cm]

€olP

L L L 1 1 L 1
1.2 14 16 18 2 22 24

P, [GeV/c]

(uncalibrated) dE/dx vs

Reconstructed momentum
For elastic recoll “protons”
In RTPC .

=1

+ tdiffcut (-250 ns to 250 ns)

180
h5_cl6] P
' r == After timing cut
140} 1000— Mean 162.1
r s su| - Select RTPC tracks:
100 soo-
a0 L
. E 1. in-plane with e-
600 /v
i N
20| : /
(RS s%0p 2. common vertex
8, [deg] + y
200\
12000 L
10000F O ot S VI PPy PSR i -
F 0 50 100 150 200 250 300 350
L ADID_ - D
8000
n 250 RPVvsEVERstc
6000 = E o ’ Entries 23314
. E p00F Meanx  -43.69
L x E Meany  —14.47
4000~ % 150 Std Devx  84.99
r z E Std Devy 94.79
2000 g 100 E
. sof-
0.8 o E 6
s
E 4
hEvPElast E
SE T ki N Eries 37588 -100 =
a5 "o e Mean x 189 E
E - Sot- - o= Mean y 1296 150 = 2
4 E 1 Std Dev x 105 =
E - JStdDevy 1.098 —200 E
3.5 AP I R I W N B N [ B
E %00 400 _a00 00 500 400 500 ©
3 E Electron vertex {mm)
25 ;
£
156
a
0.5 ;—
0 350 400 480 E

dEdx vs proten momenturn

M.Eric Christy DNP2020, October 31 14



Preliminary Analysis — 5 Pass Data (subset)

e- @10.4 GeV beam on D, target Proton Selection on D, target
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Summary

- BONuS12 successfully completed data taking in JLab Hall B

- Significant statistics collected for determination of “nearly” free neutron F,

- Next Generation RTPC performed well with calibration in progress

- Expect significant impact on determination of F " and d/u at large x
Q? lever arm.

- Range of physics to be explored.

- Combined results from BONuS12, Marathon, and Hall C proton and
deuteron F, provide data on possible isospin dependent off-shell effects

and medium modification effects in light nuclei.
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