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The F2 experiment in Hall C
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Physics motivation
Constrain PDFs

Hadrons

Q? = 4EE’'sin?(6/2) 4-momentum transfer
v=E-FE Energy transfer
W = M? + 2Mv — Q% Final state hadronic mass

Quark hadron duality

6 Scattering angle
x = Q?/2Mv Quark fractional momentum

_ nucleon Non singlet moments

Resonance /DIS modelling
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The F2 experiment in Hall C

e Deuteron to proton F; ratio
provides access to d/u at
large x

e Three complimentary 12 GeV
experiments, MARATHON in
Hall A, BONuS12 in Hall B,
and F2 in Hall C

DO, CDF (STAR/LHC)

MARATHON asymmetries

3H/3He

Offshell d i
Deep inelastic shell dynamics

deuterium <

“BONuS” tagged
neutron target
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The F2 experiment in Hall C

« JLab12 GeV Commissioning Experiment in Hall C

« Data taken in Spring 2018 Hall C Spectrometers
« Single Arm (Inclusive) measurement

«  Scattered e- detected in spectrometers
« Hydrogen and Deuterium Liquid Targets

To Beam

71% of total data
were taken by SHMS

SHMS
Angle Momentum(GeV/c)
21 2.7, 3.3,4.0, 5.1
25 2.5, 3.0, 3.5, 4.4
29 2.0, 2.4, 3.0, 3.7
33 1.7, 2.1, 2.6, 3.2
39 1.3, 1.6, 2.0, 2.5

We will extract H,D(e,e’) cross sections.

positron data

Angle Momentum(GeV/c) ,
21 2.7 -3 .
29 2.0,2.7 Push to high Q2
39 1.3,1.8 LH2, LD>, Al J
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Cross Section Extraction: Data Yields

Number of scattered particles form the
tracks in drift chambers and pass through all
the PID (cerenkov and calorimeter) cuts

Acceptance Cuts for SHMS Plon contamination +
10,0 < yir < 100 Charge Symmetric background +
—0.1 < yi,, < 0.1 . .
1< A,/«;m <01 Cryo Cell Contribution
—10.0 < 8 < 22.0
PID Cuts for SHMS
N., =20

Eeato) E' > 0.7 — BG
Cuncllllgt'C ut‘ fOl:) iH\IS Ydata E C X PS — PI’CSC&]C
CM 4C = 9- 6[0[ LT LT

Total efficiency : / l \

Computer live time

€10t = €track X €cerenkov X €calorimeter

Electronic live time
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Cross Section Extraction: Particle identification

50 ]
S 3 10°
45 =
40 ' =
SHMS: 5.1 GeVic | - - = =k
30§ -
25 —E 102
20 —
15 =
= 10
10 =
5 E
0 = o ) & L | [ — 1
0 0.2 0.4 0.6 0.8 1 1.2 14

||||_||||||||||rr||[1r11
\

PID Cuts

# Photoelectrons in Noble Gas Cherenkov

e
N Y T T T AT T I TR AR TR AT ML AT

* E/p>0.7 Z
* NPE>2.0 R o "

Energy Deposit in Calorimeter/Track Momentum

v

Update on F2 experiment in Hall C Hall A/C Summer Collaboration Meeting 6 July 15th, 2024 Bill Henry Jefferson Lab



Cross Section Extraction: Pion Contamination

*Pions that pass the electron cuts need
to be removed from yields

*The 1t/e ratio was calculated for each
spectrometer angle and parameterized
as a function of E’

*Analysis was done for each target (LH2,
LD2, C12, AL)

* For large angle/ small E’ this can be
very large (~10 % effect)

nt/raw e
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Target Density Correction

LH2: 3.84%/100 uA

LD2: 4.30%/100 uA~

BCM4B
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Cross Section Extraction: Monte Carlo Ratio Method

do _ YDbata do
dQAdE’ ewp_ Yve \dQdE’

model
| Ratio DatamC | m_"“mu | Deuterium (SHMS: 25°)
dplp (% Enties 1023713 L0 M B I I I | (L 4 T ™ — fir220
lm():— 5td Dov - 8776 s i ] ' 35
_ ] [ Multiply 2 , o E'=2.50 GeVic
1000~ . i ] eachbin = E'=3.00 GeV/c
r 1 o 1 &) & o E'=3.50 GeV/c
soof- 4 Take Ratio [ - . 1 by < ) o E'=4.40 GeV/c
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1) MC (weighted with radiative ~ 2) Take ratio of data and MC 3) Multiply each bin by model
cxsec) and corrected data yields (not radiated) to get cross section

are binned in delta
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Cross Section Extraction: Monte Carlo Ratio Method

Data vs MC

035
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Cross Section Extraction: Error Budget

Error Pt. to Pt (%) |Correlated (%)
Statistical 0.6 — 5.6(2.9)
Charge 0.1-0.6
* In the ratio, F2P/F2r, many of the Target Density 0.0-02 |11
systematic errors are reduced Livetime 0.0-1.0
_ Model Dependence 0.0 — 2.6(1.2)
* Target denSIty error: 1.1% Charge Sym. Background 0.0-1.4
. . 0 Acceptance 0.0 — 0.6(0.3)
» Livetime errors approach 1% at . .
the highest rate kinematics tinematic 0004
9 Radiative Corrections 0.5 —0.7(0.6)
« “Kinematic” error includes Pion Contamination 0.1-03
contributions from the 8Escat., Cerenkov Bfficiency 0.1
Total 0.6 — 5.7(2.9) [1.3 — 2.9(2.1)

SEbeam, and 8Bcentral

TABLE I. Error budget for the cross section ratio op/oH.
The error after a cut of W? > 3 GeV? is shown in parenthesis,
this is a typical cut applied to eliminate the resonance region
while performing PDF fits.

el

11 =Y
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Results

1.1
- 2 2 i
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Results
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FIG. 2. The op/on ratio as a function of = for a spectrome-
ter angle of 21 deg (Q° range from 3.39 to 8.25 GeV?). The
error bars include uncorrelated systematic and statistical er-
rors. The error bands include correlated systematic errors
and an overall normalization of 1.1%(see Table 1.). F1F221
(blue dashed line) is the model used in this analysis, the other
curves are from different PDF fits (see text). Good agreement
is observed between the well-understood HMS and newly con-
structed SHMS spectrometers.
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Constraints on large-z parton distributions from new weak boson production
and deep-inelastic scattering data

A. Accardi (Hampton U. and Jefferson Lab), L.T. Brady (Jefferson Lab and UC, Santa Barbara), W.
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Nuclear effects in the deuteron in the resonance and deep-inelastic
scattering region

S.A. Kulagin (Moscow, INR)
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Nuclear Effects in the Deuteron and Constraints on the d/u Ratio
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Results

In the one-photon exchange approximation the differ-'
ential cross—section for inclusive electron scattering can’
1

be written as:
1

d?o 2MzF5 /14 ¢eR 1
2045 = Mo g ) (1),
Q2% 1+R

1
Where op101¢ is the Mott cross—section, M is the nu-1
cleon mass, Q? is the negative of the four-momentum:
transfer squared, R is the ratio of the longitudinal and:
transverse reduced cross—sections (R = o /or), € is the:
virtual photon polarization, F5 is the structure function:
and z is the Bjorken scaling variable. The aim of this:
work is to obtain the F /F¥ ratio, as it presents several:
advantages theoretically as well as experimentally. By:
reporting a quantity involving deuterium rather than the:
(“free”) neutron we avoid choosing a particular prescrip-:

Approved future
tion for treating nuclear effects, allowing theory groups PP i
active in this field to extract F3' using their own nuclear experiment
corrections. Furthermore, the o /o ratio is largely the

same for hydrogen and deuterium [19], thus, to first or- -« uu——— F15_14-002: Precision
der, the FQD/FQH ratio is the same as the cross—section Measurements and Studies of a

ratio. Possible Nuclear Dependence of R
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Results
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FIG. 3. The op/on ratio as a function of x for SHMS spectrometer angles of 25, 29, 33, and 39 deg. The Q? range of each
setting is indicated in each panel.
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CJ Impact Studies

* Impact studies from the CJ collaboration
demonstrate the constraining power of this data
on PDF fits

« Shifted central value of PDF at large x

* Reduction in uncertainty

Data from this work was included into the PDF fit-
ting framework of the CJ collaboration, which deploys
state-of-the-art deuteron nuclear corrections and lever-
ages recent results[cite neutron paper]|, the The impact
of this work can been seen in Fig. 4 where the significant
reduction in uncertainity demonstrates the importance of
high precision data in PDF extractions. Not only did the
inclusion of this data shift the d /u central value at large-x
by as much as 20%, but it also reduced the relative error
by 20%-40% across the entire x range. Furthermore, this
data provides additional constraints on the parameters
used in higher twist corrections, the individual d and u
quark distributions, and the target mass corrections used
in these fits. Fig. 4 depicts the d/u ratio, a fundamental
quantity and testing ground for multiple (p)QCD predic-
tions regarding nucleon structure It should be noted that,

16
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CJ Impact Studies:

rrent Figure in r 0.10
0.8 1
d/u o
o 1.2 =
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2 10 A s
[N = . re
s Z )
g & 04-
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FIG. 4. Top: The blue line shows the relative change in the
CJ15 central value of the d/u PDF after data from this anal-
ysis are included in the fit. The band represents the error of
the fit before the inclusion of this data. Here the lack of data ’§
on deuterium at high-x is reflected in the large error. Bottom: ~
The relative error on the CJ15 PDF fit after including data 3
from this experiment. The inclusion of this new data results Q
in a 20-40% reduction of the uncertainty in the d/u PDFs. A
cut of W? > 3 GeV? is applied to the data that enters the fit.

Remove band, adjust y-axis accordingly
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MARATHON vs F2 results

1.1
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There exists a 4.3% discrepancy
between MARATHON and F2 results
The JAM collaboration found they
needed to shift the MARATHON result
up 1.9%

The CJ collaboration found they need to
shift the F2 result down 2.1%

This shift in the F2 data is consistent
with the normalization of 2% applied to
the EMC data which ran in parallel with
this work

on average, the results from this work and MARATHON
differ by as much as 4.3%. The overall normalization un-
certainty for the MARATHON result is 0.55% [34]. For
this work the total correlated error is 1.6% in the z range
where the data sets overlap. In a recent study[35] where
the MARATHON data was included in a global QCD
analysis, the data needed to be normalized by +1.9% to
agree with existing data. In a CJ15 study [36] it was
found the data from this work needed to be shifted down
2.1% to agree with the CJ model [9]. This experiment ran
in parallel with E12-10-007 (a measurement of the EMC
effect) which observed a 2.0% normalization difference
with previous EMC measurements [37]. The direction
of this normalization difference is consistent with that
found in the CJ15 study. All the aforementioned data
agree with the previousely available SLAC data, which

have large uncertainties [10].
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Summary/Outlook

» Deuteron to proton ratios complete

« Dataset is available for inclusion

in PDF fits, models, etc

» 2nd draft of PRL publication to be

submitted this month

 Future work
« O = 59° ratios from HMS.
Analysis ongoing
« Absolute deuteron and proton
cross section.
» Quark-Hadron duality
Averaging
« Compute non single
moments

 Improve resonance/DIS
modeling

. 2
Jefferson Lab

Precision Measurements of the Deuterium to Hydrogen
Structure Function Ratios
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Impact Studies

JAM Impact Study

* D/H ratio was provided
to Jefferson Lab Angular
Momentum
Collaboration (JAM) to
incorporate into their
global QCD analysis of
PDFs

 New F2 data
significantly improves
the uncertainty of higher
twist corrections to F2

FQ(x’ Qz) = F2LT(x’Q2) (1 T

https://www.jlab.org/theory/jam
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