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The F2 experiment in Hall C
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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 _
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

Ecato/ E' > 0.7 _ BG
czt .Sm. fo iHMS Ydata E-C X PS ——— Prescale
— CorLrTlrT

Computer live time

Total efficiency : / l \

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

Electronic live time
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Cross Section Extraction: Particle identification

PID Cuts

e E/p>0.7

* NPE>2.0

# Photoelectrons in Noble Gas Cherenkov

SHMS: 5.1 GeVic | - -
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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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097 2/ nar 5.928/7 097 1477/ 098 1 %2 /nat 0.1013/1
y-int 1 0003748 120.004207 y-int 1= 0.01438
096} slope(%/100uA)_3.84 = 0.7311 096 -4.295 = 0.8239 096 slope (%/100uA)- 1,177 = 3.136
22 /ndt 5.189/7 %2 /ndf 4.053/6 %* /I ndf 0.3791/1
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Cross Section Extraction: Monte Carlo Ratio Method

do _ YDbata do
dQUdE' 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
] 1+ IR S e =
(;00— _ data/MC [ ] O-model(El’ 6) g .
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(Data is dummy subtracted)
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

W2 [GeV2?]

T
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Cross Section Extraction: Error Budget

. . D Error Pt. to Pt (%) |Correlated (%)
In the ratio, F,2 /F2P, many of g 0.6 — 5.6(2.9)
the systematic errors are Charge 0.1-0.6
reduced Target Density 0.0-10.2 1.1
. Livetime 0.0-1.0
° Target denSIty error: 1.1% Model Dependence 0.0 — 2.6(1.2)
. i Charge Sym. Background 0.0-1.4
 Livetime errors approach Acceptance 0.0 — 0.6(0.3)
1% at the highest rate Kinematic 0.0 - 0.4
: . Radiative Corrections 0.5 —0.7(0.6)
k|nemat|CS Pion Contamination 0.1-0.3
» “Kinematic” error includes Cerenkov Bificiency 0.1
Total 0.6 — 5.7(2.9) [1.3 — 2.9(2.1)

contributions from the

5Escat.,, 5Ebeam, and 59central 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.
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Results

1.1

3.39 < Q? (GeV?) <8.25 '

1 :_ ----- F1F221 ® HMS Hall C, E12-10-002 !
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Results

QC — 210

e Excellent agreement LIl F1F221 ° HMS Hall C, E12-10-002 l
between SHMS and e KP HYBRID ¢+ SHMS Hall C, E12-10-002 :
HMS 1__ mem AKP17 = Hall A, MARATHON '

|/ CJ15 e JAM
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Results

4.73 < Q* (GeV?) < 11.06; 6_=29.0° |

11

= 09

IIIIIIIIIIIIII

08

0.7

IlIIIIIIII
1
.-o.‘.‘-w‘

1Y
v
C— ;

5.46<Q2 (GeV?) < 13.40; Bc=39.0°

0.6

X

P e T T T .
5.13 < Q? (GeV?) < 12.09; 6_= 33.0° /'

« Other models/fits
shown are: 11

CJ15
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Impact Studies

d/u

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

* The central value of the largly
unconstrained d/u PDFs at
large x shifted (top)

Ratio of d/uto CJ

* The relative errors in the d/u S
PDF was reduced significantly 2
across a wide range in x 3
t: 0504
(@)
.2
ic—c' 025 .............................................................................................................................................
A Figure courtesy of Shujie Li
0.2 0.4 0.6 0.8
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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

Without E12-10-002

0.3
102
1 o1t
1 0.0

C:) . .
401" NCqHT 2 _ @
F2 5 Q e
0.0 (J:2 0.‘4 O.‘G ().l8 T

With E12-10-002

0.3
102
1 09

Courtesy of Chris Cocuzza, W. Melnitchouk, and N. Gonzalez
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Summary/Outlook

» Deuteron to proton ratios complete

« Dataset is available for inclusion

in PDF fits, models, etc

* First publication ready for PRL
submission

 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

Jefferson Lab

Precision Measurements of the Deuterium to Hydrogen
Structure Function Ratios
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