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F2 Experiment in Hall C
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Q% = 4EE’'sin?(6/2) 4-momentum transfer
v=E—-FE Energy transfer

W = M? + 2Mv — Q? Final state hadronic mass
6 Scattering angle
x = Q%/2Mv Quark fractional momentum

* 12 GeV Commissioning Experiment
* Ran in Spring 2018
* Single Arm (Inclusive) measurement

Hadrons

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

Physics motivation
e Constrain PDFs
e Quark hadron duality
* Non singlet moments

* Resonance /DIS modelling
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F2 Experiment in Hall C

Hall C Spectrometers

To Beam
Dump

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
9 LHz, LDz, A J
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F2 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 COIltamlnatIOIl +
~10.0 < yrur < 100 Charge-Symmetrie-baskgreund +
“01<y, <01 . .
T —i Cryo Cell Contribution
—10.0 < & < 22.0
PID Cuts for SHMS
N,., =20

E, ,,,',,‘,"'E’ > (.7 - BG
Currc]nt Cut fol- ﬁHNIS Ydata x PS —_— Pl'escale
BCM 4C = 9.U € E C
tot*~LT™~LT

Total efficiency : / l \

Computer live time

€iot = Ctrack X € cerenkov X € catorimeter
Electronic live time

See talk at Winter Collaboration meeting for more analysis details
(Pion contamination, Charge Symmetric Background, Livetime, PID, radiative
corrections, etc)
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https://indico.jlab.org/event/517/contributions/9310/attachments/7536/10488/F2_HallCwinterCollaboration_2022.pdf

F2 Cross Section Extraction

Monte Carlo (MC) Ratio Method

do B do Yiata
dQdE' )., \dQUE') . ... Yyuc

 MC ran for 50M events mc-single-arm

* Events are weighted after using radiated using
rc_externals and 1221 model

 Charge Symmetric Background added to MC

2
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F2 Cross Section Extraction

Data vs MC
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F2 Cross Section Extraction
Cross Section Extraction (MC Ratio Method)
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1) MC (weighted with radiative

(Data is dummy subtracted)

cxsec) and corrected data yields

are

binned in delta

I Ratio Data/MC I

hdd
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2) Take ratio of data and MC

| Deuterium (SHMS: 25°)
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Bjorken X

3) Multiply each bin by model
(not radiated) to get cross section
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F2 Cross Section Extraction: Acceptance Method

’ do _ Y(E', 0)
) dE'dQ  AE'* AQ *AE,* &L A(E', 0) = Acceptance
, AQ = Solid Angle generated in
N, accepted(E ,0) _ : :
2) A(E',0) = AQpq = Effective Solid Angle
N Thrown(E ,’ 9)
Y(E', 0) = data yield
3) AQ Eff = AL, 0) * AQ AE = width of delta bin (GeV)
< = Luminosity(targets/nb)
dO' Y (E ,, 6) | Acceptance | — hifzfmmm
4) dEdQ  AE*AQup*¥ | e e &

g 2
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F2 Cross Section Extraction: Acceptance Method

Monte Carlos Ratio Vs Acceptance Methods

shms D/H/2 29deg 15 | Data/F1F221 v0.99612 |
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F2 Results
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F2 Results
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F2 Results
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D/H Ratio Error Budget

Error Pt. to Pt (%) |Correlated (%)
Statistical 0.6 — 5.6(2.9)

Charge 0.1-0.6

Target Density 0.0—-0.2 1.1

Livetime 0.0-1.0
Model Dependence 0.0 —2.6(1.2)
Charge Sym. Background 0.0—-14
Acceptance 0.0 — 0.6(0.3)
Kinematic 0.0-04
Radiative Corrections 0.5 —0.7(0.6)
Pion Contamination 0.1-0.3
Cerenkov Efficiency 0.1

Total 0.6 —5.7(2.9) (1.3 —2.9(2.1)

TABLE I. Error budget for the cross section ratio op/og.
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.

(2
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Publication Status

PRL paper to be submitted this summer
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Recent Changes to Analysis

BCM= Beam Current Monitor

New Target Boiling Correction

1.004 E— ¢ ¢
— $ ¢ 3 ¢
BCM4B and BCM4C ~ ws:c- ‘ AN O
are in diagreement 1= ' o
o 0.998:— (0]
at the /0 Ievel 0.996 — @ 10 uA BCM4B reads ¢ BCM4B/BCMA4C
= almost 1% less than 4A
— ¢ and 4C
) N
e e
: § ¢ ¢ BCM4A/Unser
_ _ e t  owaBme
Comparing with the mE e ! : ; “‘ e
1B— ¢
Unser shows BCM4C = ‘g ’ p ! ‘ '
is the most stable = =Skt
097 E— saturates at .
096 z— 80 uA

o9 o
10

* Old boiling analysis used BCM4B
« BCM4B was not stable during luminocity scans
« BCMA4A Saturated at the highest current settings

 BCMA4C is the best BCM to use
~ )
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Recent Changes to Analysis

New Target Boiling Correction

LH2: 3.84%/100 uA LD2: 4.30%/100 UA« BCM4B
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Recent Changes to Analysis

New Target Boiling Correction

Dave Mack’s Scaler Analysis
on Fall 2018 data.

Measured El Real Slope
El Real with Window
Slope Correction
(%/100muA) (%/100muA)
C n/a

-0.10

Our analysis on Spring 2018 Data

New F2 Boiling Slopes
LH2: 2.55 +/- 0.74

LH2 -2.26 -2.50 +-0.30

o amown LD2: 3.09 +/- 0.84

Good agreement when comparing Fall and Spring Boiling Slopes

*The LH2 fan speed was different between Fall and Spring Runs so we can’t
compare those results

*Slightly different slopes than shown in previous slide because the PID cuts
were changed to match the the cuts used in the main analysis

_ 2
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https://hallcweb.jlab.org/doc-private/ShowDocument?docid=1096

Recent Changes to Analysis

Monte Carlo Update

A bug was found in mc-single-arm. Events that
would make it into the detector hut but miss the
detector stack were being included as
successful events

* |t was corrected and pushed to the JeffersonlLab
github in February of 2022

« After the fix, raw cross sections change by ~
5%7?

o Little impact of D/H ratio

H JeffersonLab [ mc-single-arm ( Public

<> Code () Issues 9 Pullrequests () Actions [ Projects [0 Wiki ) Security |~ Insights

¥ master ~
-0- Commits on Feb 7, 2022

added stop_id = 36 for events that dies in the HMS hut, previously th... -
.y were stop_id==0 (#45)

ﬁ.‘:\ WmHenryTemple committed on Feb 7

Before mc_single_arm change

FHMS 21degree LH2 Data/Model

U ETPRR SRR TP PR

0 1 1 1
02 036 052 068 084 1
Biorken X

After mc_single_arm change

1.1HMS 21degree LH2 Data/Model
s
1
0.95
092036 052 068 084 1

Bjorken X
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Recent Changes to Analysis

Change in extracted cross section when using different input models

Delta Binning

= Hydrogen I Hydrogen
10 E— 10 E—
5 z— 5 z_
0E- oD Lt MY e wor B 0 E— .N’u‘,"""’0wamnunumnmomonmm»mmmm
— — ¢
-SE— ¢ SE- ’e
8 10— =
- -150- 2 4 6 8 10 V] il ) 4 6 8 10 12
D Deuterium 15 Deuterium
q, 10 = 10 =
t sE- 5 E—
S 0 E— PRI 0000000000000404 0 AN 0 z— ‘e, “o""”"0wamnnnumnmomonmwmw
Q -sE— sE— teeet
gt 10— ==
qc, 150 2 2 3 8 10 iVl Rl 2 2 6 8 10 12
O D/H 15 D/H
e = =
m 10 — 10 E_
m 5 z— 0‘ 5 *,
== 00 g O OO0 00Ot trsttrtttorrtitrrss I 0 = - CHOLLL0L00MBIOME00000000000000M00000100044SIIUIBIIIIIHHHI0000
== -5 z— Yoo
10 E- 10 =
155~ 2 T 2 8 10 Y1 b 2 T 4 6 8 10 12

- Apply as additional systematic error

- W2 Binning is less sensitive to model dependence, especially in the resonance region!

2
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Recent Changes to Analysis

Cross section extraction: W2 vs Delta binning

12 Hydrogen
§ 1.15 %— TT
§ — @ Delta Binning
= 11 =/
1.05 = @ Delta Binning
1E— [] w2 Binning
T, 0.95 E_ [] W2 Binning
09 E— T
t 085 g_ 1 1 L L L L Shms
(@) 03 2 4 6 8 10 12 w2 14
3 12
~ Z115E
§ = @ Delta Binning
: S s Delta Binni
o = 105 = @ De nning
._l ) 1E [] W2 Binning
o 095 E— ] w2 Binning
QO 09 E— o=
m 05 é . . . , , . shms
7 089 2 4 6 8 10 12 w2 14
O iUE
L % e g_ @ Delta Binning
o 2 E Delta Binni
1.05 = @ Delta Binning
1E— [0 w2 Binning
095 E— [] W2 Binning
09 = 25
L= . , , , , . shms
080 2 4 6 8 10 12 w2 14

 Overlap region in cross section is worst with W2 binning but vanishes in D/H ratio
 Needs to be addressed for absolute cross sections
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F2 Results

new fit

CJ Impact Study gy -

0.85 1
E 0.80 1
w
1. Data set from Bill: Normalization=1.1%,
correlated/uncorrelated ptp errors are provided. 0.75 -
2. Perform a new fit with this new dataset together with the
CJ15 original datasets. The fit will shift data points within W
given normalization and correlated errors. 0.2 0.3 0.4 0.5 0.6 0.7 0.8
3. Compare the modified data with calculation from new fit.
The residual = (data - fit) / data_err should be a gaussian
with width close to 1 .
25 1 . data — fit
sigma=0.92842 err=0.0513253 5data
20 4
Courtesy of Alberto Accardi and Shuijie Li
15 1
(Analysis needs to be revisted with new data) |
5 4
0 T T T r -
-3 -2 -1 0 1 2 3
Residual
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F2 Results
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CJ15 Impact Study

FIG. 4. Top: The blue line shows the relative change in
the CJ15 central value of the d/u PDF after data from this
analysis is included in the fit. The band represents the error
of the fit before 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
from this experiment. Inclusion of this new data results 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.
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F2 Results

J AM I m paCt S‘t U d https://www.jlab.org/theory/jam

Without E12-10-002

T T T T

 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

Fy(z, Q%) = FF'(z, Q%) (1 N CHT(w))

Q2

Courtesy of Chris Cocuzza, Andreas Metz, W. Melnitchouk, and N. Gonzalez
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Absolute Cross Sections Tasks
SHMS @ 29 degrees

Hydrogen Deuterium D/H Ratio
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Future Work
Absolute Cross Sections Tasks

* Revisit Calorimeter Efficiency
 Understand Y_target acceptance dependence
 Monte Carlo studies (Matrices, aperature check, ....)

[MonteCarlo] [ x fovsy fp | Momentum Setting 2.7
E “F ' -
2 wf —o— delta -10 to delta -2
— 1,024 —*— delta -2 to delta 6
= ) —&— delta 6 to delta 14
= —o— delta 14 to delta 22 + *
= " 1.00 1 T *
- & #
S
N S DU T DU T DU T <
-40 -30 -20 -10 ] 10 20 30 40 't—é
2.0.08- t
|Data + Dummy| | x fpvsy fp I o
E Y =
& uf =
] 0.96 1
3 0.941 \
40; ................... . S O | —1 0 1 2
Ytar
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Future Work
HMS Highest Q2 setting Size of CSB Correction

s “F

Fl iE ® LH2 21deg

§ - O LH2 29deg

. § 30— ¢ LH2 39deg

59 Degree data taken with HMS = FE o LD2 21deg

still needs to be analyzed 5 E ? Loz 2deg

- - - - L ¢ eg

 Work is ongoing to finalize £

Charge Symmetric Background £
- - - 10—
and pion contamintion i
S
01:

Pion Contamination S |

St Dov 0.4407

10* g

10° E=

e-Cer.>1.5

102 .E. - pions Cer. < 1.
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o |

L M 0.0, 010, L
1.6 1.8 2
Nucleon and nuclei structure from inclusive measurements 26 Jeff,e/-gon Lab June 20th, 2023



Quark Hadron Duality Studies
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Analysis and Figures by Abel Sun
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Quark Hadron Duality Studies

» SLAC ® E00-116 (JLab)
SLAC (E8920) 4 E94-110 (JLab)
16 * l. Nllculescu (JLab)

Define duality intervals
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Quark Hadron Duality Studies
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Quark Hadron Duality Studies
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- Duality studies at fixed x over a range of Q2

- Peaks and valleys in resonance region shift along x as Q2 changes

- Allows us to average x bins as an alternative method to study duality
- Analysis includes world data + E12-10-002

Analysis and Figures by Debaditya Biswas
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Target Density

Error Value | Uncertainty %
U n C e rt ai n-t Temperature 19 K +182mK | 0.27%
y Pressure 25 psia +2psia 0.02%
Equation of State 0.1%
 The overall normalization uncertainty Length Measurement Precision 100 mm | £0.26mm | 0.26%
used is S|ight|y Iarger than the table: Length (Inner or Outer?) 100 mm | £0.26mm | 0.26%
o/ : : o N Target Contraction 99.6% +0.1% 0.1%
0.75% in cross sections and 1.1% in | geam Position 0 3mm | 0.2%
D/H ratio. Avg Boiling Correction LH2(LD2) 0.30% (0.36%)
Total LH2 (LD2) 0.60% (0.63%)
« Global error reflects our lack of ~ 100
knowledge to the target boiling E = . Hydrogen v2/ ndf 1.024e+04/174 | x2/ ndf 1.223e+04/173
: ’ 2 90— Prob 0 | Prob 0
temperature, density, length and s Tk ,
bear% oosition Y 9 5 sl + Deuterium | 46.94 = 0.5798 | p0 49.84 + 0.6373
: :‘::;o g |
3 70 = . .
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. . . — ¢ UM XL *
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1.1—

ln 1.023 +/- 0.004
\mm 1.026 +/- 0.003
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U 1 1.001 +/- 0.004
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Isovector EMC effect from global QCD analysis with MARATHON data

C. Cocuzza,! C. E. Keppel,2 H. Liu,®> W. Melnitchouk,? A. Metz,' N. Sato,?2 and A. W. Thomas*

! Department of Physics, SERC, Temple University, Philadelphia, Pennsylvania 19122, USA
2 Jefferson Lab, Newport News, Virginia 23606, USA
3 Department of Physics, University of Massachusetts, Amherst, Massachusetts 01003, USA
1CSSM and CoEPP, Department of Physics, University of Adelaide SA 5005, Australia

Jefferson Lab Angular Momentum (JAM) Collaboration
(Dated: April 15, 2021)

TABLE I. Summary of the y? values per number of points
Ngat for the data used in this analysis. The MARATHON and
JLab E03-103 *He/D are separated from the rest of the fixed
target data, and their fitted normalizations are shown.
process Ngat )(Q/Nda»c fitted norm.
DIS
MARATHON 3He/3H 22 0.63 1.007(6)
MARATHON D/p 7 0.95 1.019(4)
JLab E03-103 *He/D 16  0.25 1.006(10)
other fixed target 2678 1.05
VL HERA 1185 1.27
arXiv:2104.06946 e e 1o
W-lepton asym. 70  0.81
W charge asym. 27 1.14
Z rapidity 56 1.04
jet 200 1.11
total 4466 1.11

- 2
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