2 Update in Hall C

Precision measurements of the F2 structure function at large x in the
resonance region and beyond
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F2 Experiment in Hall C

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

e Scattered e- detected in spectrometers

* Hydrogen and Deuterium Liquid Targets

Physics motivation
« Constrain PDFs
* Quark hadron duality

* Non singlet moments

* Resonance /DIS modelling
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F2 Cross Section Extraction
Data YleldS e Calculated in 1% delta bins

Number of scattered particles form the
tracks 1n drift chambers and pass through all
the PID (cerenkov and calorimeter) cuts

Acceptance Cuts for SHMS Plon Contam]natlon +
—10.0 < uar < 100 Chearge-Symmetrie-baelgreund +
—(). 1 < 'J‘/’:;x' < I . .
1<z <01 Cryo Cell Contribution
11 \ < 220
PID Cuts for SHNMS
N, =20

Eeatof B > 0.7 — BG
Cum;:t..cu.l. — Yiata = 7 C X P§ —— Prescale
— CotLT LT

Total efficiency : / l \

Computer live time

€rot — etrack X ecerenkov X e'ca%vrbneter
Electronic live time
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F2 Cross Section Extraction
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F2 Cross Section Extraction

Pion Contamination =

w—cor=0 pr<0.17

*Pions that pass the electron cuts need o't
to be removed from yields 10°f

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

*Analysis was done for each target (LH2, 70204 06 08 1 12 14
LD2, C12, AL) . P.cal.etracknorm

*For large angle/ small E’ thiscanbe
very large (~10 % effect) 70

hydrogen

1.67e-01 *exp2.999-01)(/x5.988+00

Red line represents systematic error

n/raw e

U274 16 1.8 2 22 24 26 2.8

E,
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F2 Cross Section Extraction

Charge Symmetric Background

* Electrons can be produced from charge
symmetric processes

*eg (Mm>2Y> 2(e+e-))

0.200

* These events can look like inclusive scatterers
* Positron runs were taken at several 0.150
kinematics in order to measure the CSB ;o123

* The results were parametrized and ;:o 100
extrapolated to all kinematics were pasitron %,
runs was not taken -

* The background was added into the MC 0.025
weighting 0.000

Figure and analysis by Gabriel and loana Niculescu

20.985° paramaters:

3 ‘ pD=-31.44/- 0.1335,

pli= 3.57 +/- 0.002073

2B.98° parameters:
s p0D=-48.2+/- 0.2825,
pl= 5.19 +/- 0.003717

\ , 38.975° parameters:
Y ——  p=-6Y9.0+/- 0.729%,
) pi= 7.14 +/- 0008319

\ " w— G = 24.98"
Sy A 6 = 32.975¢
) + 6 =20.985°
6 = 28.98°
+ 6 -38.975°

% iy

u"'.h‘!p"m

3.0
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F2 Cross Section Extraction

Total Live Time (EDTM) |

i
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Livetime Correction
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- Total livetime (TLT) was measured by the new
EDTM system.

-« Since the EDTM rate was small (10 Hz) there
was insuffienct statistics to provide an
accurate measure of the TLT
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counts vs recorded triggers.

. -
_— e

o
%

Live time
[T
(L.
o
o /'
!

o "

S
9

« The electronic live time (ELT) is not measured
directly.

- However, since TLT = ELT * CLT, a fit of TLT/ o 2000 30000 4000 sigger rate "
CLT over all runs was used to calculate the | Electronic Live Time (TLT/CLT)
total live time correction. T o

* e.g. ELT at 270 kHz plane rate = 99.0%

* A 100% uncertainty was applied to the ELT I
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F2 Cross Section Extraction

Hydrogen Deuterium Carbon
3.84 +/- 0.73 %/100 uA 4.30 +/- 0.82 %/100 uA -1.2 +/- 3.1 %/100 uA
> P >
z 1 z 1 r
5 B 5 5.04 -
L Soof g
- $.99 St
s [ = [ .02
£ B g [ E
f = [ s- o
2098 |- 298 > L
0978 42 /nat 5.928/7 0.97} 1677/5 098] %2/ naf 0.1013/1 !
[ y-int 1+ 0.003748 [ y-int 1+ 0.004207 [ y-int 1= 0.01438
0.96 [ slope (%/100uA)_3.84 + 0.7311 0.96 [ slope (%/100uA) -4.295 + 0.8239 0.9 6: slope (%/100uA)-1.177 = 3.136
[| x2/ndf 5.189/7 + ] x?/ndf 4.053/5 + ’ [| x*/ndf 0.3791/1
llllllllllll Tracki
0.95f vint 1+ 0.003287 ° 0.95f v-int 1+ 0.003706 0.9 4: y-int 1+ 0.01259
| slope (%/100uA)  -3.732 = 0.6492 @ ror-racking iel [l slope (%/100uA) _4 + 0.7365 @ 'or-tracking Vie 7} slope (%/100uA)_1.003 = 2.747
[ 2 / naf 3.892/7 L 52 / ndf 3.307/5 [ x2 / ndf 0.1092/ 1
094} ! 0.94 | ) 92}
| y-int 12 0.003191 [ seater vies | y-int 12 0.003492 [Jseater viee 0921 y-int 1 0.01174
[| slope (%/100uA)-3.403 + 0.626 [| slope (%/100uA)-3.911 + 0.6941 | slope (%/100uA)-1.908 = 2.553
0.93 1 l LA L 1 l LA A 1 l LA L 1 I 1 0.93 " 1 l AL A 1 l LA A 1 l LA A 1 I 1 0.9 L L l L L L L l L L L L I L “
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 35 40 45 50 55 60
BCM4B Current (uA) BCM4B Current (uA) BCM4B Current (uA)

* Recently learned that the PID on LD2 was changed during the
run.

* Deuterium boiling study taken at 22.4 K

* Use Dave Mack’s boiling result from Fall 2018 (same fan speed
and temperature) 2.84 +/- 0.32 % / 100 uA

* Additional density correction applied to 22.4 K data (0.6%)
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F2 Cross Section Extraction

Target Density
Uncertainty

« The overall normalization uncertainty
used is slightly larger than the table;
0.75% in cross sections and 1.1% in
D/H ratio.

+ Global error reflects our lack of
knowledge to the target boiling,
temperature, density, length and
beam position.

« An additional point to point
uncertainty is calculated by taking
the difference with the average
current

Error Value | Uncertainty %’l.—'
Temperature 19K +182mK | 0.27%
Pressure 25 psia +2psia 0.02%
Equation of State 0.1%

Length Measurement Precision 100 mm | =0.26mm | 0.26%

Length (Inner or Outer?) 100 mm | =0.26mm | 0.26%

Target Contraction 99.6% +(0.1% 0.1%

Beam Position 0 £3mm 0.2%

Avg Boiling Correction LH2(LD?2) 0.30% (0.36%)
Total LH2 (LD2) 0.60% (0.63%)

Average Current (ud)

100 ——
= x>/ ndl 1.024e+04 /174 | ¥2/ndl 1.223e+04 /173
- Hydrogen |~ :
W — Prob 0 | Prab 0
B + Deuterium | o 46.94 + 0.5798 | p0 49.84 + 0.6373
80 —
70 — !
= : ¢ ¢
| + ’ 1840
60 — A LA
= "‘ v \ "’t“ !
= N t '“ ’30 :¢'. “{0 .‘?‘:I {;o:
50 - NQ:H» Tt =
40 — . % 0*‘\‘ ' " ".“ ‘
- {. " L] ~ P b .
: ¢ 4 ’ 'o :
30 .
20_1 L1 1 PO I T | [ S Y TR TR T N | L1 | I Y WY T
2500 2600 2700 2800 2900 3000 3100
Run Number
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F2 Cross Section Extraction
Monte Carlo (MC) Ratio Method

( do ) _( do ) Ydata
dQd B’ exp dQddE’' ) .. Yy

 MC ran for 50M events mc-single-arm
 Events are weighted after using radiated model

 Charge Symmetric Background added to MC
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F2 Cross Section Extraction

Radiative Corrections

® Monte-Carlo events generated by the mc-single-arm does not consider the effect of the several radiative
processes. Born approximation is just the first order approximation in o of electron-nucleon scattering

model

rad

nodel
ORorn

by one photon exchange. To mimic the reality we|multiply the each events of MC by where,

O.mode!

horn

= model Born cross-section, ol'g’aofeE total radiative model cross-section

e e
1) Born 2) Vacuum polarization 3) Vertex correction
4) Bremsstrahlung 5) Multi-photon emission

* Cross section model is radiated using “rc_externals”.
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F2 Cross Section Extraction
Cross Section Extraction (MC Ratio Method)

| Ratio DatamcC | —had__| | Deuterium (SHMS: 25°)
d < res 1
l p,p (%) I Enies 1833713 lb -ﬁ ™Y ™ L | ™ T L | ™ 1 Wea s 4 C | T S '1m°
»vr L vvvv-vvvv~lvv'rtvvrvtw am s M&v “0 .
S |~ Do w "arn s P 35..—
1200~ 14+ - L
S - i — :
; 1 k ] Multiply I S o E'=250GeV/c
1000~ R ~ 4 . _— = 0
12} 4 eachbin % ¢ E'=3.00 GeV/o
: 1 R . . 3 1-‘:‘ ¢ E'=3.50GeV/e
800 - Take Ratio [ e e ] by 4 A: 3 E'=4.40 GeV/c
b N I - .... - Q"... > et .N""’ — .' :-
» { data/MC '} v ’ 2 %
600 - B - - O-mOdel(E 4 6) a IQL ¢
2 1 3 - R
: : ﬁ T cal ﬂ :g -
- = - D -
Wor- Scae datwmes1.0040 ! 4 T Ir
: ::: A . Scale datymc=1.0040 o "
S - TS NMC — -
2001 P i Data . "5t
P
i i3 gl ! ~ Dummy 4 ok 1
( v-p ™ 23838 & U ?r:' I 0“ LA A L . o | A 4 A Al . l A .t 0.. ..3 .5 0.7 ne 1.1
Lo 20 10 0 10 20 30 ~30 =20 -10 0 10 20 30 Rjorken X

(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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F2 Cross Section Extraction

yWt hsyp
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Data vs MC
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F2 Cross Section Extraction

Focal Plane Comparisons: Data Vs Monte Carlo

[MonteCarlo | [ __x fpvsy fp | [Data-Dummy | | x fpvsy fp
) - W
5 = ;_ 10} f" = ;_ g 10
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10 10
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0 0
: 10 8 10
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wE 10°7 _20f - 10
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F2 Cross Section Extraction

Focal Plane Comparisons: Data Vs Monte Carlo

| Monte Carlo | | x fpvs x fp | [ Data - Dummy | | x fpvsx fp I
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F2 Cross Section Extraction

Radiative Corrections for dummy subtraction

The upstream and down stream thickness ratios are considered separately instead of a average thickness

The 1atio €y TCoryp coir 18 Maximum ~£3 % (for either upstream or downstream)

The maximum value of CNY .,/ CNY,,,,; for hydrogen is ~10.33% and for deuterium for deuterium is ~5.11%
For hydrogen the maximum effect i1s (3% of 10.33%) = 0.3%

For deuterium the maximum effect is (3% of 5.11%) = 0.15%

~  SHMS, 21°, 3.3 GeV ) - .
- Upstream, Run-2530 SHMS, 21°, 3.3 GeV
| . ‘ - Downstream, run-2530
» l.0| -
098
L 1.8
0979 — .
g | g |
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b ' =
[ 0.995
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F2 Results

HMS @ 21 degrees

Hydrogen Deuterium D/H Ratio
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F2 Results

SHMS @ 29 degrees
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HMS and SHMS
@ 21 degrees

F2 Results
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HMS and SHMS
@ 21 degrees

F2 Results

1.1

CJi15

Constraints on large-2 parton distributions from new weak boson production
and deep-inelastic scattering data
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Kinematic Uncertainties

F2 Cross Section Extraction
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F2 Results

11 4.41 < OF (GeV?) <9.01; 0,=25.0° ['[C 473 <Q? (GeV?) < 11.06; 6, =29.0°
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F2 Results

0.90 - | new fit
< :J I m paCt St u dy o* ¢ datawith 1.07% noem. shift
N85+
2 0801
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 ulid
given normalization and correlaled errors. 02 03 0.4 0.5 06 07 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 .
= sigma=0.92842,¢rr=0.0513253 data — 1
20
15 | B
10 / \ '
/ )\
5 | \
Courtesy of Alberto Accardi and Shuijie Li “* "
: -3 -2 —'l (T) 1 i }
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F2 Results

CJ15 Impact Study

e No tension with original CJ15 data set
— Data compatible with global data set (not always the case...)
—  Otherwise, one can bring to light neglected systematic uncertainties
1.4 1 —— CJ15 + JLab 6GeV 1.4 1
CJ15 + E12-10-002 ;
7 *
= —— CJ15 +JLab 6GeV + E12-10-002 =
1.0 ===l =y .01 ~ 7 [/
0.8 1 0.8 - d,."u
u/u d/u)/{d/u
00 02 04 ) 06 08 00 02 04 06 08
X

Courtesy of Alberto Accardi and Shuijie Li
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F2 Results

CJ15 Impact Study

e No tension with original CJ15 data set

— Data compatible with global data set (not always the case...)
— Otherwise, one can bring to light neglected systematic uncertainties

® Uncertainty reduction comparable to full JLab 6 data set

].OO T T ].00 "'"""""'""""""":":":4'»'_"_"—""":? """""""
S 0751 il _~ 0.75
E 050{“ 0.50 |
S —— CJ15 + JLab 6GeV
© 0251 CJ15 + E12-10-002 0.25 -
------ CIls u d/u
0o 02 024 06 oz 10 "o 02 04 06 08 10
X X

Courtesy of Alberto Accardi and Shuijie Li
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F2 Results

y https://www.jlab.org/theory/jam
| Without E12-10-002

JAM Impact Stu

Z.\

. . - p
 D/H ratio was provided L5 m n
to Jefferson Lab Angular Lo = X
Momentum -
. C.0 CN
Collaboration (JAM) to [T
incorporate into their SO o | |
globa| QCD ana|ysis of 0.0 0.2 0.4 0.6 0.8 <« 0.0 0.2 0.4 0.6 08 «©
PDFs
 New F2 data With E12-10-002
significantly improves ' 03 mmp
the uncertainty of higher (. W7
twist corrections to F2 | W ntp
”-]: -
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/ - C (LL"’ | = ~ N
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JAM Impact

JAM Prediction NOT constrained by new data
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Summary and Acknowledgments

- D/H ratios complete and impact studies are being
finalized. Paper being drafted (PRL)

« High Q2 setting in the HMS (59°) needs to be
analyzed
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« Quark-Hadron duality Averaging
« Compute non single moments

+ Improve resonance/DIS modeling
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Isovector KMC effect from global QCI analysis with MARATHON data

C. Cocuzza,! C. E. Keppel,? H. Lin,> W. Melnitchouk,? A. Metz,* N. Sato.? and A. W. Thomas?

" Department of Physics, SERC. Temple (Iniversiiy, Philadeiphia, Pennsylvania 19122, [7SA
2 JefTerson Lab, Newpor! News, Virmginia 232606, USA
I Department of Physics, University of Massachusetts, Amherst, Meassachusetts 01002, USA
TOSSM and CoEPP, Department of Physics, University of Adelaide SA 5005, Australia

Jefferson Lab Angular Momentum (JAM) Collaboration

(Dated: April 15, 2021)

TABLE 1. Summary of the x* values per number of points
Naae 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 Naae X /Naae fitted norm.
DIS
MARATHON *He/*H 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
d rXIV ’ 2 104 ’ 06946 Drell-Yan 205  1.20
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
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Reference: CJ15 0 ( the original CJ15 which already included BoNUS6 and EC0116)
Set 1: CJ15 + this dala
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Set 3: CJ15 + this data + JLab 6GeV data
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F2 Cross
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* Additional density correction applied to 22.4 K data (0.6%)
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