2 Update in Hall C

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

E12-10-002

https://www.jlab.org/physics/hall-c

e Joint Hall A & C Summer Collaboration
Meeting, June16-17, 2022

e Hall C Users Meeting, February 17-18, 2022

e Joint Hall A & C Summer Collaboration

See past talks for more Meeting, July 8-9, 2021
. _ _—p * Hall C Users Meeting, January 28-29, 2021
detalls on phySICS —p © \li/c;int Hallﬁl& 1C()S1u7m‘;r(1;;)Co|Iabora‘cion
- - . eeting, July 16-17/,
mOtlvatlon and analySIS e Hall C Users Meeting, January 28-29, 2020

e Joint Hall A & C Summer Collaboration
Meeting, June 27-28, 2019
e Hall C Users Meeting, January 28-29, 2019

William Henry June 16th, 2022



F2 Experiment in Hall C

d?o a’

2 6\ 1 6
- (—F; (x, Q%) sin? (—) +oF (x, Q) cos? 2 30

M 2

dOdE" 4 g2 sint (2)

25

I T T T 1 I 1 1 1 T

° This Work
E00-116 (JLab 6 GeV)

Hadrons 5 . —:
Q% = 4EE'sin?(6/2) 4-momentum transfer § - SLAC (Whitlow) ’ N
v=E-FE Energy transfer ~ 20— _
W = M? + 2Mv — Q? Final state hadronic mass & A .
0 . Scattering apgle .5 - . A ]
x=Q°/2M Quark fractional momentum o E 15:_ . a, ) —:
s F . . ]
= 10— —
* 12 GeV Commissioning Experiment i E
* Ran in Spring 2018
. . o-“ '
* Single Arm (Inclusive) measurement u i
* Scattered e- detected in spectrometers 30— ]
* Hydrogen and Deuterium Liquid Targets ne E
Physics motivation NE 20?— _f
» Constrain PDFs o' L .
15— —
e Quark hadron duality - ]
* Non singlet moments 10— -
« Resonance /DIS modelling - .
B
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F2 Experiment in Hall C

Hall C Spectrometers

To Beam

/1% of total data 4
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

2022 Summer Hall A/C Collaboration Meeting 3 .ge/ff.;gon Lab June 16th,2022



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 COntamlnatIOIl +
~10.0 < giur < 10.0 Charge-Symmetrie-baekgreund +
—0.1 < y;,, < 0.1 . .
=T Cryo Cell Contribution
—10.0 < d < 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 \

€10t = €track X €cerenkov X €catorimeter Computer live time

Electronic live time

See talk at Winter Collaboration meeting for more analysis details
(Pion contamination, Charge Symmetric Background, Livetime, PID, radiative
corrections, etc)

2022 Summer Hall A/C Collaboration Meeting 4 Jefferson Lab June 16th,2022


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

2022 Summer Hall A/C Collaboration Meeting 5 .u_fc;gon Lab June 16th,2022



F2 Cross Section Extraction

yWt Data yptar hsyp
018 Entries 1.0147120407 - Entries 1427203
. E e 0.6 :— Mean -5.292
0.16[~ 1214 - StdDev  14.36
0.14 05
0.12F oab-
Data vs MC :
£ 03
0.08~ 3 L
0.06 02k
0.04(
C 0.1
0.02~ C
0 - - .A;:,._,_ 3o o a3 BT Bo T . 0 N B ad T T BT o T
-4 -2 2 4 -60 40 20 20 40 60

hw2 Data xptar hsxp hsd
- D U — Entries 1427203 Entries 1105006
0.35 o ‘ — LE :_ Mean -2.397 Mean 0.6764
C StdDev  1.178 03 -
- - Std Dev 23.711 L Std Dev 8.011
031 c
- 025
0.25F r
£ 02~
0.2 __ :
e 0.1
0.05F 0.05F-
0"““".‘".. lll|';.l~".‘.‘~.‘.l'.‘.‘.""HI". lll.ll‘ IlllIlllllllllllIllllllllllllllllllllll
2 3 4 5 6 7 8 10 -100 80 60 —40 20 0 20 40 60 80 100
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F2 Cross Section Extraction

Cross Section Extraction (MC Ratio Method)

| Ratio DatamC | hdd | Deuterium (SHMS: 25°)
L_dppCe) | —delt 16 .”I”..]v.”,”..,.”v]:.:m ot 4
Entries 1033713 i e r . ' | — f1f220
LI B L R B L T T Mean 278 B F
1200:'— ‘ swoov_‘ 8.776 » ._ ; | 3sf
- il ! [ Multiply ¢ o E'=2.50GeV/c
1000 . b ] eachbin = | E'=3.00 GeV/c
i | , " . b 1 < 25:— ¢ E'=3.50 GeV/c
s00f- fi - Take Ratio | o . ] by g E'=4.40 GeV/c
i | ‘ | 1 o 0.“‘0,‘,,4’00“ 4"%’“4’ —f :" ':'
600:— i ‘ gataiiie Eo-model(E” 0) E o
L :_bos_— i e S
wr [l St oow B [ Scale data/me=1.0040 ! © l_
L f&:my i R 06 =sksskiis MC - osk
200~ i . 5 Data : :
M TR M Oummy ] i
e e e s R T T R
(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
2022 Summer Hall A/C Collaboration Meeting 7 Jeff.e/-gon Lab June 16th,2022



Recent Changes to Analysis

New Boiling Slopes (not reflected in these plots)

% change in LH2 xsec

i I 20
* HMS mc_single_arm fix S T [[+ AMS2ideg ,
' ' : = | + SHMS 21deg
. SHM\.‘S.Monte Carlo Welg.htlr?g fix o E F| L shms 25deg
 Transitioned from delta binning to W2 binning g | ¢ g:mg gggeg HMS difference due to a K
N eg . : N
* Improvements on F1F221 model C|_._SHMs 39deg | DUg in mc_singlearm .+ .
. 10— A
 Included an addional error to account for model B ey,
dependence 5: . ) " ‘“fz;
[ " o "’% . ’ 0" 00. S8 o
* Introduced and fixed new bugs in data analysis " MV ., i},,,v: o
. i - . o ‘e 3080, o o’t‘:t
» Corrections to dummy subtraction o ww/ ad RO Ay »
* Corrections to reconstruction matrixes for two -
Settings ) IR I IR I AT AR APITE FAEFI SR S B
0 0.1 0.2 03 04 05 0.6 0.7 0.8 09 1
x_B
= I
| % change in D/H xsec | % change in LD2 xsec
2 Er 1S 21deg 2 “Fr Amszia
£ C ¢ * 2 BEK eg
= S|+ SHMS21deg TW°| pand()sg;e;o ’ o S [| + SHMS21deg
? — ¢ 2 o S — ¢ .
2 6 . shms 23323 22%&?& i &roinSI vy L IosH ! ans sodee | Large SHMS differences ’
£ 45_ + SHMS 33deg direction 9 ! = | + sHmMs33deg | is from excluding "
[ L—SHS 39deg ’ ‘ 700, Gf=HMS3%deg | stop_id=33 events . ¥
2 :— ¢ * ** g “‘x‘ ' " .‘ : 00‘0‘ 0““ ¢ 0.. IS ’:‘;"
_2 — S5 .:’.Q”’ o “ 00 *’;::3
— . . . ¢ — * n'
- Wiggles from binning y - o ..':‘ 0 gg’v.,w >
= parameter in ' o
61—
= rc_externals (effected ', C
_8:_ LD2 Only) : | | | | | | | | |
B T ¥ S YR YR Y A T R TR P01 0z 03 o4 05 06 07 08 05 1
x_B x_B
[] L] V
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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

Z 1 21 = F
S (= 8.4 I
.3).99 = $99 E I march2021_BCM4B
R e .0l
gE L E E L
.98 .98 z .k
097 52 s nat 5.928/7 097F 2 /nen 1.677/8 0.98F x* /ndt 0.1013/1 l
y-int 1+ 0.003748 y-int 1= 0.004207 y-int 1= 0.01438
0.96F slope (%/100uA)_3.84 = 0.7311 096 | slope ("/100uA) -4.295 = 0.8239 0.96 slope (%/100uA)- 1,177 = 3.136
2 /ndt 5.189/7 %2 / ndf 4.053/5 x* / ndf 0.3791/1
0.9sf vin 1+ 0.003287 09sf yint 1+ 0.003706 0.94 y-int 1= 0.01259
slope (%/100uA) 3.732 . 0.6492 slope (%/100uA) 4 = 0.7365 slope (%/100uA)- 1,003 = 2.747
0.94 ¥ Indt 4.152/7 094 ¥ Inat 3.902/5 092 ¥ I ndf 0.1107 /1
y-int 1 = 0.003101 y-int 1= 0.003303 y-int 1= 0.01168
093 atadbooniilinit et E PR FTTTE FRRT 093 Teoe— e T PTTEE e 09 meaiads XTSI R PRTT PRTRT T BT Y
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 35 40 45 50 55 60
BCM Current (uA) BCM Current (uA) BCM Current (uA)
LH2: 2.54%/100 uA LD2: 2.99%/100 UA < BCM4C

> Rl ¥ 2 1 2
5 5 F 804
) 3ok P bcmdc_pass3
E E: 2F
A .98 298| S i l
0.97 %2 / ndf 7.356 /7 0.97 [| % /ndf 1.473/5 0.98} »*/ndt 0.1571/1
y-int 1+ 0.003764 | y-int 1= 0.004227 y-int 1= 0.01441
N EW 096 slope (%/100uA)_2.536 + 0.738 0.96 | slope (%/100uA)  -2.991 = 0.8318 0.96 slope (%/100uA)  -0.8535 = 3.156
¥ / naf 6.266/7 H %2/ naf 3.666/ ¥ / ndf 0.4843 /1
* ) " "Tracklng Yield : * . " ° "'Tracklng Yield * ) " "' Tracking Yield
0.95F vint 1 + 0.003301 0.95f vint 1+ 0.003723 0.94 y-int 1+ 0.01262
slope (%/100uA)  -2.422 = 0.6552 @ or-racking vie [| slope (%/100uA)  -2.716 = 0.7434 @ or-racking Vi - slope (%/100uA)  -0.7696 = 2.762 @ ronracking Ve
%2 / ndf 6.487/7 I %2 / ndf 3.246/5 %2 / ndf 0.1757 /1
0'94 y-inl 1+ 0.003114 *Scalor Yield 0'94 : y-inl 1+ 0.003318 xsulor Yield 0‘92 y-lnt 1+ 0.0117 xsahr Yield
slope (%/100uA)  -2.479 = 0.5757 [| slope (%/100uA)  -3.108 = 0.6102 slope (%/100uA)_1.791 + 2.553
093 aaduaaa o aa s daaaa g 0.93 aadaaaa g g g Ly 09 PRRT TN (TS T W T (T T W T
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 35 40 45 50 55 60
BCM Current (uA) 4 BCM Current (uA) BCM Current (uA)

A
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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

2022 Summer Hall A/C Collaboration Meeting 11 .g/ff.;gon Lab June 16th,2022


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

L HMS 21degree LH2 Data/Model ||

105 -+~ ERPEPEE beeeaen U —

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

After mc_single_arm change
1.1{HMS 21degree LH2 Data/Model |;

0 i 1 1 1 1
0.2 036 052 068 084 1
Bjorken X

2022 Summer Hall A/C Collaboration Meeting 12
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Percent Difference

1 1
b [ | [ [
W (—] wn (—] wn (—] W

1 1
b b | [ b
wn [—] W (—] W (—] w

1 1
[ [ | [ [
W (—] W (—] W [—] W

Recent Changes to Analysis

Change in extracted cross section when using different input models

Delta Binning

= Hydrogen = Hydrogen

= 10 =

= E

;— ”.,M.Mw " TPPPPPP P IUIITI PP TTTTTTTTrrrrr T II Iy weee B o g— ..00’0.‘,"”N00wmwmnunumnmomonmnmwm

— ' -sE— I

= 10 -

0 2 2 6 8 10 T 150 2 2 6 8 10 12

- Deuterium 15 Deuterium

= 10E-

= SE-

g_ Soates A4 O 0 ;_ ey . o' 0000 b0 0000000000000 00MSOLEMI44S SIS IIHIIIIII00

—— s E— TXM

= e

0 2 2 3 8 10 vl R 2 2 6 8 10 12

_ D/H 15 = D/H

E_ ==

g_ ‘0 > g_ e e

— 00gnnpnett 0009 0000404 O S04 0E— SR COOOL00000000000000000000000000M000001004 400 SHIUNIILMINIIHH004

- 5 Yoo

E— =

0 2 T ) ' 8 10 Y1 b 2 2 6 8 10 12
w2 T w2

- Apply as additional systematic error

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

Cross section extraction: W2 vs Delta binning

12 TT Hydrogen
2 1LsE—
§ — @ Delta Binning
a = @ Delta Binnin
105 E— e
1E— [] w2 Binning
w 095 E_ [] w2 Binning
09 = 25
0.85 g_ 1 1 L L L L Shms
(@) 03 2 4 6 8 10 12 w2 14
3z 12
~ 215E
§ — @ Delta Binning
c a = Delta Binni
o 105 = @ De nning
._l ) 1E [] W2 Binning
o 095 E_ [] w2 Binning
QO 09 = 25
m 0.85 é L L L 1 L L Shms
0 08 2 4 6 8 10 12 w2 14
(@ 3 E
~ % e g_ @ Delta Binning
o = 11 = Delta Binni
1.05 = @ Delta Binning
1E— [0 w2 Binning
095 E— [] W2 Binning
09 = 25
0.85 é_ 1 L L L L 1 Shms
08 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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D/H Ratio Error Budget

Global (correlated)
Error or Size (%)
point to point (uncorrelated)
Statistical Point to Point 0.6 - 5.6 (2.9™)
Charge Point to Point 0.1-0.6
Target Density Point to Point 0.0-0.2
Target Density Global 1.1
Livetime Global 0.0-1.0
Model Dependence Global 0.0-2.6 (2.1™)
Charge Symmetric Background Global 0.0-14
Acceptance Global 0.0 - 0.6 (0.3")
Kinematic* Global 0.0-0.4
Radiative Correction Global 0.5-0.7 (0.6™)
Pion Contamination Global 0.1-0.3
Cerenkov Efficiency Global 0.1
Total Global Global 1.3-1.9(2.1%)
Total Point to Point Point to Point 0.6 - 5.7 (2.9
* Kinematic Error : OF = OL pean =0.1% ,%6 = 0.25mr

Beam

** With DIS cut (W2 > 3 GeV?)
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F2 Results

1.1

HMS and SHMS

. ° (GeV?) < 8.2
@ 21 deqrees 3.39 < Q° (GeV“) < 8.25

----- F1F221 ® HMS Hall C, E12-10-002
----- KPHYBRID ¢ SHMS Hall C, E12-10-002

CJ15

Constraints on large-z parton distributions from new weak boson production

—. = AKP17 = Hall A, MARATHON

and deep-inelastic scattering data

—— CJ15 e JAM

A. Accardi (Hampton U. and Jefferson Lab), L.T. Brady (Jefferson Lab and UC, Santa Barbara), W. 0 9
Melnitchouk (Jefferson Lab), J.F. Owens (Florida State U.), N. Sato (Jefferson Lab) d

Feb 9, 2016

:|IIII|IIII

.4
+H

VA
(R
W e
. ,‘0"_
S
—e—

KP Hybrid @)
Nuclear effects in the deuteron in the resonance and deep-inelastic E

scattering region

0.8

1
‘:.N

>

E- = ~Q=—e—i
‘ N~ o |
-~ [
" u g . -
_— T

S.A. Kulagin (Moscow, INR)

"
.
y
""""""
......
-,

Dec 31, 2018
N2
0 7 ........ '
- j
LI |
Vo
l‘ ]
AKP17 ¥
ﬂ ol
. . . v a1
Nuclear Effects in the Deuteron and Constraints on the d/u Ratio 0 6
[}
S.I. Alekhin (Serpukhov, IHEP), S.A. Kulagin (Moscow, INR), R. Petti (South Carolina U.)
Apr 1, 2017

’%;{;3;3;5;3 e RS
New 0.5 III|IIII|IIII|IIII|IIII|IIII|IIII|II

| 02 03 04 05 06 07 08 09
Results! B orken x
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F2 Results

1.1

HMS and SHMS . 3.39<Q*(GeV) <8.25
@ 21 degrees - F1F221 ® HMS Hall C, E12-10-002 '

i S PP KPHYBRID © SHMS Hall C, E12-10-002 | ::
CJ15 -
I
I

Constraints on large-z parton distributions from new weak boson production T == AKP17 8 Hall A, MARATHON

and deep-inelastic scattering data

—— CJ15 + SLAC, (Whitlow)

4
A. Accardi (Hampton U. and Jefferson Lab), L.T. Brady (Jefferson Lab and UC, Santa Barbara), W. 0 .9 -
Melnitchouk (Jefferson Lab), J.F. Owens (Florida State U.), N. Sato (Jefferson Lab)
Feb 9, 2016

KP Hybrid

O 08
Nuclear effects in the deuteron in the resonance and deep-inelastic } |

scattering region
S.A. Kulagin (Moscow, INR)
Dec 31, 2018

0.7
Nuclear Effects in the Deuteron and Constraints on the d/u Ratio 0 6

[ ]

S.I. Alekhin (Serpukhov, IHEP), S.A. Kulagin (Moscow, INR), R. Petti (South Carolina U.)
Apr 1, 2017

0.5— ]

llII|IIII|IIII|IIIllllillllllllllllll

02 03 04 05 06 07 08 09
Bjorken x

2022 Summer Hall A/C Collaboration Meeting 17 .ge/ff.;gon Lab June 16th,2022



F2 Results

4.73 < Q% (GeV?) < 11.06; 0_ = 29.0°

1.1

0.7

New
Results! -

5.13 < Q% (GeV?) < 12.09; 0= 33.0°

IIIIIIIIIIIII_IIIIIIIIIIIIIIIIIIIIIIIIIIII

IIIIIIIIIIIII_IIIIIIIIIIIIII

1
-...— AKP17
—— CJ15
- T Wy =TT
= Data (E12-10-002)
o)
\Q | |
b 0.8_ B v (" »
0.7 R . T
0.6 - _—
-|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0.3 04 0.5 0.6 0.7 0.8 0.9 0.3 04 0.5 0.6 0.7 0.8 0.9
Bjorken x Bjorken x
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F2 Results

L1 [ 4.73 <Q? (GeV?) < 11.06; 6, = 29.0°
1 i
091 : {‘ "
E: : i 5 i
© osf- J0F i
L * 1_-l| — Ay
- ARV 3 "
07 BEEOE el Wy oL TR i
i N B i
0.6]- -
1 1 I L1 11 I L1 11 I 11 1 1 I 11 11 I 11 11 I 1 1 1 1 1 I 11 1 1 I 11 11 I L1 11 I L1 11 I L1 1 1 I L1 11 L1
1E 513<Q?(GeV?) <12.09; 6= 33.0° ' [ 5.46 <Q? (GeV?) < 13.40; 6_=39.0° |
! S F1F221 % :
1 - [ KP HYBRID 4
- - ... AKP17 :
09 - CJi5 E
= I i o Data (E12-10-002) w0
En N R 4
- = ]
© 08 5 {
Plot - -
shown in 07k IR o Ie
February i S ag
0.6 | - ) !l
11 I L1 1.1 I L1 1.1 l L1 1.1 l L1 1.1 I L1 1.1 I L1 1.1 l L1 I L1 1.1 l L1 1.1 l L1 11 I L1 11 I L1 11 I L1 11 L1
03 04 05 0.6 0.7 08 09 03 04 05 0.6 0.7 08 09
Bjorken x Bjorken x
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F2 Results

new fit
+ + ® data with 1.07% norm. shift

CJ Impact Study |

0.85
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
i sigma=0.92842 err=0.0513253 s

Courtesy of Alberto Accardi and Shuijie Li

15 1

(Analysis needs to be revisted with new data)

10 1

-3 -2 -1 0 1
Residual

()
s
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F2 Results

CJ15 Impact Study

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

—— CJI15 + JLab 6GeV
CJI5 + E12-10-002
—— CJI5 + JLab 6GeV + E12-10-002

CllS

—

uluCJlS

O
1.4
1.2
.01 ~
0.8 -
0.6 -

0.0

0.2 0.4 0.6 0.8

1.4 1

1.0 -

0.8 1

0.0 -

(d/u)/(d/u)_,.

0.0

0.2

0.4 0.0

Courtesy of Alberto Accardi and Shuijie Li

(Analysis needs to be revisted with new data)

0.8
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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

e Uncertainty reduction comparable to full JLab 6 data set

T | — T S ——
2 0.75 il i 0.75 -+
£ 0.50{— 0.50 1~
s —— CJ15 = JLab 6GeV
© 025 - CJ15 + E12-10-002 0.25 -
------ CI15 u d/u
000002 02 06 o8 10 9o 02 02 06 08 10
X X

Courtesy of Alberto Accardi and Shuijie Li

(Analysis needs to be revisted with new data)
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F2 Results

J AM ImpaCt S‘tudy https://www.jlab.org/theory/jam

 D/H ratio was provided
to Jefferson Lab Angular
Momentum
Collaboration (JAM) to

incorporate into their ! w2-scev?  mmn |0
global QCD analysis of “H@om) 1< @<yt ons A
PDFs 0.5 0.6 0.7 0.8 x

 E12-10-002 data With E12-10-002
reduces the uncertainty - r 1
to higher twist
corrections on F2

0.004+

0.002

0.1k W? =3 GeV? .
CHT(x)) “UAF (A0T) 160 < Q? <19 Gev? - €15

1 0.000

0.5 0.6 0.7 08

Courtesy of Chris Cocuzza, Andreas Metz, W. Melnitchouk, and N. Gonzalez
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Quark Hadron Duality Studies
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Analysis and Figures by Abel Sun
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* SLAC

Quark Hadron Duality Studies

e E00-116 (JLab)

SLAC (E8920) 4 E94-110 (JLab)
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16 * l. Nllculescu (JLab)
b gst ]
1.4 1 .
12 | 5 R .
- gl |
C | ]
08 - -
() (5 C 1 1 l 1 1 l ]
0 3 6
1.6 : 12nld | T T I |,|_
1.4 ?KLE 3| T
1.2:—?ﬁ§§1h1 §If
1 ;,’: l ......................
0.8 -
r | l
0.6 0 3 5

16 r

ST T
14 - 4 T
1.2 :_ Tﬁi'g\! T
1 — Lo . lmim&f ........ _
08 F *
()-(5 C L L l 1 L l L
0 3 6

Q* (GeV?)

E12-10-002 Proposal

J F.p (data) dx / [ Fp|(CJ15)|dx

0.96
0.94
0.92

0.9
0.88
0.86
0.84
0.82

data/CJ15

0.8
0.78

e

hydrogen 1st

HI

oo

9

10

T2 13 14

QZ

12
1.18
1.16
1.14
1.12

11
1.08
1.06
1.04

data/CJ15

AR RAANRARIRARRARN RARE RARE RAR:

e

2nd

W]

[+ 18

9

10

1 12 13
Q?

1121

1.1F

T

= 1.08

ta/CJ15

T

S 1.06

1.04

L

1.02L

3rd

N

'y

O] L e L L L e e L

0.99
w 0.98
(3 0.97
S 0.96
© 0.95
0.94
0.93
0.92

4th

8

10 11 12

Define duality intervals

Region | 1%t | 2 | 3rd 4t | DIS | global
W. 13|19 25 31 39 19
W, |19 25 | 31 | 39 | 45 | 45

-> There is arbitrariness in defining the local W intervals;
typically try to catch peaks and valleys within one interval

Calculate ratio:

Xmax Xmax
j Fdata (x, QZ) dx/J Fparam.(x' Qz)dx

Xmin Xmin

* Very prelimary since analysis on
absolute cross sections not nearly
complete

* This data can push duality integrals
to higher Q2

Q (GeV?)
E12-10-002 Data

Analysis and Figures by Abel Sun
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Quark Hadron Duality Studies

1 E_ deuterium 1st 1.04 :— 2nd
: 1.02F
0.98 ‘ - } {
2 oaf o 1
3 2.23;— 3 0.98;— ]
8 O F I S 0.96f
© 0.92F ! © 0.94F
0_93_ 1 0.92;— [
088}[ PRI ST N (NN SN TR TN T (NN WO SN ST TR [NNT TN WO S TN SN TNNT Y WO SN NN ST TN Y NN N 09:_. P | | | | | |
8 9 10 11 12 13 14 8 9 10 11 12 13
Q° Q°
1 .06§— 3rd 104 4th
1.04F % 1.02¢ }
w 1.02F 0 3
S 1 [ QO 0.98F }
© - © -
£ 0.98F = X
© - © 0.96
© 0.96F ¥ © o: {
0.94F i UE ¥
0.92F 0.92-
B I R 7778 T 0 T 12
Q° Q°
Analysis and Figures by Abel Sun
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Quark Hadron Duality Studies

0.4 7 i 20
Q’ =1.25GeV’
Q’ bins =21 18
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Q}=1.25GeV’
Q’ bins = 21
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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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Quark Hadron Duality Studies
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Target Density .. vive | Uneorainy

] pt
U n C e rt al 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 slightly 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 | Beam Position 0 3mm | 02%
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 15‘ - . Hydrogen x?/ndf 1.024e+04/174 | 2/ ndf 1.223e+04/173
. ’ 2 90 Prob 0 | Prob 0
temperature, density, length and s Tk ,
P " Y 9 5 = + Deuterium | 46.94 = 0.5798 | p0 49.84 = 0.6373
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3 70:— . .
- An additional point to point e o o "
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F2 Results

HMS @ 21 degrees
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F2 Results
SHMS @ 29 degrees

Hydrogen Deuterium D/H Ratio
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1.1

Tp) . 1.023 +/- 0.004
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— i | |
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\ . el i J .u ' .i'-:r-
- i 0.985 +/- 0.004
D= : + .
q) t t I

b 95— FIFR21 | e ILP DIS
) — B

|4 - - KPHYBRID — = AKP17

0 9 B + Whitlow Data ° HMS Hall C, E12-10-002
B ¢ SHMS Hall C, E12-10-002 O i-lall A, MARATHON
_I | | | L1 1 I | .| | L1 | | L1 | I L1 1 I | 11 I L1 | | . | L1 | I L

0.2 0220.24 0.26 0.28 0.3 0.320.340.36 0.38 0.4
Bjorken x

2022 Summer Hall A/C Collaboration Meeting 34 Jefferson Lab June 16th,2022



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 Nat )(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
arxXiv:2104.06946 R 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
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Impact on PDF uncertainties

Reference: CJ15_0 ( the original CJ15 which already included BoNUS6 and E00116)

Set 1: CJ15 + this data
Set 2: CJ15 + more JLab 6GeV data (loana, E99118, E94110, E06009, E03103)
Set 3: CJ15 + this data + JLab 6GeV data

6¢/¢

: 6 .
PDF relateive error bands Td’ atQ=91.2GeV relative PDF error vs CJ15 T Q=91.2GeV
04 04
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Back Up
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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

2022 Summer Hall A/C Collaboration Meeting 38 .ge/ff.;gon Lab June 16th,2022



