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The F2 experiment in Hall C

d?o a’? 2 g\ 1 0
- = (—F; (x, Q%) sin? (—) + —F,(x, Q%) cos? o)

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

« 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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The F2 experiment in Hall C
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Results
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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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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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F2 Results
HMS @ 21 degrees

Hydrogen Deuterium D/H Ratio
3 . . h . . . 6 B h . H . . h . 11 - . .
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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

- 2
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F2 Cross Section Extraction
Monte Carlo (MC) Ratio Method

do B do Yiata
dQdE' ) ., \dQE') . ... Yuc

e MC ran for 50M events mc-single-arm

e Events are weighted after using radiated using
rc_externals and f1f221 model

e Charge Symmetric Background added to MC

2022 Summer Hall A/C Collaboration Meeting 5 .u,f.e-’rgon Lab June 16th,2022



Cross Section Extraction: Monte Carlo Ratio Method

Data vs MC
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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
] 1+ IR S e =
(;00— _ data/MC [ ] O-model(El’ 6) g .
L ] ’ 08:— —: _> g
*r —c B [ Scale data/mc=1.0040 ] me
200l p— x:m, _‘ 06 HH MC . -
r i Data
r ] [ - Dumr'ny : i i 4 0
930 b ‘20 A -30 01_‘30' Ard ‘_20‘ At ‘—10. A '0 Al 'l0' i ‘20' — ‘30 0.1 03 Ogjm-ken )12.7 09 11
(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

-2
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Cross Section Extraction: Particle identification

10*

| SHMS: 5.1 Gevic | - . 10°

10*

1 II|llll|lIIIIllll|llil|l|llIllillllll'IllllllIllI

-

=
"
i«
.
o
A

[

PID Cuts

e E/p>0.7

# Photoelectrons in Noble Gas Cherenkov
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Target Density Correction

LH2: 3.84%/100 uA

LD2: 4.30%/100 uA~

BCM4B

> > >
5 ' 5’ e
Do} B E, march2021_BCM4B
E T £ :
A98f 298 Z,
097 %2/ ndf 5.928/7 097F .2 /nat 167778 098 1 x? / naf 0.1013/1
y-int 12 0.003748 y-int 1= 0.004207 y-nt 1= 0.01438
096} slope(%/100uA)_3.84 = 0.7311 096 | slope ("w100uA)  -4.295 = 0.8239 096 slope (%/100uA)- 1,177 = 3.136
» /nat 5.189/7 »* I ndt 4.053/6 %2 / nat 0.3791/1
09sf » 1x0.000207 09sf vint 12 0003706 09afl V™ o | I
slope (%/100uA) 3.732 . 0.6492 slope (%/100uA) 4 = 0.7365 slope (%/100uA)- 1,003 = 2.747 .Nwm”m
¥2 Indt 4.152/7 »* Indt 3.902/5 x* /ndf 0.1107 /1
094 yint 1+0.003101 8.5 y-int 1= 0.003303 092 y-int 1= 0.01168 xi‘“"“""
slope (%/100uA) -3.701 + 0.5707 slopa (%/100ul) -4.255 . 0.6049 slope (%/100uA)_2017 « 2.539
093 aalaaaaliy 093 aalasaala, 09 PO TR SRR
10 20 30 40 70 80 10 20 30 40 70 80 3s 40 45 50 55 60
BCM Current (uA) BCM Current (uA) BCM Current (uA)
~ 100 . "
E - N Hydrogen x2/ndf 1.024e+04/174 | x2/ndf 1.223e+04/173
. . T 90 Prob 0 | Prob 0
e Luminosity Runs were used to g F :
Y g = + Deuterium | 46.94 = 0.5798 | p0 49.84 = 0.6373
. . O 80—
determine the density 2 L
. 5 70 ’
correction :UE . .
- ) b, obe e !
. 60— 00 ‘?0 ) :‘oht
e Experiment ran at an average = . I A T 4 S T 3R,
50: $ 5 Al’ Y On * ”’.” :.‘
beam current of 50 uA e X
. o o o g T Wy ~
e Target density uncertainty in D/ - A A R '
— A . *%
. 30 —
H ratio ~1.1% = ‘
20 _I L 1 I L L 1 1 I 1 1 1 L I 1 1 L L I 1 1 1 1 I L 1 1 1 l L 1 1 1 l 1
2500 2600 2700 2800 2900 3000 3100
Run Number
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Target Density Correction

Target Density

Error Value | Uncertainty %
U n C e rt ai nt Temperature 19K +182mK | 0.27%
y Pressure 25 psia +2psia 0.02%
Equation of State 0.1%
. . 9
used is slightly larger than the table; IT‘e“g‘hC(I““er or Outer?) poge :I:E.OZ?Z;m g'fg%
% i tions and 1.1% in arget Contraction .6% 1% 1%
0.75% !n Cross sectio - 170 Beam 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 o 10— PP By e —————
- - 2/n d n .
knowledge to the target boiling, 2 [ Hydrogen |* - X °
temperature, density, length and g 0F rob 0| Preb 0
P L Y g g - + Deuterium po0 46.94 = 0.5798 | p0 49.84 + 0.6373
beam position. S 80
¥ F '
g e . .
- An additional point to point coF- ’ I
. , . - LAY o ":‘ 00{»{0
uncertainty is calculated by taking = ‘ . R TR URARINE P
. . ~ o * ANA Y
the difference with the average g S —_— va;‘ S — C— . 2
Current 40 - \/ . ¢ ‘.,’\.~6§ ¢ % ‘.0 " 90“ .
- {. W% L AR ¢ o
C A . U H
30— .
20 :I 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I L 1 L 1 l L
2500 2600 2700 2800 2900 3000 3100
Run Number
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F2 Cross Section Extraction

Charge Symmetric Background

Electrons can be produced from charge
symmetric processes

eg. (m>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 souas,
The results were parametrized and -:omo

extrapolated to all kinematics were pasitron % 0.075
runs was not taken

]

Figure and analysis by Gabriel and loana Niculescu

20.985° paramatars:
pO=-31.84/- 01338,
pl= 3.57 +/- 0.002073

2B8.98° parameters:
p0=-48.2+/- 0.2825,

pl= 5.10 +/- 0.003717
3B.975° parameters:
——  pO=-6Y.0+/- 0.729%,
pl= 7.14 +/- 0.008319
" —§ = 28.98"
Y, 6 = 32.975°
"o « @ =204985°
" 6 = 28.98°
e ™ v 6 - 38.975°
e

The background was added into the MC 0.025| h ‘ ey, .
weighting 4 000 1 e - Hstrrrnse,,
.5 2.0 R 2.5 3.0
Early 12 GeV Structure Functions in Hall C Je : on Lab December 8th, 2021



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

17
Update on F2 experiment in Hall C Hall A/C Summer Collaboration Meeting
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F2 Cross Section Extraction

| Total Live Time (EDTM) |

Livetime Correction

Live time

- 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

" | " L " | L 1
SU000 40000I‘l'igger rate fﬂ}zgo

|

« The computer livetime (CLT) can be
calculated by looking at the scalers trigger 09
counts vs recorded triggers. 08

Live time
=

;LJ*FF'IIIII
]
o
-~
l"

-

o

 The electronic live time (ELT) is not measured 07
directly. o6

osb—

- However, since TLT = ELT * CLT, a fit was of ’ - e 000 0% rrigger rate tH"
TLT/CLT over all runs was used to calculate Electronic Live Time (TLT/CLT)
the total live time correction.

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

+ A100% uncertainty was applied to the ELT
calculation *

035/ All Prescales
0.80 l ......................... X10

IIIIIIIIIII

%2 / ndf 500.638 / 505

-
[S)

]]”llll[ll IIII|HII|IIII|||II
—

po 1.00101 = 0.000303541

pi -3.70707e-08 + 3.28744e-09

Live time

11

1.05

w
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HMS delta correction

a0 R ] g -
K 4 > A st | New | Edit | hims_delta. cor.april1_2021pdf 1€
ID: 475  Entry time: Apr 01, 2021, 08:45

Measurements of Fy and R = o /or

on Nuclear Targets in the Nucleon Resonance Region

Vahe Mamyan

Yerevan, Armenia

B.S. Yerevan State University, 1999
M.S. Yerevan State University, 2001

1.1
[ \ — Old correction

— New correction

1.05

0eXp/OmodeI

dp (%)

averaged per § bin

DATA

f1£221 (v0.995b)

normalized

1.06

1.04

1.02

[

e
)
*®

Author: Debaditya Biswas
Category:
Subject: HMS delta correction

HMS delta correction

Edited: Apr 08, 2021, 09:23

Edited: Apr 01, 2021, 08:45

attachment 2 : HMS cross-section after iteration 3 vs ep

Attachment 1: hms_delta_cor_april1l_2021.pdf 494 kB U

HMS normalized cross section ratio vs 9

x2/ ndf 87.67 /11

pO 1.005 + 0.0005686
p1 0.00112 £+ 0.0001889
p2 -0.0001998 + 3.24e-05
p3  -3.509e-05 * 5.799e-06

3.3,4.0,

4.5 GeV

black curve : 1 +pl x +

0.96 N
Figure 44: Ratio of experimental to model cross sections versus dp. The red line is
the same ratio obtained in a previous experiment, E99-118. This effect is caused by
optic mis-calibration. o5 | | L | L
: -5 0 5
19 K=y
.ggf_fer:son Lab



SHMS acceptance correction

SHMS normalized cross section ratio vs o

1.08 B xZ / ndf 956.5/1071
B p0 1.002 £+ 0.0005692
E12-10-002 Preparations — p1 -0.002473 + 7.443e-05
] 1.06 — p2 —1.546e-05 + 1.038e-05
Elog for E12-10-002 preparations - p3 6.64e—06 + 5;97e-07
— 0]
}l <1 > M Lst | New | Edit | Delete | Reply | Duplicate | Find — &
Message ID: 520 Entry time: Sep 22, 2021, 18:02 104 L
Author: Debaditya Biswas - I~
Category: 21.021—
Subject: SHMS acceptance correction and error estimation § B
= —
Edited: Oct 08, 2021, 00:44 = B
<2 1
Edited: Sep 22, 2021, 18:01 = -
SHMS acceptance correction <: I
=1 I~
p0 = 1.00156 Q 0.98—
pl = -0.002473 = -
p2 = -1.54588e-05 L
p3 = 6.63986e-06 -
, R R 0.96—
correction factor : p0 + pl*(delta) + p2*(delta”2) + p3*(delta”3) —
new cross-section = cross-section * (1/correction factor) : i
error budget : 0.439% random point to point 0‘94__
0.92 i | I | | | | | | | | | | | | |
-10 0 10 20
)
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Recent Changes to Analysis

Cross section extraction: W2 vs Delta binning

= 12
%1.15
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* Needs to be addressed for absolute cross sections
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Hydrogen

@ Delta Binning
@ Delta Binning
[J w2 Binning

[] w2 Binning

w2

@ Delta Binning
@ Delta Binning
[ w2 Binning
[J W2 Binning

0

w2

@ Delta Binning
@ Delta Binning

[0 w2 Binning

[] W2 Binning

25 I
shms

w2 14

* Overlap region in cross section is worst with W2 binning but vanishes in D/H ratio
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Recent Changes to Analysis

Change in extracted cross section when using different input models

15
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3 e
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- Apply as additional systematic error

W2

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

23 A
Update on F2 experiment in Hall C Hall A/C Summer Collaboration Meeting July 15th, 2024 Bill Henry ‘!gf’f'erson Lab



F2 Cross Section Extraction
KlnematIC Uncertalnltles How well do we know E, E’, and 9 ?

Modified Yield / Nominal Yield

Modified Yield / Nominal Yield
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Modified Yield / Nominal Yield

Deuterium -
Entries 3032434
11 Mean 5.96
: Std Dev 9.23
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¢
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¢
¢

6. +0.25 mr

6. - 0.25 mr Vary these in

Ebeam +0.1% | monte carlo
and

Ebeam -0.1% compare to

E'+0.1% nominal

E' +0.1% yields

Total Error
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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

maodel
rad

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

= where,
noae
(‘r;)’nrn

o.mode{

horn

= model Born cross-section, rr,'\i’ff"’: total radiative model cross-section

1) Born 2) Vacuum polarization 3) Vertex correction

Ty

4) Bremsstrahlung 5) Multi-photon emission

e Cross section model is radiated using “rc_externals”.
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Analysis Flow
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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

William Henry
wmhenry@jlab.org
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