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The Proton Spin Structure

an
Spins Antiparallel

One goal of Run Group C is measuring the proton/deuteron longitudinal spin structure at large x

2T e Not much precise data above x = 0.5, leaving open possibilities of quark behavior
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The Longitudinal Spin Structure of the Nucleon:
A 12 GeV Research Proposal to Jefferson Lab (PAC 30) [Ref. 1]
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Run Group C Experimental Setup

Ran from June 2022 to March 2023 for 80 PAC days (120 scheduled)
RG-C data divided into five run periods:

Run Period Run Range Torus Solenoid Inbending or
Configuration | Configuration Outbending

Summer 2022 16128 — 16772 Negative Negative Inbending
Fall 2022 (Neg.) 16859 — 17183 Negative Negative Inbending
Fall 2022 (Pos.) 17188 — 17408 Negative Positive Inbending

Spring 2023 (Inb.) 17482 - 17768 Negative Negative Inbending
Spring 2023 (Outb.) 17769 — 17811 Positive Negative Outbending

DIS electrons detected in the Forward Detector

Polarized protons/deuterons from the Run Group C Polarized Target:
—  Ammonia crystals, polarized via dynamic nuclear polarization (DNP)

— Coolto ~1 Kin a 5T field generated by solenoid, where free electrons
almost completely polarize

—  Using microwaves with a frequency of vgep + vyyr (<140 GHZz), transfer
electron polarization to the protons (or deuterons)

—  ~85% for protons, ~25% for deuterons

Forward Detector

r

Drift
Y Chamber

-’

Central Detector

E n;:;:';i%f&i]\ *‘*\ , 4 r . \‘
— s 'r! *ﬁ/&
Solenoid }-]
Torus

——

’ :
_’_"._—‘.at"_:ﬂ:"—‘—f 2

——

e : —— v#,.x_ ,rt 4..4. “, 7 I
o *nWJIIS 5

i

LEL

Diagram of CLAS12 Detector, Ziegler et. al. [Ref. 2]




Run Group C Experimental Setup

. Ran from June 2022 to March 2023 for 80 PAC days (120 scheduled)
. RG-C data divided into five run periods:

Target sample Helium bath, PTFE

o, )
Run Period Run Range Torus Solenoid Inbending or e ] 1 =
Configuration | Configuration Outbending ‘ System

Summer 2022 16128 — 16772 Negative Negative Inbending _— i N 4
Fall 2022 (Neg.) 16859 — 17183 Negative Negative Inbending N <=2 L | Microwave
Fall 2022 (Pos.) 17188 — 17408 Negative Positive Inbending g it Reﬁ.gmto,l [ e I
Spring 2023 (Inb.) 17482 - 17768 Negative Negative Inbending y N
Spring 2023 (Outb.) 17769 — 17811 Positive Negative Outbending Cryogstics,

Liquid He
Cell diagram taken from J. Maxwell [Ref.4]

. DIS electrons detected in the Forward Detector

. Polarized protons/deuterons from the Run Group C Polarized Target:
—  Ammonia crystals, polarized via dynamic nuclear polarization (DNP)

— Coolto ~1 Kin a 5T field generated by solenoid, where free electrons
almost completely polarize

—  Using microwaves with a frequency of vgep + vyyr (<140 GHZz), transfer
electron polarization to the protons (or deuterons)

—  ~85% for protons, ~25% for deuterons

Ammonia crystals unexposed to beam (left), crystals after beam
exposure (right). Purple color from paramagnetic centers. A



. Unpolarized background: N, Al, He nuclei in target/bath

. Reduces measured 4|, and cannot be removed with vertex/kinematic cuts
. Quantified using a dilution factor Dy
Dy = Yw 391t aPa Ideal ep N, Al Nuclei Liquid He
Yammonia (30y + on)Capa + ogeluePre + 0aifaiPai Scattering Scattering Scattering
. Dy = ratio of the yield from hydrogen to the yield from all target cell material

. Must also account for polarization of beam electrons and target particles: P, P, O’ '0. ‘e.
. Dividing A, by Dr and P, P; accounts for the background O O

= Airaw < D(A; +1n4y) O» @, 2 "0"0' ‘Q"'O'

A||,phys DFPth ’
O o @
Polarized beam '0' '0'

electrons Polarized target protons
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Calculating the Dilution Factor

« Advantageous to write D in terms of scattering counts from background targets instead of cross sections

« Counts from the targets are functions of the cross sections

« Using information from all targets, write the yields in terms of scattering
counts

7
* n4(0a1, One, 0¢, 0n), Where cJc = ON

* Nyr(0a,0ne),  Nc(0an Ohes 0c) _ . ‘ Liquid liumty

* Ney (041, 0ge, 0c,0y), Np(04)

« Solving for the yields and rewriting the Dg:

(ng — nyr)(Ney + Ane + Bnyr + Cng)
nA(nCH + Dn(; -+ EnMT + FTLF)

DF(x1 Qz) —

« Packing fraction Py is the target volume fraction occupied by the
ammonia crystals

G(ny — nyr)
Neyg + Dne + Enyr + Fng Ammonia Beads

PF(x' QZ) =

A...G < ¥;, p; of target materials
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— Sector-dependent sampling fraction cuts developed by Timothy
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Electron PID Cuts

. Inclusive DIS electrons: ep — eX, ed — eX

. Event Builder PID cuts:

Trigger electrons in the Forward Detector

> 60 MeV energy in PCAL, > 2 photoelectrons in HTCC, broad
sampling fraction cut

. Kinematic (DIS) cuts:

E'>26GeV,7°< 0 <40° Q? > 22GeV:, W > 2 GeV

9cm <V, <1 cm (Summer), -7.5cm <V, < 2.5 cm for all other
run periods

. QADB cuts

. Fiducial cuts:

Drift chamber edge cuts: edge = distance to any edge of detector
Based on average value of track quality yZ.,.x versus distance to
edge

EdgeR1 >4 cm, EdgeR2 > 5 cm, Edge R3 > 8 cm

ECAL edge cuts based on scintillator strip position lv, lw where
sampling fraction (SF) dips below 0.2

SF = (EPCAL + EECIN + ECOUT)/P’ SF =~ 0.24 for electrons

lv,lw > 13.5 cm for sectors 2-6, lv,lw > 22.5 cm for sector 1
(above run 16156)

Sector-dependent sampling fraction cuts developed by Timothy
Hayward

Fit each L-bin to a gaussian
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Calculating the Dilution Factor Summer 2022 Epochs Fall 2022 (Pos. Sol.) Epochs

Epoch 1: 16137 — 16148 Epoch 16: 17188 — 17214
Epoch 2: 16156 — 16178 Fall 2022 (Neg. Sol.) Epochs Epoch 17: 17215 — 17225
. Each run period is divided into “epochs” based on when each EP°°: 2: 1232‘ 1223 Epoc: 13: 1;2?3— gggg
poch 4: - Epoch 11: 16983 — 16993 poch 19: -
target swap/anneal occurred . P
9 P _ _ Epoch 5: 16658 — 16674 Epoch 12: 16995 - 17032 _
. Any movement of the target affects the packing fraction Epoch 6: 16675 — 16695 Epoch 13: 17067 — 17102 Spring 2023 Epochs
. Epoch 7: 16709 — 16738 Epoch 14: 17144 — 17161
. Using the m.easured counts, Dr were calculated for. gach epoch Epoch 8: 16742 — 16752 Epoch 15: 17162 — 17169 Epoch 20: 17575 — 17597
. Mostly consistent across all epochs, except for positive solenoid :POChh190= 1166775637- 1166776762 EPOCE 'g’; :;’ggg - :;311
data e ) Egﬁﬁh 23: 17748 — 17762
. Some x-dependence in the P data
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a i Eﬁgﬁm v Eggzm Eggzhe - K Epzi: 11 v Epziz 12 Epzi: 12 = * Epoch 20 + Epoch 21 Epoch 22
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ok ; - § & s d
0.14[| ¢ - 0.14 * it 0.14 §
g - i -
0.121— 012 Plots averaged ¥ | 0.12—
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Calculating the Dilution Factor Summer 2022 Epochs Fall 2022 (Pos. Sol.) Epochs

Epoch 1: 16137 — 16148 Epoch 16: 17188 — 17214
Epoch 2: 16156 — 16178 Fall 2022 (Neg. Sol.) Epochs Epoch 17: 17215 — 17225
. Each run period is divided into “epochs” based on when each EP°°: 2: 1232‘ 1223 Epoc: 13: 17253— 17222
poch 4: - Epoch 11: 16983 — 16993 poch 19: 17371 - 17
target swap/anneal occurred . P
9 P _ _ Epoch 5: 16658 — 16674 Epoch 12: 16995 - 17032 _
. Any movement of the target affects the packing fraction Epoch 6: 16675 — 16695 Epoch 13: 17067 — 17102 Spring 2023 Epochs
: Epoch 7: 16709 — 16738 Epoch 14: 17144 — 17161
. Using the measured counts, D were calculated for each epoch Epoch 8: 16742 — 16752 Egoch 15 17162 — 17169 Epoch 20: 17575 — 17597
. Mostly consistent across all epochs, except for positive solenoid Epoch 9: 16753 — 16766 Epoch 21: 17598 - 17611
data Epoch 10: 16767 — 16772 Epoch 22: 17720 — 17741
Epoch 23: 17748 — 17762
. Some x-dependence in the P data
Summer 2022 NH3 Data Fall 2022 NH3 Data Spring 2023 NH3 Data
O 0.64] © tocne Y Eone sl O g4 © Epoch 11 e Epoch 12 Epoch 13 ® 0.64| * Epoch 20 * Epoch21 * Epoch 22
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R
D Systematics: Thermal Contractions

. Target material geometries/densities were measured at roughly room temperature (300 K)
. However, cooling the targets to ~1 K in the liquid helium bath introduces thermal contractions, which affect the Dr and Pr
. Two primary unknowns for thermal contractions: expansion constant a and target anisotropic behavior f8

c-axis
b

) Polyethylene Crystal
Graphite Crystal gm— y St)r{ucturery
Structure \ASELINS
a-axis
Amorphdl:ls. ‘ __ <% _ P o
Regiqn L

> s y.
\ A \ \ fay

Crystalline Region

Polyethylene Chains

PE crystalline structure information
from van Dorp et. al. [Ref. 5]

. Graphite (GR) and polyethylene (PE) targets have a crystalline structure
. Potential for anisotropic behavior during thermal contraction = different effects on areal density
. Accounted for unknown a, B in the systematic error 11



Radial Contraction (R)
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. Graphite (GR) and polyethylene (PE) targets have a crystalline structure

. Accounted for unknown a, B in the systematic error

Potential for anisotropic behavior during thermal contraction = different effects on areal density
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Epoch 20 CH2 All DF Variations

w 0.34
(m) « NoExp « CH2_ Iso_Exp_1p5 CH2_lso_Exp_2p0
0.32 CH2 Iso Exp 2p5 * CH2 Iso Exp 3p0 CH2_ RL_Exp_1p5
03| * CH2_RL_Exp_2p0 = CH2_RL_Exp_2p5 = CH2_RL_Exp_3p0
CH2_RR_Exp_1p5 CH2_RR_Exp_2p0 CH2_RR_Exp_2p5
0.28 + CH2_RR_Exp_3p0
0.26—
. . . . . . 0.24} {
. Systematic errors in Dr and Pr determined through an iterative process of varying 0ok AR l '
material contractions by a and B oo NI ! e § i | 1 SEEE
. . . . ' :_ . " * i : 2 = 7 3 f |
1. Holding all other material properties at their measured room temperature values, ors— + t i b EIL L { | f % i
the Dr and Pr were recalculated across all variations of a material’'s a« and 8 o6 jiii il P *
I i : S 1
2. Forevery bin in x, Q2 the standard deviation across all variations was calculated AEIE R ‘
. . , -
3. The standard deviation was taken as the systematic error for that bin 0-12F | | | | | |
] . . . ] 0_1_III\\\\IIII\\I\II\I\II\I\\I
4. Systematic errors were parameterized using a quadratic (for D) equation or a 0.2 03 04 0-5 06 0.7 e
constant (for Pr) Epoch 20 NH3 Density P_ Variations
v 0.7
o * NoExp * NH3 Exp Pt NH3_Exp_P2
. Very large systematic errors in D for CH2, from 9% at small x to 6% at large x NH3 Exp P3  * NH3 Exp P4 ° NH3 Exp P5
065, NH3 Exp M1 = NH3 Exp M2 = NH3 Exp M3
NH3_Exp_M4 NH3_Exp_M5
0.6_—
Thermal Contraction Parameters By Material E
Target Material a-Range (%) B Configurations  dgys-Range Dp (%)  dsys-Range Pp (%) 0.55—
PE (CH,) 1.5, 2.0, 2.5, 3.0 RR, RL, Iso 6%-9% 2.2% -
Graphite 0.3, 0.5, 0.7, 0.9, 1.2, 1.5 R, L, Iso 2.5%-4% 0.2% 05— ST Ll |
Teflon 1.7, 1.8, 1.9, 2.0, 2.1 Iso <0.1% 0.16% SEEEEEEEEEE RN ' ! ! ' ' I
Ammonia +1, 42, +3, +4, +5 Iso 0.5% 4% R P . 3 . I
PE (Low Estimate) 1.5, 2.0, 2.5 RR, RL, Iso 15%-7% 1.8% A SR IR
Graphite (Low Estimate) 0.3, 0.5, 0.7, 0.9 R, L, Iso 2%-2.5% 0.14% -
_l 1 1 I 1 [ 1 1 I 1 1 1 [] I [ 1 1 1 I [ L [ 1 I [ 1 [] L I 1 1 1
Graphite and PE expansion values a taken from [Ref. 6] 04 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Teflon expansion values taken from [Ref. 7] X
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Epoch 20 CH2 Variations D_Errors

e“- 02 Systematic Error Systematic Error Fit 3(x) = A + Bx + Cx?
S 018 S .
g —— Sys. Ermr. Fit 8(x) A=0.114+0.00515
016 = Statistical Error B=--0.154+00236  C =0.0994+ 0.0255
0.14—
0.12
. Systematic errors in Dr and Pr determined through an iterative process of varying o
material contractions by a and 8 of
1. Holding all other material properties at their measured room temperature values, OOBE
the Dr and Pr were recalculated across all variations of a material’'s a« and 8 " F
Lo L o 0.04f— .
2. For every bin in x, Q2 the standard deviation across all variations was calculated . SEERE
. . . . 002__ . . ; 1 [ | |
3. The standard deviation was taken as the systematic error for that bin ST | | | |
0 [l 1 1 [l 1 1 L 1 1 L [ 1 L [ 1 L [ 1 1 L [l 1 1 [l 1 1 L

4. Systematic errors were parameterized using a quadratic (for D) equation or a 02 03 04 0> 06 07 8

constant (for P
( r) Epoch 20 NH3 Density P_ Errors

w 0.1
«  Very large systematic errors in D for CH2, from 9% at small x to 6% at large x 5 o4 - Systematic Eror Systematic Error Fit = A
g — Sys. Err. Fit 8(x)
0.08 Statistical Error A = 0.0404 + 3.67e-05
0.07F-
Thermal Contraction Parameters By Material 0.055_
Target Material a-Range (%) B Configurations  dgys-Range Dp (%)  dsys-Range Pp (%) =
PE (CH,) 1.5, 2.0, 2.5, 3.0 RR, RL, Iso 6%-9% 2.2% 005
Graphite 0.3, 0.5, 0.7, 0.9, 1.2, 1.5 R, L, Iso 2.5%-4% 0.2% 0.04 v Ty e A ey e
Teflon 1.7,1.8,1.9, 2.0, 2.1 Iso <0.1% 0.16% 0.03E-
Ammonia +1, 42, +3, +4, +5 Iso 0.5% 4% =
PE (Low Estimatc) 1.5, 2.0, 2.5 RR, RL, Iso 4.5%-1% 1.8% 0.0
Graphite (Low Estimate) 0.3, 0.5, 0.7, 0.9 R, L, Iso 2%-2.5% 0.14% 0.01E-
Graphite and PE expansion values a taken from [Ref. 6] b1y b b b b L
Teflon expansion values taken from [Ref. 7] 0.2 0.3 0.4 0.5 0.6 0.7 14 {;('8



Measurement of Thermal @ and 5

Prompted a direct measurement of CH2 and graphite samples

Samples were made from the same extruded rods that the CH2 and
graphite target foils were taken from

Two 20mm x 20mm samples of each material x i _
Thermal contraction measured from room temperature (~300K) to
liquid nitrogen (~77K) |

r
)
'
-

I'

1.  Measured diameter and length of each sample at room el
temperature -

2. Immerse in liquid nitrogen until cooled, and then measure : | ! '
again, holding it within the liquid nitrogen vapor /—-/ ‘ ,

Final values of a for length and diameter taken as the average
between each of the two samples

Measured Thermal Contractions

Polyethylene (CH2) Graphite (Carbon)
ap (Diameter) a; (Length) ap (Diameter) a; (Length)
1.75% 2.06% -0.45% -0.26%

Thanks to James Maxwell, Chris Keith, and James Brock for making the samples!!!
Thanks to Sailaja, Stephen, and James Maxwell for helping take the measurements!!!
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CH2 measurement saw anisotropic behavior; graphite possibly
expanded slightly as it cooled

FIGURE AND TABLE NO, 400R, RECOMMENDED VALUES FOR THERMAL LINEAR EXPANSION OF POLYETHYLENE

BT T T T T T | T T T T T 1 ] | I RECOMMENDED VALUES
Results extrapolated to ~1K bath temperature through a — /0.9, Wl B e S RULIE L Il Lty
a/0.8 _ -
/ . |- T AL/L, a
® - / -
_ _ . _ 10 -2.44 12
Assumes that roughly 80-90% of material thermal contraction (from S i | 25 -2.41 23
. . . Z 5 -
room temperature) occurs by liquid nitrogen temperatures [Ref. 6] s |' . -y .
» oL 3 i 100 -2.12 56
u . " . 150 1.76 82
Repeated systematic error study using smaller ranges of a g 5 g 200 -1.30 110
" . L] '-] i i i =
constrained to one B configuration: 3 | g Ntoger - 250 -0.67 141
_ _ g 0 ! ; 293 0.00 169
— Lower estimate: «, a/0.95, /0.9 z Room Temperature - 325 0.75 330
—  Larger estimate: a, «/0.95, «/0.9, a/0.85, /0.8 °r 1 350 1.60 490
o 375 3.10 690
i i 400t 5. 60 940
CH2 systematics recalculated to be below 1-2% at large x D BT T e e W L N W B A%ar 19,43
0 50 100 150 200 250 300 350 400 450 500 550 600D 650 700 750 450 21,
TEMPERATURE, K I Glass transition temperature. 50 24, 1%
: N. B. of Standards, A compilation and evaluation of mechanical, Provisional values. 5  G¥
Plans tO repeat measurements more Carefully on CH2 and graphlte thermal, and electrical properties of selected polymers (1973). {Ref. 6] 50 L

— Verify method by measuring thermal contraction of a known material

(like aluminum) M Th T .
— Better understand anisotropy in graphite areal density easured ermal Contractions

—  Get measurements of CD2 foil — because of different manufacturing Polyethylene (CH2) Graphite (Carbon)
than CH2, we expect different a ap (Diameter) a; (Length) ap (Diameter) a; (Length)
1.75% 2.06% -0.45% -0.26%
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. CH2 measurement saw anisotropic behavior; graphite possibly
expanded slightly as it cooled

. Results extrapolated to ~1K bath temperature through a - «/0.9,
a/0.8
. Assumes that roughly 80-90% of material thermal contraction (from

room temperature) occurs by liquid nitrogen temperatures [Ref. 6]

. Repeated systematic error study using smaller ranges of a
constrained to one B configuration:
— Lower estimate: a, a/0.95, /0.9
— Larger estimate: a, «/0.95, /0.9, «/0.85, «/0.8

. CH2 systematics recalculated to be below 1-2% at large x

. Plans to repeat measurements more carefully on CH2 and graphite

— Verify method by measuring thermal contraction of a known material
(like aluminum)

— Better understand anisotropy in graphite areal density

— Get measurements of CD2 foil — because of different manufacturing
than CH2, we expect different a

Epoch 20 CH2 Preliminary DF Errors

w 0.2
(] . : : _ 2
= ° Systematlc Error Systematic Error Fit6(x) = A + Bx + Cx
Ll 0.18 —— Sys. Err. Fit §(x) A =0.0157 + 0.00071§
0.16| ™ Statistical Error B=-0.0209+ 0.00328 G =0.0132+ 0.00355
0.14— . -
0.12 :— u
- |
- [ |
0.1 [ | -
0.08— m B
m s "1
0.06 = - [ I a
— ]
0.04 - m ] ] ' C B | I B
~ - m i n I B I
0.02 = giflH@
0 : [ [ 1 I 1 1 [ 1 I 1 [ 1 [ I 1 [ [ [ I 1 [ [ 1 I 1 1 [ [ I 1 1 1 [
0.2 0.3 0.4 0.5 0.6 0.7 0.8
X

Measured Thermal Contractions

Polyethylene (CH2) Graphite (Carbon)
ap (Diameter) a; (Length) ap (Diameter) a; (Length)
1.75% 2.06% -0.45% -0.26%
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. CH2 measurement saw anisotropic behavior; graphite possibly
expanded slightly as it cooled

. Results extrapolated to ~1K bath temperature through a - «/0.9,
a/0.8
. Assumes that roughly 80-90% of material thermal contraction (from

room temperature) occurs by liquid nitrogen temperatures [Ref. 6]

. Repeated systematic error study using smaller ranges of a
constrained to one B configuration:
— Lower estimate: a, a/0.95, /0.9
— Larger estimate: a, «/0.95, /0.9, «/0.85, «/0.8

. CH2 systematics recalculated to be below 1-2% at large x

. Plans to repeat measurements more carefully on CH2 and graphite

— Verify method by measuring thermal contraction of a known material
(like aluminum)

— Better understand anisotropy in graphite areal density

— Get measurements of CD2 foil — because of different manufacturing
than CH2, we expect different a

Epoch 20 CH2 Preliminary (Large Estimate) DF Errors

e 0.2

'g o Systematic Error Systematic Error Fit §(x) = A + Bx + Cx?

L] 0.18 —— Sys. Err. Fit 6(x) A = 0.0286 + 0.00131
0.16| ™ Statistical Error B=-0.0383+0.006  C=0.0243+ 0.00649
0.14 :— I =
0.12 :— |

- |
- |
0.1 o - N
0.08— - o
A m
0.061= = - : . a
. ' I [ |
004 __ 0 ] u ]
- = mE g 3 B | .
0.02— -
- Egm e o
O — [ [ [ | I [ 1 [ [ | I [ 1 [ [ | I [ 1 [ [ | I [ 1 [ [ I [ 1 [ [ I 1 1 [ [
0.2 0.3 0.4 0.5 0.6 0.7 0.8
X
Measured Thermal Contractions
Polyethylene (CH2) Graphite (Carbon)
ap (Diameter) a; (Length) ap (Diameter) a; (Length)
1.75% 2.06% -0.45% -0.26%
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. The beam and target polarization are calculated using the maximum
likelihood method = what values of P, P, are most likely to reproduce the

data set?

. The maximum likelihood method is used to calculate P, P; for each run:

(PoP)pis

Opppt —

Zx,QZ DFA||,m0del(N” _ NTT)
2
Zx,QZ(DFAH,model) (N“ + NTT)

\

. Where all data comes from the DIS channel, and N are the raw counts
NOT normalized to the FC charge (due to FC charge asymmetry issues)

2

x,Q2

-1
2
(N'T+ N™)(DrA| | moder) )

. A\, moaer IS based on a fit to the world data of 4, 4,, and R
* A||model = D(A; +nAy)
. This introduces a model dependence on the calculation

PbPt

0.5

-0.5

NH3 Beam-Target Polarizations

el o B
e ="
O

- DIS PbPt
. (DIS PbPY/Pb_|

— Elastic PbPt

SRR

16200 16400 16600 16800 17000 17200 17400 17600 17800
Run Number
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. To avoid model influence on P, P;, calculate a Polarization Normalization

Factor (PNF) defined relative to elastic asymmetry 4, . NH3 Beam-Target Polarizations

o u
n o 1 {n z 1 .
PNF = ZQZ A” el Z runs Nell el l)fl(Pth)DISl - ? 3 é } % é
— i L
n -
Yoz (Ae)” 2 "“"S( NI (fiPoPpisi)” T
0.5—
B + DIS PbPt
-1 |
, Nruns L . (DIS Pth)/PbEwg
oene = || ) (Ae)” Y (N + NI (iPoPOpisi)’ o e
2 =0 |
\ Q L -
0.5
L al t j
: § 5 ¢
. Where N, ; are the counts from elastic ep scattering, f; are the elastic i g ﬁ j é } # ;
dilution faCtorS | | | ! ! ! | | ! ! | | ! | ‘ | | | ‘ ! | | |i ! | ! | | | | | | | ‘

. This is still a work in progress, so the results I'll show today use the

unnormalized (P, P;)p;s

16200 16400 16600 16800 17000 17200 17400 17600 17800
Run Number
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. The maximum likelihood method can also be used to combine the physical -
asymmetries A|| pyeqs across all individual runs

zpmens (N (e, Q%) — N (x, Q%)) Dpi (x, Q2P
sirins (N (x, 02) + NJ'(x,02)) (Dpi(x, Q1)P;)”

A||,meas (x, QZ) =

OAmeas = \/(leQz(NiT + NTT)(DFPi)Z)—l

. Once data is combined, 4, , is extracted using model values of A, and R )
2Y) — 2 2
Al,p (x, Q ) — A||,phys (x, Q )/D _T]AZ (x; Q )
. Very preliminary results for 4, ,,, showing statistical error bars and
expected systematic errors
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_ o _ _ Plot of Su22 A Plot of Fa22Neg A”
. The maximum likelihood method can also be used to combine the physical -, +—ggicoesicer I T v BN G GV 1
i i i gleQ*=244 e @* =292 «» Q*=3.48 gleQ’=244 e O’ =2. Q*=3.
asymmetries A||;meas ACrOSS all individual runs o9|s O -2t e 0202 O -040 [ | 09|00 -2 O -2 -0 }
08, @®=7.07 » Q®=8.44 « Q° = 10.1 T } 08|, Q®=7.07 « @®=8.44 « Q°=10.1 }
n 1 " 07E I&Tgﬁ | 7 t, | i{] }
2 2 2 - SRR - T f
, Ziféns(Ni (x,Q°) — N; '(x,Q ))DF,i(x'Q )P; oSE- i?.}:ﬁﬁf L 085 N 11A0EE 1#
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0.3;— ." » 0'3;_.' ’
0.22— ‘ 0.22—
1 f“i— 0.12—
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Plot of Fa22Pos A Plot of Sp23 A7
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. Once data is combined, 4, , is extracted using model values of A, and R 098 =244 e Q*=292 - Q°=348 1 1 09® (P=244 e Q=292 - @°=3.48
’ Q°=4.16 » Q°=4.96 « Q° = 5.92 Q°=4.16 » Q" =4.96 « Q° = 5.92 ]( !
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- It} - D] t
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. Very preliminary results for 4, ,,, showing statistical error bars and 030 & K ! * 03E- | e $
expected systematic errors "2 2E
0.1 0.1
OIZI Il.'J.|2I — Il.'J.|:3I — IEJ.|4I — Il.'J'.|5I — ID.lﬁl — ID.|7I — OZI I I[).|2I = IfJ.|3I — IEJ.|4I — I[).5I Sy Tk A
X X

22




Plot of Su22 A Plot of Fa22Neg A”
< Q° Bin Centers [GeV’] I | I o Q° Bin Centers [GeV’]
IR B B S O e e 1 i
. . . . 08|, Q=707 s Q*=8.44 « Q° = 10.1 1 } 08|, Q?=7.07 « @®=8.44 « Q° = 10.1 } .
The (non-exhaustive) list of work still to be done: orE g m oo | :
- S ENRE } - % : i i i }
e RELLIARE oE *fEFE“*ru 3
. . . 0.5 PRI L T 0.5 I_; I g £
1. Finalize the PNF calculation with elastics WL S it \ osE. IPRR PR
2. Finalize background contributions from polarization of s, ¢ ! st
14N and e*e™~ pair production e ‘ e
3. Perform t-tests comparing run periods P R W B S B S A S
4. Corrections for FC charge asymmetries
. . : Plot of Fa22Pos A” i
5. Radiative effects/corrections (for Dy and final results) ., o 7R e PR,
6. Account for all systematic errors (thermal contractions, o0 e it ee oses 1 ﬂ o e 1
FC Charge asymmetry) D-?:_QE=7,0?.02=8,44.02=10.1 H . * j & 0?t:.‘-‘55_7,07a.t::r'ﬁ_za,«Ma.t::r'*_ﬂ{T J 1 % F E ﬁ‘ ]
0'6; ;4 If‘# ' 0-6; 3 It I
We hope to have more results by the fall ST S A i) LR i I
i - 034 o 1 0.3 L
collaboration meeting! o { el
IOI;_ D|2 — Il.'.‘v|:3 — If.‘vld D|5 Dlﬁ D.|7 I I .Oé_ DIE 0|3 0|4 0.5 Dlﬁ 0|7
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Any Questions?
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. The maximum likelihood method can also be used to combine the physical asymmetries A|| ;.45 across all individual runs

zprans(vf(x,0%)-N{"(x.0?) )Pri(x.0?)P:

Sruns(NH (x,02)+N] (x,02) ) (DFi (x.@)P;)

-1
A||,meas(x' Q%) = Oameas = (ZDC,QZ(NlT + N (DFPi)Z)

. Once data is combined, 4, , is extracted using model values of A, and R

Al,p (x, QZ) — A||,phys(x» QZ)/D —nA5(x, QZ)

. Modeling A,, R introduces a small systematic effect
Model Values of n A2 Model Values of Depolarization Factor Model Values of R
< o @ Bin Midpoints [GeV?] o1 @’ Bin Midpoints [GeV?] 0 < Bin Midpoints [GeV’

0.045| & Q*=2.444 + Q°=2917 + Q*=3.482 mQ?=2444 © Q*=2917 = Q@ =3.482 0.35 e Q%=2444 « Q*=2917 » Q*=3.482
4 QP=4.157 « Q°=4.963 &+ Q°=50924 1|® Q°=4.157 = Q°=4.963 m Q*=5924 T e Q°=4.157 « Q°=4.963 « Q°=5924

004, @2-7.072 + @*=8.443 + Q*=10.08 = Q*-7.072 m Q°=8.443 = Q*=10.08 0l Q*=7.072 « Q°=8.443 « Q°=10.08
- L [} g u i

0035 0sl = e T - Note: The model values
- - u

0.03F- - [ . " LT T b 025 shown here are
C 4 - ™ | | "L C .. P

0.005F- N 0sl . . . 02f ‘e, E evaluated at the mezaq
= . ‘s - - - =" - HE I values of each x, Q“ bin,
C . i L u r . . .

0025 ‘ e - o pLI. 0.15] i NOT the bin midpoints
L Fy . - ] C . .

0.015F . . s, 041 . - 1. oo listed in the legends.
= . 1‘ x“ i doa i ...- 0'1:_ .......

0.01F . . R . - - .
E . “1 “‘i“ “:““‘111 0.2__ 0-05__ .==:......

0.005~ i - -%g::....
E L — 4 & o
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X X X 26



Calculation of elastic quantities follows Noemie Pilleux’s analysis
Elastic double-spin asymmetry:

ZTGM

. E(M 4 Gmz [—+(1+T)tan2(9/2)])
||,el =

1+ (GE) T/€

e = virtual photon polarization = (1 + 2[1 + t]tan?(8/2))"%, Tt = Q?/4M?, E = beam energy
Gg v = Sachs form factors parameterized with Arrington model [ref]

Elastic dilution factors determined via carbon subtraction

. . . 7 FC
where N./N, is the ratio of carbon to ammonia counts, ¢ = g{f‘g“ #
CcPC C

_ 1 _ . Ne(@¥)
f=1 CNA(QZ)’

£, = Pr x 2Cm
Applied Pilleux’s exclusivity cuts for the NH3 ep events:

—  95<ES%C <11.3 GeV = Reconstructed beam energy

— |MM p_>ep| < 0.05 GeV? = Missing mass for ep scattering

— 178° < A < 181° = Spread of expected ¢ (assuming elastic collision)

—  |6B,| < 0.5 GeVic = Difference between expected and measured proton momentum

— |6P,-| < 0.5 GeV/c = Difference between expected and measured electron momentum

Calculate normalized P, P; for each run using P = (P,P;)p;s * PNF

27




The DC fiducial cuts based on average y?2.,../NDF vs. edge variable of track
position

Cuts selected qualitatively based on where average y? rises relative to the rest of
the distribution
Analyzed separately for inbending and outbending data using 7™, 7w~

Tracks binned in polar scattering angle 8, momentum P

lterative procedure for making cuts:

1.  First, make cuts for Region 3 using inbending data and cuts for Region 1 using
outbending data

2. After Region 1 and 3 cuts are applied, look at Region 2 and make cuts for inbending
and outbending

Also applied vertex cuts on X, Y, and Z
Based on vertex distributions and target foil locations
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Faraday Cup Charge Asymmetry

All Summer A_, Distribution All Fall Neg. A__ Distribution Summer Background Run A Fall Neg. Background Run A
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