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Longitudinal Virtual Photon Asymmetry A,
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Goals for A "Experiment

* Precisely measure the neutron spin asymmetry A;» in the far valence domain

(0.61<x<0.77).

« Explore the Q2dependence of A,nwith large x value.

e After combining with proton data (CLAS12), extract polarized to unpolarized parton
distribution function (PDF) ratios Au/u (Ad/d) for large x region.

* Give more insights on understanding the spin structure of nucleon.

Fy ‘ . Au Ad n ?

Fr }{ %: }T ti! Al A’l
DSE-1 049 028 -0.11 065 -026 0.17 0.59
DSE-2 041 0.18 -0.07 088 -0.33 034 0.88
0 I 0 0 1 0 I 1
NJL 043 020 -0.06 080 -025 035 0.77
sue» 3 4+ 4 3 b o 3
CQM 'T 0 0 l -3 1 1
pQCD 7 3 3 1 1 1 1

Table 1: Predictions for the x = | value of various models. From

Craig D. Roberts et al 10.1016/j.physletb.2013.09.038
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Polarized and sea quark PDFs for Q* = 10 GeV?
from the NNPDFpoll.l parameterization

See Nocera ER, et al. Nucl. Phys. B§87:276 (2014).
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Previous Results for A" and PDF

PQCD with pQCD with
spin only orbital angular
1 g momentum
o SLAC E142 e Parnoetal. (2015\)\~ ,,""‘ '_;'J
0.8 DHERMES 4 Zhengetal 2004)
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1

0.9
0.8
0.7
0.6
0.5
04
0.3

(Au + AT)/(u + T)

.
.-

—

DSE(realistic)

ok

Parno et al., Phy Let B DOI: 10.1016/j.physletb.2015.03.067
X. Zheng et al., PRL 92, 012004 (2004); PRC 70, 065207 (2004)
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Experimental Setup

Electron Beam:;

Epeam=2.17 GeV (1-pass commission)

Epean=10.38 GeV (5-pass DIS production)

Beam polarization: 85%

(<3% uncertainty by Moller Polarimeter)
Circular beam raster with 2.0-2.5mm

Kine Spec | Ej E, ¢ | beam time
GeV | GeV | (o) | (hours)
A(1232) | SHMS | 2.17 | -1.79736 | 8.5 4.0
Elastic | SHMS | 2.17 | -2.12860 | 8.5 8.0
Kine | Spec By ey, 0 | e production | ¢* prod. | Tot. Time
GeV | GeV | (o) (hours) (hours) (hours)
DIS
3 HMS | 10.38 | 2.90 | 30.0 88.0 0.0 88.0
4 HMS | 10.38 | 3.50 | 30.0 511.0 0.0 511.0
B | SHMS | 10.38 | 3.40 | 30.0 511.0 4.0 515.0
C | SHMS | 10.38 | 2.60 | 30.0 88.0 4.0 92.0

radius
< 50 ppm charge asymmetry
(average over ~ 1-2 hr run)

Polarized 3He target:

3He production cell (40cm)
55-60% polarization without beam

Reached over 50% polarization with 30 uA
beam current

(doubles performance compare to 6 GeV era)

About 3% uncertainty for polarimetry

Spectrometers:

High Momentum Spectrometer (HMS)
Super HMS (SHMS)
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A " production

run begins on Jan
12" 2020 and
ended on March

13", 2020.
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Polarimetry for *He in Target Cell

EPR 1. Adiabatic Fast Passage Nuclear
Magnetic Resonance (AFP-NMR)

15910 e T Y R
g Oven I * Magnetic Resonance of 3He Nucleus
groms Pumping Chamber > «  Sweep the holding field under AFP
o I N x £ condition to flip the Nucleon spin
s om om0 o X direction back and forth.
A * Relative measurement, calibrate with
Pickup Coils ~ ' water NMR or EPR.

2. Pulse NMR

* Use resonance RF pulse at 3He Larmor
frequency to tilts the Nucleon spin to a
certain angle.

pNMR Coil

* Relative measurement, calibrate with

e ' Target Chamber AFP-NMR.
’ WA A\ » Implemented for the first time on
PNMR sl polarized 3He target.
O i Tedsaon Tt M 3. Electron Paramagnetic

0744944 -

Resonance (EPR)
* Magnetic resonance of the alkali atoms

Amplitude

* Resonance shifted due to polarized sHe,
get the resonance frequency difference
by flipping the 3He polarization direction.

Amplitude (mV)

# B3 % ¥ B W N A R e
e * Get3He polarization from resonance
frequency difference. Absolute

measurement.
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Production Cell Performance

(for targets used in A" experiment)

A" Experiment Target Performance

. N N Tmidpoint_Tinit
 Two production cells used R N S B
. . . . Tzrrlnr_T::;r
» Polarization: maximum reach 60+%, 55% in beam

« Interpolate P, to each production run with run time

Target Polarization during Aln Experiment
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Raw Asymmetry (%)

A __ . 3He Elastic Asymmetries

para’

SHMS Elastic Runs

04— .
z v" Elastic sign negative
02 :_ (as is theoretical estimate)
O ==~ = e e e e e oo
= Blue COMBINED point
02— is arbitrarily placed at run
[ number 9800 -
-04— { { } { l [
-06 i { H l { WH } {[U
osf- | | il H{ |
-1
—— Data
-1.2
— — 0
Y Combined (all runs) Araw 0,621 X 0.020%
] lllilllllIillill!tlllllill

1-pass
(Dec. 2019)
(elastic +
delta)

5-pass

(DIS)
(thru SHMS

10354,
HMS 3162 )

S-pass
(DIS)
(SHMS
10355+, HMS
3163+)

1

9770 9780 9790 9800

N* —N~—
Araw=N++N_.

9810 a820 9830 9840 9850 9860
Run Numbsr
SHMS Elastic Runs:
SHe @ 180°

E,=-2.1286 GeV, 8.5°
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should describe the # of g

By definition: N*

Al) ™

— 0

incident e~ whose spin A” =
is anti-|l to the 3He o' + o™

target spin

e beam spin direction:

IHWP = IN IHWP =0UT 3He spin direction

UFSIREAN DOWNSTREAM 180°: DOWNSTREAM
(e” anti*He) (e I "He) 90°: BEAM LEFT
(€~ anti-|| beam direction) (€~ |l beam direction) ’

pass change

DO‘YPST&EAM P_PSTBEAM 180°:DOWNSTREAM
(" || *He) (€~ anti-]| *He) 90°: BEAM LEFT
(€~ Il beam direction) (€~ anti-|| beam direction) -
Wien-flip
I{PSTBEALA* DOW}ISTR—‘_EAM 180°: DOWNSTREAM
(€~ anti-|l *He) (&° I3He) 90°: BEAM LEFT
(€~ anti-|| beam direction) (€~ |l beam direction) ’

SHe target spin direction fixed

* Incident e~ spin direction (relative to its momentum)
changes with IHWP state, Wien-flip, and pass change —
imperative to keep N*, N~ consistent!

* Credit to Melanie Cardona (Temple)
JLUO Annual Meeting
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A

Raw Asymmetry (%)

perp

24

HMS Delta Runs

COMBINED

placed at run
number 2562.5

[Illllll[llllllllllll

AT(IW

HMS

—+— Data

—— Combined (all runs)

= —0.070 + 0.049%
v' A(1232) sign negative

"""" B Ill}[{

point is arbitrarily

E,=-1.7583 GeV, 11.5°

A(1232) Runs:
3He @ 90°

1 I 1 1 1 1 [ I 1 1 1

Raw Asymmetry (%)

By definition: N* should describe the

: 3He A(1232) Asymmetries N tebembim wdts . Ay =——

1= T=

scattered e~ being detected on the o = + o T=
same side of the beam as that to

which the He spins are pointing: (beam left -» SHMS!)

SHMS Delta Runs
0.8

v A(1232) sign  Apgy = 0.208 + 0.031%

0.6 positive

0.2

Blue COMBINED point
-0.2 is arbitrarily placed at run
number 9820.5

—-0.4| —+— Combined (all runs)

IllllllltlltlllIIIII[IIIIII]lt
9815 9816 9817 9818 9819 9820 9821 9822 9823 09824 9825
Run Number

SHMS A(1232) Runs:
3He @ 90°
E,=-1.7583 GeYV, 8.5°

* Credit to Melanie Cardona (Temple)

58 2559 2560 2561 2582 2563 2564 2565
Run Number
A Nt — N~
raw — N+ + N._.
06/27/2023
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Asymmetry A13He Al _ A nA

T D(14nE)  d(147§)

0.04 —
0,08 § e
: O E99117
0'02 :_ ? z;r?jﬁgev_DIS
: @ JLab E12-06-110 (DIS:no Rad. Corr.)
0 01 — This work } J { } {
] S1NETRE
m l l + }
-0.01-
~0.02FF % % }ﬁ
~0.03— } % ’
- : | 1 1 1 I 1 | 1 | 1 1 1 I 1 1 1 | I 1 1 1 I | 1 | 1 I 1 ] 1 1 | | 1 1 1
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X
Note:

» Subscript “DIS” for W>2 GeV cut applied

06/27/2023 JLUO Annual Meeting Page:10



Asymmetry A13He Al _ A nA
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002 I °® JLab_E12-06-110 (all:no Rad. Corr.)
[ This work Y "
0.01F— ‘L + {J{ hn | ** ) |
£ EEEINRLT YRR
—0.01
[ A A4
~0.02H [
:flﬂ 1 v
[ 4
-0.03— ‘ } :
- :|||||1|||||||||||||||||u||1|||||||||||||||||1
0'040 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

X

Note:
e Subscript “all” for no Wcuts
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Summary

The A,nexperiment (E12-06-110) is a flag-ship, high impact experiment which will give
more insights on understanding the spin structure of nucleon.

For the first time, install the upgraded polarized 3He target for 12 GeV era in JLab Hall
C. The target reached the expected performance with over 50% 3He polarization in 30
UA electron beam.

After combining with precision proton data (CLAS12), the high-precision neutron data
will allow us to extract polarized to unpolarized parton distribution function (PDF)
ratios Au/u (Ad/d) for large x region.

Analysis Flow Chart

Elastic | 1 Sign L | aaezaz)
Detector Analysis [T Convention T Analysis
& I cus | complete
: ' in progress
! | - to-do
|
n
Qi l A Al Nugclear Al
Data . | Relative Yield | _°_, R [}=sssmomccimn I (- Ay - A}
Ni LT " i AJ._ gl/FI . _ g?/Fln
92/F1 Correction gg./Fln L i .
: ' ! WG * Radiative corrections in progress
I . .
: ' : Afe * Nuclear corrections remain to do
Spectromoler Beam Scraping Pyeam
Acceplance Analysis Pearget Radiative
Cuts fu Corrections
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Introduction to 3He Polarization
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* Polarized target for study the spin structure of nucleon.
* Free neutron mean lifetime: 880.2 s.

* The unpaired neutron carries the majority of the 3He nucleus
polarization.

* Polarized 3He is a good effective polarized neutron target.
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Spin Exchange Optical Pumping

s
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2. Spin Exchange
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(SEOP)
f Diode Laser
o
Diode Laser
& B -|/]- Diode Laser
e beam c_e". T I_ = i |_ e beam

Pickup Coils
Cell: L=40cm
windows: ~100um
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Figure of Merit (1A)

Polarized *He Targets Performance Evolution

FOM = (Target Polarization)® x Beam Current

8f— SLAC Jefferson Lab lf.lZ-(}ﬁ-ll(l/lZl

- 0% @ 30 uA A
71—

: bOe¥ Apvdy» FOM
6 £06-010 nearly doubled!

E 5% @
& 1534 12 GeV
af— b
aF- E99-117 E02-013

= 40% @ 50% @ \

= 12uA 5 uA \

}-— 'y \
. - g142 E154 = . .
1 = sug 1rE |4 E97-110 \
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1990 1995 2010 \\ 2015 2020

G," (E02-013):

Started to use Rb/K hybrid alkali cell.
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/2060 2005

\ Year

Transversity (E06-010):

Started to use narrow band laser.

10

spectral density (W/em*/nm)

1 Av=0.2 nm

704 785 7% 797 798

laser wavelength (nm)

JLUO Annual Meeting

12 GeV era Target Cell:
Target chamber length: 40 cm
Beam Current: 30uUA

Reached over 50% in beam
polarization

Luminosity: ~ 2.2x1036 cm-2s-1

Convection Cell (instead of diffusion
cells used in the 6 GeV era)

— convection allows for more uniform
polarization between target and
pumping chamber
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Sign Correction

(based on Melanie’s Notes)

N*—N7) €: electron spin
(N*+N-) 3He: target spin
1.12 Electron Asymmetries

In analysis: A, =

e spin direction: [u an experiment it is usually difficult to align the virtual photon spin direction along
the target spin direction, while keeping sane flexibility in other kinematic varinbles,
Alternatively the incident eleetron spin is aligned parallel (anti-parallel) or perpen-
Period IHWP=IN IHWP=0UT He spin direction dienlar (anti-perpendicular) to the target spin. The virtual photon asymmetries can
be related to the measured lepton asvmmetries through polarzation and kinematic
factors, For a target polarized parallel o the beamn direction. the experimental lon-

L-pass UPSTREAM DOWNSTREAM T . in 4
1-pass sl fles s 80°: D EA : al electron asy s given by [12 o
(Dec. 2019) (e anti-|| *He) (€= I He) [890°-§WS$FI‘W gitudinal electron asymimetry is given by [ N* = 3~ antisjl 3He
'(elastic + delta) (&= anti-|| beam direction) (&= |l beam direction) ZBEAN : e L=
A4, = Se—%e - [,uuf + B s b)G; — fg-'r‘;...] . (145)
5-pass. T =+ Orp (1-— rR_)" |
(DIS) DOWNSTREAM UPSTREAM N : _
(thru SHMS (= |l *He) (&~ anti-]l 3He) !ggﬂ;{)‘;t‘_{NS{RELF?M where o .(04) & the eross section for scattering off a longitudinally polarized target,
10354, (&~ Il beam direction) (€~ anti-|| beam direction) . with incklent electron spin anti-parallel (parallel) to the target spin. Similarly the
HMS 3162)) transverse electron asvinmetry is defined for a target polarized perpendicular to the
5-pass UPSTREAM DOWNSTREAM 5 - beam direction as (12 N* - &~ anti-|| beam direction,*He pointing toward SHMS
; (DIS) ; (€ anti-| sm') (] iﬁg} ISQ * DDWNSTREA‘M :
(SHMS 10355+ 5 L el e 90°: BEAM LEFT . T= — O (1 —e)E’ - .
HMS 3163+) (&~ anti-|| beam direction) (&= || beam direction) Ay = e T, [‘1!(-1 + 2EG, | cosd {1.46)
n . .
Al Runnmg where o, {7,_ ) is the cross section for scattering ofl a transversely polarized target,

with incdent electron spin anti-parallel (purallel) to the beam direetion. and the
seattered] electrons being detected on the same side of the beam as that to which the
target spin is pointing. The electron asvmmetries can be given in terms of A; and

If the above definition is used for the asymmetry, then for DIS w/ *He @ 180 deg:
*  before the Wien Flip on 2/17/20, IHWP = IN runs get a -1 correction
« after the Wien Flip on 2/17/20, IHWP = OUT runs get a - | correction Xiaochao Zheng Thesis, pg. 34

If the above definition is used for the asymmetry, then for DIS w/ He @ 90 deg:
* before the Wien Flip on 2/17/20, IHWP = IN runs get a -1 correction on SHMS, IHWP = OUT geta -1 on HMS

« after the Wien Flip on 2/17/20, IHWP = OUT runs get a -| correction on SHMS, IHWP = IN get a -1 on HMS
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Sign Correction

(based on Melanie’s Notes)

Target Field/Spin Direction

Target Holding Field Direction 3He Spin Direction

+X Beam RIGHT (90°) Beam LEFT

-X Beam LEFT (270%) Beam RIGHT
+7Z DOWNSTREAM (0°) UPSTREAM

-Z UPSTREAM (180°) DOWNSTREAM

The target was always pumped in the low-energy state
(*He spin 1s opposite of the holding field) during data-taking
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Cuts for Replayed Root Files

(for HMS and SHMS)

*  HMS (thph cut0): e SHMS (thph cut2):
Acceptance Cuts: Acceptance Cuts:
e -8<H.gtrdp<8 e -10 < P.gtr.dp < 22
* -0.06 <H.gtr.th <0.06 * -0.035 < P.gtr.th < 0.035
e -0.1<H.gtrph<0.1 * -0.029 < P.gtr.ph < 0.034
e -15<H.react.z<15 * -15<Preact.z<15
PID cuts: PID cuts:
* 0.8 <H.cal.etracknorm< 2.0 e 0.8 < P.cal.etracknorm< 2
* 1. <H.cer.npeSum * 2. <P.ngcer.npeSum

* Current cuts based on the stats. of T:ibcm1 :
ibcm1>3 uA
* |If the mean value of ibcm1 is less than 3.5 uA, skip the run for average current too low.
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Get Raw Asymmetry

* For each IHWP/target_spin setting: A, com =

)N =D N;

N NN NS

AA

“IENAE N,

1

ZN;-/T]ZTI._ZN;/T];TI.

> Qf

> Qr

ZN/T]LT ZN /TILTi

> Qf

> Qr

Iqraw,corr:2 z Q+ Z Q\/

N*™AN*

+N °AN™

D.Q° N

4> Q"N

=AA

raw ,corr

1

2

1

(AA

COI”I”)

+(=)
_ N.
+(=)—
AN - \/Z +(—)2
LT,
For Acorr:Sign*<Araw,corr) A Acorr_
* For combined asymmetry, combine each IHWP/target_spin setting:
Z (Acorr)
AA
<Acorr)comb: ( iorr) <A Acorr>comb_
(A ACOI’I")
06/27/2023 JLUO Annual Meeting
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Get Raw Asymmetry Notes

In order to avoid dividing by zero in the calculation:
For each IHWP/target_spin setting, If Z (N++N_). =0, set:

(Acorr> =0 1 =0

(AA,_ ) (AA,,)

1 . .
It z y) — lnf ’then |Og <Acorr)comb:O
(A Acorr )i
(AA =0

. corr )Comb _
(will not plot these values)

For HMS kine3 and SHMS kineC , calculate raw Asym before and after
the Wien flip, then combine them together.
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1

\/YN +7N

> N, /P, P,n,;

4 NN
raw 2 NI++Z Nl_

* For each IHWP/target_spin setting: S» yy+/p p ¢

Get Phy Asymmetry AA

e(-) 0
gy W >o >o

A phys ,uncorr (

o)
P, P,n.y, > N{/P P,ni, ZN/PPnLT

)/(Dy,)

*”—\/Z Ny >.Q > Q;

P P ;" S
+ZQ\/ N+2AN_2+N_2AN+2

> QN +Y QN )

phy ,uncorr

For Aphy:Sign*(Aphy,uncorr) AAphy:AA
* For combined asymmetry, combine each IHWP/target_spin setting:

Z (Aphy)
1
AA —
(Aphy)comb — ( 1phy) <A Aphy““t)comb Z 1
(A Aphy )12
(A Aphy)
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Get Physics Asymmetry

In order to avoid dividing by zero in the calculation:

For each IHWP/target_spin setting, If Z (N++N_) —( Set:

lS

2 2
(AA,,) (AA,,)
1 (Aphy)comb:()
| — ,then log:
>Taa,r (8 =0

(will not plot these values)

For HMS kine3 and SHMS kineC , calculate Asym before and after the
Wien flip, then combine them together.

D,, used are the combined Nitrogen Dilution factor.
AD,,> /AP, ° AP, * AA, °

) (2t (D

AAPhysys:APhyS\/( b, P, P, A

- Obtain A, . after combining both spec (same AD,,, AP,, AP, but
different AA for two spec)

raw_sys

N2’
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(with W>2 GeV cut; for each Cell)

A

3He

Phys

A3|_l o (phys) Parallel HMS W>2GeV cut
0.05 -
% Dutch HMS kine 4 Ep=3.5 GeV « 1
0.04 %  Bigbrother HMS kine 4 Ep=3.5 GeV
*  Bigbrother HMS kine 3 Ep=2.9 GeV
0.03 - T
‘ % L
E
0.02 B L i
% N | ‘ h ‘ ’7‘ ﬁ—JH' % i |
5 c e T 7 p it
o . *_ *T = B |
| L L T
%) % EFAE ¥
£ il ‘ \ x| T ‘ l J - i
s P ‘ % Ly
Q - 4 &
& -0.01 | L ’ & % . .
= i = - #*
I
-0.02
€
-0.03 T
0.04 - T =
-0.05 I (Wil 1 1 1 I
26 28 3 3.2 34 3.6 3.8
Epmne bin center
Aste (phys) Parallel SHMS W>2GeV cut
0.05
0.04 -
F ol
0.03 - | T
0.02 - = K
< ! =
c ’ 5 ‘ LIT|x ko
n; 0 MK ] ‘ 34 7 od
2T St O T [
EJ |+ *
® | J
5001 ’ S
< L 4 ‘ 3 |
K
0.02 - | ) ! ‘ '3
-0.03 - | 4
%  Dutch SHMS kine B Ep=3.4 GeV -
-0.04 %  Bigbrother SHMS kine B Ep=3.4 GeV
#  Bigbrother SHMS kine C Ep=2.6 GeV
20.05 1 1 ! L L 1 ! i | [
2.4 26 2.8 3 32 34 36 38
Eprime bin center

* Ep bin width=20 MeV

) Annual Mee

Aste (phys) TP

A

raw

A, =
P Dy P,P,

AaHe (phys) Perp HMS W>2GeV cut
0.05 - L =
¥  Dutch HMS kine 4 Ep=3.5 GeV
%  Bigbrother HMS kine 4 Ep=3.5 GeV 2T =, T
0.04 - 1 Bigbrother HMS kine 3 Ep=2.9 GeV b
. & T I W
0.03 - i) s
i T b
- # |-
0.02 - ) T+ JIy A 1L
- ~ 4|
a 001 | f #HT ! ki i
@ * Tl B il
@ | r T k.
= 0 R = (ILEF T T U —
ry i E = [
5 # T
< -0.01 I} t
| o T % Il Tl
4 . il
0.02 - - LI [T
I % | E(_ i
0.03 4 | L]
-0.04 - 1 B L I
b " ¥
0.05 p | L ! I L 1L -P I
26 2.8 3 3.2 34 3.6 3.8
Epri me bin center
A3He (hys) Perp SHMS W>2GeV cut
005 . | ‘ = a1
‘ | T x 4|_
0.04 - *
F - - - il B
003 T ™
| TH
- J - L E
. [ £
002 - t o WIAES B[ 8 3t
L [ =1 [ e T
a0t | \ i |l b *1| ¥ il be
L | i3 LB i
! (L al I
0 - T 1 o Tl i
S Ui
0.01 |- F )
= T R Bl{tce *
0.02 - " Nl 1
! | fr= | * il
003 - i mli NIRRT
| 1 il 1
0.04 %  Dutch SHMS kine B Ep=3.4 GeV L ¥ = 4
e | % Bigbrother SHMS kine B Ep=3.4 GeV ¥ *
% Bigbrother SHMS kine C Ep=2.6 GeV |
-0.05 L . 1 [ L ‘ 1 |- L = T L
2.4 2.6 2.8 3 32 34 3.6 3.8
Eprime bin center




A3He (ohys) Parallel

AaHe (phys) Parallel

Apnys + Ep bin width=20 MeV Aray

A, =
(with W>2 GeV cut; combine two Cell) phy D, P, P,

005 A3He (phys) Parallel HMS W>2GeV cut
’ B A Perp HMS W>2GeV cut
- r e (phys)
¥ HMS kine 4 Ep=3.5 GeV ‘ 0.05 | :
0.04 +  HMSkine 3 Ep=2.9 GeV %  HMS kine 4 Ep=3.5 GeV
0.04 | HMS kine 3 Ep=2.9 GeV
4 . *
0.03 |- T )
= 0.03
0.02 ‘
) t 1T 0.02 b
0.01 - LT Jf ® T
y [T bl i
. * T [
oLt 1] Lt Il ol 4l : | T |
F ¥ T f J B EE 1l @ i
J ‘ | ‘ ‘ ‘ i l } % l l é 0 | J i J|l i
! | @ -
0.01 * 2y *
‘ : { < -0.01 | T T4)
-0.02 B -0.02 b
“0:03: 1= L -0.03 |- !
*
-0.04 I -0.04 |- ‘ ' *
-0.05 L 1 I L L L -0.05 L | | L L
26 2.8 3 32 3.4 36 3.8 26 28 3 32 3.4 3.6 38
Eprime bin center Eprime bin center
A Parallel SHMS W>2GeV cut
0.05 — 3HS (phys) Astie (ohys) PeTP SHMS W>2GeV cut
=l 0.05 - -
0.04
‘ 004
0.03 k
‘ 0.03 - « Ul 1
‘ - I *T i *
0.02 - 7 | % ooz b I . |
Ll m il A RITT
'3 %) e | % [} | ) * *
- | 1% | ¥ a [ [ L
o LT #1T1 [T M ‘ LU T TTh [ & iRiE ] [[ #
RS e JpEe i THL TR R L ge 2 o0 ‘ T i i
T R il
! ‘ | | 5 ! |
1 - PE K
- = — = \! b ™0 -
L | L+ & < 001 | |1 T | I i
‘ L | -*ae
0.02 |- ‘ 0.02 |
-0.03 | -0.03 |
*
% SHMS kine B Ep=3.4 GeV \ .
i SHMS kine C Ep=2.6 GeV
0.04 - - Kine C Ep=2.6 Ge -0.04 - % SHMS kine B Ep=3.4 GeV -
* ¥ SHMS kine C Ep=2.6 GeV. i |
-0.05 L 1 L 1 1 1 1 L -0.05 1 1 1 1 1 1 1 1
2.4 26 2.8 3 3.2 3.4 3.6 3.8 24 2.6 2.8 3 3.2 3.4 3.6 38

E bin center E bin center

prime Annual M brime



(3He)

3He : 4t —
| Al | * Ep bin width=20 MeV 4 = Ay mAL
(with W>2 GeV cut; combine two Cell) L7 paa+né)  d@+né)

ACHO) W52 GeV cut Ag:’”e) W>2 GeV cut
0.05 0.05 - ‘

i HMS kine 4 . % SHMS kine B

. s ¥ HMSkine 3 0.04 |- £ SHMSkine C 1 T
T * T T T
0.03 |- ‘ % 0.03 |- i i = |l
T L - [ *
* - & ¥ s
‘ TS 4
T * (%

R REEE s H C W T T R T
. | .

Statistical Error Propagation:

2

)

AA1<Sth):\/( AAPGFG(Stat))2+( nAA

D(1+né&)

perp | SEAL)
d(1+né&)
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3He
Al

(with W>2 GeV cut; combine two spec)

A?He) with no corr W>2 GeV cut

A" with no corr W>2 GeV cut 0.05
B [ ¥ combine HMS and SHMS
. | ¥ combine HMS and SHMS | 0.04
i ][ ﬂlh J{%H]* 0.01 %% %%][
0.01 i i - % % %
EET " FE L N T YL
£ MEIHHW P ] F F I ] i} ” - T I
o * Ep bin width=100 MeV
* Ep bin width=20 MeV
(A ) * For SHMS low mom and hi mom
Z 1/i overlapping Ep bins combine A
2 1 and dA first
(A ) _ (A Al)i (A Alsm)wmb:  Then combine SHMS Ep bins with
1/comb — 1 Z 1 corresponding HMS Ep bins.
- - (AA )2 * Final step is to combine
(AA )2 1,/ Ep_bin=20 MeV into Ep_bin=100
1/i MeV
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A3He (ohys) Parallel

A3He (ois) Parallel

0.05

0.04

0.03

0.02

0.01

-0.01

-0.02

-0.03

-0.04

-0.05

3He (phys)

bl Bk Bt

Dutch HMS kine 4 Ep=3.5 GeV
Bigbrother HMS kine 4 Ep=3.5 GeV
Bigbrother HMS kine 3 Ep=2.9 GeV

A

3He

Phys
(no W cut; for each Cell)

A Parallel HMS no W cut

—

it
ﬁwm

26

0.05

0.04

0.03

0.02

0.01

-0.01

-0.02

-0.03

-0.04

-0.05

1
238 3 3.2

E

prime

bin center

34 36 3.8

A Parallel SHMS no W cut

3He (phys)

Dutch SHMS kine B Ep=3.4 GeV
Bigbrother SHMS kine B Ep=3.4 GeV
Bigbrother SHMS kine C Ep=2.6 GeV

Il

I
26 28 3 3.2 34

E

prime

06/27/2023

bin center

3.6 3.8 4 4.2

Agke (phys) FEP

JLUO Annual Meeting

* Ep bin width=20 MeV

A

raw

A, =
P Dy P,P,

AsHe (phys) Perp HMS no W cut
0.05 "
|
¥ Dutch HMS kine 4 Ep=3.5 GeV T o
004 L ¥  Bigbrother HMS kine 4 Ep=3.5 GeV
. 4 Bigbrother HMS kine 3 Ep=2.9 GeV
= L Ll
0.03 ki
0.02 |- 1
= T e
0.01 i : ol
! l‘{ Tl kil 3
o = 2 = il | I
* 1%
l b J L \ E F L il
-0.01 ~ L] 4 | kil Tl T |
* H [Tl e
-0.02 1 i |
# L L
k3
-0.03 * I
e EoN H
u ) kSl |l
-0.04
_005 1 1 1 1
26 28 3 3.2 34 3.6 3.8
Eprime bin center
A (phys) Perp SHMS no W cut
0.05 | L
% Dutch SHMS kine B Ep=3.4 GeV i 4
%  Bigbrother SHMS kine B Ep=3.4 GeV
0.04 ¥ Bigbrother SHMS kine C Ep=2.6 GeV
T =T
0.03 -
0.02 -
B
o 001 -
5 3
Qo
£ ° [ i
< -0.01 |-
d
-0.02 - L
q *
Ed
-0.03 - T
X |
¥
-0.04 -
i
-0.05 l
2.4 26 2.8 3 32 36 38 4 42
Eprime bin center
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A_sHe + Ep bin width=20 MeV. A Ay

Phys =
(no W cut; combine two Cell) PV D, PP,

A3He (dhys) Parallel HMS no W cut
005 - A 3He (phys) Perp HMS no W cut

¥ HMSkine 4 Ep=3.5 GeV
I HMS kine 3 Ep=2.9 GeV

%  HWMS kine 4 Ep=3.5 GeV
#  HMS kine 3 Ep=2.9 GeV

0.04 |-
} 003 - _
* - |
I 1 *

A3He (ohys) Parallel

A 3He (phys) Perp

IW 1l hM M il
| i A \IJM I

’ -0.01 *
-0.03 - -0.02 |
-0.04 -0.03
-0.05 ; L L ! -0.04 -
28 3 3.2 34 3.6 3.8
Eprime bin center 0.05 ! I I ! I 1
26 2.8 3 3.2 34 3.6 3.8
A Parallel SHMS w Eprime bin center
3He (phys) Faralle no W cut
¥  SHMS kine B Ep=3.4 GeV
¢ SHMS kine C Ep=2.6 GeV _— Aste (phys) Perp SHMS no W cut
.| i |
%  SHMS kine B Ep=3.4 GeV
004 1 ©  SHMS kine C Ep=2.6 GeV

A3He (Bhys) Parallel

k_
%
=
s
=
iE
—_
—_ ]
—
—
PE—
Aste phys) PP
o
2
o
T
—
—
|
—_— ]
——

-0.02 -

-0.03

-0.04

-0.05

24 26 28

32 3.4

Epmne bin center

Annual Mee

-0.03

-0.04

-0.05

3 3.2 3.4 36 3.8

Eprime bin center

4.2



A13He * Ep bin width=20 MeV A nAL

(no W cut; combine two Cell) 1= D(1+né) - d(1+né)

cu cu
0.05 - 0.05 -
¥ HMSkine 4 kine B T Tl
diod L £ HMSkine 3 T 0.04 |- £ SHMS kine ‘ T =t
* *
0.03 L ( 0.03 |- [ L 7T %
* * | !
002 F 7 T | _ e . ‘ ‘ : | 1/ -
_ )
-4 T 1% | | * T | = Fx 1
) ‘ i) B R | . il L *| ||+
= 5H| |7 ERE E3 *
J ¥ " *
T [*Ll 77T ¥ t il
+ T | L il
\ ERE 7T 1] TIT¥

(3He)
A

0.01 ) il : % }
I [T Tt | h T JT } 5 it %E%h J'[ﬂ it
0.02 | ‘ - o

= a LF T
% 1 L L4kl T L *
J I J |k | 18 -~ -+
- T ! i =l
4 | | | | | 7 |
i 0.03 | L i
-0.03 h =
-0.04 |-
-0.04 ¥
-0.05 | L L | L L L L . L

-0'052.6 2.i8 3| 3.I2 3.|4 3.I6 3,|8 . . * ’ Eprim:.iin cen'[zr4 . > ! 2
Epnm bin It
Statistical Error Propagation:
2 2
AA pam(stat) nAA perp(stat)

)+ )

AAl(stat)Z\/(

D(1+n&) d(1+n&)
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A 3He
1
(no W cut; combine two spec)

AgSHe) with no corr W>2 GeV cut 0.05 -

Sl L L]
- wﬂiﬂﬁi FI T T nEEE
-l N k |

1 1 1 1 1 1 | 1 1 |
24 26 28 3 3.2 3.4 3.6 3.8 4 4.2 2.2 2.4 26 2.8 3 3.2 3.4 3.6 3.8 4 4.2

. E_. _ bincenter
Epﬂme bin center prime

. * Ep bin width=100 MeV
* Ep bin width=20 MeV

overlapping Ep bins combine A
2 1 and dA first
(A Al)i (A Alsm)wmb:  Then combine SHMS Ep bins with
1 Z 1 corresponding HMS Ep bins.
2+ Final step is to combine
(AA,)

2 i Ep_bin=20 MeV into Ep_bin=100
(A Al )i MeV

e For SHMS low mom and hi mom
5 (A)),

<A1>Comb —
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Extracting g,/F, & A, A,

g (1 0
Fiie (7) (A +tan(3)4,)

‘He '
gz ¢ (v E — E' cos(6)
F;H'“’ B (2d’)( Ay +( E’sin(0) A

_ 1 _ n
A= pay né) TR né) A

I | 1
“pa+nn M taaran™

A,

Ay & A, are the electron physics double-spin asymmetries

06/27/2023

JLUO Annual Meeting

Electron Beam Energy E = 10.38 GeV (fixed)

B = E — eE’
~ E(1+€R)
1

€= >
142 (1 + L) tanz(g)

QZ
J@

S =+ e)/2e

v=E-—FE y =v/E

R(x,Q%) = ;- (1998)

_(1-e2-y)
~ y(1+4€R)
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Nuclear Corrections & Quark Flavor Decomposition

" is ultimately extracted from A,7¢ as

. 4 E}
p2 2Pp
Af = 0.056
P.F}(1 + ———)

where B, = 0.867003° and P, = —0.028%(007 are the effective nucleon polarizations of the neutron and proton inside *He

Combining neutron g, /F; data with measurements on the proton allows a flavor
decomposition to separate the polarized-to-unpolarized-PDF ratios for up and down quarks:

Au+Au 4 91

— == 4+ R™) — 1+ 4R™ d
u+1 15 Fp ( ) 15 F” ( ) Rdu — a-t-d (parameterization)
w0
Ad+Ad _—lgy( 4\ 4gf( 1 ' , |
d+d 15 Flp + Rdu T 15 EP T Rdu ? (modeled with world data)

o S8 < s , 0.030
A/FF = 20%9(1.231 - 0.413z)(1 + o° )

Page:34
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A P Fit from World Data

1.2
B Statistical
= == NJL
| q o
: A N
o - WorldFit . T ¢ T L
< T
[ A SMC
: m EMC
. O E143C
| ¢ E155a
B O E155b
A E155¢c
_0.2_IIII|IIII|IIII|IIII|IllllllIlllllllllllllllllllll
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
X
* Fit for E155, E143 at SLAC and EMC, SMC at CERN:
0.09

A? = 2%7(1.126 — 0.189z)(1 -

Q"
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Expected Results

A1" Kinematics and Expected ~ ~ 7, .
R@SUI"'S \%10 ;*X#}'D SHMS
S
S 8 F
30uA, 85% beam, 40cm, 60% target | © 5
1 _ 3 —
| ® HMS/SHMS, DIS, 684/588 hours o B ol e
& HMS+SHMS RES O[gshours O :\HI iZO‘\\WFI] 2“52II IIII|-rIII‘\HITIIH‘WHI
[ O SLAC E142 0O 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
L A SLAC E154 ‘.
| ¢ HERMES &
* JLab Hall A E99117 - SR ————— ;
0.5 o - LSS(BBS)

<0.75  --— BBS+0AM
|

—— f

| O HERMES ’
s Hall A E99117

' ' ' ' -0.75 O ocLAs
0 0.25 0.5 0.75 1 | @ Projected CLAS12 (p) + Hall C (n, 30uA, 40-cm target)

X IR PR TS PP TN FUTE DO FUR DT DRl S
0O 01 02 03 04 05 06 0.7 08 09 1
X

Slide from X. Zheng ‘s March 2018 readiness review.
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Polarization / %

Production Cell Performance

(for targets used in d," experiment)

d," Experiment Target Performance

» Three production cells used
» Polarization: ~45% in beam

60,
50, @ 4
@
40l ¢ ® ¢ M I
| & X é i
30" w ® -
: rs .
20/ | | | . g * 90
I = 180°
10; " = & . Tommy
i Austin ™ Briana ‘ ]
0 | | | | | | | | | |
0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00
8/06 8/11 8/16 8/21 8/26 8/31 9/04 9/09 9/14 9/19

Time

06/27/2023 JLUO Annual Meeting Page:37



ny =ny (filling density amg)* f ;.

Tore T.. ~*
fre=Vat(Vie+V e )
TTT

N, Dilution Study

8.690

02/13 10:06 10:38 3085 90 HMS  Kine-4 30 35 3/4 Ref-N2 All; -1 30 o Cell Wil

. . - , 0.1460 .
03/02  15:08 16:09 3406 90 HMS Kine-4 30 -3.5 3/4 Pol-3He All; -1 30 +0.00147 Cell Bigbrother
0120 1410 1600 2771 180  HMS  Kine-4 30 A5 34  Pol3He  Ali:-1 0 0a08 Cell Dutch
0214 04:35 0459 3105 9  HVMS  Kine3 30  -29 34 RefN2  All-1 30 oo Cell Wil

: : : _ 0.1460 .

02/16  22:49  00:07 3153 180 HMS Kine-3 30 -2.9 3/4 Pol-3He All; -1 30 +0.00147 Cell Bigbrother
S --
Dutch 441,540 +0.001 297151 +0.001  111.866+0.001  32.523 +0.001  0.115 +0.001 35+2

TT 38+2

Bigbrother ~ 427.182 +0.001  293.82+0.001 100.759 +0.001  32.602 £0.001  0.110 +0.001

I S Ref N2 37+2



. - _ Z*L, 1 1
N, Dilution Study =0 Ol =t £+

* X: good event from T(spectrometer) tree with current cut, no pid or

S (N t (N 3 t 3He n 3He acceptance cut
D,=1- N2(3 2) PS(3 2) Q( He) L"’eT’"’e( ) 2( ) » s: scaler from from TSP(helicity scaler) tree with current cut
2 S (” He) tps( He) Q(N,) trierme(N,) Ny, (N,)
2kt 2
Yeld ( 2) (BHe) Yeld——ps (Yeld> Yeld* 1 O(tleeﬁme>
* Q*tleeTlme 2
Ye Id tot leesze
Combined wil Ref-N2 Kine-4 1.0 1+410323011
1-(0.097657
+0.002661)
Combined Bigbrother Pol-3He Kine-4 1.0 33‘,121%3%
- - 25795 1-(0.10194
Dutch Pol-3H Kine-4 1.0
Combined e ol-3He ne +34.67 +0.001866)
Combined will Ref-N2 Kine-3 1.0 e
=670 1-(0.093793
+0.001231)
Combined Bigbrother Pol-3He Kine-3 1.0 7513511;
+111.
Yield, ;
* Combine yield for all good runs in same o(Yield )} o(Yield )=
i ics: Yield ' 1
kinematics: comb — 1 —
. For each run i get Yield and o(Yield) — o Yield )
o(Yield);
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PIL T

= - iveTime — ol\t,. —~ |J=t,. . % l+l
N, Dilution Study = Ol T3

* X: good event from T(spectrometer) tree with current cut, no pid or

S (N t (N 3 - 3He) n 3He acceptance cut
D,=1- N2(3 2) PS(3 2) Q( He) L"’eT’"’e( ) 2( ) » s: scaler from from TSP(helicity scaler) tree with current cut
2 th( He) tps( He) Q(N,)  triverime(N) nNZ(N2) :
2kt 1 olt,;
Yield ( 2) (BHe) Yield=— 22— (Yield):Yield*\/§+ (ZL’Veﬁ’"e>
Yeld * * tleeTlme t LiveTime
tOl’
Combined will Ref-N2 Kine-B 1+719512465
1-(0.093689
+0.001242)
i i ; 32125
Combined Bigbrother Pol-3He Kine-B 1.0 $39.15
. - 34474 1-(0.097471
Combined Dutch Pol-3He Kine-B 1.0 +40 26 +0.001269)
Combined will Ref-N2 Kine-C 1.0 7+549679824
B 1-(0.092457
+0.001098)
Combined Bigbrother Pol-3He Kine-C 1.0 138064
+149.7
Yield,
: : : 2 _ 1
» Combine yield for all good runs in same  y:,4 olYield);  o(Yield,,,,)= N
kinematics: comb 1 W
. [ i C xr1\2 o\ Yie ;
« For each runiget Yield and o(Yield), o( Yield )? i
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Hall C Optics Notes

Variables in replayed ROOT files

* Focal plane quantities are from drift chamber variables:

P.dc.x_fp
Pdcy fp
P.dc.xp_fp
P.dc.yp_fp

Xfocal plane
yfclcal plane
x)

focal plane

'
Y focal plane

» Target reconstructed quantities are golden track variables:

P.gtr.dp
P.gtr.x
P.gtry
P.gtr.ph
P.gtr.th

 Raster
P.react.x
P.reacty

06/27/2023

delta

xta:’get

ytarget
’

y target
’

X target

raster x position, cm
raster y position, cm

JLUO Annual Meeting

Technically, tangents of the angles:

dr

;l'f = —
dz

,  dy
it = =9,
4 dz

Small approx, same as angle in radians
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