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SSF Measurements at JLab (6 GeV)

Inclusive Program at 6 GeV

e g measured in all Halls

Experiment Hall Target Measured Kinematics
. quantity @& GeV?
_)NHs’ ND3 in all Halls 94-010 A *He Ajl, AL Resonances
0.1-0.9
3 .
— He N Ha” A CLAS egla-b B p, d All DIS, Resonances
. 0.2- 3.5
e g,inAandC 97-103 A He AL DIS
o . . 0.6-14
Dua“ty N g1 97-110 A *He All, AL E lastic, Resonances
0.02 - 0.5
°
A1 on both neutron and proton AT o oK
e Transverse structures A, and g 27,33, 4.8
2 T 01-006 (RSS) C pd All, AL Resonances
. 1.3
°
Moments and twist 3 01-012 A *He All, AL Resonances
—d, 1-4
CLAS eg4 B p All E lastic, Resonances
e Sum rules GDH, B-C, Bjorken 0.01-05
07003 (SANE) C p All, AL DIS, Resonances
e n SSFs from *He and d-p 16-6
06-014 A *He All, AL DIS
<3>
08-027 (g2p) A p Al AL Resonances
0.03- 0.3
: Thomas Jefferson National Accelerator Facility @ JSA
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SSF Measurements at JLab (6 GeV)

e g measured in all Halls
—NH,, ND, in all Halls

—3He in Hall A
e g,inAandC
e Duality in g1

e A7 on both neutron and proton
e Transverse structures A,and g.
* Moments and twist 3

—d,

e Sum rules GDH, B-C, Bjorken
e n SSFs from *He and d-p

Jefferdon Lab

Thomas Jefferson National Accelerator Facility
SPIN 2018 e September 12, 2018

Inclusive Program at 6 GeV

Experiment Hall Target Measured Kinematics
quantity @& GeV?
94-010 A *He Ajl, AL Resonances
0.1-0.9
CLAS egla-b B p, d All DIS, Resonances
0.2-3.5
97-103 A *He AL DIS
0.6- 14
97-110 A *He All, AL E lastic, Resonances
0.02 - 0.5
99-117 A ‘He All, AL DIS
2.7, 3.5,4.8
01-006 (RSS) C p, d All, AL Resonances
1.3
01012 A ‘He All, AL Resonances
1-4
CLAS eg4 B p All E lastic, Resonances
0.01 - 0.5

07-003 (SANE)

DIS, Resonances
16-6

06-014 DIS
<3>
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Polarized DIS cross sections

20. 042 / 2
=) = S (B4 st @) - Lo, @) = Ao

d’o (| — 72) = 4o’ sinf E?
dE'dS) - MQ? E

vo1(z, @) + 2Ega(z, @) } _ Ao,

, Hadrons
Q" =4-momentum transfer squared of the

virtual photon.
v = energy transfer.

@ = scattering angle.
Q 2
 2My

fraction of nucleon momentum _ nucleon
carried by the struck quark.
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What are g. and g7

® The “g's” play a role analogous to the “F's” in the unpolarized cross section

2 F (z, Q%) sin” 2+ 1 (2, Q%) cos® %)

d2 o L o’ (
dQAdE’  4E?sin* §

e [ encodes information about the
momentum structure of the nucleon

e g, and g, encode information about the
spin structure of the target nucleon

® The Parton Model
— g, is a measure of the spin distribution among the individual constituent
quarks (ie. aligned parallel and anti-parallel to the nucleon spin)

.g,?7?

2 Thomas Jefferson National Accelerator Facility @ gm
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g, and Quark-Gluon Correlations

twist-3

twist-2 QCD allows the
helicity exchange

to occur in two

principle ways

Carry one unit of orbital Couple to a gluon
angular momentum

0z, Q) =95 " (2, Q%) + §o(z, Q%)
® a twist-2 term (Wandzura & Wilczek, 1977):
1 dy
ggVW(:E? QQ) = _gl(x7 QQ) 7% / gl(y7 QQ)?
i3

® a twist-3 term with a suppressed twist-2 piece (Cortes, Pire & Ralston, 92):

LD d
e, @) = = 5 (Gehr, @) + 60, @9) 2

N

transversity quark-gluon correlation



d,: A clean probe of quark-gluon correlations

1 1
15(Q?) = / 201 (2, Q) + 392 (2, Q7))dar = 3 / (2, Q) da

0.03¢
_ L Proton _
e d,is aclean probe of quark-gluon 0.02k k
correlations / higher twist effects P E
: d 0.01F B¢ L attice SLAC E155X]
— d, is the 3™ moment of a sum : o 5 0 o & !
. . T
of the spin structure functions 0.00¢ Bag Model T jf ; Chiral soffton
— matrix element in the 0.01F k
Operator Product Expansion ! : S0 ST IIAT 5
» it is cleanly computable '0'02;_ E
using Lattice QCD -0.03} :
0.02f JLab E99-117
* Connected to the color Lorentz i ;
force acting on the struck quark 0 oo[ - i
(Burkardt) ! X o=
— same underlying physics as in 0 02: %
SIDIS k, studies L % %
-0.04L

Predictions and data

= Thomas Jefferson National Accelerator Facility @ JSA
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Virtual Photon Asymmetries

1 . E'sin@
Ay = (E+E’)D’((E_E (30549)_A|| " A )
Vv Q? E — E'cos6
A pr—
: 2E D' (A” E’sin 6 cos gbAJ')

1 (2Mx)?

Ay = F — (91 02 g2)

Photon spin  Nucleon spin Photon spin  Nucleon spin
01/2 — 03/2 T —€ B, o
- g S5855 O S p g S o P S R—. If)

o o
1 / 2 —I_ 3/ 2 Parallel spins: O Anti-parallel spins: O,

3/2

\/QQQT gT:gl+92
Az

e g.measures spin distribution normal
vV Fl to the virtual photon

3 Thomas Jefferson National Accelerator Facility @ @j&\
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The Experiments
EQ07-003 and E06-014
("SANE” and “d2n’)
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E07-003: SANE (Hall C)

llll-- T
u,‘ia!.;

_--..-’mr

e Spin Asymmetries of the Nucleon Experiment
— Polarized NH, target

— Large acceptance detector to measure asymmetries
— Focus: A, g, d, for the proton

n Thomas Jefferson National Accelerator Facili
JefferSon Lab "' @ A
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SANE: Experimental Layout
Polarized Electron Beam: 4.7, 5.9 GeV

Polarized Proton Target: ~L, ||

"BET A"
Electron Arm

ELN

HMS

2 Thomas Jefferson National Accelerator Facility
.:l,effegun Lab SPIN 2018 e September 12, 2018

Ammonia (NH.) Polarized via
DNP in 5T Magnetic Field



Polarized NH, Target

EO07-003 : Polarized Ammonia Target

100% | |
g 80% :. oy
K O
j e, H ey
g 60% 1% l: S T i
= : e
4 LB {
B i
& " : : : 5 ;
% : : f . i
el ; ; : : ;
< 0% [ Charge Average for All Runs ——

Positive Polarization

Negative Polarization  *
| | |

0% | |
72200 72400 72600 72800 73000

Run Number

e 5.1 T magnetic
field

e Ammonia beads
held by a cup,
placed in LHe

L, ® Average
polarization was vl gl
- about 69% R
90) = Wit W.R. Armstrong
a Y SANE C(flll)'c{ﬁo[l_‘laltlilogl R}elélg: ﬁ{g G )

. Thomas Jefferson National Accelerator Facility @ @q
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World data on A, A, and SANE kinematics

I’

5
CLAS
\RSS)|
0
0 [ - :
9 SANE
81
7 E
6F  Two beam energies: 5.9 GeV, 4.7 GeV
s
at * Very good high x coverage with detector at
3 40°
2
!
0 S s e 5 s 0T o e e

Q2 vs x

N Thomas Jefferson National Accelerator Facili
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e A measurement of the neutron d,

— Polarized *He target
— Large acceptance detector to measure asyms (BigBite)
— High-precision device to measure unpol. x-sec (HRS)

— Focus: d,, g,on the neutron

» extracted A, g, as well

N Thomas Jefferson National Accelerator Facili
JefferSon Lab y @ &
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Floor configuration for d.”

Shower Counter
Pb-glass

Cerenkov -
Drift Chambersﬂ\\\ <

Pre-Shower
Moller Polarimeter

Raster

Scintillatars

Beam

erenkov ' Dump

Scintillator

Pre-Shower

————Shower

N Thomas Jefferson National Accelerator Facili
JefferSon Lab y @ &
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Polarized °He Target

* °He is (almost) a polarized

neutron target
— Dominant S state has
neutron carrylng the spin
(proton spins cancel) ~90%  ~2%  ~8%

- Coherent
EUIEmzmg i il 30W
RHCS- =i f Diode
- s ! Lasers

petl g = e ~10 atm ,He cell with trace
amounts of K, Rb

e Polarization achieved
through optical pumping
and 2-step spin exchange

Holding Ceil

----- é - - -» » K —_ Rb
beam
» Rb — 3He
2 Thomas Jefferson National Accelerator Facility @ @A
.!effegnn Lab SPIN 2018 e September 12, 2018



Kinematics of the measurement

(=)}
a

* Two beam energies
4.75and 5.9 GeV
(4 pass, 5 pass)
— provides a handle on the °
Q? dependence of g,

— supports rad. correction_ 4
calculations

Q* (GeV?)

® BigBite fixed at single 3
scattering angle (6=45°)
(data divided into bins during
analysis) 2

* Avoid resonance region as
much as possible. !

,_,|=IIII|IIII|IIII|IIII|IIII“

5 Thomas Jefferson National Accelerator Facility
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Recent (and revisited) Results
From
EO07-003 and E06-014
("SANE” and “d2n’)

Thomas Jefferson National Accelerator Facility
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A, A, for the proton (SANE)

Recent — arXiv:1805.08835 [nucl-ex]

* A1is roughly linear vs. In(W)
— minimal Q? dependence

e A2 is consistent with E143 even though E143
has much greater Q2

— minimal/weak Q? dependence for A2?

5 Thomas Jefferson National Accelerator Facilit
Jefferdon Lab "
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d, for the neutron (E06-014)

1 1
d2(Q2) — / 5172[291 ($,Q2) + 392(x7Q2)]d$ — 3/ $2§2(x,Q2)d$
0 0

001

-0.01

= o

-0.02

-0.03

-0.045

Posik et al., PRL 113 022002 (2014)

O EO0I1-012 (Resonance)

[ A EI55x —
N ¢ E99-117 + E155%x (combined) 7
B ® This Work i
— A This Work (with low-x) -
It _:_';2‘_'._'._j;:_:_:_::.'..'..'..'..'..'..'.:-'--'-—'-'A'--'--'-o'-o'--'--'ogtﬁ’;g-—-'--'--ﬁ
e © oA _
[ 0.001 1" 1
- } 0 o N 1 4
- ? 0001 e H """"""""""""""" I
—| ¢ 0002F X3 =
|| & [ Lattice QCD -0.003 E ’ 1
— * 3% Sum Rules 0004 E EE
-JlY X Chiral Soliton el H { -
_ﬁ'ﬁ ¢$ Bag Models 0.005 3 EE
- V RSS (Resonance) -0.006 Fomm—t o =
= e Elastic Contribution (CN) 33 4 43 > 33 -
Bl ! l ! ] ! ] ! l |
1 2 3 4 S

Q? [GeV?/c?]

Posik et al., 10.1103/PhysRevLett.113.022002 (d2n, color force extraction)
Flay et al., 10.1103/PhysRevD.94.05200 (Archival paper: g1n, g2n, d2n)
Parno, et al., 10.1016/j.physletb.2015.03.067  (A1n)
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Our 2014 results are
consistent with Lattice
QCD prediction

— now In tension with
SLAC data

d2n extracted at
— <Q*>~3.3 GeV?
(E=4.7 GeV data)

— <Q*>~4.3 GeV?
(E=5.9 GeV data)

Shaded boxes in inset are
systematic uncertainties

Low-x contribution
(0.02<x<0.25)1s
provided by fits to world
data (small impact)

’He — neutron correction
using eff. polarization
method applied to d,

—  (Bissey et al. Phys Rev C,
65:064137, 2002)

@&


https://arxiv.org/abs/1805.08835

g, & g, for the proton (SANE)

x2gP arXiv:1805.08835 [nucl-ex] x2gP
1 2
008""",", 015"""«,",
- 4 SLACEI43 — Stat 2015 ——{Q)=1.6 GeV] i SLAC E143 — Stat 2015 ——{Q)=1.6 GeV"|
i :z ZI;:;C E1S5 —BB e (QD)=2.9 GeV2 SLAC E155 — BB e (QD)=2.9 GeVH]
0.06 “7or L8S2006 5 51 0.]F 7 SLACEISSx == LSS2006 ) )]
I : IS-II\EdEMEs o DSSY (Q9=4.1GeV', ' SMC ----DSSV (Q)=4.1 GeV']
L O COMPASS —o (Q)=6.1 GeV?] [ HERMES ~o (Q")=6.1 GeV"]
0.04_— o CLAS - 0.05:_ b
0.02| :
I Of
Ofe :
i —0.05}
-0.021- .
_||||\.|||||-||||||||\||||||||||||||||\|||\|||\||_ _O. -uu.w|u-||||-|||||||....|||||||||||||||||||||||||-
0 0102 030405406 0.7 0809 1 ]0 0.1 0.2 03 04 05 0.6 0.7 0.8 09 1
X X

¢ Significant improvement to the world data for both
g, and g, in the high-x region

— Caveat: highest-x data are in the resonance

Thomas Jefferson National Accelerator Facility
SPIN 2018 e September 12, 2018
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d, for the proton (SANE)

003_I""I""I""I""I """" LI

e Good agreement 00250 % b E.’iﬁ? ]
. . B ¢3 Chiral Soliton ® RSS

Wlth prIOI' prOton d2 0.02F d: Sum Rules @ SANE Q*=28GeV? -

. Co e elastic @ SANEQ =43GeV’ ]

data at higher Q? 0.015F B

0.01F" ¥ 3

. . 0.005F :

* Hint of a negative E T e :

. . OF | g -

d.f, negative twist-3 o) + + 5

—0.005 .

at moderate : ‘}‘ | ‘JI‘ :

QZ~3GeV2? _001'_| ............ PR B PP R Loy _

17152725 3 35 4 45 5 55
Q* [GeV?]

FIG. 2. The SANE results (filled circles) for 2M3 ~ d%. The
lattice result (open circle) [14] and previous measurements
from SLAC [23] and RSS [25, 32] are shown with the dotted
line corresponding to the elastic contribution. Model calcula-
tions from sum rules [33, 34], the CM bag model [34, 35], and
the chiral soliton model [36] are also shown.

= Thomas Jefferson National Accelerator Facility @ JSA
-!Effe'%“" Lab SPIN 2018 e September 12, 2018 @
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d, for the proton and neutron

0'03:"'"'"""""""""""""""""""': C O E01-012 (Resonance) ]
- ® MIT Bag O Lattice . 001 A EI55x —]
0.025- # CM Bag 4 SLAC . T ¢ E99-117 + E155x (combined) i
C $ Chiral Soliton m RSS - @ This Work .
0.02F @ SumRules @ SANEQ!=28GeV? - 0__.-.é..III.IES.YYQEIE.(E’YI.tP.I.‘Z‘ZV.'f‘.) ........................... .‘.".__.“.“.._._.._..‘{?52,,,.".,_,;
e elastic @ SANE Q=43 GeV’ +* B o X.A ¢ ]
0.015F = - T ]
- =Xy 001 0.001 ¢ . ; . 1
o — E N ]
0.01F" ¥ : S o | ek
Co ] C ? 0001 | + T E
- 002 F 0002% x 3 -
0.005¢ 1| ¢ 0 Lattice Qe o003 | N N
r . = % Sum Rules 0004 E ElE
R (T SO Y N ; - X Chiral Soliton T H -
0: + ] -0 -03_ ¢ Bag Models -0.005 3 ERE
C ] o %/ RSS (Resonance) -0.006 _E ! : ! ! SR
—0.005 - % + - : ------- Elastic Contribution (CN) 3 33 4 43 3 33 ]
r ] -0.04 | 1 ] I | 1 | 1 ]
C N 1 2 3 4 5
_001'_|||||||||_' QZ[GeVZ/CZ]
I 1.5 2 25 3 35 4 45 5 5.5
2 2 Posik et al., 10.1103/PhysRevLett.113.022002 (d2n, color force extraction)
Q [GeV ] Flay et al., 10.1103/PhysRevD.94.05200 (Archival paper: g1n, g2n, d2n)

arXiv:1805.08835 [nucl-ex] Parno, et al., 10.1016/j.physletb.2015.03.067 (A1n)

e Hint of a negative d.*, negative twist-3 at moderate Q° ~ 3 GeV?

— Similar hint of negative twist-3 (dips below CN elastic) in d.”
data noted in SANE preprint — curious

3 Thomas Jefferson National Accelerator Facility @ @_EA
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https://arxiv.org/abs/1805.08835

Near-term SFF measurements in Hall C!

= Thomas Jefferson National Accelerator Facility @ JSA
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https://arxiv.org/abs/1805.08835

Upcoming Pol *He Experiments in Hall C

e Hall C o JLab Experimental
— A1n (E12-06-110) Readiness Review (ERR)

—d2n,g2n (E12-06-121)  held March 18
—Major item: 3He target

» No 'show-stoppers'

* Both make use of e On the schedule to start

— 11 GeV beam running in Fall 2019!

— SHMS (+ HMS) —Preliminary results
spectrometers 2020-217

— Upgraded 3He target

More details at ERR page

3 Thomas Jefferson National Accelerator Facility @ @_EA
geffezun Lab SPIN 2018 e September 12, 2018


https://arxiv.org/abs/1805.08835

Both A" and d,” Experiments

Share the Same Layout in Hall C

Super-High-Momentum
Spectrometer (SHMS)

Retain Key Features of HMS:

* Pivot

* Rail System

* Point-Point Optics Design

* “Flat” Acceptances SHMS
* Shield House

* Redundancy in Detectors

Incorporate them in the
SHMS to Provide: Pivot/

*Pair of magnetic spectrometers Target
*Full momentum capability

*Large acceptance

*Angle accuracy and reproducibility

*Small angle capability

*Very good particle identification
*Compatibility with all target configurations

e beam

Slide from H. Fenker

= Thomas Jefferson National Accelerator Facility
-!Effe'%“" Lab SPIN 2018 e September 12, 2018
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Polarized 3He Run Gr

-
aohe v % | ™
E N
O :. Y . .
.‘.'-‘ \ e d 1 =
X |
| S R . A
1L Sogmon " f
- 1y — | |
_' mk, i) h b
! | il e
¢ 1 | L - R
- e S T ) [ T
. iy 7]
T ] |
»
[ -
=1 —

oup in Hall C

; Thomas Jefferson National Accelerator Facili
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https://hallcweb.jlab.org/wiki/index.php/A1nd2n-ERR

Polarized °He Target

e- beam

; Thomas Jefferson National Accelerator Facility
‘!Eff;?ﬂn Lab SPIN 2018 o September 12, 2018
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*He Target Upgrade

Savior splnup_FITAMP 20161111_100811 GOW
= Cpc™ exp( b’Tf)+(p0 pf-Cpe)” exp( tTs)+pf ‘
TT 6.2504 h data
go | Ts=2.0273 hr fitted curve | |
pf = 64.6929 %
R-Square = 0.99997

60 |- o

40 |
Saturation polarization = 65%
o0 L ’_,/ (no convection or simulated beam depolarization)
: Laser power = 60 W
(dual-direction pumping, 1/2 design power)
Goal: 60% polarization with 30uA e~ beam

Polarization (%)

Beam-ready cell 'Savior' (UVa) 0 5 10 15 20 25

® Polarized *He target group has developed a new *He target design

— Upgrade from 2008 cell that induces a thermally-driven convection flow
between the polarization cell and the target volume

— 40cm long target cells of this type to be used in 2019 Hall C d," + 4" run group

— Goal for this intermediate design is to reach
60% polarization @ 30 pA beam

® [Longer term goal is to extend this design to support currents as high as 60 pA

: Thomas Jefferson National Accelerator Facili
.geff;%un Lab N @ @ﬁ‘
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E12-06-121: d,", g."

® Directly measure the Q* dependence of the neutron d,"(Q?)
at Q* = 3, 4, 5, 6 GeV* with the new polarized *He target.

— The new Hall C SHMS is ideally suited to this task!

e Doubles number of precision data points for g (x, () in DIS region.

—  Q’evolution of gz” over (0.23 <x < 0.85)

I I
. SHMS @ 11.0GeV, 0=11.0,p,=7.5 GeV
'Y SHMS @ 11.0 GeV, 8 = 13.3,p, =70 GeV
[
[ ]

8-

SHMS @ 11.0 GeV, 6=15.5,p,=6.3 GeV
SHMS @ 11.0 GeV, 8=18.0,p  =5.6 GeV

HMS @ 11.0 GeV, 8=164,p, = 5.0 GeV
HMS @ 11.0 GeV, 8 =20.0,p, = 4.0 GeV

Lines of integration for d " at
*=3,4,5,6 GeV?

o Spokes;i)eople: T. A\{erett, W. Korlsch, ZE. Melziani, B. Sawatzky
=T 0 1 1 ! ] |
.geffegun Lab 0 02 04 0.6 0.8 1
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Projected results for E12-06-121

x2g" d? with SHMS/HMS
2 | ® P c t d o . t
0.01— ® ! JLab 11GeV, SHMS rojectead g,” points are
- L] .
n { e JLab {1GeV, HMS vertically offset from
L | — < zero along lines that
0.005— .
. J A . reflect different (roughly)
N s e e . . constant Q? values from
0 s : : 2.5—7 GeV?.
] ;
- B O EO01-012 (Resonance) 7
ooosf- K amwaa, | oof oo :
— A X. Zheng et al. B ¢ E99-117 + E155x (combined) ]
- 9" from B&B scen. 1 @ 5.0 GeV 2 - ® E06-014 (using measured data only) i
TR 04 EOR0IA Gnel lowex contrlb from world dale) e -
001763062 03 04 05 06 ; o X‘"';'A" """""" ¢ ;
w001 -
2 g n i N E12-016-121(projected) i
Q* evolution of d,” in a oof| ¥ T3 4 5.6 Govile E
region where models are L) Lariee QCD :
thought to be accurate. 003K X e Semon -
- V RSS (Resonance) -
. . : ------ Elastic Contribution (CN .
Direct overlap with 6 GeV ooaltl— o L L.

Hall A measurements.

Jjeffé}?un Lab

Thomas Jefferson National Accelerator Facility
SPIN 2018 e September 12, 2018
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E12-06-110 A1nin Hall C

A;" Kinematics and Expected ~ "~
Results T EE I -
&) WL o =/
30uA, 85% beam, 40cm, 60% target | & - e
Al & E 30 4
= I 3 I 2
~ 1 | * | e /T
< | @ HMS/SHMS, DIS, 684/588 hours i I T 7
A HMS+SHMS, RES, 0/96 hours ) E‘ WE2.0 FJ. -] 232011,
| O SLAC E142 0 0102030405 06 0.7 0.8
- A SLAC E154 2
| ¢ HERMES 1 ;
% JLab Hall A E99117 I & | — comaaga i
0.5 =) ---- LSS(BBS)
{ |:§-0'75 - --— BBS+0AM ;
é‘ 05 | —JF—*”;/? =

‘;f,_,_.;

: t &L " e
0.25 |-+ 'IL‘:"i R TR R R EE’ ? ¢

0
0 : L’rﬂ\] ‘%% % G 1
= | <025 $ % ree—L
05 | ""
© HERMES
b ozl §
0 025 05 075 1 : ; . Projected CLAS12 (p) + Hall C (n, 30uA, 40-cm target)
B i AP EITITS WA PO (W ATI IPUPAT PITET WS IS s
X 10 D1 0.2 03 04 05 06 07 0B 09 1
X
Spokespeople: X. Zheng, G. Cates, JP Chen, Z-E Meziani Slide from X. Zhang March 2018 readiness review

2 Thomas Jefferson National Accelerator Facility @ gm
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Summary
e SANE (E07-003) Proton e “d2n” (E06-014) Neutron

— AP, AP in good agreement with world data ~ — A_"in good agreement with world data

» First hint of roll-over in A vs x? — @, and g, in agreement with world data for
» A, from SANE consistent with E143 both He3 and neutron extraction
hinting at weak Q? dependence? — Significant increase in precision data in

high-x and DIS regions!

and g, in good agreement with
— S EnTS, NS ‘ — d,-neutron data

parameterizations based on world data

— Significant increase in precision data in » now consistent with Lattice result
high-x and DIS regions! — but in tension with older E155x
— data hint at a negative d.? around 3 GeV?? » hint at negative d,” at same Q? as d/?

e 12GeV HallC A"and d,’, g,” measurements scheduled to run ~2019

— Focus on high-x and Q? evolution of these quantities
» Large new precision data set in previously unmeasured domain 600(\\
— Finally rule out DSE or pQCD A,” models? ((g\(\g
— First evaluations of d,” at truly fixed Q° values
» Updates LQCD results long overdue! Now is the time!
e Large AP, g data set from upcoming CLAS12 E12-06-109 as well!

— Compliments Hall C neutron measurements for Aq/q extractions
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Big Electron Telescope Array * BETA

e BigCal lead glass calorimeter:
main detector used in GEp-1I1.

« Tracking Lucite hodoscope
* Gas Cherenkov: pion rejection

» Tracking fiber-on-scintillator forward
hodoscope

* BETA specs
- Effective solid angle =0.194 sr
- Energy resolution 9%/V E(GeV)

— 1000:1 pion rejection

- angular resolution ~ 1 mr BlgCa;l
» Target field sweeps low E background Tracker
- 180 MeV/c cutoff .
Lucite Hodoscope | Cherenkov
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E06-014 — d2n

e A4.75and 5.9 GeV polarized electron beam scattering off a
polarized *He target

® Measure unpolarized cross section for 3He(, ¢') reaction o, 1 in conjunction
with the parallel asymmetry A ' "He and the transverse asymmetry JLHH‘ for
0.23 < x < 0.65 with 2 < Q? < 5 GeV/2

— Asymmetries measured by BigBite
— Absolute cross sections measured by L-HRS

e Determine d " using the relation

A'—Q(I'a Qz) = ;1"2[291(1": (-‘22) + 392(@1": (92)]

M@Q? x2y? 14+ (1 —y)cost 4 4
3 —t A - -3
40® (1 -y)(2—vy) ( A—psmd gy 2 ) LT ( >A”

g0

where, é , , A
T 200 L 200
He Ay BHe B
A7 = B, P; cos & A = PP,
~ (NI= —NT=) (N N
A = (V1= NT=) Ay = —(N-\-TT NI
g J
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A, for

Neutron
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pQCD with spin only

z

pQCD with orbital
angular momentum

Spin-only pQCD is strongly
disfavored
Must go higher in x to

distinguish between other
models

Parno et al., Phy Let B DOI: 10.1016/j.physletb.2015.03.067
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x*g, for *He
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x*g, for *He
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Upgraded Hall C: SHMS + HMS

SHMS:

*11-GeV Spectrometer

*Partner of existing 6—
GeV HMS

MAGNETIC OPTICS:

*Point-to Point QQQD
for easy calibration and
wide acceptance.

*Horizontal bend
magnet allows
acceptance at forward
angles (5.5°)

Detector Package:

*Drift Chambers

*Hodoscopes

*Cerenkovs

*Calorimeter

*All derived from
existing HMS/SOS
detector designs

Well-Shielded Detector
Enclosure

Rigid Support Structure

*Rapid & Remote
Rotation

*Provides Pointing
Accuracy &
Reproducibility
demonstrated in HMS

Jefferdon Lab

HMS:  mmmmm

QQQD

SHMS = Super ngh I—\/Tomeptum Sﬁectronféfér
HMS = High Momentum Spectrometer__,
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E12-06-121: d", g."

e HallC:. SHMS + HMS

) SHMS Production HMS Production
® Two beam energies:
— 11 GeV/c (production) Setting P, Angle Setting P, Angle
— 2.2 GeVic (calib.) A 7.5 11.0° A' 43  13.5°
e Beam Current : 5
_, 30 UA (production) B 7.0 13.3° B 5.1 16.4
— 60 uA (max, calib.) C 6.3 15.5° C 4.0 20.0°
e Target: 40 cm Polarized *He D 56 18.0° D' 2.5 25.0°

e Each arm measures an
absolute polarized cross
section independent of the

other arm (g1,1g2) sk
o (@) = [ @*2010.Q%) + 30, :
e SHMS collects data at :
— ®=11° 13.3° 15.5° and 18.0° for 125 hrs each
— data from each setting divided into 4 bins
HMS collects data at

— 0 =13.5°,16.4°,20.0° and 25.0° for 125 hrs each o

= Thomas Jefferson National Accelerator Facility
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