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Nucleon Spin Crisis and Sum Rule

Designed by Z.-E. Meziani

Nucleon spin sum rule:

(Jaffe & Manohar)
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quark  gluon  quark  gluon
intrinsic intrinsic OAM  QOAM
spin spin
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* Ellis and Jaffe (1974) predicted a ~58%
contribution from the valence quark intrinsic

spin which early SLAC experimental data
supported.

 The EMC collaboration (1988), and later SLAC

E142, E143, and CERN’s SMC found A2 to be
12% + 17%

* [he disagreement between experiment and
theory is know as the Nucleon Spin Crisis

e Current measurements show A2 =30% - 35%
[22] and AG= ~20% [25]
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Accessing Spin Structure: Polarized DIS cross sections

Quark Parton Model:
d?oc a’ 2 0 0
U = Fy (x, Q%) si 2(—)-——F , Q%) cos® 1
ANE" ™ 42 gins (9) (P20 QO)sin™ (5 )+ Fo (%, @7) cos™5) + Fi(x) = Zef[q] (x) +q{ ()]
: where g; (x) = q] (x) + g} (x) is the
probability of finding a quark g of flavor i with
p d?o 4a?E" | , 2 , ] momentum fraction x
: -(IN=11) = (E+E'cos@)g,(x,Q°) ——g,(x,Q°)| = Agy
dQdE MQ?%vE | Vv _ 1 or 1 |
© 91(x) =2 Zef’[q; (x) — q; (x)]
2o oty 4a?sinfE" v (.02 + 2E a0 (.07)] < A where Ag; (x) = g} (x) — g{(x) is the sum
(=== Vg4 \ X, g2\ X, = A0 over the helicity distribution for a quark g of flavor
aQdE M Q 2V2E ! . * i with momentum fraction x
- /- Hadrons
2 = 4FEE'"sin%*(6/2) 4-momentum transfer * g2(x) describes the
v=E-F Energy transfer tra;‘sl‘l’er S¢ ?pm Sm}‘)‘_’“ﬁm
W = M? + 2Mv — Q¢ Final state hadronic mass ol the nucicon, whic
. vanishes in the QPM
v 2 Scattering apgle (quark-gluon
x=Q°/2Mv Quark fractional momentum correlations)
E nucleon

Credit Slide: Melanie Cardona (Rehfuss)
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Accessing Spin Structure: polarized DIS cross sections

See my talk Thursday at
/\ The Hall A/C Collaboration
6 meeting

d?o a’ 2 g\ 1
. = F. (x, 0%) sin? (_) + —F,(x, Q2 2
2
This talk
d?o Aa’E'" | 2 '
P: —TM) = , 2y _ X 2| —
J0dE (—=T1) MQZvE _(E + E'cosf)g,(x,Q°) ” g2(x,Q°)| = Aagy

/\ Next talk by Junhao Chen
d*o 4a?sin@E'? |

l=>—T= ,0%) +2Eqg,(x,0%)] = Ac
/. Hadrons

Q% = 4EE'sin?(6/2) 4-momentum transfer *  g2(x) describes the
v=FE—F Energy transfer transverse spin structure
W = M? + 2Mv — Q? Final state hadronic mass of tl}chnuc.lczlrll, which
v Scattering angle vam(s © ;{n | ¢ QPM

uark-gluon
x = Q*%/2Mv Quark fractional momentum ;me]atgi ons)

nucleon

Credit Slide: Melanie Cardona (Rehfuss)
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The Observable A1: The Virtual Photon-nucleon Asymmetry

photon spin target spin photon spin target spin
172 +1 +1/2

Anti-parallil spilns Parallel fpmg
h=1—§=5 h=1+§=§

A, = 0172 — 03/2 _ 91(x,Q%) —y*g2(x, Q%)
01/2 + 037 Fi(x,Q%)

where ¥4 = (2Mx)?/Q? and M = nucleon mass

For large Qz,| A= gy (x)/Fy(x) |

*  Our wide Q*range (over 10 GeV?) will allow for further study of
"5 Q% —dependence @ a given x value in the valence region

Slide Credit: Melanie Cardona (Rehfuss)
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A

We need a transverse and longitudinal component to
reconstruct the asymmetry along the virtual photon

direction:

B b adL, Al

= T=
o " —0
A nA)
_)

1= p+nd)  d(1+nd)

o*M(c™) is the cross section for a longitudinally
polarized target with the electron spin aligned
antiparallel (parallel) to the target spin

o*= (0 1) is the cross section for a transversely
polarized target with the electron spin aligned
antiparallel (parallel) to the beam direction

n,¢,and d arc kinematic factors, and D depends
on the ratio of the longitudinal and transverse
virtual-photon absorption cross scctions

R = G'L/O'T
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A1n at High-x: Predictions from various models

Existing World Data
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The valence domain (x > 0.5):

* Free of sea eftects (qq pairs and hard gluons)
* Spin is assumed to be carried by the valence quarks

— A poorly-explored region due to low rates at high x

(nced high luminosity, Hall C’s 12 GeV-era polarized
‘He target reached 2x10°° cms!!)

Which models will our data agree with? How much
of a role does L, play in forming the nucleon spin?

F? d
F’ u
DSE-1 049 0.28
DSE-2 041 0.18

+ |
O[ud] 4 0
NJL 0.43 0.20
SU(6)
CQM

pQCD 3 3

Table 1: Selected predictions for the xr = 1 value of the indicated quanti-

C. Roberts, R.Holt, S. Schmidt, Phys. Lett. B 727 (2013) 249. arxiv: 1308.1236
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Polarized PDFs at High-x: Predictions from various models
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AutAu _4 91 (4 pany 1 90, 4 pan
u+a 15 FP 15 F
Ad+Ad -1 97 4, 4 g, 1
== 1+ + 4+
d+d 15 Ff( Rd“) 15 F'l‘( Rd“)

D. Parno et al.

PRL 113 (2014) 2, 022002,
1404.4003

X. Zheng et al.

PRL 92 (2004) 012004,
arXiv: nucl-ex/0308011;

PRC 70 (2004) 065207,
arXiv: nucl-ex/0405006.
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Polarized Helium 3 as an effective polarized neutron target

s\ s Dl
QPO

~“90% ~1.5% 8%

* 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.
Slide Credit: Mingyu Chen
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12 GeV Polarized Helium 3 Target

Figure of Merit (UA)

FOM=(Target Polarization)’xBeam Current

SLAC Jefferson Lab F12-06110
g8 50% at
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R T RS T LA B B » Target Chamber length: 40 cm
1990 2000 2010 2020
Year * Luminosity: ~ 2.2 x 1036cm-2s-1
G_" (E02-013): | Transversity . . .
:  (Convection cell as opposed to 6 GeV diffusion cell
Started to use Rb/K (E06-010): PP
hybrid alkali cell. Started to use » GEn-Il in Hall A will expects another factor of two
narrow band laser. increase in FOM
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E12-06-110 in Hall C: Experimental Setup

Experiment ran from January 12th
to March 13th, 2020

Polarized Helium-3 gas target
10.4 GeV Polarized e- beam

Inclusive measurement, detected
scattered e-

SHMS: 300; Pcentra=2.6 & 3.4 GeV

HMS: 30 O; Pcentra=2.9 & 3.5 GeV

Elastic and A(1232) asymmetry
measured to check sign of

PBeam PTarget
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Helium 3 Target Polarization

» Target polarization was routinely measured using NMR and pNMR measurments.
- EPR measurements provided absolute measurements and was used to calibrate NMR and pNMR measurements.
» More details in next talk by Junhao Chen
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Figure Credit: Junhao Chen Time
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Beam Polarimetry

Hall C Spin Dance

%2 I ndf 0.8536/2
Prob 0.6526
Max Polarization 85.92 + 0.3423
Angle for max. pol-32.24 + 0.3163

Beam polarization measured using the Mgller polarimeter

Measurements were taken approximately once per week.
One shift required per measurement.

llll|l

First time in 12 GeV era polarized beam was required in Hall C
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Beam and Target Polarization Sign Convention Checks

» Elastic and A(1232) asymmetry measured to check sign of Peeam*PTarget
* Target spin direction set by holding field (90° or 180°)

e “Slow” reversal of electron polarization by IHWP and Wein-Flip
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Figure Credit: Melanie Cardona (Rehfuss)
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Nt N~

A __Q*tnt Q™n~
raw - N+ N N— ?
Qtnt Q™ n~

N* ~ helicity-sorted counts

Q*~ integrated beam charge
n*~ DAQ live-time

A — Araw
PRYS ™ pyp.fy,

P, ~ Beam polarization ~ 85%
P, ~ 3He target polarization ~ 50%

fn, ~Nitrogen dilution factor ~ 0.92

Figure Credit: Mingyu Chen

Preliminary A1 (3He) Result
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These are without
radiative corrections

statistical uncertainties
only

Next to do: Radiative
corrections, then nuclear
corrections:

Slide Credit: Xiaochao Zheng
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Preliminary A1 (3He) Result

e HallC 11 GeV DIS no Rad. Corr.
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Summary and Acknowledgments

E12-06-110 is a high-impact experiment

on nucleon spin-structure

» The measurements of A7 at high x allow
us to test fundamental predictions of the

nucleon spin structure

* (Combined with precision proton data, the
high-precision neutron data will allow us
to extract polarized-to-unpolarized quark

PDF ratios distributions (Ag) and spin-
flavor distributions (Au/u) and (Ad/d)

The results will help answer questions like,
How much of a role does L, play?

(to what degree are the quarks’ spin aligned
parallel to the nucleon spin?)

Slide Credit: Melanie Cardona (Rehfuss)
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