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®What the photons can't tell us, Z9 canl
#PVDIS and Electroweak Neutral Couplings
@Qutlook for the 12 GeV Program - SoLID, Moller...
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What is the Nucleon Made of?

The simple quark model of hadrons

Gell-Mann (Nishijima) 1961-1964/1969

X. Zheng, July 2012
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We Learned A Lot In the Past 40 Years !

Xq(X)

MSTW2008 (NNLO) |
wW=10 GeV?

+Fit to data from DIS, Drell-Yan, Collider etc.
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High Energy Virtual Photons Told Us A Lot, but They Are
Not Perfect:

+Virtual photon cross sections can't ftell —iQ.y’
quarks from anti-quarks - sensitive to \/
q+q, never q-q |

# They don't "see" neutral particles such
as the neutron |

We need a "second opinion”, perhaps from —i

a less talkative friend - the Z°. \/‘

X. Zheng, July 2012



Signature of Weak Interaction (Z° Exchange) - Parity
Violation Asymmetry Between L- and R-handed Electrons

f_ _ )
+ In the Standard Model, fermions | 94=13 | g=1;-20sin'0y
. . 1 1
weak interaction current = VY, y 5
V(vector) minus A(axial-vector) 1 I .
—= ——+2sin" 0
e_,v ,Ll_ 2 2 4
1 1 4,
" ¢ 7 7 gsm 0y
: : : : | 1 2.
s Parity violation is from I - —§+§sm20W
the cross products V x A: ’

C,=2g,8) ~vA S ~-A

Cry=2g 8
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Parity Violation in DIS

(Zy sees the quarks)

X. Zheng, July 2012



Parity Violation - Signature of Weak Interaction
And Z° Exchange

f_ _ . 2
+ In the Standard Model, fermions | 8,715 &=1,-20sin°0
: . 1 1
weak interaction current = VY, 7 7
V(vector) minus A(axial-vector) ! I .
- —=+2sin" 0
e-, lI- ) 2
! L4
" ¢ ) ) 3sm 0y
e e 1 1 2
s Parity violation is from I - —§+§sm20W
the cross products V x A: ’

C.=2g,8) VA IS EA -

Cry=2g 8

i
Both have potential in
new physics search A—A\A @
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Weak Vector and Axial Charges of Quarks

with recent PVES data and Qweak (projected)
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Parity Violation in Deep Inelastic Scattering

G Q2 xExBjorken J/E |1-F ’/E
__JF )
APV_\me[a(xHY(y)b(x)] q; (x)=q,(x)+q,(x)
q; <x>:q;/(x)zqi(x)_q_i(x)
L L ChQ f CFY 12,,C50, 1 (x)
a(x)=-g, —5 blx)=gy ) 2 o+
2 FY 2 z £ ZiQifi (x)
For an isoscalar target
(?H), structure functions
" largely simplifies: "
3 ”0:6,‘5 3 ud,
a('x)_ﬁ(zClu_Cld) 1+1/l+ _I:‘d'—‘i-g) b(x):1_0(2C2u_C2d) +V+ar’|s
0 1y
PVDIS: Only way to measure C,, at high x

X. Zheng, July 2012 9



PVDIS at 6 GeV (JLab E08-011)

\7 * Ran in Oct-Dec 2009, 100uA,
: ~ 907 pol beam, 20-cm LD2
‘ target

o | |+ Q*=1.1and 1.9 GeV-

s * Scaler-based fast counting
DAQ ($100k) specifically built
to accommodate the 500kHz

DIS rate with 10* pion
rejection

® Postdoc: Ramesh Subedi

® Graduate Students:
Xiaoyan Deng (UVa),
Huaibo Ding (China),
Kai Pan (MIT),
Diancheng Wang (UVa),
X. Zheng, July 2012 10



Beam Polarization (Compton/Moller)

Moller: 88.47% +/- 2.0% (syst, rel) (6.0GeV)
90.4% +/- 1.7% (syst, rel) (4.8GeV)
Compton: 89.45% +/- 1.92% (syst, rel)

PVDIS (laserwise) Beam Polarization History
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Quality of Asymmetry Measurement

(blinded pair-wise asymmetry):

| left arm kinematics #1 |

Q=11 e
Entries 6878615 & C
107 E Mean 778 Eﬂﬂ C HWP IN, asym = 67.56 +/- 3.89(ppm), ¥* = 0.48
10° & RMS gsa9 [ E_ I » L ®
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DAQ Deadtime Correction from Timing Simulation
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DIS #1
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Narrow

1.48%

2.22%

2.06%

0.73%

1.45%

0.89%

Wide

1.68%

2.62%

2.36%

0.80%

1.64%

0.93%

Timing simulation checked with FADC, TDC, pulser...
Uncertainty: take 30% relative




Correction Due to Pion Contamination
(work of K. Pan and D. Wang)

Pion asymmetry is observed to be non-zero:

electron fraction  0.56 (0.16) 0.04(0.04) 0.011(0.001)

Pion correction uncertainty is the combination of:
AA AA

Aee:Af@ f Aeﬂ

X. Zheng, July 2012 14




Corrections for Resonance Background

Q=11 |

Qs

L Ll ||||||| L1l Ll Ll |||||| o
08 1 12 14 16 18 2 22 24 I v

wo W
*TImplemented in MC: ionization loss, internal+ext. brem

¥ Measured resonance PV asymmetries (10-15% stat.) to
constrain inputs of two resonance PV models: Delta agree at
20, 2" and 3™ resonances agree within lo.

*Corrections to A DIS: ~(2+2)% (1.1 GeV?); (2+0.4)% (1.9 GeV?)

X. Zheng, July 2012 15



Corrections and Uncertainties, Kine #1

blinding factor = -12.00665ppm I Correction Uncertainty
Raw (Dithering) A ,(ppm) -66.43 268
2 APJP, 13.4% 2.0%
% Deadfime corection 1.49% 0.44%
5 PID efficiency 0.048% 0.008%
Radiative Correction 2.1% 2.0%
oz N/A 0.725%
Transverse Asymmetry N/A 0.55%
© Torget Endcap 0.017% 0.003%
5 False Asymmetry N/A 0.16%
Pair Production 0.025% 0.005%
Pion Dilution 0.019% 0.014%
Stattistical (ppm) 3.15
Systematics 3.01%

X. Zheng, July 2012




Corrections and Uncertainties, Left Kine #2

blinding factor = -12.00665ppm I Correction Uncertainty
Raw (Dithering) A, (ppm) -128.48 10.43
2 APJP, 12.0% 1.33%
% Deadtime correction 0.84% 0.25%
5 PID efficiency 0.091% 0.013%
Radiative Correction 1.9% 0.43%
oz N/A 0.575%
Transverse Asymmetry N/A 0.56%
© Torget Endcap 0.023% 0.005%
5 False Asymmetry N/A 0.1%
Pair Production 0.52% 0.052%
Pion Dilution 0.025% 0.004%
Stattistical (ppm) 12.08
Systematics 1.64%

X. Zheng, July 2012




Corrections and Uncertainties, Right Kine #2

blinding factor = -12.00665ppm I Correction Uncertainty
Raw (Dithering) A, (ppm) -128.56 6.6
2 AP JP, 12.7% 1.69%
% Deadtime correction 0.86% 0.25%
5 PID efficiency 0.161% 0.018%
Radiative Correction 1.9% 0.43%
Az N/A 0.640%
Transverse Asymmetry N/A 0.56%
2 Torget Endcop 0.023% 0.005%
5 False Asymmetry N/A 0.03%
Pair Production 0.48% 0.048%
Pion Dilution 0.024% 0.002%
Statistical (ppm) 1.6/
Systematics 1.96%

X. Zheng, July 2012




Preliminary Asymmetries Compared with Calculation

be:0.241, Q?%=1.085 GeV% Ad=-92.27 +3.15 (stat.) + 2.77 (syst) ppm
x,;=0.295, Q*=1.901 GeV*: Ad=-163.60 * 6/48-(stat.) + 3.05 (syst) ppm

Still missing: y-Z box correctionsy(lve.for El58)G )

. A, = /;F A_[a(x)+Y(y)b(x)
VLTI KX
Q2=1.085 x=0.241
F,t, F,*, F,** |"static (quark |CTEQ/ MSTW2008 (MSTw2008 |MSTW2008
model) limit" |JLab (NLO) LO+QPM  INLO+QPM |NNLO+QPM
A(C, term) -83.15 NA -83.69 -84 .32 -84.35
A(C, term)| -5.58 NA -4.60 -4.74 -4.78
Q2=1.901 x=0.295
F,1, F,%, F.% "static (quark [CTEQ/ MSTW2008 |MSTW2008 [MSTW2008
model) limit* |JLab (NLO) |LO+QPM  |[NLO+QPM |NNLO+QPM
A(C, term) -145.65 -147.74 -146.58 | -147.09 | -147.05
A(C, term) -14 59 -13.62 -13.12 -13.41 -13.50




Current Extraction Method

@ Use MSTW2008 NLO, 3-flavor PDF to construct F,” and F, ,**

in the quark-parton model. Different methods differ by no
more than 0.5% in the a, term and 2% in the a, term.

@ Use C,, from J. Erler: evaluated at measured Q?, preliminary
v-Z box correction included.

@ run o(EM) to measured Q? to account for vacuum pol.

@ HT correction to a, is estimated but not applied.

@ Corrections not done: y-y box (denominator), interference
between Z and y-y box (numerator). This correction is about
1% for E158. Using 1% for PVDIS for now.

@ Subtract the calculated a, term from the measured
asymmetry, and compare the rest with the calculate a, term.

X. Zheng, July 2012



Preliminary C, from Q®=1.9 GeV® Point
SAMPLE

| Using SM C; term
15 ; i (if 16 4% from
: : . Qweak, ~26 here)
1.0 !
N Assuming ho HT
35.5 Presgc;\;\r‘rc(jlsmg Preliminary

| A(2C, -C, )=+0.052
SM This (exp. error only)

g periment
-05 PDG | __ (compared to PDG +0.24
' | > factor of 4.6153846)

-0.5 -0.25 0 0.25 0.

X. Zheng, July 2012



Preliminary C, - B, Correlation from
Q*=1.1 and 1.9 GeV? Combined

P ur
_EW
2¢C, -C,, Apy =Apy |1+ 10’
0.2 ¢
r Prescott (using This Experiment
0 ;'— SMC) CZq-BHT
: SM correlation o v &
.L . : @ No obvious
-0.2 ¢ Th(léi)ineglen\w/gnT dependence (HT)
- alone, no HT) at the 6 GeV
0.4 L precision.
- A @ If using 1.1 GeV*
point to extract
-0.6 ¢ C, = 10% better.
1 | I ! ! 1 1 1 1 |
-0.2 0 0.2 B,

X. Zheng, July 2012



Coherent PVDIS Program with SoLID @ 11 GeV

A 20N device 0.1

SoLID Physics topics:

@ PVDIS deuteron (180 days) -
C,, sin’®,,, CSV, diquarks,

@ PVDIS proton (90 days) - d/u

@ PV with *He (LOI)

@ SIDIS - transversity, TMD,

ST = Al(?): *He (125 days), NH;

(Cond.)

X. Zheng, July 2012



Mgaller Parity-Violating Experiment: New Physics Reach

(a large installation experiment with 11 GeV beam energy)

2 2 e e
e%e i e><_e JLab Meller S~—
e el |e el A, ~ 25 TeV Z':
New Contact Interactions e‘/'>
0.250 a a
— SM
e current A g(lep) [Tevatron] 1
*  future &
0.245 _|
! Moller [SLAC
3 0240 I oller [ ]{ s
- i APV(Cs) g
= N -
“ 0.235— —
12 GeV Moller [JLab] =
6 GeV Qweak [JLab] | A_.(had) [SLC] 1
0.230 - 12 GeVPV-DIS [JLab] § Arg(b) [LEP]
0205 vl vl cevend v il el il e
0.001 0.01 01 1 10 100 1000
Czarnecki and Marciano éZOOO) u [GeV]
Erler and Ramsey-Musolf (2004)

e
LHC

/2" \e

| @Expected precision

comparable to the
Two most precise
measurements from
colliders, but at
lower energy.

@No other
experiment with
comparable
precision in the
forseeable future!
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Summary and Perspectives

Preliminary Results:
@C,, seems to agree with the SM, and non-zero by 3 sigma;

@higher order radiative corrections still need to be applied.

“New construction” experiments at JLab 12 GeV:
@ PVDIS @ 11 GeV (SoLID)
@ Moller @ 11 GeV

% Thanks to our postdocs and graduate students for their hard work.
% And our theorists friends for useful discussions.

X. Zheng, July 2012 25
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Run-by-Run PID Analysis (work of K. Pan)
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Scaler-Based Counting DAQ with online (hardware) PID

~ DIS region, pions contaminate, can't use integrating DAQ.
~ High event rate (~600KHz), exceeds Hall A regular DAQ's Limit (4kHz)

Preshower »
Shower o > -

Group electron
trigger

Gas Cherenkov -

segmented [ S1852
(forming 6
or 8 groups) FADCs (partial)

fastbus TDCs (all)
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Scaler-Based Counting DAQ with online (hardware) PID

~ DIS region, pions contaminate, can't use integrating DAQ.
~ High event rate (~600KHz), exceeds Hall A regular DAQ's Limit (4kHz)

Preshower »

Group electron

Shower o > - ’rr'igger'

Gas Cherenkov -

segmented [ S1852
(forming 6 fastbus TDCs (all)
or 8 groups) FADCg (partial)

ADC spectrum from regular DAQ,
with PVDIS electron trigger
2000~

—140

%

Two identical DAQ paths with f
known discriminator width (30ns, 1000
100ns), for deadtime study *

—20

I10

| | | | | | | | | | | |
1000 2000 3000 °

X. Zheng, July 2012



Compton Analyzing Power{work of D. Wang)

Electron Beam

GEANT4 MC to calculate A,

Inputs to the simulation:

* The experimental setup:
>Shielding, alignment.....

>Thickness of the lead shielding

> Radius of the hole of the collimator
* Detector resolution, smearing

* Pileup Effect

* PMT nonlinearity

X. Zheng, July 2012

(@ -
4@:}) -

BeamlLine

Vacuum End Cap(steel): 0.05cm
Lead shielding thickness: 0.3 cm
Collimator: inner radius 0.5cm

outer radius 4.0 cm, length 5.0 cm
CH2: radius 5.0 cm, length 10.2 cm
GSO: radius 3.0 cm, length 15.0 cm
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| laser on spectrum |

60000

50000

40000

30000

20000

10000

=

[—]
_I| IIII|IIII|IIII|IIII|IIII|IIII|II

Compton Analyzing Power,,,,. of b. wang)

hDataSignal

|

L] el 0.8 @ e

Entries 5335504
Mean 4423
RMS 2439

1 1 | 1 1
2000

| laser on spectrum |
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8000

1 1 | 1 1 1 | 1
10000 12000

hDataSignal

=x10°

Lead shield: 0.4 cm

e a—

Entries 1.29029e+07
Mean 4466
RMS 2493

1 1 | 1 1
2000

1 | 1 1
4000

X. Zheng, July 2012

10000 12000

hDataSignal

MC and Data Compton Spectra Entries 8597310
50000 — Mean 8646
C {‘4 RMS 7052
it
50000 + Data
40000 E_ —— MC inside of fit range
E{ —— MC outside of fit range
30000
20000 (-
ul
10000 - HAPPEX-III
o
B oy by b b by
0 5000 10000 15000 20000 25000 30000

Energy (raus)

Blue: data
Red, black: simulation

0.3cm: <Ath> = 0.04883
0.4cm: <Ath>=0.04970

So A<Ath> = £1.75% (relative)
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DAQ Deadtime Correction (work of D. Wang)

Deadtime correction to asymmetry:
A

Deadtime Decomposition: nessres = Ao
~ Group Deadtime: proportional to group rate; narrow/wide.
~ Veto Deadtime: T1/GC rate; the same for all groups.
~ Final OR.
~ Overall Deadtime: ‘Ve’ro DT + Group DT + Final OR DT ‘
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DAQ Timing Simulation (HATS) (work of D. Wang)

Inputs:
1) Signal amplitude and shape (from data)
2) Rates and position-dependence (from data)

3) DAQ electronic diagram, model spec., cable delays... ...
Right arm preshower PMTs: All Other Leadglass PMTs:
fadcizsas 3] s | [fadesasi ] S
I I\Rﬂ;asn 361.:2 3685[ I\Rﬂ;asn 391_-'2’;
371oi——rL|'”HﬂHrL'J_m_lJ—n_‘—[ Rl TG 5
37052— 36801
37002— 3575§
" T~12ns oo
3690 3665/
33355— sosol
3680 -
3675 3655
N TP T R T R T T T R T —vT T 420 140 160 180 200 220 - 240

X. Zheng, July 2012 33



206 7061 (work of D. Wang)
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How Do We Know It Works? (work of D. Wang)

Deadtime Decomposition:

~ Group DT: measured by "tagger” data

HRS group tagger data HRS group HATS (simulation)
- 0.018
0.8 | © DTWide - Slope of linear fit: 4 deadtime narrow
- 2T Narrow > 0016~ | Wide: p1= 1.02e-07 + 2.31e-09 ,
0.7~ Slope of linear fit: ~
- 0.014|- | Narrow: p1= 5.04e-08 + 9.60e-10 | -
—_ | Wide: p1= 1.02e-07 + 1.22e-09 B
9\:0'65 o - - 0.012 o
C|§-> 0_5;_ Narrow: p1= 6.35¢-08 + 7.99e-10 0-01;
Q04 0.008 &
Q0.3 0.006 f-‘-
0.21- 0.004 A A’
0.1 | ST
- Y
0_|||||||||||||||||||||||||||||||||| 0_|%’:||||||||||||||||||||||||||||||||X103
0 1000 2000 3000 4000 5000 6000 70 0 20 40 60 80 100 120 140 160 180

00 8000
Event Rate(Hz)

= Veto DT: Using FADC data as input/proof;
~ OR (final) DT: no direct data, but can estimate in theory reliably.
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PID Performance - Single Run

Electron Detection Efficiency

1_

0.5~

prrtecrnany

E~97%

Lead Glass

| [ ] |
08 06 04 02 0 02 04 06 08

Vertical hit position [m]

100

&0

&0

40

20

0

(work of K. Pan)

Pion Rejection Factor

R~52

Lead Glass

08 06 04 02 0 02 04 06 08

Vertical hit position [m]

Affects measured asymmetry (Q?) if it varies over
the acceptance or if there are “holes”

We extract detector efficiencies from VDC-on runs, which

were taken daily

X. Zheng, July 2012
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Transverse Asymmetry Background

k P d D.
* Transverse Asymmeftry: (work of K. Pan and b SW ang)

k !
N e
pure transverse
A T ke 9 - -
’ SV SL

Correction to Ad:
A , , 3’6-[%%7«'6’}
Ee_ SH-sm@tr—Sv-smé’O-cosHW]

- Meoncrrod. 2415 +/- 15.05 ppm (Kine #1)
Measured: 5349 +/- 44.91 ppm (Kine #2)

0, very small, S < 2%, S, < 20%

Systematic Error due to Transverse Asymmetry:

0.55% (Kine #1)
0.56% (Kine #2)
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Hall A Monte Carlo (work of D. Wang)
@ hq2121ﬂl75

Entries
_ Mean 1.907
- RMS  0.1762
3000—
- DATA
2500 __ HAMC
2000—
1500 —
Basic checks of HAMC: -
1000—
frgete] = )| [fargeto] -
e
3 C | o N
ol 0.5 1 15 2 25 3
s ; -
arget y — e = G
. 0°#=1.907
& ? 0" =1.896
i . " I
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EM Radiative Corrections (work of D. Wang)

Two theory calculations for Apv in the resonance:

@ Lee/Sato: Delta(1232) only
* Current: D=n+p
* On-going: with wavefunctions - for separate publication

@ M. Gorshteyn (Indiana)
* whole resonance
* isospin rotation p -> n
Latest Hall C RES fit
@ Toy Model: /

RES
ARES _ ADIS formula

O_DIS formula

X. Zheng, July 2012 39



0’=0.954

Res #3 - Delta (1232) (work of D. Wang)

(Magnets Mistuned)

RES#3 I

0"=0.968

< mmm| QP | Q"
1 1
: : : Misha
e Qb O b
Q I 04 08 12 W 04 08 12 W
Elastic |QE Model |DIS |Toy |<Asym> Data
HAMC (ppm) (ppm)
Lee&Tao | 79.2 -455 | -885 O | -49.7 -82.61
(0.14%) | (11.9%) | (86.5%) (1.5%) -66.253
Misha | 792 | -455 | 881 | O | O 8313 | .7768
(0.14%) | (11.2%) | (88.7%)
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Resonance #4 5,7 / Lee&Tao (work of D. Wang)

RES#4 RES#5 RES#7
_4 5 J
Q2 - QZ : Q -
3 3 2+
1: 1- —
: ﬁ 1
OZ \|\\| Lyl 02 RS S FE EE FT FE O---
04 10 16 W 04 10 16 05 10 15 20 W
Elastic| Quasi | Delta | DIS | Toy <Asym> Data (ppm)
HAMC (ppm)
Res #4| 539 | -254 | -759 0 -65.0 650 734 +69
(0.03%) | (1.5%) | (5.26%) (93.2%)
Res #5| 428 | -180 | -553 0 -59.9 _59.1 609 +5.15
(0.02%) | (1.5%) | (1.6%) (96.8%)
Res #7 | 814 -44.1 -985 | -108.8 | -1224 -117.1 -118.8 + 16 9
(0.04%) | (0.89%) (0.99%) | (31.3%) | (66.8%)




Resonance #4 5,7 (Misha) (work of D. Wang)

RES#4 I RES#5H RES#7 I
Q. Q- Q@
: : 2
1 1- :
— ﬁ 1
04 1.0 1.6 W 04 10 16 W 0b 10 15 20 W
Elastic | Quasi | Table | DIS Toy <Asym> Data (ppm)
HAMC (ppm)
Res #4 | 539 271 -69.5 0 577 _68.2 734+ 69
(0.03%) | (1.8%) | (94.0%) (4.2%)
Res #5 | 428 -18.2 -62.4 0 -65.6 619 609 + 5.15
(0.02%) | (1.6%) | (91.9%) (6.5%)
Res #7 | 814 442 | -1276 | -108.8 | -125.9 -120.8 -1188 + 16 9
0.04%) | (0.9%) (62.1%) | (31.3%) | (5.7%)
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Lee,Tao I

DIS Radiative Corrections

(work of D. Wang)

<Asym> | «Q2> Correction
Elastic| QE | Delta | Dis Toy | HAMC | — Factor
, 560 | -265 | -707 | -861 | -933 | -868 | -886
Dis #1 | 0.03%) | (1.3%) | (1.2%) | (74.4%) | 23.2%)| (ppm) | (ppm)
Dis #2 797 | -458 Z.| -159.3 | -1181 | -156.6 | -159.6
l OO OO °O °° °°
(0.03%) | (0.95%)( Eo.ss/) X955%) | (27%) | (ppm) | (ppm)
Misha I <Asym> Correction
lastic E able | Dis To A_<Q2>
Q /4 Y | Hame | A9 Factor
Dig #1 | 560 | -265/ 974 | 861 | -927 | -878 | -886
(0.03%) | (1.3%)| (19.1%) | (74.4%) | (5.3%) | (ppm) | (ppm)
Dis 2 | 797 | 458 | 177 | 1593 | 1478 | 1567 | 1596
S (0.03%) |(0.95%)| (3.4%) | (95.5%) | (0.1%) | (ppm) | (ppm)

Uncertainty is ;s’rima’red using

Xf X

7
max(error of the data, discrepancy between data and model)

uncertainty of the model)

I



Tteration of Radiative Corrections

» Correction depends on the value of C, used in DIS formula;
> We calculated rad. corr. for different C,_
* No more than 2 iterations was necessary.

rad correction vs blinding factor Kine #1

rad correction vs blinding factor Kine #2

‘§1 04:—
E' - u".'
c C # Lee&Tao's Table ..".
01.03 o -
8 -"'. -l".
E1 02 B Misha's Table .u" ..l'.
0 C .u". l'.
= o "
1.01C o (g
L o' ar
- o S
1= - o
C o C
- o»* "
- y "
0.99 o ar
- .o" .l"
098 oof°
)
C 0 ..l
L C
097 A"
i
096_!.|| [ 1 | | | N B
T30 =20 10 0 10 20 30

blinding factor

r

$024-
& — ﬁ
3_02 2 # Lee&Tao's Table . $=$
® T uﬁﬁ'
$1.02— syt
EF N Misha's Table .:::.l
Q018 oo5an
: oot
1.016— s
- sognt
1014 ...::::-l
C n
1.012 .-'::'
= u':'..
101 0"
s u':'.
1.008""
1'mi | | | | |
-30 -20 10 0 10 20 30

blinding factor
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PVDIS Asymmetry in Full Generality

GO’
2\/§7r0c

Apy=—

e _u 1
Cluzng gV:_E

C, =2g, g”/;:—%-i— 23in2(9

vZ
F3

F

G0’
4\/§7r0c

FyZ ge
e 1 V
g4Y, + 5

F

Y,
4 . - e d 1 2.
+§sm (QW) Cld:2gAgV=+§—§sm

)

[a1Y1+a3Y3}

[0

e 1 :
Cry=2g; 2" :+5_281HZ(QW)

7z
a —2gei 2
1 484
F;
gy FY
a,=2 > .
£

X. Zheng, July 2012

> Ci,0,lqlx]+q|x]] for deuteron:

2. 0;lqlxl+qglx]] 6]2C,[1+R|=C 4 [1+R,]
X CuQlalx-qlx] | SRR,
ZQq[Q(XHC_](x” 6[(2C2u_C2d)RV}
“T75HR +4R.
“no structure” 1
(PDG Eq.10.21)
a,=2(2C,,—C a—gﬂx: Coa)]
1 5 lu 1d 3 5 2u 2d

g4y follow PDG




Estimation of HT on the a, term

We could use HT results on F 3VZ from neutrino data in
0710.0124(hep-ph) to correct the a, term:

Fz,T,3(x’Q2):F§,:T2,3(x’Q2)+ . + +......

isoscalar target

=N for FYand F
for any target
Fi=2|d+s—u—c]|
for xFy for deuteron
(not F.")
Fi=2u, +d,+2s—2¢|
-0:6

| |
0.1 02 03 04 05 06 07 08
X



Coherent PVDIS Program with SoLID @ 11 GeV

e} B
Error bar 0,/A (%)
shown at center of bins charge
10— in QZ, X symimetry
@81 | P63 yiotation
B ¢0.58
$-53

D67
standard €2  pes 4 months at 11 GeV

L , P52
model‘pb-m
-+l
B 0.5 higher twist
= 43.51
o 058 ¢-16

= 58 #-6°

sea @52 |"

quarks @18 2 months at 6.6 GeV
= 61 la0.49 months at 6.
L .‘3.6 JJ.QG

| | | | | | | | 1 | ] | | | |
0.2 0.4 0.6 0.8

figure from K. Kumar, Seattle 2009 EIC Workshop EW talks
X. Zheng, July 2012 47



Knowledge on C, qui‘rh Projected JLab 12 GeV Results

SAMPLE all are 1 o limit

L L =0 TL Tk L]
e 1 o
g
e Eo
- =
i

g ™
e W R
v Lo '8 e o >
e W R . .
by e . .
S ol
o T i W R
G AT il . .
M el e T h
nfe WL
b L 5 I
’ 3 g
L i 5 - .
o B i " ",
:
,
’ 4

0.18
SLAC: D DIS

0.16

s ®
L
s g

Cr1u+Cra

R. Young i Xeal:
(combinefdh)- - X2 AN

0.12

0.1

-0.8 -0.7 -0.6 -0.5 -04 _()2 -0.1 U

Ci1.~Ci4 / CQU_CQd

PVDIS@11 GeV with SoLID: potential to improve C, knowledge by another
order of magnitude and better separation from hadronic effects.

X. Zheng, July 2012 48
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