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Spin - polarized DIS (N|57#~4°s|N)
Inclusive: As = -0.10 £ 0.06

uncertainties from SU(3), extrapolation

Semi-inclusive: As =0.03 = 0.03
fragmentation function

Strange Mass (N|5s|N)
N scattering: 0-30%
Strange vector FF (N|57y"s|N)

Strange sea is well-known, but
contributions to nucleon matrix
elements are somewhat unsettled




MEM — dz2 Qi JEM - MG = S|t NC + gy )€ |

Interference with EM amplitude makes NC amplitude accessible

Apy — TROL Mpy| Q7
OR + 07, |./\/lEM‘ (MZ)2




For a proton:

~GprQ? Ap + Ay + Ag
Apy =
47TOZ\/§ Op

Ay = —(1—-4sin® Oy )e'Gh GG

Forward angle Backward angle

G = (1 — 4sin® Ow)G'y v — G — G

For ‘He:
GrQ?

Gs
A _ E
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2(G + G”)]
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Extrapolated 60 from
Q?=[0.12,0.16] GeV?>
Elll':llllllllllll_

SAMPLE with
G,|calculation

Note: excellent
agreement of world
data set

;_ ~\ 95% C.L. -
G - HAPPEX-"He (04) ™\} Gf = -0.12 £ 0.29
E L ’ /
2. o G5,=0.62 +0.32
0.051- i
- A S G ).
i3 Lo | . Would imply that 5-10%
015- ?igigev? || 1 of nucleon magnetic
_I L1 1 | 11 1 1 | L1 1 Iil [ I | :'l [ A . | L1 1 |: momenT IS STr'ange
-1.5 -1 -0.5 0.5 1 1.5

0
S
GM




0.15:—
& After 2005 run: ]
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e Suggested large values at Q* ~ 0.1 GeV?
e HAPPEX-ITI, H and He (2005)
e Large possible cancellation at Q% ~ 0.2 GeV?
e G' backangle
e A4 backangle
e Possible large values at Q%>0.4 GeV?
e 5" backangle
e HAPPEX-IIT
e A4 backangle




Measurement of PV Asymmetries

OR = OL _ 44-6 5% Statistical Precision on 1ppm
op + o1 — requires 4x10'* counts

ArLr =

ﬁQapid Helicity Flip:
Measure the asymmetry at few 10~ level, 30 million times

. R R
NR — NL :\Tindow
NR + NL L L L L

15 Hz

Arr =

e Analog integration over entire window (33 ms)
(detectors, beam current and position monitors)
e RMS: Control noise (target, electronics)
e Mean: Minimize and accurately correct for
\ false asymmetries

-
Statistics: High rate, Low noise
Systematics:  Beam asymmetries, Backgrounds

Normalization: Polarization, Linearity, Backgrounds
- J




Cryo-Target
400 W transverse flow

20 cm, LH2
20 cm, 200 psi 4He




Focal Plane Detectors

Clean Separation of Overlap the elastic line above the
elastic events by HRS optics focal plane and integrate the flux

10

—
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GaAs

Superlattice
Photocathode

e Optical pumping of
solid state photocathode

e High Polarization (>85%)

e Pockels cell allows rapid
helicity flip (30 Hz)

Rotatable. e Slow helicity flip (1/day)
y o Plaewe to check answer
Pockels Cell
\ N and further cancel
L Insertable N beam asymmeftries

Half-wave ™N
Plate
e Careful configuration
Polarized &~ to reduce beam asymmeftries




‘Beam Position Differences, Helium

e Problem clearly identified
Position Difference Goal: 3 nanometers! as beam steering from

X Angle BPM electronic cross-talk

o Tests verify no helicity-

E correlated pickup in DAQ at
S sub ppb level
2
e Mostly cancel in average
over both detectors
Raw ALL Asymmetry
e
Q.
Dataset Number N
Helicity Signal to Helicity Signal to

driver reversed

driver removed

Dataset Number




. Beam Position Corrections- Helium

Raw Left Asymmetry Corrected Left Asymmetry
Beam Asymmetries:

X Target: -5 nm
X Angle: -28 nm
Y Target: -21 nm
Y Angle: 1 nm

Ppm
Ppm

Raw Right Asymmetry  Corrected Right Asymmetry
Total Corrections:
Left:  -0.370 ppm

Right:  0.080 ppm
Al 0.120 ppm

Ppm
Ppm

(Arqw = 5.253 + 0.191 ppm)




‘Beam Position Corrections- Hydrogen

X angle BPM Surpassed Beam Goals
for Hydrogen Run

Energy -0.25 ppb
X Target: 1nm
X Angle: -2 nm
Y Target: -1nm
Y Angle: <1 nm

micron

Raw and Corrected Left Asymmetry

<— Raw and Corrected for
Left Arm Only! Superimposed!

Total correction for beam position
asymmetry on Left, Right,
or ALL detector: 0.010 ppm

Ppm

(Arqw = -1.418 + 0.105 ppm)




Hydrogen: 86.7 + 2 % New developements in v & e~

- analyses. Anfticipate <2%
preliminary

systematic uncertainty.

Helium: 840 + 25 %

preliminary

Helium ran with lower beam
energy, making analysis
significantly more challenging.




Dedicated runs at very low current using track reconstruction of the HRS

*He Elastic Dipole field scan to measure the
probability of rescattering

inside the spectrometer

Events

Breakup
Threshold

1000

500

-0 » ° " (p-p) (MeV)

Helium:
Helium QE in detector:  0.15 +/- 0.15%
Helium QE rescatter: 0.25 +/- 0.15%

Al fraction: 1.8 +/-0.2%
Hydrogen:
Al fraction: 0.75 +/- 0.25%
Hydrogen Tail

+ Delta rescatter <0.1%

Total systematic uncertainty contributions: ~40 ppb (Helium), ~15 ppb (Hydrogen)
e



4-Momentum Transfer Squared

(QQ° =2FE'(1 — cos0)
593urvey ~ 1% :> 5@2 ~ 2% (GOC(' 5Q21 lo/o)

Rate —

Nuclear Recoil Method: -
Water Cell (Steel Windows) 150;

100[

E/ o E_%(mﬂ_mz)
o 1+%(1—0086’)

50 -

i

0

AR R ke SRS (NN
| | | | | | | | N
2.98 3 3.02
Scattered Momentum (GeV)

00, uctei = 0.3% = 00Q? ~ 0.7%




Raw Parity Violating Asymmetry
~ 25 M pairs, width ~540 ppm g * HWP Out

= H - HWP In

bt
At e

5710 15 20 25 30 35 40
Slug

A.aw correction ~ 11 ppb

Helicity Window Pair Asymmetry

_ Asymmetry (ppm)
W N o O aON W

°_I_I‘IIII|IIII|IIII

2 =20.1089 + 0.0011 GeV?
Araw = -1.418 + 0.105 ppm (stat)



Raw Parity Violating Asymmetry

~ 30 M pairs, width ~1130 ppm : - Ou
Araw COrrection ~ 0.12 ppm éo;lﬁ }T“ 11 {_I L_ﬂhl Al 1&“ Hf
&5 i 'f”f].'w.i[.f|' 'fﬁ-ﬁ'fﬁ"T“i"lw..ﬁ]r' hil |
Helicity Window Pair Asymmetry §° I | [ li i H _T
5 o gLt
ik i ikl i ] ﬁﬂ i H}H
<f15f— lllllllllllllllllll } lllllll
0 20 40 60 80 100 120

Slug

Q? = 0.07725 + 0.0007 GeV*
Araw = 5.253 £+ 0.191 ppm (stat)




4 : 2=0.0772 £ 0.0007 (GeV/c)?
HAPPEX-"He: Apy = +6.43 + 0.23 (stat) + 0.22 (syst) ppm

A(G°=0) = +6.37 ppm
G% - 0004 T 0-014(3tat) T 0.013(8y3t)

u- Q? = 0.1089 + 0.0011 (GeV/c)?
HAPPEX-H: Apy =-1.60 £ 0.12 (stat) + 0.05 (syst) ppm

6% +0.088 G, =
0.004 + 0.011,, + 0.005,,,, + 0.004 ;)




G5, = 0.28 +0.20
G, = -0.006 + 0.016

~ 3% + 2.3% of proton
magnetic moment

~ 0.2% + 0.5% of
Electric distribution

HAPPEX-only fit suggests

something even smaller:
sr =012 +0.24

G5, = -0.002 + 0.017




Forward Angle — Proton Target

Preliminary Preliminary

e Suggested large values at Q* ~ 0.1 GeV?
e Tightly constrained

e Large possible cancellation at Q? ~ 0.2 GeV?>
e Very unlikely given constraint at 0.1 GeV?
e GY backangle at low Q2 maintains

sensitivity to discover G3,

e Possible large values at Q%>0.4 GeV?
e 5" backangle, Running Now!
e HAPPEX-III - 2008




Forward Angle — Proton Target

Preliminary Preliminary

e Suggested large values at Q* ~ 0.1 GeV?
e Tightly constrained
e Large possible cancellation at Q? ~ 0.2 GeV?>
e Very unlikely given constraint at 0.1 GeV? s
e G° backangle at low Q? maintains E 20 backanale
sensitivity to discover G35, HAPPEX-TTI
e Possible large values at Q%>0.4 GeV?
e 5" backangle, Running Now!
e HAPPEX-ITI - 2008 G,

Q2=0.6GeV?




Extra Slides




False Asymmetries 48 ppb
Polarization 192 ppb
Linearity 58 ppb
Radiative Corrections 6 ppb
Q? Uncertainty 58 ppb
Al background 32 ppb
Helium quasi-elastic background | 24 ppb
Total 216 ppb




False Asymmetries 17 ppb
Polarization 37 ppb
Linearity 15 ppb
Radiative Corrections 3 ppb
Q? Uncertainty 16 ppb
Al background 15 ppb
Rescattering background 4 ppb
Total 49 ppb




Error Source Error Percent Error in Q2
Scattering Angle 0.01° 0.4 %
HRS Momentum Scale 5 MeV 02 %
Beam Energy 3 MeV 0.1%
Matrix Elements:

AtZ=0 03 %

Z dependence 0.1%
ADC Weighting He: 01% H:05%
Drifts in Time 0.6 %

Rate Dependence

He: 0.3 % H:0.1%

Total Systematic Error
Statistical Error
TOTAL ERROR

He: 09 % H:10%
<0.1%
He: 09 % H:10%

Contribution o Apy (syst)

He: 58 ppb H: 16 ppb




5
Araw — Adet — AQ - Z ﬂzAajz
1=1

e natural beam jitter (regression)

Slopes from | beam modulation (dithering)

"Regression” "Dithering"”
e Natural beam motion e Induce non-HC beam motion with
measure dA/dAXx; coils, measure dS/dC;, dx/dC;
e Simultaneous fit establishes e Relate slopes to dS/dx;
independent sensitivities e Not compromised by correlated
e By definition, removes beam motion
correlation of asymmetry to e Robust, clear signals for failures
beam monitors e Sensitive to non-linearities

e Sensitive to highly correlated
beam motion and electronics noise




Beam . . . .
Modulation Coils : / High Dispersion Point

Steering Coil

Beam Position MonitorE

Beam Current Monitor s







H

Interaction Point

e Non-invasive, continuous polarimetry

e 2% systematic error at 3 GeV

e Independent photon and electron analyses

e Cross-checked with Hall A Maller, 5 MeV Mott
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