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. *Strangenessn the Nucleon

Constituent Quarks
D

(Q?=0 GeV?)
baryon octet
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. *Strangenessn the Nucleon

Constituent Quarks Parton Distributions

il fu -
(Q?=0GeV?) (Q?>1 GeV?)
baryon octet structure functions

masses,magn. momenta momentum, Spiﬂ
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. -Strangenessn the Nucleon

deep inelastic neutrino scattering
sizeable charm production

(
CKM +db T+ (©

~+s! "+ (0

3% of P, from strangeness

pp annihilation
strongly enhanced production

OZl-rule violation
sizeable polarized Ss component
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. -Strangenessn the Nucleon

< NJSS|N >
does not couple to EM-probe
$ -scattering amplitude
Mms < NJSSJN >= 150 480M eV
10% 50%of my, from strangeness
< Njs °sjN >
contribution to spin of he proton
s=12% 10%
< NJS gJN >
vector form factors of the nucleon

charge radius and magnetic moment
parity violating electron scattering
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-Vector Form Factors

e e
Ge (Q?%) = F1(Q%) - F2(Q?)
Gum (Q2) = F1(Q?) + F2(Q?)
P )
u d S

F = Qu"F{+ Qq “Ff+ Qs°Ff +
F3 = Qu"FS+ Qu Ff+ Qs°FJ +
FI' =Qu"F{'+Qu F{+Qs°F] +
F2 =Qu"F2+Qu F7+Qs°FJ +

4 experimental quantities $ 12 unknown a vor form factors
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. *Flavor Decompositionof -Vector Form Factors

| Ge(Q%) =Fi(Q%) - F2(Q?)
| Gwm (Q?) = F1(Q?) + F»(Q?)

//\ Ga(Q?)

u d S
FY = Qu'F+ Qq “Ff+ Qs °Ff +
FY = Qu'F+ Qq “FP+ Qs °FF +
FT =Qu “F+Qq “FT'+ Qs °F7 +
F3 =Qu"F3+Qu F7+Qs°F7 +

4 more exp. quantities $ 12 more unknown a vor form factors
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. *Flavor Decompositionof -Vector Form Factors

| Ge(Q%) =Fi(Q%) - F2(Q?)
| Gwm (Q?) = F1(Q?) + F»(Q?)

//\ Ga(Q?)

u d S
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F3 =Qu"Fo+ Qu “F2+ Qs SFa +
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In form factor

2 1 1
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Separationof

Gpégf GRGE + GPGP
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. ‘Experimental Conditions for PV experiments

o Asymmetries are small (10 ©6)

» detect high rates, high luminosity (1038(scm?) 1)
without spectrometer integrating (SAMPLE, MIT-Bates)
magnetic spectrometer (HAPPEX, TINAF)
crystal calorimeter (A4,MAMI)
toroidal spectrometer (GO, TINAF)

# (quasi) elastic electron proton scattering
» 0.1GeV?<Q?<0.1GeV?

# inelastic scattering
low energy (SAMPLE, MIT-Bates)
magnetic spectrometer (HAPPEX, TINAF)
crystal calorimeter (A4, MAMI)
TOF in toroidal spectrometer (GO, TINAF)
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SAMPLE Experiment Schematic
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-SAMPLE at MIT - Bates

SAMPLE Apparatus

SAMPLE EXPERIMENT

Qe =130- 170°

E, =200 MeV
P, ~ 37%
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. *‘SAMPLE at MIT - Bates

Physics Asymmetry (ppm)

-10

SAMPLE Deuteron Asymmetry

Inputs to theory
- Nuclear effects: Schiavilla

Theory prediction - G: Zhu etal.
? - G,;=0.15
SAMPLE Il
SAMPLE I

i

Theory prediction

0.02 0.03 0.04 005 0.06 0.07 o0.08 0.09 0.1 0.1

@ (GeV/c) 2
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. *SAMPLE at MIT - Bates

M Theory and Experiment
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_ -HAPPEX at TINAF

HAPPEX at Jlab

-
polarized ] !
sOUrce

Integrated
e Current (Charge

1998: 37% 100 uwA BOC
1999: 70% 35uA 75 C

1999: 75% 45 uA 15 C

P

acquisition
& contro

o 1999 Runs: First Parity Violation

Measurement with a Strained
GaAs photocathode

0 Steering Coik
W Pesition Monitors
= | ntensity M onitars

HAPPEX

Physics Asymmetry
(fmnl 98 + 99 dm) Aoy =-15.05 + 0.98 + 0.56 (ppm)

Standard Model (w/o nucleon strangeness): -16.46 + 0.88 ppm

Axial Form Factor Contribution: 056+0.23 K.A. Aniol et_al.
PLB 2001
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_ -HAPPEX at TINAF

HAPPEX: Implications and Plans
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‘GO at TINAF

G: , G,, and G; separated
over range Q° ~ 0.1- 1.0 (GeV/cY

Detectors

Superconducting

Electron Beam
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. GO at TINAF

Projected GO Results
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pol. electron source
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A4, fast PbF calorimeter, 100 MHz total rate
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A4 read out electronics principle
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A4 scattered particle spectrum (sum of 9
crystals)
16 1C° histograms $ 10 elastic event
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1022 detectors Compton Transmission Pol.

Laser Compton backscatter Pol.
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Run Asymmetries

Chisquare / NDF = 43.90 / 67 = 0.66
Const 169.06 +- 3.25

Decorrelated Asymmetry (ppm)

= Mean = (-6.16 +- 0.62) ppm
C Sigma = (40.61 +- 0.48) ppm
180[— Number ';“:u:lss: 4339,
| - Elastic Events: 4818940838151
160 — Slima from Pure Statistics: 30.01 ppm
140|—
120|—
100
80—
60—
40—
20[—
B a4 \ ! 4
E%00 -150 -100 -50 50 100 150 200
Decorrelated Asymmetry (ppm)
Run Asymmetries Gauss Fit
Chisquare / NDF = 18.20 / 28 = 0.65
Const 302,25 +- 6.5
Mean = (1:39 +- 0.30) ppm
L Sigma = (17.19 +- 0.22) ppm
300— Elasic Evene 19506100985340
[ Slgma from Pure Statistics: 12.85 ppm
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A4, fast PbF, calorimeter, systematic effects
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WAINZES

A4, fast PbF, calorimeter, 100 MHz total rate
854 MeV (0.227 GeV?) 570 MeV (0.101 GeV?)

Decorr for ALL runs (M#5 L#5 S#0 H#4)
Asymmetries
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0.227 GeV? -5.7ppm 0.6 ppm ( 0.56stat 0.19corr 0.06pol)
0.101 GeV? -1.4ppm 0.4 ppm ( 0.29stat 0.11corr 0.06pol)
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A4, Asymmetry as a function of Q2

A0 at theta=35.0 deg
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A4, strangeness form factors 0.101 GeV?

570.1 MeV
GSE oE
L 7 R T R A
GM
Q2 ALr (€p AR (ep)(stat; sys)
0.10 GeV? | -1.37 ppm (350 h) 0.29 ppm, 0.11 ppm

combination

G: + 0:106G$, = 0:.073 0:035
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Parity Violating Electron Proton Scattering

Tool to Investigate Hadron Structure

Strangeness Contribution to Vector Form
Factors of the Nucleon

SAMPLE, MIT-Bates backward angle G}, ,Ga
HAPPEX, TINAF forward angle G +Gy,

A4, MAMI, Mainz G} +Gy,

GO, TINAF G +Gy,



	Overview
	Strangeness in the Nucleon
	Strangeness in the Nucleon
	Strangeness in the Nucleon
	Flavor Decomposition of {
ed EM}-Vector Form Factors
	Isospin Symmetry
	Flavor Decomposition of {
ed Weak}-Vector Form Factors
	Parity Violation in Electro Weak Interaction
	Coupling Constants $leftrightarrow $ Charges
	Separation of {
ed Strangeness} in form factor
	Separation of {
ed Strangeness} in Asymmetry
	Experimental Conditions for PV experiments
	SAMPLE at MIT - Bates
	SAMPLE at MIT - Bates
	SAMPLE at MIT - Bates
	SAMPLE at MIT - Bates
	SAMPLE at MIT - Bates
	SAMPLE at MIT - Bates
	HAPPEX at TJNAF
	HAPPEX at TJNAF
	G0 at TJNAF
	G0 at TJNAF
	A4 at MAMI includegraphics [width=0.5cm]{./Bilder/mamilogo.eps}
	A4 at MAMI includegraphics [width=0.5cm]{./Bilder/mamilogo.eps}
	A4 at MAMI includegraphics [width=0.5cm]{./Bilder/mamilogo.eps}
	A4 at MAMI includegraphics [width=0.5cm]{./Bilder/mamilogo.eps}
	A4 at MAMI includegraphics [width=0.5cm]{./Bilder/mamilogo.eps}
	A4 at MAMI includegraphics [width=0.5cm]{./Bilder/mamilogo.eps}
	A4 at MAMI includegraphics [width=0.5cm]{./Bilder/mamilogo.eps}
	A4 at MAMI includegraphics [width=0.5cm]{./Bilder/mamilogo.eps}
	A4 at MAMI includegraphics [width=0.5cm]{./Bilder/mamilogo.eps}
	A4 at MAMI includegraphics [width=0.5cm]{./Bilder/mamilogo.eps}

