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Strangenessin the Nucleon
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Strangenessin the Nucleon

deep inelastic neutrino scattering
sizeable charm production

CKM

(
� ` + d ! ` + c
� ` + s ! ` + c

3% of Pp from strangeness

pp annihilation
strongly enhanced � production

OZI-rule violation
sizeable polarized ss component
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Strangenessin the Nucleon

< N jssjN >
does not couple to EM-probe
� � $ � -scattering amplitude
ms < N jssjN > = 150� 480M eV
 10%� 50%of mp from strangeness

< N js
 � 
 5 sjN >

contribution to spin of he proton
� s = 12%� 10%

< N js
 � sjN >
vector form factors of the nucleon
charge radius and magnetic moment
parity violating electron scattering
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Flavor Decompositionof EM-Vector Form Factors
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IsospinSymmetry
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Flavor Decompositionof Weak-Vector Form Factors
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Parity Violation in Electro Weak Interaction
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Coupling Constants$ Charges
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Separationof Strangenessin form factor
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Separationof Strangenessin Asymmetry
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Experimental Conditions for PV experiments

Asymmetries are small (10� 6)

detect high rates, high luminosity (1038(scm2)� 1)

without spectrometer integrating (SAMPLE, MIT-Bates)

magnetic spectrometer (HAPPEX, TJNAF)

crystal calorimeter (A4,MAMI)

toroidal spectrometer (G0, TJNAF)

(quasi) elastic electron proton scattering

0.1 GeV2 < Q2 < 0.1 GeV2

inelastic scattering

low energy (SAMPLE, MIT-Bates)

magnetic spectrometer (HAPPEX, TJNAF)

crystal calorimeter (A4, MAMI)

TOF in toroidal spectrometer (G0, TJNAF)
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SAMPLE at MIT - Bates

SAMPLE Experiment Schematic
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SAMPLE at MIT - Bates

SAMPLE Apparatus
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SAMPLE at MIT - Bates

SAMPLE Results
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SAMPLE at MIT - Bates
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SAMPLE at MIT - Bates

SAMPLE Results

GM
s(Q2=0.1) =

0.37 +- 0.20 +- 0.26 +- 0.07
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SAMPLE at MIT - Bates

ms Theory and Experiment
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HAPPEX at TJNAF

HAPPEX  at Jlab
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HAPPEX at TJNAF
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G0 at TJNAF
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G0 at TJNAF

Projected G0 Results
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A4 at MAMI M A INZER M IKRO TRO N

M
oe

lle
rp

ol
ar

im
et

er
 (

A
1)

calorimeter: 
1022 PbF2-crystals

luminosity

pol. electron source
P=80%, I=20mA

MAM I
E=855MeV
DE/E=10-6

e-

e-

e-
E,Q

Compton-
laser

back scatter
polarimeter

g

e-

helicity correlated
measurement of:

beam current,
beam energy
beam position
 beam angle
luminosity:

monitor system

high power
liquid
hydrogen
target

g

transmission
Compton polarimeter 

and beam dump

A = 
NR  -  NL

NR + NL

E,Q

Frank Maas, DIS2004, April 15, 2002 – p.24/34



A4 at MAMI M A INZER M IKRO TRO N

A4, fast PbF2 calorimeter, 100 MHz total rate
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A4 at MAMI M A INZER M IKRO TRO N

A4 read out electronics principle
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A4 at MAMI M A INZER M IKRO TRO N

A4 scattered particle spectrum (sum of 9
crystals)

16� 106 histograms $ 1013 elastic event
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A4 at MAMI M A INZER M IKRO TRO N

1022 detectors Compton Transmission Pol.

Laser Compton backscatter Pol. 570 MeV, 0.1 GeV2
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A4 at MAMI M A INZER M IKRO TRO N

A4, fast PbF2 calorimeter, systematic effects

Decorrelated Asymmetry (ppm)
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A4 at MAMI M A INZER M IKRO TRO N

A4, fast PbF2 calorimeter, 100 MHz total rate
854 MeV (0.227 GeV2) 570 MeV (0.101 GeV2)
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A4 at MAMI M A INZER M IKRO TRO N

A4, Asymmetry as a function of Q2
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A4 at MAMI M A INZER M IKRO TRO N

A4, strangeness form factors 0.227 GeV2
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A4 at MAMI M A INZER M IKRO TRO N

A4, strangeness form factors 0.101 GeV2

570.1 MeV
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Summary

Parity Violating Electron Proton Scattering

Tool to Investigate Hadron Structure

Strangeness Contribution to Vector Form
Factors of the Nucleon

SAMPLE, MIT-Bates backward angle Gs
M ,GA

HAPPEX, TJNAF forward angle Gs
E +Gs

M

A4, MAMI, Mainz Gs
E +Gs

M

G0, TJNAF Gs
E +Gs

M
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