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Imaginary Part of Two-Photon-Exchange

# Beam Spin Normal Asymmetries in elastic € pscattering

SAMPLE@MIT-Bates: backward
HAPPEX@JLab: forward
GO@JLab: forward
E158@SLAC: forward
A4d@MAMI: forward

# Beam Spin Normal Asymmetries in Mgller scattering

- E158@SLAC: forward

# Future Measurements
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Beam Spin Normal Asymmetries in Elastic Scattering

- Single-Spin-Asymmetries: € Spin longitudinal,
Parity Violating, (@-symmetric
Apy = 107°

- Single-Spin-Asymmetries: € Spin transverse,
Dependence on Azimuth Angle @ sin(¢),
Abeam— 1075 A0t — 10-2
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Thonflip Tiip

Helicity Amplitudes
u(k2) y-Pu(ks) -u(pz) y-Ku(pz) u(kz) u(ke) - u(pz) u(ps)
u(k2) y- P u(ks) -u(pz) u(ps) u(kz) u(ka) -u(pz) y-Ku(ps)
U(k2) ysy- P u(ky) -u(pz) ysy- Ku(p1)  u(kz) ysu(ky) - u(pz) ys u(pa)

Generalized Form Factors

Gm(s @), Ge(s,Q%), R(5,Q%) Fa(s,Q?), Fs(s,Q@%), Fe(s, @?)
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% Two-Photon Exchange

Moon s = o ko) Yuu(ks) 0p2) G (5 Q)i -
FAs Q) o+ Ea(s Q) I Ju(p)
My = e [k utky) ) (s @)
+Es(s )Y u(pn)

+Fs(5,Q?)0(kz) ys u(ky) G(p2) Y5 U(p1)]
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% Observables
- 1-Photon forbidden Transitions in Nuclear States

- Elastic Cross Section Measurement (Real Part, Correction to
1-Photon)

- Ogp - Oe+p (Real Part, Correction to 1-Photon)
- &-Dependence (at fixed QZ) (Real Part, Correction to 1-Photon)
- Recoil Polarization Py,Py,P; (Real Part,Imaginary Part)

- Transverse Target Spin Asymmetry (Imaginary Part, forbidden in
1-Photon)

- Transverse Beam Spin Asymmetry (Imaginary Part, only in
2-Photon)
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% Single Spin Asymmetry in Elast. Scattering

—P
(k1 x ko) /|K1 x ko
O —0y

011 +0y
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% Single Spin Asymmetry in Elast. Scattering

O++—0
A = J17%

Oy +0

Me VI+t,, €|Gel?. 4
A = ——=\/2¢(1—¢ 14+ — 12
L= oy VR )

Fs _|€;E|[(ﬁ4 1 (e
Gum~  |Gm| Gwm
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Doubly Virtual Compton Scattering

Integration over kinematics

E, = 0.855 GeV
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90’

- W =1.232 GeV

- W =1.232 GeV
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% Transverse Asymmetry in Elastic Scattering
- Systematic Studies of the 2-Photon-Amplitude at low Energies

- A proportional to Imaginary Part (Connect to Real Part via
Dispersion Relations)

- “known”"TIN Amplitudes from Tt-Electro-Production for Calculation
of A (B.Pasquini MAID)

- Complementary Access to T-Electro-Production

- Electroweak Precision Experiments depend on
vy Zg and W™ W~ Box Graphs

Parity Violating Electron Scattering (A4, GO, Happex,
SAMPLE, Qweak

Parity Violation in Atomic Physics

Vud

- Generalized Parton Distributions
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4 PV Experiments

A4 Measurement Principle

o @ -

- * p Target

# Longitudinally or transversely polarized electrons
o Target: unpolarized protons
# Detector: scattering angle

. . . . N+_N—
o Counting experiment: A = NTIN.
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Ad: e~ EM-Calorimeter |

GO:p™,Time of Flight, Toroidal Magnetic field
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SAMPLE at MIT/Bates



SAMPLE transverse beam asymmetry
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Two Photon Physics: SAMPLE measurements

arXiv:nucl-ex/0002010 vl 22 Feb 2000
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Two Photon Physics: SAMPLE measurements

Afanasev
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Pasquini
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% Two Photon Physics: HAPPEX

B=6°, Q2 = 0.1(GeV/C)%, Ee=3 GeV A, =- 6.6 ppm

1 1.5 ppm (stat) = 0.2 ppm (syst) (Kent Paschke)

Afanasev: A| =-7.2 ppm (no cut in W of inelastic
state)
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% GO atJLab

G, , G,, and G| separated
over range O° ~0.1-1.0 (GeV/c)’

Detectors

Superconducting

Electron Beam
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% GO atJLab

Expected precision on A_for forward angle G’

* Data collection took place over 22-26 March 2004:
39 hrs (30 parity hrs) on LH2; 5.8 hrs (3.8 parity hrs) on Al.

* Projected statistical errors for the

elastic scattering peak on LH2
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Asymmetries & required correctior

Reg. & Leak. Corrected Elastic Asymmetry for detectors 14 indf  3.674
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% GO atJLab
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E158 at SLAC: Mgller Scattering
Experiment principle

Raw Asymmetry =1.3x107 (130 ppb) A(Apv) = 108 (10 ppb)
Need 1076 electrons

DETECTOR
\

BEAM 2,7 GHz scattered Moller
TARGET N+ N-

. E_= 45 GeV

4-7 mrad

e e e =Y T Flux |
integration
e Hi i i =859
High Pc:arliazon Pe=85% High density target, o_=12 pb
ee e ‘exp — % L~103cm=2s1
« High intensity
5x10'! e-/pulse
«Fast polarization reversal 4 Months to achieve
120 Hz 10% statistical
precision
Antonin VACHERET, CEA-Saclay Dapnia/SPhN  SLAC E-158 PAVI 2004
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% E158 at SLAC: & Scattering

scanner signal (arb. units)

43 & 46 GeV
ep — ep €

RPM, 04/14/2005

ep ring

A £P at E158

Raw asymmetry!

EP Detector

Has the opposite sign! (preliminary!)

R it

Polarization & background corrections to do

~ 25% 1nelastic ep, ~ 70% elastic ep
Few percent pions (asymmetry small)
Moller ring v Proton structure at E158 !

(I) (Azimuthal angle)
I >

~ 24 hrs of data

Chi2/ndf=4.985/7

3 BT . T S

Monopole = 0.2472+ 0.135%
Dipole. =1.855=0.1762
phase =0.662+0.173

0

2

10
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Gorchtein

B_in the Regge regime

0 yvoafla srelysan FppenTaua slopuela puplonanl sppylogaa
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A4 at MAMI/Mainz



% A4 fast PbF, Calorimeter

Calorimeter:

1022 PbF, Crystal in 146
Frames

©=30".40", ® =0..21m
Luminosity Monitors:

8 Integrating Water-

Cherenkov Detectors
©=44°..10°, @ =0..211

Full Coverage of the
Azimuthal Angle @
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& Strangeness Contribut
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% Determination of A |

E = 8552MeV, Q% = 0.23(GeV/c)?, 50 h

| 855 MeVTransversal fohi= A" coshi)
Chisquare /NDF = 2.290 /4 = 0.573

A= (.44 + - 2.43) ppm
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% Determination of A |

E =5693MeV, Q% = 0.11(GeV/c)?, 50 h

| 570 MeVTronsversal | P S y—

Chisquare /NDF = 16.980 /7 = 2.426
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4 Comparison of A; with Model Calculations

{0
P p P o
Intermediate State: Proton, TN States (MAID)
(B. Pasquini)
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p— ! o
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PRL 94, 082001 (2005)
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% Elastic Scattering at Forward Angles
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% A4 transverse Programm
Eec [MeV] | B¢ [degrees] BAE [ppm] hours BAE [ppm] hours OA" [ppm]
proton deuteron | (extracted)
315 (35+5)0 0.5 20 0.5 20 20
420 (35+5)0 0.5 40 0.5 35 11
510 (35+5)o0 0.5 90 0.5 70 7
570 (35+5)o0 0.5 90 0.5 70 7
854 (35+5)o0 0.5 300 0.5 220 4
1200 (35+5)0 1 260 1 180 6
1500 (35+5)0 2 180 2 120 11
315 (1454 5)0 3 90 2 130 10
420 (145+5)0 3 (230) 2 (320) 10
510 (145+5)0 4 (300) 3 (390) 13
570 (145+5)0 4 (370) 3 (390) 13
854 (1454 5)0 8 (490) 7 (380) 28

FM. 12.10.2005 —p. 37/38




% Summary

o Transverse Single-Spin-Asymmetries SAMPLE, A4, GO,
HAPPEX, E158

# Imaginary Part of the 2-Photon-Amplitude
precision tool — inelastic TN intermediate States

® Intermediate Inelastic States Dominate
o Systematic Study of 2-Photon-Amplitude

o Experiments at Forward- and Backward angles
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