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* Proton form factor puzzle and
two-photon exchange

* Two-photon exchange study at
MAMI-A4

 Published data and latest results



Proton form factors

Generalized form factors

Elastic scattering of two spin-1/2 particles can be
described by 6 amplitudes (form factors).

B, F, Fy By Fs F.

» Small coupling (1/137) -> small higher order contributions
» One-photon exchange approximation are regareded as sufficient

Form factors in Born approximation

GE(QZ) = F1(Q2) — 1F, (QZ)
Gm(Q?) =F1(Q%) + F,(Q%)




Methods for form factor measurement

Rosenbluth separation
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Spin-transfer method

Spin transfer reaction: ép — ep Phys. Rev. C 23, 363 (1981)

L

2 [yP, = —21(1 + 1)GrGy tan

P:

I,P, = E°+E JT(1 +17)GZ tan %

Iy = GE(QZ) +£Gi (Q%)




Proton form factor puzzle
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TPE accessible via transverse spin asymmetry

Azimuthal asymmetry
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MAMI

Mainz Microtron (MAMI)

* Electron beam:0.2-1.5
GeV, current ~ 20 uA

* Energy, current, position
and angle are stabilized
and monitored

A4 experiment
* Parity violation asymmetry: Strange form factor
e Azimuthal asymmetry: Two-photon exchange

RTM1 =
Injector Therm. Source
Linac + Pol. Source

Spectrometer
Hall

Pol. beam
Photoelectric effect on GaAs with circularly polarized laser: longitudinally polarized electrons
Wien filter + procession in micrtrons — longitudinal / transverse

Solenoid: transverse — vertical

Beam polarization ~ 80%

Pol. state reverses every 20 ms, flip pattern follows either TIlT or ITT{ 7



Electromagnetic calorimeter
* PbF, crystals, pure Cherenkov — fast response (20 ns)

1022 crystals: 7 rings x 146 frames — ¢@: (0, 2m)

Read out: sum of 3x3 crystals. AE/E =~ 3.9%/,/E[GeV]

Rotatable platform: both forward (30" — 40°)

and backward (140" — 150°)
. Luminosity monitor

e 8 water Cherenkov
counters (4.4° — 10°)

Plastic scintillator to veto y in backward config.

High power liquid target
* Hydrogen -
e Deuterium s
 Forward (L=10cm, £ =0.5%x1038cm™2.s71)

e Backward (L=23cm, £L=1.2x1038cm™2.-s71)



Asymmetry extraction
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* Integrate spectra under elastic peak -> N'(N*)

T_pt
* Raw asymmetry for each frame Af = —Zuxl

Raw

* Correct helicity related false aymmetry A~ - Ap
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Asymmetry extraction

03
* Integrate spectra under elastic peak -> N'(N*)
Raw asymmetry for each frame Ay = W

e * Correct helicity related false aymmetry ARaW - Af

Event counts
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Asymmetry in luminosity monitor

Large statistics
Large asymmetry
Serve as polarization monitor
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False asymmetry caused by difference in

Beam position (AX, AY)
Beam angle (AX',AY")
Beam current Al
Beam energy AE
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Asymmetry calculation

Theory by B. Pasquini and M. Vanderhaeghen
Phy. Rev. C 70, 045206(2004)

e e

nN intermediate states
Take yN — N amplitudes
from MAID as input using
unitary

Ground proton state
G; and G, as input

I A

p ; p
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A4 results: 2005

m Energy & Target

Phy. Rev. Lett. 94, 082001(2005)
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* Significant inelastic
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A4 results: 2005 ---> 2017

Kinematics | Energy&Target [
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Phy. Rev. Lett. 119, 012501(2017)
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A4 results: 2005 ---> 2017 ---> 2019
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Asymmetry in resonance region
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Discrepancy between Rosenbluth separation and polarization
transfer triggered the two-photon exchange (TPE) study.

* Transverse spin asymmetry (4, ) provides an ideal test bed to
study TPE.

* A4 has completed the A, measurement in elastic scattering.

* A4 is still delivering new results (A, and PVA in inelastic region).

Thanks for your attention !
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