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* Proton form factor puzzle and
two-photon exchange (TPE)

* How to investigate TPE
* TPE program at MAMI-A4

* Opportunities to study TPE at PANDA



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%)
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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)
2 [P, = —2/t(1 + T)GEGy tan%
P,=0

y

I,P, = EOAJZIE’T(l + 1)G% tan%

Ip = G5(Q*) + £Gi(Q*)




Proton form factor puzzle
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Proton form factor puzzle
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correction could explain the

discrepancy.
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How to study TPE? Charge asymmetry
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How to study TPE? Transverse spin asymmetry

T-odd affect [T, B[ = [T®(-F, K|

2

Aexp =

Azimuthal asymmetry

50 _ 5 5ep
m:ALW: —A | cosg
A Im(M;]‘;[ZV)
M, | Nucl. Phys. B 35 (1971) 365.

Target Spin Asymmetry in eN — eN Beam Spin Asymmetry in éN — eN

* Imaginary parts of F, F,, F5
c A ~a~1072
* HallA@JLab (pol. 3He target)

* Imaginary parts of F3, F,, Fs
* A] ~a-7Ef~107%-10"°

* SAMPLE@MIT-Bates

* HAPPEX, GO, Q,0qx @JLab
* AA@MAMI




MAMI

Mainz Microtron (MAMI)

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

e Circularly polarized laser on GaAs — longitudinally polarized electrons
* Wien filter + procession in micrtrons — longitudinal / transverse

* Pol. state reverses every 20 ms, flip pattern follows either TI{T or LTTl
* Energy, current, position and angle are stabilized and monitored

RTMI o
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Electromagnetic calorimeter
* 1022 PbF, crystals, 7 rings x 146 frames — ¢@: (0, 2m)
* Pure Cherenkov — fast response (20 ns)

High power liquid target
* Hydrogen
* Deuterium

Rotatable platform
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x1000

Electromagnetic calorimeter
* 1022 PbF, crystals, 7 rings x 146 frames — ¢@: (0, 2m)
* Pure Cherenkov — fast response (20 ns)

* |Read out: sum of 3x3 crystals. AE/E = 3.9%/,/E[GeV]
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Asymmetry extraction

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

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

1o
« Raw asymmetry for each frame A}mw = —xuxl

* Correct helicity related false aymmetry A}?“W - Af
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Asymmetry calculation

bx

Calculation based on unitarity by B. Pasquini and M. Vanderhaeghen
Phy. Rev. C 70, 045206(2004)

p

Ground proton state ntN intermediate states
G; and G, as input Take y*N — N amplitudes
from MAID 2007 as input

11



A4 results: 2005

Q. L
~ Hydrogen o Phy. Rev. Lett. 94, 082001(2005)
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* Significant inelastic
contribution
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A4 results: 2005 ---> 2017

T 5

g

%"_" ] Phy. Rev. Lett. 94, 082001(2005)
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A4 results: 2005 ---> 2017 ---> 2020

Asymmetry {ppm)
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How to understand the discrepancy?

14

AT [ppm]
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* We respect unitarity.

Phy. Rev. Lett. 94, 082001(2005)
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* More intermediate states (mnN, KA, nN)?

 MAID database needs improvement?
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How to understand the discrepancy?

14

AT [ppm]
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* We respect unitarity.

* More intermediate states (mnN, KA, nN)?

 MAID database needs improvement?

* New parity-conserving boson?
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Opportunities at PANDA




In time-like region

p et

G. . Gakh and E. T.-Gustafsson, Nucl. Phys. A 761, 120 (2005) | M. P. Rekalo and E. T.-Gustafsson, Eur. Phys. A 22, 331 (2004)

Differential cross-sectionof p +p — e* + ¢~ in CM frame

* One-photon-exchange (OPE) approximation — even function of cos @
Consider both OPE and TPE — contains odd terms (AGg, AG,,) of cos 6

2
33:4";2 /Tfl[(1+cos2 6)(IGmI2+2ReGuAGy,)+= sin? 6(|G|2+2ReGEAGE)+2,/2(z—1) cos 6 sin? ORe(7G5—G )]

ﬁ: no TPE :2% TPE TPE effects would change angular distrubutions
“// // * Feasibility study has been performed | Eur. Phys. A44 373 (2010)
5% TPE  [20% TPE_

_ * The TPE contributions induce a deviation from straight line in the
' angular distribution

T T T T ST T
0 02 04 06 08 1 0 02 04 06 0.8 15
cos cos?p




In space-like region

(MM
Beam asymmetry < m(|My|ZZY) . %~10—5—10—6 MAMI — A4
14
Im(MM:
Target asymmetry & m(lM” lzz”) ~a~1072 PANDA
Y

With a polarized hydrogen target, TPE can be investigated in inverse kinematics
by measuring transverse asymmetryinp +¢ > p + e

¢l @p

Charge asymmetry

* Compare cross sectionofp+e~ >p+e  andp+e” >p+e”
* Need switch between proton beam and antiproton beam in HESR

 Beam can not be switched very frequently — various systematic effects to
handle
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Proton form factor puzzle & two-photon exchange (TPE)

* Approaches to study TPE
» Charge asymmetry
» Transverse spin asymmetry

TPE investigation at MAMI-A4

* Opportunities to study TPE at PANDA

Thanks for your attention !
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