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From the home of the gods into the proton

With OLYMPUS scientists try to solve the mystery of the proton

What does it look like inside the proton?
This is a question that scientists st
DESY have been concemed with for a
long time. For 15 years, HERA offered
the possibility to look inside the proton.
Now, there is a new experiment - this
time at DORIS - that took up this
question: OLYMPUS.

penment. The complete detector weighs <
only about 50 tons - a lightweight, com- l‘: H
from its size, this is due to the fact that | S8
the detector has no iron yoke" Uwe ' 4% >
Moreover, the area sumounding the e

interaction point is not completely ——

OLYMPUS is a comparatively small ex- iy, o e T
pared to, for example, the 3600 tons of

the HERA experiment ZEUS. “Apart

Schneekloth, one of two technical co-

ordinators of the experiment, explains.

equippad with electronics, as this is the  The BLAST desecior of MT's acocienior BATES wil ba reassembied at DESY 10 0 pe asent and bacome OLYMPUS.

case in large detectors.




Outline

A Review of the physics case

A The limit of one-photon exchange or:
A What is GP. (Q?)?

A What is the nature of lepton scattering?

A Description of the OLYMPUS experiment

A Status and timeline




Form Factors from Rosenbluth Method
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m In One-photon exchange approximation above form factors are
observables of elastic electron-nucleon scattering
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Nucleon Form Factors and Polarization

m Double polarization in elastic ep scattering:
Recoil polarization or (vector) polarized target

H e” e &e,, e 0 p)

m Polarized cross section

m Double spin asymmetry = spin correlation
—oy 15;, A= V/27€(1 — €)G G s sin 0* cos ¢* + 71/1 — €2G 12 cos 6*
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mAsymmetry ratio (ﬁﬁﬁ{fpe:birat | 00)
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Independent of polarization or analyzing power




Proton Form Factor Ratio
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A All Rosenbluth data from SLAC and

., Jlab in agreement

A Dramatic discrepancy between
Rosenbluth and recoil polarization

, technique

A Multi-photon exchange considered
best candidate

ramatic discrepancy!

>900 citations



Proton Form Factor Ratio
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Elastic ep Scattering Beyond OPE

0 / k+ k'
P Pzpzp, K = —;

s=1/2 lepton s=1/2 proton

Kinematical invariants :

K p

Next-to Born approximation:
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The T-matrix still factorizes, however a new response term F; is generated by TPE
Born-amplitudes are modified in presence of TPE

ézy(% Q%) = Gu(Q?) +<EGM Gp=Gu—(1+71)F
B(1,Q°) = Fa(Q°) + 65, Gp(v, Q%) = Gr(Q%) +6Gg

- 9 N o
FS(Vv @ ) = 0+0F3 Three new complex amplitudes dep. on U& Q?!




Observables involving real part of TPE
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Born Approximation
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Beyond Born Approximation

PA.M. Guichon and M.Vanderhaeghen Phys.Rev.Lett 91, 142303 (2003)

M.P. Rekalo and E. TomasFGustafsson E.PJ. A 22, 331 (2004)
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Slide idea:
L. Pentchev



Elastic Positron-to-Electron Ratio
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Two-photon exchange involving
interference of one- and two-
photon amplitudes

e = et = a<e= —a

A Measure unpolarized cross
section ratio to 1% precision!



EO04-019 (Two-gamma)
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Empirical extraction of TPE amplitudes

J. Guttmann, N. Kivel, and M. Vanderhaeghen, Mainz preprint MKPH-T-10-06
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FIG. 5: Predictions for the e p/e™ p elastic cross section ratio
R_y.  as a function of =, together with their 1o error bands.
The results are based on the fits of the JLab/Hall A cross
section data [6], together with the P,/ F;, and P}f.ﬂ””"” data
from Ref. [12] at Q? = 2.5 GeV?2,
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OLYMPUS: BLAST@DESY/DORIS

LLElectrons/positrons (>100mA)
In multi-GeV storage ring
DORIS at DESY, Hamburg, Germany

uUnpolarized internal hydrogen target
storage cell with buffer system

LuLarge acceptance detector for e-p in coincidence
BLAST detector from MIT-Bates available
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