Form factor measurements and
the OLYMPUS experiment
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= Elastic scattering

(N(P")| T (0)| N (P)) =
W(P') [y (@) + it S BN (Q2)| u(P)

= Electric and magnetic form factors
Ge and G,

* Fourier transforms of resp.
distributions

nucleon

Q2
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 Assume single photon exchange — Born approximation
= Measure cross section (Rosenbluth) lepton
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e Series of space like form factor measurements
= access to radial charge and magnetic distributions
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* Form factors are first moments of GPDs
= j.e.constrain GPDs

W parallel anti-parallel quark

* .
X1 nucleon spin

proton’s
shape
o
=
; G.Miller, PRC 68:022201 (2003)
: PR u-quark phase-space charge
< Generalised Parton Distributions > “ P P g
x=0.1 x=0.4 x=0.7
A - ’ (=== - ) .' z ° [r———
X
i nucleon 1 fm
it
y A.Belitsky, X.Ji, F.Yuan, PRD69:074014 (2004)

ti Lehmann FF Olympus, NPE Seminar, 23/6/11



 Long standing beliefs:
= Ge~Gy,
= Multi-photon contribution 1-2% only lepton
 Experimental arguments
= Linearity of Rosenbluth plot virtual

= e*/e” (and u*/u’) ratio found to be 1 Phetile
* as required in Born approximation
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« Nobody predicted this effect
 Polarization measurements
" measure asymmetry ratio

P st
P A Gum

* Rosenluth separation
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a.e+/o.e—

* Measure cross section ratio e*/e-versus epsilon
= exactly unity in Born approximation
= two-photon effects at low epsilon
= several percent effect at Q2 ~ 2 GeV?
= 3 experiments: OLYMPUS, CLAS, VEPP3
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- J. Guttmann, et al., arXiv: 1012.0564
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 Electron and positron beams
* Proton target
e OLYMPUS features
= E~2GeV
* Frequent switch between e* and e-
= Lepton-proton coincidence measurement
= Windowless, pure proton target
= Large theta coverage, i.e. epsilon range

= Minimal systematic uncertainties
e symmetric arrangement
* reversible magn. field

* Precise luminosity measurement : ‘ o

* ratio e* to e with precision <1% I_ MP U

* Redundancy

nucleon

virtual
photons
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R DRIFT CHAMBERS  BLAST Detector Set-Up

TARGET . i .
= Fulfils most criteria

COILS  MIT-Bates South Hall Ring

= Too low Q2 to study the
observed effect

C.B. Crawford et al., PRL 98 (2007) 052301
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DESY Site
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DORIS at DESY, Hamburg

e e*ande beams
 frequent switch

e E=2.0(4.5)GeV
e  Q2=0.6-2.4(4.1) (GeVic)?

= OLYMPUS location

PETRA Il
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Experimental Set-Up

/e PoL Y = Use BLAST detector
g from MIT-Bates

e refurbished
e add-ons

= Symmetric
spectrometer

= Luminosity monitors
e precise + redundant

= Toroidal field
 frequent reversal

Moller/Bhabha

time-of-flight luminosity

e-C 12deg monitors >
scintillators magnet luminosity O L}{M P _S
coils telescopes
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OL{MPUS
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OL¥MPUS
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 Assembled, aligned
and tested

 Field mapped
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ryoMech Cold Head

Longer Collimato

Scattering Chamber
Supports—,

#Moller Beam Pipe

Scattering Chamber Suppol
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* Large area triple GEM
 Production starting
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\ Wire Chambers

e Shipped without wires
e Completely re-wired
e Assembled and under tests
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 Glasgow’s responsibility
e Scintillators

= 9 joints re-glued

= calibrated

OLYMPUS

Efficiencies, <e> = (99.82+/-0.09)%, ¢.,;, = 99.6%
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e New mechanical design

OL¥MPUS
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Time-of-Flight Scintillators

e Assembled
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Time-of-Flight Scintillators
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e 3 GEMs + 3 MWPCs
e |Intestbeam at DESY
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Moller/Bhabha Lumi Calos

* Existing radiation hard PbF, crystals *

OL¥MPUS
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Yang phen. E=2.0 GeV
Guttmann phen.

Kivel (BLW)

Kivel (COZ)

Afanasev

Blunden (g.s.)
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F N

data theory
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OLYMPUS projected
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O Yount+Pine 1962 ———e—— OLYMPUS projected E=2.0 GeV
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 Projected resolutions
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« PANDA (FAIR) -
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Form factors

= old but still hold surprises lepton _# o
Discrepancy in G¢/G,, ' |

= unpredicted, 2-photon exch. not sufficient p‘r’:;tt‘éi‘s

= no experimentally verified explanation
Experimental approach

" measure e*/e ratio over large ¢ range

= systematic uncertainties ~1%
The OLYMPUS experiment

= symmetric toroidal spectrometer at DESY

= preparation progressing well - }{ 1 i

= measurements in 2012 OL MPU =
Decisive information

= nature of discrepancy

= sensitivity to nucleon EM structure
Further future: time-like form factors (PANDA)

nucleon
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