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Abstract

Recen determinationsof the proton electric to magnetic form-factor ratio from polar-
ization transfer measuremets at Je®ersorlLab indicate a signi cant discrepancywith
the form-factor ratio obtained using the Rosemluth separationtechnique in unpolar-
ized crosssection measuremets. This discrepancyhas beenexplained by the e®ects
of multiple photon exchangebeyond the usual one-photonexdangeapproximation in
the calculation of the elastic electron-proton scattering crosssection. Since most of
our understandingon the structure of the proton and atomic nuclei is basedupon lep-
ton scattering analyzedin terms of the single photon approximation, it is essehal to
de nitiv ely verify the cortribution of multiple photon exchange.

The mostdirect evidencefor multiple photon exchangewould be a deviation from unity
in the ratio of positron-proton to electron-proton elastic scattering crosssections. In
this documert, the conceptfor an experimert to measurethis crosssectionratio with
high precisionis deweloped. De nitiv e measuremets canbe carriedout in afewmonths
of data taking with a fully operational experimert.

1



1 Intro duction

In the courseof the morethan 50-yearlong history of elastic electron-protonscattering
since Hofstadter [1] the separationof the proton's electric and magnetic form factors
Ge (Q?) and Gy, (Q?) hasbeenof particular interest. Until the 1990'sthe experimental
method to separateGe (Q?) and Gy (Q?) wasbasedon the procedureby Roserbluth [2]
measuringthe unpolarized elastic crosssection at "xed four-momertum transfer Q2
while simultaneously varying the electron scattering angle p and beamenergy It was
found that the Q? dependenceof both Gg and Gy, to a good approximation followed
the form of the Fourier transform of an exponertially decaing distribution, namely
the dipole form factor (1+ Q?=0:71)' 2 implying aratio of 1G =Gy ¥4 1, shown by the
open symbolsin Fig. 1 (l.h.s.).

Due to the nature of the Rosermluth formula

d¥ed  _ GE(Q?)+ ¢G§(Q)
(d3/4_—d-) M ott 1+ é

2 GE(Q%) + ¢Gl(Q7).
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where ¢ = Q?=(4M 5), the longitudinal virtual photon polarization 2 = [1+ 2(1+
¢)tan?(u=2)]' 1, and (d¥%#d) wox = ®=(4E?) (cos 4=sin* §)(E*%E), the weigh of G
in the crosssection becomesessat higher Q?, making the Roserbluth separation of
Ge(Q?) and Gy (Q?) at high momertum transfer rather di+cult. While some ex-
perimerts sav a scaling of the form factors, others occasionally obsened signi cant
deviations of the ratio G g=Gy from unity. The world data collection on elastic
e-p scattering has recernly beencompiled by [3]. The most recert Roserbluth-type
measuremets have again con rmed the scaling behavior of the proton form-factor
ratio [4, 5], and additional unpolarized precisionmeasuremets are planned [6].

(1)
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In the late 1990's,dewelopmert of polarized beams,targets and polarimeters allowed
a new way to measurethe form-factor ratio more directly through the interferenceof
Geg and Gy in the spin-dependert elastic crosssection asymmetry [7, 8, 9, 10]. It
cameas a big surprisewhen the high precisionpolarization transfer measuremets at
Je®ersorlaboratory at higher Q% up to 5.5 (GeV/c) 2 gave striking evidencethat the
proton form-factor ratio G ¢=Gy, is monotonically falling with Q2 [11, 12, 13]. This
Q? dependencewas dramatically di®eren from that obsened with the unpolarized
Rosemluth method. Linear extrapolation of G would even suggesta node of the
electric form factor near 8 (GeV/c) 2. Note that this declineof the proton form-factor
ratio was predicted already in 1973by calculationsbasedon vector-mesondominance,
including the expectednode around 8 (GeV/c) ? [19], asshawn in Fig. 1 (r.h.s.). Future
recoil polarization experimerts at Je®ersonLab will extend the Q2 range up to 9
(GeV/c)? with a new recoil polarimeter [14] and up to 14 (GeV/c)? after the 12-GeV
upgrade[15].



Alternativ e measuremets of Gg =Gy, are basedon the spin-dependert asymmetries
with polarized beam and target. Experimerts of this kind are consideredequivalert

to polarization transfer and constitute important independert teststo verify the recoill
polarization results. Sud measuremets have recerily beenperformedwith the Bates
Large AcceptanceSpectrometerToroid (BLAST) at low Q? usingan internal polarized
hydrogentarget [16). The resultis consisten with scalingof the form factor ratio, albeit

at low Q? whereno discrepancybetweenpolarized and unpolarized measuremets was
expected. Another experimernt useda frozen-spinammoniatarget [17] to extract the
form-factor ratio at somewhathigher Q2 ¥ 1:51 (GeV/c) ?, with a result for 1G ¢ =Gy,

between the unpolarized and polarization transfer data (solid circle in left plot of
Fig. 1). Clearly, further measuremets are neededto resol\e this discrepancy

2 Beyond the Single Photon Appro ximation

The generallyacceptedexplanation for the discrepancybetweenthe recoil polarization
and Roserbluth determinations of the elastic proton form factor ratio is the exchange
of multiple (> 1) photonsduring the electron-proton elastic scattering process[20, 21].

Figure 1: L.h.s.: Proton electric to magnetic form-factor ratio G =Gy from unpo-
larized (open symbols, "World xn" and JLABO5 [3, 5]) and polarized measuremets
(Tled symbols, MIT-Bates [7], JLABOO [11], JLABO2 [12], and JLABO6 [13)). The
“gure hasbeentaken from [17] (\this experimert"). The curvesare ts to unpolarized
data [3] and to data from [11, 12] only for the high-Q? region. R.h.s.: Form-factor
ratio G =Gy from recoil polarization comparedwith calculations by lachello from
2004 (solid) [18] and 1973(dashed)[19.
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Figure 2: Ratio of elasticpositron-proton to electron-protoncrosssectionversusvirtual
photon polarization for given Q2 [21].

This implies that certain lepton-nucleonscattering obsenableswill di®ersigni cantly
from their one-photonexcange(or rst-order Born appraximation) expectation value.

Multiple-photon exdiange processeswill exhibit a characteristic dependenceof the
elasticlepton-proton scattering crosssectionon the value of virtual photon polarization
2, As 2 decreasesthe e®ectsof multiple-photon exdiangeon the elastic crosssection
tend to increasein magnitude.

The discrepancybetweenthe recoil polarization and Roserbluth determinationsof the
elastic proton form-factor ratio grows with increasingQ?. At high Q?, the crosssection
is dominated by magnetic(i.e. transverse)scattering. This explainswhy the e®ecton
the extraction of Gg from Rosemluth separationscan be sizable, while the e®ecton
the crosssectionat all valuesof Q2 is rather modest. At the sametime, the form-factor
ratio from polarization experimerts is lessa®ected.

The e®ectof multiple-photon exdiange on the electromagneticelastic form factors
involvesthe real part of the multiple-photon exchangeamplitude. The obsenable most
sensitive to this amplitude is the ratio of the elastic crosssectionfor electron-proton
to positron-proton scattering. In the presenceof multiple-photon exdange,the cross
sectionfor unpolarizedlepton-proton scattering cortains an interferenceterm between
the one-and two-photon amplitudes. This interferenceis odd under time reversal,and
hencehasthe opposite sign for elastic positron-proton and electron-proton scattering,
respectively. Therefore,a non-zerotwo-photonamplitude would resultin di®eren cross
sectionsfor unpolarized electron-proton and positron-proton scattering.

Figure 2 shows the ratio of the two crosssectionsas a function of the virtual photon
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Figure 3: €' p/ei p crosssectionratio asa function of scattering angle, for three beam
energies(black=2.0 GeV, red=2.5 GeV, blue=3.0 GeV) [21]. The gure on the right

shawvsthe regionup to 80* whereonly little energydependenceof the two-photon e®ect
is evident.

polarization 2. The ratio would be unity in the caseof pure single photon exchange,
l.e. the Born approximation. The sensitivity is enhancedat low 2, exceeding4% for
2. (04, provided Q2 , 2 (GeV/c)2. Beyond Q? = 2 (GeV/c)? the Q? dependenceof
the two-photone®ects small, and sincethe crosssectiondecreasesapidly with Q?, one
would want to keepQ? aslow aspossiblefor optimized statistics. This is clearin Fig. 3
which displays the e" p/ei p crosssectionratio asa function of the scattering anglefor
three beamenergies.Up to about 80%, the crosssectionratio is almostindependert of
the beam energy and henceof Q? for a given scattering angle.

Figure 4 shows the elastic proton electric to magnetic form factor ratio under vari-

ous conditions: The red diamondscorrespnd to the form-factor ratio as determined
from recoil polarization, which hasonly little sensitivity to multi-photon e®ects.The

magena crossesorrespnd to the form-factor ratio from existing € p Roserbluth sep-
aration data (Bosted t [22]). The greenopen circlesrepresemn the e®ectof two-photon
exchangeon the Roserbluth measuremets, using a simple t to the two-photon cor-
rection that explainsthat discrepancybetweenpolarization and Roserbluth measure-
merts. The blue solid circles are the result of applying this two-photon correction to

Roserbluth measuremets using €' p scattering. The expectednode at ¥4 2:6 (GeV/c) ?

is remarkable. Above 2.6 (GeV/c) 2, onewould expect to 'nd negative valuesfor GEZ

from e" -p Roserluth separations.

Previous experimerts from the 1960'sat SLAC [23 have measuredthe e'p / € p
crosssectionratio. Howeer, high-precisionmeasuremets with uncertainties of 1%
were doneonly at low Q? or very large 2, wherethe multiple-photon excdangee®ects
appearto be small. Measuremets at low 2 had uncertairnties of %2 5%, too largeto see
conclusiwe deviations from unity. Recen reanalysisof the (limited) low-2 data give an
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Figure 4: Proton electric to magnetic form-factor ratio 1 ,GE =G}, without (red dia-
monds) and with two-photon e®ectscalculated for € -p (greenopen circles) and €" -p
(blue solid circles) Roserbluth separations[21]. The magena crossesepresemn a t
to existing Rosemluth-separatede -p data. The electric form factor GE from unpo-
larized e* -p scattering has a node expected at Q? ¥4 2:6 (GeV/c)2, with G2? < 0 for
Q? > 2:6 GeV/c)2.

indication of multiple-photon exchangee®ectsconsisten with recen calculations, but
only at the three-sigmalevel [3].

Recerly, two new experimerts have been proposedto study the € p and € p cross
sectionratio: oneat Je®ersoriLab [24] using a secondaryelectron/positron beamfrom
a pair production target, and another at Novosibirsk [25 basedon stored electronand
positron beamsincident on an internal unpolarized hydrogentarget.

The e®ectof two-photon exchange on the real part of the lepton-nucleon scattering
amplitude can also be investigatedby studying the 2-dependenceof the proton form-
factor ratio from polarization experimenrnts. Sud an experimert has beenproposedat
Je®ersornLab [26]. Precisemapping of Rosemluth crosssectionsin unpolarized €' p
scatteringwill alsorevealany nonlinearitiesin the 2 dependenceof the crosssection|[6].

The imaginary part of the two-photon amplitude would give rise to non-zerotrans-
versesingle-spinasymmetries,of either the beam(A), the target (A,) or the induced
polarization (Py). Thesesingle-spinasymmetrieswill be studied at Je®ersonLab as
well [26, 27].

In this documert, we arguethat the useof the intense,multi-GeV stored electronand
positron beamsat the storagering DORIS at DESY, Hamburg, Germary in combina-
tion with the BLAST detector can produce the most de nitiv e data to determinethe
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e®ectof multiple photon exdhangein elastic lepton-proton scattering and verify the
recern theoretical predictions.

3 Prop osed Exp erimen t

We proposeto measurethe ratio of elastic electron-proton to positron-proton cross
sectionsover a range of 2 with the BLAST detector using an internal unpolarized
hydrogen target and intense stored beamsof unpolarized positrons and electronsat
energiesbetween?2.3 and 4.5 GeV at the storagering DORIS at DESY in Hamburg,
Germary. To carry out this experimert will require

2 operation of the DORIS storagering at di®eren energiesand with both electrons
and positrons

2 the relocation of the BLAST detector from MIT-Bates to DESY/DORIS and

2 the installation of an unpolarized hydrogeninternal gastarget.

At DORIS, both electron and positron beamscan be stored with high intensity and
energiesup to 4.5 GeV. The DORIS storagering was operated as a €' -€ collider
until 1993,and is is currently usedasa sourcefor syndirotron radiation using 100 mA
positronswith a lifetime of about 20 hours. Before1993,beamintensitiesfor electrons
wereon the order 50 mA, but currents on the order of 100mA should now be possible.

With suzcient luminosity and appropriate cortrol of systematicuncertainties, a storage
ring experiment with both electronsand positrons incident on an internal hydrogen
gastarget is the best way to measurethe e" p/e' p crosssectionratio. Simultaneous
measuremenboth at low and at high 2 with a large-acceptanceletector con guration

(BLAST) will allow a determination of the 2-dependenceof the crosssectionratio, and

hencethe size of the two-photon amplitude. Measuremen at di®erert beam energies
will also enable a Roserbluth separation for the positron cross sectionsfor a wide

range of four-momertum transfer when the measurede’ p/ei p ratios are conbined

with existing Roserbluth data for elastic electron-proton scattering.

3.1 Detector

We propose to utilize the existing Bates Large Acceptance Spectrometer Toroid
(BLAST) detector systemfrom MIT-Bates. BLAST is a toroidal spectrometer with
eigh sectors. The two in-plane sectors are instrumented with wire chambers for
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Figure 5: Kinematic coverageof 2 versusQ? for the BLAST detector for various beam
energies.

charged-patrticle tracking, plastic scirtillators for trigger and particle identi cation,
and aerogel-Cerenkv courters for pion rejection. The detector is symmetric about
the beamdirection and allows for completereconstruction of coincidert elastic everts
with both electron and proton four-vectors being determined. The symmetry of the
detector doublesthe solid angle for elastic scattering. The angle acceptancecovers
approximately 20* to 80 of the polar and 8§ 15 of the azimuthal angle.

In orderto demonstratethe kinematic coverageofthe BLAST detector, Fig. 5 shovsthe
virtual photon polarization 2 versusQ? for di®eren beamenergiegcolors) and di®erett
scattering angles(symbols), with ead set of symbols correspnding to the acceptance
of BLAST. For any beam energy given, the parameters2 and Q? are kinematically
correlated within the large angle acceptance.For the BLAST detector geometry the
acceptancebecomessmaller at higher beam energies,thereby setting a lower limit
for the readable value of 2, sincefor badkward lepton scattering anglesthe scattered
proton is recoiling at decreasinganglesand evertually missesthe detector system. For
the acceptancdimitation by BLAST a proton anglep, > 23" was assumed.

As a consequencehe lowestreadablevaluesof 2 areabout 0.4and areonly established
at a beamenergyof lessthan 2.3 GeV. At the sametime, the beamenergyshouldalso
not be smallerthan 2 GeV in order to maintain a high enoughQ? > 2 (GeV/c)?2.

For a "xed Q? of 2.6 (GeV/c)? (where the Ge (e*) node is expected), only beam en-
ergiesof 2.3-4.5GeV are appropriate for use with BLAST. At this value of Q? the
BLAST acceptancegor thesebeamenergiesare overlapping, suitable to map out the 2
dependenceof the crosssectionratio at xed Q? (similar to a Roserbluth separation).
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The lowestbeamenergycorrespndsto the lowest2 value for that respective Q? value.
In combination with existing electron-proton crosssections,a Roserbluth separation
of the positron-proton elastic crosssectioncan be carried out.

3.2 Target

The target will be an unpolarized hydrogensourceconnecteddirectly to a thin walled,
cryogenicallycooled aluminum tube, similar to that usedin the HERMES/DESY and
BLAST/MIT experimerts. To carry out measuremets of the elastic electron-proton
crosssectionat the lowest value of 2 ¥4 0:4 with ¥4 1% statistical uncertainty in about
1 month, a luminosity of 6¢10°?/(cm 2s) will be requiredfor this experimert. Assuming
100 mA circulating electron and positron currerts, this implies a target thicknessof
about 10" atoms/cm?. Large vacuum pumps will be required to pump away the
hydrogengassothat the lifetime of the storedbeamcanbe onthe order of seweral hours.
The Argonneand MIT groupshave considerableexperiencein designing,installing and
operating sud internal gastargets in storagerings [28].

We can estimate the beam lifetime in DORIS basedon a simple model for losses
accourning for bremsstrahlung, Moller and Rutherford scattering [29. The current

aperture at DORIS is limited by an undulator with an 11mm gap, allowing only for

a vertical emittance of about 7 mm mrad. The momertum acceptanceof DORIS (or

budket size) is estimated with 0.8%. The lifetime without any target in the currert

operation mode as a lightsourceis on the order of 20 h. Figure 6 shows the expected
partial lifetimes due to the various above mertioned processeshat are causinglosses,
along with the resulting lifetime. It is assumedthat the insertion of a target cell does
not further limit the aperture. With a beta function suxciently small at the location

of the target, which can be achieved with a set of quadrupole magnetsupstream and

downstreamof the internal target, this is a realistic assumption. The expectedlifetime

at abeamenergyof 2.3 GeV amourts to 10.6h for atarget thicknessof 10 atoms/cm?

and 2.0 h for the required thicknessof 10*> atoms/cm?. The momertum acceptances

still the dominart limitation. In comparison,the lifetime at MIT-Bates with a target

thicknessof 5 ¢10'* atoms/cm? was about 30 minutes.

If DORIS can be operatedin top-up mode, the considerationon the ring lifetime may
be even lessimportant.

3.3 Luminosit y Monitor

The target thicknesswill be monitored over time by cortinuously measuringthe pres-
sure and temperature of the resenoir and by an additional “ow meter to measurethe
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°ux from the bu®er. The stored current of positrons and electronsin the ring will
be measuredwith an absolute precisionof 1% with a parametric current transformer
as was done for BLAST running at MIT-Bates, providing a precise monitor of the
luminosity when conbined with the gas°®ow information from the bu®ersystem.

Besidesmeasuringtarget thicknessand beam currernt explicitly, we also proposeto
measureand monitor the luminosity with elastic scattering at low momertum transfer.
At low Q? < 1 (GeV/c)?, the proton form factors G and Gy, arewell known at the 1%
level. Moreover, at 2 closeto 1, two-photon e®ectsare expectedto be negligible, hence
the rate for both €"-p and € p elastic scattering is proportional to the luminosity.

Eo Q? Peo 2 Ho Po Rate
[GeV] [(GeVic)?] [GeVic] [MeVic] [hY]
4.5 0.574 4.194 0.9825 63.F 816 37616
3.0 0.262 2.860 0.9837 69.8 530 196601
2.3 0.154 2.217 0.9844 73.2 400 467075

Table 1: Kinematics and court rates of the luminosity cortrol measuremenfor three
beamenergiesat g = 10°. The assumedsolid angleis 22.5msr.
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To this extert, we will use a position-sensitive courter at a forward angle of about
10* to detect electronsor positronsin coincidencewith the recoiling proton at large
anglecoveredby the acceptanceof BLAST. At suc a forward angle,the eld integral
of the BLAST toroid is quite small, resulting in almost straight tracks for elastically
scatteredelectronsand positrons. The forward-angledetectorwill haveto be radiation-
hard, capableof handling high ratesin the MHz regionand hasto provide good angular
(< 0:5%) and vertex resolution (< 1 cm) for the forward tracks.

One possibility for the forward detector would be a padkageof two 30£ 30 cm? planar
triple-GEM detectors,identical to the COMPASS-GEM [3(], allowing to measurethe

lepton tracks with high resolution. An alternative option would be sewral crossed
layers of thin scirtillator hodoscopesread out on both endswith fast photomultipliers

for good position resolution. We will alsousea Cerenkov courter or electromagnetic
shower calorimeter behind the position-sensitive elemen to identify the electronsand

positrons. At a distanceof 200cm from the target, a solid angleof 22.5msr is covered
by the area of 30£ 30 cm?. The angular resolution of the track should be better

than 0.5, which correspndsto a spatial resolution requiremen of 1.7 cm. While this

modest requiremert can already be adchieved with the hodoscope, a higher resolution
may berequiredif alsothe vertex needsto beresohed. The nal decisionwill be based
on a more detailed study.

For beamenergieshetween2.3 and 4.5 GeV, the four-momertum transfer at [ = 10
variesbeween0.15and 0.57 (GeV/c) 2, and the virtual photon polarization parameter
2 s above 0.98. Herethe single photon appraximation is good to better than 1%. The
proton is recoiling with momena of 400-800MeV/c at anglesof 63*-73%, well within
the rear-angleacceptanceof the BLAST detector.

The coincidencerequiremen between the forward detector and BLAST as well as
further kinematic correlationsbetweenthe lepton and proton track will suppresshack-
groundsfrom any sourceincluding random coincidences.

The crosssectionat low Q? and 2 > 0:98 is large enoughto provide < 1% statistical
error for the above con guration in lessthan onehour, indicating the suitability of this
setup as a luminosity monitor. The expectedcourt rate for this luminosity monitor is
listed for three beamenergiesin Tab. 1.

Eo Q° e Peo 2 Po

[GeV] [(GeVic)?] [GeV/c] [GeV/c]
4.5 2.6 24.9 3.114 0.86 38.0 2.125
3.0 2.6 43.0 1.614 0.65 31.2 2.125
2.3 2.6 67.66 0.914 0.39 23.4 2125

Table 2: Kinematics for three beamenergiesand Q? = 2:6 (GeV/c)?2.
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Figure 7: Expecteddistribution of courts per markedanglebin for the BLAST detector
for variousbeamenergiesasa function of Q2. The assumeduminosity is 6¢10°?/(cm 2s)
£ 1000hours.

3.4 Count Rate Estimate

Figure 7 shaws the expected number of courts in any given angle bin and for various
beamenergiedor a canonicalrun of 1000hat a luminosity of 6¢10%?/(cm 2s) asa function
of Q2. Héhler form factor [31] basedcrosssectionswhere usedfor this estimate, good
enough within 10% for both ¢ and € up to Q? ¥ 3 (GeV/c)2. We seethat for
Q? = 2:6 (GeV/c)?, the number of courts per anglebin rangesbetween, 10* (at 2.1
(GeV/c)? and smallest2 and ¥ 7 ¢10* (at 4.5 (GeV/c) ? and highest?2).

The next plot in Fig. 8 shows the expected number of courts in any given angle bin
and for various beamenergiesversus2. Generally lowest? valuesat reasonablecourts
of > 10* are possibledown to 2 ¥4 0:4, for which the beamenergyshould not exceed?.3
GeV. At higher energiesthe lowest value of 2 readable with the rearmost scattering
angleincreaseswhile at the sametime the court rate decreases.

Measuremets at three beam energies,as listed in Tab. 2, will yield preciseratios of
e"-p and € -p crosssectionsat Q? = 2:6 (GeV/c)? for a wide range of 2. The courts
for each Q-point in the table arein excesof ¥ 10* courts. In combination with world
electron-proton crosssection data this allows for a precise Rosetbluth separation of
the elastic positron-proton crosssection.

At 2 = 0:4 and Q? = 2:6 (GeV/c)?, the e®ecton ¥e* /el ) is expectedto be of the
order 4%. For a 1% statistical error of the crosssectionratio, about 2 ¢10* courts are
requiredfor both electronand positron measuremets. For the sum of the three lowest
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Figure 8: Expecteddistribution of courts per marked anglebin for the BLAST detector
for various beamenergiesasa function of 2. The assumeduminosity is 6¢10°?/(cm 2s)
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2 bins e = 5862 and 66 at 2.3 GeV in Tab. 3, eah electron and positron cross
section measuremen takesabout 500hunder the conditions discussedabove.

It should be emphasizedhat the large angular acceptanceof BLAST includesa wide
distribution of 2 valuesin a single measuremet Table 3 summarizeskinematics and
expectedcourt rate per anglebin for the three beam energies.

3.5 Control of Systematics

The primary obsenable of this experimert is the ratio of the electron-proton and
positron-proton elastic cross sections. The redundart control measuremets of the
luminosity will allow to determinethe €* -p/ei p crosssectionratio with high precision.
As is shown below, the systematicerrors for individual proton and lepton acceptance
and exciency will cancelto rst order.

In order to reducethe systematicerrors of the crosssectionratio due to uncertainties
in relative luminosity, acceptanceand exciency with individual electronand positron
beams,we require that the beam storagein DORIS will often be alternated between
electronsand positrons, and that the BLAST magnet polarity be reversedwith the
samefrequency With the samepolarity of the BLAST magnet, the acceptanceand
excieny for the recoiling protons - P will beidentical, howewer the electronand positron
acceptanceand exciency - ' may di®erfrom ead other. When reversingthe BLAST
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Eo e Ped Ho Po Q? 2 Counts

[GeV] [GeV/c] [GeVic] [(GeVic)?]
45 22 333 416 4.7 2.2 0.891 121357
26 3.03 36.8 385 2.8 0.840 37382
30 274 328 356 3.3 0.782 13924
34 247 294 3.28 3.8 0.720 6046
38 223 266 3.03 4.3 0.656 2971
42 201 242 280 4.7 0.593 1614
183294
30 22 243 508 324 1.1 0.910 1463770
26 227 459 3.06 1.4 0.871 500148
30 210 416 2.89 1.7 0.825 196674
34 194 379 272 2.0 0.774 87256
38 179 347 256 2.3 0.719 42907
42 165 318 241 2.5 0.663 23025
46 152 293 227 2.8 0.608 13304
50 140 271 214 3.0 0.554 8183
54 129 251 202 3.2 0.502 5306
58 120 233 192 3.4 0.454 3599
2344172
2.3 22 1.95 56.1 2.73 0.7 0.918 5842290
26 184 515 262 0.9 0.883 2203890
30 173 472 250 1.1 0.842 927333
34 162 435 2.38 1.3 0.797 429793
38 151 401 2.26 1.5 0.748 216921
42 141 37.1 2.15 1.7 0.697 117977
46 131 343 2.05 1.8 0.645 68486
50 123 319 195 2.0 0.594 42073
54 114 296 1.86 2.2 0.544 27146
58 1.07 276 1.77 2.3 0.496 18276
62 1.00 25.8 1.69 2.4 0.450 12765
66 094 241 162 2.6 0.407 9204
9916154

Table 3: Kinematics for three beam energiesand court estimate per 4*-angle bin for
1000hat 6 ¢10°2 / (cm?s). For the higher beam energy the backward lepton angle
acceptances limited by the forward proton angle.
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magnetic eld, the positron acceptancein one polarity will equal the electron accep-
tance with reversedpolarity of BLAST. In this casehowewer, the proton acceptance
and exciency may be di®eren for ead polarity. The sameconsiderationholds for the

events measuredwith the forward-angleluminosity monitor.

Frequert and random Tling with both €" and € beamsand reversal of the BLAST
“eld direction will minimize systematicuncertainties in the ratio from acceptanceand
exciency di®erencessstatistics areaccurnulated. For agivenbin, the number of events
Nj = Lj % ﬁ’ . }j will be recordedfor the four conmbinations ij , wherei = €* (e ) for
positrons (electrons)andj = +(j ) for positive (negative) BLAST polarity, whereL is
the luminosity and %the bin-averagedlepton-nucleoncrosssection.

For a given polarity j, the proton exciencies- ﬁ’ cancelin the ratio

_ N
Ne+j—|_e+j _ ?/é+ ¢ e+j

= 2
Nei j:Lei i 3/éi . Iei i ( )
dueto -}, = -2 ,. With the above cancellationsof - ., = -, and - = -4,
the combination _ )
Ner+ =L+ ¢Ne+i =Le; 2 _ Z/é’f 3)
Ne +=Le + Ne i =L i Vi

measureshe crosssectionratio directly whereall lepton and proton acceptancesand
excienciescancelto rst order for a cycle of four combinations. The sameconsidera-
tion holds for the combination of the four luminosities L;; which only occur in ratios
where the respective geometricalexcienciescancel. The cycle will then be repeated
for the appropriate number of times. The cycle hasto be short enoughto ensurethe
cancellationsof exciencies,which are slowly varying quartities. It appearsappropriate
that ewvery combination takesone day of running, i.e. ewvery other day the beamand
the polarity, respectively, will be switched in a staggeredway.

The left-right symmetry of the BLAST detector is another feature that will be used
to corntrol systematicuncertainties: As the unpolarized crosssectionis independen of
the azimuthal angle,the production rate in both sectorcombinations are expectedto
be equal, and their di®erenceis a measurehow well the cancellationsof the relative
exciency work.

The above sdheme makes use of measuremets of the proton and lepton tracks in
coincidence.Further information and additional cheds of systematicswill be obtained
from proton or lepton single-arm everts for which the high and low 2 limits of the
BLAST acceptanceare extended. Provided that badkgroundsin single-arm elastic
ewverts can be kept at a minimum, proton single-armratios for electron and positron
beamswith the same polarity of BLAST, as well as lepton single-arm ratios with
reversed eld polarity alsoprobe the €"/e! crosssectionratio independerily.
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4 Conclusion

The current discrepancybetweenrecoil polarization and Roserbluth measuremets of
the proton elastic form-factor ratio constitutes a seriouschallengewhich undermines
our understandingof the structure of the proton. The widely acceptedexplanation in

terms of multiple photon exchangedemandsa de nitiv e con rmation.

A precisionstudy of the €' -p/e’ -p crosssectionratio will directly test the cortribution
of multiple photon e®ects.As the prediction of the magnitude of multiple photon e®ect
is model-dependert, the experimert descrited herewill provide a strong constrairt to
theoretical calculations.

The proposedexperimert we descrike here takes advantage of unique featuresof the
BLAST detector combined with an internal hydrogen gastarget in a storagering for
electronsand positrons. The systematic uncertainties are cortrollable at the percen
level, and with the superior luminosity that canbe provided at DORIS, this experimert
will not be limited in statistical precision.
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