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QCD is certainly a well established theory describing gjrorteractions. Yet several physics
topics which could be investigated with modern facilities still offer various test of this theory.
The investigation of the kinematic region nely production can provide a check of the QCD
perturbative approach. In this energy range, an interterdetween the resonantes — J/y

— hadrons and the non-resonanee — hadrons amplitudes can in principle occur. A pertur-
bative approach suggests that those amplitudes are egedie all almost real, i.e. the relative
phase between the above cited amplitudes is expected o100 depicting hence the full in-
terference scenario. Nevertheless, data available irtérature concordantly suggest a relative
phase of 90and, hence, the no interference scenario. An experimegnpabach able to provide
a measurement of the relative phase in a model independgnanagin particular its deployment
in the BESIII scenario, will be discussed in details.
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1. Relative phase measurement

The energy region close to tli¢y peak can provide unique opportunities to investigate gtron
and electromagnetic interactions and to probe the QCD ativie approach and its limits in this
energy range.

An energy scan below th¥/ ¢y peak may reveal an interference between the res@iant—
J/@ — hadronsand non-resonarg" e~ — hadronsamplitudes. The relative phase between the
strong and the electromagnetic amplitudes could be imyasl in a model independent way by
searching for an interference at different @lues. The relatively small/ decay width £93
KeV) is often interpreted as a proof that the perturbativ@me holds. In this regime thé/y
resonant amplitudes, the strodgy (Fig. 1a) and the electromagnetfg, (Fig. 1b) ones, are
expected to be almost real [1], as the non resonant elecgrostia amplitudedey (Fig. 1c).
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Figure 1: Diagram for the process'@™ — hadrons: (a) strong Ay, (b) electromagnetic 4 and(c) non
resonant Ay contributions.

In such a scenario, i.e. with a relative phase-0f°/180°, an interference between the three
above described amplitudes should occur. On the conttagyexperimental data available in the
literature suggest an unexpected relative phase clos®@®: the different investigated/y decays
into NN, VP, PP, andVV (whereN, V andP stand for nucleon, vector and pseudo-scalar meson
respectively), show all no-interference patterns [1, 24,3, 6]. Thel/y — NN decay is well
suited for such kind of studies, since the three gluons miduelthreeqq pairs of the nucleon. In
particular, the BESIII Collaboration [7] has measured thenbhing ratios o8/ decays intopp
and nn, which should be sensitive to an interference pattern: witelranching ratios are quite
similar, pointing toward a no-interference scenario, aatling to an estimated relative phase of
88.1° + 8.1° [6]. QCD calculations so far could not explain such a relévalative phase.

An interference pattern was observed in an earlier stagadeptonic final states by SPEAR][8]
and BESII[9]. In both scenarios inclusive set of final stgiesvided no indication of an interfer-
ence, but, as soon as exclusive final states were considbeedips in the cross sections could be
detected. Since in inclusive measurements the interferpatterns are expected to vanish, the only
feasible approach requires an inclusive set of differenluskve measurements.

Among the possible exclusive final states, we focuseceoer — pp, e"e” — pm, and
ete” — 5. These final states were chosen to explore different expeatahscenarios, since they
are characterised by significantly different branchingpsaind cross sections in the non-resonant
“continuum” region (the energy region in the 3 GeV range fanf theJ /¢ peak), and since they
have been widely investigated up to now. Moreover, theralaeother final states which are under
investigation and have already been discussed in thealittey [10].

The BESIII experimental scenario profits of the excellenfqgrenances of the BEijing Spec-
trometer, already in its third hardware configuration atfterprevious upgrade from BES to BESII;
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the spectrometer is hosted on the BEPCII, the ecollider set at the Institute of High Energy
Physics (IHEP) in Beijing. Fig. 2 shows a 3D view of the specteter. The/s of the collisions
can be tuned according to the required center of mass eriargyger to produce different char-
monium resonances as for examplay, ¢’ or ¢”. The investigation of charmonium states and
spectroscopy studies have a prominent role in the wide Bp8lisics program [7]. The Beijing
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Figure 2: 3D view of the BESIII spectrometer.

Electron-Positron Collider 1l (BEPCII) is designed to pider an instant Luminosity up to $®
cm~2s~1 with beam currents up to 0.93 A and beam momenta up to 2.3 GaVWike BESIII spec-
trometer is characterised a wide geometrical acceptard®e,d 4T, and by a shell like structure:
departing from the interaction point, it hosts 43 smallad| helium-based main drift chamber
(MDC) chambers, a time-of-flight system (TOF) for partideitification, and an electromagnetic
calorimeter (EMC) composed of 6240 Csl (Tl) crystals aregh@n a cylindrical shape (barrel)
plus two end-caps; these three detectors are operatirdeiasiT solenoidal magnetic field. The
magnet iron yoke includes a muon chamber system composeD0frif resistive plate chambers
arranged in 9 layers in the barrel and 8 layers in the end-@aero Degree Detector (ZDD) was
installed on August 2011 for Initial State Radiations (ISRidies.

In the procedure adopted in the presented investigatioth, foo the generated cross section
and for the fitting procedure, the initial state initial staadiation, crucial when consideriege™
interactions, are accounted for. The cross section

hc

2
o[nb] = 127B;,Boy [v_v] 107

C1+Ce?
W —Wiis +il/2
has been assumed for both event generation and fitting praeedn such a simple model, the

radiation has been limited to 300 MeV, a conservative assompsince accounts as almost 20%
of the Ecy. A beam energy spread of 0.92 MeV has been taken into acceaunwelh Fig. 3
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Figure 3: Effects of beam spread and initial state radiation on theiksitad cross section in the case af:
no correctionsh) beam spread corrections onby); beam spread plus initial state radiation. The maximum
interference, © (black) and 180 (blue), and the no interference,”9@ed), scenarios are here presented.

shows the combined effects of the beam spread and of thal istiite radiation to the cross section:
an evident broadening of thE ¢ peak and of the dip. Although the final optimization has been
performed in the case of the process™ — pp only, the reconstruction of the phase has been
evaluated for all the above mentioned processes.

The selection of the energy points needed for a line shapelsading to an effective determi-
nation of the relative phase has been performed considasiige maximum interference scenario
a relative phasé¢ = 0° and as the no interference scenarifsga= 90°.

To investigate the maximum interference scenario two paatiow energy values (loW)
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are needed to anchor the cross section to the continuumr(ike section value far from thl ¢
resonance) and to its slope. Two more energy points have diemen in correspondence of the
cross section dip for thete — pp andete™ — pr processes. A fifth point has been chosen
at the beginning of the Breit-Wigner, where the resonantlinges should start to dominate the
e"e” — ppprocess.

The literature suggest a no interference scenario; thaegradf A¢ = 90° [(0g9o — Gi)/ Og0]
has hence been calculated for differgntalues. The proposed measurement is more sensible for
maximum/minimum values of the gradient, that correspondyinty to the position of the cross
section dip. Thus the selected energy points has been: 3060, 3083, 3090, and 3093 MeV.

In order to take into account the initial state radiationtaf two colliding particles, the cross
section at each energy point has been obtained by a Monte-§larulation of 100000 events.
The rate at each energy point has then been smeared with ai@adsstribution centered in the
simulated point with a sigma equal to the the rate error. ThesSians at the selected energy
points have then been considered by the fitting routine eorgit the fit. To define the precision of
our parameters this procedure has been iterated 100 tim#satsthe precision could be obtained
propagating the standard error of the cross sections.

The rates at each energy point and hence our proposed mmasiisedepend heavily on the
collected integrated Luminosity per point. We have assutneiédicate one full day of data taking
to each energy point, i.e. a total of five days of beam time;integrated Luminosity expected
for each point has been determined assuming an injectiariegffly of 0.8, and a reconstruction
efficiency for a selection of the different channels undeestigation: 0.67, 0.38, and 0.20 fpp,

p 11, and 51 respectively.

The precision of the fit increases with the square root of tibegrated Luminosity. Fig. 4
shows the precision plotted as function of the integratedhibosity for different assumptions of
the relative phase for thep and thep T processes. The sensitivity is lower for larger relativesgha
values; this is due to the missing symmetry between the angegjions 6-90° and 90-180C°, as
shown by Fig. 3.

The precision of the relative phase measurement has shoather weak sensitivity on how
the total integrated luminosity is shared between the miffeenergy points. We have hence se-
lected the more conservative option for the lumiosity ratid:1:1:1, i.e. the same Luminosity. As-
suming a Luminosity of 20°2 [cm~2s 1], an integrated Luminosity of 14pthas been requested
for each energy point.

One more energy point is needed to have a stable fitting puoeetith three free parameters:
A¢, the relative phasegeqnt, the cross section at the continuum,,Bthe branching ratio. A large
integrated Luminosity had been already collected durimyipus data taking runs at ti¢y peak;
such a point has hence been added to the above describedifite .

Systematic uncertainties for teée~ — pp process have been estimated according to [6], and
rescaled considering the lower considered cross sectibhsy are not sizeable, and to be more
conservative they have been directly added to the estins#idtical uncertainties, rather then
considering the usual global uncertainties evaluatiomcquiare.

Data in the literature point towardZp ~ 90°; the overall uncertainties obtained in such a
scenario are quoted in Table 1. The statistical significasigeod enough to discriminate between
different theoretical predictions.
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Figure 4. Precision €ag) plotted as function of the integrated Luminosity ([ for the pp (circles)
and pr (triangles) final states and for different relative phas&§® (dotted line), 90 (full line), and 170
(dashed line).

A¢ [°] | Ao [pb] | ABout/Bout
6.1 0.9 2.10°3

Table 1: Expected precisions d¢ = 90° for a three parameters fit; systematic uncertainties haea be
accounted for.

The required integrated Luminosities have been collecte®@BSIII during the 2012 data
taking run, at the required beam energies. An energy poasecio 3083 MeV had already been
collected for other studies, and has then been includeckicdhsidered data set. The sixth point,
as explained above, had already been collected during thik 20, with a pretty large integrated
Luminosity: this point made the fit performed with three fpggameters possible. Data cleaning
procedures and data quality checks have been already pedoand physical analysis is ongoing.

During the 2012 BESIII data taking run more energy pointfalgh with lower integrated
Luminosities, were collected for &/ resonance scan. These points could be included in the
considered data set for the presented measurement andsadie precision with which the pa-
rameters can be determined.
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