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Physical processes

TDA’S APPROACH1:

Production of a pion in association with a high-Q2 dilepton pair in p̄p annihilation at
GSI-FAIR

J.P. Lansberga,b, B. Pireb and L. Szymanowskib,c,d

aInstitut für Theoretische Physik, Universität Heidelberg, D-69120 Heidelberg, Germany
bCentre de Physique Théorique, École Polytechnique, CNRS, 91128 Palaiseau, France
cFundamental Interactions in Physics and Astrophysics, Université de Liège, Belgium

dSoltan Institute for Nuclear Studies, Warsaw, Poland

We evaluate the cross section for p̄p → �+�−π0 in the forward direction and for large lepton
pair invariant mass. In this kinematical region, the leading-twist amplitude factorises into a short-
distance matrix element, long-distance dominated antiproton Distribution Amplitudes and proton
to pion Transition Distribution Amplitudes (TDA). Using a modelling inspired from the chiral limit
for these TDAs, we obtain a first estimate of this cross section, thus demonstrating that this process
can be measured at GSI-FAIR.

PACS numbers: 12.38.Bx,25.43.+t

Transition Distribution Amplitudes (TDAs) [1] are
universal non-perturbative objects describing the transi-
tions between two different particles ( e.g. p → π, π → γ,
π → ρ). They appear in the study of backward electro-
production of a pion [2], of γ�γ → ρπ and γ�γ → ππ
reactions [3] as well as in hard exclusive production of a
γ�π pair in p̄p annihilation:

p̄(pp̄)p(pp) → γ�(q)π(pπ) → �+(p�+)�−(p�−)π(pπ) (1)

at small t = (pπ − pp)
2 (or at small u = (pπ − pp̄)

2),
which is the purpose of the present work. The TDAs are
an extension of the concept of Generalised Parton Distri-
butions (GPDs), as already advocated in [4]. The proton
to meson TDAs are defined from the Fourier transform of
a matrix element of a three-quark-light-cone operator be-
tween a proton and a meson state. They obey QCD evo-
lution equations which follow from the renormalisation-
group equation of the three-quark operator. Their Q2

dependence is thus completely under control.
Whereas in the pion to photon case, models used for

GPDs [5, 6, 7, 8] could be applied to TDAs since they
are defined from matrix elements of the same quark-
antiquark operators, the situation is clearly different for
the nucleon to meson TDAs. Before estimates based on
models such as the meson-cloud model [9] become avail-
able, it is important to use as much model-independent
information as possible. In [2], we derived constraints
from the chiral limit on the TDAs p → π and made a first
evaluation of the cross section for the backward electro-
production of a pion in the large-ξ (or small Eπ) region.
Related processes were also recently studied in [10] sim-
ilarly to what was proposed in [11]. In this work, we
apply the same setting to evaluate the cross sections for
p̄p → �+�−π0 in the kinematical region accessible by GSI-
FAIR [12] in the forward limit and at moderate energy
of the meson.

In the scaling regime where Q2 = q2 is of the or-
der of W 2 = (pp̄ + pp)

2, the amplitude for the pro-
cess (1) at small t – or CM angle of the pion θ∗π
close to 0 – involves the p → π TDAs V pπ(xi, ξ,∆

2),

Apπ(xi, ξ,∆
2), T pπ(xi, ξ,∆

2), where xi (i = 1, 2, 3) de-
note the light-cone-momentum fractions carried by par-
ticipant quarks and ξ is the skewedness parameter such
that 2ξ = x1 + x2 + x3. The amplitude is a convolution
of the antiproton DAs, a perturbatively-calculable-hard-
scattering amplitude and the p → π TDAs.

k1 k3

p(pp) π0(pπ)

Mh

�1
DA

p̄(pp̄)
γ�(q)

�3

TDA

FIG. 1: The factorisation of the annihilation process pp̄ →
γ�π into antiproton-distribution amplitudes (DA), the hard-
subprocess amplitude (Mh) and proton → pion transition dis-
tribution amplitudes (TDA) .

The momenta of the subprocess p̄p → γ�π are defined
as shown in Fig. 1. The z-axis is chosen along the collid-
ing proton and antiproton and the x−z plane is identified
with the collision or hadronic plane. We define the light-
cone vectors p and n such that 2 p.n = 1, as well as
P = (pp + pπ)/2, ∆ = pπ − pp and its transverse com-

ponent ∆T (∆2
T < 0). ξ is defined as ξ = − ∆.n

2P.n . We
express the particle momenta through a Sudakov decom-
position :

pp =(1 + ξ)p +
M2

1 + ξ
n

pp̄ =
2M2(1 + ξ)

α
p +

α

2(1 + ξ)
n

pπ =(1 − ξ)p +
m2

π −∆2
T

1 − ξ
n + ∆T (2)
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Study the validity of TDA’s: Measuring the cross section of (p̄p → e+e−π0) and
comparing it with the theory.

Approach valid at high energies.

Event generator developed for Babar-like framework.

Main background process is p̄p → π+π−π0.
1

J. P. Lansberg et al., Phys Rev D 76, 111502(R) (2007)
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Simulation characteristics

Signal (p̄p → e+e−π0)2:

W2=5 GeV2 and 10 GeV2 (W2=s)

π0 Forward and Backward
→ 4 simulations
Theoretical cross section calculated for ∆T

π0
= 0...

... integrating over a ∆T
π0

< 0.5 GeV

Qmin(Q2
min) Qmax (Q2

max ) Qmaxpossible
(Q2

maxpossible
) Qcrit (Q2

crit ) W 2 fw/bw p(p̄) W=
√

s

1.9 (3.61) 2.3 (5.29) 2.10 (4.41) 2.07 (4.28) 5 1 1.45 2.23

1.9 (3.61) 2.3 (5.29) 2.10 (4.41) 2.07 (4.28) 5 0 1.45 2.23

2.4 (5.76) 3.2 (10.24) 3.03 (9.18) 2.93 (8.58) 10 1 4.29 3.16

2.4 (5.76) 3.2 (10.24) 3.03 (9.18) 2.93 (4.28) 10 0 4.29 3.16

Background (p̄p → π+π−π0):

π+π−π0 in phasespace or with the same angular distribution as the signal.
We assume a background cross section 106 times higher than signal
Cuts on kinematical region for simulation with phasespace assumption:
- Limited q2:

qmin=1.9 and qmax=2.3 for W2=5 GeV

qmin=2.4 and qmax=3.2 for W2=10 GeV

- Limited ∆T
π0

: Transverse momentum < 0.5 GeV.

2
Based on J.P. Lansberg Phys Rev D 76, 111502(R) (2007)
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Number of true events simulated

Signal (p̄p → e+e−π0):

W2 (GeV2) 5 10 5 10

∆T = 0 ∆T < 0.5 GeV

π0 forward ∼ 106 ∼ 106 No evtGen No evtGen

π0 backward ∼ 106 ∼ 106 No evtGen No evtGen

Background (p̄p → π+π−π0):

W2 (GeV2) 5 10 5 10

∆T = 0 ∆T < 0.5 GeV

Dist. as signal Phasespace

π0 forward ∼ 108 ∼ 108 fw/bw ∼ 108 ∼ 108

π0 backward ∼ 108 ∼ 108

Himster: New computing cluster in the Helmholz Institut Mainz
134 Nodes 8 cores pro socket 2000 cores

4.7 TByte of RAM 136 TByte Disk space
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Analysis process

Event selection: Combinations of π0 + e+ + e− candidates per event

Particle identification cuts (PID):

Only 2 tracks (+ and -) and very loose electrons (+ and -) per event
Only 2 tracks (+ and -) and loose electrons (+ and -) per event
Only 2 tracks (+ and -) and tight electrons (+ and -) per event
Only 2 tracks (+ and -) and very tight electrons (+ and -) per event

Kinematical fit cuts - Confidence level (CL):

CL(e+/−) > 0.001 and CL(e+/−) > 3 · CL(π+/−)

Kinematical region selection:

Q2 cuts in the region in which the cross section is integrated
∆T

π0
< 0.5 GeV
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Signal (p̄p → e+e−π0): Gammas angular
distributions. True MonteCarlo.
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Signal (p̄p → e+e−π0): Gammas angular
distributions. Reconstructed

CUT: PID+CL includes CL(electrons)>0.001 and CL(electrons)>3 CL(pions)
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The Backward End Cap Calorimeter is very important to detect the π0, specially at backward

angles
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Signal (p̄p → e+e−π0): Electrons angular
distributions. True MonteCarlo.
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The electrons, since they have mass, notice more the boost and go more forward
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Signal (p̄p → e+e−π0): Electrons angular
distributions. Reconstructed

CUT: PID+CL includes CL(electrons)>0.001 and CL(electrons)>3 CL(pions)

+eθ
0 20 40 60 80 100 120 140 160 180

- eθ

0

20

40

60

80

100

120

140

160

180

Entries  144705

0

20

40

60

80

100

120

140

160

180

200

220

Entries  144705epempi0W2-5GeVfw-Merged.root

+eθ
0 20 40 60 80 100 120 140 160 180

- eθ

0

20

40

60

80

100

120

140

160

180

Entries  80348

0

20

40

60

80

100

Entries  80348epempi0W2-5GeVbw-Merged.root

+eθ
0 20 40 60 80 100 120 140 160 180

- eθ

0

20

40

60

80

100

120

140

160

180

Entries  98532

0

20

40

60

80

100

120

140

Entries  98532epempi0W2-10GeVfw-Merged.root

+eθ
0 20 40 60 80 100 120 140 160 180

- eθ

0

20

40

60

80

100

120

140

160

180

Entries  27052

0

5

10

15

20

25

30

35

40

45

Entries  27052epempi0W2-10GeVbw-Merged.root

The electrons, since they have mass, notice more the boost and go more forward
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Background suppression with π0 Backward
(∆Tπ0 = 0 and W 2 = 5 GeV2)

p̄p → π+π−π0

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
1

10

210

310

410

510

610

710

True: 1.778e-265
Reconstructed : 6.305e+07

: 2.490e+04+/-Only 2 Very Loose e
: 1.790e+02+/-Only 2 Loose e
: 2.600e+01+/-Only 2 Tight e

: 1.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 1.778e-265
Reconstructed : 6.305e+07

: 2.490e+04+/-Only 2 Very Loose e
: 1.790e+02+/-Only 2 Loose e
: 2.600e+01+/-Only 2 Tight e

: 1.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 1.778e-265
Reconstructed : 6.305e+07

: 2.490e+04+/-Only 2 Very Loose e
: 1.790e+02+/-Only 2 Loose e
: 2.600e+01+/-Only 2 Tight e

: 1.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 1.778e-265
Reconstructed : 6.305e+07

: 2.490e+04+/-Only 2 Very Loose e
: 1.790e+02+/-Only 2 Loose e
: 2.600e+01+/-Only 2 Tight e

: 1.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 1.778e-265
Reconstructed : 6.305e+07

: 2.490e+04+/-Only 2 Very Loose e
: 1.790e+02+/-Only 2 Loose e
: 2.600e+01+/-Only 2 Tight e

: 1.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

Reconstructed : 6.305e+07
: 2.490e+04+/-Only 2 Very Loose e

: 1.790e+02+/-Only 2 Loose e
: 2.600e+01+/-Only 2 Tight e

: 1.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

CMθcos

True: 1.035e+08

PRELI
MINARY

CUT: PID+CL includes CL(electrons)>0.001 and CL(electrons)>3 CL(pions)

108 events simulated in the HIMSTER (Mainz) in less than 24h (2000 cores)
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Background suppression with π0

Backward/Forward (∆Tπ0 = 0)

p̄p → π
+
π
−

π
0

PRELI
MINARY

Backward Forward

W 2 = 5 GeV2:
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
1

10

210

310

410

510

610

710

True: 1.778e-265
Reconstructed : 6.305e+07

: 2.490e+04+/-Only 2 Very Loose e
: 1.790e+02+/-Only 2 Loose e
: 2.600e+01+/-Only 2 Tight e

: 1.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 1.778e-265
Reconstructed : 6.305e+07

: 2.490e+04+/-Only 2 Very Loose e
: 1.790e+02+/-Only 2 Loose e
: 2.600e+01+/-Only 2 Tight e

: 1.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 1.778e-265
Reconstructed : 6.305e+07

: 2.490e+04+/-Only 2 Very Loose e
: 1.790e+02+/-Only 2 Loose e
: 2.600e+01+/-Only 2 Tight e

: 1.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 1.778e-265
Reconstructed : 6.305e+07

: 2.490e+04+/-Only 2 Very Loose e
: 1.790e+02+/-Only 2 Loose e
: 2.600e+01+/-Only 2 Tight e

: 1.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 1.778e-265
Reconstructed : 6.305e+07

: 2.490e+04+/-Only 2 Very Loose e
: 1.790e+02+/-Only 2 Loose e
: 2.600e+01+/-Only 2 Tight e

: 1.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

Reconstructed : 6.305e+07
: 2.490e+04+/-Only 2 Very Loose e

: 1.790e+02+/-Only 2 Loose e
: 2.600e+01+/-Only 2 Tight e

: 1.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

CMθcos

True: 1.035e+08
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10
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True: 5.566e-268
Reconstructed : 6.719e+07

: 1.168e+04+/-Only 2 Very Loose e
: 1.230e+02+/-Only 2 Loose e
: 1.600e+01+/-Only 2 Tight e

: 2.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 5.566e-268
Reconstructed : 6.719e+07

: 1.168e+04+/-Only 2 Very Loose e
: 1.230e+02+/-Only 2 Loose e
: 1.600e+01+/-Only 2 Tight e

: 2.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 5.566e-268
Reconstructed : 6.719e+07

: 1.168e+04+/-Only 2 Very Loose e
: 1.230e+02+/-Only 2 Loose e
: 1.600e+01+/-Only 2 Tight e

: 2.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 5.566e-268
Reconstructed : 6.719e+07

: 1.168e+04+/-Only 2 Very Loose e
: 1.230e+02+/-Only 2 Loose e
: 1.600e+01+/-Only 2 Tight e

: 2.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 5.566e-268
Reconstructed : 6.719e+07

: 1.168e+04+/-Only 2 Very Loose e
: 1.230e+02+/-Only 2 Loose e
: 1.600e+01+/-Only 2 Tight e

: 2.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

Reconstructed : 6.719e+07
: 1.168e+04+/-Only 2 Very Loose e

: 1.230e+02+/-Only 2 Loose e
: 1.600e+01+/-Only 2 Tight e

: 2.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

CMθcos

True: 0.9921e+08

W 2 = 10 GeV2:
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True: 1.163e-263
Reconstructed : 6.564e+07

: 5.985e+04+/-Only 2 Very Loose e
: 1.720e+02+/-Only 2 Loose e
: 2.100e+01+/-Only 2 Tight e

: 3.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 1.163e-263
Reconstructed : 6.564e+07

: 5.985e+04+/-Only 2 Very Loose e
: 1.720e+02+/-Only 2 Loose e
: 2.100e+01+/-Only 2 Tight e

: 3.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 1.163e-263
Reconstructed : 6.564e+07

: 5.985e+04+/-Only 2 Very Loose e
: 1.720e+02+/-Only 2 Loose e
: 2.100e+01+/-Only 2 Tight e

: 3.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 1.163e-263
Reconstructed : 6.564e+07

: 5.985e+04+/-Only 2 Very Loose e
: 1.720e+02+/-Only 2 Loose e
: 2.100e+01+/-Only 2 Tight e

: 3.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 1.163e-263
Reconstructed : 6.564e+07

: 5.985e+04+/-Only 2 Very Loose e
: 1.720e+02+/-Only 2 Loose e
: 2.100e+01+/-Only 2 Tight e

: 3.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

Reconstructed : 6.564e+07
: 5.985e+04+/-Only 2 Very Loose e

: 1.720e+02+/-Only 2 Loose e
: 2.100e+01+/-Only 2 Tight e

: 3.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

CMθcos

True: 1.083e+08
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True: 1.545e-263
Reconstructed : 8.447e+07

: 4.046e+04+/-Only 2 Very Loose e
: 3.420e+02+/-Only 2 Loose e
: 6.400e+01+/-Only 2 Tight e

: 0.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 1.545e-263
Reconstructed : 8.447e+07

: 4.046e+04+/-Only 2 Very Loose e
: 3.420e+02+/-Only 2 Loose e
: 6.400e+01+/-Only 2 Tight e

: 0.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 1.545e-263
Reconstructed : 8.447e+07

: 4.046e+04+/-Only 2 Very Loose e
: 3.420e+02+/-Only 2 Loose e
: 6.400e+01+/-Only 2 Tight e

: 0.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 1.545e-263
Reconstructed : 8.447e+07

: 4.046e+04+/-Only 2 Very Loose e
: 3.420e+02+/-Only 2 Loose e
: 6.400e+01+/-Only 2 Tight e

: 0.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

True: 1.545e-263
Reconstructed : 8.447e+07

: 4.046e+04+/-Only 2 Very Loose e
: 3.420e+02+/-Only 2 Loose e
: 6.400e+01+/-Only 2 Tight e

: 0.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

Reconstructed : 8.447e+07
: 4.046e+04+/-Only 2 Very Loose e

: 3.420e+02+/-Only 2 Loose e
: 6.400e+01+/-Only 2 Tight e

: 0.000e+00+/-Only 2 Very Tight e
PID + CL cuts : 0.000e+00

CMθcos

True: 1.0800e+08

PID+CL includes CL(electrons)>0.001 and CL(electrons)>3 CL(pions)

∼ 108 suppression factor with only PDI
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Signal efficiency with π0

Backward/Forward (∆Tπ0 = 0)

p̄p → e
+
e
−

π
0

PRELI
MINARYBackward Forward

W 2 = 5 GeV2:
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

10000

20000

30000

40000

50000

60000

True: 7.600e+05
Reconstructed : 3.496e+05

: 3.395e+05+/-Only 2 Very Loose e
: 3.312e+05+/-Only 2 Loose e

: 3.158e+05+/-Only 2 Tight e
: 2.591e+05+/-Only 2 Very Tight e

PID + CL cuts : 8.239e+04

True: 7.600e+05
Reconstructed : 3.496e+05

: 3.395e+05+/-Only 2 Very Loose e
: 3.312e+05+/-Only 2 Loose e

: 3.158e+05+/-Only 2 Tight e
: 2.591e+05+/-Only 2 Very Tight e

PID + CL cuts : 8.239e+04

True: 7.600e+05
Reconstructed : 3.496e+05

: 3.395e+05+/-Only 2 Very Loose e
: 3.312e+05+/-Only 2 Loose e

: 3.158e+05+/-Only 2 Tight e
: 2.591e+05+/-Only 2 Very Tight e

PID + CL cuts : 8.239e+04

True: 7.600e+05
Reconstructed : 3.496e+05

: 3.395e+05+/-Only 2 Very Loose e
: 3.312e+05+/-Only 2 Loose e

: 3.158e+05+/-Only 2 Tight e
: 2.591e+05+/-Only 2 Very Tight e

PID + CL cuts : 8.239e+04

True: 7.600e+05
Reconstructed : 3.496e+05

: 3.395e+05+/-Only 2 Very Loose e
: 3.312e+05+/-Only 2 Loose e

: 3.158e+05+/-Only 2 Tight e
: 2.591e+05+/-Only 2 Very Tight e

PID + CL cuts : 8.239e+04

True: 7.600e+05
Reconstructed : 3.496e+05

: 3.395e+05+/-Only 2 Very Loose e
: 3.312e+05+/-Only 2 Loose e

: 3.158e+05+/-Only 2 Tight e
: 2.591e+05+/-Only 2 Very Tight e

PID + CL cuts : 8.239e+04

CMθcos
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

10000

20000

30000

40000

50000

60000

70000

80000
True: 9.800e+05
Reconstructed : 5.653e+05

: 5.504e+05+/-Only 2 Very Loose e
: 5.364e+05+/-Only 2 Loose e

: 5.156e+05+/-Only 2 Tight e
: 4.241e+05+/-Only 2 Very Tight e

PID + CL cuts : 1.470e+05

True: 9.800e+05
Reconstructed : 5.653e+05

: 5.504e+05+/-Only 2 Very Loose e
: 5.364e+05+/-Only 2 Loose e

: 5.156e+05+/-Only 2 Tight e
: 4.241e+05+/-Only 2 Very Tight e

PID + CL cuts : 1.470e+05

True: 9.800e+05
Reconstructed : 5.653e+05

: 5.504e+05+/-Only 2 Very Loose e
: 5.364e+05+/-Only 2 Loose e

: 5.156e+05+/-Only 2 Tight e
: 4.241e+05+/-Only 2 Very Tight e

PID + CL cuts : 1.470e+05

True: 9.800e+05
Reconstructed : 5.653e+05

: 5.504e+05+/-Only 2 Very Loose e
: 5.364e+05+/-Only 2 Loose e

: 5.156e+05+/-Only 2 Tight e
: 4.241e+05+/-Only 2 Very Tight e

PID + CL cuts : 1.470e+05

True: 9.800e+05
Reconstructed : 5.653e+05

: 5.504e+05+/-Only 2 Very Loose e
: 5.364e+05+/-Only 2 Loose e

: 5.156e+05+/-Only 2 Tight e
: 4.241e+05+/-Only 2 Very Tight e

PID + CL cuts : 1.470e+05

True: 9.800e+05
Reconstructed : 5.653e+05

: 5.504e+05+/-Only 2 Very Loose e
: 5.364e+05+/-Only 2 Loose e

: 5.156e+05+/-Only 2 Tight e
: 4.241e+05+/-Only 2 Very Tight e

PID + CL cuts : 1.470e+05

CMθcos

W 2 = 10 GeV2:
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

20

40

60

80

100

310×
True: 9.920e+05
Reconstructed : 4.071e+05

: 3.897e+05+/-Only 2 Very Loose e
: 3.665e+05+/-Only 2 Loose e

: 3.310e+05+/-Only 2 Tight e
: 2.583e+05+/-Only 2 Very Tight e

PID + CL cuts : 2.836e+04

True: 9.920e+05
Reconstructed : 4.071e+05

: 3.897e+05+/-Only 2 Very Loose e
: 3.665e+05+/-Only 2 Loose e

: 3.310e+05+/-Only 2 Tight e
: 2.583e+05+/-Only 2 Very Tight e

PID + CL cuts : 2.836e+04

True: 9.920e+05
Reconstructed : 4.071e+05

: 3.897e+05+/-Only 2 Very Loose e
: 3.665e+05+/-Only 2 Loose e

: 3.310e+05+/-Only 2 Tight e
: 2.583e+05+/-Only 2 Very Tight e

PID + CL cuts : 2.836e+04

True: 9.920e+05
Reconstructed : 4.071e+05

: 3.897e+05+/-Only 2 Very Loose e
: 3.665e+05+/-Only 2 Loose e

: 3.310e+05+/-Only 2 Tight e
: 2.583e+05+/-Only 2 Very Tight e

PID + CL cuts : 2.836e+04

True: 9.920e+05
Reconstructed : 4.071e+05

: 3.897e+05+/-Only 2 Very Loose e
: 3.665e+05+/-Only 2 Loose e

: 3.310e+05+/-Only 2 Tight e
: 2.583e+05+/-Only 2 Very Tight e

PID + CL cuts : 2.836e+04

True: 9.920e+05
Reconstructed : 4.071e+05

: 3.897e+05+/-Only 2 Very Loose e
: 3.665e+05+/-Only 2 Loose e

: 3.310e+05+/-Only 2 Tight e
: 2.583e+05+/-Only 2 Very Tight e

PID + CL cuts : 2.836e+04

CMθcos
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

10000

20000

30000

40000

50000

60000

70000

80000
True: 8.350e+05
Reconstructed : 5.156e+05

: 4.950e+05+/-Only 2 Very Loose e
: 4.797e+05+/-Only 2 Loose e

: 4.563e+05+/-Only 2 Tight e
: 3.945e+05+/-Only 2 Very Tight e

PID + CL cuts : 9.932e+04

True: 8.350e+05
Reconstructed : 5.156e+05

: 4.950e+05+/-Only 2 Very Loose e
: 4.797e+05+/-Only 2 Loose e

: 4.563e+05+/-Only 2 Tight e
: 3.945e+05+/-Only 2 Very Tight e

PID + CL cuts : 9.932e+04

True: 8.350e+05
Reconstructed : 5.156e+05

: 4.950e+05+/-Only 2 Very Loose e
: 4.797e+05+/-Only 2 Loose e

: 4.563e+05+/-Only 2 Tight e
: 3.945e+05+/-Only 2 Very Tight e

PID + CL cuts : 9.932e+04

True: 8.350e+05
Reconstructed : 5.156e+05

: 4.950e+05+/-Only 2 Very Loose e
: 4.797e+05+/-Only 2 Loose e

: 4.563e+05+/-Only 2 Tight e
: 3.945e+05+/-Only 2 Very Tight e

PID + CL cuts : 9.932e+04

True: 8.350e+05
Reconstructed : 5.156e+05

: 4.950e+05+/-Only 2 Very Loose e
: 4.797e+05+/-Only 2 Loose e

: 4.563e+05+/-Only 2 Tight e
: 3.945e+05+/-Only 2 Very Tight e

PID + CL cuts : 9.932e+04

True: 8.350e+05
Reconstructed : 5.156e+05

: 4.950e+05+/-Only 2 Very Loose e
: 4.797e+05+/-Only 2 Loose e

: 4.563e+05+/-Only 2 Tight e
: 3.945e+05+/-Only 2 Very Tight e

PID + CL cuts : 9.932e+04

CMθcos

PID+CL includes CL(electrons)>0.001 and CL(electrons)>3 CL(pions)

∼ 30%− 40% signal efficiency with PDI cuts
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First Analysis with expected statistics:
W 2 = 10 GeV2 and π0 forward

CUTS: PID only and Q2

According to the paper values: ∼ 200 true events between 7 GeV2 < Q2 < 8 GeV2

with an integrated luminosity of L = 2 fb−1 (107 s at design luminosity).

p̄p →
e+e−π0
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Outlook and Conclusions

Immediate future:

Calculate the integrated cross section of the signal in the region of our interest.

Perform the analysis with realistic statistics and the best cuts.

Next steps:

The event generator for signal for ∆T < 0.5 GeV has to be implemented.

Study the actual angular distribution of the background.

Implement a realistic event generator for the background.

Repeat the analysis with a realistic cross section for the background.

CONCLUSIONS:
Under the assumptions that have been taken into account:

A background suppression factor close to 108 could be achieved with PID cuts
keeping about 20% of signal.

Preliminary results show that a first sight on the TDA’s could be done with this
channel using P̄ANDA.
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