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HET
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e+e-(HET) and X(KLOE)

In the HET case X = po



Physics Goal : p0 à gg case

PRIMEX data

2.3	%
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1950; Steinberger, Panofsky, and Steller, 1950; Panofsky,
Aamodt, and Hadley, 1951), and its primary decay mode
into two gamma rays. This last feature is closely connected
with the chiral symmetry of QCD (Donoghue, Golowich, and
Holstein, 1992; Nambu, 2009), which makes ! mesons the
lightest hadrons (Nakamura et al., 2010).

During the 1950s it was discovered that the pion family is
an isotriplet with spin ¼ 0 and negative parity J! ¼ 0".1 The
pseudoscalar nature of the pions (Nakamura et al., 2010) was
interpreted by Nambu (2009) as being due to the breaking of
the underlying chiral symmetry of nature. In modern terms,
the QCD Lagrangian is chiral symmetric in the limit where
the light quark masses vanish (Donoghue, Golowich, and
Holstein, 1992). If this symmetry were to be manifested in
the conventional Wigner-Weyl fashion, each quantum state,
such as the proton, would have a nearly degenerate opposite-
parity partner particle. Since this is not the case experimen-
tally, Nambu realized that the axial symmetry is instead
realized via the appearance of massless pseudoscalar mesons
(now called Nambu-Goldstone bosons) so that, e.g., the
opposite-parity partner of the proton is a state containing
the proton and a massless ‘‘pion.’’ This conjecture was put
on a stronger theoretical basis by Goldstone (1961). Of
course, in the real world pions have small but nonvanishing
mass due to the explicit breaking of chiral symmetry, since
the masses of the up and down quarks are small, but nonzero
(Leutwyler, 1996, 2009; Nakamura et al., 2010). The modern
picture of pions is that they are Nambu-Goldstone bosons in
addition to being Yukawa’s mesons and are the source of the
longest-range component of the nucleon-nucleon interaction.
They play this role by having relatively weak interactions
with nucleons in the s wave (vanishing in the chiral limit
when the masses of the light quarks vanish) but strong
interactions in the p-wave channel.

Electromagnetic effects make the charged pions 4.6 MeV
heavier than the neutral pion. This means that the !0 primar-
ily decays in the two gamma mode or the relatively weak
(’ 1:2%) "eþe" Dalitz decay mode (Dalitz, 1951). This
decay, similar to the two-photon decay of positronium, re-
quires that the two photons are E1 and M1, in order to carry
away the negative parity of the J! ¼ 0" state (Perkins, 1982).
This means that the electric field vectors of the two photons
are orthogonal, as has been experimentally demonstrated in
the double Dalitz !0!eþe"eþe" decay (Plano et al., 1959;
Abouzaid et al., 2008).

Since the !0 lifetime #ð!0Þ is ’ 10"16 s, it is far too short
to measure by electronic means. The conceptually simplest
technique is to measure the mean distance that the !0 meson
travels before it decays. By measuring the upper limit to the
decay distance dð!0Þ in low energy reactions it was realized
that #ð!0Þ< 5& 10"14 s within the first year of its discovery.
The difficulty with this technique is the small magnitude of
dð!0Þ ¼ $"c#ð!0Þ, where $ is the !0 velocity relative to the

velocity of light c, " ¼ 1=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1" $2

p
is the relativistic boost

factor, and c#ð!0Þ ’ 2:4& 10"6 cm using the currently ac-
cepted value of #ð!0Þ ’ 0:8& 10"16 s. This short decay

distance dð!0Þ is hard to measure unless the pion is accel-
erated to high energies, where $ approaches unity and " is
large, and is why the early series of low energy direct decay
distance measurements obtained only upper limits. This effort
was not concluded until 1963 with the first definitive, high
energy measurement, which utilized an 18 GeV proton beam
at CERN with the result that #ð!0Þ ¼ ð0:95' 0:15Þ &
10"16 s (von Dardel et al., 1963).2

The results for the !0 lifetime (and decay width) are shown
in Fig. 1. There have been four different experimental meth-
ods which have been utilized to measure the !0 lifetime. The
first is the direct technique, discussed previously. Figure 1
shows the result obtained by the latest and most accurate
direct measurement performed at CERN with much higher
energy protons (450 GeV) (Atherton et al., 1985). The
second experimental procedure utilizes the Primakoff
(1951) effect in which an incident photon interacts with the
Coulomb field of a nucleus to produce the !0 meson. A
measurement of the cross section combined with detailed
balance yields the value of #ð!0Þ. Measurements using
this technique were carried out from 1965 through 1974
(see Sec. IV). The third method, published in 1988,
involves measurement of the cross section for the purely

FIG. 1 (color online). !0 ! "" decay width in eV (left scale) and
#ð!0Þ, the mean !0 lifetime in units of 10"16 s (right scale). The
experimental results with errors and publication dates are from left to
right: (1) 2011 particle data book average (Particle Data Group,
2011); (2–(4) Primakoff experiments (1970)–(1974) (Bellettini
et al., 1970; Kryshkin et al., 1970; Browman et al., 1974a); (5) direct
method (1985) (Atherton et al., 1985); (6) eþe" (1988) (Williams
et al., 1988); (7) !$ experiment (2009) (Bychkov et al., 2009); and
(8) new Primakoff measurement (2011) (Larin et al., 2011). All of
these experiments with the exception of the last one are the basis
of the particle data book average. The lower dashed line is the LO
prediction of the chiral anomaly (Adler, 1969; Bell and Jackiw, 1969)
[!ð!0 ! ""Þ ¼ 7:760 eV, #ð!0Þ ¼ 0:838& 10"16 s]. The upper
solid line is the HO chiral prediction and the dotted lines show the
estimated 1% error (Ananthanarayan and Moussallam, 2002; Goity,
Bernstein, and Holstein, 2002; Kampf and Moussallam, 2009)
[!ð!0 ! ""Þ ¼ 8:10 eV, #ð!0Þ ¼ 0:80& 10"16 s]. For the rela-
tionship between !ð!0 ! ""Þ and #ð!0Þ, see Eq. (3).

1For a brief history of the experiments leading to the measure-
ment of J! ¼ 0" for the pion family, and the connection with the
two-photon decay of positronium, see Perkins (1982). 2This is the corrected value presented by Atherton et al. (1985).
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• Chiral (massless) version of QCD 
predict Apgg=0

• Adler, Bell, Jackiw (1968) 
discover the axial chiral anomaly

• Apgg = a/pFp

• G(poàgg) = (amp
3Fp/64p2)

5

History: π0 Lifetime Theory

• PCAC predicts Aπγγ = 0 in the chiral limit

• 1968  Adler, Bell, Jackiw discover the axial anomaly

• Aπγγ = α /π Fπ

 Γ(π0 → γ γ)  = (mπ
3/64π)Aπγγ

2  = 7.725 eV ± 0.5%

   τ(π0)  = 0.807•10-16 sec

  c τ(π0) = 0.0253 µ

been analyzed in the framework of chiral perturbation
theory (ChPT) [3–5] up to order p6 [next-to-leading order
(NLO) in Fig. 1] and are shown to lead to an enhancement of
about 4.5% in the !0 decay width with respect to the case
where state mixing is not included (LO in Fig. 1). A recent
calculation done in the framework of SU(2) ChPT consid-
ering next-to-next-to-leading order (NNLO) corrections [6]
agrees with the earlier NLO results. The estimated uncer-
tainty in the ChPT prediction is on the level of 1% [4,6].
Corrections to the chiral anomaly have also been performed
in the framework of QCD using dispersion relations and
sum rules [7] (Ioffe07 in Fig. 1). The fact that the correc-
tions to the chiral anomaly are small and are known at the
1% level makes the !0 ! "" decay channel a benchmark
process to test one of the fundamental predictions of QCD.

Three different experimental methods have been used
in the past to measure the neutral pion decay width,
the Primakoff, the direct, and the collider methods. The
!0 ! "" decay can be considered as a time-reversal
process to "" ! !0, which can be experimentally realized
in the coherent photoproduction of pions in the Coulomb
field of a target nucleus at forward angles—the Primakoff
effect [8]. Using the fact that the decay width is inversely
proportional to the mean lifetime, several experiments
measured the decay length distribution (proportional to
the lifetime) of the pions produced in thin targets by high
energy beams—the direct method. In the collider experi-
ments one is using the fusion of two quasireal photons from

electron and positron beams to produce the pion that is
subsequently detected by its two real decay photons.
The current average experimental value for the!0 decay

width given by the Particle Data Group (PDG) [9] is
!ð!0 ! ""Þ ¼ 7:74$ 0:55 eV. This value is an average
of four experiments with much larger dispersion between
both the decay width values and their quoted experimental
uncertainties, as shown in Fig. 1. The most precise
Primakoff-type measurement was done at Cornell by
Browman et al. [10] with a 5.3% quoted total uncertainty:
!ð!0 ! ""Þ ¼ 7:92$ 0:42 eV. This result agrees within
experimental uncertainty with the theoretical predictions.
Two other measurements [11,12] with relatively large ex-
perimental uncertainties ( ’ 11% and ’ 7%) differ signifi-
cantly from each other and do not agree with the theoretical
predictions. The most precise measurement of the!0 decay
width, prior to the current PrimEx experiment, wasmade by
Atherton et al. [13] using the direct method of measuring
the mean decay length of !0’s produced by a high energy
proton beam at CERN. Their result with the quoted 3.1%
total uncertainty, !ð!0 ! ""Þ ¼ 7:25$ 0:18$ 0:14 eV,
is%4# lower than the ChPT predictions of Refs. [4,6].
Clearly, a new Primakoff-type experiment with a preci-

sion comparable to, or better than, the direct method
measurement [13] was needed to address the experimental
situation on this fundamental quantity.
The PrimEx experiment [14] was performed at the

Thomas Jefferson National Accelerator Facility using the
Hall B high precision photon tagging facility [15] together
with a newly developed high-resolution electromagnetic
calorimeter. The combination of these two techniques
greatly improved not only the angular resolutions, which
are critical for Primakoff-type measurements, but signifi-
cantly reduced the systematic uncertainties that were
present in previous experiments.
Tagged photons with known timing and energy were

incident on two 5% radiation length targets of 12C and
208Pb [16]. The relative photon tagging efficiencies were
continuously measured during the experiment with a eþe'

pair spectrometer (PS) consisting of a %1:7 T (m large
aperture dipole magnet and two telescopes of scintillating
counters located downstream of the targets. The absolute
normalization of the photon flux was done periodically
with a total absorption counter at low beam intensities.
The decay photons from !0 ! "" were detected in a

multichannel hybrid electromagnetic calorimeter (HyCal)
located 7.5 m downstream from the targets to provide a
large geometrical acceptance (%70%). HyCal consists of
1152 PbWO4 crystal shower detectors (2:05) 2:05)
18:0 cm3) in the central part surrounded by 576 lead glass
Cherenkov counters (3:82) 3:82) 45:0 cm3). Four crys-
tal detectors were removed from the central part of the
calorimeter (4:1) 4:1 cm2 hole in size) for passage of the
high intensity (% 107 "=s) incident photon beam through
the calorimeter [17]. Twelve 5-mm-thick scintillator

PrimEx
(Primakoff)

Γ(
π0 →

γγ
), 

   
(e

V
)

Experiments

CERN
(Direct)

Cornell
(Primakoff)

DESY
(Primakoff)

Tomsk
(Primakoff)

LO

NLO/Goity02, +/-1%
Ioffe07, +/-1.5%

1 2 3 4 5

7

8

9

10

11

FIG. 1 (color online). !0 ! "" decay width in eV. The dashed
horizontal line is the LO chiral anomaly prediction. NLO ChPT
prediction [4] is shown as the shaded band on the right-hand
side. The left-hand side shaded band is the prediction from
Ref. [7]. The experimental results, included in the PDG average,
are for (1) the direct method [13], (2–4) the Primakoff method
[10–12], and (5) the current PrimEx result.
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Abstract A possibility of KLOE-2 experiment to measure
the width Γπ0→γ γ and the π0γ γ ∗ form factor F(Q2) at low
invariant masses of the virtual photon in the space-like re-
gion is considered. This measurement is an important test of
the strong interaction dynamics at low energies. The feasi-
bility is estimated on the basis of a Monte-Carlo simulation.
The expected accuracy for Γπ0→γ γ is at a per cent level,
which is better than the current experimental world average
and theory. The form factor will be measured for the first
time at Q2 ≤ 0.1 GeV2 in the space-like region. The impact
of these measurements on the accuracy of the pion-exchange
contribution to the hadronic light-by-light scattering part of
the anomalous magnetic moment of the muon is also dis-
cussed.

1 Introduction

The QCD Green function ⟨V V A⟩ exhibits the axial anomaly
of Adler, Bell and Jackiw [1, 2] (non-conservation of the ax-
ial vector current), which is responsible for the decay π0 →
γ γ . The anomaly is a pure one-loop effect (triangle dia-
gram) and receives corrections neither perturbatively [3] nor
non-perturbatively [4]. It bridges in QCD the strong dynam-
ics of infrared physics at low energies (pions) with the per-
turbative description in terms of quarks and gluons at high
energies. The anomaly allows therefore to gain insights into

a e-mail: s.ivashyn@gmail.com
b e-mail: dario.moricciani@roma2.infn.it
cSee Appendix for a list of authors.

the strong interaction dynamics of QCD and has received
great attention from theorists over many years. Due to the
recent advances, the decay width Γπ0→γ γ is now predicted
with a 1.4% accuracy: Γ theor

π0→γ γ
= 8.09 ± 0.11 eV [5, 6].

The major experimental information on this decay comes
from the photo-production of pions on a nuclear target via
the Primakoff effect [7]. The most precise value of the pion
lifetime cited by PDG [8] comes from a direct decay mea-
surement [9]. It can be related to the two-photon width via
the π0 → γ γ branching fraction. Until recently, the experi-
mental world average of Γ PDG

π0→γ γ
= 7.74 ± 0.48 eV [8] was

only known to 6.2% precision. Due to the poor agreement
between the existing data, the PDG error of the width av-
erage is inflated (scale factor 2.6) and it gives an additional
motivation for new precise measurements. The PrimEx Col-
laboration, using a Primakoff effect experiment at JLab, has
achieved 2.8% precision, reporting the value Γπ0→γ γ =
7.82±0.14±0.17 eV [10], but this result is not yet included
in the PDG average. There are plans to further reduce the
uncertainty to the per cent level.

Though theory and experiment are in a fair agreement,
a better experimental precision is needed to really test the
theory predictions. The Primakoff effect-based experiments
suffer from model dependence due to the contamination by
the coherent and incoherent conversions in the strong field
of a nucleus [11]. Therefore, a measurement using a com-
pletely different method (Sect. 2), which can reach a similar
accuracy, is highly desirable.

The first aim of this letter is to demonstrate that a per
cent level of precision can be achieved in the measurement
of Γπ0→γ γ by the KLOE-2 experiment at Frascati (Sect. 3),
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the accuracy of (4) is negligible. Our simulation shows that
the uncertainty in the measurement of Γ (π0 → γ γ ) due to
the form factor parametrization in the generator is expected
to be less than 0.1%.

4 Feasibility of the γ ∗γπ0 transition form factor
measurement

By requiring one lepton inside the KLOE detector (20◦ <

θ < 160◦, corresponding to 0.01 < |q2
1 | < 0.1 GeV2) and

the other lepton in the HET detector (corresponding to
|q2

2 | ! 10−4 GeV2 for most of the events) one can measure
the differential cross section (dσ/dQ2)data, where Q2 ≡
−q2

1 . Using (5), the form factor |F(Q2)| can be extracted
from this cross section.

The simulation has been performed using a lowest meson
dominance ansatz with two vector multiplets (LMD+V) for
the form factor Fπ0γ ∗γ ∗ , which is available in EKHARA.
The LMD+V ansatz is based on large-NC QCD matched
to short-distance constraints from the operator-product ex-
pansion (OPE), see the Ref. [39]. In the following we use
the definition of the LMD+V parameters h̄5 = h5 + h3m

2
π

and h̄7 = h7 + h6m
2
π + h4m

4
π . Figure 4 shows the expected

experimental uncertainty (statistical) on F(Q2) achievable
at KLOE-2 with an integrated luminosity of 5 fb−1. In this
measurement the detection efficiency is different and is es-
timated to be about 20%. From our simulation we conclude
that a statistical uncertainty of less than 6% for every bin is
feasible.

Having measured the form factor, one can evaluate also
the slope parameter a of the form factor at the origin1

a ≡ m2
π

1
Fπ0γ ∗γ ∗(0,0)

d Fπ0γ ∗γ ∗(q2,0)

d q2

∣∣∣∣
q2=0

. (7)

Though for time-like photon virtualities (q2 > 0), the slope
can be measured directly in the rare decay π0 → e+e−γ ,
the current experimental uncertainty is very big [40, 41].
The PDG average value of the slope parameter is quite pre-
cise, a = 0.032 ± 0.004 [8], and it is dominated by the
CELLO result [14]. In the latter, a simple vector-meson
dominance (VMD) form factor parametrization was fitted
to the data [14] and then the slope was calculated according
to (7). Thus the CELLO procedure for the slope calculation
suffers from model dependence not accounted for in the er-
ror estimation. The validity of such a procedure has never
been verified, because there were no data at Q2 < 0.5 GeV2.

1We would like to stress that the q2 range of KLOE-2 measurement
is not small enough to use the linear approximation Fπ0γ ∗γ ∗ (q2,0) =
Fπ0γ ∗γ ∗ (0,0)(1 + q2 a/m2

π ) because the higher order terms are not
negligible.

Fig. 4 (Color online) Simulation of KLOE-2 measurement of F(Q2)
(red triangles) with statistical errors for 5 fb−1. Dashed line is the
F(Q2) form factor according to LMD+V model [39], solid line is F(0)
given by Wess–Zumino–Witten term, (8). CELLO [14] (black crosses)
and CLEO [15] (blue stars) data at high Q2 are also shown for illus-
tration

Therefore, filling of this gap in Q2 by the KLOE-2 ex-
periment can provide a valuable test of the form factor
parametrizations.

When the normalization of the form factor is fixed to
the decay width π0 → γ γ or to some effective pion de-
cay constant Fπ , the VMD and (on-shell) LMD+V mod-
els have only one free parameter.2 For VMD this param-
eter is the vector-meson mass MV (sometimes denoted by
Λπ0 ) and for LMD+V this is h̄5, once we put h1 = 0 to
get the 1/Q2 behavior for large Q2, as expected from the-
oretical arguments [42–44]. It is a priori not clear why only
one parameter should be sufficient to describe the behavior
of the form factor simultaneously at low momenta (slope at
the origin) and at large momenta (asymptotic behavior, re-
lated to perturbative QCD / OPE near the light-cone). Since
the available data [14–16] cover only the relatively high
Q2 > 0.5 GeV2 region, a new measurement by KLOE-2 at
Q2 < 0.1 GeV2 would help to verify the consistency of the
parametrizations of the form factor F(Q2).

5 Impact on the hadronic light-by-light scattering
contribution to the muon g − 2

The value of the pion-exchange part aLbyL;π0

µ of the hadronic
LbyL contribution to aµ is currently obtained using hadronic
models and any experimental information on the transition
form factor is important in order to constrain the models.
However, having a good description for the transition form

2In the Brodsky–Lepage ansatz [42–44] the parameter Fπ fixes the nor-
malization and the asymptotic behavior at the same time. Comparison
with data from CELLO and CLEO shows that the asymptotic behavior
is off by about 20%, once the normalization is fixed from π0 → γ γ .

aµ
Exp-aµ

Theo ≈ (27.6±8.7)×10-10 ~ 3.4 s

8.7 ≈ 5HLO 3LbL 6Exp⊕

T1
No	Trigger 13873

63	%
CALO	Barrel 8178

37	%

⊕

Red Triangle 
are done with 
CCALT & KLOE

(1 % level)

aµ = (g-2)µ/2
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p1       ± -0.5645  / ndf 2χ  6.995 / 36

Prob       1
p0        0.4838± 506.6 
p1        0.005858± -0.5645 

Energy of leptons vs Distance from the nominal orbit

• HET tagged energy cover range 
between 430 and 480 for leptons : 
photon energy from 30 to 80 MeV

• Two photons cover the range from 
60 up 160 MeV which cover the 
physics case of the po at rest

• HET energy resolution is of the 
order of 0.5 MeV/mm

To be validate with data



 / ndf 2χ  100.3 / 3
Prob  21− 1.355e
Constant  27.0±  1023 
Mean      0.000843± 0.001473 
Sigma     0.00092± 0.04454 
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Mean      0.000843± 0.001473 
Sigma     0.00092± 0.04454 

Theta Positron

HETs angular acceptance
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The HET angular acceptance is 
of the order of 3*Sigma ~ 2.5 
mrad
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L’uso di una memoria a stack (LIFO, Last In First Out) fa sì che i primi dati che vengono letti sono quelli relativi alle ultime mi-
sure eseguite; contando il numero di tag del fiducial è possibile selezionare solo i dati più recenti. L’uso dei tag ha anche l’impor-
tante funzione di distinguere misure relative a cicli di fiducial differenti. 

 

Figura 9. In questo schema è rappresentata la memoria a stack ed 
un esempio del suo contenuto. In fase di scrittura vengono memo-
rizzate sia le misure che gli eventi di transizione positiva del fidu-
cial. L’operazione di lettura è eseguita fintanto che non sono stati 
contati un numero prestabilito di fiducial tag. 

Riassumendo, il corso delle operazioni è il seguente: durante l’acquisizione le misure ed i tag sono continuamente scritti 
sulla memoria a stack; la transizione del trigger T1 interrompe le operazioni di scrittura ed innesca la lettura dello stack; la scrittu-
ra è riavviata una volta finite le operazioni di lettura. 

1.4.2 Gestione dei trigger T1 e T2 

 

Figura 10. Schema generale del sistema di acquisizione. 

In Figura 10 è rappresentato uno schema semplificato dell’intero sistema di acquisizione: come si può vedere per ogni cana-
le è replicata la medesima logica. Il primo stadio di memorizzazione è implementato sulla memoria a stack ed è gestito da una 
macchina a stati (Data selector) che esegue le operazioni descritte nel paragrafo 1.4.1. I dati letti dallo stack vengono momenta-
neamente memorizzati su una RAM (RAM buffer) ad ogni trigger T1; questi dati saranno convalidati dall’asserzione del trigger 
di secondo livello T2 per poi essere memorizzati in una memoria FIFO (DATA FIFO).  

La gestione dei dati nella RAM buffer è eseguita nel seguente modo: il Data selector, innescato dal T1, scrive sulla RAM 
buffer a partire dalla prima locazione libera, che chiameremo A, fino alla locazione B; la locazione di partenza rimarrà A finché 
non è asserito il T2, in quel caso diventerà B+1. Se non ci sarà alcuna transizione del T2 tra un T1 ed il successivo, i dati del pri-
mo T1 saranno sovrascritti ed il valore di B sarà aggiornato ad ogni nuovo T1. 

• Usually DAFNE is filled with 
100 bunches over 120

• We use the “Fiducial”, a signal 
provided by DAFNE as TDC 
common start. By definition it 
is in phase with respect to 
the first bunch circulating in 
DAFNE

• the HET stores information 
corresponding to N turns of 
DAFNE only when KLOE 
provides the trigger (T1 and 
T2)

• The two DAQ systems (HET 
and KLOE) are asynchronous
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fase sarà interrotta dal Data Selector quando esso avrà contato un numero di fiducial tag uguale al valore del parametro di control-
lo fid_soppress. Se ad esempio viene impostato fid_soppress=3, il Data Selector conterà tre fiducial tag e per questo motivo i dati 
registrati sulla RAM buffer saranno quelli relativi all’intervallo di tempo tra la transizione del trigger e tre transizioni positive del 
fiducial precedenti (vedi Figura 11). 

Un funzionamento particolare è riservato alle impostazioni fid_soppress=0 e fid_soppress=9: nel primo caso il Data Selec-
tor leggerà tutto il contenuto dello stack senza contare i fiducial tag; nel secondo caso i dati saranno scritti sulla DATA FIFO an-
che se essi non contengano alcuna misura. 

 

Figura 11. A partire dall’istante di asserzione del trigger, il Data Selector leggerà i dati dallo Stack a ritroso finché non saranno 
contati tre tag di fiducial che corrispondono alle transizioni positive dello stesso.  

 

2.4 Impostazione dell’offset del TDC 

La tecnica di memorizzazione utilizzata presenta un limite: durante la scrittura dello stack ci potrebbero essere dei conflitti 
tra la registrazione dei fiducial tag e le misure. Poiché la precedenza è riservata ai fiducial tag alcune misure non saranno registra-
te. Come anticipato nel paragrafo 1.1, il TDC è provvisto di un offset regolabile con risoluzione pari ad un periodo di clock. Que-
sto consente di traslare l’istante di registrazione del fiducial tag in corrispondenza di uno dei bunch vuoti (vedi il secondo isto-
gramma di Figura 2 e Figura 12). 

Per impostare l’offset del TDC in modo corretto si può utilizzare la seguente procedura: 
1. mettere il sistema in misura; 
2. ottenere un istogramma delle misure come il primo di Figura 2 per ogni canale; 
3. impostare un valore di offset in modo tale che i precedenti istogrammi diventino simili al secondo di Figura 2. 

2.5 Stato di riempimento della fifo ed elaborazione dei trigger 

Durante le normali operazioni di acquisizione la motorola del ??Rock?? interroga il DAQ leggendo lo stato di riempimento 
della DATA FIFO dai bit 7-2 dello slv_reg6. I bit 1 e 0 indicano lo stato della coda dei trigger che ancora devono essere processa-
ti. In Tabella 2 riporto i valori possibili su slv_reg6. 



Time Synchronization HETs - KLOE

histD32
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Skewness   2.686
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• KLOE Trigger T1 allows us to synchronize both HETs stations
• HETs Long plastic signal allow to synchronize HETs with respect 

to KLOE

KLOE
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6% of the signals have 
instead +1 turn delay 
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HET performance …
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DAFNE “bar-code”
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• KLOE events after bhabha selection
• HET is noiseless : no beam = no hit

HET

KLOE



HET Counting Rate with beam …
In the HET events we clearly see only two contributions :
• The events due to background/Touschek (I2) events 
• The events due to Luminosity (L) of DAFNE 
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HET-Rate= KLOE-Trigger-Rate x (aele/pos L + bele/pos I2
ele/pos)



No Collision and Collision run
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Criteria for data selection : signal events  
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Spectra of the photons from po decay 

How KLOE detect these photons : 
Resolution and Trigger Efficiency ?

KLOE Trigger 
Efficiency ~ 82 % 

 / ndf 2χ    113 / 25
Prob  13− 3.694e
Constant  7.9± 404.2 
Mean      0.07± 67.84 
Sigma     0.054± 4.273 

(MeV)
1
γE

50 55 60 65 70 75 80 85 900

50

100

150

200

250

300

350

400

450

 / ndf 2χ    113 / 25
Prob  13− 3.694e
Constant  7.9± 404.2 
Mean      0.07± 67.84 
Sigma     0.054± 4.273 



How KLOE detect low energy photon …
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Radiative Bhabha scattering events in KLOE:
• 3-clusters, 2 energetic clusters with E > 350 MeV associated to 

electrons
• Minvclus1,2 > 500 MeV
• 2 tracks with an associated vertex
• 250 MeV < |Ptrk| < 550 MeV
• |Ptrk1,2 | > 500 MeV
• |ClusterE1,2 – |Ptrk1,2 | | < 60 MeV
• 60 < Emiss < 80 MeV
• |cos(θmiss)| < 0.948
• |cos(pmiss - γ clus)| > 0.95



Low energy photon in KLOE …
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KLOE resolution and trigger effects on 
po photons
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EKHARA Simulation
EKHARA + KLOE Simulation
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po search : preselection
• About 500 pb-1 of integrated luminosity have been processed 

Double Arm events : 
• coincidence between HET stations (± 1 bunch expected from resolution studies, 
∆Tbunch ∼ 2.7ns , <1% of KLOE triggers)

• control sample of events with -2 ≤ ∆Te+e- ≤ 7 bunches

Single Arm events :
• in time with KLOE trigger (−3 ≤ ∆Ttri−clu ≤ 8 bunches)
• in time with a bunch with 2 cluster in the barrel 20 < Eclu < 300 MeV 
• |∆TKLOEclu−HET| ≤ 4 bunches 

• A sample of ∼330 pb−1 of Double Arm events is being analyzed to search for πo
production almost at rest.
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po search : selections
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Eg1+Eg2(MeV)

• We start with 108 events
• From the simulation we expect to have ~ 350 events
• Coincidence between tagger hits : |∆ep| < 1 bunch and 

in time with the KLOE trigger 
• 2 KLOE cluster associated with the same bunch with 

∆TKLOEclu−HET ≤ ±	4 bunches Eγ < 300 MeV 
• Eγ > 20 MeV (events that can trigger the KLOE DAQ) 
• 30<Eγ <135MeV 
• P(Eg1+Eg2) < 90 MeV 
• cosqγγ < −0.8
• 80 < Mγγ < 230MeV and |∆T − ∆R/c| < 1.1 ns 



Conclusion
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• HET stations are completely noiseless 
• The timeline of the counting rate for electron and positron stations shows only 2 visible 

contributions : from luminosity and from Touschek intra-bunch scattering particles 
• Machine background reaches a maximal relative contribution of 45% for electron and 

15% for positron beams 
• The total rate dominated by bhabha scattering is at the level of 500-600 kHz. The 

measured effective cross section of 2 mb(ele) - 2.5 mb(pos) to be validate with 
montecarlo. 

• The rate of uncorrelated time-coincidences between KLOE and HET requires full 
reconstruction of a large fraction of the KLOE triggers 

• We have pre-filtered candidates of single-πo production from γγ scattering. A total of 
about 330 pb−1 are being analyzed 

• Work in progress:
• to optimize the signal selection
• to accurately measure the background of random coincidences 
• to carry out the analysis of Single Arm events both for bhabha and po events


