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Construction at RM-1 of ~1/3 of 
end-cap modules, quality control, 
assembly and final installation,
commissioning and calibration

Some activities for the KLOE experiment: e.m. calorimeter

sE/E @ 5.7% /ÖE(GeV)
st @ 54 ps /ÖE(GeV) Å (50 Å 125coll) ps
(relative time between clusters)
sgg ~ 2 cm (p0 from KL ® p+p-p0)

24 barrel modules 
4.3m active length 

2×32 “C” shaped 
end-cap modules 

Total barrel+endcap 
~5000 PMs 
Read-out granularity 
~ 4.4 ×4.4 cm2 

Scintillating 
fibers 

Fine mesh PMs 

Light guides 

- KLOE cal. group, "Construction and performance 
of the lead-scintillating fiber calorimeter prototypes 
for the KLOE detector" NIM A354 (1995) 352

- KLOE cal. group, "Measurements of light yield, 
attenuation length and time response of long 
samples of "blue" scintillating fibres", NIM A370 
(1996) 367

- KLOE cal. group, "Performance of fine mesh 
photomultiplier tubes in magnetic fields up to 0.3 
T",  NIM A368 (1996) 628

- M. Adinolfi et al., “The KLOE electromagnetic 
calorimeter”,  NIM A 482 (2002) 364 

where the sampling fluctuation term is in agree-
ment with test beam data, and the second term is a
constant to be added in quadrature. The constant
term is due partly to residual calorimeter miscali-
brations, but mostly to the intrinsic time spread
due to the finite length in the z direction of the
luminous point. The bunch length affects the
resolution in tcl ! Rcl=c in two ways.

1. The finite luminous point length produces a
spread in the collision time of the order of
ðc=cÞB50 ps; where cB1:5 cm is the rms spread
of the vertex position along z:

2. There is an additional contribution for photons
at small angles, also of order ðc=cÞcos y with y
being the polar angle of the photon.

In order to distinguish between these effects,
samples of 2g events at large and small angles have
been used. The comparison between the two
samples allows us to disentangle the effect (2)
since the average cos y for events belonging to the
first sample is close to zero. From the analysis of
the data we find that most of the constant terms
are due to the above effect contributing O ð125 psÞ;
while residual miscalibrations contribute 50 ps:
The intrinsic time resolution of the calorimeter is
therefore

st ¼ 54 ps=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

EðGeVÞ
p

"50 ps:

Use of more data is expected to reduce the
constant term.

12.3.3. Analysis of KL decay and interaction in the
calorimeter

The timing capability of the calorimeter is fully
exploited in the CP-violation analysis.

As indicated in Fig. 33, the time and positions of
the photon clusters together with the KS direction
of flight given by tracking measurements of the

Fig. 32. Time resolution as a function of Eg for f radiative
decays.

Fig. 31. Velocity as a function of track momentum for cosmic
ray events.

Fig. 33. Determination of the KL path based on the measure-
ment of time and of position of one photon. In the case of more
than one photon, an over-constrained determination can be
carried out.

M. Adinolfi et al. / Nuclear Instruments and Methods in Physics Research A 482 (2002) 364–386382
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- M. Anelli et al., "Measurement and simulation of the 
neutron response and detection efficiency of a Pb-
scintillating fiber calorimeter ",  NIM A581 (2007) 368

-
- M. Anelli et al., “Measurement of the neutron 

detection efficiency of a 80% absorber–20% 
scintillating fibers calorimeter ”, NIM A626 (2011) 67
(Gauzzi corresponding author)

Some activities for the KLOE-2 experiment and R&D

These preliminary results show that at the lowest trigger
threshold the neutron detection efficiency of the calori-
meter ranges from 40% to 50%, depending on the beam
intensity. It corresponds to a sizeable enhancement with
respect to the expected 8216% based on the amount of
scintillator only. For comparison, the efficiency of the 5 cm
thick NE110 scintillator ranges from 4% to 10%, for
values of the trigger threshold below 5MeV of electron
equivalent energy, in good agreement with available
measurements in literature.

3. Monte Carlo simulation and comparison with data

The Monte Carlo code FLUKA [10,11] has been used
for a detailed simulation of the calorimeter structure. The
TSL experimental beam-line, from the neutron source to
the collimated beam, has been also simulated, in order to
have a reliable characterization of the neutron beam
impinging on the detector (see Fig. 3). FLUKA computes
the energy deposits in the scintillating fibers, taking into
account the signal saturation due to the Birks law. For
each energy deposit, the average number of photoelectrons
is estimated and then attenuated to the calorimeter ends
with the proper attenuation length. The photoelectron
statistics and the generation of the discriminated signal are
also simulated, while the trigger effect has not yet been
included.

The primary reason for the observed efficiency enhance-
ment appears to be the huge inelastic production of
neutrons on the lead planes. For neutrons in the high
energy peak (175MeV), the probability to have an inelastic
interaction is 31.4% on the lead, compared to 7.0% on the
fiber and 2.2% on the glue. The secondary particles
generated in such inelastic interactions are on average 5.4
per event, counting only the secondary neutrons above

19.6MeV. Among the produced secondaries, 62% are
neutrons, 27% photons, 7% protons while the remaining
4% are nuclear fragments. Typical inelastic reactions on
Pb are:

nþ Pb! xnþ ygþ Pb,

nþ Pb! xnþ ygþ pþ residual nucleus,

nþ Pb! xnþ ygþ 2pþ residual nucleus,

and so on. Low-energy neutrons (below 19.6MeV) are
transported in FLUKA with a multi-group algorithm, that
uses a neutron cross-section library derived from the most
recently evaluated data. A sizeable contribution to the
calorimeter response comes also from the secondary
neutrons in this low-energy range: due to the larger
inelastic cross section the neutron shower-like effect
increases and originates on average about 100 secondaries
per event, out of which "5 protons and "1 photon directly
contribute in generating a visible response.
The high sampling frequency of the calorimeter appears

to be a crucial point in the efficiency enhancement. First of
all, the protons and the electromagnetic energy produced
on Pb in the inelastic processes can be detected by the
nearby fibers down to very low energies. Moreover,
secondary neutrons are produced in following Pb planes
with decreasing energies, thus having larger probabilities to
produce ionizing particles, i.e. visible signals, in the nearby
fibers. The isotropic distributions, which characterize the
inelastic processes, also play a role: the backscattered
neutrons contribute to increase the collision density in the

ARTICLE IN PRESS

Fig. 2. Dependence of !calo on the trigger threshold. The horizontal scale
is in MeV set for electron response. Accuracy is the same as in Fig. 1. The
scintillator efficiency measurements are reported, scaled by the ratio
between the two scintillator thicknesses.

Fig. 3. Neutron energy spectra as computed with the FLUKA simulation.
From the top: at the source, at the collimator exit and on the calorimeter
entrance.

M. Anelli et al. / Nuclear Instruments and Methods in Physics Research A 581 (2007) 368–372370

Monte Carlo DBV-40 
•  Production for DBV-40 will start soon 
•  Output in ROOT format 
•  Study of  actual performance of the subsystems, calorimeter and  

tracking, to update the MC simulation 
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Check e.m. calorimeter performance 
during KLOE-2 data taking (2015-2018): 
compatible with known performance.

sE/E @ 5.6% /ÖE(GeV) 
st @ 58 ps /ÖE(GeV) Å 135 ps

Scint. equiv.

KLOE EmC

Measurement of the neutron response
of the KLOE EmC

Studies for a possible EmC
upgrade for KLOE-2: HQE PMs

H.Q.E. Standard KLOEs E
/E


