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24 Modules are stored each on its own support that 
will be used also for the transportation

An experimental area is being set up for  
Consolidation and Operational test of the modules

Consolidation
• Gluing of delaminated parts
• Replace light-guides protections 
• Wrap with new Aluminum-Fiberglass tape

Operational Test
• test basic performance with cosmics rays
• test of new FEE prototypes 

(comparison with old KLOE electronics)

ECAL module consolidation and test

ECAL signal+HV cables 
15+15 m long
in 12 storage boxes

see Fabrizio’s talk
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Refurbishment area

Test area
ECAL test at LNF

3

We plan to test two barrel modules at the 
same time; (60+60)x2=240 channels

(In total test+refurbishment ~85 mq in bld.57)
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ECAL test at LNF

PMTs will be dismounted, light guides cleaned, new optical gel
applied, and PMT re-mounted.
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ECAL module refurbishment and test

few % cross-talk between adjacent read-out
elements which is of no consequence to the
calorimeter performance.

5.4. Photomultipliers

To avoid mechanical complications (the magnet
pole pieces open for detector maintenance) we
chose to use photo-tubes capable of operating in
magnetic field. Cavities in the pole pieces reduce
the field to less than 0:2 T with a component
transverse to the tube axis of less than 0:07 T:
Structures with fine mesh dynodes and small drift
space operate quite well under the above condi-
tions, although some response and gain loss
remain [10]. A disadvantage of this kind of
structure is the low gain per stage and the partial
loss in photo-electron collection, both resulting in
larger signal fluctuation. We use Hamamatsu
R5946/01 1.5’ tubes. Gain and response of all
photomultipliers have been measured before in-
stallation [11]. In the KLOE detector, the tube
gains decrease by B10% when the field is on, but
linearity and resolution are not affected. The PMs
are operated with grounded cathodes in order to
eliminate leakages which can generate noise and
field distortions in the PM. At the end of each
module, a box holds the photo-tube mechanically
in place and pressed against the light pipe ends, to
which optical contact is made by means of Bicron
optical gel BC-630. Inside the box there are cables

with connectors which are attach to the PM’s
bases. The cables carry high voltage, low voltage
power, a test pulse and the output signal. An
exploded view of the PM box, Fig. 4, shows the
aluminum tubes containing the PMs with the high-
voltage dividers and the preamplifiers and the
plate through which tubes connect to light pipes.
Tube caps spring load the PMs against the light
guides.

6. Electronic read-out

A block diagram of the electronics for proces-
sing the photo-tube signals is shown in Figs. 5 and
6. The entire chain is AC coupled several times.
While this results in a greater stability in static
conditions, the effective zero offset for amplitudes
and trigger thresholds becomes the function of
data rates. Calculations show that, for appropriate
choices of the time constants values of Oð1 msÞ; the
effect is negligible [12]. This is experimentally
confirmed, see Section 11.1. The peculiar use of
two capacitors and two 50 O resistors in Fig. 5
allows us to achieve, ideally, a very large time
constant for any value of the coupling capacitor.

6.1. The preamplifier

The PM signal is coupled to a 12 m long, 50 O;
miniature coaxial cable terminated at both ends

Fig. 4. Exploded view of the PM box.Fig. 3. Light guides at one end of a barrel module before
photo-tube installation.

M. Adinolfi et al. / Nuclear Instruments and Methods in Physics Research A 482 (2002) 364–386 369

Bicron optical gel BC-630 
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CAEN HV power supply 

For the ECAL module test the KLOE electronics will be reused 

KLOE ADC CAEN VX559 (30 ch.) 8 boards   
KLOE TDC CAEN VX569  (30 ch.) 8 boards

KLOE Low Voltage power supply  (380~V)
+/-6V (2x 300W) => PMT preamp, FEE etc.
+/- 5.2 (2x 280W) => digital circuitry

KLOE SDS 8 boards: spllitter + 
discriminators on 30 ch./board
common tunable threshold(low+hign thr.)

VME bridge

trigger 
distributor
NIM modules
for trigger logic

ECAL test at LNF
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ECAL: procurement of HV and LV power supply

CAEN 
n° 102  board A7030P (48 ch.) H.V. channels +3 KV 1 mA (1.5 W) -  Multipin Conn. common floating
n° 7  Sistem SY4527B  Universal Multichannel Power Supply System - BASIC 600W  
n° 7 Power supply booster A4533 - 1200W  

HV LV

n° 10+2 spare board A25251  8 full floating channels 8V/12A

Mapping of present HV cables 5x12ch on 48 ch. modularity not trivial  (to be studied also for LV)
=> under study to minimize cost (custom connectors or patch panel) 
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ECAL test at LNF: End-cap modules 

Design of supports for handling and 
transportation of each half End-cap.
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• 4-5 DAYS OF FULL DATA TAKING (WHOLE MODULE AND ALL CELLS 
EXPOSED TO COSMIC RAYS) 
=> TRIGGER – SOME OPTIONS

• 1-2 DAYS FOR PMT MOUNTING/DISMOUNTING AND MODULE 
HANDLING 

• => 1 WEEK PER BARREL MODULE FOR TEST

• DATA TAKING COULD GO IN PARALLEL FOR TWO MODULES

ECAL test with cosmic rays
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rAB = ratio QA/QB for particles impinging at the
module center.

ECAL test with cosmic rays

for vertical muons to reduce
spread of time of flight between
consecutive cells.

=> MIP(ADC), l
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ECAL test with cosmic rays
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σE/E Vs Num. Layers

  8.932    /     4
P1   .3432E-01   .1186E-02

0.025

0.05

0.075

0.1

0.125

0.15

0.175

0.2

0.225

0.25

0 1 2 3 4 5 6

σE/E Vs Num. Layers

  44.62    /     4
P1   .4726E-01   .1186E-02

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

0.26

0.28

0 1 2 3 4 5 6

 S  (cm)

A
D

C
 (c

ou
nt

s)

0

50

100

150

200

250

300

350

400

450

500

0 25 50 75 100 125 150 175 200

L(x) = Landau distribution

  1139.    /   198
P1   .1700   .1448E-02
P2   .9923   .1494E-02

Layer 1

  639.1    /   198
P1   .1433   .4198E-03
P2   1.024   .9214E-03

Layers 1-2
  505.8    /   198

P1   .1212   .2313E-03
P2   1.046   .7476E-03

Layers 1-3

  479.8    /   198
P1   .1066   .7493E-03
P2   1.055   .9162E-03

Layers 1-4
  458.0    /   196

P1   .9573E-01   .6734E-01
P2   1.061   .9979

Layers 1-5

0
250
500
750

1000

0.5 1 1.5 2 2.5 3
0

500

1000

0.5 1 1.5 2 2.5 3

0

500

1000

1500

0.5 1 1.5 2 2.5 3
0

500

1000

1500

0.5 1 1.5 2 2.5 3

0

500

1000

1500

0.5 1 1.5 2 2.5 3

ECAL test with cosmic rays: energy resolution
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ECAL test at FNAL

The quality assurance (QA) and quality control (QC) operation will be performed repeating 
the tests on each module done at LNF. In particular, after re-installation of PMTs (shipped 
separately) in the ECAL modules, the ECAL module performance in terms of light yield, 
energy and time resolution using cosmic rays will be measured and checked again at a 
cosmic ray test stand, with the same equipment used at LNF, before installation in the SAND 
detector.

Storage area for barrel modules: ~50 m2

Storage area for end-cap modules: ~60 m2

Test area: 50-100 m2  depending on the parallelization degree of the operations

Upon arrival at Fermilab, ECAL modules will be stored in a 
proper area for barrel and equipped with a crane of 5 t 
maximum load for handling barrel modules, and 15-20 t for 
handling Endcap modules. A controlled temperature 
environment is required in the storage and test area of ECAL 
modules, avoiding thermal stresses and keeping temperature 
changes within about ±10oC along the whole period.
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spare slides
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KLOE-to-SAND Project Time Schedule
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Ks® p0 p0 

Mass reconstruction within 1%with 
PDG. Resolutions are in good 
agreement with MC expectation. 

MK= 494 MeV 
sK = 27 MeV

Mh= 546 MeV 
sh = 42 MeV

p0 ®gg

from j®p+p-p0

Mp= 135 MeV 
sp = 14 MeV

3g events: 
j®hg, p0g

Examples of mass reconstruction in KLOE


