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The Large Hadron Collider (LHC) @ CERN
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Alice Physics

ALICE wiill track and identify products from pp and
nucleus-nucleus collisions in a large multiplicity
environment (dA/_,/dy up to 8000).

Main tasks:
 studying

* studying the between confined matter
and Quark-Gluon Plasma
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EMCal design is
heavily influenced
by its integration
within the magnet

It provides a partial
back-to-back coverage
with the PHOS
Spectrometer

Total Coverage

A®=110° -0.7<n<0.7
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EMCal Physics Motivation: jet study

The combination of the EMCal with the unique tracking
and particle ID capabilities of ALICE enable the most
extensive measurements of jet quenching at the LHC

Jet quenching
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EMCal Physics Performance /1

EMCal provides :

Charged + vy
Charged
Leading charged particle
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EMCal Physics Performance /2

18 < E,,, < 20 GeV

- 0
—

Shape analysis + invariant mass
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The EMCal Project
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10 super modules
with 12 x 24 modules

A® =20° An=0.7

2 super modules
with 6 x 24 modules

A® =20° An=0.7

Modules with
2 x 2 towers
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Elementary Module : Towers

* 77 alternating layers of Pb and polystyrene
based scintillator

* Radiation Length ~ 20 X,
* Front dimensions 6 X 6 cm?2

* Design resolution: 6/E~ 1% + 8%/VE

Scintillation photons produced in each tower are
collected by an array of 36 optical fibres (Shashlik fiber
geometry)




Florence, 29" June 07

EMCal Planning and Organization

e Several US and EU institutes involved in the
EMCal project

» Current expectations

 Catania Task

80 APDs
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Hamamatsu APDs Si APS S8664 series

SiN, Parameter S8664-55 APD

antireflectin i -
coating J Active area 5% 5 mm

Op. voltage ~ 380V
Capacitance 70 pF
Serial resist. 30

2

€l. contact

Dark current < 10 nA
Quantum ell. 72% for 420 nm
dM/dl = 1/M 3%V

dM/dT = 1/M —22%/C
Groove to minimize g
surface leakage

current
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B Spectral response
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Hamamatsu APDs Si APS S8664 series
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EMCal Readout Electronics

" ~~ EmCal electronic requirements are quite similar to those of PHOS

e Large dynamic range ~ 14bits: dual gain range shapers, flash
ADC

» Fast trigger input based on overlapping tower energy sums

* Individual APD bias control for gain matching

« Appropriate timing for low energy neutron / antineutron

rejection
15
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EMCal Readout Electronics

PC-like readout backend
Semi. Jauss 2 digitization rangas '\, sampling 10... 20 Mz b

A : | Lok (B
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APD: Hammamatsu A ) RC highpass B } dual in

i
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APDs Testing Activity

* Improve the EMCal energy resolution

* Provide a good LO and L1 trigger

 Selecting APDs according to their performances

* Measuring the APD gain dependence on the bias voltage
(Voltage Coefficient dM/dV X 1/M)

e Evaluating the nominal voltage setting for the APD to obtain
gain M=30 (instead of 50 as for PHOS)

 Measuring the APD gain dependence on the operating

temperature (Temperature Coefficient dM/dT X 1/M)
17
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APD gain measurement at + 25 °C
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Voltage coefficient of the gain versus gain (from parametrization)

10

At M=50 and T=+25 °C

\With a bias voltage control step of 0.2 V/bit,
a voltage coefficient of 2.3% / V (@ M=30)
would limit the Gain calibration to 0.46 %
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60

Bias Voltage [V]
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APD bias voltage 360 V w I ndf 138716

I Prob 09867
pl 225+ 05027
pl -1.198 + 004083

i01/6
0.1205

3155+ 2,679
0.745 + 01097

47 1
Temperatura [*C]
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Temperature coefficient

Temperature Coefficient
0

[

1/M dM/dT [%]

-2.5

h
[ A
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Bias Voltage 380 V
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V30 distribution | hv30 |

Entries 79
10 Mean  365.3

LAY The safety limit
changes depending
on the operating
temperature
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Run: 7208, configuration_0252.txt An example: the PHOS Calibration
(H. Muller, J. Hamblen, L. Benhabib)
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2. Cosmic Ray
Calibration
(relative calibration of

individual module
better than 5%)

3. In-beam MIP, Electron and r° Calibrations
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* A working testing station has been set up

* First results of the APD characteristics fits the
experimental requirements of the EMCal

* A first batch of 80 APDs analyzed

e Sept- Oct beam tests

* \riting a common protocol for the preparation and
testing of APDs

» Starting the testing activity for APD mass production

31
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Table 5: Neutron fluence in mid-rapidity detectors.

Table 4: Doses in mid-rapidity detectors.

Detector

Dose [

]

Dose [Gy]
| Beam-Gas |

Dose [Gy]
| Halo |

Dose [Gy]
| Total |

Detector

n-& [em =]
IP Collisions

n-d [em 7]

Beain-Gas

n-& cm~]
Halo

n- e
Total

SPD1
SPD2
SDD1

8.0-10"
5.6- 1011
4.5. 10"

1.3 10"
1.1.10Y
1.4-10%

3.1-10"
2.1.10%
2.2.10%

8.5 10"
6.0- 101
49. 10"

SPD1
SPD2
SDD1
SDD2
SSD1
SSD2
TPC(in)

2000
510
190
100

40
26
13

2

250
48
12
2.4
1.2
0.6
0.25
0.05

500
120
45
13
7
2.5
29
0.2

2750
680
250
120

50

30

16
2.2

SDD2
SSD1
SSD2
TPC(iw)
TPC(out)
TRD
TOF
PHOS
HMPID

4.2.10"
1.0 - 10
3.9.101"
3.6- 10"
2.4.10
1.5- 10
1.0- 10
8.0.10%
8.0-10%

1.4-10"
1.3-10%
1.2-10%°
1.2-10%°
0.0.10°
6.0 - 10°
4.7-10°
3.4-10"
3.4-10°

2.0-10"
2.0-10"
1.8-10%
1.7-10%
5.6-10°
3.2.10°
2.4.10°
2.2.10¢
2.2.10°

4.5-10"
1.3-101
42101
3.9.10"
2.5. 10!
1.6-

TP("‘( nnt)
TRD

1.6

0.03

0.16

1.8

TOF
PHOS
HMPID

11
0.5
0.5

0.03
0.01

0.1
0.04

0.01

0.04

1.2
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Blue: Intrinsic resolution 8.5%

Green: Digitization resolution Resolution —Seriesl
Pink: Calibration 1% - Series2
Light Blue: Electronics 2000 eNC = 48MeV - Series3

1 Series4

8% intrinsic

\
A (full scj:
\ f‘_aper GeV)
-—eC=2000 (48MeV)
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Statistics provided by Hamamatsu /1

VR(M=50) distribution
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Statistics provided by Hamamatsu /2

VB-VR dependence




