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1 . INTRODUCTION

The Large Hadron Collider (LHC) will allow the study of Pb+Pb, p+A, and p+p collisions at center of mass energies of up to 14 TeV for p+p collisions, and up to 5.5 A GeV for Pb+Pb collisions. The ALICE detector is one of three large detector facilities at the LHC. It is unique in that it was specifically designed for the LHC Heavy Ion program to take full advantage of the enormous range of physics observables and will play the leading role in the study of Pb+Pb collisions as well as providing unique measurement capabilities for p+A, and p+p collisions.  An important subset of these physics opportunities, ranging from the gluon structure functions of heavy nuclei at very low Feynman-x to parton energy loss in the quark gluon plasma, require that a large solid angle electromagnetic calorimeter complement the tracking and particle identification of the ALICE Time Projection Chamber (TPC) and related systems.

The purpose of the present document is to convey the design requirements of the ALICE Electromagnetic Calorimeter (EMCal) and to justify those requirements in terms of their relation to the proposed physics program and realistic budgetary constraints. It is beyond the scope of the present document, however, to attempt to justify the proposed physics program. In the following, therefore, we will merely mention physics topics in passing where required and assume that the reader is knowledgeable concerning the significance of cited physics topics to the entire LHC program.

2 . EXECUTIVE SUMMARY

2.1 Summary Description
The EMCal aims to provide large acceptance coverage at a low cost. The emphasis on high pT means that the intrinsic energy resolution of the EMCal can be modest and the detector granularity can be coarser with moderately high occupancy as compared to PHOS, the other electromagnetic calorimeter of ALICE that emphasizes the low pT measurement, with high resolution but limited acceptance. These design criteria point toward the choice of a sampling calorimeter design, similar to those built for PHENIX and STAR at RHIC.

The overall design of the EMCal is heavily influenced by its location within the ALICE L3 magnet. The EMCal is to be located inside the large room temperature magnet within a cylindrical integration volume approximately 108cm deep, by 7.0m in length, sandwiched between the ALICE TPC space frame and the magnet coils. Due to the installation of the PHOS carriage below the ALICE TPC and the HMPID above the ALICE TPC the EMCal is limited to a region of about 120 degrees in azimuth above the TPC adjacent to the HMPID.  In the present discussion, this is the extent of the proposed EMCal.  Space for future expansion following the removal of the HMPID after two or three LHC runs and space adjacent to the PHOS could be utilized in the future to create nearly complete EMCal azimuthal coverage at some future date should the need arise.  

The chosen technology is a layered Pb-scintillator sampling calorimeter with a longitudinal pitch of 1.6mm Pb and 1.6mm scintillator.   The full detector spans  = -0.7 to  = 0.7  with an azimuthal acceptance of   = 120o. The readout of the scintillator is of the “Shishkabob” or “Shashlik” type similar to the PHENIX Pb-scintillator sampling calorimeter
 in which the scintillation light is collected via wavelength shifting fibers (WLS) running through the Pb-scintillator tiles perpendicular to the front surface. The detector is segmented into ~13,824 towers, each of which is approximately projective in  and  to the interaction vertex. 

The basic structural units of the calorimeter are supermodules, each subtending approximately ~20( in (( and 0.7 units in ((.  Supermodules are assembled from individual modules. The modules are further segmented into 2x2 individually readout towers. The supermodules weigh about 9.6 tons and are the basic units handled during installation. Each supermodule is roughly 145cm wide at the front surface by 350cm long with an active depth of 24.8cm (at =0).  The physical characteristics of the EMCal are summarized in Table 2.1.

The EMCal is a fast detector that will be used to provide input to the Level-0 trigger decision for p+p collisions (Level-0 provides the min-bias interaction trigger in ALICE). Most importantly it will also provide Level-1 trigger information as well as information for the high level trigger (Level-1 selects triggers of interest and provides the gate trigger to the ALICE TPC).  The EMCal provides ALICE with trigger capability for direct photons, neutral pions, single- and di-electrons and jets. Beyond triggering, the EMCal detector information provides an essential contribution to ALICE’s physics program. 

The EMCal provides:

· Single Shower Triggers for measurement of: 

· 0 and  production: jet quenching, collective flow, etc.

· Direct photon production: gluon structure functions, thermal radiation, -jet,etc.

· Electron production: charm, thermal di-electrons, vector mesons, W’s and Z’s.

· Patch Triggers for measurement of:

· Jet production:  structure functions (pp), quenching, flavor dependence of quenching,

Due to the location of the EMCal within the ALICE magnetic field, the signals from the EMCal  are readout with Avalanche PhotoDiodes (APDs),  as is the PHOS. Also, since the light output/MeV of energy deposit in the EMCal is very similar to that of PHOS, and the performance requirements are very similar, the EMCal readout follows closely the PHOS readout and uses the same readout elements whenever possible. The EMCal readout parameters are summarized in Table 2.3. The APDs will be operated at a gain of about 50. The APD output is integrated with a Charge Sensitive Preamplifier (CSP) attached to the APD on the EMCal module. The CSP output is processed with dual CR-2RC shapers separated by a gain factor of 16 with a peaking time of 200ns. The shaped output signals are digitized with 10-bits resolution at 20Mhz. When the event trigger is received, the 20-samples wide region of digitized energy signals corresponding to the physics event is transferred to local memory in the FEE. Up to 8 events may be buffered locally in the FEE. The data is readout of the FEE over a 40-bit wide bus at 60MHz. The digitized pulse shape of the signal is analyzed offline to extract arrival the signal arrival time with a time resolution adequate (~1ns) for rejection of slow neutrons and anti-neutrons by time-of-flight.

In parallel with the data path to the DAQ, the Front End Electronics (FEE) will provide a fast energy signal path with a reduced resolution for trigger purposes. Trigger primatives of adjacent 2x2 tower sums are digitized with 8 bits of resolution and passed to Trigger Region Unit (TRU) modules to form digital sums of the 2x2 trigger primitives over larger EMCal regions. Sums of overlapping regions of 4x4 towers will be made to provide single shower (photons or merger 0’s). Sums of 2x2 tower sums over larger patch regions will be used to provide jet trigger information. 

As an ALICE detector subsystem, the EMCal adheres to all of ALICE’s existing interface standards and specifications for slow controls, trigger, on-line and DAQ.

2 . 2 Table of EMCal Mechanical Parameters

P

	Quantity
	Value

	Sampling Ratio, dPb/dSc
	1.6 mm Pb / 1.6mm Scintillator

	Sampling Fraction, fs=ESc/EPb
	0.0811 (including all ALICE materials) 


	Energy Resolution
	12% / √E

	Calibration
	LED, 0’s, electrons

	Total depth
	24.8 cm

	Number of Pb/Sc layers
	78

	Number of Radiation Lengths
	22.3 (active detector only)


	Module Size 
	12.7 X 12.6 X 31 cm3

	Tower Size (at =0)
	 x  = 0.015 x 0.015 

	Occupancy (dNch/d=2500)
	Hit:16%  Tower:~80%

	Number of Towers
	2x2=13,284

	Number of Modules
	12x12x24=3456

	Number of Supermodules
	12

	Weight of Supermodule
	~9.6 tons

	Total Coverage
	=120o,  -0.7 <   < 0.7


2 . 3 Table of EMCal Readout Parameters

arameters BARREL ENDCAP

	Quantity
	Value

	Digitization Ranges

10bit  x16 and x1 ranges; 14bits effective
	HiGain: 16MeV-16GeV

LoGain: 250MeV-250GeV

LSB=16MeV

	Light Yield
	2.5 e-/MeV at M=1; 125e-/MeV at M=50 

	Channel rate at E>30 MeV
	2kHz 

	APD 
	e.g. Hamamtsu S8664-55 (5x5mm2); CAPD=90pF; 

Excess noise factor F=3.6; Dark current ~10nA

	Charge Senstive Preamp (PHOS)
	JFET:2SK932; Cin=10pF;  60mW;

0.78mV/fC or 0.128V/e-

	CSP Output range
	0.45mV-4V (16MeV-250GeV)

	Electronic Noise Charge (ENC)
	1500e- (~12MeV)

	Shaper (PHOS)
	CR-2RD type; Semi-Gauss; int = 100ns;  peak = 200ns

	Fast OR signal shaping 
	FWHM=100ns

	Timing Resolution
	~1 ns

	Trigger
	LVL0(<800ns)=Shower:  LVL1(<6s)=Shower, Patch

	ADC
	ALTRO-16ST, 16*10bit@20/40MHz,LSBnoise<0.5mV

Effective Number of Bits (ENOB) = 9.5

	Sampling Rate: 1/t
	20MHz

	Max.Nr.Samples/Signal (5*peak/t)
	20

	Data rate per channel
	2kHz*(2 range)*(20 samples)*(10bits)=100kByte/s

	Power consumption
	<400mW/channel


3.  DETECTOR REQUIREMENTS

3 . 1 System Functionality

Requirement:

There shall be a sampling electromagnetic calorimeter in ALICE with coverage of 1200 in  and –0.7 to +0.7 in . Dead areas shall be minimized relative to the Moliere radius of an electromagnetic shower (~2cm) and to the size of a hadronic jet.

Justification:

As large an acceptance as possible is desirable to give adequate coverage for jets which typically fill a cone radius R=()1/2  ~ 0.7. However, in central heavy ion collisions the underlying event is indistinguishable from the tails of the jet and smaller cone radii must be used R~0.3 to preserve reasonable jet energy resolution. Furthermore, the EMCal presently uses all available space in ALICE since the space is limited in  by other ALICE detectors (PHOS and HMPID) and limited in Z to the length of the ALICE TPC. A minimum acceptance of –0.7 to +0.7 in  is required to give adequate coverage for jets and photons to cover the relevant x range for measurement of gluon distributions in p+Pb and p+p collisions. Also, jet reconstruction requires fiducial cuts far from edges, which would severely limit the acceptance for a smaller detector. Within this coverage, dead areas of the scale of the observable, electromagnetic or hadronic showers, have an unacceptable impact on the detectors acceptance since each dead area nominally requires a fiducial cut of comparable size.

3 . 1 . 1 Measurement Functionality

 Requirement:

The EMCal must enable the detection of photons and reconstruction of o’s (and ’s) above approximately 1 GeV/c in the Pb+Pb environment to cover the full transverse momentum range from the thermal region of the spectra and to the high pT region where jet quenching dominates the spectral shape. The direct photon, o, and jet measurements in p+p and p+A will enable measurement of the gluon structure functions in nuclei needed to thoroughly understand A+A collisions.

Together with the charged hadron measurements in the TPC and other central tracking detectors of ALICE the EMCal will enable to find and measure jets to fully investigate shadowing and quenching effects.

Together with the TPC and a vertex position measurement from the ALICE Inner Tracking System (ITS) the EMCal will enable to identify and measure electrons from open charm and bottom productiona as well as from W and Z decays.  Electron pair measurements will allow to study vector meson production, such as J/ production, to study color screening in the plasma. 

 Justification:

These observables span the physics program envisioned for LHC addressable with electromagnetic measurements both in conjunction with and without ALICE’s tracking detectors.

 3 . 2 CALORIMETER CHARACTERISTICS

 3 . 2 . 1 Energy Resolution

 Requirement:

The electromagnetic energy resolution, defined as the Gaussian sigma divided by the mean, shall be better than required to satisfy the measurement functionality.

 Justification:

The measurement functionality of section 3.1.1 is a requirement.  Monte Carlo studies show that a resolution better than or equal to 15%/E[GeV] at energies above 300 MeV satisfies the measurement functionality of section 3.1.1.

 For example:

· In the measurement of the direct  and pion production this resolution is adequate.

· At the high energy end, where we use the energy in the calorimeter vs. the momentum from the TPC to identify electrons, this energy resolution is better than the momentum resolution from TPC plus vertex.

· For direct-+jet studies to measure the gluon structure function, this resolution on the  is better than the resolution possible for the jet.

3 . 2 . 2 Spatial Resolution

Requirement:

The EMCal tower size shall be small enough to reduce combinatorial problems (average occupancy <1) in resolving multiple s in p+p and identifying photons and electrons in Pb+Pb events. For cost reasons, we want the cell size as large as consistent with the physics.

Justification:

A calorimeter segmentation of 0.015 x 0.015 gives about 80% tower occupancy in Monte Carlo studies. Identification of photons and electrons in Pb+Pb events will be limited by overlapping background in the towers from hadrons and photons. The higher the average energy associated with this background the higher the minimum pT at which electrons and photons can be isolated. A calorimeter segmentation of 0.015 x 0.015 gives an acceptable background energy per tower in Monte Carlo studies. The tower segmentation also imposes an upper pT limit above which photons from 0 decay fall within a single tower and will be misidentified as a photon rather than as a 0.

3 . 2 . 3 Solid Angle Coverage

Requirement:

The device will subtend 1200 in  and –0.7 to +0.7 in  with inactive regions that do not compromise the

electromagnetic energy measurement or jet reconstruction capabilities.

Justification:

The EMCal presently uses all available space in ALICE since the space is limited in  by other ALICE detectors (PHOS and HMPID) and limited in Z to the length of the ALICE TPC. A minimum acceptance of –0.7 to +0.7 in  is required to give adequate coverage for jets and photons to cover the relevant x range for measurement of gluon distributions in p+Pb and p+p collisions.  This EMCal acceptance is about 7 times the acceptance of the PHOS detector. Jet measurements typically use a cone radius R=()1/2  ~ 0.7, however, in central heavy ion collisions the underlying event is indistinguishable from the tails of the jet and smaller cone radii must be used R~0.3 to preserve reasonable jet energy resolution. The acceptance of the EMCal for total containment of jets in both p+p and Pb+Pb, (while the PHOS detector acceptance is inadequate) and is sufficiently large to allow for single jet, di-jet, and -jet measurements into the interesting high-pT regime. 

A. 4. EMCAL ELECTRONICS

B. 4 . 1 APD Signal Shaping
Requirement:

The integration and shaping time of the preamplier/shaper of the APD signal shall be chosen to keep the electronics noise contribution to the total energy resolution negligible in comparison to other contributors to the resolution.

Justification:

Electronics noise contributions should not degrade the calorimeter performance since they can be minimized with suitably chosen signal shaping time.  A shorter than optimal shaping time from an electronics noise point of view may be chosen to minimize contributions from event pileup and background neutrons.  

4 . 2 Dynamic Range of Calorimeter Energy Measurement

Requirement:

The dynamic range of the calorimeter must adequate to measure soft 0 photons and electrons in the Pb+Pb and p+p programs.

Justification:

C. The EMCal energy scale must encompass the full scope of the ALICE physics program. The low energy end of the dynamic range is specified by the need to measure the soft photons from 0  background to extract the direct  yield and to reconstruct low pT  0’s in the Pb+Pb program. The high end of the range is fixed at about 250 GeV by the need to measure energetic 0’s from the highest energy jets. A dynamic range of 14-bits of effective (dual 10-bit digitization channels separated by a relative gain of 16) allows to cover the dynamic range of 16 MeV to 250 GeV.
D. 4 . 3 EMCal Deadtime
Requirement:

E. The EMCal readout must be deadtimeless out to Level-0 trigger time.
Justification:

F. The fast detectors in ALICE are to be deadtimeless out to the Level-0 trigger time. In ALICE, the different detector subsystems will be configured to participate simultaneously in different event partitions according to their deadtime. This allows “fast detector events” to be taken while the other detectors are busy to enhance the data sample for these detector subsystems.
G. 5.  EMCal TRIGGER

Introduction

H. In p+p, p+A, and A+A collisions, the ALICE EMCal can be used to trigger on events relevant to the study of the gluon structure function, jet properties in heavy ion collisions (e.g. quenching), J/with di-electrons, isospin fluctuations, and high and medium pT physics with photons and jets. To trigger on these phenomena using the EMCal, one must allow for selecting the following event types:

I. Jets for the study of the gluon structure function (p+p,p+Au) and jet suppression in Pb+Pb.

J. Neutral pions and direct g for the study of gluon structure functions and jet quenching.
K. Electrons for the study of J/ y suppression, W±, Z0 physics, heavy flavor studies via the semi-leptonic decays c -> e+X and b -> e+X in p+p collisions and identification of jets with heavy flavor content to study heavy quark energy loss. Electrons also allow, in situ, cross-calibration between the TPC momentum and the EMCal energy via E/p matching.
L. ET, the total transverse energy deposited in the EMCal and its distribution, dET/dh. ET is also part of the trigger for other high ET processes such as direct gamma plus jet, two jets and W's.

M. To measure the electromagnetic energy content of a jet which comprises ~30% of the jet energy that would otherwise be missed and thereby improve ALICE’s jet trigger.

N. Abnormal isospin ratios for the study of disordered chiral condensates through fluctuations in charged to neutral energy ratio.

To accomplish these physics goals, the following requirements are established.
5 . 1 Calorimeter Trigger Requirements:

5.1.1. Calibration Triggers

Requirement: 

LED calibration triggers must be supplied for tracking the time dependence of the absolute calibration of the EMCal and for determination of the timing calibration.

Justification: 

The EMCal must be calibrated and the associated data must be passed to the DAQ.

5.1.2. Shower Trigger

Requirement : 

Identify events in which any overlapping 4x4 tower region corresponding to a single photon or high pT 0 merged photon shower is above one of three programmable thresholds without introducing deadtime. This trigger is to be available at Level-0 and Level-1. 

Justification: 

Selection of e/g events or high pT 0  events via their signature of a highly localized energy deposition. The three thresholds allow for prescaling of the lower pT event triggers over a range of pT. The condition of no deadtime is required to optimize the maximum effective integrated luminosity.  The trigger will be used as input to the ALICE Level-0 trigger decision in p+p to provide an unbiased EMCal data event sample.

5.1.3. Patch Trigger

Requirement : 

Identify events in which the sum EMCal energy over a large region, or patch, of towers of programmable size is above a set of programmable thresholds without introducing deadtime. The patch regions overlap to provide uniform spatial trigger response. This trigger information is to be available at Level-1 and Level-2.
Justification: 

This is an effective jet trigger.  The condition of no deadtime is required to optimize the maximum effective integrated luminosity. 

5 . 2 Fast Implementation
Requirement:

The EMCal must provide trigger input to Level-0 in p+p running in order to insure that a Level-0 trigger decision is issued for EMCal events of interest.  Otherwise the required Level-0 trigger would frequently not be issued due to the significant bias of the ALICE minimum bias trigger in p+p collisions.  The trigger rate must be reduced at Level-1 to the maximum TPC trigger rate of 200Hz in order to allow more detailed processing in the High Level Trigger which is in turn needed to match the bandwidth to tape with acceptable livetime.
Justification:

The Shower Trigger and Patch Trigger will efficiently pass all event types discussed in section 5.0 on to higher level processing at acceptable trigger rates.

5. 3 Trigger Summary Data
Requirement:

If possible, the EMCal trigger primitive data will go into the Final Data Stream in each event.

Justification:

It will be used to debug the trigger by comparing its data with calculations on the data readout from the

EMCal as processed by software trigger simulations.

5.4 Maximum Rates  
OMIT this section????
5.4.1 TPC related events

Requirement:

The maximum average rates from EMCal associated with the TPC and the rest of the ALICE detector shall be no more than 60 Hz.

Justification:

Monte Carlo Studies of high luminosity p+p reactions have indicated that the above rates will allow the

physics to be done with at least 50% livetime. Such rates will be achieved with trigger thresholds which

also allow the physics to be done.

5.5.2 EMC/CTB events

Requirement

Maximum average rates to Tape from the EMCal in association with the CTB will not exceed 1kHz.

Justification:

Monte Carlo Studies of luminosity Pb+Pb reactions have indicated that the above rates will allow an efficient and careful study of trigger thresholds in the regime of rare events in multiplicity/transverse energy space. Event characteristics in this space are suggested to be directly related to the QGP phase transition.

5.6 Input To The High Level Trigger
Requirement:

The EMCal put the full resolution, pedestal-subtracted EMCal tower data for events accepted by Level-1 into a memory for use by the ALICE High Level Trigger.

Justification:

The High Level Trigger will need the EMCal data for refined trigger calculations.

5.7 Latency
Requirement:

The full resolution EMCal shall be available to the High Level Trigger in 250 microseconds or less.

Justification:

The maximum transfer time must be as short as possible to allow adequate High Level Trigger processing time.
6 .  SLOW CONTROLS

6 . 1 Slow Controls Connection To Detector
Requirement:

· There are slow controls inputs to EMCal for the following functions:

· HV Bias settings for the APDs.

· Downloading Front End Electronics FPGA code.

· Downloading Trigger Region Unit FPGA code.

· Downloading ALTRO chip ADC signal processing parameters.

· Downloading Trigger thresholds and bad channel lists.

· Downloading Clock Offsets for readout.

· System Initialization.

· Calibration.

· LED pulse control (trigger setup, timing, amplitude, pattern).

· Monitor local EMCal temperatures.

· Monitor crate voltages

 Justification:

These functions are needed for routine operation.

 6.2 Slow Controls Connection To High Level Readout
 Requirement:

· There are slow controls inputs to the electronics on the cart for the following functions:
· Pedestal downloading
· Begin run functions

· Buffer clearing 

· Bad channel list downloading to the High Level Trigger and Data Collector

· Run Header information download to Data Collector

Justification:

These functions are needed for routine functions implemented for the ALICE readout.

� L. Aphecetche et al. (PHENIX), Nucl. Instrum. Meth. A499, 521 (2003). 





