4.4 Barrel Electromagnetic Calorimeter

4.4.1 General Consideration

The Barrel Electro-Magnetic Calorimeter (BEMC) plays an important role in the BES experiment. The primary functions of the electromagnetic calorimeter are to provide precision measurements of energies and directions of electrons and photons. According to the general physics requirements of BES-Ⅲ,the functions and performances of BESⅢ—BEMC are as follows:

(1) The energy region of measurement is from 20 MeV to 2 GeV. In the key region of energy below 500MeV good performances is required, where the energy resolution of
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(2) The spatial resolution is good as
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(3) To provide a fast neutral energy trigger.
(4) In the region of energy above 180 MeV, The energy resolution is good enough to obtian better 
[image: image3.wmf]p

e

 separation.
(5) The granularity and the signal readout are enough fine and precise to achive good angular resolution for separation of two nearby photons, to detect high momentum 
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decay and to reject fake photons which come from hadron decays.

(6) Good time resolution (intrinsic time resolution σt≤160 ps for hadron) could give a supplementary time-of-fleight measurement for charged particles.
The barrel shower counter(BSC) of BESⅡ is a gas sampling electromagnetic calorimeter, which consists of twenty four layers of self-quenching streamer (SQS) tubes and sandwiched by lead absorbers. It is relatively cheap, but only has a relatively poor energy resolution (
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). The BSC wasn’t included in the last BES upgrade project (1994—1996), since the construction cost of a new calorimeter is too high. Owing to its relatively poor energy resolution which does not meet the physics requirement and its aging effect caused by running for thirteen years, it is necessary to build a new calorimeter to replace the old BSC.

4.4.2 Choice of Calorimeter Type

The EMC of KLOE[1,2] is a very successful example of sampling lead-scintillating fiber calorimeter with the energy resolution of 
[image: image6.wmf])

(

%

7

Gev

E

and the time resolution of 
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, which could be regarded as a basic reference of the BESIII—BEMC. In addition, there are some scientists (from IHEP and USTC etc.) having been participating in the KLOE experiment, and their experiences will be beneficial. So, to construct a sampling lead-scintillating fiber calorimeter as BESⅢ—BEMC is a feasible plan.

4.4.3 Structure

The BEMC approximates a cylindrical shell of 264 cm inner diameter, 395 cm effective length and 20 cm thickness, and consists of 24 modules with the trapezoidal cross section. The solid angle coverage of BESⅢ-BEMC is 
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.(Fig.1)

Each calorimeter module is built by gluing 1 mm diameter scintillating fibers between thin grooved lead plates obtained by passing 0.5 mm thick lead foils through a rolling machine. The fibers are parallel to each other and are located in the grooves (with radius=0.55 mm)of lead plane with the pitch of 1.35mm. The distance between two fibers is 1.2mm. ( Fig. 2) This arrangement results in volume ratio of fiber: lead: glue as 50:40:10 with a density ~5 g/cm3 and a energy sampling fraction of ~13% for a minimum ionizing particle. There are 160 lead-fiber layers in total corresponding to 13 X0. The MC simulations show that for initial design the ideal EM shower energy resolution is 
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The fiber choice needs to meet the following requirements: emitting light in the blue region, high light yield (~8 p.e./mm), large attenuation length (>3 m) and short scintillation decay time (<2.5 ns). Some characteristics are listed in Table 1. 

Table 1. Some scintillating fiber characteristics

	Manufacturer
	  Type
	 Emitting light weave

  length     
   nm
	 Scintillation   

 decay time   

    ns
	Attenuation 
   length 

    m
	 Light 
 yield  

 /MeV

	KURARAY
	SCSF-38
	    428
	     2.3
	    >3  
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	SCSF-81
	    437
	     2.4
	    >3.5
	

	
	SCSF-78
	    450
	     2.8
	    >4.0
	

	BICRON
	BCF-10
	    432
	     2.7
	     2.2
	

	
	BCF-12
	    435
	     3.3
	     2.7
	


From R$D measurement, the attenuation lengths of fiber SCSF-81 and BCF-10 are 3.3 m and 2.8 m respectively。

The MC Simulation optimizing design of BEMC is going on. 

4.4.4. Signal Readout 

The signals from calorimeter are read out at both ends. The coordinates of the penetrating particles along the fibers are determined by using time difference of the two signals. The size of readout element is about 
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. Every group of four neighboring elements is viewed by a fine mesh R5946-M4 photo-multiplier. Between the group of elements and the photo-multiplier there is a light guide to insure uniform photo-cathode illumination. The R5946-M4 is an antimagnetic photo-multiplier with two inches diameter and four independent channels specifically manufactured by Hamamatsu for BEMC.

As shown in fig.3, the light guide has one rectangle end to fit the shapes of the readout elements and one round end to fit the photo-multiplier’s window. The light guide is 8 cm long and is divided into four independent longitudinal quarters.

There are four PMT layers in the radial direction of the calorimeter, and each layer has same number of PMT, in total 1400 PMTs. Each PMT stands for 4 charge (Q) electronics channels and 1 time (T) electronics channel, in total. 7000 electronics channels 

Some characteristics of R5946-M4 PMT are listed in Table 2.

Table 2  Characteristics of R5946-M4 photomultiplier

	Spectral sensitivity region
	300—650 nm

	Maximum spectral sensitivity
	420 nm

	Cathode material & effective diameter
	  Bialkali/Φ39 mm

	Supply voltage
	2000 V/Max:2300 V

	Dynode structure
	Fine Mesh/19

	Gain（2000 V）：
	1×107

	Anode pulse rise time 
	2.5 ns

	Signal transit time
	9.5 ns

	Fluctuation of single transit time
	σ≤200 ps


4.4.5 Expected Performance

We expected that the BESⅡ-BEMC would have the following performance.

· Energy resolution:  
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· Spatial resolution of electromagnet shower:
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· Time resolution:  
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· 2γ angular resolution:  
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· The minimum energy of the detectableγ:  
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· The solid angle coverage: 
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4.4.6 Arrangement of Project

(1)Reconstruction of the experimental hall 

Two rooms will be built in the old experimental hall. One room is about 140M2,which is used to manufacture, assemble and test the calorimeter modules with cosmic ray. The other room is about 40M2, used to roll lead foils and store the components. Power supply, water supply, temperature control system, gas pumping and filling system, and crane must be equipped.

(2) Machining or Mechanic parts 

· inner and outer cylindrical shells of the calorimeter.

· equipment for assembling calorimeter modules.

three tables for making calorimeter modules (cutting and polishing,   testing, light guide gluing).

equipment of cutting and polishing modules.

light guides.

storage and transportation supports.

(3)The laboratory for R(D

build two laboratories for testing scintillating fibers and testing prototype.

set up the system of the scintillating fiber quality-testing 

set up system of PMT and PMT base testing 

set up the cosmic-ray stand for calorimeter module testing 

4.4.7. Preliminary Cost Estimate

	scintillating-fibers
	   4000 km
	20 M¥

	PMTs
	1500 pieces
	30 M¥

	PMT Base
	1500 pieces
	   0.75M¥

	Light guides
	1400 pieces
	   0.70M¥

	HV power supplies
	  1500 channels
	 5 M¥

	Monitor
	  1400 channels
	   0.50M¥

	Machine and materials
	
	 6 M¥

	Lab and testing equipment
	
	 2 M¥


                                            Total        64.95 M¥
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