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ABSTRACT 

We have measured response maps of the CDF central electromagnetic 

calorimeter with a 50 GeV electron beam. We present the results of these 

measurements in terms of the similarity and uniformity module-to- 

module and tower-to- tower. We derive the uniformity correction 

functions applicable to all 48 calorimeter modules, insuring uniformity at 

the 1 % level. 



1. lNrRoDucTloLj 

The calibration of the CDF central calorimeter has been performed in 

the NW beam at Fermilab. Studies of the linearity and resolution in energy, 

electron/pion separation, response maps and so on were involved in the 

calorimeter calibration.[l] For the absolute energy calibration, all 48 

wedge modules (plus 2 spares ) of central electromagnetic (EM) 

calorimeter were exposed to 50 GeV electrons at the center of each tower, 

coordinated with Cs-137 radioactive source runs.[2] 5 wedge modules 

were used to investigate the precise relative response maps over the 

entire region of 10 towers. Each tower was actually scanned by 50 GeV 

electrons over the tower face with about 4 cm spanned in both of the 

horizontal and vertical directions, while the beam size was about 2.5 cm 

in diameter. The response at each point was measured with a statistical 

error of less than 1.0 %. By obtaining the response maps from the 5 

sampling wedge modules we have attempted to deduce response and 

correction functions applicable to all 48 modules, insuring uniformity at 

the 1 % level, as required by the CDF physics goals. The present report is 

concerned only with the study of the response maps. It is to be noted that 

an independent mapping study was also made with cosmic ray muons for 

almost all wedge modules[3], which provides a useful complementary 

correspondence. 

2. RP ATIVF RESPCNSE MApS 

We study the relative response maps with respect to the response at 

the tower center of each tower for which the absolute energy calibration 

was established. 
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2.1 Coordinate Svstem for Resoonse Mao6 

The device which determines the position of electron hit in the 

central EM calorimeter is a strip-wire proportional chamber141 embedded 

between the 8th and 9th lead-scintillator layers. The strip-wire 

coordinate system defines the electromagnetic shower center in the 

lateral shower profile. This chamber system determines the particle hit 

position on the chamber plane to an accuracy of 2 mm. However, the 

chamber system does not cover the whole area of wedge module. The 

effective region which the strip chamber covers in a module is 1~1~22.5 

cm( in cp) and 6.0cm<zr;239.4cm( in .e), whereas the whole range of the 

active area extends to lx1<23.1 cm and 4.2 cm <z ~246.0 cm on the strip 

chamber plane. Thus there remains the region outside the strip chamber 

coverage, i.e. the regions near Q-cracks in x and e-boundaries in z at 90” 

and 450 . ( The definition of this coordinate system will be given later.) 

In the beam test, the position of beam particles was also measured by 

the beam chamber system. The experimental configuration is shown in 

Fig.1. The beam chamber coordinate is defined with the beam axis and 

beam hit position via encoder readout of the rotation angle of the turn 

table on which the wedge module was mounted. The coordinate thus covers 

the regions around Q-cracks and e-boundaries. We therefore use both 

coordinates as a hybrid system. 

& Hybrid Coordinate System 

The hybrid coordinate system is a combined system of the strip-wire 

coordinates for lx]<20 cm and 10 cmlz1235 cm and the beam chamber 

coordinates for the outer area. The beam chamber coordinates for the outer 

area were calibrated with the strip-wire coordinates for the central area. 
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The axes x, y, and z are defined as shown in Fig. 2(a). The precision in 

determining the coordinates was about 4 mm. 

b) Reference Points 

The reference point is a normalization point to be used for making 

response maps. The reference point is defined to be the physical tower 

center at the depth of the strip chamber for each tower, except for tower 

9. The shower response in tower 9 is different from that in other towers 

due to a non-negligible longitudinal shower leakage. We define the 

reference point for tower 9 to be the point of minimum longitudinal 

shower leakage, z=222 cm. Fig.2(b) shows the reference points on the 

strip chamber plane. 

c) Tower Coordin& 

The hybrid coordinate (XJ) is convenient in describing the response 

map in a global area of the wedge module. Since we observed that the 

response map has specific characteristics tower-to-tower, we also define 

the local tower coordinate (x,2’) whose origin is the reference point for 

each tower. The tower coordinate system is shown in Fig.2(c). 

The light response from an electron hit in a tower was measured from 

the outputs of two phototubes. The actual response at a tower was 

obtained by adding the outputs from both sides of neighboring towers, 

taking into account the lateral shower leakage. A typical raw response 

map for a tower is shown in Fig.3, which appears as a saddle with a saddle 

point at the tower center. That is, significant variations of the light 

response exist as a function of (x,2). The response increases approaching 
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the point near the tower edge in x by 5-10 % and decreases approaching the 

tower boundaries in z by 2-8 %. The characteristics are similar 

module-to-module and tower-to-tower except for towers 0 and 9. The 

sources of non-uniformity can be classified into two kinds. One is the 

shower leakage in the process of energy deposition and the other is the 

variation of light collection efficiency in the process of light 

transmission through the scintillators and wave length shifters. 

The non-uniformity around q-cracks and e-boundaries is mainly due 

to lateral shower leakage; while that at the 45” e-boundary is due to 

additional longitudinal shower leakage. 

Several factors causing the variations of the light collection can be 

categorized: (1) the light attenuation in the scintillator, (2) the light 

reflection at the edge of scintillators, and/or backing aluminum plates 

used for the compensation of non-uniform light transformation in the 

wave length shifters, and (3) the light leakage at tower and module 

boundaries. 

2.3 Parametrization of Resoonse Mabs 

2.3.1 Sinale Tube Resoonse 

For convenience, we call a phototube mounted on a light guide viewing 

the positive side in x as the left tube, and the right tube viewing the 

negative side, as shown in Fig.2(a). 

Typical light responses in x of the left and right tubes at z’=O, 

normalized by the response at the reference point, are shown in Fig.4(a). 

Dashed curves in the figure are best fits with a single component 

attenuation with a parameter p1 or p2. Those response curves apparently 
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do not fit well to straight lines, indicating that a single linear parameter 

is not sufficient for parametrizing the response map precisely. Two major 

reasons for the deviation of the response from the straight line can be 

considered: (1) wave length dependence of the light attenuation in the 

scintillator as a function of the distance from a hit position, (2) light 

reflection at both edges of scintillators contacting with the wave length 

shifters. 

2.3 7 Ratio of Left to Right Tube Resoonses 

The ratios of the left to right tube responses as a function of x are 

plotted in Fig.4(b). In this case, the data fit well to a straight line, which 

can be expressed as, 

In(L(x,z’)/R(x,z’)) = In(A) + 2x&z’), (1) 

where L and R refer to the light responses of left and right tubes. A is a 

left-right equalization factor at x=0, which is within 1 % of unity. a.(~‘) 

corresponds to the attenuation length at z’. Thus the above linear 

relation can be used to determine the single particle hit position in x, for 

example. The relation is also useful for monitoring the gain variations of 

phototubes in a tower with on-line monitoring during the physics run. 

2.3.3 Sum of Left and Riaht Resoonses 

The sum of left and right tube responses normalized at the reference 

point, which is used for the actual energy determination, is shown in 

Fig.4(c). The response curve is well fit to an expression, 

S(x,z’) = S(O,z’) cosh(x/m(z’)), (2) 

where o(z’) is a z’ dependent parameter which characterizes the x 

dependence of the response. The function S(O,z’) represents a z’ 
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dependence of the response at x=0 (tower center in I$). The dashed curve in 

Fig.4(c) is given by Eq.(2) with o(O) = 44.2 cm at z’=O. 

2.3.4 Parameters h and o at z ‘= Q 

Parameters X(o) and o(o) introduced in Eqs. (1) and (2) respectively 

were obtained by fitting only to the data within Ix 1119 cm and Iz’ 1~2 cm to 

avoid an effect of lateral shower leakages. Figures 5(a) and (b) show the 

distributions of h(O)‘s and ~(0)‘s for all towers of 5 modules. The values 

of he(O) and ~~(0) for electrons are summarized in Table 1; the values for 

the same parameters from the cosmic ray muon test [3], $(O) and ~~(0) 

are also presented in this table for comparison. 

The average of he(O) and we(O) for all towers over 5 modules is 

88.5k3.7 cm and 44.3k3.7 cm respectively. The tower-to-tower 

deviations of he(O) and me(O) for 5 modules are 2.3 % and 4.2 %, while the 

module-to-module deviations are 3.8 % and 10.4 % respectively. This 

indicates that the deviations module-to-module for both he(O) and ~~(0) 

are about twice as large as those tower-to-tower. 

The correlation between kc(O) and me(o) is plotted in Fig.S(c); no 

significant correlation is seen. While, the data from the cosmic ray test 

[3] with 46 modules indicate that there is a fairly significant correlation. 

2.3.5 Lateral Shower Leak- 

It is known that the lateral distribution of electromagnetic showers 

can be expressed approximately as an exponential function with a lateral 

attenuation length of the order of a few times the Moliere unit ( 1.63 cm 
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for lead ). In other words, the lateral extension of electromagnetic 

showers is so small that the measurement of energy deposition with full 

confinement can be made by detecting the shower at only one tower. It is 

obviously not true when an electron hit is close to the tower boundary 

and/or module edge where lateral shower leakage takes place. 

There are two different types of lateral shower leakage in the 

present calorimeter configuration. One is shower leakage between 

neighboring towers in a module in the z-direction, i.e., at tower 

e-boundaries. The other is shower leakage with adjacent modules sharing 

response in the x-direction, i.e., at q-cracks. 

a) Shower leakage at e-boundaries 

There is no neighboring tower on one side of tower 0 ( 90° side ) and 

tower 9 ( 450 side ). The other towers neighbor each other with a gap of 

0.6 cm between each wave shifter. 

The response due to the lateral shower leakage into a non-active area, 

such as the gap between tower boundaries, can be expressed in the form, 

F(z’) = a( 1+ peT’)-l, (3) 

if the lateral shower distributiion is approximately represented by a 

single exponential function. 

In the present study, as stated previously, the light response at a 

tower is measured by summing the outputs of neighboring towers on both 

sides. The parametrization of the response at boundaries is thus made for 

the output already summed, except for towers 0 and 9 where adjacent 

tower did not exist. 
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The above treatment is practical for the case of a single particle hit 

near the e-boundaries. However, when electron and photon clusters occur 

near e-boundaries it is necessary and possible to decompose the 

overlapping response by solving linear equations with the response 

function and the leakage function in the form of Eq.(3) with different 

parameters, knowing each shower’s hit position by means of the strip 

chamber, for example. This task is to be done in the program of the 

electron clustering algorithm. 

b) Shower leakaae at m-cracks 

The geometrical configuration of the gap between adjacent modules is 

shown in Fig. 6. The parametrization of the response at $-cracks can , in 

principle, be made in a similar way as with the e-boundaries. In this 

case, the gap between adjacent modules consists of steel skins, wave 

shifters and so on, and the size is about 2.24 cm. Since the size is larger, 

more drastic change in the response map is observed at +-cracks. The 

present mapping study is made with every single wedge module. Thus the 

mapping and its parametrization are made without measuring the output 

from the adjacent module, contrary to the case of e-boundaries. We have , 

however, studied the response at q-cracks using a particular set of two 

wedge modules.[ti] Parametrization of the response map at Q-cracks must 
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be compatible with the data of this two-wedge study. 

Figure 7 shows the response of one module as a function of hit 

position, viewed by the two phototubes in that module’s tower, as the 

beam is moved out of this wedge and into an adjacent wedge. As is seen in 

Fig. 7, the response decreases rapidly at jxj > 22 cm and reaches a level 

less than IO %. Then there is a slight enhancement at the position of the 

steel skin ( jx[=24.2 cm ) with depletions at the positions of the 

wavelength shifters ( 1x1523.5 cm and 24.9 cm). In the region jxj > 25.3 cm ( 

i.e., active region in the next module ), the response remains as a tail. The 

tail is the fractional shower leakage observed from the next module, 

which must correspond to the mirror image of the shower leakage in the 

module under observation. 

The response curve in the module under observation can be fitted to 

the form in Eq. (3), replacing z’ and x. The response function near Q-cracks 

can be obtained from the response in a single module, with a boundary 

condition given from the two-wedge study. The present parametrization of 

the response at q-cracks is made in this manner. 

In order to reproduce the entire curve in Fig. 7, in particular the tail in 

the next module, an additional function with the form of Eq. (3) with 

different values for the p and y parameters is needed. ( See a note in Table 
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3.) This complication might be related to a simplified assumption that the 

lateral shower distribution is expressed as a single component function. 

The modified two component function is of practical use only when the 

separation of sharing response at $-cracks is required from the electron 

clustering algorithm. 

In this study the respose in the region of Q-cracks ( 2.24 cm wide ) is 

not dealt with because a crack chamber ( 3.5 cm wide ) consisting of a 

uranium preradiator and wire chambers [5] was installed after the beam 

test used in this study. 

2.3.6 Z-Deoendence of Resoonse Mao at x=0 ( S(O,z’)) 

The function S(O,z’) in Eq.(2) represents the z’ dependence of the 

response at x=0. The response in z’ shows a slightly complicated structure 

as is seen in Fig.8. There is a decrease in response at tower boundaries by 

2-8 % compared to that at the reference point.(Fig.8(a)). Also, as seen in 

Figs.8(b) and (c), the response on the both 90” and 45” sides rapidly 

decreases approaching the edges. 

Also seen in Fig.8(a) is a non-zero slope in z’. The response seems to 

be decreasing with increasing z’. This effect might be due to an 

asymmetric tower geometry and/or incomplete uniformity correction due 

to the reflective backing used to compensate the non-uniformity of the 
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wave length shifter. 

The function S(O,z’) representing the z’ dependence of the response 

maps can be expressed with two independent terms, one relating to the 

shower leakage as in Eq.(3) ,and the other relating to the slope in z’, 

S(O,z’) = a(1 + p edz’I)-l (1 + 6z’ + EZ’*), (4) 

where a,P,y,G and E are parameters. 

The best fitting curves are shown in Figs.8 (a),(b) and (c). It is noted 

here that the form of Eq.(4) is capable of expressing the z’ dependence of 

the responses at x=0 for not only towers l-8 but also the special towers 

0 and 9. Also, the above feature of z-dependence is present not only at 

x=0, but at any x. Thus, the z-dependence will be recast in a more general 

form. 

3 AVERAGE MAP. RESPONSE FUNCTW AND UNIFORMlTY CORRECTlONS 

3.1 Averaae MaQ 

In the present analysis a wedge module is devided into 50x250 cells 

of an area of 1 cm x 1 cm. For each cell the mean response and its standard 

deviation are calculated for each wedge module. Then the average and its 

deviation for each cell over 5 modules are obtained by taking the weighted 

mean as, 

<Si> = C,(Smi/bmi2)/~,(l/0mi2) , (5) 

where i and m refer to the cell number and module number respectively. 

The map of <Si>‘S is hereafter called the average map. The deviation of Smi 

from the average response (Si) for each cell is calculated as 

12 



Emi E (Smi - (Si))/(Si) e (6) 

In order to examine the module-to-module deviation in detail, some 

different geometrical regions were assigned as categories by grouping 

cells as shown in Fig. 9. 

For each category, we examine the distribution of the deviation Emi’S . 

In each case, the distribution was fit to a Gaussian function to derive the 

standard deviation. The width of the distribution is a convolution of both 

the module-to-module deviation and the statistical error. In order to 

obtain the intrinsic module-to-module deviation we subtract the 

contribution of statistical error as follows. The average variance 

corresponding to the statistical error is given by 

astat = N/X( 1 /ai2), (7) 

where N is the number of cells grouped into a category and oi is the 

statistical error in measuring Si. The net module-to-module deviation is 

obtained from the observed deviation as 

%III~~ =Oobs2-%tat2 

= Gobs2 - N/C( 1 /oi2) . 03) 

These results are tabulated as “similarity” in Table 2 for each category. 

As is shown in the table, the overall deviation for the entire region is 
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0.8 %. 

3 s . 3 esoo se Function and Uniformitv Co ect R n rr ion 

Parametrization of the response functions has been previously 

discussed in part as in Eqs (2), (3) and (4). The overall response 

function for the average map can be expressed in a more general form as, 

S(x,z’)= F, .F2(z’)*F3(z’)~F4(x,z’).F5(x,z’) , (9) 

where 

Fl= ~1 

F2= (1 +p2 epslz’l)-l 

F3= (1 +~~z’+p~z’~) 

F4= cosh(x/o(z’))(l+paZ’+pgZ’*)) ,with O(c)=p6’p7 for w(z’) 

F5= (1 +p,oelXI(p1i+pi21z’I))-1, 

with 12 parameters for each tower of towers 0 to 9. (For tower 0, p,lz’l 

should be changed to p3z’.) 

The parameter p, is an effective normalization factor and the value is 

close to 1.00. F2 fits the effect of leakage on the response at e-tower 

boundaries. F3 represents the non-uniformity in z’ due to asymmetric 
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tower geometry in z’ and non-uniform response in the wave length shifter. 

(In this term, the parameter p5 is used for only tower 0 and tower 9 ( i.e., 

p5=0 for others)). F4 expresses an x dependence of the response and the 

parameters p8 and pg are used to fit the data in the region within Ixl<2Ocm. 

F5 is for the lateral shower leakage at @-cracks. 

The parameters ps and p, are determined in two different ways: 

1) the average of ~~(0) from 5 modules, 

p6 = We(o) >5, and p7= 1 .O , 

2) h, from cosmic ray muon data, 

p6= hp(0) # and P7 = <We(O)$(O)>, 

Details of case 2) will be discussed in Section 4.6. (The parameters p6 and 

p, are fit to the data within IxlQOcm to avoid shower leakage into the 

$-cracks.) 

The parameters in Eq.(9) are tabulated in Table 3. Typical x 

dependence of the response function is shown in Figs.10 (a), (b) and (c) 

together with data. Also shown in Figs. 11 (a), (b) and (c) are typical z’ 

dependence of the resultant response function and maps at several 

different x. Figure 12 shows a typical three dimensional presentation of 

the response function S(x,z’). Also shown in Fig. 13 is the corrected 

z-response from the raw data at x= 0 cm, for example, in which the 

average rms deviation in reproducibility is 0.77 %. 

The uniformity correction function is an inverse of the response 
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function. In practice, the response function S(x,z’) and related parameters 

are implemented using a data base, and a correction factor relative to the 

absolute energy calibration constant obtained at tower center is applied in 

the data reduction procedure. 

4. RFSULTS AND DISCUSSI~ 

In this section, we summarize the results of mapping and evaluate the 

uniformity corrections. 

4.1 Non-Uniformity 

We have observed non-uniformity in the raw data of response maps. 

The non-uniformity of the response is defined as the fractional 

difference of the response in each cell from the overall average. Figure 14 

shows the distribution of deviations in non-uniformity for all cells. The 

main peak is mainly consisting of the contributions from the central area. 

On the other hand, the higher side of the distribution is from the outer 

area and the lower side is from the region around e-tower boundaries and 

+-cracks. The non-uniformity in the overall area is 3.9%. The 

non-uniformity at e-boundaries and e-cracks increases typically to 5 % 

and 7% respectively. The non-uniformity of tower 9 is about twice as large 

as that of other towers. Details of non-uniformity for each tower and 

category are shown in Table 2. 

4.2 Similaritv 

We have observed similar characteristics in the raw response maps 

module-to-module and tower-to-tower. 

The similarity for each cell is defined as the percentage deviation of 
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the response in each cell with respect to the average obtained from the 5 

modules. 

The distribution of overall deviations in similarity ( for category I as 

defined in Fig. 9 ) is shown in Fig. 15. The r.m.s. deviation of the 

distribution is 0.8 %. The similarity varies from 0.7 to 0.9 % depending on 

the tower number. ( See Table 2.) At the tower boundaries the similarity 

increases to 1 .O%. The similarity at $ cracks( jxls20cm) is larger, being 

1.8 %. 

Study of the similarity with a large number of sample modules was 

made with cosmic ray muons.[3] 41 modules were tested with a cell size 

of 4 cm x 4 cm. The similarity over the entire module is 0.95 %iO.47 %, 

which is consistent with electron data. 

The small rms deviation in the similarity for all modules insures that 

a single response correction function can be used for all the 48 modules. 

4.3 Local Reoroducibilitv 

The deviation of responses from the local response function S(x,z’) 

for each module is denoted the local reproducibility. Table 2 represents 

the local reproducibility for 5 modules for each tower and various 

categories described in Section 3.1. 

The local reproducibility is 0.8-I .O% for towers 0 to 5 , and 1 .I -1.4% 

for towers 6 to 9. The reproducibility in the cental region ( i.e., 

categories G and H in Fig. 9) is less than 0.7%, and that at tower 

e-boundaries( category C )and 4 cracks (category D ) is 1.4% and 2.2%, 

respectively. The trend relates to the fact that the similarity at 

e-boundaries and wracks is worse than that in the central region, and in 

the fitting the procedure starts from the central region ( categories G and 
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H) and propagates toward the tower edges. 

The local response function S(x,z’) is able to fit to the data , on the 

average, within 1 .O% over the entire region. A histogram with solid line in 

Fig.16 is the distribution of deviations in local reproducibility over the 

entire region. 

4.4 Global Reoroducibilitv 

The percentage deviation of responses from the average global 

response function over 5 modules &(x,z’)>~, is denoted the global 

reproducibility. The global reproducibility for the average response maps 

is 1 .l % over the central region of Ix 190 cm and Iz IQ34 cm ( 84 % of the 

entire region ), and 1.5 % over the entire region. The reproducibility for 

each tower and various categories is summarized in Table 2. The overall 

reproducibility ranges from 1.2 % to 1.4 % for towers l-5 and 7, and 

152.0% for other towers. A histogram with dashed line in Fig.1 6 is the 

distribution of deviations in global reproducibility over the entire region. 

It should be noted that the global reproducibility with respect to the 

Simple response function Of the fOnTI plCOSh(x/p6) over the entire region 

is 2.4 %. The distribution of the deviations of reproducibility in this case 

is shown in Fig. 17. 

4.5 Errors Associated with Data Reduction 

The number of events accumulated in each cell varied from several to 

100. The precision of the magnitude of light response at each cell is 

estimated to be 0.2 to 2.0 %, taking into account the energy resolution of 

2.0 % at 50 GeV. For mapping studies, a cut was applied to the cells with 

18 



statistical errors larger than 1 %. 

The systematic error in making response maps was estimated from 

the comparison of the results of two different electron calibration runs 

made for 21 modules. The comparison indicates that the systematic error 

in making response maps is 0.36X1.1 3%. 

We estimate the causes of systematic errors. The time variation of 

temperature during the measurement would affect to the gain variation of 

phototubes by 0.14%. The instability of high voltages might result in 

0.12% error for the phototube gains. As for the momentum tagging system, 

the uncertainty of magnetic fields was 0.2% and the uncertainty in 

determining the particle hit position was 0.1%. We may neglect the errors 

associated with electronics system (PM AVC and ADC etc.) The overall 

systematic error is estimated to be about 0.3%, which is consistent with 

that obtained from the comparison of two different electron calibration 

runs above mentioned. 

Thus we added an empirical systematic error of 0.36% to the statistical 

error in the response for each cell before reproducing the response maps. 

4.6 Apolicability of Correction Function 

The remaining question is the applicability of the correction function 

with parameters obtained from 5 sampling modules to the other 45 

modules. 

The most sensitive parameter in the response function is O. Figures 

18 (a), (b), (c) and (d) show the sensitivity of the reproducibility against 

the correction factor which is defined as a factor relative to the 

representative value of w. It is seen in the figure that the range of change 

in reproducibility by 0.5 % corresponds to the shift of 10 % of the 

correction factor. That is, in order to guarantee the reproducibility to be 
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within 0.5 % from the nominal value, for example, the value of w must lie 

within 10 % of the representative value obtained from the 5 sampling 

modules. 

Fortunately we have measurements of hand o for 46 modules with 

cosmic ray muons.[3] The cosmic ray data indicate that there is a 

significant correlation between h and w, and the measurement of h is 

more reliable. Actually, there exist two groups in the correlation plot, 

which might be related to different batch numbers during production of the 

scintillator boards. In the distribution of h’s, which is not a normal 

distribution, 80 towers out of 460 towers have greater than1 0 % 

deviation. When the 1 % level of uniformity is required, the values of w 

for those 80 towers must be modified individually from the representative 

value which nominally gives 1.5 % global reproducibility. This 

modification can be made by multiplying a factor hCI/<hP>5 to the 

representative value for each individual tower. 

Neverthless, it is estimated that even the use of the representative 

value of W, together with other parameters, is capable of reproducing and 

correcting the response, on the average, to 1.3 % for the main central 

region ( Ix 1520 cm, z s 234 cm ) and 1.7 % for the entire region. 

We summarize the results of the present study of response maps as 

follows. 

1) With the use of 5 sampling wedge modules, we have measured 

the precise response maps with electrons and described the 
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results in terms of the non-uniformity and similarity 

module-to-module and tower-to-tower. We observe in the raw data 

that the overall non-uniformity is 3.9 % and the similarity is 0.8 %. 

2) The response function is derived using 12 parameters for 

each tower, i.e., 120 parameters for all towers of all the 48 wedge 

modules. The overall reproducibility of the response function is 

estimated to be 1.7 % for the entire region of all towers and 1.3 % 

for the main central region (1x1 120 cm and ~~234 cm; 84 % of the 

entire region ) for all 48 modules( and 2 spares ). Better 

reproducibility can be obtained when the individual parameters for a 

particular set of towers are applied. 

3) The response correction function, which is an inverse of the 

response function, is implemented from a data base and is used 

to scale the energy at any point with respect to the absolute 

calibration constant at the reference points. 

4) The procedure for unscrambling electron and photon clusters 

for a particular case, i.e. for overlapping showers at the 

boundaries between modules and between towers was briefly 

discussed. 
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1. Parameters h(0) and o(0) obtained from 50 GeV electrons and cosmic 

ray muons. The average values of he, we, 5 and ap are 88.5k3.7 

cm, 44.3k3.7 cm, 98.1 k8.0 cm and 54.Ok2.7 cm, respectively. 

2. Non-uniformity, similarity, local reproducibility and global 

reproducibility for each tower and category described in the text. 

3. Parameters in the response function for towers 0 to 9. 

FlGURE CAPTKDNS 

1. Schematics of the NW beam line and experimental configuration. 

2. (a) Schematics of the wedge module of the CDF central calorimeter 

and the coordinate system used for response mapping. 

(b) Reference points used for response mapping. 

(c) Tower coordinate system used for response mapping. 

3. Typical raw data of response map with 50 GeV electrons. 

4. (a) Single tube response from the left and right tubes at z’=O ( in 

logarithmic scale ). The dashed curves are exp( x/pl) and exp (x/p,). 

(b) Plot of ratios of the left and right tube outputs as a function of x. 

(c) Plot of sums of the left and right tube outputs as a function of x. 

Dashed, dot-dashed and dotted curves represent cosh(x/w) with 

0=44.2 cm ( best for w), 82.6 cm ( best for p ) and 86.6 cm ( best for 

h) respectively. 

5. (a) Distribution of parameter o,(O)‘s from 50 towers examined. 

(b) Distribution of parameter I,,(O)‘s from 50 towers examined. 

(c) Correlation plot of we(O) and he(O). 
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6. Schematics of $-cracks region. 

7. Typical response map at @-cracks. 

8. Typical z-dependence of the response at x=0; (a) tower 2, (b) tower 0 

and (c) tower 9. Data from the cosmic ray test are also plotted for 

comparison. 

9. Classification of geometrical category for testing similarity, 

uniformity and reproducibility. 

10. Typical x-dependence of the response at z’=O; (a) tower 2, (b) tower 

0 and (c) tower 9. Data from the cosmic ray test are also plotted 

for comparison. 

11. Response function and maps as a function of Z’ at (a) x=0 cm, (b) x= 

lOcmand(c) x=15cm. 

12. Typical three dimensional presentation of the response function. 

13. Corrected z-response from the raw data at x= 0 cm. The average 

r.m.s. deviation in this case is 0.77 %. 

14. Distribution of the deviations in non-uniformity. 

15. Distribution of the deviations in similarity. 

16. Distributions of the deviations in local reproducibility(solid line) 

and global reproducibility(dashed line). 

17. Distribution of the deviations in reproducibility with respect to a 

simple response function p1 cosh(x/p6). 

18. Sensitivity of the reproducibility as a function of correction factor 

for the parameter O. 
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