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Abstract 

We have checked a gain difference between West and East FHA calorimeteres. The 
result is the gain on East side is higher that on West side by 11.2 ± 6.1 % for muons and 
13.7 ± 10.7 % from dijet PT balancing study. This may be explained by a temperature 
difference between West and East sides, which turns out to be 15 % of gain difference. 
The correction multipliers for FHA energy scales of West and East calorimeters are 
estimated to be 1.059 ± 0.043 (stat.) and 0.947 ± 0.034 (stat.), respectively. 
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1 Introduction 

As reported in Ref. [1], a possible gain difference between West and East FHA calorimeters 
was seen from dijet PT balancing study. The gain on East side seems to be higher by 13.7 
% ± 10.7 % (stat.) than that on West side. However, the statistics was not enough for 
concluding the existence of the gain difference. 

Therefore, we have looked into the response for muons on FHA calorimeter as the 
other way of checking the difference. The forward muon data sample was given by Karen 
Byrum.1 

2 Event Selection and Analysis 

The analysis was done with a standard set of analysis modules: 

VTVERT CALORIMETRy2 CLEANUP3 FMDTE FMTRK FMOCR FMUMON4 

Event selection in our analysis is described below. 

Initial Event Selection 

The initial event selection for this study was made by requiring the following con­
ditions. 

• I Zvertea: I ~ 60 cm . 

• A fiducial cut for the muon position: 1-19, 66-84 in 1J-index of TOWE bank, where 
the index is given in FMUO bank. 

Our analysis started with a total of 702 events after the initial event selection. 

Dead Layer Correction 

The FHA calorimeter has a total of 27 layers of chambers. Several quadrants have 
a few dead chambers due to a problem on HV. The correction of response for muon was 
made quadrant by quadrant as 

Ecorr = D LC X Euncorr , (1) 

where 
DLC = 27 . 

27 - Ndead 
(2) 

Here Ndead is the number of dead chambers on each quadrant. The information of the dead 
chambers was read out from data base once a run. 

lMost of events in the sample were taken during months of November and December. 
2Pedestal shift correction was enabled. A new FHA energy scale (in V5.1) was used. 
3FHA..NCABLE and FILT _GAS were enabled. 
4This is our own analysis module. 
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Clustering 

The energy deposit ted by a muon is simply calculated to be sum energy over 3 by 
3 towers (= E3X3 ) on the forward calorimeter (i.e. FEM+FHA) around muon position. 
Figure l(a) shows a correlation plot of energies on FEM and FHA calorimeters (= EFEM 
and EFHA, respectively). The pojections are shown in Figs. l(b) and l(c). Here 

(3) 

and EFHA is corrected on dead layers. Figure 1( d) shows the number of towers with visible 
TOWE energy in 3 by 3 towers (= N~~er). In order to remove zero-energy cluster, we 
choose clusters with 1 ~ Nj~~er ~ 5. Also N~~~(FEM) 2: 1 and N~~~(FHA) 2: 1 are required. 

Isolation 

We also calculated sum energy over 5 by 5 towers (= E 5X5 ) and looked at an energy 
isolation to select a good muon candidate. Figure 2(a) shows a scatter plot of D.E vs E3x3 , 

where 
(4) 

Figures 2(b) - 2(d) are the distributions of E3X3 in different ranges of D.E: (b) 0-2 GeV, 
(c) 2-4 GeV, and (d) 2: 4 GeV. We see a deterioration of peak of the distribution as the 
value of D.E increases. If the entries with E3X3 2: 6 Ge V are taken to be background5 , the 
fraction of the entries to all entries are (b) 9.5 %, (c) 20 %, and (d) 25 %, respectively. This 
increase of the fraction is an indication of contamination of background to muon sample we 
want. The value of D.E is required to be 2 GeV or less to select our "golden" muon events. 
Finally, a total of 188 events pass through all selection criteria above. 

3 Result 

3.1. Response for muons 

A general look of our "golden" muons is given in Figs. 3 f'J 4: Figures 3(a), 3(b), 
and 3(c) are a scatter plot of EFHA vs EFEM, EFHA and EFEM distributions, respectively. 
Figure 3(d) shows a correlation of EFHA and muon momentum (in loglO)' Figure 4(a) 
shows the muon position given in FMUO bank after the selection. Figures 4(b) and 4(c) 
show plots of EFHA as a function of if> and 77, respectively. 

Distributions of EFHA for West and East calorimeters are shown in Figs. 5(a) and 
5(b). The correlations of EFHA and momentum for West and East calorimeters are also 
shown in Figs. 5( c) and 5( d), respectively. Note 2 peaks are seen in Fig. 5(a) on West side. 
There is no correlation with momentum and muon position. As mentioned later, the peaks 

SHere, background means noise, muon associated with other particles (probablly jet), and so on. 
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exist for all 4 quadrants of West calorimeter. The reason is unknown at this moment. 

The average response for muons is calculated to be the trancated mean values (at 6 
GeV) of the distributions. We obtained: 

FH A West: 2.77 GeV ± 0.100 GeV (stat.) 
FHA East: 3.08 GeV ± 0.129 GeV (stat.) 

Thus, the response on East side is higher by 11.2 % ± 6.1 % than that on West side. The 
value is consistent with the number (13.7 % ± 10.7 %) from dijet PT balancing study [1]. 

Figures 6(a)-6(h) show distributions of EFHA for 8 quadrants, separately. There 
seem to be 2 peaks for all 4 quadrants ( Figs. 6( a )-6( d) ) on West side, but it is hard to 
conclude the existence with this statistics. 

For the sake of a systematic checkout, we summarize the mean value of response on 
each quadrant with the batch number of FHA chamber production in Table 1. It is seen 
that the mean values for 4 quadrants on each side are same each other within the statistical 
errors (except for Quadrant # 2 of West calorimeter). There is, however, no systematic 
correlation between muon response and the chamber production. 

Table 1. Response for muons on each quadrant 

Quad. # Production # Response for Muons # Events 
(GeV) (after trancated) 

0 7 2.75 ± 0.15 35 
1 8 2.55 ± 0.24 26 
2 4 3.11 ± 0.23 23 
3 3 2.70 ± 0.17 22 
4 6 3.01 ± 0.52 33 
5 1 3.07 ± 0.27 22 
6 2 3.30 ± 0.45 8 
7 5 3.11 ± 0.28 16 

Note that the number of events on East side (= 79 events) is less than that on West side 
(= 106 events). This is because of a difference in trigger efficiencies between West and East 
forward muon chamber systems in this data sample [2]. 

3.2. Relativistic rise of energy loss 

In this analysis, we have to be careful for relativistic rise of energy loss in gas. Figure 
7 shows a relativistic rise of the energy loss in argon [3]. For muons, the scale for 7r is useful. 
The energy loss seems to be constant for P ~ 30 Ge V / c. In other words, the energy loss is 
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rapidly changing between 10 and 20 Ge V / c. Our muon sample is a biased-data with PT: ~ 
10 GeV/c and PT ~ 1 GeV/c as shown in Fig. 8. Therefore, we looked at the muon peak 
with P ~ 30 Ge V / c (not PT). The trancated mean values (at 6 Ge V) of the distributions are: 

FHA West: 2.74 GeV ± 0.113 GeV (stat.) 
FHA East: 3.04 GeV ± 0.135 GeV (stat.) 

The response on East side is higher by 11.0 % ± 6.7 % than that on West side. Thus, we 
do not see any systematic change due to low momentum muons. Therefore, we used data 
sample without muon momentum cut for a final conclusion. 

3.3. Correction factors 

We calculate correction (multiplier) factors for West and East calorimeters by 

Cw 
0.5 X (FHAEast + FHAWest) 

FHAWest 
0.5 X (FHAEast + FHAWest) 

FHAEast 

(5) 

(6) 

The correction factors for FHA calorimeters are summarized in Table 2. Again, the num­
bers obtained from jet and muon data agree well each other. The combined numbers are 
also tabulated in Table 2. 

Table 2. Correction factors for FHA energy scales on West and East sides 

1 Data samples Cw 
1.068 ± 0.053 0.940 ± 0.041 

Muons 1.056 ± 0.031 0.950 ± 0.025 

1 Muons+Jets 111.059 ± 0.043 1 0.947 ± 0.034 II 

3.4. Why do we see such a difference? 

One possible source is a difference in room temperature between West and East sides 
in the collision hall. According to gas gain data, in which temperature (T) and pressure 
(P) data are also available, the temperature on East side is measured to be high [4]: 

6T = TEast - TWest = 4.98 ± 0.62 (0") (7) 

In the gas gain monitoring system of the CDF gas calorimeters, the gas gain fluctuation 
(6G / G) in the CDF gas calorimeter system is expressed with the fluctuation of gas density 
(6p/ p) as follows [5]: 

6G 1 1 

G 
8.9 X (6-)/( -) 

p P 
6T 

8.9X T (8) 

5 



The second relation is obtained by assuming the pressure to be unform in the collision hall. 
If one put T = 290 0 K and 6.T = 4.980 K, the gas gain difference is expected to be 

6.G 
G = 0.15. (9) 

Therefore, one might expect the gain difference seen with data (i.e. jets and muons) is 
mainly from the temperature difference. 

For FEM, however, the trancated mean values (at 2 GeV) of the distributions are: 

FEM West: 0.74 GeV ± 0.041 GeV (stat.) 
FEM East: 0.75 GeV ± 0.043 GeV (stat.) 

The responses on West and East sides are same within the statistical errors. This is con­
sistent with the fact of no separate peaks in Z mass distribution. 

At this moment, we do not know why this temperature difference does not effect 
FEM gas gains. Any way, for FHA, the temperature effect is most likely to cause the gain 
difference between West and East sides. 

4 Conclusion 

We conclude that the difference in the energy scale between West and East FHA calorime­
ters is seen with both dijet and muon data. Both results are consistent with each other. It 
is also consistent with the number expected from a temperature difference between West 
and East sides. The correction multiplier for the energy scale for West (East) calorimeter 
is 1.059 (0.947) ± 0.043 (0.034). The error is statistical only. 
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Figure Captions 

Figure 1. (a) Correlation plot of EFHA and EFEM which are sum eneries over 3 by 3 towers on 
FHA and FEM around muon position, respectively. 
(b) EFHA distribution. 
(c) EFEM distribution. 
(d) Number of towers with visible TOWE energy in 3 by 3 towers. 

Figure 2. (a) Scalier plot of l::,.E vs E 3X 3' Here l::,.E = E 5X5 - E 3x3• And Enxn is sum energy 
over 3 by 3 towers, where n is 3 or 5. 
(b) E 3X3 distribution with 0 ~ l::,.E < 2 GeV. 
(c) E 3X3 distribution with 2 ~ l::,.E < 4 GeV. 
(d) E 3X3 distribution with l::,.E ~ 4 GeV. 

Figure 3. Plot-(I) for "golden" muon events: 
(a) Scatter plot of EFHA vs EFEM. 

(b) EFHA distribution. 
(c) EFEM distribution. 
(d) Correlation of EFHA and muon momentum in 10glO scale. 

Figure 4. Plot-(II) for "golden" muon events: 
(a) Muon position in ¢- and 1]-indecies. 
(b) Plot of EFHA as a function of ¢-index. 
( c) Plot of E FHA as a function of 1]-index. 

Figure 5. Plot-(III) for "golden" muon events: 
(a) EFHA distribution on West side. 
(b) EFHA distribution on East side. 
(c) Correlation plot of EFHA and muon momentum on West calorimeter. 
(d) Correlation plot of EFHA and muon momentum on East calorimeter. 

Figure 6. Plot-(IV) for "golden" muon events: 
(a)-(h) EFHA distributions for 8 quqdrants, separately. 

Figure 7. Relativistic rise of energy loss in argon. 

Figure 8. PT distribution of muons: 
(a) ali events. 
(b) "golden" events. 
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Figures 1(0) 1(d) 
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Figures 2(a) 2(d) 
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Figures 3(0) 3(d) 
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(aJ ATI T 

14.0 

12.0 

10.0 

8.0 

6.0 •• 
00 0 

O. 
2.0 

00 0 

"III .... • • 

°:}i.er ':, 
I ~, 0000 .. 0 0 - ... : - .~: 
• ... ", ... '1 .. .. • - :I,i .... ., ••• -.. •• . ..•. - . 

4.0 

o 0 
00 0 

o.o-r~~------r----------r----------r----------r----------~ 
0.0 1.0 2.0 .3.0 4.0 5.0 

#21016 FEM DISTRIBUTION (W/CUT) 

(C) 
12.0 

10.0 

8.0 

6.0 

4.0 

2.0 

187 o 
2 

Visible 
Underflows 
Overflows 

Mean 
SI<;;irY'lo 

Moxbln 

0.89 
0.70 

1.3.00 

O.O~----______ r-__ ~~~~~~-UllJ~~L-______ -r ____ ~~L-~ 

0.0 1.0 2.0 .3.0 4.0 5.0 

#21017 

(b) 

20.0 

15.0 

10.0 

5.0 

24-MAY-1989 10:38 

FHAD DISTRIBUTION (W/CUT) 

189 Visible 
o Underflows 
o Overflows 

Mean 
SI<;;irY'lo 

Moxbln 

2.99 
1.26 

2.3.00 

O.o4------.------,------.,wLLLL,--LL--,,-----.------.,--L 
0.0 

#210.38 

(d.) 
14.0 

12.0 

10.0 

8.0 

6.0 

4.0 

2.0 

2.0 4.0 6.0 8.0 10.0 12.0 

FHA VS P(MUON) (W/CUT) 

E"NTR:IES I STATISTICS 

-. .-. . :- . . :'.-

.. 
0" o 

lilt • I ..... .. .. :~ .... . " 0 .. . , 
"'" 0 .. Aiii' .... . -. . .. .:'::' .... . . .. -, -...... .. 

..'Ie • 
" 

• ... • , ••• cr . . ... 00 

", 

14.0 

.. 
0.04--------r-------.------~r-L-----~------~--~~~ 

0.0 0.5 1.0 1.5 2.0 2.5 .3.0 



Figures 4(a) 4(c) 

#21019 IPHI(Y) VS IETA(X) ON HAD (W/CUT) 
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Figures Sea) Sed) 
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Figures 6(a) 6(d) 
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Figures 6(e) 6(h) 
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Figures 8(a) 8(b) 24-MAY-1989 10:47 

#21035 PT(MUON) (ALL) #21036 PT(MUON) (W/CUT) 

(a) 
643 Visible Meon 13.36 

(b) 
172 Visible Meon 13.91 
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