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1. Introduction 

Particle hit rates at the muon chambers of the SOC detector (Fig.1)[l] under the nominal 
SSC luminosity of 1()33 cm-2s-1 are estimated. Muon chamber BW1 (BW2) is set in front of 
(behind) the barrel toroid; FW1 (FW4) is set just behind the calorimeter (the forward toroid, 
Ff2). In the estimation, we assume that the calorimeter is made of iron only and its thickness is 
10 A. independent of pseudorapidity (11 = -In(tan(O/2)). Although the toroid magnets are 
actually octagonal, we also simplify them to be cylindrical. Particle sources considered here are 
muons from charm and bottom decays (prompt muons), muons from pion and kaon decay 
(decay muons), punchthrough particles, and cosmic-ray muons. Except for the cosmic rays, 
we use PYTHIA5.3 [2] at the SSC energy,..JS = 40 TeV, for the event generation. We choose 
the "QCD high-pt processes (MSEL=I)" as the physics processes, cross section of which is 96 
mb. At the design luminosity, 1nb corresponds to 1 Hz. A summary of the hit rates is given in 
Table 1. 

Table 1 
S ummaryo 

Particle 

f 

1. Prompt J.l 

2. Decay J.l 

muon 

3.Punchtrough 

4. Cosmic ray 
Total 

h' It rates at L 1033 2 1 = cm- s- . 

Hit rate Area (11 range) 

120 kHz at BWI (1111 <1.3) 
55kHz at BW2+IW2 (1111 <1.5) 

120kHz/end at FW1 (1.3 <11 < 2.5) 
39 kHz/end at FW4 (1.6 <11 < 2.5 ) 

640 kHz at BWI (1111 <1.3) 
54kHz at BW2+IW2 (111 1 <1.5) 

4.9 MHz/end at FWI (1.3 <11 < 2.5) 
140 kHz/end at FW4 (1.6 <11 < 2.5 ) 

180kHz at BWI (111 1 <1.3) 
0.2 kHz at BW2+IW2 (111 1 <1.5) 

19kHz at BW2+IW2 (111 1 <1.5) 
940kHz at BWI (1111 <1.3) 
130 kHz at BW2+IW2 (1111 <1.5) 
~ 5.0 MHz / end at FWI (1.3 <11 < 2.5) 
~ 180 kHz / end at FW4 (1.6 <11 < 2.5 ) 
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Hits due to neutrons or electromagnetic debris associated with a high energy muon are not 
considered in this report. Except for integrated rates for prompt and decay muons, contents are 
basically the same as given in ref.[3]. 

2. Prompt muons 

2.1. Characteristics 

Prompt muons are the decay muons from the heavy-quark (charm, bottom) hadrons. 
Differential cross section in the the central region (11]1 < 1.4) versus Pt is shown in Fig.2, 
where Pt is the transverse momentum of the muon at the interaction region. The generated 
points in the region of Pt > 10 GeV/c are well fitted with a function, 

9.12xl07 
P t 4.87 

where dcr/dpt d1] is given in nb/GeV/e andpt in GeV/c. Compared with a distribution given in 
ref.[4], where generated data points are plotted up to 1 TeV/c, the formula is consistent up to 
about 300 GeV/c (see Fig.3). 

Pseudorapidity distribution is shown in Fig.4 for any prompt muons, and those with Pt 
larger than 1 GeV/c or 2 GeV/c. Indeed the distribution becomes slightly narrower as the Pt 
increases, the pseudorapidity distribution is almost flat in the muon system (11]1 < 2.5). 
Multiplicity distribution of the prompt muons which enter the central region (11]1 < 1.4) is 
plotted in Fig.5 for several Pccut values. Rate of prompt muons with any Pt emitted in this 
region is about 1 particle per 100 QCD events. The rate decreases by approximately one order 
of magnitude for additional multiplicity increment With pt-cut of 2 Ge VIe, the rate is 1 particle 
per 1000 events; it decreases by more than two orders with additional multiplicity. 

2.2. Hit rates 

We parametrize the dcr/dpt d1] distribution as shown with solid line in Fig.6. Integrated 
cross section in the central region, dcr/d1], versus pt-threshold is shown in Fig.7. Material 
thickness up to the chambers in interaction length as a function of pseudorapidity is plotted in 
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Table 2 
S ummary 0 

Particle 
Prompt ~ 
per unit 11 
Prompt ~ 

fh' It rates 

integrated rate 

d ue to prompt muons at L 1033 = 2 1 cm- s- . 

Hit rate Area (11 range) 

34 kHz/11 at BWI (averaged over 111 kl.4) 
14 kHz /11 at BW2 (averaged over 111 kl.4) 

120 kHz at BWI (1111 <1.3) 
55kHz at BW2+IW2 (1111 <1.5) 

120 MHz/end at FWI (1.3 <11 < 2.5) 
39 kHz/end at FW4 (1.6 <11 < 2.5 ) 

Fig.S. Note that the thickness of the calorimeter and the other materials inside is assumed to be 
10 A independent of 11. Each iron toroidal magnet is 1.5 m in thickness. Muon range in iron 
versus its momentum is plotted in Fig.9. At 11 = 0, only muons with momenta greater than 2.2 
GeV/c can pass through the calorimeter (10 A); minimum momentum of 4.3 GeV/c is required 
to reach BW2. 

Minimum Pt required to penetrate the calorimeter or the iron toroid as a function of 11 is 
plotted in Fig. 1 O. In order to estimate the integrated hit rates, we parametrize the pseudorapidity 
distribution as shown with solid line in Fig.l1. Convoluting dcr/dpt d11 in the central region and 
(dN/d11)/N, and integrating it from minimum-pt to infinity, we get dcr/d11 as a function of 11. 
In Fig.12a (12b), we show the cross section of prompt muons to hit BWI or FWI (BW2, IW2 
or FW4) with solid line. The hit rate per unit rapidity at BWI (averaged over 1111 < 1.4) is 
estimated to be 34 kHz; it decreases down to 14 kHz at BW2. We get the hit rates in each 
detector region by integrating the cross section over 11. which are summarized in Table 2. The 
rates are 120 kHz at BWI (1111 < 1.3) and 55 kHz at BW2/IW2 (1111 < 1.5). 

3. Decay muons 

3.1. Characteristics 

Decay muons are the decay products from charged pions and kaons in flight. As for the 
decay volume, we assume a radius of 1.7 m and a half length of 4 m. Differential cross section 
in the the central region (1111 < 1.4) versus Pt is shown in Fig. 13, where Pt is the transverse 
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momentum of the muon inside the decay volume. The generated points above 1 Ge V /C, are well 
fitted with a function, 

dO' 
dpt d1] 

= 
5.08xI06 
Pt 4.62 

where ds/dpt d1] is given in nb/GeV/c andpt in GeV/c. 
Pseudorapidity distribution is shown in Fig.I4 for any prompt muons, and those with Pt 

larger than 1 GeV/e or 2 GeV/c. Compared to that of prompt muons, it is a much narrower 
distribution. It is because the decay probability of kaons or pions is approximately proportional 
to tan8lPt (= l/Pt sinh1] ) in the forward region for Pt » mn or mK, and therefore it decreases 
exponentially as 1] in this region for fixed Pt. On the other hand, it is approximately 
proportional to I/Pt and independent of e in the barrel region. Multiplicity distribution of the 
decay muons which enter the barrel region (11] 1< 1.4) is plotted in Fig. 15 for several Pccut 
values. About 80% of QCD events have decay muons with any Pt emitted in this region. 
However, most of their Pt values are small. With Pccut of 2 Ge V /e, the multiplicity is 
approximately 1 particle every 400 QCD events; the rate decreases by more than two orders of 
magnitude for additional multiplicity increment. 

3.2. Hit rates 

Following the similar procedure as for the prompt muons, we parametrize the dO'/dpt d1] 
distribution as shown with dashed line in Fig.6; its integrated cross section versus pt-threshold 
in Fig.7; pseudorapidity distribution in Fig.II; dO'/d1] as a function of 1] in Fig. 12. Averaged 

Table 3 
S ummary 0 

Particle 
Decay~ 

per unit 11 
Decay~ 

fh' It rates 

integrated rate 

d d ue to ecay muons at 

Hit rate 
78 kHz/1] 
7.2 kHz/1] 

640 kHz 
54kHz 

4.9 MHz/end 
144 kHz/end 

L 1033 = 2 1 cm" S" • 

Area (11 range) 
at BWI (averaged over 11] 1<1.4) 
at BW2 (averaged over 11] 1<1.4) 
at BWI (11] I <1.3) 
at BW2+IW2 (11] 1<1.5) 
at FWI (1.3 <1] < 2.5) 
at FW4 (1.6 <1] < 2.5 ) 

·4· 



over 11] 1 < 1.4, the hit rate per unit rapidity is estimated to be 78 kHz at BWI and 7.2 kHz at 
BW2. The integrated hit rates are 640 kHz at BWI (11] I < 1.3) and 54 kHz at BW2+IW2 (11] I < 
1.5). These results are summarized in Table 3. 

4. Punchthrough 

As for the punchthrough properties through the calorimeter and the ion toroid, we use the 
parametrization developed by R.McNeil et al.[5]. In the parametrization, the punchthrough 
probability is based on experimental data taken by the CCFR neutrino detector [6], and the exit 
angle and position distributions are based on the GEANT simulation. We neglect a effect 
coming from the spacing between the calorimeter and the chambers. The resultant hit rates are 
summarized in Table 4. The punchthrough hit rate integrated over the whole BWI (11] 1 < 1.3) is 
180 kHz. The corresponding hit rate over the BW2 and IW2 (11] 1 < 1.5) is only 180 Hz. 

Table 4 
Summary of hit rates due to punchtrough particles in the barrel region at L = 1()33 cm-2s-1• 

Particle Hit rate Area (1] range) 
Punchtrough 180 kHz at BWI (11] 1 <1.3) 

180 Hz at BW2+IW2 (11] 1 <1.5) 

5. Cosmic rays 

We use a fonnula given in ref.[7] for the flux of cosmic rays at the sea level. Differential 
flux in the vertical direction calculated with the fonnula is plotted in Fig.16 together with 
experimental data points (ref.[8]). Although the fonnula gives slightly lower flux below 2 
GeV/c, it reproduces the data points satisfactory. Since the experimental hall is underground 
and we care about cosmic rays with momenta grater then 4 GeV/c, the discrepancy is no 
problem at all in practice. In an estimation, we simplify the experimental hall as an infinitely 
long square tunnel as shown in Fig.17. We assume the density of the soil around the 
experimental hall to be 2.0 g/cm3, and a constant energy loss of 2 Me V /(g/cm2) for cosmic rays. 
The hit rates on the top octant of BW2 and on the octant next to the top are about 8 kHz and 5 
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kHz, respectively. It is less than 1 kHz for the side octant. The hit rate on the entire region on 
IW2 is 0.2 kHz per end. Thus, the total cosmic ray rate is 19.3 kHz in the barrel and 
intermediate region (11] 1 < 1.5). These hit rates are summarized in Table 5. 

Table 5 
S fh' h b I ummaryo It rates In t e arre regton d ue to cosmIc rays. 

Particles Hit rate Area (1] range) 

Cosmic ray 8.2 kHz / octant at the top octant of BW2(11] k1.3) 

4.8 kHz / octant at octant next to the top 
0.6 kHz / octant at side octant 
0.2 kHz/end at IW2 (1.3<11] k1.5) 

Total 19.3 kHz at BW2+IW2 (11] k1.5) 

5. Summary 

The hit rate at each area is summarized in Table 1. In the barrel region, the total hit rates are 
approximately 1 MHz at BWI (11] 1 < 1.3) and 130 kHz at BW2+IW2 (11] 1 < 1.5). At BWl, 

decay muons (640 kHz) is the dominant source; hit rates due to prompt muons (120 kHz) and 
punchtrough particles (180 kHz) are the same level, each of which is about factor 4 to 5 smaller 
than that of decay muons. At BW2+IW2, contributions from prompt muons (55 kHz) and 
decay muons (54 kHz) are the same. Although the total cosmic ray rate is about factor 3 smaller 
than each of these muon rates, the contribution is even larger at the top octant of BW2 (8.2 kHz) 
than prompt muons (5.3 kHz) or decay muons (3.6 kHz). Of course, this argument depends on 
the actual depth of the experimental hall in the underground. Hits due to punchthrouh is 
negligibly small behind the barrel toroid (180 Hz). 

In the forward region, we estimate the contributions from prompt muons and decay muons 
only. The hit rates per each end due to these muons are about 5 MHz at FWI (1.3 <1] < 2.5) 
and 140 kHz at FW4 (1.6 <1] < 2.5). At both locations, the contribution from decay muons is 

dominant. Especially at FWl, it is 40 times larger than that of prompt muons. Compared to the 
prompt muons, decay muons show a steep rise towards the edge of the muon system even as a 
function of 1] (Fig. 12). One should note that a small change of Pt-cut on the muon range result 
in a large difference in hit rate due to decay muons (Fig.7): 10% smaller Pecut corresponds to 
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30 - 40 % increase in hit rate at around Pt-cut of 0.4 GeV/c. Therefore, the hit rates due to 
decay muons in the forward region should be treated as rough values. 
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Fig.I. Layout of the SOC muon system. BW, IW and FW stand for barrel, intermediate 
and forward wire chamber, respectively. Each of the barrel toroid (BTl), forward toroids 
(FTI and FT2) is made of iron and 1.5 m in thickness. 
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Fig.2. Differential cross section, da/dpt d7], as a function of Pt for prompt muons. 
Events are generated by using PYTHIA5.3. 
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Fig.3. Differential cross section, dcr/dpt, as a function of Pt for prompt muons (ref. [ 4]). 
Solid line is the parametrization given in the text, where 11 interval is taken to be 6. 
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Fig.4. Pseudorapidity distribution for any prompt muons (dotted line), those with Pt 
larger than 1 GeV/c (solid line) or 2 GeV/c (dashed line). 
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Fig.5. Multiplicity distribution of prompt muons which enter the central region (11] 1 <1.4) 
for any prompt muons (dotted line), those with Pt larger than 1 GeV/c (solid line) or 2 
GeV/c (dashed line). 
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Fig.6. Parametrization of the differential cross section in the central region (11]1 <1.4) for 
prompt muons (solid line) and decay muons (dashed line). 
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Fig.7. Integrated cross section in the central region (11] 1 <1.4) as a function of Pt
threshold for prompt muons (solid line) and decay muons (dashed line). 
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Fig.S. Material thickness up to BWl/FWl (dashed line) and BW2/fW2/FW4 (solid line) 
in interaction length. The thickness of the calorimeter and materials inside is assumed to 
be lOA. independent of 11. 
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Fig.9. Muon range in iron as a function of momentum. 
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Fig. 12. Differential cross section, ds/d11, as a function of 11 for prompt muons (solid line) 
and decay muons (dashed line) at BW1/FW1 (a), and at BW2/IW2/FW4 (b). 
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Fig.13. Differential cross section, ds/dpt dl1, as a function of Pt for decay muons. 
Events are generated by using PYTIUA5.3. 
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Fig. 14. Pseudorapidity distribution for any decay muons (dotted line), those with Pt 
larger than 1 GeV/C (solid line) or 2 GeV/c (dashed line). 
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Fig.15. Multiplicity distribution of decay muons which enter the central region (1111 <1.4) 
for any decay muons (dotted line), those with Pt larger than 1 GeV/c (solid line) or 2 
GeV/c (dashed line). 
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Fig. 16. Differential flux in the vertical direction calculated with the fonnula given in 
ref.[7] together with experimental data points (open circle). 
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Ground surface 

Fig.17. Cross-sectional view of the simplified experimental hall. 
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