?F Fermi National Accelerator Laboratory

FERMILAB-FN-667

Background Reduction in the DO Forward M uon Detector Using
Thin Absorbers

D.S. Denisov, O.E. Krivosheev, N.V. Mokhov and V.I. Sirotenko

Fermi National Accelerator Laboratory
P.O. Box 500, Batavia, Illinois 60510

March 1998

Operated by Universities Research Association Inc. under Contract No. DE-AC02-76CHO03000 with the United States Department of Energy



Disclaimer

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of
their employees, makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect

those of the United States Government or any agency thereof.

Distribution

Approved for public release; further dissemination unlimited.



Background Reduction in the D@ Forward
Muon Detector Using Thin Absorbers

D. S. Denisov, O. E. Krivosheev, N. V. Mokhov and V. |. Sirotenko
March 13, 1998

Fermi National Accelerator Laboratory
P.O. Box 500, Batavia, I1linois 60510

Abstract

Muon tracking detectors of both Fermilab collider detectors, D@ and CDF,
typically have large number of background hits. The problem becomes severe
in the Run Il era. The studies show that background hits are mainly caused
by soft eectrons and indirectly by photons generated in hadron and electro-
magnetic showers and nuclear disintegration processes. With mean energy of
electrons~1 MeV, thereisapossibility to decrease number of correlated hitsin
detector layers consisting of separate planes by placing thin absorbers between
the planes. Based on MARS and GCALOR simulations for polyethylene and
aluminum absorbers, it is shown that a 3-mm aluminum sheet placed between
the mini-drift tube planes in the D& forward muon system provides a seven-
fold reduction in the number of correlated hits. Thisreducessignificantly fake
muon trigger rate and muon track reconstruction inefficiencies, that makes the
D@ forward muon system compatible with Run Il requirements.

1 Introduction

Muon detectors at hadron colliders experience[1, 2] or will experience[3] the high
occupancy due to background hits. Particles causing these hits are originated by
showers induced mainly in the near-beam components both by products of pp (pp)
interactions at the interaction point (1P) and by beam loss in the vicinity of the de-
tector [4]. Many of them are particles leaking through cracks in the detector ele-
ments and photons produced in thermal neutron captures and radionuclide decays.
Introduction of local shielding and reduction of beam lossratesinthe P vicinity are
the ways to mitigate the background problem([4, 5, 6, 7]. Although these methods
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Figure 1: Side view of the D@ upgrade detector including various elements of the
upgraded muon system.

can provide considerable reduction in background rates in detectors, they are usu-
ally expensive and require extraspace in the detector. Fig. 1 showsthe D@ detector
upgrade with heavy shielding around the beam pipe to reduce backgrounds.

In this paper another way of background suppression is studied taking as an ex-
ample a recently proposed D@ forward muon detector based on mini-drift tubes
(MDT)[8]. Using redlistic GCALOR and MARS13 calculations, it isshown that with
athin absorber between the MDT planes, correlated background rate can be signif-
icantly reduced: a 3-mm aluminum sheet reduces probability of fake track segment
formation by afactor of ~7. Thiswill help inreduction of muon trigger ratesaswell
as backgrounds in muon track reconstruction in the coming Run |1 at Tevatron.

2 MDT Based Muon Detector

In addition to the shielding, time and space correlations between hits is another
way to distinguish between hits from IP-generated muons and background parti-
cles. Thisideaisexploited in a new design for the D@ forward muon tracking de-
tector based on MDT. Detailed description of the proposed detector is givenin[8].
As Fig. 2 shows, each A-, B- and C-layer of the D@ forward muon tracking de-
tector [1] consists of four (nearest to the IP) or three MDT planes. Both GCALOR
and MARs13 calculations show that with the proposed D@ shielding, the hitsin the
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Figure 2: The layout of A-, B- and C-layers.

MDTs are mainly due to low-energy neutron interactionsresulting in photon flux in
the MDT/absorber bulk material. Asaresult, charged particle flux (and hits respec-
tively) inthe MDT sensitive volumes consists mainly of electronswith mean energy
~1MeV (seeFig. 4(a) below for an electron spectrum in MDT). Therefore, with a
thin absorber between the MDT planes, the background electrons would not pene-
trate more than one detector plane. Thisway one prevents fake segment (local part
of the track) formation by low energy electrons, while muons are easily detected.

3 Simulations

The effect of putting an absorber between two MDT planes have been esti-
mated in two independent studies, performed using the GEANT-3.21 code with
GCALOR interface[9], and the MARS13(97) code[10] linked to the Los Alamos
code MCNP4A [11] for neutron and photon transport below 14 MeV. In both cases,
the productsof 1.8 TeV pp eventsgenerated with the DTUJET93 code[12] have been
used. Thecut-off energieswere 1 MeV for charged hadrons and muons, 10~!! MeV
for neutrons and 0.01 MeV for electrons and photons.

The upgrade geometry of the D@ detector was used (Fig. 1) with nominal shield-
ing composed of 15-iniron and 6-in polyethylenefollowed by 2-inlead. EachMDT
was described in this study as two boxes, with 1-mm poly walls (replaced at alater



stage with 0.6-mm auminum), filled with a gas (called here planes) separated by a
3-cm air gap. These MDT chambers were placed at their nominal positionsin the
D@ detector and al charged hitsin the sensitive volumes of the MDT planes were
recorded. Then, the number of hitswas counted in each of thetwo MDT planes sep-
arately (uncorrelated hits). In addition, the number of correlated hits was counted,
which were produced by the same charged particle in both planes. The following
four MDT-absorber configurations have been studied:

1. Baseline—no absorbers, just air between two MDT planes.
2. 15-mm thick poly absorber between the planes.
3. 30-mm thick poly absorber between the planes.

4. Aluminum sheet 1 to 10 mm thick between the planes (MARS13 only).

3.1 GCALOR

The GCALOR calculated x-y hit distributionsin a MDT plane are shown in Fig. 3
for the first, second, and both first and second planes for the configuration with a
15-mm poly absorber. Table 1 givesthe number of uncorrelated and correlated hits
for thefirst three MDT-absorber configurations averaged over all MDTs. Ascan be
seen, there is practically no change in uncorrelated hit rate (in any particular single
plane) versus putting an absorber between the planes. To the contrary, correlated hit
rate depends strongly on the absorber presence. Reduction factorsof ~3 and ~6 are
obtained with a 15-mm and 30-mm poly absorbers, respectively.

Independent GCALOR calculations performed at the University of Californiaat
Davisby Yu. Fisyak and R. Breedon for the baseline and second (15 mm poly) con-
figurations, gave also a small effect (~10-20%) for uncorrelated hits, and 4.6, 4.9
and 3.6-fold reductions for correlated hitsin the A-, B- and C-layers, respectively.
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Figure 3: Hitsin the MDT layers with a 15-mm poly absorber as calculated with
GCALOR: (&) uncorrelated in the first plane; (b) uncorrelated in the second plane;
(c) correlated for the both planes.



Table 1: Number of hitsinthe MDT planes as cal culated with GCALOR,

Configuration | 1 2 3

1st plane 186 | 133 | 164
2nd plane 189 | 177 | 230
Bothplanes | 101 | 33 | 18

3.2 MARSI3

MARS13 resultsare presented in Figs. 4 and 5. Fig. 4 shows that electronsin MDTs
havelow energy with mean of about 1 MeV, andthat ‘ correlated’ electronsare peaked
in the forward/backward directions.

Total uncorrelated charged particle flux (mainly electrons) in the first and sec-
ond MDT planes of the B-layer, calculated with the MARS13 code, is presented in
Table 2 for the MDT-absorber configurations 1 through 3 as afunction of distance d
(xory) fromtheinnermost MDT edge outwards. Resultsin the table are normalized
per 107 source particlesat MDT. One sees that effect of absorbers on single uncor-
related hitsisless than 10 %.

Situation isdifferent for correlated hits. Total correlated charged particlefluxes
in the first and second MDT planes for the first three configurations are 2.3, 0.48
and 0.18 cm~2, respectively, with the above normalization. Defining the absorber
efficiency here as aratio of charged particle flux in the MDT sensitive volume in
the baseline configuration to that in the configuration with the absorber, one getsfor
the B-layer 4.8+0.7 with a 15 mm poly insertion and 12.8+3.2 with a 30 mm poly
insertion. A good agreement between the GCALOR and MARS13 cal cul ated absorber
efficiency in the B-layer both for uncorrelated and correlated hits is encouraging.
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Figure4: Typical electron energy spectrum (&) and angular distribution of correlated
hits (b) inthe MDT planes as calculated with MARS13.



Table 2: Uncorrelated total charged particle flux (cm~2) in thefirst (p1) and second
(p2) MDT planesfor three absorber configurations. Typical errors are 10-15%.

Configuration | 1 1 2 2 3 3
Plane pl  p2 | p1 p2 | p1 p2
d (cm)

0-25 80 83101 71|89 99
25-50 86 89 |90 88 110 127
50-75 99 91 (111 97 |100 75
75-100 83 84 |96 77|81 88
100-125 15 21|22 23|11 12
125-150 015 026|027 014|018 011
Average 61 62|71 60| 66 67
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Figure5: Efficiency of aluminum absorber be-
tween MDT planes vs its thickness cal cul ated

with MARS13.

Some spread in efficiency of the
third configuration (30 mm poly)
between GCALOR and MARS13
predictions, as well as between
two independent GCALOR calcu-
lations, is most likely a reflection
of low statistics in some Monte
Carlo runs and dightly different
shielding geometry, whichisespe-
ciadly crucia for the C-layer. Cal-
culated with MARS13 efficiency
of the aluminum absorber between
the MDT planes (B-layer) is pre-
sented in Fig. 5 as a function of
the absorber thickness. As most
background hitsin MDT are pro-
duced by soft electrons, a rather
thin auminum sheet reduces dras-
tically correlated hit ratein MDTSs.



4 Conclusions

It has been demonstrated that a thin absorber between the MDT planes of the DG
forward muon detector provides significant reduction in the number of background
correlated hits. Both poly and aluminum are good candidates for the insertions in
the detector. Aluminum is a better choice for detector structural design. Reduction
in fake track segment formation reaches its maximum of about seven at aluminum
absorber thickness of 1 g/cm?. A good agreement between GCALOR and MARS13
calculations for absorber efficiency both for uncorrelated and correlated hits gives
a high degree of confidencein the Monte Carlo predictions.
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