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Abstract

Bumazhnov V. et al. LHC-B calorimeter trigger efficiency for process pp — (BY — ntn~) + X at
V'S =14 TeV: IHEP Preprint 99-63. — Protvino, 1999. — p. 50, figs. 28, tables 13, refs.: 4.

The influence of LHCB hadronic calorimeter nuclear length on the trigger efficiency e for pp —
(BY = mt7~) + X has been investigated. The dependences of € on the transverse energy E; of two most
energetic event particles have been obtained. The influence of electronics noise and precluster isolation
parameter on € has been investigated. Registration efficiency of minimum bias and pile-up events as
BY-event candidates has been investigated too.

AnHOTanUA

Bymaxuos B. u np. OddexTuBHocTs Kasopumerpuueckoro Tpurrepa B skcrnepumente LHC-B mis mpo-
necca pp — (BY — 77n7) + X at V'S =14 TeV: Hpenpuar UDBD 99-63. — IIporsuso, 1999. — 50 c.,
28 puc., 13 Tabn., 6ubmmorp.: 4.

B pabore uccienoBano BnusHME SOEPHON MIUHBI aIPOHHOTO KAJIOPUMETPA SKCIIEPUMEHTAIILHON yCTa-
nosku LHC-B Ha sddexTuBHOCTEL TpUrTEpa € Il IpoIecca pp — (Bg — 77 )+ X. HonydeHs! 3aBucy-
MocTHU 3OPEKTUBHOCTA € OT 3HAUYCHUN MOMEPEYHON sHepruu F; MBYyX caMbIX OBICTPBIX YACTHUIl COOBITHUS.
WccnenoBano BAusSHME MIYMOB 3JIEKTPOHUKN W TapaMeTpa M30JIMPOBAHHOCTHU MpeKjacTepa, o6pa3zoBaH-
HOTO B preshower, Ha 3d(PEKTUBHOCTL PEruCTpAIAN Bg-COGI;ITI/ISL Tlonyuensr Taxkxke 3hbeKTUBHOCTH
peructpanuu ¢oHa oT minimum bias u pile-up cobbITul B KayecTBE KaHOUOATOB Ha Bg-COGI;ITI/ISI.
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Introduction

The unitary Cabibbo-Kobayashi-Moskawa quark mixing matrix can be represented by means
of Wolfenstein[1] parameterization as

Vud Vus Vub 1-— %)\2 A A)\s(p — Z’I’])
V=| Vg V., Vi | = Y 1— 1) AN? : (1)
Via Vis Vi A)\g(l —p—in) —AN? 1

To determine p and n parameters, different modes of B°-decays will be investigated by
LHC-B experiment. One of these decays is the B) — 77 .

As the cross section ratio of the pp — (B — #77~) + X and pp — (minimum bias) events
is about 10~7, we must select the pp — (BY — 7w*7~) + X process properly.

1. Description of calorimeter structure

To calculate trigger efficiency e for process pp — (B — n77~) + X at VS = 14 TeV the
GEANTS3.21 code has been used. Using this code the combined calorimeter of 8 x 8 m? size
consisting of electromagnetic and united to it by means of 5 cm iron plate hadronic calorimeter
has been simulated.

The illustration of the combined calorimeter module is shown in fig 1.

The lead-scintillator electromagnetic calorimeter consists of individual modules of 4 x 4 cm?
cross-section sizes, each of them represents the set of 70(25X,) successive layers of 2 mm lead
plate and 4 mm polystyrene scintillator plate (tile).

It should be noted that the results of this work will remain valid in case of using 21X,
lead-scintillator electromagnetic calorimeter.

The first 9 layers in the beginning of electromagnetic calorimeter are used simultaneously as
a preshower.

The iron-scintillator hadronic calorimeter consists of individual modules of 4 x 4 cm? cross-
section sizes too. Each module represents the set of successive layers of 2.4 cm iron plate and
0.6 cm polystyrene scintillator plate. The number of module layers was varied and chosen to be
51(7.2Xnuct), 25(3.5Au01) and 14(2X,,,01), respectively.

There is a square hole with sizes of 64 x 64 cm? in the center of the combined calorimeter.



2. Details of calculations

The calculations have been made for GEANT energy threshold values of 0.2 MeV and 10 MeV
for e, and hadrons, muons, respectively.

The light collection from the preshower, electromagnetic and hadronic calorimeter modules is
accomplished independently. The PMT set-up for the preshower and electromagnetic calorimeter
is placed before the electromagnetic calorimeter. For the hadronic calorimeter the PMT set-up
is placed behind it.

The light collection A; from any preshower, electromagnetic and hadronic calorimeter module
j is determined as

Ntite

Aj~ Z E; ;jL(x;) (2)

where F, ; is an energy deposited by a particle in the scintillator tile i of the module j. The
function L(z;) describes a light attenuation in a wavelength shifter fiber and can be defined as

L(z;) = exp(—x;/Aare) + exp(— 1y — ;) [ Aare), (3)

where [; is a fiber length, z; is a distance between a tile center and PMT while A, is a fiber
attenuation length.

The calorimeter calibration has been accomplished by means of 10 Gev/c n*. If initial
7" had energy Ej, then electromagnetic Czyscq; and hadronic Cp., calibration constants were
determined by minimizing the following expression (E — Ej)? on these constants, where

E = Cemcal Z APMEt 4 Cypeg Z Affeat (4)
J J

A set of calibration constants for different hadronic calorimeter nuclear length Ag., and
different A\, values was obtained and used in this work for all further calculations.

The wF-beams with initial momenta 5, 10, 50, 100, 250, 550 GeV /c were simulated and used
to determine the energy resolution of the combined calorimeter. The 7t-beams hit electromag-
netic calorimeter perpendicular to it ’s front surface.

The distributions on reconstruction energy of m™ — mesons having initial momenta 5, 10,
50, 100, 250, 550 GeV /c are shown in figs 2, 3 for Ageq = 7.2, 3.5 A0, respectively.

Significant longitudinal hadron shower fluctuations resulted in the tails for small values of
Aas 10 the case of Ageas = 7.2 Myuer-

The longitudinal energy leakage was observed when using 3.5 \,. hadronic modules. It
follows from figs 4, 5 that this energy leakage leads to increasing constant C at fitting calorimeter
energy resolution by function Z& = 75 @ C.

3. Rejection of e,y

To understand what energy is deposited in the preshower by high energy hadrons and how
many preshower cells are lit up, the combined calorimeter cells were hit by 10 GeV/c 7t over
all it’s front surface by a uniform law. The point from which 7"-mesons came out was 12 m
distance from the front calorimeter surface.

Similar simulation was made for 10 GeV/c 7.



The distributions of energy deposited in the preshower by such 7+ and v are presented in
fig. 6. We can see that these distributions for 7 and v are significantly different. This difference
allows us to reject the electromagnetic particles (e, ) of event.

From this figure the cut F.,; = 0.03 GeV on the energy deposited by high energy hadron
in the preshower was chosen. The particles depositing the energy E > E.,; in the preshower
should be rejected.

The distributions on the number of preshower cells lit by 10 GeV/c 1 and v are shown in
fig. 7. They are significantly different too.

From this figure the cut N, = 4 on the number of lit preshower cells was chosen. The
particles that caused the number of lit preshower cells N > N,,; should be rejected.

The additional (e, y)-rejection can be obtained by means of a cut on the ratio 5 = % of
the energy deposited in the electromagnetic calorimeter to the hadronic one. The distributions
of % for 10 GeV/c 7" and 7 are shown in figs. 8, 9 for the hadronic calorimeter nuclear
lengthca)\Hcal = 3.5 A\ ua and the fiber attenuation length A,;; = 150 cm.

From these figures the cut (G.,; = 60 was chosen. The particles for which § > (.,; must be
rejected.

4. Event simulation

The 500 events of process pp — (B) — n77~) + X at v/S =14 TeV have been simulated by
means of PYTHIA5.7 [4]. The channel BY — 777~ was added to the table of particle data. All
the channels except BY — 777~ were closed for B}-meson and opened for BY. All the unstable
particles were allowed to decay in the range of 0 < Z < 12m between the interaction vertex and
the preshower.

It should be noted that in each event both w-mesons from BY-decay hit the front surface of
the electromagnetic calorimeter.

The 3000 minimum bias events including single and double diffraction events as well as elastic
and low P, events were simulated.

The 1200 pile-up events consisting of n minimum bias events were simulated too. Here n
was distributed by Poisson with < n >= 2.

The particles of each event were traced by GEANT3.21 code through the calorimeter mat-
ter. It should be noted that the matter between the vertex of interaction and the combined
calorimeter as well as a magnetic field were not taken into account in this work. The vertex of
interaction was 12 meters apart from the front surface of electromagnetic calorimeter.

The energy deposition in the cells of the preshower, electromagnetic and hadronic parts of
the combined calorimeter was determined by all the event particles hitting the calorimeter.

5. Precluster finding

The di-hadron algorithm suggested in LOI [2] to select B} — nt7~ events has been used in
this work.

We determine a precluster as a set of lit preshower cells having one common point of contact
at least. Let us define the distance R between two preclusters as a minimum distance R;;
between the centers of two cells belonging to different preclusters

2,

where 4, j runs over the cells of the first and second precluster, respectively.



As a measurement unit of R, we took the lateral size (width or height ) of the calorimeter
cell. For each precluster of an event the minimum distance R;,,; between this precluster and all
other preclusters was determined.

Using the data of energy deposition in the preshower cells, the precluster finding was carried
out and their parameters (R;s,;, energy deposition E,,.ci.s: and the number of lit cells Np,.ccpuse in
the preshower) were determined. From this moment any precluster was considered as a particle.

The cuts on energy deposition E,,cciust < Eeut, the number of lit cells Ny eciust < Newe and
R;,o1 > R..: were applied to the precluster parameters. We demanded that there would be no
preclusters in the distance of 6 preshower cells from the precluster under consideration. So, we
set R.,; = 6. The preclusters that passed these cuts are considered as hadrons.

It should be noted that these cuts will also reject the groups of particles which are close to
each other in space (pile-up particles).

6. Cluster finding

Now we can look for the clusters of 3x 3 cells in the electromagnetic and hadronic calorimeters
with respect to those precluster cells which have been already found. It should be noted that
one cluster cell can consist of some calorimeter modules which determine the cluster cell sizes.
The cluster cell sizes in electromagnetic and hadronic calorimeters may be different.

Knowing the addresses of precluster cells, the 8 x 8 cm? hadronic calorimeter cluster cell with
maximum energy deposition was searched for. The cluster boundaries in hadronic calorimeter
were determined with respect to this found cell. In the electromagnetic calorimeter the cell with
maximum energy deposition was not searched for and the cluster boundaries were determined
by precluster information only.

It should be noted that cluster sizes in hadronic and electromagnetic calorimeters were 3 x 3
cells. But the lateral sizes of hadronic and electromagnetic calorimeter cluster cells were 8 x8 cm?
and 4 x 4 cm?, respectively.

The cluster energy in the electromagnetic calorimeter and in hadronic one Ef¢? has

been determined for all clusters of an event which passed through the cuts. The addition cut
EE]M(:al

<hst— < B..¢ has been applied to reject e,y which passed through the previous cuts.

EMecal
Eclust

Cm’fthe total cluster energy FE .. was determined as

Eclust — EEMcal + EHcal . (6)

clust clust

Then, the transverse cluster energy E; was determined according to
Et = Eclust sin 6 (7)

where 6 is the angle between beam axes and the vector directed from the vertex of interaction
to a precluster.

This procedure has been performed for all clusters of an event. Then the event clusters were
ordered on transverse energy. Two clusters having the maximum and next value of transverse
energy were kept for the following analysis. Hereafter, we shall identify these two clusters as
m-mesons with transverse energy meeting the following expression FE/* > E[.



7. Distributions on trigger variables

The distribution on E7* for different fiber attenuation length values A,;; and different values
of hadronic calorimeter nuclear length for BY, minimum bias and pile-up events are shown in
figs. 10, 11, 12.

It follows from these figures that E;* for Bl-events (< E;* ~ 1.7 GeV>), is considerably
harder than for minimum bias and pile-up events (< E;* ~ 0.7 GeV>).

The similar distributions on F;? are represented in figs. 13, 14, 15. The same conclusions may
be drawn. Moreover, it follows from these figures that nuclear length of hadronic calorimeter
influences the E;* and E[? distributions weakly.

The distribution on the energy E,;sipe deposited in the combined calorimeter for BY, mini-
mum bias and pile-up events for different fiber attenuation length values A,;; and different values
of hadronic calorimeter nuclear length are shown in figs. 16, 17, 18. These distributions are sig-
nificantly different in the range of F,;s . < 130 GeV. This point could be used to reject the
minimum bias background. The events which fulfill the following requirement F, ;. < 130 GeV
could be rejected. Moreover, it should be noted that the nuclear length of hadronic calorimeter
influences the F,;p~distribution weakly.

The distribution on effective mass M, ,, of two selected m-mesons for B}, minimum bias and
pile-up events in the case of different values of hadronic calorimeter nuclear length and when
ET > 0.5 GeV, Ef? > 0.3 GeV, Ay = 150 cm are shown in figs. 19, 20, 21. It follows from these
figures that nuclear length of hadronic calorimeter influences the M, ., -distribution weakly.

The effective mass cut M.,,; = 0.5 GeV has been chosen from these figures. The events which
met the following requirement M, ., < 0.5 GeV were rejected.

It should be noted that this cut is low significant and may be omitted.

8. Trigger efficiency

The trigger efficiency € was defined as a ratio of the number of events IN,,;, passing all the
implied cuts to the total number of processed events N,

Npass
€E = —— . 8
Ntot ( )

The dependence of trigger efficiency € on the first pion transverse energy E[* for the process
pp — (BY — wtm~) + X, when the second transverse energy cut E;* > 0.5 GeV is applied, is
shown in fig. 22 and tables 1 — 3 for A,y = 150 cm.

To see the effect of cut on each trigger variable, we showed in the tables the efficiency after
each cut. It should be noted that E,;,. and effective mass M, ., cuts influence the efficiency
weakly.

It follows from this figure and tables that € decreases with E;™" increase.

The dependence of efficiency € to register a minimum bias or pile-up event as a BY-event
candidate on E[" is shown in the same figure and tables 4 — 9 for the same cuts. It is seen that
this efficiency is significantly less than one for BY-events.

The rate of decreasing efficiency ¢ with Ef" increasing for minimum bias and pile-up events
is considerably larger than that for Bj-events.

The dependence of efficiency for BJ-events on the minimum bias and pile-up one in the case
of B/ > 0.3 and 0.5 GeV , Ay =150 cm and Ageqr = 2, 3.5, 7.2 Aue is shown in fig. 23. It



follows from these data that € depends on the nuclear length of hadronic calorimeter Ag.,; weakly
in the range of 3.5\ ue < Agear < 7.2\ uq- The results get worse slightly for Agea = 2\ uer-
The dependence of € for B -events on A, is shown in tables 10, 1, 11 in the case of
E™ > 0.5 GeV and A\, =70, 150 and 10000 cm, respectively.
It follows from these data that e increases with increasing A,y;.

8.1. Dependence of efficiency on the R,

The dependence of efficiency for Bj-events on the minimum bias and pile-up one in the case
of R;so; = 3 and 1 is shown in figs 24, 25, respectively. It follows from these figures that the
smaller R, the larger efficiency for BY as well as for minimum bias and pile-up events. It
happens because R;,, decrease leads to increasing the number of selected preclusters. But in
this case the number of selected preclusters with shower overlapping in the calorimeter increases
too.

The dependence of efficiency for BY-events on the minimum bias and pile-up one when we
demand that any precluster should have only one lit cell (N, = 1) is shown in fig. 26. We
can see that e decreases for both BY and minimum bias and pile-up events. It happens because
the hadrons hit preshower near the cell boundaries light up more than one preshower cell and
therefore are rejected.

8.2. Dependence of efficiency on the cluster cell sizes

The dependence of efficiency for B) and minimum bias events on the cluster cell sizes is
represented for Ag.q; = 3.5\ ue, Aaie = 150 cm and Ef? > 0.5 GeV in tables 13, 14, respectively.

Here €; corresponds to the case when the cluster cell sizes in electromagnetic and hadronic
calorimeters have been chosen as 4 x 4 cm? and 8 x 8 ¢cm?, respectively. The maximum energy
deposition cluster cell was searched for electromagnetic and hadronic calorimeter clusters.

€, corresponds to the case when the cluster cell sizes in electromagnetic and hadronic
calorimeters have been chosen as 4 x 4 cm? and 8 x 8 c¢cm?, respectively. The maximum en-
ergy deposition cluster cell was searched for hadronic calorimeter clusters and was not searched
for electromagnetic ones.

€3 corresponds to the case when the cluster cell sizes in electromagnetic and hadronic
calorimeters have been chosen as 4 x 4 cm? and 8 x 8 cm?, respectively. The maximum energy
deposition cluster cell was not searched for electromagnetic and hadronic calorimeter clusters.

e, corresponds to the case when the cluster cell sizes in electromagnetic and hadronic
calorimeters have been chosen as 8 x 8 cm?, respectively. The maximum energy deposition
cluster cell was searched for electromagnetic and hadronic calorimeter clusters.

€5 corresponds to the case when the cluster cell sizes in electromagnetic and hadronic
calorimeters have been chosen as 4 x 4 cm?, respectively. The maximum energy deposition
cluster cell was not searched for electromagnetic and hadronic calorimeter clusters.

It follows from these data that the larger cluster cell sizes the larger efficiency for both B9
and minimum bias events.

8.3. Dependence of efficiency on the electronic noise

To understand how the electronic noise will influence the efficiency for BY, minimum bias
and pile-up events, we supposed that electronic noise in a preshower cell has the Gaussian
distribution with 0,,,;,. = 0.5 MeV.



In this connection an energy cut to an amplitude value A; measured in the preshower cell j
has been applied: A; > Aroise,

The dependence of efficiency for BJ-events on the minimum bias and pile-up one in the case
of Anoise =1 and 2 MeV is shown in fig. 27, 28 respectively. We can see that for A" =1 MeV
€ is significantly smaller with respect to the case of electronic noise lack.

It happens because the preclusters created by electronic noise in the distance of R < R;,
from any true precluster will reject this true precluster. In the case of A7 = 2 MeV the
electronic noise preclusters are rejected by large A

Moreover, some part of true preclusters which was rejected in the case of electronic noise
lack now can pass the cut N < N,,; and it leads to the increase of e. We can see it in fig. 28.

The choice of A™%*¢ must be made carefully because for too large A"?*¢ an additional part

cut
of the pile-up background can pass all the cuts.

noise

novse value.

9. Conclusions

1. The trigger efficiency e for pp — (BY — 7t7~) + X +/S = 14 TeV depends weakly on the
nuclear length of hadronic calorimeter in the range of 3.5 a0 < Agear < 7-2Anuel-

2. The rate of decreasing efficiency € for BJ-events at increasing E[" is considerably smaller
than the one for minimum bias and pile-up events.

3. For the given cluster sizes of 3 x 3 cells, the trigger efficiency e depends significantly
on whether the maximum energy deposition cell is searched for in electromagnetic and
hadronic calorimeters or not.

4. The trigger efficiency € depends significantly on the precluster isolation parameter.

5. The trigger efficiency e depends significantly on the choice of Amoi¢

novse value.

Table 1. The trigger efficiency € for B} — n7~ events at hadronic calorimeter nuclear length of 7.2
Anuel and fiber attenuation length of A\;; = 150 cm. The cluster cell sizes in electromagnetic
and hadronic calorimeters have been chosen as 4 x 4 cm? and 8 x 8 cm?, respectively. The
maximum energy deposition cluster cell was searched for hadronic calorimeter clusters and was
not searched for electromagnetic ones. The following cuts Epreciust < 0.03 GeV, Npreciust < 4,

EMcal
R;so1 > 6 and Eb:l;;j;l < 60 have been applied during precluster and cluster finding.

clust

ET (GeV) > 1.0 | 15 | 20 | 25 | 3.0
% 52.80 | 40.00 | 30.20 | 23.20 | 18.20
3.25 | 2.83 | 246 | 2.15 | 1.91

EF > 0.50GeV
% 35.80 | 27.60 | 21.60 | 15.60 | 12.20
2.68 | 2.35 | 2.08 | 1.77 | 1.56

My, 7, > 0.5GeV
% 34.80 | 26.80 | 21.40 | 15.60 | 12.20
2.64 | 2.32 | 2.07 | 1.77 | 1.56

FEyisivie > 130.0GeV
€% 34.20 | 26.40 | 21.20 | 15.60 | 12.20
2.62 2.30 2.06 1.77 1.56




Table 2.

Table 3.

The trigger efficiency € for B) — 777~ events at hadronic calorimeter nuclear length of 3.5
Anuel and fiber attenuation length of A\;; = 150 cm. The cluster cell sizes in electromagnetic
and hadronic calorimeters have been chosen as 4 x 4 cm? and 8 x 8 cm?, respectively. The
maximum energy deposition cluster cell was searched for hadronic calorimeter clusters and was
not searched for electromagnetic ones. The following cuts Epreciust < 0.03 GeV, Npreciust < 4,
R;so1 > 6 and EEEQPZZI < 60 have been applied during precluster and cluster finding.

clust

ET (GeV) > 10 | 15 | 20 | 25 | 3.0
% 54.20 | 40.00 | 31.40 | 24.00 | 18.20
3.29 | 2.83 | 251 | 2.19 | 1.91

EF > 0.50GeV
% 37.40 | 27.40 | 20.80 | 15.80 | 11.80
2.73 | 234 | 204 | 1.78 | 1.54

My, 7, > 0.5GeV
% 36.20 | 26.60 | 20.40 | 15.40 | 11.60
2.60 | 2.31 | 2.02 | 1.75 | 1.52

FEyisivie > 130.0GeV
€% 35.40 | 26.20 | 20.20 | 15.40 | 11.60
2.66 2.29 2.01 1.75 1.52

The trigger efficiency € for B) — 777~ events at hadronic calorimeter nuclear length of 2.0
Anuel and fiber attenuation length of A\;; = 150 cm. The cluster cell sizes in electromagnetic
and hadronic calorimeters have been chosen as 4 x 4 cm? and 8 x 8 cm?, respectively. The
maximum energy deposition cluster cell was searched for hadronic calorimeter clusters and was
not searched for electromagnetic ones. The following cuts Epreciust < 0.03 GeV, Npreciust < 4,
R;so1 > 6 and %}Eﬁ# < 60 have been applied during precluster and cluster finding.

clust

ET (GeV) > 10 | 15 | 20 | 25 | 3.0
% 56.80 | 37.40 | 28.40 | 20.20 | 15.80
3.37 | 273 | 2.38 | 2.01 | 1.78

EF > 0.50GeV
% 39.00 | 25.80 | 19.00 | 13.00 | 9.80
2.79 | 227 | 1.95 | 1.61 | 1.40

My, 7, > 0.5GeV
% 37.80 | 24.80 | 18.60 | 12.80 | 9.60
2.75 | 2.23 | 1.93 | 1.60 | 1.39

FEyisivie > 130.0GeV
€% 37.00 | 24.40 | 18.40 | 12.80 | 9.60
2.72 2.21 1.92 1.60 1.39




Table 4.

Table 5.

The efficiency e to register a minimum bias event as a B) — 77~ event candidate at hadronic
calorimeter nuclear length of 7.2 A\, and fiber attenuation length of A4+ = 150 cm. The
cluster cell sizes in electromagnetic and hadronic calorimeters have been chosen as 4 x 4 cm?
and 8 x 8 cm?, respectively. The maximum energy deposition cluster cell was searched for

hadronic calorimeter clusters and was not searched for electromagnetic ones. The following
EE]M(:(),l

cuts Epreciust < 0.03 GeV, Npreciust < 4, Risor > 6 and el <60 have been applied during

clust

precluster and cluster finding.

ET(GeV) > 10 | 15 | 20 [ 25 | 3.0
% 13.20 | 4.27 [ 1.73 [ 0.57 | 0.20
0.66 | 0.38 | 0.24 | 0.14 | 0.08

EF > 0.50GeV
€% 9.40 | 3.37 | 1.43 | 0.53 | 0.20
0.56 | 0.33 | 0.22 | 0.13 | 0.08

My, 7, > 0.5GeV
% 8.50 | 3.07 | 1.33 | 0.50 | 0.20
0.53 | 0.32 | 0.21 | 0.13 | 0.08

FEyisibie > 130.0GeV
€% 7.37 | 2.90 | 1.23 | 0.43 | 0.20
0.50 | 0.31 | 0.20 | 0.12 | 0.08

The efficiency e to register a minimum bias event as a B) — "7~ event candidate at hadronic
calorimeter nuclear length of 3.5 A,y and fiber attenuation length of A4t = 150 cm. The
cluster cell sizes in electromagnetic and hadronic calorimeters have been chosen as 4 x 4 cm?
and 8 x 8 cm?, respectively. The maximum energy deposition cluster cell was searched for

hadronic calorimeter clusters and was not searched for electromagnetic ones. The following

E M cal
cuts Epreciust < 0.03 GeV, Npreciust < 4, Risor > 6 and Ebil,é;ﬁ;, < 60 have been applied during

clust

precluster and cluster finding.

ET(GeV) > 10 | 15 | 20 | 25 | 3.0
% 14.50 | 4.63 | 1.93 [ 0.53 | 0.30
0.70 | 0.39 | 0.25 | 0.13 | 0.10

EF > 0.50GeV
€% 10.23 | 3.63 | 1.67 | 0.47 | 0.23
0.58 | 0.35 | 0.24 | 0.12 | 0.09

My, 7, > 0.5GeV
% 9.47 | 3.20 | 1.50 | 0.43 | 0.20
0.56 | 0.33 | 0.22 | 0.12 | 0.08

FEyisivie > 130.0GeV
€% 8.07 | 2.90 | 1.40 | 0.37 | 0.20
0.52 | 0.31 | 0.22 | 0.11 | 0.08




Table 6.

Table 7.

The efficiency e to register a minimum bias event as a B) — 77~ event candidate at hadronic
calorimeter nuclear length of 2.0 A\,, and fiber attenuation length of A4t = 150 cm. The
cluster cell sizes in electromagnetic and hadronic calorimeters have been chosen as 4 x 4 cm?
and 8 x 8 cm?, respectively. The maximum energy deposition cluster cell was searched for

hadronic calorimeter clusters and was not searched for electromagnetic ones. The following
EE]M(:(),l

cuts Epreciust < 0.03 GeV, Npreciust < 4, Risor > 6 and el <60 have been applied during

clust

precluster and cluster finding.

ET(GeV) > 10 | 15 | 20 [ 25 | 3.0
% 15.37 | 5.23 | 2.33 | 1.03 | 0.50
0.72 | 0.42 | 0.28 | 0.19 | 0.13

EF > 0.50GeV
€% 10.53 | 3.77 | 1.83 | 0.87 | 0.40
0.59 | 0.35 | 0.25 | 0.17 | 0.12

My, 7, > 0.5GeV
% 9.53 | 3.40 | 1.70 | 0.73 | 0.37
0.56 | 0.34 | 0.24 | 0.16 | 0.11

FEyisivie > 130.0GeV
€% 8.13 | 2.87 | 1.50 | 0.57 | 0.27
0.52 | 0.31 | 0.22 | 0.14 | 0.09

The efficiency € to register a pile-up event as a BY — 77~ event candidate at hadronic
calorimeter nuclear length of 7.2 A\, and fiber attenuation length of A4+ = 150 cm. The
cluster cell sizes in electromagnetic and hadronic calorimeters have been chosen as 4 x 4 cm?
and 8 x 8 cm?, respectively. The maximum energy deposition cluster cell was searched for

hadronic calorimeter clusters and was not searched for electromagnetic ones. The following

E M cal
cuts Epreciust < 0.03 GeV, Npreciust < 4, Risor > 6 and Ebil,é;ﬁ;, < 60 have been applied during

clust

precluster and cluster finding.

ET(GeV) > 10 | 15 | 20 | 25 | 3.0
% 20.92 | 5.92 | 2.17 | 0.83 | 0.58
1.32 | 0.70 | 0.42 | 0.26 | 0.22

EF > 0.50GeV
€% 15.25 | 4.67 | 1.75 | 0.67 | 0.58
1.13 | 0.62 | 0.38 | 0.24 | 0.22

My, 7, > 0.5GeV
% 13.83 | 4.42 | 1.75 | 0.67 | 0.58
1.07 | 0.61 | 0.38 | 0.24 | 0.22

Eyisibie > 130.0GeV
€% 12.92 | 4.33 | 1.75 | 0.67 | 0.58
1.04 | 0.60 | 0.38 | 0.24 | 0.22
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Table 8.

Table 9.

The efficiency € to register a pile-up event as a BY — 77~ event candidate at hadronic
calorimeter nuclear length of 3.5 A,y and fiber attenuation length of A4t = 150 cm. The
cluster cell sizes in electromagnetic and hadronic calorimeters have been chosen as 4 x 4 cm?
and 8 x 8 cm?, respectively. The maximum energy deposition cluster cell was searched for

hadronic calorimeter clusters and was not searched for electromagnetic ones. The following
EE]M(:(),l

cuts Epreciust < 0.03 GeV, Npreciust < 4, Risor > 6 and el <60 have been applied during

clust

precluster and cluster finding.

ET(GeV) > 10 | 15 | 20 [ 25 | 3.0
% 22.83 | 7.83 | 2.50 | 0.83 | 0.50
1.38 | 0.81 | 0.46 | 0.26 | 0.20

EF > 0.50GeV
€% 17.75 | 6.50 | 2.08 | 0.75 | 0.50
1.22 | 0.74 | 0.42 | 0.25 | 0.20

My, 7, > 0.5GeV
% 16.25 | 6.17 | 2.08 | 0.75 | 0.50
1.16 | 0.72 | 0.42 | 0.25 | 0.20

FEyisivie > 130.0GeV
€% 15.50 | 5.67 | 2.08 | 0.75 | 0.50
1.14 | 0.69 | 0.42 | 0.25 | 0.20

The efficiency € to register a pile-up event as a BY — 77~ event candidate at hadronic
calorimeter nuclear length of 2.0 A\,, and fiber attenuation length of A4t = 150 cm. The
cluster cell sizes in electromagnetic and hadronic calorimeters have been chosen as 4 x 4 cm?
and 8 x 8 cm?, respectively. The maximum energy deposition cluster cell was searched for

hadronic calorimeter clusters and was not searched for electromagnetic ones. The following

E M cal
cuts Epreciust < 0.03 GeV, Npreciust < 4, Risor > 6 and Ebil,é;ﬁ;, < 60 have been applied during

clust

precluster and cluster finding.

ET(GeV) > 10 | 15 | 20 | 25 | 3.0
% 24.17 | 9.17 | 2.58 | 1.25 | 0.33
1.42 | 0.87 | 0.46 | 0.32 | 0.17

EF > 0.50GeV
€% 19.42 | 7.67 | 2.17 | 0.92 | 0.25
1.27 | 0.80 | 0.42 | 0.28 | 0.14

My, 7, > 0.5GeV
% 17.83 | 7.08 | 2.17 | 0.92 | 0.25
1.22 | 0.77 | 0.42 | 0.28 | 0.14

FEyisivie > 130.0GeV
€% 17.00 | 6.75 | 2.17 | 0.92 | 0.25
1.19 | 0.75 | 0.42 | 0.28 | 0.14
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Table 10.

Table 11.

The trigger efficiency € for B — 77~ events at hadronic calorimeter nuclear length of 7.2
Anuel @and fiber attenuation length of A\g;; = 70 cm. The cluster cell sizes in electromagnetic
and hadronic calorimeters have been chosen as 4 x 4 cm? and 8 x 8 cm? respectively. The
maximum energy deposition cluster cell was searched for hadronic calorimeter clusters and was
not searched for electromagnetic ones. The following cuts Epreciust < 0.03 GeV, Npreciust < 4,
R;s01 > 6 and Ejﬁi?l < 60 have been applied during precluster and cluster finding.

clust

ET (GeV) > 10 | 15 | 20 | 25 | 3.0
% 49.60 | 37.40 | 27.40 | 20.60 | 14.60
3.15 | 273 | 2.34 | 2.03 | 1.71

EF > 0.50GeV
€% 32.80 | 25.40 | 18.80 | 13.60 | 9.20
2.56 | 2.25 | 1.94 | 1.65 | 1.36

My, 7, > 0.5GeV
% 32.00 | 24.80 | 18.60 | 13.60 | 9.20
2.53 | 2.23 | 1.93 | 1.65 | 1.36

FEyisivie > 130.0GeV
€% 31.60 | 24.60 | 18.60 | 13.60 | 9.20
2.51 2.22 1.93 1.65 1.36

The trigger efficiency € for B — 77~ events at hadronic calorimeter nuclear length of 7.2
Anuel and fiber attenuation length of Ag+¢ = 10000 cm. The cluster cell sizes in electromagnetic
and hadronic calorimeters have been chosen as 4 x 4 cm? and 8 x 8 cm?, respectively. The
maximum energy deposition cluster cell was searched for hadronic calorimeter clusters and was
not searched for electromagnetic ones. The following cuts Epreciust < 0.03 GeV, Npreciust < 4,
R;so1 > 6 and %% < 60 have been applied during precluster and cluster finding.

clust

ET (GeV) > 10 | 15 | 20 | 25 | 3.0
% 55.40 | 40.40 | 31.40 | 24.20 | 19.00
3.33 | 2.84 | 251 | 2.20 | 1.95

EF > 0.50GeV
% 38.00 | 28.00 | 21.60 | 16.00 | 12.60
2.76 | 2.37 | 2.08 | 1.79 | 1.59

My, 7, > 0.5GeV
% 37.00 | 27.20 | 21.40 | 15.80 | 12.60
2.72 | 2.33 | 2.07 | 1.78 | 1.59

FEyisivie > 130.0GeV
€% 36.20 | 26.80 | 21.20 | 15.80 | 12.60
2.69 2.32 2.06 1.78 1.59
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Table 12.

Table 13.

The trigger efficiency for B} — ntn~ events at hadronic calorimeter nuclear length of 3.5
Anuct and fiber attenuation length of A,y = 150 cm. The standard cuts Ef? > 0.5 GeV,
My ny > 0.5 GeV, Eyisivie > 130 GeV have been applied too. Moreover the following cuts

EEZIMCG,

l
Eprectust < 0.03 GeV, Npreciust < 4, Risor > 6 and =g~ < 60 have been applied during

clust

precluster and cluster finding.

Ef(GeV)>] 1.0 | 1.5 | 20 | 25 | 3.0
e1 % 37.40 | 28.20 | 22.00 | 16.80 | 12.80
2.73 | 2.38 | 2.10 | 1.83 | 1.60
&2 % 35.40 | 26.20 | 20.20 | 15.40 | 11.60
2.66 | 2.29 | 2.01 | 1.75 | 1.52
ez % 25.00 | 18.40 | 12.60 | 8.60 | 6.00
2.24 | 1.92 | 1.59 | 1.31 | 1.10
€1 % 43.20 | 32.00 | 24.60 | 19.80 | 14.80
2.94 | 253 | 2.22 | 1.99 | 1.72
es % 6.80 | 3.40 | 2.20 | 1.00 | 0.60
1.17 | 0.82 | 0.66 | 0.45 | 0.35

The efficiency € to register a minimum bias event as a B) — m 7~ event candidate at hadronic
calorimeter nuclear length of 3.5 A,,¢ and fiber attenuation length of A\;s; = 150 cm. The
standard cuts E{? > 0.5 GeV, My, r, > 0.5 GeV, Eyisipie > 130 GeV have been applied too.

EEIMca,l

Moreover the following cuts Eprectust < 0.03 GeV, Nprectust < 4, Risor > 6 and % <60

clust

have been applied during precluster and cluster finding.

Ef(GeV)>| 1.0 | 1.5 | 20 | 25 | 3.0
e1 % 9.23 | 3.63 | 1.47 | 0.50 | 0.23
0.56 | 0.35 | 0.22 | 0.13 | 0.09

e % 8.07 | 2.90 | 1.40 | 0.37 | 0.20
0.52 | 0.31 | 0.22 | 0.11 | 0.08

€3 % 433 [1.60 | 0.53 ] 0.30 | 0.17
0.38 | 0.23 | 0.13 | 0.10 | 0.08

€1 % 10.53 | 4.30 | 1.70 | 0.60 | 0.27
0.59 | 0.38 | 0.24 | 0.14 | 0.09

es % 0.80 | 0.10 [ 0.07 | 0.07 | 0.07
0.16 | 0.06 | 0.05 | 0.05 | 0.05
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Distributions on the reconstruction energy of 7+ —mesons having initial momentum of 5, 10, 50, 100,

250, 550 GeV/c for hadronic calorimeter nuclear length Ageqar = 7.2 Apyuer and fiber attenuation length

Agtt = 50 cm. The results of fitting these distributions to Gaussian by means of the Least Square Method

in a region of the peak are shown with a solid curve.
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Distributions on the reconstruction energy of 7+ —mesons having initial momentum of 5, 10, 50, 100,

250, 550 GeV/c for hadronic calorimeter nuclear length Ageqr = 7.2 Apyuer and fiber attenuation length

Agtt = 70 cm. The results of fitting these distributions to Gaussian by means of the Least Square Method

in a region of the peak are shown with a solid curve.
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Distributions on the reconstruction energy of 7+ —mesons having initial momentum of 5, 10, 50, 100,

250, 550 GeV/c for hadronic calorimeter nuclear length Ageqr = 7.2 Apyuer and fiber attenuation length

Agtt = 100 cm. The results of fitting these distributions to Gaussian by means of the Least Square

Method in a region of the peak are shown with a solid curve.
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Distributions on the reconstruction energy of 7+ —mesons having initial momentum of 5, 10, 50, 100,
250, 550 GeV/c for hadronic calorimeter nuclear length Agcqar = 7.2 A\pyuer and fiber attenuation length
Agtt = 200 cm. The results of fitting these distributions to Gaussian by means of the Least Square
Method in a region of the peak are shown with a solid curve.
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Distributions on the reconstruction energy of 7+ —mesons having initial momentum of 5, 10, 50, 100,
250, 550 GeV/c for hadronic calorimeter nuclear length Ageqr = 7.2 Apyuer and fiber attenuation length
Agtt = 300 cm. The results of fitting these distributions to Gaussian by means of the Least Square

Method in a region of the peak are shown with a solid curve.
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Distributions on the reconstruction energy of 7+ —mesons having initial momentum of 5, 10, 50, 100,
250, 550 GeV/c for hadronic calorimeter nuclear length Ageqr = 7.2 Apyuer and fiber attenuation length
Agtt = 10000 cm. The results of fitting these distributions to Gaussian by means of the Least Square

Method in a region of the peak are shown with a solid curve.
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Distributions on the reconstruction energy of 7+ —mesons having initial momentum of 5, 10, 50, 100,
250, 550 GeV/c for hadronic calorimeter nuclear length Agcqar = 3.5 A\puer and fiber attenuation length
Agtt = 50 cm. The results of fitting these distributions to Gaussian by means of the Least Square Method
in a region of the peak are shown with a solid curve.
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Distributions on the reconstruction energy of 7+ —mesons having initial momentum of 5, 10, 50, 100,
250, 550 GeV/c for hadronic calorimeter nuclear length Agcqar = 3.5 Apuer and fiber attenuation length
Agtt = 70 cm. The results of fitting these distributions to Gaussian by means of the Least Square Method
in a region of the peak are shown with a solid curve.
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Distributions on the reconstruction energy of 7+ —mesons having initial momentum of 5, 10, 50, 100,
250, 550 GeV/c for hadronic calorimeter nuclear length Agcqar = 3.5 Apuer and fiber attenuation length
Agtt = 100 cm. The results of fitting these distributions to Gaussian by means of the Least Square
Method in a region of the peak are shown with a solid curve.
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Distributions on the reconstruction energy of 7+ —mesons having initial momentum of 5, 10, 50, 100,
250, 550 GeV/c for hadronic calorimeter nuclear length Agcqar = 3.5 Apuer and fiber attenuation length
Agtt = 200 cm. The results of fitting these distributions to Gaussian by means of the Least Square
Method in a region of the peak are shown with a solid curve.
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Distributions on the reconstruction energy of 7+ —mesons having initial momentum of 5, 10, 50, 100,
250, 550 Gev/c for hadronic calorimeter nuclear length Agcqar = 3.5 Anuer and fiber attenuation length
Agtt = 300 cm. The results of fitting these distributions to Gaussian by means of the Least Square
Method in a region of the peak are shown with a solid curve.
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Distributions on the reconstruction energy of 7+ —mesons having initial momentum of 5, 10, 50, 100,
250, 550 GeV/c for hadronic calorimeter nuclear length Agcqar = 3.5 Apuer and fiber attenuation length
Agtt = 10000 cm. The results of fitting these distributions to Gaussian by means of the Least Square
Method in a region of the peak are shown with a solid curve.
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Dependence of the combined calorimeter energy resolution on initial pion energy FE for hadronic calorime-
ter nuclear length Agcq; = 7.2 Auer and different values of fiber attenuation length A,¢:. The results of
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fitting these Distributions by means of the Least Square Method to the function %% = % @ C are shown

with a solid curve.
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Dependence of the combined calorimeter energy resolution on initial pion energy FE for hadronic calorime-

ter nuclear length Agcq; = 3.5 Anuer and different values of fiber attenuation length A,¢:. The results of
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fitting these Distributions by means of the Least Square Method to the function %% = % @ C are shown

with a solid curve.
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Distributions on the first pion transverse energy Ef* for different fiber attenuation length values Ay and
different values of hadronic calorimeter nuclear length for BY events.
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Distributions on the first pion transverse energy Ef* for different fiber attenuation length values Ay and
different values of hadronic calorimeter nuclear length for pile-up events.
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Distributions on the second pion transverse energy E;? for different fiber attenuation length values Aqu
and different values of hadronic calorimeter nuclear length for BY events.
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and different values of hadronic calorimeter nuclear length for minimum bias events.
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Distributions on the visible energy FE,;sipie deposited in the combined calorimeter for different fiber
attenuation length values Ay:+ and different values of hadronic calorimeter nuclear length for Bg events.
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Distributions on the visible energy FE,;sipie deposited in the combined calorimeter for different fiber
attenuation length values A, and different values of hadronic calorimeter nuclear length for pile-up

events.
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Distributions on the effective mass My, », of two selected m-mesons for fiber attenuation length
Aatt = 150 cm, the transverse energy cuts E* > 0.5 GeV, Ey? > 0.3 GeV and different values of
hadronic calorimeter nuclear length for B events.
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Distributions on the effective mass My, », of two selected m-mesons for fiber attenuation length
Aatt = 150 cm, the transverse energy cuts E;' > 0.5 GeV, E}? >0.3 GeV and different values of hadronic
calorimeter nuclear length for minimum bias events.
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Distributions on the effective mass My, », of two selected m-mesons for fiber attenuation length
Aatt = 150 cm, the transverse energy cuts E;' > 0.5 GeV, E;*> > 0.3 GeV and different values of
hadronic calorimeter nuclear length for pile-up events.
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Dependence of the trigger efficiency € on the first pion transverse energy Fy* for fiber attenuation length

Aatt = 150 cm, the second pion transverse energy cut Ef? > 0.5 GeV, the effective mass cut My, ., >

0.5 GeV | the visible energy cut E;spe > 130 GeV and different values of hadronic calorimeter nuclear

length for Bg, minimum bias and pile-up events. The following cuts Epreciust < 0.03 GeV, Npreciust < 4,
EE]M(:(),l

Risor > 6 and

clust
Hcal

clust

< 60 have been applied during precluster and cluster finding.
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Dependence of the trigger efficiency € for BY-events on the minimum bias and pile-up efficiency for fiber
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effective mass cut My, ., > 0.5 GeV | the visible energy cut E,;s;p1e > 130 GeV and hadronic calorimeter
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and EEEZPZZI < 60 have been applied during precluster and cluster finding.
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fig. 24

Dependence of the trigger efficiency € for BY-events on the minimum bias and pile-up efficiency for fiber
attenuation length A,;x = 150 cm, the second pion transverse energy cut E;* > 0.3 and 0.5 GeV, the
effective mass cut My, ., > 0.5 GeV | the visible energy cut E,;s;p1e > 130 GeV and hadronic calorimeter
nuclear length Agcqr = 2, 3.5, 7.2 Ay The following cuts Epreciust < 0.03 GeV, Npreciust < 4, Risot > 3
and EEEZPZZI < 60 have been applied during precluster and cluster finding.

clust
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Dependence of the trigger efficiency € for BY-events on the minimum bias and pile-up efficiency for fiber
attenuation length A,;x = 150 cm, the second pion transverse energy cut E;* > 0.3 and 0.5 GeV, the
effective mass cut My, ., > 0.5 GeV | the visible energy cut E,;s;p1e > 130 GeV and hadronic calorimeter
nuclear length Agcar = 2, 3.5, 7.2 Apyer. The following cuts Epreciust < 0.03 GeV, Npreciust < 4, Risor > 1
and EEEZPZZI < 60 have been applied during precluster and cluster finding.
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Dependence of the trigger efficiency € for BY-events on the minimum bias and pile-up efficiency for fiber

attenuation length A,;x = 150 cm, the second pion transverse energy cut E;* > 0.3 and 0.5 GeV, the

effective mass cut My, ., > 0.5 GeV, the visible energy cut E,;sipe >130 GeV and hadronic calorimeter
nuclear length Agcar = 2, 3.5, 7.2 Ay The following cuts Epreciust < 0.03 GeV, Npreciust < 1, Risor > 6

EMca
and Zelust®

clust
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Dependence of the trigger efficiency e for BY-events on the minimum bias and pile-up efficiency for fiber

attenuation length A,;x = 150 cm, the second pion transverse energy cut Ey* > 0.3 and 0.5 GeV, the

effective mass cut My, ., > 0.5 GeV, the visible energy cut E,;sipe >130 GeV and hadronic calorimeter
nuclear length Agcar = 2, 3.5, 7.2 Ay The following cuts Epreciust < 0.03 GeV, Npreciust < 4, Risot > 6

and

EMcal
Eglgl_.it
EHecal

clust

amplitude distribution is opneise = 0.5 MeV. The cut on the noise amplitude is A7%%¢ = 1 MeV.
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fig. 28

Dependence of the trigger efficiency € for BY-events on the minimum bias and pile-up efficiency for fiber
attenuation length A,;x = 150 cm, the second pion transverse energy cut E;* > 0.3 and 0.5 GeV, the
effective mass cut My, ., > 0.5 GeV, the visible energy cut E,;sipe >130 GeV and hadronic calorimeter
nuclear length Agcar = 2, 3.5, 7.2 Ay The following cuts Epreciust < 0.03 GeV, Npreciust < 4, Risot > 6

E M cal
and %%;j,— < 60 have been applied during precluster and cluster finding. The width of Gaussian noise

clust

amplitude distribution is opneise =0.5 MeV. The cut on the noise amplitude is A7%%¢ =2 MeV.
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