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A method based on the usage of efficiency profile is proposed to estimate the hit efficiency of drift
chambers with a large number of channels. The performance of the method under real conditions of the
detector operation has been tested analysing the experimental data from the HERA-B drift chambers.

I oueHku ddpeKTHBHOCTH cp O THIB HUi s9eeK JIpeilpoBbIX K Mep ¢ GOJBLIIMM KOJIHYECTBOM
K H JIOB IIPeVIOKEH MEeTOJ, OCHOB HHBI H HCIIONB30B HUM MPOWIbHON (yHKIMU 9()(PeKTHBHOCTH.
ITpMEeHUMOCTb METOX B pe JIBHBIX YCIOBUSX P OOTHI IETEKTOp IpOBEpPEeH H IpHMepe H JIU3 OKC-
MEepUMEHT JIbHBIX I HHbIX ¢ OpeiicoBeix K Mep ycr HOoBKM HERA-B.

INTRODUCTION

Two important characteristics of the performance of tracker detectors are their hit efficiency
(the probability to register a signal in the cell after a passage of a charged particle) and track-
finding efficiency (the probability to register a track of a charged particle). This paper is
devoted to the study of the hit efficiency which is more relevant to the performance of the
detector itself and the choice of its operating conditions. It also influences the track and
trigger efficiencies.

The task of the hit efficiency determination by using results on track reconstruction with
real experimental data becomes most important and complicated in case of modern tracker
detectors which contain a large number of registering channels (more than hundred thousand
channels). In this paper we describe a method of hit efficiency determination based on the
usage of efficiency profiles. The standard reconstructed events can be used to produce these
efficiency profiles. This is an advantage of the method because it does not need a special event
reprocessing. To study the performance of this method under real conditions of operation of a
large tracker detector, we have analysed the data taken in the year 2000 with the HERA-B [1]
Outer Tracker (OTR) drift chambers.

The OTR uses honeycomb chambers with in total 1000 m? active area and 115000
electronic channels providing the measurement of drift time. The inner diameter of the
honeycomb cells is 5 mm for the part closest to the beam and 10 mm for the outermost
region.
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In this paper, systematic uncertainties of the efficiency profile method, related to the choice
of track selection cuts, have been investigated. We have also studied possible efficiency bias
due to the use of standard reconstruction, when the same set of cells is involved in the track
finding and efficiency determination. Special Monte-Carlo studies have been performed to
estimate the efficiency bias influenced by various reasons.

1. HIT EFFICIENCY PROFILE FUNCTION

Let us consider a track passing a cell with a small angle with respect to the Z axis at
distance x to the anode wire so that an approximation d ~ x is valid (see Fig. 1, where the
cells of honeycomb drift chambers used in the HERA-B OTR are shown). Then the track
length I(z) inside the cell is given by

i
2R cos (E) , |z| < 73
lx) =3 2R - |z|)tg (g) r< |z < R;
0, |z| > R;

where R and r are defined in Fig. 1. Assuming that the number of ionization clusters produced
by a particle is described by Poisson statistics, the probability for a track to have n clusters
within a cell is defined as
(a)"
n!

—al
)

P(n) =

where a is an «effective» cluster density. The
word «effective» means that we consider only the

clusters that are registered. As a consequence,
P(0) = e~°! and the probability to create at least
one cluster is given by

Pn>0)=1-—e°

Fig. 1. Honeycomb drift cells structured as a

With these assumptions the hit efficiency profile
function can be written as

single layer which is sensitive over the whole
z—vy plane. The cell under study is drawn by

e(z) = 1 o—ol(@) bold lines. R = pitch/3, r = R/2

It is more convenient to parameterize this function in the following form:

Emax |(L’| <r;
e(x) = 1—eME-l2D) < |x| < R;
0, |z > R;
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with the condition eyax = 1 — e A7) where \ = 2atg (7/3). After some algebraic
manipulation, one obtains the ideal hit efficiency profile

Emax I |£L‘| < T';
R—
Eideal(T) = { 1 —exp (—'y |a:|) , r<|r|<R; (h
R—r
0, lz| > R;
with v = —In (1 — eax) (see Fig.2, where a typical shape of the ideal profile function is

shown).
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Fig. 2. Example of efficiency profile function in various approximations: the dotted line shows the
ideal efficiency profile describing the cluster statistics by Eq. (1); the dashed line corresponds to the
efficiency profile smeared according to Eq. (2); the solid line shows the efficiency profile function (8)

taking into account background, cross talk, and misalignment

In real measurements, a hit efficiency profile is smeared due to the errors in the track
parameter determination. In case of Gaussian smearing, the corresponding efficiency profile is

+oo 1 _ 2
5meas(m) :/_ Eideal(y)m €xXp <_%> dy 2)

In Fig.2, the smeared efficiency profile is compared with the ideal one. Dividing in Eq. (2)
the limits of integration according to different cases in Eq. (1), one gets

T

6meas(m) = / 5ideal(y)G(y; Z, U) dy + / 5ideal(y)G(y; Z, U) dy +
R —r

R
+ / eiaeat(y)Glys 2, 0) dy,  (3)

. Y
where G(y; z,0) = oo exp (_%)'
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Now let us calculate each term in Eq. (3) separately. The function F(y',z,0) =

y/
/ G(y;x,0) dy is the standard error function computed rather fast by rational Chebyshev

approximation. So, we have

/ Eideal(y)G(y; .13, U) dy = €max[F(7", .13, U) - F(—’I", J), U)]’ (4)

-T

R R R—
/ Eideal(y)G(y; 7, 0) dy = / (1 — exp (—VR -

R R—z R x—
:/ G(y;z,0)dy — exp <—7R_T>/ eXp<—7R_‘Z>G(y;x,0)dy—

o R—x
:F(vava) —F(T,QE,O) — €Xp <_’y‘g_i>/ G <y;ﬁaovo’> dya (5)
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<

)) G(y;z,0)dy =

<

—r -r R+
/ €ideal (V)G (y; @, 0) dy = / (1 — exp <—7R y)) G(y;x,0)dy =
-R _R -Tr

R R—y
= / (1 — exp (_’YE)> G(y7 —J?,O') dy = F(R7 —J),O') - F(T7 —J,‘,O') -
R4z Rtz v
— €Xp (_'YR_T)/T+I G(y7m5070> dya (6)
8 1 (z —y)*
h : =e% —_ d
where G(y;c,z,0) =e o exp ( 52 an
y/ ~ y/ . 1 y2
/700G(y;070’0)dy:/700 eV 27mexp <_ﬁ> dy =

2 2 y —co? 2 2
= exp (C; )/ G(y;0,0)dy = exp (C; )F(y'vo,o)dy- (7

— 00

From Egs. (4)-(7) we see that the measured efficiency profile function (2) can be expressed
in terms of the error function F(y', z, o).

The response from the cell can be caused either by the track passing the cell, or by the
background event, or by the cross talk from the left and right neighbouring cells. We consider
all these processes to be independent. Then, the probability to get some response from the
cell, Pyt (), while the track passes the cell at distance x from the wire, can be estimated as

Poit(z) =1 = [1 — emeas(T + Az)](1 — Pog)[1 — Pour(2)][1 — Potr(2)], (8)
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where Az is a shift in  coordinate due to the drift chamber misalignment; P}, is probability
of the background; Py (Fgt;) is probability of the cross talk from the left (right) cell expressed

as profile function (2) multiplied by value C. (Cet,) and shifted by gR to the left (right) on

X axis, i.e.,
3 3
Pctl(m) = Cotl€meas | T + §R + Az y Pctr(x) = Cetr€means | T — §R + Az |.

Figure 2 shows the typical shape of the efficiency profile given by Eq. (8), which takes into
account the background, cross talk, and misalignment.

2. METHOD TO STUDY HIT EFFICIENCY

Let us denote the total number of track segments passing the cell by N“*P, and the number

of hits in the cell by N, Each time a segment passes through the cell, the number NP
is incremented by one and, if there is a hit in

Pi(d) the cell, the number N**?! is also incremented by

Ir one. The hit efficiency of a cell is determined as
the ratio

08 |
0.6 : Ehit = Nreal/Nexp. (9)
04 | Each selected track segment is fitted by a straight
r line. For each cell two histograms are filled,
021 Nreal(d) and N°*P(d), corresponding to the track
0 distance distributions of real and expected num-

-2

bers of hits, respectively, where d is a distance
from the segment to the wire. Then, the effi-
ciency profile was calculated as the ratio

Fig. 3. Example of efficiency profile histo-

gram and fitting function for 10-mm drift cells Pt (d) _ Nreal(d)/Nexp (d) (10)
of the HERA-B tracker

A typical example of the efficiency profile his-

togram with fitting function is shown in Fig. 3.
To fit the histogram in Fig. 3, we have used Eq. (8) as a fitting function. The following
parameters can be determined from the experimental histogram for the efficiency profile (10):

® c,,.x — maximal value of the ideal hit efficiency profile;
e 0 — RMS of smearing due to the error in track parameters;
e P, — value of background;

e (. — probability to register a cross-talk signal from the left neighbouring cell;

Cetr — probability to register a cross-talk signal from the right neighbouring cell;

e Az — shift in x coordinate due to misalignment.
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According to Eq. (8), the value of e,,x corresponds to the real cell efficiency rather than to
a sum of the cell efficiency and background F,s. Then, the cell efficiency is determined as
the value of parameter €, x.

The smearing due to errors in track parameters and the shift due to misalignment are not
relevant directly to the hit efficiency. Because of the limited statistics and small cross-talks,
the values Ccy () are consistent very often with zero for separate cells. Therefore, only two
parameters of the fitting function will be presented and discussed: €pax and Pyg.

3. DATA ANALYSIS

The method of hit efficiency determination described in sections 1 and 2 has been tested
when studying the performance of the OTR chambers of the HERA-B set-up in a run during
the HERA-B commissioning period in the year 2000 at an interaction rate of 5 MHz. During
this commissioning phase the main tracker detectors were still not perfect; for example, about
12 % of the OTR channels were turned off or very noisy. Certainly, these «bad» cells were
excluded from the analysis and did not influence directly the values of hit efficiency, but the
tracking efficiency and possible failures of pattern recognition were affected [2]. Also the
high voltage was lower than the optimal and, therefore, hit efficiencies were smaller than
designed ones [3].

The OTR of HERA-B consists of honeycomb drift cells and is divided into three groups
of superlayers: pattern chambers (PC), trigger chambers (TC), and magnet chambers (MC).
The complicated modular geometry of the OTR is described in [4]. The PC and TC chambers
(located downstream of the magnet) are grouped in four and two superlayers, respectively:
PC1-PC4 and TC1-TC2. Each of them consists of two separate gas boxes in the left (—x
half of superlayer) and right (4 half) sides of the proton beam pipe. The coordinate
system indicated in Fig.1 is used: the Z axis goes along the proton beam; the X axis is
directed horizontally to the right when looking towards increasing z coordinate, and the Y
axis completes the orthogonal system. The position of the target is z ~ 0 and the centre of
the magnet is located at approximately 450 cm.

Each PC superlayer has six stereolayers oriented by different stereoangles (av = 0°, —4.6°,
+4.6°). The stereolayers consist of modules with a single or double layer of hexagonal cells.
The straight line passing through this honeycomb module traverses at least one cell in a single
layer (see Fig.1). The number of the single layers is 30 in the PC chambers, and 12 in the
TC chambers.

For the reconstruction of track segments in the PC and TC regions, the program Ranger [5],
the ARTE environment [6] and standard hit preparation have been used. Distributions of
parameters used for track selection are shown in Fig. 4. In the present paper, to demonstrate
the method performance, we will present only the results for —x halves of PC superlayers
obtained from the analysis of run 14577 (minimum-bias events). For more technical details
on hit efficiency studies performed recently for the OTR superlayers by using the efficiency
profile method, see Ref. [3].
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Fig. 4. Distribution of parameters used for track selection: a) N5C; b) NES + NES; ¢) Ytarget, and

d) p. The meaning of the parameters is described in the text

In the analysis we have used only events where the total number of hits per event is
900 < Npits < 8000 in the OTR chambers. Only segments with momenta p > 3 GeV/c
have been selected. To study how much the evaluated hit efficiency depends on the selection
criteria, we have used two sets of additional cuts for track selection:

o Soft cuts:
— Only segments with |yrarget| < 25 cm, where Yiarget is ¢ coordinate of the segment
prolonged to the target region z = 0, were selected.
— Only those PC segments that have a matched segment in TC chambers were used.
— The number of hits in TC per segment is required to be N}Eg > 6.

— The number of hits in PC 4+ TC per segment is required to be N}ll)igs + NEISS > 20.
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e Strong cuts:

— Only PC segments that have matched segments both in TC and in vertex detector
(located upstream of the magnet) were used.

— The number of hits in TC is required to be Ngtcs > 9.

— The number of hits in PC is required to be N}ESS > 24.

It should be mentioned that the cell under study was not included in counting hits, since this
can bias the results.

The superlayer efficiency has been determined as an average of the cell efficiency distrib-
ution for cells in the superlayer. To estimate the superlayer efficiency, the following selection
criteria on cells in the superlayer have been applied (see Fig.5):

e Only «good» cells, according to Data Quality!, have been taken into account.
e Only cells with the hit efficiency higher than 0.75 have been included in the distribution.
e Only cells with «good» XQ, e.g.,04< X2 < 1.5, have been taken into account.

The second criterion needs some explanation. Applying this criterion, we want to reject bad
cells that were not identified properly by Data Quality package. The contribution of these
cells is seen in Fig.5, a for ¢ close to zero. The value of the cut has been chosen after
studying the dependence of the average hit efficiency of the superlayer as a function of the
cut on the minimal cell efficiency shown in Fig. 6, a. The evaluated efficiencies look quite
stable for a cut parameter smaller than 0.75.

The average hit efficiencies epj; and background probabilities F,, for PC superlayers,
estimated from the data analysis by using soft and strong cuts of track selection, are presented
in Table 1. Figure 6, b shows the distribution of hit efficiencies for 5-mm cells of different
PC superlayers, obtained with soft cuts for track selection. From Table 1 one can notice that
the hit efficiency for 10-mm cells is higher than for 5-mm cells. The value of the background
probability varies from 4 to 8 %. The average occupancy in the OTR (the ratio of the average
number of hits to the number of cells) is about 4 % for this run. The background becomes
higher for larger z coordinates because of secondary interactions in the detector material.

To see the hit efficiency in different parts of the detector, we have studied variation of the
efficiencies for different GEDE?, which is shown in Fig.7 for both the soft and strong cuts
of track selection. It is seen that the hit efficiency values determined with the strong cuts are
more stable in different parts of the detector than with the soft cuts. It was also observed that
the efficiencies became worse for the modules that are closer to the beam pipe. This fact can
be partially explained by the failures of track finding in the region of the higher track density.
The background level, x? and o for efficiency profiles are worse as well for those modules.

Data Quality is the software package that determines the bad cells.
2 A single unit of the sensitive detector volume is called GEDE (GEometry DEtector). In OTR, a physical module
is divided into several GEDE volumes.
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Fig. 5. Distributions of hit efficiency (a) and x? (b) for 5-mm cells in PC1 superlayer (only for good
cells, according to Data Quality)

Table 1. Hit efficiencies cni; and background probabilities P, (in %) for PC superlayers obtained
from the data analysis with the soft and strong cuts for track selection

Superlayer Quantity Soft cut Strong cut
5 mm 10 mm 5 mm 10 mm

PC1 Ehit 90.2 (4.1) | 922 3.7) | 945 (3.7) | 959 (2.9

Py 4.5 (2.3) 5.1 (1.5) 3.9 (2.0) 4.6 (2.2)

PC2 Ehit 90.7 (3.9) | 945 (2.5) | 96.7 (2.5) | 97.9 (1.7)

Py 5.6 (2.7) 6.0 (1.6) 4.3 (1.9 5.5 (2.4)

PC3 Ehit 90.8 (4.1) | 95.6 (2.1) | 96.3 (2.8) | 98.2 (1.6)

P 6.4 (3.0) 6.7 (1.7) 4.7 (2.0) 5.7 (2.4)

PC4 Ehit 92.7 (3.6) | 94.0 3.0) | 95.4 (3.6) | 95.1 (3.7)

P 7.4 (3.7) 7.4 (2.1) 5.5 (2.5) 6.4 (2.7)

Note. Numbers in brackets denote the RMS of the distributions of corresponding parame-

ters for separate cells in the superlayer. Statistical errors are negligible due to a big number
of events.

4. ESTIMATION OF EFFICIENCY BIAS

The values for the hit efficiency estimated above can be biased for the following reasons:

e The same hits as used at first to define a track are taken then to estimate the hit
efficiency.
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e There is a fraction of ghosts in the reconstructed track sample.

The bias in the hit efficiency determination, caused by the first reason, can be estimated
by excluding some set of cells from tracking and evaluating the unbiased hit efficiency. For
this purpose, the first stereolayer of PC2 has been excluded from tracking. The track selection
criteria have also been slightly changed; i.e., the number of hits in PC 4+ TC was required to
be NEC + NEIC > 19. All the other conditions were not changed. Table 2 shows the values
of bias of hit efficiency Ae = enew — €014, Where €41q and ey, are hit efficiencies before and
after exclusion of the first stereolayer, respectively. One can see that there is a bias for the
excluded stereolayer; however, its value is below 1 %.

The bias study for hit efficiency determination has also been performed by using Monte-

Carlo simulation of the detector under the following conditions:

e Mean number of inelastic Poisson-distributed interactions on the target wire per event
was equal to 2.7.

e OTR chamber resolution is 500 pm.
e Cells corresponding to bad channels in the data were excluded (about 12 %).
e OTR hit efficiency is 95 %.

The results for efficiencies of different PC superlayers show in Table 3 that efficiency determi-
nation is biased especially for the chambers with 5-mm cells. The values of the background
P,g determined by means of Monte-Carlo simulation are in agreement within 1-2% with
those obtained from the real data analysis. At the same time one can see that the background
increases with increasing the superlayer number (i. e., with increasing z coordinate) faster for
the real data (see Table 1) than for Monte-Carlo simulation. The efficiency values obtained
in Monte-Carlo simulation with strong cuts are much closer to the input value 95 %. Also
the values of RMS of efficiency distribution in Table 3 indicate that the systematic error of
the efficiency determination is of the order of 2-3 %. This systematic error partially depends
on the failure in track finding due to the high level of bad cells. We hope that the situation
will be improved in future, since a large fraction of the nonworking and noisy channels have
been repaired.

Table 2. Estimate of bias in hit efficiency Ac (in %) of various PC2 stereolayers for the data

Stereo- PC2- Stereo- PC2-
layer 5 mm 10 mm layer 5 mm 10 mm
1" —0.8+0.25 | —0.4£0.55 4 —0.1+£0.3 —-0.1+£0.7
2 +0.3+0.3 —-0.1+£04 5 —0.05+0.2 | —0.05+£0.3
3 +0.1£0.15 | —0.05 £0.6 6 —-0.25+03 | —0.35£04
* The excluded stereolayer.
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Table 3. Hit efficiencies c1;; and background probabilities P, (in %) for PC superlayers estimated
for Monte-Carlo events with the soft and strong cuts for track selection

Superlayer Quantity Soft cut Strong cut
5 mm 10 mm 5 mm 10 mm
PC1 Ehit 91.5(3.4) | 93.2(29) | 93.8 (3.3) | 94.6 2.9)
P 3.8 (1.7) 5.0 (2.2) 35(1.4) 4.7 (2.5)
PC2 Ehit 91.6 (3.1) | 93.5(2.2) | 95.0 (2.5) | 953 (2.3)
P 4.3 (2.0) 5.7 (2.3) 39 (1.3) 5.2 (2.6)
PC3 Ehit 92.1 (2.9) | 944 (2.1) | 95.1 2.5) | 953 (2.3)
P 4.7 (2.3) 6.0 (2.2) 4.0 (1.4) 5.4 (2.6)
PC4 Ehit 93.1 3.2) | 945(23) | 944 (3.1) | 95.1 (2.5)
P 5.3 (2.9) 6.7 (2.4) 4.3 (1.8) 5.9 (2.7)
Note. The number in brackets are RMS of distribution of the corresponding parameters
for separate cells in superlayer. Statistical errors are negligible due to a big number of events
in the sample. The Monte-Carlo simulation has been performed with a hit efficiency of 95 %.

Table 4. Hit efficiency for the data (in %) for PC superlayers corrected on bias estimates from
Monte-Carlo simulation

Superlayer Soft cuts Strong cuts
Smm | I0mm | 5 mm | 10 mm
PC1 93.7 94.0 95.7 96.3
PC2 94.1 96.0 96.7 97.6
PC3 93.7 96.2 96.2 97.9
PC4 94.6 94.5 96.0 95.0

The results obtained by Monte-Carlo simulation were used to correct the values of the
hit efficiencies obtained from the real data. We add the bias estimation from the Monte-
Carlo simulation, i.e., the difference between the input value 95 % and the value in Table 3,
to the corresponding value in Table 1. The corrected values of hit efficiency for the both
soft and strong cuts are presented in Table 4. There is still some discrepancy between the
efficiency estimated with the soft and strong cuts even after taking into account the Monte-
Carlo corrections. The value of this discrepancy gives some indication of the systematic error
of the method.

CONCLUSION

In this paper we have presented a method for the efficiency determination based on the
efficiency profile for separate cells, using tracks selected after standard reconstruction. This
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method has been applied for a systematic study of hit efficiency of the OTR PC chambers of
the HERA-B main tracker [3]. A fitting function with six parameters has been used for the
experimental efficiency profile and to determine the cell efficiency and background probability
parameter. The average hit efficiency as well as the value of the background probability for
the superlayer has been estimated as an average of the distribution of these parameters for
cells in the superlayer.

In the present study the systematic error of the method can be guessed as a discrepancy
between the hit efficiency values obtained with two sets of the track-selection cuts. The bias
caused by the usage of the hit in the cell under study in the track finding has been estimated
and does not exceed 1 %.
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