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A method based on the usage of efˇciency proˇle is proposed to estimate the hit efˇciency 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.
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¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¸ ¤·e°Ëµ¢ÒÌ ± ³¥· Ê¸É ´µ¢±¨ HERA-B.

INTRODUCTION

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

The task of the hit efˇciency 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 efˇciency determination based on the
usage of efˇciency proˇles. The standard reconstructed events can be used to produce these
efˇciency proˇles. 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 m2 active area and 115 000
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 efˇciency proˇle method, related to the choice
of track selection cuts, have been investigated. We have also studied possible efˇciency bias
due to the use of standard reconstruction, when the same set of cells is involved in the track
ˇnding and efˇciency determination. Special Monte-Carlo studies have been performed to
estimate the efˇciency bias in�uenced 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 l(x) inside the cell is given by

l(x) =




2R cos
(π

6

)
, |x| < r;

2(R − |x|) tg
(π

3

)
, r < |x| < R;

0, |x| > R;

where R and r are deˇned 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

Fig. 1. Honeycomb drift cells structured as a

single layer which is sensitive over the whole

x−y plane. The cell under study is drawn by

bold lines. R = pitch/3, r = R/2

within a cell is deˇned as

P (n) =
(αl)n

n!
e−αl,

where α is an ®effective¯ cluster density. The
word ®effective¯ means that we consider only the
clusters that are registered. As a consequence,
P (0) = e−αl and the probability to create at least
one cluster is given by

P (n > 0) = 1 − e−αl.

With these assumptions the hit efˇciency proˇle
function can be written as

ε(x) = 1 − e−αl(x).

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

ε(x) =




εmax, |x| < r;

1 − e−λ(R−|x|), r < |x| < R;

0, |x| > R;
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with the condition εmax = 1 − e−λ(R−r), where λ = 2α tg (π/3). After some algebraic
manipulation, one obtains the ideal hit efˇciency proˇle

εideal(x) =




εmax , |x| < r ;

1 − exp
(
−γ

R − |x|
R − r

)
, r < |x| < R ;

0 , |x| > R ;

(1)

with γ = − ln (1 − εmax) (see Fig. 2, where a typical shape of the ideal proˇle function is
shown).

Fig. 2. Example of efˇciency proˇle function in various approximations: the dotted line shows the

ideal efˇciency proˇle describing the cluster statistics by Eq. (1); the dashed line corresponds to the

efˇciency proˇle smeared according to Eq. (2); the solid line shows the efˇciency proˇle function (8)

taking into account background, cross talk, and misalignment

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

εmeas(x) =
∫ +∞

−∞
εideal(y)

1√
2πσ

exp
(
− (x − y)2

2σ2

)
dy. (2)

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

εmeas(x) =
∫ −r

−R

εideal(y)G(y; x, σ) dy +
∫ r

−r

εideal(y)G(y; x, σ) dy +

+
∫ R

r

εideal(y)G(y; x, σ) dy, (3)

where G(y; x, σ) ≡ 1√
2πσ

exp
(
− (x − y)2

2σ2

)
.
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Now let us calculate each term in Eq. (3) separately. The function F (y′, x, σ) =∫ y′

−∞
G(y; x, σ) dy is the standard error function computed rather fast by rational Chebyshev

approximation. So, we have

∫ r

−r

εideal(y)G(y; x, σ) dy = εmax[F (r, x, σ) − F (−r, x, σ)], (4)

∫ R

r

εideal(y)G(y; x, σ) dy =
∫ R

r

(
1 − exp
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R − r

))
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=
∫ R

r
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R − x

R − r

) ∫ R

r

exp
(
−γ

x − y

R − r

)
G(y; x, σ) dy =

= F (R, x, σ) − F (r, x, σ) − exp
(
−γ

R − x
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γ
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∫ −r
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=
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γ
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where G̃(y; c, x, σ) ≡ ecy 1√
2πσ

exp
(
− (x − y)2

2σ2

)
and

∫ y′

−∞
G̃(y; c, 0, σ) dy =

∫ y′

−∞
ecy 1√

2πσ
exp

(
− y2

2σ2

)
dy =

= exp
(

c2σ2

2

) ∫ y′−cσ2

−∞
G(y; 0, σ) dy = exp

(
c2σ2

2

)
F (y′, 0, σ) dy. (7)

From Eqs. (4)Ä(7) we see that the measured efˇciency proˇle function (2) can be expressed
in terms of the error function F (y′, x, σ).

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, Phit(x), while the track passes the cell at distance x from the wire, can be estimated as

Phit(x) = 1 − [1 − εmeas(x + ∆x)](1 − Pbg)[1 − Pctl(x)][1 − Pctr(x)], (8)
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where ∆x is a shift in x coordinate due to the drift chamber misalignment; Pbg is probability
of the background; Pctl (Pctr) is probability of the cross talk from the left (right) cell expressed

as proˇle function (2) multiplied by value Cctl (Cctr) and shifted by
3
2
R to the left (right) on

X axis, i. e.,

Pctl(x) = Cctlεmeas

(
x +

3
2
R + ∆x

)
, Pctr(x) = Cctrεmeas

(
x − 3

2
R + ∆x

)
.

Figure 2 shows the typical shape of the efˇciency proˇle 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 exp, and the number
of hits in the cell by N real. Each time a segment passes through the cell, the number N exp

Fig. 3. Example of efˇciency proˇle histo-

gram and ˇtting function for 10-mm drift cells

of the HERA-B tracker

is incremented by one and, if there is a hit in
the cell, the number N real is also incremented by
one. The hit efˇciency of a cell is determined as
the ratio

εhit = N real/N exp. (9)

Each selected track segment is ˇtted by a straight
line. For each cell two histograms are ˇlled,
N real(d) and N exp(d), corresponding to the track
distance distributions of real and expected num-
bers of hits, respectively, where d is a distance
from the segment to the wire. Then, the efˇ-
ciency proˇle was calculated as the ratio

Phit(d) = N real(d)/N exp(d). (10)

A typical example of the efˇciency proˇle his-
togram with ˇtting function is shown in Fig. 3.

To ˇt the histogram in Fig. 3, we have used Eq. (8) as a ˇtting function. The following
parameters can be determined from the experimental histogram for the efˇciency proˇle (10):

• εmax Å maximal value of the ideal hit efˇciency proˇle;

• σ Å RMS of smearing due to the error in track parameters;

• Pbg Å value of background;

• Cctl Å probability to register a cross-talk signal from the left neighbouring cell;

• Cctr Å probability to register a cross-talk signal from the right neighbouring cell;

• ∆x Å shift in x coordinate due to misalignment.
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According to Eq. (8), the value of εmax corresponds to the real cell efˇciency rather than to
a sum of the cell efˇciency and background Pbg. Then, the cell efˇciency is determined as
the value of parameter εmax.

The smearing due to errors in track parameters and the shift due to misalignment are not
relevant directly to the hit efˇciency. Because of the limited statistics and small cross-talks,
the values Cctl(r) are consistent very often with zero for separate cells. Therefore, only two
parameters of the ˇtting function will be presented and discussed: εmax and Pbg.

3. DATA ANALYSIS

The method of hit efˇciency 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 in�uence directly the values of hit efˇciency, but the
tracking efˇciency and possible failures of pattern recognition were affected [2]. Also the
high voltage was lower than the optimal and, therefore, hit efˇciencies 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:
PC1ÄPC4 and TC1ÄTC2. Each of them consists of two separate gas boxes in the left (−x

half of superlayer) and right (+x 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 (α = 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 efˇciency studies performed recently for the OTR superlayers by using the efˇciency
proˇle method, see Ref. [3].
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Fig. 4. Distribution of parameters used for track selection: a) NTC
hits; b) NPC

hits + NTC
hits; c) 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 < Nhits < 8000 in the OTR chambers. Only segments with momenta p > 3 GeV/c
have been selected. To study how much the evaluated hit efˇciency depends on the selection
criteria, we have used two sets of additional cuts for track selection:

• Soft cuts:

Å Only segments with |ytarget| < 25 cm, where ytarget is y coordinate of the segment
prolonged to the target region z = 0, were selected.

Å Only those PC segments that have a matched segment in TC chambers were used.

Å The number of hits in TC per segment is required to be NTC
hits > 6.

Å The number of hits in PC + TC per segment is required to be NPC
hits + NTC

hits > 20.
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• Strong cuts:

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

Å The number of hits in TC is required to be NTC
hits > 9.

Å The number of hits in PC is required to be NPC
hits > 24.

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

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

• Only ®good¯ cells, according to Data Quality1, have been taken into account.

• Only cells with the hit efˇciency higher than 0.75 have been included in the distribution.

• Only cells with ®good¯ χ2, e. g., 0.4 < χ2 < 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 identiˇed properly by Data Quality package. The contribution of these
cells is seen in Fig. 5, a for ε close to zero. The value of the cut has been chosen after
studying the dependence of the average hit efˇciency of the superlayer as a function of the
cut on the minimal cell efˇciency shown in Fig. 6, a. The evaluated efˇciencies look quite
stable for a cut parameter smaller than 0.75.

The average hit efˇciencies εhit and background probabilities Pbg 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 efˇciencies for 5-mm cells of different
PC superlayers, obtained with soft cuts for track selection. From Table 1 one can notice that
the hit efˇciency 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 efˇciency in different parts of the detector, we have studied variation of the
efˇciencies for different GEDE2, which is shown in Fig. 7 for both the soft and strong cuts
of track selection. It is seen that the hit efˇciency 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 efˇciencies became worse for the modules that are closer to the beam pipe. This fact can
be partially explained by the failures of track ˇnding in the region of the higher track density.
The background level, χ2 and σ for efˇciency proˇles are worse as well for those modules.

1Data Quality is the software package that determines the bad cells.
2A 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 efˇciency (a) and χ2 (b) for 5-mm cells in PC1 superlayer (only for good

cells, according to Data Quality)

Table 1. Hit efˇciencies εhit and background probabilities Pbg (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 εhit 90.2 (4.1) 92.2 (3.7) 94.5 (3.7) 95.9 (2.9)

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

PC2 εhit 90.7 (3.9) 94.5 (2.5) 96.7 (2.5) 97.9 (1.7)

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

PC3 εhit 90.8 (4.1) 95.6 (2.1) 96.3 (2.8) 98.2 (1.6)

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

PC4 εhit 92.7 (3.6) 94.0 (3.0) 95.4 (3.6) 95.1 (3.7)

Pbg 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 efˇciency estimated above can be biased for the following reasons:

• The same hits as used at ˇrst to deˇne a track are taken then to estimate the hit
efˇciency.
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Fig. 6. Results of hit efˇciency analysis for different superlayers, obtained for the data: a) the average

hit efˇciency of a superlayer as a function of the value of the cutoff on the cell efˇciency; b) distribution

of efˇciency of 5-mm cells (only good cells, according to Data Quality, were included)

Fig. 7. Hit efˇciency as a function of the GEDE number (of the OTR module) in the PC2 superlayer for

soft (a) and strong (b) cuts of track selection. Vertical lines separate different stereolayers. The GEDE

volumes are enumerated in such a way that the middle of the stereolayer corresponds to the region close

to the beam



50 Abyzov A. et al.

• There is a fraction of ghosts in the reconstructed track sample.

The bias in the hit efˇciency determination, caused by the ˇrst reason, can be estimated
by excluding some set of cells from tracking and evaluating the unbiased hit efˇciency. For
this purpose, the ˇrst 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 + TC was required to
be NPC

hits + NTC
hits > 19. All the other conditions were not changed. Table 2 shows the values

of bias of hit efˇciency ∆ε = εnew − εold, where εold and εnew are hit efˇciencies before and
after exclusion of the ˇrst 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 efˇciency determination has also been performed by using Monte-
Carlo simulation of the detector under the following conditions:

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

• OTR chamber resolution is 500 µm.

• Cells corresponding to bad channels in the data were excluded (about 12 %).

• OTR hit efˇciency is 95 %.

The results for efˇciencies of different PC superlayers show in Table 3 that efˇciency determi-
nation is biased especially for the chambers with 5-mm cells. The values of the background
Pbg determined by means of Monte-Carlo simulation are in agreement within 1Ä2 % 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 efˇciency values obtained
in Monte-Carlo simulation with strong cuts are much closer to the input value 95 %. Also
the values of RMS of efˇciency distribution in Table 3 indicate that the systematic error of
the efˇciency determination is of the order of 2Ä3 %. This systematic error partially depends
on the failure in track ˇnding 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 efˇciency ∆ε (in %) of various PC2 stereolayers for the data

Stereo- PC2Ä Stereo- PC2Ä

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 ± 0.4 5 −0.05 ± 0.2 −0.05 ± 0.3

3 +0.1 ± 0.15 −0.05 ± 0.6 6 −0.25 ± 0.3 −0.35 ± 0.4

ÅÅÅÅÅÅ∗ The excluded stereolayer.
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Table 3. Hit efˇciencies εhit and background probabilities Pbg (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 εhit 91.5 (3.4) 93.2 (2.9) 93.8 (3.3) 94.6 (2.9)

Pbg 3.8 (1.7) 5.0 (2.2) 3.5 (1.4) 4.7 (2.5)

PC2 εhit 91.6 (3.1) 93.5 (2.2) 95.0 (2.5) 95.3 (2.3)

Pbg 4.3 (2.0) 5.7 (2.3) 3.9 (1.3) 5.2 (2.6)

PC3 εhit 92.1 (2.9) 94.4 (2.1) 95.1 (2.5) 95.3 (2.3)

Pbg 4.7 (2.3) 6.0 (2.2) 4.0 (1.4) 5.4 (2.6)

PC4 εhit 93.1 (3.2) 94.5 (2.3) 94.4 (3.1) 95.1 (2.5)

Pbg 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 efˇciency of 95 %.

Table 4. Hit efˇciency for the data (in %) for PC superlayers corrected on bias estimates from

Monte-Carlo simulation

Superlayer Soft cuts Strong cuts

5 mm 10 mm 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 efˇciencies 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 efˇciency for the both
soft and strong cuts are presented in Table 4. There is still some discrepancy between the
efˇciency 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 efˇciency determination based on the
efˇciency proˇle for separate cells, using tracks selected after standard reconstruction. This
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method has been applied for a systematic study of hit efˇciency of the OTR PC chambers of
the HERA-B main tracker [3]. A ˇtting function with six parameters has been used for the
experimental efˇciency proˇle and to determine the cell efˇciency and background probability
parameter. The average hit efˇciency 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 efˇciency 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 ˇnding has been estimated
and does not exceed 1 %.
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