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Abstract A method to determine precisely three-dimensional wire positions in the BES0 drift chamber

using physics events is introduced. In part the proposed technique takes advantage of the possibility that the

magnetic field can be turned off, thereby providing a huge sample of straight tracks for which effects due to

multiple scattering, energy loss and non-uniformity of the magnetic field are minimized during the calibration

process. A toy Monte Carlo study is performed to demonstrate the viability of the method. As a result of the

calibration process, the rms of the distribution of wire position deviation is reduced from 35 µm to 10 µm.
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1 Introduction

The upgraded Beijing Electron Positron Collider

(BEPC/) is a high luminosity, multi-bunch collider

with a design peak luminosity of 1033 cm−2·s−1 at

1.89 GeV. The BES0 detector which will operate at

BEPC/, is designed for high-precision measurements

and new physics searches in this energy region. Such

goals require that exclusive final states from the e+e−

collision be reconstructed efficiently and with high

resolution. This places stringent demands on the per-

formance of the central tracking detector. The BES0

drift chamber, operating in a 1 T magnetic field, is re-

quired to provide maximal solid angle coverage, good

spatial resolution (130 µm), good momentum reso-

lution (0.5%@1 GeV/c), efficient tracking down to

50 MeV/c and comparative dE/dx resolution (6%—

7%)[1]. Results of a beam test of a prototype chamber

validate the physics capabilities of the BES0 drift

chamber[2].

In order to meet these requirements, a small-cell

geometry and low-mass materials are chosen. The

drift cell is almost square and the ratio of the num-

ber of field wires to that of sense wires is nearly 3.

There are 43 sense layers in total. The average half-

cell size is 6 mm for the inner most 8 layers and 8 mm

for the other 35 layers. Aluminum field wires are used

and the working gas is He/C3H8 (60/40).

Uncertainties of wire positions are contributors

to the spatial resolution of the drift chamber. Er-

rors in the sense wire locations contribute directly,

while errors of field wire positions contribute indi-

rectly by producing cell-to-cell variations in the time-

to-distance relationship[3]. In the BES0 drift cham-

ber, the uncertainties come mainly from the hole loca-

tion, the position error of the feedthrough in the hole,

concentricity of the feedthrough and the position er-

ror of the wire in the pin. Table 1 shows the estimated

position error from each of these items. In addition,

variations in the wire tension also contribute to the

spatial resolution. The wire tensions were required to

be uniform to within ±5% during the construction of

the BES0 drift chamber.

In the calibration of the BES/ drift chamber,

only the average deviation perpendicular to radial di-

rection of the entire wire was corrected, while the

position difference between the two endpoints of each

wire was not considered. In the BES0 drift chamber,
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we expect to realize a more precise determination of

wire positions by making use of the variation of resid-

uals in z direction, using the collision events accumu-

lated without a magnetic field. In that case, the track

trajectories will be straight lines rather than helices.

The track fitting will be simpler and more precise due

to the minimization of the effects from dE/dx, mul-

tiple scattering and the non-uniformity of the mag-

netic field, which is typically a few percent. In or-

der to achieve this, a large sample of tracks will be

needed, which can be obtained at the high luminosity

BEPC/.

Table 1. Estimated position errors of the wire.

rms/µm
item

sense wire field wire

hole location 25.0 25.0
feedthrough in hole 6.3 6.3

crimp pin hole 12.5 12.5
wire in pin hole 31.3 10.0

total rms 42.4 30.3

This paper introduces a method of wire position

calibration and the results of a Monte Carlo study of

its viability.

2 Description of the wire

Wires in the drift chamber are subject to gravi-

tational and electrostatic forces that are balanced by

restoring forces provided by the wire tension[4] (see

Fig. 1). The equation describing the wire stability

can be written as follows[5]:

Frestoring +Felec +Fgravity = 0 . (1)

Fig. 1. View of the drift chamber and the wire
(EP means the endplate).

Simulation shows that the displacement of the wire

caused by the electrostatic force is less than 10 µm,

so it is ignored in our study in which case Eq. (1) can

be written as:

T
d2y

dz2
+ρg = 0 , (2)

where T is the mechanical tension per unit length, ρ

is the linear density of the wire and g is the gravita-

tional acceleration. The first term on the left is the

restoring force per unit length, while the second term

is the gravitational force per unit length.

With the boundary condition,
{

y(z =−L/2) = y1

y(z = L/2) = y2

, (3)

where L is the length of the wire, the solution of

Eq. (2) is:

y = az2+
y2−y1

L
z−

aL2

4
+

y1 +y2

2
, (4)

where a = −
ρg

2T
. For an ideal axial wire, y1 is equal

to y2, so the gravitational sag at z=0 is
ρg

8T
L2. For

the stereo wire, Eq. (4) must be transformed to the

wire plane because it is not parallel to z.

Equation (4) is only for describing a wire in y-z

plane. For an arbitrary wire in the chamber, 5 in-

dependent parameters are needed. We choose xEP1,

yEP1, xEP2, yEP2 and T , where the first 4 parameters

are the coordinates of each endpoint of the wire in

x-y plane, respectively, and T is the tension of the

wire. When Eq. (4) is extended to 3 dimensions, the

wire can be described as follows:


























x = (z−zEP1) •tanα+xEP1

y =
az2

cos2 β
+(yEP2−yEP1) •

z

Lw ·cosβ
+

1

2
(yEP2 +yEP1)−

aL2
w

4

, (5)

where β is the angle between z axis and the projec-

tion of the wire in x-z plane, and Lw is the distance

between the two endplates.

3 Method of wire position correction

The residual is defined as

r = dmeas−dtrack , (6)

where r is the residual, dmeas is the measured distance,

dtrack is the distance from the fitted track to the sense

wire. The sign of dmeas and dtrack is “+” for the track

in the right of the sense wire and “−” in the left. The

least square method is used in the track fitting where

the χ2 is defined as:

χ2 =

N
∑

i=1

r2
i

σ2
i

, (7)

where N is the number of hits, and σi is the inverse-

weight of the i-th hit. The offset of the wire ∆dwire(z)
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can be obtained from the residual distribution:

∆dwire(z) =−
rL(z)+rR(z)

2
, (8)

where rL(z) is the mean of the residual distribution on

the left of the sense wire at z, and rR(z) is the cor-

responding quantity on the right of the sense wire.

Since all the tracks are straight and radial, only the

offset of the wire in the direction perpendicular to the

track can be obtained. ∆dwire(z) can be decomposed

into ∆xwire(z) and ∆ywire(z) which can be written as

(see Fig. 2):






∆xwire =−∆dwire
•sinϕwire

∆ywire = ∆dwire
•cosϕwire

. (9)

Fig. 2. View from x-y plane.

Wire position calibrations are performed wire-by-

wire based on Eqs. (8) and (9). The wire is divided

into N intervals in the z dimension. The offset of the

center in each interval is obtained from Eqs. (8) and

(9), and a series of corrected points along the wire

are obtained by adding the offsets to the calculated

positions. A fit to a parabola, as described in Eq. (5)

to these corrected points, using a least square method

with χ2 defined as:

χ2 =

N
∑

i=1

(x(i)
cor−x(i)

fit )2 +(y(i)
cor−y(i)

fit )2

σ2
i

, (10)

provides a new set of parameters for the wire. Here

x(i)
cor and y(i)

cor are the corrected positions of the center

of the i-th interval, and x(i)
fit and y(i)

fit are the positions

of the wire in the center of the i-th interval, which

are functions of the 5 wire parameters, and σi is the

inverse-weight of the i-th point.

4 A toy Monte Carlo study

A toy Monte Carlo simulation has been performed

to study the validity of the correction method. The

nominal wire positions are smeared according to Ta-

ble 1. The wire tension are also smeared to produce

a (−5%, 5%) uniform distribution. Generated events

are simulated based on the smeared wire positions

and tensions; all the generated tracks are straight

lines from the center of the drift chamber. During

the track fitting, wire position values are corrected

by means of self-tracking with iterations.

Figure 3 shows the results of the correction of the

wire displacement in the dimension perpendicular to

tracks. We can see that the estimated wire positions

are very close to the smeared ones, and the rms of

deviations is reduced from 35 µm to 10 µm after the

calibration. Wire displacements in the direction per-

pendicular to tracks are well corrected because the

residual is the most sensitive to the wire displacement

in this direction.

In contrast to the above case, displacements in the

dimension parallel to tracks can not be corrected (see

Fig. 4). In this dimension, the wire displacement has

little impact on the residual and track fitting, and

so corrections are difficult. In general, wire displace-

ments in the radial direction can not be corrected

using data without a magnetic field. For this we can

use low momentum tracks with a magnetic field.

Fig. 3. The results of the calibration of the wire displacement in the direction perpendicular to tracks.
(a) Distribution of deviations of smeared wire positions from the design values; (b) Distribution of deviations
of the corrected values from the smeared ones.
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Fig. 4. The results of the calibration of the wire displacement in the direction parallel to tracks. (a) Distribu-
tion of deviations of smeared wire positions from the designed values; (b) Distribution of deviations of the
corrected values from the smeared ones.

Figure 5 shows the result of wire tension correc-

tions. The deviations of the tension are only slightly

changed. This is because in the BES0 drift chamber,

the variation of the wire sag is less than 10 µm for

tension variations that are not more than 5%. Ten-

sion variations at this level have little impact to the

track fit and the spatial resolution, and corrections

are not necessary if the deviation of tensions is, in

fact, less than 5%.

Fig. 5. Distribution of the deviation of T , (a)
before and (b) after the calibration.

Figure 6 shows the residuals for a wire as a func-

tion of z. Different deviations between the two end-

points of the wire result in the variation of the resid-

ual in z direction (shown in Fig. 6(a)). After the

correction, this variation nearly disappears.

Fig. 6. Residual as a function of z, (a) before
and (b) after the correction.

Figure 7 shows the variation of the spatial resolu-

tion with the drift distance before and after calibra-

tion respectively. It can be seen that there are bigger

changes to the spatial resolution in the middle region

between the sense wire and the field wire than that

for the regions near the sense wire or field wire. In

this middle region, the spatial resolution is improved

by 7 µm, where the intrinsic resolution is 50—60 µm.

Fig. 7. Impact to the spatial resolution.
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5 Requirement for the data acquisi-

tion

If the same calibration is performed wire-by-wire

using dimuon events, a huge data sample would be

needed. Since the data without magnetic field can

only be used for the determination of wire positions,

it is impossible to spend too much time on it. Fortu-

nately, the high luminosity of BEPC/ provides the

possibility for this. In a Monte Carlo study, at least

20 000 events are needed for correcting each sense

wire, and, since there are 288 cells in the outmost

layer of the BES0 drift chamber, we need a sam-

ple of nearly 3 000 000 J/ψ→ µ+µ− to perform this

calibration. From the cross section[6],

dσ

dΩ
=

α2

4s
(1+cos2 Θ){1+ |Aεµ

R |2−2Re(Aεµ

R )}, (11)

taking into account of the angular distribution, nearly

twice the dimuon events may really be required. The

event rate will be 2000 Hz at the J/ψ resonance[1] and

the branching fraction is (PDG 2004):

Br(J/ψ→µ+µ−) = (5.88±0.10)% . (12)

So nearly 100 million J/ψ events will be required,

which would take about 14 hours of data taking at

the design luminosity (0.6×1033 cm−2·s−1). We be-

lieve that it meets our need.

6 Conclusion and prospects

In this method we make use of the variation

of residuals along the wire and achieve a three-

dimensional calibration of wire positions in the

BES0 drift chamber. The result of a toy Monte

Carlo study shows that the method is effective for

precisely determining the displacement of the wires

perpendicular to the radial direction, which has the

main impact to the track fitting. The rms of the devi-

ation distribution is improved to 10 µm from 35 µm

after the calibration. The spatial resolution is also

improved. It can be concluded that the correction

of the wire sag is difficult when the non-uniformity

of tensions is less than 5% which is guaranteed dur-

ing the construction of the chamber, since it has lit-

tle impact to the track fit and the spatial resolution.

Further study is required to taking into account the

effects of multiple scattering and energy loss in BES0

Offline Software System[7].
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