
1 Drift velocity and gas gain

As shown in the Langevin equation [?][p.49], the drift velocity is a function of
the field (electric, magnetic) and the mobility. The mobility depends on the
gas density which is a function of the environment variables as well as the gas
composition which can change in time.

vd = vd(E/N) = vd(E,B, T, P, CCO2
, CN2

)

E and B are the field values (electric, magnetic), N is the gas density, P
is the atmospheric pressure, T is the temperature inside of the TPC and
CCO2

and CN2
are two concentration out of three components of the drift gras

Ne,CO2, N2 (90/10/5) within the TPC. We suppose that these parameters,
especially the environment variables, will vary in time within a reasonable
range. However, according to performed Magboltz-2 [2] simulations a first
order Taylor expansion of the dependencies around the nominal values is suf-
ficient. More details can be found in section 2.

∆vd = vd − vd0 =
dv

dE
∆E +

dv

dN
∆N(P, T ) +

dv

dCCO2

∆CCO2
+

dv

dCN2

∆CN2
(1)

Within the TPC volume, the parameters in the expansion are changing with
different time constant. A significant change of the drift velocity due to the
gas composition changes has a time constant of days. On the other hand the
changes due to the pressure and temperature variation have to be corrected
on the level of minutes. In the following we will focus on the influence of the
changes of the gas density, temperature and pressure.

∆vd

vd0

= kt(t) + kN
∆N(P, T )

N0(P, T )
(2)

∆vd

vd0

= kt(t) + kP/T
∆(P/T )

(P/T )0

(3)

The factor of the time dependent offset kt(t) describes then the influence of
the gas composition and possible changes within the field.

The correction factor vc = ∆vd

vd0

can be measured using different methods:

• Matching laser tracks with the surveyed mirror position
• Matching with the ITS tracks
• Matching of the TPC primary vertices from the two halves of the TPC
• Using cosmic tracks - matching tracks from two halves of the TPC
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The unknown parameters kt(t) and kN can be than fitted using the Kalman
filter as is shown in section 3.

2 Simulation of drift velocity dependencies

The state-of-the-art program Magboltz-2 [2] can be used to calculate different
drift properties by means of MonteCarlo (MC) methods as for example the
drift velocity within a certain gas mixtures, under certain environment con-
ditions and with any choosen field. Since MC simulations itself are too time
consuming, a first order tayler expansion was used in order to fit various sim-
ulated data points under different conditions. Upper and lower tresholds for
the simulated points were choosen to be within a reasonable range of possible
changes within the TPC as shown in table 1. This approximation was imple-
mented within the class AliTPCCalibVDrift. It allows to estimate the drift
velocity, as a function of field and gas properties changes, quickly and with
sufficient accuracy, at least for a first order calibration.

Table 1
Dependency range of simulated drift velocities

std.cond. MIN MAX

E [V/cm] 400 395 405

T [K] 293 288 300

P [TORR] 744 719 759

Co2 [%] 9.52 9.02 10.02

N2 [%] 4.76 4.36 5.26

The following dependencies were obtained through fitting the simulated vd’s
with a linear hyperplane which is equal to the first order taylor expansion
from equation (1).

∂vd

∂E
= 0.24 [cm/V µs]

∂vd

∂T
= 0.31 [cm/K µs]

∂vd

∂P
=−0.13 [cm/Torr µs]

∂vd

∂CCO2

=−6.60 [cm/% µs]

∂vd

∂CN2

=−1.73 [cm/% µs]
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Fig. 1. Change of drift velocity in dependency of temperature (left) and pressure
(right).
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Fig. 2. Fit residuals of drift velocity change in [%].

Two example plots are given in figure 1 where the drift velocity change is
plotted in dependency of pressure and temperature. A residual histogram of
the complete taylor expansion with all dependencies is plotted in figure 2.
The sigma of the residual distribution is lower than the claimed relative pre-
cision of Magboltz-2, which is 0.05%. This proves that the first order taylor
approximation is valid within the chosen range of possible variations.

3 Kalman filter for time dependent variables

The drift velocity and the gas gain are changing in time. The drift velocity
and gas gain is a function of many parameters, but not all of them are known.
We assume that the most important parameters are pressure and temperature

3



and the influence of other parameters (gas composition, and electric field) are
only slowly varying in time and can be expressed by smooth function xoff (t):

x(t) = xoff (t) + kN
∆P/T

P/T
(4)

where x(t) is the parameter which we observe.

x(t) =
∆G

G0

x(t) =
∆vd

vd0

(5)

The Kalman filter parameters are:

• State vector (xoff (t), kN) at given time
• Covariance matrix

The Kalman filter implement the following functions:

• Prediction - adding covariance element σxoff

• Update state vector with new measurement vector (xt,
∆P/T
P/T

)

4 Precision of the correction

The precision of the drift velocity correction and gain correction is proportional
to the precision of the pressure and temperature measurement and to the
length of the time interval

σ2

x = σ2

xoff∆t + k2

Nσ2

P/T (6)

The typical relative resolution of the pressure and temperature measurement
is on the level of 6 × 10−5 and 1 × 10−5 respectively (see picture 5). For cool
gas the coefficient kN is close to one. The contribution of the P/T correction
to the drift velocity uncertainty is on the level of 6.1 × 10−5 (150 microns for
the full drift length of 250 cm)

The σxoff from equation 6 was estimated from plot 4 and is on the level of
0.001 in a four day period. This estimate was obtained for the period of largest
change in the present data sample. Further investigations should be carried
out for extended time periods.
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Fig. 3. Drift velocity as function of time (upper plot) and as a function of ∆(T/P )
(lower plot)

For the TPC drift velocity determination, the requiered relative resolution is
on the level of 6 × 10−5. Entering the observed sigmas into equation (6) the
minimal frequncy of the drift velocity updates were estimated (equation 7) to
be about 1 hour.

∆t ≤
σ2

x

σ2
xoff

≈

(

6 × 10−5

0.001/4days

)2

= 0.05day. (7)

5 Alice TPC drift calibration using tracks

In the first approximation there is a linear dependence of the z position on
the drift time. In the Alice TPC the expression on the A side and C side of
the chambers have the same drift velocity part vd with opposite sign. The full
drift length z0A and z0C are different. We suppose that the t0 offset given by
trigger arrival time is the same. In reality the t0 equalization is applied before,
using the pad-by-pad calibration pulser measurement. We let the variable s
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Fig. 4. Drift velocity corrected for T/P variation as function of time (upper plot).
In the lower plot the correction for time dependent offset is also applied (xoff (t) in
formula4)

represent the sides A and C with, with respective values sA = −1 and sC = +1.

zs = zs0 + svd(t − t0) (8)

Let the actual value of drift velocity vd and the time offset t0 are shifted by
some ∆ value. Our starting drift velocity values and time offset are ṽd and t̃0

vd = ṽd + ∆vd

t0 = t̃0 + ∆t0

vc =
∆vd

ṽd

∆zt0 = ∆t0ṽd

(9)

Then the actual z position is expressed using the starting z position measure-
ment z̃s.

zs = z̃s −
∆vd

vd

(zs0 − z̃s) − s∆t0ṽd

= z̃s − vc(zs0 − z̃s) + ∆z
(10)
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Fig. 5. The relative resolution of the pressure and temperature measurement.

In previous expression we neglected second order correction

∆vd∆t0 ≪
∆vd

vd

(zs0 − zs)

(t − t0) ≈
(zs0 − z̃s)

vd

(11)

Combining the z measurement the track parameters can be fitted. Let’s assume
linear track model:

z̃s = ãs + b̃sx

zs = as + bsx
(12)

The relation between starting parameters ã, b̃ and corrected parameters a, b is
linear.

as = ãs − vc(zs0 − ãs) − s∆z

bs = b̃s(1 + vc)
(13)

The inclination angle correction is the same on the A and C side.
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Tracks crossing the central electrode, respectively primary tracks can be used
to monitor correction coefficients ∆z and vc. For tracks crossing the central
electrode the a and b parameters at the crossing point fitted form A and C
side are the same. In case of primary tracks, the z position at r-φ DCA are
also the same:

aA − aC = 0

∆ã(1 − vc) + 2∆z − vc(z0A − z0C) = 0

∆ã =
vc(z0A − z0C) − 2∆z

1 − vc

(14)

Combining information from A and C side the correction parameters, drift
correction vc and offset correction ∆z can be fitted.

In case track crossed the central electrode the track parameters of the same
track on A side and C side can be fitted. The actual track parameters aA and
aC respectivally bA and bC are the same.
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