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ExtrapolationiiniMagneticiField

Differential equation of charged particle motion
in @ magnetic field
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Extrapolation error: R
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Analytic ExpressioniFeatures

B

Real track (theoretically)

B( (20+z Track guess (practically)

20 (20+2)/2 Z

Features :

* Field is taken as a function of z coordinate.
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Analytic Expressionikeatures

tx(ze) = txz0)+ 2 X2 tryy. ., (20) - CfeBil(Zl) o Biy(z)dz, --d2’1) + 0 ()
t’y(ze) - ty(zo) + % . Z_ tyn;l...z'k (20) - (?eBil (z1) ... | Bi(z)dzy .. 'dzl) + O (e)

k=1 Tl geeny ik,—.ryz Z0 Z0
r(ze) = x(z0)+ fetx(z)dz + 0 (e) - Az

ZZ{; B Az n+1
s =yt [0 A = e

Features :

» The precision of extrapolation does not depend on a shape of the
magnetic field.

* One can cut off the higher-order terms in the series.
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Analytic 3

Example: Third order extrapolation in a homogeneous B, field
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Small parameter:
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h = ﬁ(q/p)\/l + 12412
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Analytic 1 '
e 3.72e-07 |
|
Analytic2 | [c, = 3.95e-06 = = |
|
| = 5.21e-07 ¢, = 4.64e-06 c, = 3.74e-06 ||| o w0 s w0 ion iz i,
B e 1
Cox = 5.15e-09 ¢, = 2.47e-08 c,, = 8.73e-09
Cyyx = 3.36e-08 c,, = 3.83e-07 ¢, = 6.57e-08
Cop = 5.28e-09 ¢, = 3.20e-08 c,, = 1.78e-08
Cyxx = 4.81e-08 c,, = 5.46e-07 C,, = 9.34e-08
Analytic 3 Cyyx = 7.67e-07 = nyz = 3.75e-06
Cyax = 1.30e-07 c,, = 1.35e-06 C, = 4.03e-07 f:;_o_s;_
Co = 8.33e-09 ¢, = 3.35e-08 C,, = 1.47e-08 i
Coyx = 4.76e-08 c,, = 8.63e-07 C,, = 1.33e-07 o
C, = 1.5%-08 c, = 9.91e-08 C, = 549%-08||
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Performance

Method Residuals Pulls
5p/p  x y t, t, q/p X y & 5
Runge-Kutta 4 0.64 27 24 1.5 1.5 1.17 1.05 1.01 1.02 1.00
Analytic 3 0.64 27 24 1.5 1.5 1.18 1.05 1.00 1.02 1.00
Analytic 2 0.68 27 24 1.5 1.5 1.30 1.08 1.01 1.03 1.00
Analytic 1 0.94 30 25 1.5 1.5 1.90 1.37 1.03 1.10 1.02
Analytic Light 0.64 27 24 1.5 1.5 1.19 1.05 1.00 1.02 1.00
Analytic Central 2.49 38 25 1.7 1.5 3.77 2.23 1.03 1.33 1.00

Residuals (0p/p), (€, ¥)pum]s (tzs ty)r10-3)) and normalized residuals (pulls) of the
track parameters at the track vertex z-position after the Kalman filter fitting routine using

different extrapolators
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ALL MC TRACKS

RECONSTRUCTABLE TRACKS
Number of hits >= 4

REFERENCE TRACKS
Momentum > 1 GeV

Track category

Efficiency, %

Reference set

99.45

All set

96.98

Extra set

89.46

Clone

0.01

Ghost

0.61




Conclusion

e An analytic formula of extrapolation in magnetic field has been derived
» Precision of extrapolation does not depend on a shape of the field.

» The implementation in the CBM track fitting procedure has the same
accuracy as the fourth-order Runge-Kutta method.
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