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Plan

| will briefly talk about those aspects of DC
simulation that may be interesting for the
joint work with Chinese colleagues:

1. Specific wires layout in the BINP SCTF
DC project

2. Peak finding and Cluster Counting issues




Part 1: DC wires geometry

« Our DC wires geometry design was initially inspired by the proposal by Franco Grancagnolo (TrapID project):

https://indico.ijclab.in2p3.fr/event/4902/contributions/17030/attachments/13603/16389/SCTEDrift Chamber.pdf

« TraplD: Jtstereq
1. Full stereo geometry (no axial layers) - ensures uniform response and optimal filling R - *  ‘Zipping” .
of the DC volume e 1 * layers
. X & X
2. Square cells + set of superlayers ® o0 PTTLLLL
— stereo

3. “Zipping layers”

« “Zipping layers” allow to maintain the square cell shape along the entire wire length UV
« KLOE(-2) DC: square cells of constant size without “zipping layers”. Drawback: it is

necessary to account for the distortion of the square cell shape (5 angle) Y-view—s
« Our deSign: V view

1. Full stereo geometry

2. Square cells of constant size (like in KLOE) and, consequently, no superlayers vaew

3. No “zipping layers” — instead, we double the number of field wires in the field layer.
This allows to reduce maximum distortion of cell square shape U view

field wire sense wire
o . o .


https://indico.ijclab.in2p3.fr/event/4902/contributions/17030/attachments/13603/16389/SCTFDrift_Chamber.pdf

DC wires geometry: our design

h — radial cell height, constant for all layers

w= %h — median cell width (arc length)

The increment AN in the number of wires from layer

to layer is constant and equals 6

Parameter Value

Inner radius R;,
Outer radius R,,;;
Length L
Cell shape
Cell height h
Number of layers

Stereoangle xy proj.

R
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Gas mixture
Magnetic field B
Signal wire diameter
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High voltage

Gain
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wires geometry: our design
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Cell shape dependence on z

Cell shape is almost the same in all DC layers

It is completely determined by B4ouwn and By,
angles (directions to the nearest signal wires in
the previous/next layers)

Baown/up Quasi-periodically depend on z

The dependence of isochrones on B,,un at first
approximation is neglibible

Therefore, in the first approximation, isochrones
map depends only on f8,,,,
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—40
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Example of f3,,,(2)

* Quasi-periodic dependence of tan(f3,,,) on z:
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Example of f3,,,(2)

The dependence is piecewise linear with very good accuracy:

50 0 50 100
Z, mm



Cell shape dependence on z: step 1/50
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ell shape dependence on z: step 2/50
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ell shape dependence on z: step 3/50
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ell shape dependence on z: step 4/50
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ell shape dependence on z: step 5/50
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ell shape dependence on z: step 6/50
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ell shape dependence on z: step 7/50
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Cell shape dependence on z: step 8/50
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Cell shape dependence on z: step 9/50
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Cell shape dependence on z: step 10/50

-
4 -
- -
— - a = N -
- =
- 4 - - &
.
- x
— - N . . x -
= & - .
- = - . N .
- -
- .
— - " = - - -
- =
N -
- - . . - - o -
- - x -
.
. . . . = . *
- = - -
. N
. - x " - - -
. - - - - =
- - ® - - "
. . N x . N .
. N N - - =
+ = . . . = . . 4
— - " - N x .
. . = . ow e . . . *
- - - -
. N
— - . - N 4 . . - x -
- = -
- - - - - - = - . - -
4 - x
- - = - . . - b N - -
. N - x -
-
- - &
= . = - - - - .
. -
- -
— N N N -
. . . - - x x
a - = .
N N . . . x N . N .
- - - 4
L] x
t ' T ¥ < = .
= - - - -
- = - = - - - . ] -
- - - - -
— 4 4 - i - - * 4 - =
-
. -
. - - - - - - x - "
= -
- ® . - x
— N N N
. . . * . ox .
. . . -
- - -
. = . x . . .
- - - - -
— -
. . . . b . . = .
N N »® .
- -
- - -
. . N . = N
[ =x - - - = - -
— . . . x . % .
4 - -
- - -
- -
. ® ® . . .
— “ . - - - -
- - - - - - "
. - ® - -
-
- - -
. . ® .
— “ El = & -
. . . x . x
- - - -
- - -
.
= x . .
— - N - +
N - .
. . .
N . N
- - . x x -
40— , N , -
N =
N N
= * . .
- - .
- - a
. N
N - x

-40 -20 0 20 40



Cell shape dependence on z: step 11/50
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Cell shape dependence on z: step 12/50
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Cell shape dependence on z: step 13/50
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ell shape dependence on z: step 14/50
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ell shape dependence on z: step 15/50

N
- -
-
-
— - - * . - .
. x -
- = -
. N
- -
- x
40 ‘ ) . ¢ *
N -
= - » . - - .
“
- “
-
— N . - - . N 4
- - - N ® *
. B . ® . *
N - x
. - x -
N N . = *
- - -
N = - 3 . - . . N
“
N 4 - .
| . M . . . . . S
N = -
. N N
% . - - . = - N
“ =
— - = - - -
20 ] 4 “ + x * -
-
- - +
-
- = - x - - - N -
. N
— - N L . . . -
“ - “ - -
N
- - 4 - = - -
% - - . = - N
-
- . - - - - x " -
»® . - . - x N -
. “ - - N
N
. . . = = . . . .
— N - - - N
- - ‘ i . * * * ¢ ®
. . . . x - - ® . . .
. N
- X
0 I N * -
E*3 - . - = - -
. = - - - N ]
. -
. . = N N . 4
— . - - - - - - b =
- - - N ®
-
- N - o - ]
-
. ® - - . =® )| .
— - - - - - -
. . . - % x .
N
- = N . . - -
- “ - ‘ = - - -
. - - 4 . . . - . - x
N - -
- - * - + 4
. - N N bd ¢
J— — i . = N * . - “ ‘
4 L] N * ® ‘ *
-
N N
- = . . . .
— - - x - - " - .
. . . . . . . . ®
N
“ -
4 - “ = - +
— 4 N N »
- - x . - -
- . * = - ®
- -
-
. = . N “ -
— x . - - - - . N
. - - - "
-
-
0 | . * : .
_‘I -
N x - x
- - = -
L] N
x “ N - -
— . .
N - -
- . -
N
L N




Cell shape dependence on z: step 16/50
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ell shape dependence on z: step 17/50
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Cell shape dependence on z: step 18/50

L]
- & *
N
. - N
— - + -
. . a = -
4 ‘ ) .
. . = N N =
0 * ¢ *
.
. ® . N N
»® . . .
[ -
- - - . .
N - - - *
. - - - - = -
. . o= . “
R R x R .
. R . = * . ¢
- x - - - -
. . ® . N . *
— . - -
. . N . . . . B =
N
- - - - =
- * *
20 : * ‘ ) . ‘ .
4 - ® - .
. . M N = . x ‘ .
- b 4 -
. N
| -
- - 1
- - - * * . ¢ “ * *
N
- - 4
- -
. x . . . = = - -
— . . » . . *
. . . = - x *
= N
. . . ) . . N N
. . . = R . * *
- - ‘
. . - - - - - - =
- - =
- - - ‘
- - - .
0 : * : ; : = -
. .
s s
x . . . = - =
- x - - . *
- - - -
- - . x N .
— . - - .
. . . - - - - - x
. . N . . . "
- 4 - -
[ = - - - x =
" N » N N *
. .
- - " = . x
- = - - - -
R N . -
. + = - .
. . 4 - -
- - * ‘ * . N *
- . - - . -
N
[ - = N . . * x *
—_ N 4 - -
- - -
. . . . * R
+ . 4 *
= . ‘ ‘
— - -
L] L] = . - - a .
N . - »
. - - -
4 - - *
M .
— . ‘
. - - - = - = ® ‘
- b4 * -
- . * =
N N
- b4 - -
L N
. .
= . . . * - . *
. N
- - 4 - ‘ *
40 :
— . *
- - - =
= x .
- x N
. N
—_ * *
N
N
- N - - "
N
. .
— | | -

-40 -20 0 20 40



Cell shape dependence on z: step 19/50

.
.
N 4 .
N . .
- . .
* a = &
- - "
‘ * - =
- x & M ®
40 I ) * . - +
- -
= N )
* : “ - -
- - - - -
) .
* -
‘ . . . x .
) * = - -
- . .
* - x . N "
) N
* -
N g . . . :
.
* * “ ‘ . R . . . = .
- . . .
L] X .
‘ ‘ 0 . ® . .
- & = : . .
= - - N . * . . « . :
- . :
‘ ‘ - - - - - .
‘ . *® ' .
* -
- - - = - . y . . . . :
: -
‘ * * . ® . . .
N . . ‘ ‘
- - “ = . - . . - . = ) .
- x
) N
‘ -
* - - - .
N
= * . o= Co
. . .
- - - = . . . . . : .
; N
- - . R
* * - - - x .
-
- - x s . x
0 - * - N * ® - - -
N . . .
- . )
x * - 4 . ) .
.
- - - = - & . . . . . ; .
: N
N . . .
- - . . ) . : ‘ :
.
N . » . .
- = - - . = . = % : )
N N . .
- - - b4 . . . ‘ .
- . N 4 . . . .
— N . . = . ) ‘ :
-
N R s
. . . . . x : ) ;
J— — N ® .
N
20 ‘ * ! ‘ * ® . x - x " N
+ -
* -
. . N ® . . : .
— N . . .
. . .
L] - ® - . . )
* -
* -
- - r . x i .
- -
N . . . ® = . - . 3 ;
. -
* -
. - x . . )
— - - . .
= N N . . s .
‘ -
* * ‘ - = -
- x & x
N . )
x -
- -
-
= . .
— - . . .
N
. -
N

-40 -20 0 20 40



Cell shape dependence on z: step 20/50
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ell shape dependence on z: step 21/50
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Cell shape dependence on z: step 22/50
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Cell shape dependence on z: step 23/50
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Cell shape dependence on z: step 24/50
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Cell shape dependence on z: step 25/50
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ell shape dependence on z: step 26/50
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Cell shape dependence on z: step 27/50
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ell shape dependence on z: step 28/50
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Cell shape dependence on z: step 29/50
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ell shape dependence on z: step 30/50
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ell shape dependence on z: step 31/50
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Cell shape dependence on z: step 32/50

. N
. N
- . -
— . - - . -
- “ “ +
. N
- x . = -
[ -
40 . ® ‘ *
- x - - . . =
-
-
— - - - - -
. ® N N . . N
. - N . . . . .
- . %
- = - -
— N - -
N - . ® N x
- x . . . - = -
“ - -
N
— ® K * N . . - N - =
N . - N
. L] - - - - - *
.
. ® . . -
20 — . N - x - x . x N .
- - - = -
. . ® - . . . = *
N - - -
— - - * - x
+ - “ - “
. - = - - - .
+
- - - - - -
- N
| N = . . ) . . .
- b4 - x -
- - - . ® +
- N
- = - - - =
— x . . * . N N = - -
- - - - - .
- - = - - . . .
N - - - N -
I & = X b ] " ®
. . - - ® - = .
* - = - N -
- b 4 - - "
. x
- - . N N
— b 4 + 4 4 x
N - * - -
- - x . . . . .
- . -
- - - - -
— = . . . E . % . . . =
“
- - - . x . x * - -
- = -
. . . N . ®
. b N r M . - = -
N N . 4 .
N -
x ., . i . .
- - N
-
J— — i - . - N * - “ .
- x
N “ x -
- - - - b -
4 E = -
N -
— “ b 4
- . . . . . . - ®
N . N N
4 - . - . * - -
— 4 - +
- . . “ x M % N .
“ - = N
B - = - = - - -
N N
. . - . . = +
N
- N
- -
b 4 - - - . -
[ “ - -
40 ‘ * h * ‘ =
- N
- x
x - = -
— N
-
N - N .
N 4 4

-40 -20 0 20 40



Cell shape dependence on z: step 33/50
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Cell shape dependence on z: step 34/50
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Cell shape dependence on z: step 35/50
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Cell shape dependence on z: step 36/50
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Cell shape dependence on z: step 37/50
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Cell shape dependence on z: step 38/50
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Cell shape dependence on z: step 39/50
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ell shape dependence on z: step 40/50
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Cell shape dependence on z: step 41/50
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ell shape dependence on z: step 42/50
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Cell shape dependence on z: step 43/50
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Cell shape dependence on z: step 44/50
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Cell shape dependence on z: step 45/50
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ell shape dependence on z: step 46/50
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Cell shape dependence on z: step 47/50
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Cell shape dependence on z: step 48/50
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Cell shape dependence on z: step 49/50
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Cell shape dependence on z: step 50/50
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Isochrones map-dependence on z: step 1/50
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Isochrones map-dependence on z: step 2/50
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Isochrones map-dependence on z: step 3/50




Isochrones map-dependence on z: step 4/50
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Isochrones map-dependence on z: step 5/50
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Isochrones map-dependence on z: step 6/50




Isochrones map-dependence on z: step 7/50




Isochrones map-dependence on z: step 8/50

O
L ]
.
o
Ioles
i s
L
L
O
O
o o



Isochrones map-dependence on z: step 9/50
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Isochrones map dependence on z: step 10/50




Isochrones map dependence on z: step 11/50




Isochrones map dependence on z: step 12/50
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Isochrones map dependence on z: step 13/50




Isochrones map dependence on z: step 14/50




Isochrones map dependence on z: step 15/50
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Isochrones map dependence on z: step 16/50




Isochrones map dependence on z: step 17/50
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Isochrones map dependence on z: step 18/50
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Isochrones map dependence on z: step 19/50
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Isochrones map dependence on z: step 20/50




Isochrones map dependence on z: step 21/50
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Isochrones map dependence on z: step,22/50




Isochrones map dependence on z: step.23/50
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Isochrones map dependence on z: step.24/50




Isochrones map dependence on z: step 25/50

O
o)
‘-
i
Y
il
——
il bt
- i
O
o)



Isochrones map dependence on z: step 26/50




Isochrones map dependence on z: step 27/50




Isochrones map dependence on z: step 28/50




Isochrones map dependence on z: step 29/50
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Isochrones map dependence on z: step 30/50




Isochrones map dependence on z: step 31/50




Isochrones map dependence on z: step 32/50




Isochrones map dependence on z: step 33/50
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Isochrones map dependence on z: step 34/50
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Isochrones map dependence on z: step 35/50
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Isochrones map dependence on z: step 36/50




Isochrones map dependence on z: step 37/50




Isochrones map dependence on z: step 38/50




Isochrones map dependence on z: step 39/50
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Isochrones map dependence on z: step 40/50
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Isochrones map dependence on z: step 41/50

s} o




Isochrones map dependence on z: step 42/50
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Isochrones map dependence on z: step 43/50
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Isochrones map dependence on z: step 44/50
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Isochrones map dependence on z: step 45/50
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Isochrones map dependence on z: step 46/50
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Isochrones map dependence on z: step.48/50
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Isochrones map dependence on z: step-49/50
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Isochrones map dependence on z: step 50/50
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Drift time maps

«  We simulated drift time and diffusion maps for h = 5,6,7,8,9 and 10 mm with the scan over the g,,, period

« To compress the data, we fit this maps at fixed ¢, using so-called Faber-Shauder basis
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Drift time maps Faber-Shauder fit
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time-2-p relations

e For h=25,6,7,89 and 10 mm with the scan over Bup period we got the time-2-p relations, used in the hit reconstruction:
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Example of the hit resolution and bias

The obtained hit resolution ~120 um is typical for HeiC,H;, 90:10 mixture:
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Further plans on this part of work

Estimation of the resolutions on the track parameters for h = 5,6,7,8,9 and 10 mm (~ next 2 month)

Estimation of the probability of kinks due to multiple scattering for h = 5,6,7,8,9 and 10 mm. This is important, since
the proposed small cell size leads to an increase in the kinks probability and, therefore, worsens the track PID,
reconstruction efficiency and resolutions

Possible task for cooperation with Chinese colleagues: full stereo geometry disfavors the usage of global track
finding algorithms (like Legendre/Hough transform). It is necessary to study whether it is possible to rely (in terms of
performance and reconstruction efficiency in realistic background conditions) only on local track finding algorithms
(like Combinatorial Kalman Filter) or on the Graph Neural Network



Part 2: Peak finding and Cluster counting

Long time ago: we developed peak finding algorithm, based on dynamic baseline estimation. Peak is identified as the significant

deviation from the current baseline estimate
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Peak finding and Cluster Counting
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Peak finding and z — coordinate measurement

Charge division: Ry gmpiifier = 373 &, pwire = 0.112 Q/mm

Zwire R?'n AL — A— . ) A2 02 + AQ_U?
z = ( -+ : ) T o, = 9 (lwu'e R’z'n.. ) \/ A Ay

2 Prire A+ +A- 2 " Pwire {A+ + A—)2

As an amplitudes A, one can use sum of peak amplitudes — this results in a better
resolution

Another method — determination of time shift between signals by maximization of their
cross-correlation function. According to our simulation this gives a resolution o,~1.5 cm

Possible task for collaboration: determine using a prototype the really achievable
resolution on z with the use of peak finding and their time correlations. Additional precise z
measurement would be very helpful in the background suppression and track finding!
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Peaks Clusterization (Cluster recognition)

Large peak amplitudes fluctuations make this amplitudes essentially useless for the cluster counting — thus we use only the
sequence of peak times

The peaks clusterization task is thus, essentially, the task of the choice of optimal (in some sense) clusterization time window
At.;. The latter should depend on:

Cluster density dN,.;/dx (can be estimated from dE /dx)
Track angle

Diffusion time (which itself depends on the drift time)
Signal peak width

Since it is too hard to study all these dependencies in full simulation, | decided to simplify the task: I'm generating a set of
Nigyers = 58 waveforms, forming a pseudo-track with fixed known dN;/dx and fixed diffusion time

The goal is to choose the optimal At,; and to find, whether the clusterization really gives essential increase in the PID efficiency
compared to the simple peak counting (dNpeqks/dx )

| found, that event optimal clusterization (= that maximizes separation power) gives only < 5% increase in the particle
separation power

The major reason for this is that not all (<80%, as a rule) of the simulated clusters are actually “recognizable”, since:

1) some of them produce no peaks due to a small gain

2) some of them produce signals, overlapping with the peaks from another clusters



Separation power
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Cluster Counting

» The results of our study of the effect of cluster counting on the PID and hit resolution are rather disappointing

« However, other colleagues may get more optimistic results by using another peak-finding and clustering algorithms,
another signal shape and signal-to-noise ratio. In this case we want their results to be reproducible/verifiable

« Possible task for collaboration: develop a stand-alone cluster counting software with interface/implementation
separation. It should allow the generation of pseudo-tracks, ionization clusters and digitized waveforms, and allow
anyone to insert his own signal shape and peak finding and clusterization algorithms, and test their performance
with various settings (dN./dx, sampling frequency, signal-to-noise ratio, etc.), as well as to verify the results,

claimed by other colleagues



Once again: proposed software tasks for cooperation

Full stereo geometry disfavors the usage of global track finding algorithms (like Legendre/Hough transform). It is
necessary to study whether it is possible to rely (in terms of performance and reconstruction efficiency in realistic
background conditions) only on local track finding algorithms (like Combinatorial Kalman Filter) or on the Graph
Neural Network

Determine using a prototype the really achievable resolution on z with the use of peak finding and their time
correlations. Additional precise z measurement would be very helpful in the background suppression and track
finding!

Develop a stand-alone cluster counting software with interface/implementation separation. It should allow the
generation of pseudo-tracks, ionization clusters and digitized waveforms, and allow anyone to insert his own
signal shape and peak finding and clusterization algorithms, and test their performance with various settings
(dN,/dx, sampling frequency, signal-to-noise ratio, etc.), as well as to verify the results, claimed by other
colleagues

Thank you for your attention!
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Onpe,u,eneHme OonTnUmMalibHOro BpemMeHun Kiiactepmn3aumi

« OnTumanbHoe BpeMsi KnacTepuM3auunm MOXHO  ONnpeaennTb 4Yepe3d  paBeHCTBO AN, ecodx =1 X ANy yerruchdx (cpenHee
PEKOHCTPYMPOBAHHOE YMCIIO KIacTepoB paBHO CPeaHEMY YMCHy pacro3HaBaeMbIX)

* HakoHeu, onTumansHoe BpeMA Knactepm3aumnm MOXHO N Yepe3 MakKCMMYM CUsbl pasgeneHnda and aByx TpekoB C onnakumm chl/dx

OnpegeneHne onTuManbHOro At, MO MakCUMyMy

OnTumanbHoe At;; B 3@8BUCMMOCTU OT dNpeqis/dX: CUMbI pasfenenmns YacTuy ¢ 6nmakumn dn,, /dx:

D 14 | 3 T
[ \ < -
= fol onpe/erneHe Yepes paBeHCTBO cpeaHero | T { g2 Z
£l ¥ 4ncna pPeKoHCTPYMpOBaHHbIX KIlacTepos o - /\
Q \ \/ CpedHeMy 4Mcry pacrno3HaBaeMblX /'%/8_ — z
= 10] — / \
S 'Y - —
5 e
< \ 1.78

BN 0 ¥ N
N

/ s
4 R - \\
i pa—_ T 1.72
5 - BbiBogA: KnacTrepusaumua AaeT NPUPOCT CUAbI \
i Atcl. optimal from Sep.power\'“‘\% 170 pasaeneHus He 6onee 5% no cpasHeHUI0 € AN poqis/dX
00 1 | 5 | | |1 0| (- \1 5| (- \20| (- \25l L. |30\ L. |35\ L. |40| L. 0 2 4 6 8 1 0 1 2 1 4 1 6
dN__ /dx, 1/cm At,, ns

peaks



Ncl. recognizable in cell
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The dependence of the average dN /dx on At

The maximum separation power is achieved not for those At.;, for which dN,; ..o /dx = dN. ycrruen/ax

The reason for this is that not all the simulated clusters are actually “recognizable”, since: some of them generate
avalanches with too small gain (no peak reconstructed); some of them produce peaks, overlapping with peaks from

other clusters

We call «recognizability» r the portion of really
recognizable clusters. To estimate r we perform the
following procedure:

1) For each cluster we determine the peak, to which it gns
KaXJoro Kracrepa onpegensercsa nuk, B amMmnnauityagy
KOTOPOro OH BHEC MaKCUMarbHbIN BKIag

2) ecnu amnnuTyga 3Toro BKNaja npeBblllaeT 3aAaHHbIN
MOPOr, KnacTtep MNoMeYaeTcsl Kak pacno3HaBaembli (Mo
OAHHOMY TMWKY) W UCKMoYaeTcss W3  AanbHeunLwero
PaCCMOTPEHMS

Average dN/dx
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—
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—
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““““““““ recognizabilityxdN,, 1. - /dx
A tcl. optimal
| | 5 | | 10 | | | | 15 | | 20 | | 25

At_, ns



Faber-Shauder basis
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ANropmTMm nomcka nNnMKoB B BAaUBPOpME

[ns PEKOHCTPYKUMNN KnacTepoB HeobxoauMOo cHavana PEKOHCTPYUNpoBaTb MUKU, NOPOXAOEHHbIE OTAEJSIbHbIMU JTaBUHAMU

Bandgopma cogepxumT depegyrowmecsa snokaribHble MUHUMYMbl W floKaribHble Makcumymbl. Kaxgbih nokanbHbI MakCUMYM
paccmaTpuBaeTcd Kak nuk-kaHguoar

Ona oTtbopa [OeiCTBUTENbHbLIX MUKOB CPean BCEX MUK-KaHOWOATOB HeOOXOAMMO COMOCTaBUTb KaXkAoOMy W3 HUX HEKWUW
KONMYECTBEHHbIN NapamMeTp — KPUTEPUIA Ka4yecTBa ¢

[Ans BbluMUCNeHUs g Heobxogumo oueHuTb rnoanoxky (baseline) nog nukom, OBYCrOBNEHHYHO NpeflecTBYOWNUMN  MUK-
KaHangatamm
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KoadpuumneHTsl 3aTyxaHusa curHana

* ﬂ,ﬂﬂ OUEeHKN NoanoXxXkK Mbl nosribdyemcd Tem, 4HTo HaM U3BECTHA CbOpMa curHana oT oaHOMN NaBuHbI

« 3anomuHatoTcs koapuUmneHTbl 3aTyxaHus att[1...7] curHana 3a 7 BpeMeHHbIX LLaroB Ha4yMHasi OT MakCuMyma

u att[1...7] - attenuation coefficients

—

QO

1]
bl B

Amplitude

o
(O]
[T
_‘_-‘—h-"—'——-_

L / att[2]

D | e

- t...=1.15ns digitization step = 0.5 ns
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OueHka NoaNoXKU: MHOOHbI

« [ns oueHKM MOANOXKM MNoAd AaHHbIM MNUK-KaHOMAATOM Mbl paccmaTpuBaeM 3 MpeabiaylumMx nUK-KkaHguaata Kak
peanbHbl€ MUKWU U CYMMUPYEM UX BKNaabl B NOANOXKKY. AMOAUTYObl 3TUX NMUKOB 6epyTcsl C BblYMTAHUEM MOONO0XKKM
nog HUMU

* ﬂ,J'IFI KOHTPOINA Mbl NnpoBepAaAeM COOTBETCTBUE OLEHKU MNMOAJIOKKU C UCTUHHOU noanoxkon. B nogaenstwoLlem
DonbLUMHCTBE CcinnydaeB COOTBETCTBME BINOJIHE yOOBNETBOPUTESIBHOE
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OueHKa noas1oXKN: NPOTOHbI
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BbluncneHune «kadectBa» nNukK-kaHgugarta

[Tocne BblMMTAHUS NOAMOXKM KAa4eCTBO NUKA g BbIYUCAAETCA Kak MUHYC norapndm yHKUMM npasgonogoduna ans
rMNOTE3bl, YTO OTKMNOHEHMe Toudek curHana (a;, i = 1..N) oT noanoxku (b;) siBNgeTca BbIOOPKOM N3 rayccoBoOro
pacnpegeneHus:

noise

N
(a; — b))’
q = Z ;_2 l + N 'ln(znoﬁoise)
=1
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PeKoHCTpYyKUMSA NpULENbHOro napamMmeTpa Tpeka no nepBoMy Knactepy

» [1na peKkoHCTPYKUMMN NPULENBHOIO NapamMeTpa Tpeka no BpeMeHn gpenda nepBoro anekTpoHa UCnonb3ykTcs T.H. space-time (s —
t) COOTHOLLEHMNS

« [1na nony4yeHus s — t COOTHOLLUEHUS NpU JaHHOM yrie nponeTa Tpeka u npu gaHHoMm z B Garfield++ pa3sbirpbiaetca 10* TpekoB u
HaxoauTcs cpedHee BpeMsi Apeidha NepBoro arekTpoHa. 3aBUCMMOCTb NPULENBHOrO NapameTpa OT 3TOro CPeAHEro BpeEMEHN — r
€CTb MICKOMOE S — t COOTHOLLIEHME

» TexHn4yeckas TPYOHOCTb: 3TN 3aBUCUMOCTU HYXXHO MOSy4uUTb OS1I9 BCEX a3nMyTalribHbIX YrroB MNporeTa Tpeka, Ans BCeX CNoeB U
BCEX z, a 3aTEM annpoKCMMUPOBaTb NapameTpusaumen, gonyckarLllen kKanmbpoBKy B aKCNepUMeHTe!

PaspelueHns no npuuenbHoMy napamMeTpy BO

S — t COOTHOLUEHMS B O4HON U3 siyeek npy z = 0 MM BCEX CMIOSX MPU @ = /2, Z = 0 MM

= 0.5 c 06
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H(b) =

PeKOHCTpYKUMA npuuensHoro napametpa Tpeka: MPS- anropvlTM

[Ans pEeKoHCTPYKUMM NpuUEenbHOro napameTpa Tpeka
0ObI4YHO UMcMonb3yeTcsl BpeMsi nepBoro knactepa (First
Cluster). B cuny ANCKpPEeTHOCTN MOHU3aLUMK 3TO NPUBOAUT K
CMCTEMAaTUYECKOMY 3aBbILLIEHUIO NPULIENBHOIO NapamMmeTpa

C knactepusauuen nUKOB Mbl MOXEM WUCMOMb30BaTb
BpeMeHa  8cex  KnacTtepoB  OnNA  PEKOHCTPyKUMU
npuuenbHOro napameTpa Tpeka. Ona atonm uenu 6bin
ncnonbdoBaH Maximum Product of Spacings (MPS) —
anroputm: https://doi.org/10.1016/}.nima.2015.11.028

Npnesa MPS-anroputma COCTOUT B HaxoXxgeHuu
NpUUENbHOro napamerpa, Npu KOTOPOM Habop NOSTIOXKEHUN
KnactepoB BAOOMb Tpeka Haubonee COOTBETCTBYET
paBHOMEPHOMY  pacrnpegeneHuio. 3ITO  AocTuraeTcs
MakcumMmnsaumen cpegHero reoMeTpuyecKoro
HOPMMUPOBaHHbIX paccTosHU (spacings) Mexay
Knacrtepamu:

HopmupoBaHHble pacCTOAHUS
(spacings) mexay knactepamu:

—Yi-1

pi — b?
J(dcen/2)?—b?

Nclusters

Vi =

D; =y;

In(D;),  pumps = argmaxH(b)

Nclusters‘l'1 =1
B stand-alone-peanusauun MPS-anroputma Habntogaetca
3aMEeTHOe YMEHbLUEHNE CUCTEMATUYECKOrO CMELLEHUS
(bias) npuuenbHOro napamMeTpa npu He3Ha4YUTENbHOMY

ynydweHun paspelleHus (resolution)
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[lonck TpekoB

Anroputmbl noucka Tpekos (AlT)

/\

MmobanbHbIle AlNT:
PaboTaloT co BCEMU XUTamMmu
noaxoasLlero Tuna ogHOBPEMEHHO

Y

NokanbHble AIT:
OCyLLI,eCTBJ'IFIPOT NMONUCK Ha4YalibHOIro cermMmeHta
Tpeka W ero AganbHeWLyl 3KCTpanonauuw c
npuncoeanHeHnem HoBblX 1 HOBbIX XUTOB

Y

[Mpumepsi:
* [ucTtorpammupoBaHue
- [lpeobpasoBaHua JlexaHapa/Xada

NMpumepsbi:
« Track following
* KneToyHbI aBTOMAT

Cneundmka reometpumn K CHTO® 3akntoyaetTcsa B OTCYTCTBUMM aKCUalbHbIX CII0EB U OOCTATO4YHO
TOYHOrO M3MEPEHUs z —KoopAuHaThbl XUTa, OTKyda Ccrneayet, uYTo Ons XUMTOB OTCYTCTBYET eaunHas
MNSTOCKOCTb, MPOEKLMNSA Ha KOTOPYHO HE UCKakara bbl KpyroByto popmMy TpaeKkTopumn

B cuny atoro ana K CUT® mbl paspabaTtobiBaem nokanbHbIn AllT, a nmeHHo track following

anropuTm




Noea track following anroputma

Anropntm COCTOUT U3 crieqyroLlen nocnenoBaTesisHOCTN OENCTBUN,

OcyLlecTBNsSeTCA PEKOHCTPYKLUS AyONeToB XUTOB, T.€. Nap «NnepecekarLnxcay cpaboTaBLLMX NPOBOMOYEK B
COCeOHUX CNosix

OcyulecTBnseTcs PEKOHCTPYKUMS uenen A[AyoneToB, ChyXalux HayanbHbIMWU CEerMeHTamm TPEKOB,
nogfexawmm garibHenLWwen aKCcTpanonaumm

[Tpon3BoanTCA aKCTpanonAunUs CerMeHTa Tpeka 4o Gnuxkanwero xuta, gob6aBneHne 3Toro Xxmrta K Tpeky u
ero nepeannpokcumauma (punstpom KanmaHa). lNockonbKy napameTpbl Tpeka W3BECTHbI C KOHEYHOW
TOYHOCTb, MOryT BO3HMKATb HECOBMECTUMble BapwaHTbl accounauum XMToB. B Takom criydae npouecc
9KCTpanonsunum BETBUTCA U NPOLOSIKAETCA He3aBUCUMMO ANA Kaxaou BeTBU. B utore nonyyvaem pgepeBo
cueHapueB 3KCTpanonsuum

Korga anst Bcex BeTBeN gepeBa BO3MOXHOCTU 3KCTpanonaunm ncyepnaHbl (Tpek Beixoant n3 obbema OK, nnbo
HW OoauH XUT Bornee He MOXeT OblTb NPUCOEAVHEH K TPEKY), B KAYeCTBE OKOH4YaTENbHOro TpeK-KaHauaaTa
BblOMpaeTca BeTBb C HambomnbluMM 3Ha4YeHneM pyHKUUMM KadecTBa. [locrnegHaa OormkHa BbIYUCIIATLCA Ha
OCHOBE MH(popMaLun o cymmapHoM x?/ndf accouMMpoBaHHbLIX XUTOB, KOMWYECTBE LUAroB SKCTPanonsauum u
KonmyecTBe He cpaboTaBLUNX, HO NEPECEYEHHbIX A4eeK (C y4eTOM BEPOSATHOCTU UX cpabaTbiBaHUS)



PekoHCTpyKuUna ayoneTtoB XMTOB

[MTapa cpaboTaBwKMX MNPOBOSIOMEK B COCEOHUX CnosX
obbeanHsieTcsa B AyoneT, ecnn z —KoopauHata cepeauHbl
X obLlero neprneHOAnKYnapa Zgoubletpca HAXOOUTCHA B
npegenax anviel 0K

[Mpn HeobxoanMoOCTU pUNbTPaLMM CrydanHbIX COBMageHUN
K 9ToMy ycnosBuwo pgobaeBnsietca TpeboBaHMe Ha
COOTBETCTBUE  Zggublet PCA Z — KoopauHataMm  XMUTOB,
N3MepEHHbLIM Mo MEeTOAY AeneHnda 3apaaa

OLIEHKOW
BbIi3BaBLUEN

BenuunHa  Zgoupletpca  CNYXWUT  Ha4yanbHOW
Z — KOOpAMHaTbl  MposieTa  YvacTuubl,
OQHOBpeMeHHoe cpabaTbiBaHWE NPOBOSOYEK

HeonpeneneHHoCTb Zgoupletpca MOXET OblTb OLlEHEHa Mo
doopmyne
d

O-Zdoublet,PCA = 2\/€Si7’l€

YcioBHOe u300pakeHue Ie-
pecekalomuxes  JipeithoBbixX
sg4yeeK ImupuHoit d u cre-
peoyrjlaMu € B COCEJIHUX
ciosix. PapHomepno paciipe-
JleJICHHBIE  KpaCHble TOYKU
0003HAYAIOT MecTa lepeceye-
HU 51

JeTHAIMMNY  YacTHhulaMu

'paHuil 000X AYeCK.

G, doublet pcas MM

30
d
- Oz doublet PCA — 77— ., «
251 V24sin(e)
201
151
10F
51
O:....I....I....I....I....I....I.
0 10 20 30 40 50 60
layer number
Paspemienue 110 Z—
KOOp/IMHATE  1poJieTa  4a-

CTHIIbl, U3MEPEHHOII 110 MeCTy
nepecevenusi  cpaboTaBIINX
[IPOBOJIOYEK B 3aBUCHUMOCTH
or HoMmepa cJiod. Kpachble
MapKephbl COOTBETCTBYIOT
TOYHbIM 3HAYCHUAM, IIOJIY-
YEHHBIM W3 MOJIEJINPOBAHUS,
CHHIEe MapKepbl — OlleHKEe I10

opmyute



PekoHCTpyKLUKnAa ayobneToB XMTOB

Mbl  annpokcumumpyem  annuncbl, ob6pasoBaHHble  CeYeHneM
apendoBbIX  UMNUHOPOB  0OOMX  MPOBOSIOYEK  MSTIOCKOCTBIO
Z = Zgoubletpca KPYramMu pasHoW nnowaam

I'IpeHe6pera;| noBopotom Y4Yactuubl B MaAarHMtTHOM noOJfie Ha
Maclutabe HECKOJIbKNX LWNPHUH AYENKN, Mbl MOXEM
PEKOHCTPYUNPOBATL YeTbipe KacaTeJibHbIX CermMmeHTa, orBe4arolmnx
YyeTbipeM BO3MOXHbIM HarpaBieHnAamM rnporsieta 4aCcTtuubl. CDOpMyJ'IbI
Onda  BCEeX 4eTblpex HaﬂpaBﬂeHMVI CTPYKTYPHO OOUHaAKOBbl W
OTIMNHaKoTCA JTNLb 3HAKaMWU sq 1 , MPU HEKOTOPbIX BEJNTUYNHAX.

(1,1,1), (1,1, —1) — 3HakM AN BHELWHUX KacaTernbHbIX;

S
s=(1,-1,1),(—1,1,1) — 3HaKn ANs BHYTPEHHUX KacaTenbHbIX

(%01, Yo.1) — LEHTPbI KDY>KKOB, pg 1 — UX paguychl,
do, — HanpaBneHus nposonoyek B 3D

ro1 = 50,1P0,1; Ar = S0L0 — S1P1,
Ar =xy—x1, AYy=yo— Y1,

A2 = Az + Ay?, v = 59/ A2 — Ar?

Hopmarnb Kk kacatenbHOMY CErMEHTY:

i = (ArAz + Ay, ArAy — yAz) /A%,
HavyanbHasi/koHeYHasa TOYKM KacaTerlbHOro cerMeHTa:

Po1 = (xo1,y01) — T0.17.



P .. P,

KoBapuaumoHHasa maTtpuua koopamHat ToYek KacaHus

Po

2.1 :J
D=7

0

= SiPi — S1—iP1—i,
i — L1—i, ‘&y =Y —
—1).}:32 \/.ﬁ2 - ATE?

d[]:_'r

0z dp.

dl:r:
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d]..,y B 7
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’ ’ A(po, p1. 20, 1) ob, 0Py,
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PeKkoHCTpYyKUMS Lenen ayoneTos

[na NOCTPOEHNA HAaYalribHOINro cerMmeHTa Tpeka, rnoarnexatiero parnbHeunwen SQKCTpanondauunu, D,y6J'IeTbI o6beanHAITCA B LIENN. [nuHon uenu
}J,y6j'leTOB Ha3blBa€TCA KOJINHECTBO D,y6J'IeTOB (3BeHbeB), N3 KOTOPbIX OHa COCTaBJieHa

[1Ba oybneta o6beanHATCA B Lenb, eCrn:

OHU nmetoT 06Uy cpaboTaBLLYO NPOBOMOYKY M BCE X NPOBOMNOYKN NeXar B pasnuyHblx cnosx OK

. . ]2 2 _
Z —KoopAuHaThl Ay6neToB 4OCTATOMHO BNU3KN: |21 doublet PCA — 22, doublet PCA| < K \/ O 1 doublet PCA T 722 doublet PCA » k=25

nOCTpOGHl/Ie Lenen naeT OT BHELLUHMX CINOEB D,K K BHYTPEHHUM, TaK KaK NMJIOTHOCTb XUMTOB Ha BHELLHUX CJ104X, KaK npasusjio, MMHMMalsibHa

lMockonbKy AaHHbIM OyoneT B obwemM cnyyae MOXeT OblTb COeguHEH C HecKonbkuMKM aybnetamm B cregylowem crnoe, Heobxogumo CTpouTb U
aHanuanpyem Bce BO3MOXHbIE Llenn ¢ Havyanom B JaHHOM aybneTte

Bce BO3MOXHblE nyTU
(nomaHble) YacTuubl B
Lenn copTupyoTca Mo
CyMMapHoOMY yrny
n3noma

uenb ANWHbI 4

OpPTOroHanbHbIN (pUT

Heckonbko nytem cC
HaMMEHbLUNM M3TOMOM
annpoKCUMMNPYHTCSA
npsamMmou

OTa npsimasi BMECTe CO
cpaboTaBWMMKM XnTamm
naet NCKOMBbIN
HaYyanbHbIA CEermMeHT
Tpeka




PeKkoHCTpYyKUMS Lenen ayoneTos

* [lockonbky pOaHHbIM Oybnetr B oOwem crnyydyae MOXeT OblTb COeAWMHEH C HECKONbKMMKW aybnetamu B Cnegylowem Croe,
Heob6Xxo4MMO CTPOUTb U aHaNn3Mpyem BCe BO3MOXHbIE Llenn ¢ Hadarnom B gaHHOM aybrneTe

9
8
7
6
5
4
3
2

—

EEE NS N TS PR TR S SRS A ST

o 1.2 3 4 5 6 7 8 9 10

o

NnmocTpalus K MOCTPOEHUIO BCEX BO3MOYKHBIX IIETeil, OCTPOEHHbBIX
HAYMHASI C OJHOTO JiyOsieTa Ha BHelIHeM cjioe. 2KesrTble KileTku yeos-
HO M300pazkKarT ay0JeTbl. Bo3MOXKHOCTL coequHeHHsS Iy0JIeTOB B
[ellb ONpeJe/IsieTCsl OTHOIICHUSIMU coce/icTBa layer; — layer, = 1 u
cell; — celly| < 1. Bosmozkuble menu jy0JieToB, IOKa3aHble KPACHBIME
rpadaMi, CTPOATCS PEKYPCUBHBLIM aJrOPUTMOM OT BHEIIHHX CJIOEB K
BHYTPEHHIM.



PekoHcTpynpoBaHHas Lenb aybneTtos

OpPTOroHasribHbIU PUT
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Annpokcnmauymna Tpeka

Mol punbTpa Kanmana, npegocrasnsemsin naketom GenFit

Qunemp  KanvmaHa  npedcmaensdem  cobol  peKypcuBHbIU  arn2opumm,
rnpeodHa3HadyeHHbIU Orisi OUEHKU eekmopa COCMOSIHUSI OuHaMu4eckou cucmemabl
Ha OCHoge OUCKpemu3upoeaHHO20 80 e8peMeHuU Habopa 3auwyMreHHbIX
usmepeHuu (Bukunedus)

B cnyyae K BEKTOPOM COCTOSIHUSI SIBMISIETCS BEKTOpP M3 MATU napameTpoB
Tpeka, HabopoM N3MEPEHUNIN — PEKOHCTPYNPOBAHHbIE XUTbl, aCCOLUNPOBAHHbLIE C
OaHHbIM TpekoM. Pabota dunbtpa COCTOMT B MOBTOPEHMM MOCINENOBATENLHOCTY
LLIAroB:

CocTosiHMe Tpeka v KoBapuauuoHHas MaTpuua ero napameTpoB, NoflydeHHas Ha
npeablgylwem Liare, 3KCTPanonupyrTcsa A0 TOYKM Haunydwero npubnmkeHus
(PCA) Kk criegytoiemMy Xty

Ha ocHoBe KoBapuauMoHHOM MaTpuubl XUTa W SKCTpanosMpoBaHHOMU
KOBapuaLnoHHOW MaTpuLbl TpeKka BblYUCNSeTCs BecoBasa maTtpuua (T.H. Kalman
gain)

OKcTpanonupoBaHHOE COCTOSIHME Tpeka W ero KoBapuauuoHHas MmaTtpuua
KOppekTupytoTcs (bunbTpyoTcs) ¢ y4eToM OaHHOrO XuTa U BECOBOW MaTpulpbl.
BbluncnseTcs y? XxuTa OTHOCUMTENbHO 0GHOBNEHHOro COCTOSAHUSA TPeKa

point of closest
approach

residual

particle

track
measured
space point
virtual detector plane
TI)(‘K HacTHIlbl 1 BUPTVa/ibHad JeTeKTOopHas [IOCKOCTb, ITPOXO/idliias
Hepes IIPOBOJIOYKY i OpTOroHaJlbHas TpeKy B TOYKe ero H&’-lll()().'lblll(‘l‘()
K Heil npudimkenus. [lapamerpusanus 110CKOCTH 3a/4aeTcst KOOP/u-

HaTaMn v (BJ0JIb IPOBOJIOUKH) U U (IepHeHAnKY/ISIPHO eil).

OKCTpanonsaumsa Tpeka Ha KaXgoM Liare NpouM3BOAUTCS € yY4eTOM BKNaga maTepuanbHbiX 3d¢eKToB (MHOMoKpaTtHOe paccesiHne u nortepu
3HEeprnn) B KOBapuaLnoHHY MaTpuLy napaMeTpoB Tpeka, YTo mpebyem gocripousdsedeHusi 8 hummepe 2ceoMempuu U geujecmea 0emeKkmopa

B kauyecTtBe MecTa, [O KOTOPOro Ha o4epesHOM Luare aKcTpanonupyeTca Tpek, B crniydae [K BbICTynaeT T.H. BUpTyarnbHas OETEKTOpHas MioCKOCTb
(BAr), copepxawas ocb MPOBOSIOMKM WM TOYKYy Hambonblero K Hen npubnumkenus (PCA) akcTpanonupyemoro Tpeka. OueBugHo, 4to B[l
opToroHanbHa HarnpasneHuto Tpeka B PCA, a eé nepeceyeHne ¢ apendoBbiM LUNMHOPOM NPOBOSIOYKM AaeT ABa XuTa. BosHukawowas 1us-3a atoro
HeonpeaeneHHOCTb JSIeBO-NpaBo paspeLlaeTcs B npouecce uta, Hanpumep, BbIBOpoM brnvkanwiero 3 HUX K 3KCTpanonnpoBaHHOMY COCTOSAHUIO



dut Tpeka ¢ punstpom KanmaHa B Busyanmsatope GenkFit

XWUTbl (NeBbIA 1 NpaBblit)

BUpPpTyalryibHad OETEKTOPHAA NMMOCKOCTb




dut Tpeka ¢ punstpom KanmaHa B Busyanmsatope GenkFit




dut Tpeka ¢ punstpom KanmaHa B Busyanmsatope GenkFit

Tpek, arnmpokcumupoBanublit pusibrpoM Kanmana (KpacHast JuHus ).
[lapbl J1eBbIX U IIpaBbIX XUTOB JJI HALVISJIHOCTH COE€IUHEHbI CUHUMU

CTpEJ/IKaMH.
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MiMnynbCHLIE N yrNoBble pa3pelleHns apendgpoBon KamMepbl
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CoBMeCTHas PEKOHCTPYKLINS TPEKOB BO BHELLHEM U BHYTPEHHEM TPEKepe

AnnpoKkcMmaums TpeKa B Bu3yanmsatope GenFit:
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CoBMeCTHas PEKOHCTPYKLINS TPEKOB BO BHELLHEM U BHYTPEHHEM TPEKepe

PaspeweHuns no napameTpam Tpeka (p = 1 MB/c, 8 = m/2 paa), peKoHCcTpyMpoBaHHoro Tosbko no K, n no K smecte ¢ TPC:

DC only
DC & TPC
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ClwmBKa curHanoB ¢ AByX
KOHLIOB MPOBOJTYKM

\V)
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Mocne HaxoXaeHnsa HabopoB MUKOB B OUMPPOBAHHbLIX
aMmnnmMTygax ¢ AByX KOHLIOB MPOBOSIOMKN NPOU3BOAUTCSA
MX «ClUMBKa» MNyTeM onpenereHns BpemMeHun casura

y before merging side z>0
side z<0
MexXay HUMK no K
1
310 BpemMAa onpegenderca HaxoxXaeHnem MaKCumMyma %
BsaVIMHO—KOppeJ'IFILI,MOHHOVI d)yHKLl,MVl ABYyX aMmnnTyn 0.5
Nocne BblpaBHMBaAHUA curHanos no BpeMEHU N M [\
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Amplitude, a.u.
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NPOM3BOAUTCA  CLUMBKA Nap  MNWUKOB,  UMEHLLNX |
MakcumarnbHoe nepekpbITHE. OcTtaBwuecs 60 80 100 K 200
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3mepeHne koopamHaTbl BOOMb MPOBOSIOYKU

« KoopanHata BOONb MPOBOMOYKM MOXET ObiTb Bbl4MCNEHa Mo dopmyrne

[leneHus 3apsaa Ha OCHOBE:

1. MonHbIX NPOUHTErpUPOBaAHHbLIX aMMNIUTYA,

2. CyMM aMnnuTyg B «CLUMTbIX» MUKaX.

 [OpyrMm cnocobomMm SBNSIeTCA WUCNONb30BaHME BpPEMEeHW caBura Mexay
curHanamu ¢ ABYX KOHLOB NMPOBOSMOYKM — 3TO AAaeT nydllee paspelueHne ~20

MM

« PekoHcTpympoBaHHas No BpeMeHM CABUra KoopauHaTa UMeeT «rpebeHyaTyro»
CTPYKTYPY, Nepno KOTopon onpeaensieTcs YacToTon ANCKpeTusauum

« [WCKPETHOCTb BpPEeMEeHM TaKke
nposiBNsieTcA B NEPUOAMNYECKON
MOAYNALUK paspelleHuns no

KoopauHaTte, U3MEPEHHON MO cyMmme
aMnnuMTya B «CWUTbIX» MUKaXxX:
«amnnmtyga nuKa» B
OENCTBUTENBHOCTU U3MEPEHaA HE B
NUKEe CUrHana, a B HEKOTopoun «ase»
CUrHanNbLHOroO nuka, 3aBuUCALLEN OT
KOOpAWHAaTLl BOOMb NPOBOSTOYKU

2
o
S 2500
(]
o
© 2000
O]
o)
£ 1500
-
=
1000
500
0
W — 160
E‘IOOOOf muons’ p=1 GeV/c integrated amplitudes E
o B ~140
q>_) B time shift N
~ 8000 < 120
S : summ of peak amplitudes O
@ - S 100
O 6000— =
S i = g0
z | 3
4000 @ 60
i T 40
2000—
B 20
N L L L J J L L L O
—9300 —-200 -100 0 100 200 300
Zpit reco”Ztruer MM

z from time shift

d,~75 mm~c/(2f )

LML

-800 -600 —400 —200 O

200 400 600 800

Zreco hit mm
A}T Ions, p = 1 GeV/c % integrated amplitudes
: MR m —+— time shift
i AWX,#\’M % summ of peak amplitudes
i A Ma o, f
_ Fbessitly
:'f'\\:‘ﬂ\(«"\ J
E \,ﬂ\f)\fwm !_)ﬁ&,‘fﬁqvj\%f
- P - P o 2 oy A i)
vd V' AV RV VARV S S
0 100 200 300 400 500 600 700 800 900

|, mm

true



