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Error Estimation for the Trapezoidal
Sensors of the MVD
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= Motivation, why study the wedge sensor precision?
= GEANE propagation and needed resolution

= Use eta distribution for better point reconstruction

= Results
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Motivation

Minimize material budget

Material budget increases with number of readout channels
and therefore with the resolution of the sensors.
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(Handa 900

Motivation

Minimize material budget

Material budget increases with number of readout channels
and therefore with the resolution of the sensors.

Multiple scattering

Multiple scattering on the material in front of the strip sensors
distorts the track.

Resolution of the sensors

Resolution of the sensors does not need to be better than the
deviation produced by multiple scattering.
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GEANE propagator

With the GEANE track
propagator it is possible to
calculate the deviation from
the original path.

It ranges from 35 um to

100 um for 10 GeV muons in
front of the first strip sensor
disc.

March 5, 2012
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[ Drvs XY-Plane Z=15.5cm |

Y[cm]

1
X[cm]

Figure: Position deviation from
the original path.
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Canda 90
GEANE propagator

With the GEANE track
propagator it is possible to
calculate the deviation from
the original path.

[ Drvs XY-Plane Z=15.5cm |

Y[cm]

It ranges from 35 um to

100 um for 10 GeV muons in
front of the first strip sensor
disc.

1
X[cm]

Desired resolution

We want to resolve distances
of about 35 um.

Figure: Position deviation from
the original path.
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Current sensor design

= Skew angle between front-
and backside strips is 15°

Figure: Shape of the trapezoidal
sensors
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Current sensor design

= Skew angle between front-

and backside strips is 15°
=517um = 512 strips per side with a
pitch of 67.5 um

i

111

i
i

..
¢,¢

Figure: Shape of the trapezoidal
sensors

S=68um
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CHanda 9

Current sensor design

= Skew angle between front-
and backside strips is 15°

= 512 strips per side with a
pitch of 67.5 um

= Rhombus shaped cells with
a long axis / and a short
axis s between the strips

Figure: Shape of the trapezoidal
sensors
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CHanda 9

Current sensor design

= Skew angle between front-
and backside strips is 15°

=517um = 512 strips per side with a
pitch of 67.5 um

= Rhombus shaped cells with

s=68um along axis / and a short

axis s between the strips

’ = Long axis / always points in
radial direction

Figure: Shape of the trapezoidal = Short axis s always points
sensors in tangential direction
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Options for reconstruction

One strip fired

No options to improve resolution, the reconstructed position
is the strip position.

March 5, 2012 Dariusch Deermann Slide 5



(Handa 900

Options for reconstruction

One strip fired

No options to improve resolution, the reconstructed position
is the strip position.

Two strips fired

= Center of gravity: Calculate the position as charge
weighted mean stripvalue.
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(Handa 900

Options for reconstruction

One strip fired

No options to improve resolution, the reconstructed position
is the strip position.

Two strips fired

= Center of gravity: Calculate the position as charge
weighted mean stripvalue.

= 1 method: Use the sensor dependent n distribution to
reconstruct the position.
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7 distribution

The n distribution is a helpful tool to reconstruct the original
hit point from two strip entries.

Definition of n

n= qr‘f;q,, where g, and g; are the deposited charges in the
right strip and left strip.

\  rightstrip

g = 200006, ql: 5000e, 1 = $209 — 0.2

Ieftstrip_.lat: "‘ \
il )

Figure: Two strips getting hit by a particle and resulting n value
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Before the 1 value can be used for hit reconstruction it is
necessary to determine the distribution of n values for evenly
spread hits on the sensor.

eta distribution

eta distribution 2 strips_93
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Figure: n distribution, created with 100000 muons of random
energies
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How to reconstruct the hit point with n?

eta distribution

_ ela dislribution 2 strips_83
it is 7.2% of the whole n 5‘;‘;‘:5 G‘ggg
1800 istribution. AMS 0.2085

1400 :_Thi§ Ileads to a strip
F position of
12000.072 + left strip number

1000

800

600

400

Figure: Integrate from 0 to n over the 1 distribution
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How to reconstruct the hit point with n?

eta distribution Pitch vs Eta

F s E
1600 [— 509
= £ F
1400 [— 08
1200[— orE
F 06F
1000~ E
F 05
800 [— £
E oaf ¢
600 — £
F 03
400 02f
200[— 01
0 = L L L L L L L 1
01 02 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 09 1
ota Eta[0.1]

Figure: Integrate from O to n over the n distribution
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How to reconstruct the hit point with n?

The hit position x as strip number can be calculated as:

Y|

1 dN
X=X/+WO an
0

In that equation x; is the left strip number and Ny is the
number of entries in the n distribution.
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(danda 900

How to reconstruct the hit point with n?

The hit position x as strip number can be calculated as:

Y|
1 dN
X=X/+Wog‘ﬁ

In that equation x; is the left strip number and Ny is the
number of entries in the n distribution.

n distribution created with evenly distributed hits?

This only works well if the n distribution was created with
evenly distributed hits on the sensor plane!
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Relative position between two strips

Pitch

o0 all hits s g7 |

Ej
Mean  0.4986
RMS _ 0.2885

300
Pitch=0 resembles the
20-center of the left strip
Pitch=1 resembles the
100 center of the right strip

| L I I | | I | |
%0402 63 04 05 06 07 08 08
Pitch(0..1]

Figure: Hit distribution relative to
the strip position

March 5, 2012 Dariusch Deermann

J

JOLICH

FORSCHUNGSZENTRUM

Slide 10



Cdanda 9

Relative position between two strips

Pitch Pitch

PitchZstrips
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Mean  0.5002
RMS 01103
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“0 all hits (Enies 257478
Mean  0.4986
RMS 0.2885 30
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Figure: Hit distribution relative to Figure: Hit distribution for hits
the strip position with 2 entries, relevant for n
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Correction of 1 method with respect to pitch

distribution
Pitch
Pitch2strips
[ Corrected with the pitch ,'\E,Ir;t:ﬁs 07_23,32
500 —distribution the new RMS 0.1193
I value for x is the left
400 :_stnp number + 0.335
300
200[—
E Jf Xcorr=0.335
100[— /
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0.9
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Figure: Integrate from 0 to x.or. SO that we fill the same area as in
the integral on the n distribution.
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CHanda 9
Correction of 1 method with respect to pitch
distribution

Pitch vs Eta Pitch vs Eta

without correction from
pitch distribution
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Figure: Integrate from 0 to xcor. SO that we fill the same area as in
the integral on the n distribution.
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Correction of 1 method with respect to pitch
distribution
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Correction of 1 method with respect to pitch

distribution

ch"”' dN

dx

MC - RECO
Entries 10560
Mean  0,003879
RMS 0002628
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Figure: reconstruction error with
center of gravity method
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Correction of 1 method with respect to pitch
distribution

Xcorr.
MC - RECO

1 fdN _ 1 N
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EL s Figure: Reconstruction error with
O 1 method

Figure: reconstruction error with
center of gravity method
Slide 12
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MC - RECO tangential

Entries 10561 Entries 10560
Mean 0.0003507 Mean 0.0006725
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Figure: Tangential error with
center of gravity in red and n
method in blue
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MC - RECO tangential MC - RECO radial
1200 F MC - RECO radial =4strips | | MC - RECO radial =4strips
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Figure: Tangential error with Figure: Radial error with center of
center of gravity in red and n gravity in red and 1 method in
method in blue blue
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Not all hits will result in two
strip entries on both sides of
the sensor.

So the resolution of hits with
less entries should be
considered too.

Multiplicity distribution

Mtiplicity distibubon
Entries 118533

80000 Mean 2565
C RMS 6526
soouol- 1 strip per sensor side
40000/ .
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s0000F- side and 2 strips on
L the other sensor side
20000
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E “ sensor side
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8 1
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Figure: Number of strip entries
for a hit point
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MC - RECO tangential
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Figure: Tangential error for single
strip hits in red and single +
double strip hits in blue
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MC - RECO tangential MC - RECO radial

1600 [ ] [ ] It 1
| I |

Entries 48977 Enties 61870 450 Entries 61870 Entries 48977

1400 Mean _0.0008344 Mean _ 0.001079 Mean 0.006472 Mean 0.004909

400

35

S

30

3

25

3

20

s

15

3

10

3

5

3

A I A I N T Ll . S e
0.0005 0.001 0.0015 0.002 0.0025 0.003 00035 0.005 0.01 0.015 002
MC-RECO[cm] MC- RECO[cm]

Figure: Tangential error for single Figure: Radial error for single
strip hits in red and single + strip hits in red and single +
double strip hits in blue double strip hits in blue
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Result
\ | single strip | center of gravity | n method | single + n method |
overall 66.7 um 38.8 um 22.1 um 50.2 um
tangential 10.8 um 6.7 um 3.5um 8.3 um
radial 64.7 um 37.7 um 21.9um 49.1 um
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Summary

= Resolution of 35 um can be achieved for the strip discs.

= 7 distribution can help to increase the reconstruction
performance.

Thank you for your attention!
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