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Introduction

1. Calculate z_vertex per event by following the steps described below.

» Using DCAZz plots to calculate

e Mean method

e Peak method

 Mean method(only DCAz points within 1o from the DCAz mean used)

* Weighted average method

2. Comparing resolution to determine the best method

usage data - simurtion data, p+p collision, no magnetic field(Pythia (8.307) )

X vertex:0. v vertex:0. z vertex:0=20cm. 10K events

3



Reconstruction of collision point

1. Clustering.

\ I / outer barrel

. + & inner barrel 2. Select each cluster on the inner barrel
and outer barrel.

3. Connect them with a line.
Calculate the distance of closest
approach(DCAZ) to line of x=0,y=0 and
DCAz point.

4. Determine the z vertex.
i \ Inner barrel

/ \ outer barrel



Tracklet

y Determine the pair of Cluster A and Cluster B
(tracklet) on the x-y plane.

Tracklets are selected for which the angular difference
" between cluster Aand B | A¢,5| < 0.01 [rad].
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horizontal axis : angular of cluster A
vertical axis : angular difference between cluster A and cluster B
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Caylculate DCAZz point
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Calculate the distance of closest
approach between A and the origin.

Calculate the distance between DCA

point and A (DCA;),
the distance between DCA point and

origin(DCAzD).

DCA,
DCA2
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unit vector between point A and B

. vector between point A and O



D,CAz point

outer barrel

Inner barrel

Calculate the distance of closest
approach between A and the origin.

Calculate the distance between DCA

point and A (DCA;),
the distance between DCA point and

origin(DCAzD).

Calculate DCAz point to use DCA; .
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Mean method (use the DCAZz plot)

histogram of DCAz point (1event)

number of track
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dcaz distribution
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Make the plot of DCAz point per event to
calculate the mean value.
—> determine the mean value as z vertex.

Make the plot in the same way for all
events and calculate z_vertex.
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Mean method (use the DCAZz plot)

Difference histogram of z_vertex and truth
z_vertex(all events)

Plot the difference between z vertex obtained

mean z_vix point - truth z_vix by the mean method and the trge valge of
h_zvtx_2 z_vertex(truth z_vertex) of the simulation data
OF for all events.

Mean -0.006113

o

a1

O
I

Std Dev 3.214

number of track

It shows the accuracy of the calculated

Z vertex value.

: The more accurate it is, the closer the value Is
200F- to O, and the thinner the histogram.
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3 The value of standard deviation (std) is the

100 .
- resolution.
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Std : 3.214[cm]
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Peak method (use the DCAZz plot)

Make the plot of DCAz point per event to calculate the peak point.

— determine the peak value as z_vertex.

Difference histogram of z_vertex and truth

histogram of DCAz point (1event) z_vertex(all events)

dcaz distribution - peak z_vix point - truth z_vix
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Resolution value (std) is 1.742[cm].
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1 sigma mean method (use the DCAZz plot)

Calculating the average without including data at a distance may give better resolution.
—Determine the mean value using only data within 1sigma as z_vertex.

Difference histogram of z_vertex and truth

histogram of DCAz point (1event) z_vertex(all events)

dcaz distribution mean with1sigma cut 2 vtx point - truth z” vtx
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Resolution value (std) is 1.532[cm].
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Comparing the z_vertex plot and resolution

Compare the z_vertex plots and resolutions obtained by mean method, peak method and
1siguma mean method.

overlaid histgram - (DCAz without error) Std[om]
x h_zvtx_3
£ 900f- Eriies 0952 mean method 3.214
g 300 - Mean 0.007334
E SdDev 1532 peak method 1.742
= 700F

1sigma mean
600:— method 1 .532

500F

b 1sigma mean method has the most
: accurate results.

300
: The difference in values between peak method

: and 1sigma mean method is small, but the

100F- shape of the histogram is different.

e T T A i o —1sigma mean method one is thinner and

200

longer. It shows that Measurement stability is
righer.



Add error to DCAZz plot

The z-position on the cluster has been assumed to be the center of the strip.

—|n fact, particles can pass the anywhere on the strip.

—To consider the possible range of z- Cluster B

- : : . outer barrel
position of the clusters, the strip size Is

taken as the error of the clusters.

The range of DCAz points by tracklets is nner barrel

determined by the line connecting the Gluster A

errors of the two layers. | |
DCAZ point Z axis

The position resolution width of the defined—m——————o—r—————

range is the error in the DCAZ points.
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Add error to DCAZz plot

outer barrel

Plot the DCAZz points including the

_ error range.
iInner barrel

Use the plot to calculate z_vertex
per event.

number of track
(= entry)

DCAZz point

Chip type-A : strip size = 1.6cm
Chip type-B : strip size = 2.0cm

Z axis [cm]
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Comparing the DCAZz plot

DCAZz points with error (1event) DCAZz points without error (1event)

dcaz distribution with error_sqrt12 dcaz distribution
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bin width : 0.05¢cm bin width : 2.0cm

The values became to have error margin width.

For left histogram, the bin width is 0.05cm because the error width is plotted separated by 0.05cm.

For right one, the maximum chip width in the z-axis is 21.7Ocm, so the bin width is plotted at 2.0cm accordingly.



Comparing the z_vertex plot and resolution(use the DCAz
plot with error)

overlaid histgram - (DCAz with error)
h_zvix_11

_ mean method
D)

3 Mean 0.0001957

)
0 peak method

3 1200

1sigma mean
method

800

600_
' Histogram obtained by 1sigma mean method
IS the longest and thinnest.Also resolution is
the highest.

—1sigma mean method has the most

400

200

O sienickaimings i accurate results.
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Comparing the z_vertex plot and resolution of 1sigma
mean method

Compare the z_vertex obtained by the 1sigma mean method when using DCAz plot
with error and without error.

1sigma mean

overlaid histgram - mean with 1sigma cut method
: h_zvix_11
;120017 DCAz plot without
. Mean 00001957 error
2 1000 StdDev  0.964
| DCAz plot with
800[- ﬂ error
600_— l
i I Histogram is longer and thinner when using
4001 | DCAZz plot with error. Also resolution is higher.
i _ — More accurate results are obtained by
200; Fo using DCAz plot with error to calculate
lul_‘g_.__-a-'-"f'-.':l el .MLL " Z_vertex.
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Introduction

1. Calculate z_vertex per event by following the steps described below.

* Weighted average method

2. Comparing resolution to determine the best method

usage data - simurtion data, p+p collision, no magnetic field(Pythia (8.307) )

X vertex:0. v vertex:0. z vertex:0=20cm. 10K events
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Weighted average method with the z distribution of clusters
and track slope a;

Calculate a collision point through which all tracks in one events pass.

outer barrel

Z axis

inner barrel a;

r axis
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Weighted average method with the z distribution of clusters
and track slope a;

Calculate a collision point through which all tracks in one events pass.

Z axis outer barrel

inner barrel a; Connect the line from the z_vertex point V_ to the
clusters pair, and let a; be the slope of the line.
Zis I L, Calculate the distance L between the point on the
Zi, L a., barrel through which the line with slope a; passes
| and the Z point of the cluster.
Zii1s 1Ly I (Z;; — (a(r; — rp) + VZ))z
Zit1. LiJrr_l,z ’ 62217
"o | (rg = \/x_vtx2 + y_vtxz,j =1,2,0, = 1.6 or 2.0)
> I—‘T’ r axis J

Chip type-A : 0 = 1.6cm
Chip type-B : 0 = 2.0cm 9



Weighted average method with the z distribution of clusters
and track slope a;

Calculate a CO||ISIOn point through which all tracks in one events pass.

outer barrel

Z axis
inner barrel d
Calculate V, by the least-squares method when
Zi» 1L, the sum L of the distance L;; of all tracks in one
Z 4 | event has the smallest.
’ Li2 [ it )
’ —(a(r—ro)+V))
=3 3%
Zi+1,2 N L+11 i—=1 j= 1 ZlJ
Zi+1,1 L'L12 2 -
i+1, (n = number of tracks,r, = 4/ x_vtx* + y_vtx*, j = 1,2, o, =1.60r2.0)
"o
. . > raxis Calculate for all events.
V, r Iy

Chip type-A : 0 = 1.6cm
Chip type-B : 0 = 2.0cm 3



Z vertex obtained by weighted average method

Differential histogram of z_vertex and 2D histogram of difference between
truth z_vertex (all events) z_vertex and truth z_vertex, truth z_vertex
Vz,aj WAA truth vs Vz,aj weighted average - truth
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The z_vertex histogram is much thicker than before, and the std value is large.
In the 2D histogram, the diagonal correlations is seen.
Calculations and macros probably incorrect. | have to recheck and improved.






Summary

| calculated z vertex using several different method and compared the

resolution to find the best calculation method.

Z vertex resolutions

track slope

method Std[cm]
mean method 3.214
Using the DCAZz plot
thout emor peak method 1.742
1sigma mean method | 1.532
mean method 2.119
Using the DCAZz plot
with error peak method 1.423
1sigma mean method | 0.964
Weighted average £ distribution and 22.446
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The 1sigma mean method using the
DCAz plot with error is the best method.

When using the DCAz plots, the error
should be added.

Result of weighted average method is not
good. There is room for improvement.



Next To-Do

Review the weighted average method.
Calculating z_vertex with simulation data of gold nucleus collision.

Reflected in the actual data.
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