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Hepyc numos A.TIL. E10-2009-171
Pexoncrpykuus 1 p mMetpos VO-u crun

P ccm TpuB ercs 3 g 4 pekoHcTpykuuu VO-u ctui B yer Hoeke CBM, npo-
ektupyemoii i Komiuiekc FAIR (GSI, I'epm Hug). IIox 3 HO, 4TO UCIIOJIB30B HUE
P 3IMYHBIX KHHEM THYECKHMX 00pe3 HUii I03BOJISIET CYIECTBEHHO YJIyYILIUTh BbIjiesie-
nue VO-u cTui ¥ yBelMYMTH OTHOLIEHHE CUTH JI/(poH. UCHONBb30B HUE TPOLETYphI
KMHEM THYeCKOro ¢ut n er emie Oojiee 3H YUTENbHOE Y/Iy4IIEHHWE TOYHOCTU I -
p Metpo VP-4 crui. T KxXe HccienyeTcs Npolenyp BblieJeHHus = -TMIEPOH .
P ccMOTpeHHBII JITOPUTM MOXET INp KTUYeCKH 0e3 WM3MEHEHHH OBITb HCIIOJb30-
B H [ peKOHCTPYKIMHU 1 p Metpo V-u cTuu u 2~ /=~ -runepoHoB B yCT HOBKE
MPD/NICA.

P 6or Bbmosnnen BJI 6op Topuu hH3MKH BhICOKUX dHepruil uMm. B. U. Bekcnep
n A M.b muun  OMAUN.
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Reconstruction of the Parameters of V° Particles

The procedure of reconstruction of the parameters of V' particles is considered
for CBM setup that is planned to build up at the FAIR complex (GSI, Germany). It
was shown that the use of various kinematic cuts permits one to improve essentially
the selection of V' particles and to increase the signal/background ratio. The use of
the kinematic fit procedure gives still more considerable improvement of the accuracy
of V¥ parameters. The procedure of the selection of =~ hyperons is also examined.
The considered algorithm can be used practically without changes to reconstruct the
parameters of V° particles and 2~ /2~ hyperons in MPD/NICA.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.
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1. FEATURES OF V° PARTICLE RECONSTRUCTION

The reconstruction of the parameters using ASME method was considered
for charged particles in paper [1]. The determination of the parameters of neutral
VO particles has some specific features.

As an example, let us consider the procedure of V' reconstruction for CBM
setup [2]. STS (Si Tracking Station) CBM registers x and y coordinates of the
tracks only at the certain z coordinates of Si planes (see Fig. 1). This leads to the
fact that a true position of the vertex of primary interaction (primary vertex) is
unknown. The position of V9 decay (secodary vertex) is also unknown.

Therefore, during V' reconstruction it is necessary:

1) to determine the position of primary vertex,

2) to select secondary tracks (i.e., tracks from V' decay),
3) to determine the position of secondary vertex,

4) to reconstruct the parameters of found VO particles.

There were used 1K events (central Au—Au interactions at 254 GeV) simu-
lated by GEANT to test the procedure of V' reconstruction.

Fig. 1. Production and decay of V° particle in STS CBM



2. DETERMINATION OF PRIMARY VERTEX POSITION

To determine the primary vertex position the special track propagation pro-
cedure [3] based on the ASME method [1] was used. The analysis shows that
this procedure ensures the accuracy of ~ 60 um at the track propagation to
AZ =20 cm.

For that the coordinates of the cross points with virtual planes Z,™* were
determined for the trajectory of each particle. Generally, 3 such planes are
sufficient (k = 1,2,3). It was desirable that the middle virtual plane (k = 2)
would be as close as possible to the supposed position of the vertex of a primary
interaction. The tracks at the momentum of P; > 1 GeV/c were used to get the
larger accuracy.

Thus, there are sets of coordinates mzc
fixed ZY'"" (Fig. 2, a—c).
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Fig. 2. a), b) and c) Plots of tracks cross points at various positions of Zvirt. d) The mean
deviation of tracks from the center of tracks at various Zvi,t. Dashed line — parabolic
approximation



It is evident for the particle trajectories that the dispersion of the cross points
relative to some mean position X = >, S and Y = Y, y°F has to be minimal
at the value of Z'"* equal to the coordinate Zy°™® of the primary vertex. This
dispersion is characterized by the value o XY = % > [(zFF — X)2+ (yF —Y)?].

Then, the dependence of the value 0 XY on Z,Yi“ was approximated by
the parabola and the position of primary vertex was found from the minimum
condition for parabola (Fig. 2, d). The following coordinates of the primary vertex
were obtained for 1K events of Au—Au interactions:

XYV =(0.7422) pm, YV = (=0.34+1.4) pm and Z¥ = (—1.94+4.1) pm,

that is in good agreement with GEANT data (X pant = 05 Ydmant = O,
Z‘G/EANT =0).
3. VY FINDER

To reconstruct V' particles it is necessary at first to select the secondary tracks
caused by VO decay. The analysis shows that 1K of processed events contains
94% of primary tracks (emitted from primary vertex) and 6% of secondary ones.
The track propagation procedure is used to sort primary and secondary tracks and
the impact parameter, i.e., distance between track and primary vertex position, is
examined.

At that (5-7)% of secondary tracks were lost, i.e., falsely attributed as primary
ones. The loss of the tracks produced by V° decay did not exceed 2%. (1.5-
2)% of primary tracks were falsely attributed as secondary ones. But these false
secondary tracks were excluded practically in full during next processing. All
pairs of selected positive and negative secondary tracks (true and false) were
tested to select the pairs of the tracks produced by VO decay.

The track propagation procedure in combination with virtual planes was used
for the reconstruction of the position of secondary vertexes and parameters of V©
particle.

There the following cuts to decrease the number of false («+», «—») combi-
nations are used:

R2T: R2Tr < R2Try;,, — minimal distance between 2 tracks,

VA'E ZN > ZNjm — Z position of pair,

D00: D00 < D00y, — impact parameter for pair (to select primary V?),

Rpp: Rpp > Rppiim — ratio of positive momentum to negative one

(for A° only!),

PID: particle identification, taken from data file produced by GEANT.

The results of application of these cuts are shown in Fig. 3.

One can see that the signal/background ratio increases from 0.83 (no cuts) to
31.2 and even up to 202.8 (all cuts used).
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Fig. 3. The dependence of the signal/background ratio at various cuts for A°
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Fig. 4. Effective mass distributions for («+», «—») combination with corresponding cuts
for A° and K° hypothesis of pair

Figure 4 shows the results of V0 mass reconstruction. There were used R2T,
ZV, D00, Rpp cuts for (p, 7~) combinations and R2T, ZV, D00 cuts for (7 +,77)
combinations. The efficiency of the considered procedure of V° reconstruction
is larger than 99%. The analysis has shown that the overlapping of A and K°
particles and the admixture of false V° are negligible.

The reconstructed parameters of V9’s are presented in Table for 7 and 8 Si
planes of STS:

Ist row — signal/background ratio,

2nd row — momentum resolution,

3rd and 4th rows — azimuth and deep angles (see Fig. 1 in [1]) resolution,
5th—7th rows — V' vertex position resolution,

8th row — mass resolution for A° and K°.

One can see that all resolutions for 7 STS are better than for 8§ STS. It can
be explained by the fact that the total thickness of Si planes is equal to 1200 ym
for 7 STS configuration and to 3500 pum for 8 STS configuration. Therefore, the
effects of multiple scattering are much stronger for the case of 8 STS than for
the case of 7 STS that results in a worsening of a resolution of reconstructed
parameters.

4. VY FITTER

But the method of V' reconstruction described above takes into account the
parameters of individual tracks. It does not consider the coordinates of the points
of positive and negative tracks as the result of decay of V° particle emitted from
the primary vertex.



Cuts*: R2T, ZV, D00, and Rpp for A°

AD AT [ A"t | KO K" [ KU fit
7STS | 8 STS | 8 STS | 7 STS | 8 STS | 8 STS
S/B* 312 | 281 | 328 | 84 71 8.8
oPyo, % 058 | 1.1 | 037
oBvo, mrad | 024 | 036 | 0.13
o tan(avo) 028 | 033 | 0.13

o Xvo, pm 10.8 16.0 1.7 94 15.1 6.3
oYvo, pm 12.8 17.1 7.7 9.5 14.6 6.7
0Zvo, pm 91.1 154.3 68.4 52.8 98.8 53.5

oMyo, MeV/c? | 0.72 1.16 0.25 1.90 3.13 0.78

In order to get more precise parameters of V' particle, it is necessary to use
the functional that includes the coordinates of both positive and negative tracks
(see [1]) and the additional coordinates of vertex of found V' particle.

This functional is minimized taking into account the following constraints:
1) (Mpair — My0)? — 0, where M, — effective mass of («+», «—») pair,
2) DOOV — 0, impact parameter for V°.

It needs 3 iterations to get minimum.

Figure 5 shows the effective masses of A and K particles obtained due to
this fit procedure.

The other results of V° Fit are presented in Table. One can see that V° Fitter
procedure increases considerably the precision of VO parameters.
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Fig. 5. Effective mass distributions for A° and K° hypothesis obtained due to the fit
procedure



5.Q~ /=~ RECONSTRUCTION

Feature of 2~ /E~ decay is that this decay is two-stage process:

EQ) = (KT)+AY K +p+n.

Therefore, it is necessary to select secondary A%’s and to test (A°, «—» track)
pairs. In that way, the following cuts were used:
— cuts for A9, i.e., («+», «=») pairs: R2T, ZV, anti-DO00 (to select secondary
A%), Rpp,
— cuts for Z27(27), i.e., (A%, «—») pairs:
R2Tr < R2Tr);,, — minimal distance between A° and «—» track,
DOOh < DOOhys,,, — impact parameter for (A, «—») pair.
1K events of GEANT simulated events were tested to find =~ and Q7
hyperons. The result is shown in Fig. 6.
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Fig. 6. Effective mass distribution of (A®, 7~) combinations

There were 6 reference =~ in GEANT data set, all 6 were found (in the
peak). None 2~ was found due to an insufficient statistics.
By the same way as V' Fitter it is possible to construct 2~ /=~ Fitter.

CONCLUSION

The presented algorithm of V° Finder gives good accuracies both for kine-
matical parameters and vertex position of Vs and provides effective V° recon-
struction. The algorithm of V° Fitter permits one to get an essentially better reso-



lutions both for V° kinematical parameters and vertex position. V9 Finder/Fitter
algorithm can be also used for 2~ /=~ reconstruction.
VY Finder/Fitter algorithm of ASME can be used practically without changes
to reconstruct the parameters of V° particles and 2~ /=~ hyperons in MPD/NICA.
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