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1. Charged particle reconstruction

1.1 What is ASME ? — Approximate Solution of Motion Equation
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Equation of motion of charged particle in magnetic field cfi_t _ ¢ ix H+ dp
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gg=% [-Hy + tana (H,cosp + H_ sin)] B - azimuthal angle’
2 a - deep angle,

S - length of track
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x(s) =xo+ /sin B(s)ds
0

2"d integration: —

y(s) = yo + fta,n a(s)ds
But 0
X=X(Xo, Yo: Bos o, Po)
Y=Y (X0, Yo: Bo: o, Po)

Therefore to find  (Xg, Yo, By, 0o Py) it IS necessary

n

=) (@ = 2) (G4 DLE) (25 —25) = min in X0Z plane

i,]
n

w? = Z (yf‘l‘p — ;) (G + DUE) ( / Uj) = min in YOZ plane

where G — matrix of multiple scattering,
D,, D, — matrix of errors,
E — unity matrix

To minimize;
needs initial values
Xolnlt’ yolnlt’ Bolnlt’ qolnlt’Polnlt
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How to minimize ?
1. Gradient downhill method

2. Variation procedure:

o dx
f‘ﬂ zf + 0xg + 05 + —‘ OPo
o3 li
yrtl = yF + Sy 0*711 an o
l ot - O tan a 0
min x?2 min w?
U U
( ~
a1 621?0 + aqo 6_50 + a3 Op[] = bl 144 59’(] + Qg5 4 tan g = bil

§ 91 5&?0 + a9 (5.‘{30 + 93 5})0 = f)g fl54 Eiyg + {lgx J tal g = b,ﬁ,
| a3 6&?0 + 39 O‘_ﬁo + 33 CSpO = f_)g

paroitel’ — paroiter-l + 6par0
Needs 2 — 3 iterations to get minimum

Results: X, Yo', By, a,™, poit - parameters

0%, 0%, 0%, 0%, 0%, dpg — errors and correlations

Procedure is very robust: accuracy of Py"t is =50 %
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1.2 ASME for CBM

e i coord

s
Y;

Input data:
X, y' - coordinates of hits,
initial values: a,, By, P, — from parabola approximation.
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Results: Central collisions at 25A GeV
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GEANT 1k events
7STS — dtot (Si)=1200um

ASME TrackFitter (into 1st hit):

Entries 384912
Constant 37935.199 + 80.754
. Mean 0.012 + 0.001

—
Sigma 0.789 + 0.001 X

primary

5P, = 0.79 %

1.4
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Entries 384329
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Ppﬂmmf (GeVic)

6P, vs P,

8STS — dtot (Si)=3500pm — 8P, = 1.40 %
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1.3 ASME for HADES

MDC,,
y Virtual Planes
i : ! :

Yu:

MDC,

XIH’ XIV
YLU YIV

Now track reconstruction is double step procedure:
1st - determination of track segments (MDC1-MDC2 & MDC3-MDC4)

parameters « fit by straight line
2"d - determination of momentum « Spline or RK

Input data for ASME:

coordinates of hits Xypci» Yvpei  1=1--.4
Po, X" Vocir YV voei — from Spline or 4-parameters parabola
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Results: Momentum resolution
for electron (C+C at 2.0 AGeV)
Spline:
RMS, = 2.21 %
0, =2.25%

ASME:
RMS, = 2.02 %
o = 1.53 %

for protons (pp elastic at 2.2 GeV)
Spline:
RMS; = 10.9 %

o= 3.1%
ASME:
RMS,= 7.2%
o, =2.7%
ISHEPP XIX

30 - r ——
|| Entries 121 Entries 121
| | Mean -0.194 Mean 0.368
- | RMS 2.208 RMS 2.024
- | Constant 21.352 Constant 26.037
w 20 [—| Mean -0.437 Mean 0.146 |-
t | | Sigma 2.251 | Sigma 1.527
s |
w |
10
0 . . .
=20 -10 P P 1 0 Y
( GEANT Fit GEANT (%)
150 =i S.pl_i.n{g .............................................................................. ASME. .. .. ..
- | Entries : 1239 Entries 1211
- | Mean :1.145 Mean -0.957
[ | RMS 10.905 RMS 7.217
i Gonstant 110.801 Constant 152.118
o 20 | Mean 0.057 Mean -0.122
*E' || Sigma 3.090 Sigma 2.741
> B
w
50 P ST oW U | SO TP ST
0 - T i L= -
-40 -20 0 20 40
(PGEANT - PFIt)fPGEANT (%)
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1.4 ASME for HADES — FullFit

Details of MDC tracking:

- Data of track: “hits” — t,— drift time (track trajectory < it" sense wire)
- Trackfinder select hits produced by concrete track: {t/™®} & {t.°ut®"}
- Track model for inner and outer segments of track — straight line

(f o )2 T, — measured drift times
1st step: Functional to be minimized [ — Z G O '/ ¢p. t—drift times (calc.)

; (ATI )2 " w, — Tukey weights
AT, —drift time errors

Results: {Xy, Y1, Z1}, X5, Vo, 2o}, {X3, Y3, Z3}, {X4, Va4, 24} — cOOrdinates of track segments
2"d step: SPLINE + RK(optionally) to determine momentum

Weakness: - 2 step procedure

— do not take into account energy loss and multiple scattering
— RK'is more precise but some times slow than SPLINE

— hard to propagate errors (momentum and angles) for track
— global min sometimes was not found

— not quite sufficient fakes rejection (hits filtering)

— problem of close tracks
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Solution: (segments trackfitter) + (Spline / RK) — FullFit (single step procedure)

Input data: hits (t) from all MDC'’s,
P,Jnit and xVt, yVit from Spline or Parabolad

Functional to be minimized:

n
U..Z — Z (I(_fﬂJ + t_—,ff - T) ((J’f + D E) ( .tlp + I('Off T ) ‘U “tlme Ilke”

i,]

or
n

w? = Y (At +tgr) = D) (Ga+ DE)! (d(t7 + o) = Dy “space like”
i
where T;=T(d;) = T(Xo, Yo, Bo, %0s Po)iiayer - drift time (calc.)
D; = D(Xo, Yor Bo» 0gs Po)iiayer - track <> wire distance
w; — Tukey weights
G, (G4) — matrix of multiple scattering
D,— matrix of errors
Expected results:

- sufficient accuracy of determination of track parameters
(better than for SPLINE and at least not worse than for RK),
- calculation of errors of parameters
(especially important for Kine Fit)
- better “hits filtering” during track reconstruction:

Necessary to test.
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2. V% reconstruction
A(K°) — p(*) +

Primary Vertex position ?

2.1 Features of V9 —decay — Track: Primary or Secondary ?
Secondary Vertex (V9 position ?

Primary VertexFinder

used
track propagation procedure Xy (Mm) 0.7% 2.2 Practically the same
and virtual planes both for 7STS and 8STS

YWlm) | 03414

For further analysis were used
Zy (Um) | 5441 Xy=Yy=2Z,=0.0

Tracks separation

used impact parameter: distance between track and Primary Vertex position

Primary Tracks 94 %
Secondary Tracks 6 %
!
7STS 8STS
5% lost (— to primary) 8% lost (— to primary)
24 % false (— from primary) 36 % false (— from primary)
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2.2 VO-Finder (for 7STS)

1.5

Accuracy for secondary tracks at 15t hit

N
<|;.\°>
_|

;U|U|
EIgRE

9
O

All “+/-” pairs of secondary tracks are tested !

lim
Ror < Ropy
z, >

ZVIim -

- min distance between 2 tracks
Z position of pair

Do < Dgo'™ - impact parameter for pair (for primary VO)

Rpp > Rpp

Taken from GEANT

ISHEPP XIX

lim
. Where Rpp

= P*/P-
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Accuracy of A° parameters

300 |- Entries 2269 600 i Entries 2270
L Constant 298.343 + 8.383 I o 'k
| Mean -0.000 + 0.013 - Constant 634.2+19.5
- Sigma 0.581+0.012 I Mean 0.007275 £ 0.005876
200 i 400 B _ | sigma 0246 0.006
100 [ b R s 200 __ )
i . | - - | 0 I , | — _.-.J'JJJ | b"-—w . . |
-10 -5 0 5 10 10 5 0 5 10
Py (%) ABy (mrad)
[ Constant 226.6 200 | Constant  188.5
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100 i
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VO-Finder: results and 8STS vs 7STS
N  7sTs N  ssTs KO  7sTs KO  8sTs
S/B* 31.2 28.1 8.4 7.1

oP, (%) 0.58 1.10

OBy (mrad) 0.24 0.36

Otan(a,)) 0.28 0.33

oX,° (um) 10.8 16.0 9.4 15.1

oY, (um) 12.8 17.1 9.5 14.6

0Z,° (um) 91.1 154.3 52.8 98.8
oOM,° MeV/c?) 0.72 1.16 1.90 3.13

*Cuts: R2T, 2V, D00 & Rpp for AO;

dior (S1)757s=1200um

ISHEPP XIX

R2T, ZV, DOO for KO
di01(S1)gsTs=3500um

Resolution ~ d.,, (Si)
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2.3 VO- Fitter (for 8STS)

2 versions of VO-Fitter were tuned and tested

1. Simplified VO-Fit :
iInput: parameters of 2 tracks at secondary vertex
+

(Mpair — MV)2 — min

2. Full VO-Fit
input: hits of 2 tracks &

secondary vertex as additional hit

!

simultaneous ASME fit for hits
+

(Myair — My)? — 0 (15'constraint)
+
DoV — 0 (impact parameter for VO - 2"d constraint)

Needs 3 iteration to get minimum
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Events
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Events

400

300

:f n Constant 340.249

i 300 | Mean 497.739
! [ Sigma 0.776
- £200
| o i

> B
- m -
[ 100_‘
[ | | - | - -

1110 1115 1120 1125
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M,. are not d-function because of the simple method of minimization.

Necessary use Lagrange method (or some another) for the last iteration.

!

Space resolution — 1.5-2 times better (estimation)
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VO-Finder vs VO-Fitter (8STS)

A° - Finder | A°-Fitter KO- Finder | K- Fitter
S/B* 28.1 32.8 7.1 8.8

OP, (%) 1.10 0.37

OB, mrad) 0.36 0.13

Otan(a,)) 0.33 0.13

X0 (um) 16.0 7.7 15.1 6.3
oY,° (um) 17.1 7.7 14.6 6.7
0Z,° (um) 154.3 68.4 98.8 53.5
oM, ° (MeV/c?) 1.16 0.25 3.13 0.78
*Cuts: R2T,2ZV,D00 & Rpp for A%  R2T, zV,D00 for KO

ISHEPP XIX
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3.

=/Q-reconstruction
=(Q) > T (K)+ >m (K) +p+1m

“+/[-” pairs — Cuts for A%: R2T, ZV, anti-D00 (to_select _secondary A9, Rpp
&

N°"-" pairs — Cuts for =(Q7): R2Th, DOOh — impact parameter

6 reference =, all 6 are found (in the pick).
no Q- were found
(due to a small statistics?)

. e
1350 1400
M. (MeVic?)

| 1
1300

Next step — Z(Q) — Fit: the same strategy as for A° Fit
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4. Conclusion

ASME method

takes into account energy loss and multiple scattering
provides a good momentum resolution

permits to calculate both track parameters and errors
sufficient count rate

Full Fit (single step procedure, further development of ASME for HADES) seems to
be more effective for track reconstruction, especially at large multiplicities.

The presented algorithm of VO-Finder gives good accuracies both for kinematical
parameters and vertex position of V¥s and provides effective VOPreconstruction.

The algorithm of VO-Fitter permits to get an essentially better resolutions
both for VOkinematical parameters and vertex position.

VO-Finder/Fitter algorithm can be implemented for =/Q-reconstruction.

ASME method was successfully used for particle reconstruction on
HADES and CBM setup.

ASME method can be used for particle reconstruction
in another coordinate detectors such as MPD (project NICA)
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