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Vertexfitter

Vertexing Goals

• Find common origin for a set of tracks

• Update Four-Momenta

• Available: PndVtxPoca, PndVtxPRG, PndKinVtxFitter
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Rece i ved 17 May 1991 and i n rev i sed form 11 Ju l y 1991

A f as t ver t ex f i t t i ng a l gor i thm has been t es t ed , wh i ch uses a l oca l parame t r i za t i on o f t racks around a f i xed po i n t . Th i s po i n t i s
chosen to be c l ose to the pr i mary and shor t - l i ved secondary ver t i ces , or to the decay ver t ex o f a l ong- l i ved par t i c l e ; hence use fu l
approx i ma t i ons may be u t i l i sed . The ext rapo l a t i on o f the t ra j ec tory and i t s er ror ma t r i x to the ver t ex reg i on i s per formed once per
t rack , even i f the t rack assoc i a t i on procedure needs to be i t era t ed . The t i me spen t on the compu t a t i on o f the f i t t i ng procedure i s
propor t i ona l to the number o f t racks (n) i ns t ead o f n 3 as i n a s t andard l eas t -squares me thod where the parame t ers o f a l l t racks are
f i t t ed toge ther a t the i r common ver t ex . The me thod i s used i n the LEP exper i men t DELPH I a t CERN . The Mon t e Car l o t es t has

been made for the ZEUS exper i men t a t DESY . The ver t ex f i t t i ng qua l i t y and the t i me consump t i on e t c . have been exam i ned .

1 . In t roduc t i on

The ver t ex recons t ruc t i on ( i . e . ver t ex f i nd i ng and

f i t t i ng) i s an i mpor t an t t ask for s tudy i ng the heavy

f l avour phys i cs i n exper i men t s a t h i gh energy co l l i ders .

In order to e f f ec t i ve l y separa t e the secondary ver t i ces
f rom the pr i mary one , a l l ver t i ces have to be we l l
recons t ruc t ed . In presen t and fu ture co l l i ders , the
charged t rack mu l t i p l i c i t y a t the pr i mary ver t ex can be
qu i t e h i gh ( i n the order o f 10 to 100) ; thus to have a

f as t ver t ex f i t t i ng a l gor i thm i s no t on l y des i rab l e , bu t

a l so a necess i ty. Th i s ar t i c l e presen t s a t es t for a f as t

ver t ex f i t t i ng me thod [1] us i ng a l oca l parame t r i za t i on

o f t racks .
The goa l o f a " fu l l " 3-d i mens i ona l ver t ex f i t i s to

ob t a i n the ver t ex pos i t i on V and n 3-vec tors t rack
momen t a p i ( i = 1 - n) a t the ver t ex as we l l as the
assoc i a t ed covar i ance ma t r i ces . The i npu t i n forma t i on
for the ver t ex f i t cons i s ts o f 5-parame t ers q ; ( for 3-D

t racks curved i n a magne t i c f i e l d) and the i r covar i ance

ma t r i x C o f each t rack t a re f erence nn i n t ( f i g 11

The l oca l ( i . e . " per i gee " ) parame t ers de f i ned i n sec t i on

3 descr i be the t ra j ec tory c l ose to the or i g i n po i n t wh i ch

i s a f i rs t approx i ma t i on o f the pr i mary or the shor t - l i ved

secondary ver t i ces; there fore the re l a t i onsh i p be tween

q i and (V , p i ) i s s i mp l e i f the curva ture e f f ec t may be

neg l ec t ed , or approx i ma t ed a t the f i rs t order . A l so the

1 Now i n LAA group a t CERN , Geneva , Sw i t zer l and .
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Sec t i on A

F i g . 1 . Re l a t i on be tween q t and (V , p i ) i n a ver t ex f i t .

" per i gee " parame t ers themse l ves car ry i n t eres t i ng

phys i ca l i n forma t i on : the i mpac t parame t er and a good

approx i ma t i on o f the t rack d i rec t i on a t the ver t ex .

Moreover , by us i ng the " per i gee " parame t r i za t i on , the
I I r. 11 l ' a» I . r .
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the cons t ra i n t tha t the t ra j ec tor i es go through the

f i t t ed ver t ex pos i t i on) can be reduced to an even f as t er

" s i mp l e f i t " , wh i ch on l y es t i ma t es the ver t ex pos i t i on

w i thou t rc -ad j us t i ng the t rack parame t ers .

In th i s ar t i c l e , the " fu l l " ver t ex f i t t i ng me thod i s

br i e f l y rev i ewed i n sec t i on 2 . The per i gee parame t r i za -

t i on o f t racks i s de f i ned i n sec t i on 3 . The " s i mp l e "

me thod for ver t ex es t i ma t i on i s der i ved i n sec t i on 4 .

The t es t has used s i mu l a t ed t racks f rom the cen t ra l

Figure: from P.Billoir, S.Qian, NIM A311 (1992)
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Vertexfitter

PndVtxPoca:

• Point of closest approach of two helices (2D)

• 1/d - weighted average for more than 2 tracks

• Output: Vertex position only

TVector3 vecC;

PndVtxPoca* vtx = new PndVtxPoca(*recocand);

Double t num = vtx->GetPocaVtx(vecC);
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Vertexfitter

PndVtxPRG:

• Vertex Finding/Fitting and Vertex constrained Momentum fit

• Linearized fitting algorithm with linearized helices1

• Output: Vertex position, Momenta angle update & Cov

TMatrixD vtxcov(3,3); TVector3 vecC;

PndVtxPRG vtxfitter(*recocand);

Double t chiq = vtxfitter.FitVertexFast(vecC,vtxcov,skipcov);

// Double t chiq = vtxfitter.FitVertexFull(vecC,vtxcov,nIter);
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1P.Billoir, S.Qian, NIM A311 (1992)
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Vertexfitter

PndKinVtxFitter:

• Vertex and Momentum fitting

• Driect fit of all tracks simultaneously2

• Output: Vertex position, Momenta update & Cov

PndKinVtxFitter *fit = new PndKinVtxFitter(*recocand);

fit->Fit();

fitted = fit->FittedCand(*recocand);

TVector3 vecC = fitted->GetPosition();
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2Paul Averey track fitting papers (1991-1992).
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Vertexfitter

σv/µm Poca PRG VtxKin
x 47.3 57.9 44.3
y 45.6 51.6 42.9
z 88.4 94.9 90.2

Table: D0

σv/µm Poca PRG VtxKin
x 47.5 58.3 44.6
y 46.3 51.9 43.5
z 88.4 94.1 89.3

Table: D0

σv/µm Poca PRG VtxKin
x 56.9 86.1 46.9
y 56.3 84.8 46.1
z 113 125 93.2

Table: D+

σv/µm Poca PRG VtxKin
x 57.4 85.3 46.3
y 56.0 84.4 45.7
z 110 123 94.1

Table: D−
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Vertexfitter

Decay lengths of D0 and D0 (cτ = 122.9µm)
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Vertexfitter

Decay lengths of D+ and D− (cτ = 311.8µm)
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Vertexfitter

Remarks

• PndVtxPoca:
• Tracks need to be extrapolated to get proper momenta:
PndAnalysis::PropagateToPoint(TCandidate*, TVector3*)

• PndVtxPRG:
• To do: Adding/subtracting of Tracks
• To do: Steering automatism
• Possible: Pointing constrained fit.
• Possible: Progressive detection of secondary decays

• PndKinVtxFitter:
• Not tested, just used.

• All particles go to the disks and forward spectrometer

• Forward Tracking: Ideal with σv = 200µm
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Vertexfitter

X-Y Discrepancy in the Barrel:
Events: 2π+2π−1GeV/c from IP, Θ = 10◦ − 130◦

Vertexfinder: POCA

σv/µm Poca 90◦ Poca
x 88.3 69.5
y 69.5 88.3

With constant field in specified angular regions (Disks & Barrel, no FWD)

σv/µm 30◦ − 40◦ 60◦ − 70◦

x 47.2 80.2
y 45.7 67

Ideas:
Geometry - central frame?
Tracking - we used STT and the PR in rev. 12727
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Vertexfitter

Thanks for listening.
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