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Abstract

This note describes the Basel tracking algorithm in the DIREperi-
ment. It makes use of the drift chamber information dowrstré¢o define
a track. This track is then extrapolated to the upstreamct@®where the
total momentum is adjusted with a hit SFD fiber. A Kalman filigyorithm
extrapolates the track further up to the target, where tselate and relative
momenta are calculated.

1 Introduction

The BASEL extended tracking for the DIRAC experiment[1] isl@velopment
based on the standard offline code ARIANE [2]. It was devaldpamprove on
some issues of the standard tracking procedure and hasdieeadso influenced
the standard ARIANE tracking code. By virtue of its indepenck it can also be
used to cross-check results obtained from the standard DIfR#cking code.

The tracking procedure for pion pairs in the DIRAC experitnesn be sepa-
rated into two parts: downstream and upstream trackingddfitian, the tracking
algorithm itself can be split into pattern recognition (iteack finding) and track
fitting.

The tracking algorithm starts at the downstream detecteash track is mea-
sured with high precision in the drift chambers. The rekativning of the two
tracks is obtained from the time-of-flight information oktkertical hodoscopes.

*Corresponding author: Christian Schiitz, CERN, 585-R;@51211 Geneva 23, phone +41
22 767 38 91, email christian.schuetz@cern.ch.
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The absolute total lab momentupy,; is determined by the drift chamber infor-
mation, by the parametrized magnetic field and the positidh@target, which

is assumed to be the origin of the particles. The total moomaris then fine-
adjusted with the X plane of the SFD detector. Making use o&kntan filter and

the target as a supplementary measurement point, one fiadsdhd y projec-
tions of the total momentum. The ionisation hodoscopes &éhid)used to resolve
ambiguities between hit SFD columns. Once the total monmensufound, the
relative momentund) can be determined. Since the two pions have small relative
opening angleq) in the center of mass system (CMS) is also small.

This note is organised as follows: First a quick overviewha Kalman filter
procedure is given. Then the Basel track finding and tradkdjts explained. Fi-
nally theA decay is used to demonstrate the precision of the absoluteeminim
determination. The resolution of the tracking is estaldaslising Monte Carlo
data.

2 Kalman Filter

The Kalman filter algorithm has a 'progressive’ approachfirit predicts for
each measurement an extrapolated state at this point, ttkeerrects it with the
measurement to yield the final filtered value. The filteredigas the best estimate
of the state, taking into account all prior measurements.

This is exactly the progressive approach of the filter: Itatpd the state and its
covariance matrix with every measurement. Hence the piede&cbecome more
and more accurate.

2.1 Prediction

For each measurement point, the algorithm first calculafgediction. This pre-
diction is based on theSystem Equatiori, which describes the evolution of the
true state of our system, i.e.

Tpr1 = Ay + wy (1)

Herez,.; andz, denote the state at times t+1 and4, is a (nxn)matrix, that
incorporates the evolution of the system from time t to tirik tv; represents the
white, Gaussian-distributed noise of the process. Its neggials 0. Whiteness
implies that the process noise is not correlated in time.

For tracking purposes, the state vectpincorporates the coordinates and the
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velocity vector of the particle at any given timet t, i. e.

Coordinate 1
Coordinate 2

Velocity 1
Velocity 2

The evolution matrix A describes how the coordinates andvéiecities change
over time. This can be a straight line for the case of no erldiald, but it can
also be a circle or a helix for example, if there is a magnegldfpresent. The
process noisey; is the multiple scattering at time t. It changes the statdorec
randomly.

If, for example, we have a two-dimensional space (yz) witrerternal field
and a particle moving with constant speed (no energy lossigathe z-axis, the
system equation can be written as (see Eq.1):

T = Yy ﬂ) Y1 _ 1 At . Yt + 5yt (2)
Uy Uy 0 1 Uy, 0vy,
The y coordinate at any time t+1 can be written as

Yer1 = Y¢ + vy, - At + 0y (3)

The multiple scattering (MS)y; changes the y coordinates randomly. The veloc-
ity vectorv,, is also changed by the MS process at each scatterer:

Uy,or = Uy, + 0V,

Soy,+1 andv,,, have to be updated after each scatterer.

The true state; is not known, but one can give an estimate To predict the
state at time t+1 the best we can do is (since we don’t knowtleeM'S, we set it
equal to its mean, which is zero):

Elwy) =5, = Ady (4)
The index P denotes prediction. Not only can we predict thestt time t+1, also
the covariance matri¥;, of the state at time t can be extrapolated to t+1:

El(x1 — 20 (@1 — 20)"] = Pi | = AP, AT +Q (5)

Ti41

(2 is the covariance matrix of the process naisand is connected in the following
way:
p(w) ~ N(0,9)

where N(...) represents a normal probability distribution
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2.2 Correction

If we obtain a measurement,; at time t+1, we can 'correct’ the prediction of
the state with this measurement. The measurement itsedrmasrorr,.; and is
connected to the true state by tiMeasurement Equationi:

Zep1 = H - Tep1 + T4 (6)

The linear (mxn) matrix H translates the true statgeto the frame of the measure-
mentz,;. r; represents the measurement error which is also white andzan
distributed around 0. It is connected to the measuremesermmvariance matrix
R; by:

p(r) ~ N(0,R)

where N(...) represents a normal probability distribution
For our example above, if we have a detector measuring theoydouate,
equation (6) becomes:

ap=(10)- ( - ) + T (7)

Uyt+l

Ztr1l = Yer1 T T

This makes sense: The measured y value is composed of thedirtate of the
true state plus the measurement error.

The weights of how the prediction and the measurement emtethe corrected
(=filtered) value are incorporated in tigain matrix K :

PP HT
K= Tt 8

Ti41

Now we can correct the predicted value and its covariancexiat applying the
weights in K:

iﬁrl = 555;1 + Kt+1{zt+1 - Hiil} 9)

F stands for ‘filtered’ (= corrected). The filtered covariamatrix becomes:

Pf ={I- K, H}P’

Tt+1 t+1

(10)

What does this imply ? The gain matrix K weights the measur¢raad the
prediction of a state at time t+1 according to their relaBwors. This can easily
be seen by taking the limit of no measurement error

lim K =H"" iF = H 'z = (11)

Ri41—0
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In this case%f+1 becomes simply? 'z, = #,.;. The more accurate the mea-
surement is compared to the prediction, the more it is weidhin the limit of no
measurement error, only the measurement is used. The s@weajaplies vice
versa. For no prediction error

. 9 ~ ~
lim K =0-2 Bl =3, (12)
PP -0
Ti4+1
K becomes zero an#f’, , is equal taif, ;. The measurement has no influence on
the filtered value for this case.

Prediction - Correction View Therefore the Kalman Filter algorithm can be
seen as a feedback control. It predicts the state at someatichéhen corrects it
by some (noisy) measurement.

"Predict" "Correct”
Time Update Measurement Update

Figure 1: The ongoing Kalman Filter cycle. Time Update predicts theent state
estimate ahead in time. The measurement update correcfsdjeeted estimate by an
actual measurement at that time.

2.3 Error of Prediction

The meari{” and the covariance matri!" fully describe the Gaussian-distributed
conditional probability density function of the true state But what would be
interesting in this context is the distribution of the erafrthe estimate, denoted
as

er = 1y — aF (13)

It can be shown that (Maybeck][3], P.226)

E[et\zt,zt,l,...] =0 (14)
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and
Eleie/ |z, 2-1,..] = PL (15)

Thus,z{ is an unbiased estimate of the true state. In additionPthealculated
through (10) assumes additional significance: it is the Gamae to describe the
Gaussian error committed to the estimate.

2.4 Optimality Criterion

As already stated;!” is the optimal estimate of the true stategiven all prior
measurements. It is optimal in the sense, that it is the ntearmedian and the
maximum likelihood estimate of the entire probability déyp&inction of z;, con-
ditioned on all available information (prior measuremgnfshe covariance®,’
can then be seen as either the covariance of this conditiprezhbility density
function, as well as the covariance of the Gaussian erravéstr; andz!".

Another optimality criterion for an estimaté” would be, that it minimises the
covariance

Elee™], where ¢, =z, — 2.  (seeequation 13)

It is then called the minimum mean square error estimate (MM8By virtue of
being the conditional mean!" is also the MMSE.

In fact it can be shown, that the conditional mean of a Gaunsdistributed
cond.p.d.f. minimises any function of the forfije M e’ ]. As a consequence, also
the least square sum over all filtered residuals- Hz!'] with any weight matrix
M is minimised: .

=D o= Hirf ) M [z — Hif )" (16)
t=1
Specifically, one can choose the covariance mafiixof the filtered residuals:
M = (QF)™' = (R, — H,PF'HI')~'. ForQF to have an inverse matrix, it has to
be positive definite.
This means for our previous example that ffesum of the residuals

[2¢ — H:f:f] =z — th (17)

is minimised.(z;)" is the transformation of the filtered value in the z-meas@@m
frame.
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3 Downstream track finding and fitting

The BASEL tracking algorithm starts downstream by fittingraight line using
the information available from the drift chambers, the maithodoscopes (VH)
and the horizontal hodoscopes (HH) and the preshower (PiShge a track is
established, a first approximation to the total lab momentambe calculated.

3.1 Selection of track candidates

As a first step the drift chamber information is used to cargttiracks by hit wires
and drift times. The algorithm forms a 'track road’ connagtithe hits from the
wires in the first and the last plane of x (or y) orientation tsteaight line. The
intrapolated intersections of this straight line with theer DC planes are then
compared to the measured hits. If there are more than thresured hits close
to the constructed line on all DC planes together, the cootd line becomes a
track candidate.

Once a track candidate is established, the tracking progsdrapolates it to
the VH and the HH detectors and checks whether it matchessdahitgeometri-
cally and timewise. In addition, a correlated hit is alsouieed in the PrSh. All
track candidates with corresponding hits are selecteduioinér processing.

The number of found track candidates depends mostly on fiweety of
the DC reconstruction which in turn is related to the intgnsif the incoming
beam. For the whole of 2001 we have around 96% with only orek tandidate
for the negative arm, and 92% for the positive tin&he remaining events are
predominantely two-track events.

Due to the increased ambiguity which events with higherktraaltiplicities
generate at the SFD, we reject higher multiplicity events.

3.2 Track fitting

The next stage of the tracking algorithm establishes thamaters of the track
candidates found in the DC’s usingfit?. In general terms, the track parameters
0 are the solution to the equation

@13 - Qin 01 my
- : (18)

Qp1 -+ Qnn 6)n mp

1The difference between the positive and the negative ammssteostly from additional proton
admixture in the positive arm and the trigger, which staiith & signal in the positive arm.

2This stage is identical to ARIANE. A very detailed desciptiof the DC track fit can be
found here [4]. What follows is a short explanation of thedupeocedure.
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The vectorm contains the measured coordinate in the local ffanfde matrix
A is a transformation matrix. The length of the measuremeatoren is up to
L,, = 14. Assuming a straight line, the track is described by 6 patarse 3
coordinates and 3 angle(, 0y ,0z, 0uz, Oay, Oaz).

To reduce the parameter space, we define for all track cateditlae parameter
0, as the Z-coordinate of the exit membrane of the vacuum chaimfrent of the
DC planes. In addition, the angles are defined with respett tso that we can
setd,. = 1. This reduces the number of parameters to 4 and the dimensidhe
transformation matrix4 to [L,,, 4]. The measurement errors which are induced
by multiple scattering define the measurement error maeixts componenD;;
for example corresponds to the uncertainty induced by thiipleiscattering in
plane: on the measurement in plane

If we now apply the standarg? method, defining the error matrix of the track
parameters agj,, we obtain:

B=A".D71. A
=Bt . AT.D'.m

The errors of the track parameters can be calculated as:
Ey =B
and they? value is equal to:

=(m—-A-0)T-D' (m—A-0)

3.3 Momentum determination |

Once the DC track parameters are established, one can geadist momentum
determination which relies on the assumption, that thektaagginates from the
target. This is possible, because there exists a uniqueorelaee equation 19,
assuming a homogeneous magnetic field in y direction, witmagnetic field

component in x and z direction (Fernow [5], P. 327):

[ Bdl

sin(a) + sin(b) = 333

(19)
Where a and b are the incident and exit angle, B is the magimedtian y direction,
p the total momentum of the particle and dl is the integratieer the path of the
particle in the magnetic field, see figure 2.

3The local frame has only one coordinate. It is the matrix A ahhiransformes the track
parameters from the global to the local frame.
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©

Figure 2:Scheme of the particle flying through the magnet. a is theaan& angle, b the
exit angle, B the vertical magnetic field in y direction andsghe absolute value of the
total momentum.

The calculation itself is done by an iterative procedure e Tilagnetic field
is described in polynomial form. The momentum determimatmd the track
parameters obtained with the DC fit allow to extrapolate ti@tick to the up-
stream detectors. In addition, the tracks need to be witlfergeometrical magent
aperture as well as within the active area of the upstreasctas.

4 Upstream track finding and fitting

The upstream track finding and fitting first refines the totaimeatum determina-
tion using a measurement in the SFD X plane. It then uses adfdfiter to lead
the track through the other SFD plane to the target.

4.1 Ambiguity of prompt events

The signal events we are looking for exhibit very small timiedences. The
accidental pairs on the other hand have well defined absbiaeedifferences of
more than 5 ns. This leads to a different treatment of pronepsws accidental
events.

If the tracks of a prompt event are extrapolated to the upsirdetectors, there
are mostly two good hit candidates for each track to choas®.fiFor accidental
pairs, due to their large time difference, there is normpist one.

Figure 3 illustrates the problem: For prompt events,— t4| < 0.5ns —
|t1 — ta] < 4.2 ns (at ¥ confidence level). The chosen time cut for the SFD X
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1. particle

2. particle

t2 | |11

SFD X

Figure 3:Measured times upstream and downstream in the DIRAC setupfo pairs.

plane (details see below) would accept both hits for bottiglas. For a typical
accidental event, however, the time difference at the lef/&H is around 10 ns.
This leads to an equal time difference at the level of SFD Xe Buithe time cut,
the tracking would thus only find one good hit candidate pesckr

In order to treat prompt and accidental events equal, wekdar hit candi-
dates in the upstream detectors using the time informafiboth arms: Track 1 is
extrapolated to SFD X using its intrinsic time in the VH, but also the VH time
of the other track{,. Thus each track has two time information per SFD plane.
Such a mechanism makes sure that both, prompt and accigemtavents, are
treated equally.

This method is applied to find hit candidates on both layeth®fSFD.
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4.2 Track finding in SFD X

In a first step the measurements of the X plane in the SFD detart checked
against a geometrical (equation 20) and time cut (equatign 2

Geometrical cut For the geometrical cut we use as ARIANE a tterval tak-
ing into account the multiple scattering. The beam moverigealso considered
by adding 0.2cm. This defines a total acceptance region faanididates on the
SFD X layer of:

Ptot

Acceptance regios- 0.2 + cm (20)

Time cut For the time cut we use a slightly looser cut. In agreemert WR-
IANE we accept measurements that occur within 4 ns aroungrbdicted time
of the track:

At (VH — SFD X) < Time of Flight + 4 ns (22)

Judging from figure 4, this amounts to more thang&ceptance.
The measurement closest to the extrapolation is consdysetegcted for each
track.

Double ionisation cut In case both tracks select the same hit fiber on SFD X, the
tracking algorithm checks the ionisation hodoscopes. Bpalty it looks in the

first two X layers of the DeDx detector for a time- and spaceaiated hit pattern
originating from a double ionisation hit or from two adjaciasingle ionisation
hits. If there is such a pattern, the event is accepted. Ifthet program looks
for a close-lying second hit around in the SFD X to move ondnefttacks to this
second hit. Which track is moved to the other hit candidatiesded at random.
The resulting decision tree is shown graphically in figure 5.

4.3 Momentum refinement using the SFD X hits

Once the hit SFD X fibers is established, the total laboratooymentum of the
track is fine-adjusted. This fine-tuning is an iterative gaere: The total mo-
mentum of the track is adjusted so that it passes exactlygjirohe selected hit
fiber. This is achieved by Taylor expanding the function @ttvector incorporates
the track parameters):

Hupstream = f(eDCaptot) (22)
up to the linear term with respect to the total momengygmn

dpiot

1 0 0

= . d 23
Diot = Dot T dx T (23)
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70 X/ndf 221.0 / 161

L Constant 39.94

Mean 29.27

i Sigma 1.018
60 -
50

40

Figure 4: Time difference for single tracks between VH and SFD X. Aleets are
required to have only one hit per SFD plane. Bhex 1ns, so a 30 environment would
correspond to 3 ns.

Py, is the zero-th approximation of the momentum (see secti®hn @, becomes
the linear correction of the total momentuniz® is the difference between the
estimatedr coordinate of the track;? usingp? ,, and the desired hit fiber:

track?
A2’ = Ty e, — T fiver (24)
The iteration algorithm now uses,, to obtainz} . anddz'. Then the second
correction to the total momentum is calculated:
dz' = Tipger, = T piver

dprot
dx

P, is refined untildz becomes small as compared to the SFD fiber widith{).

dat

pfot = piot +

4.4 SmearingP, within one fiber

The tracking algorithm also allows to distribute the trackeiothe entire fiber
width in order to smeaf’,. For this purposes s, is uniformly chosen over the
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Both tracks use same
SFD X fiber hit ? No
Yes -
pd
LLl
>
LLl
Double ionisation okay ? -
|_
Yes e
L
N 3
(0]
<
|
Other hit candidate ? >
Yes

No

Y
DISCARD EVENT

Figure 5:Decision tree for the track findinf at the level of SFD X.
entire column width.

4.5 Track findingin SFD Y

The track finding algorithm that we use for the SFD Y plane doessuse the

magnetic field description —which was used for the SFD X plabet uses instead
the track parameters as established in the DC system andsgbheation that the
tracks originate from the target. We developed this difié@gorithm in order

to increase the accuracy of the SFD Y prediction. It is désctiin detail as an
internal note [9].

Geometrical cut As for the SFD X plane, the geometrical cut used for the SFD
Y plane includes a 3 intervall. The cut is defined as:

, 4.8
Acceptance region- 0.2 + cm (25)
Prot
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For the timimg restriction, the algorithm controls the tigiéerence between the
VH and SFD Y as well as the time difference between the two SH@rk. The
two cuts read:

Time cut VH - SFD Y In agreement with ARIANE the following cut is used:
At (VH — SFDY) < Time of Flight + 4 ns (26)
Time cut SFD X - SFD Y For the SFD Y time cut a 3 interval around the

relative timing between the two planes of SFD is chosen. Ehaive timing is
obtained by using single tracks and allowing only one hitpED plane. Figure

60 F ¥/ndf 1213 / 106

r Constant 35.31
Mean 0.4148
Sigma 1.214

30 [
20 [

10

N

0—lO -8

Figure 6: Time difference for single tracks between the two SFD pla#dsevents are
required to have only one hit per SFD plane. Bhex 1.2ns, so a 3o environment would
correspond to 3.6 ns. The mean equals 0.4 ns.

6 shows the relative timing of the two SFD planes. The mearoisrad 0.4 ns and
theo is around 1.2 ns, so we can take as a time cut for SFD Y:

AHSFD X-SFDY) < 0.4+3-12ns =04+ 3.6 ns (27)

Double ionisation cut For events in which both tracks pass through the same
SFD Y fiber, the program requires a time- and space corretiwedle ionisation
signal in the Y layers of the DeDx. Figure 5 describes thegienitree also for
the Y plane.
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4.6 SmearingP, within one fiber

As for the SFD X, the track program allows to distribute theck uniformly over
the entire SFD Y slab width. This is achieved by randomly ¢jiagthe measured
y coordinate within one fiber. The Kalman filter procedure dbes subsequently
use the smeared value.

4.7 Track finding in the MSGC

The MSGC measurements are not used in the Baseltracking.

4.8 Target measurement

The target is included in the tracking as a measurement.p&pecifically, the
beam position is taken as the target’s X and Y coordinatenbasured beam
width then giving the uncertainty.

4.9 Upstream track fitting - Kalman filter procedure

After establishing the hit candidates in SFD X, the total reotam is fine-adjusted.
Then the SFD Y hit candidates are found, as well as the tamet pnd the
Kalman filter routine is started to extrapolated the traclap@eters to the target.

Propagation of DC track parameters to SFD X First the DC track parameters
and their covariance matrix are propagated through the etagnSFD X. Then
the covariance matrix is updated with all the MS coming froranmbranes in
between.

State vector The state vector used for the Kalman filter can now be destribe
as:

Lsrpx

Ty = U, (28)

v, vy, ando, are the X, y and z direction-vector of the track, and v, are
normalised tov, in the state vector (28). This normalisation has the corrni
property that we can immediately calculate the momenturjeptions: Since the
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z

-

P(x),v(x)

-—

p(2).v(2)

p(tot)

Figure 7: Geometry of the momentum. The red arrow symbolises the gtioje of the
total momentum onto the XZ plane. The direction vectors aeditomentum projections

can be set into a corresponderfge= tan(a) = 2=.

normalisation ofu,, with respect ta, is directly tan(a), see figure (7), we have :

Vg v
o0, +0 =P = (2 + () + 1) bl (29)
Hence knowing the total momentum and the direction vectielsly immediately
the projections of the momentum on the x and y axis.

Kalman filtering The Kalman filtering now uses the SFD Y measurement and
the target measurement to update the state vector and efett@jit to the target.
Figure (8) shows how Qy changes using the SFD Y measuremamire il-

Entries 1121484
50000 - /ndf 2654, ] 88
Constant  0.4419E+05
Mean  —0.7654E-04
Sigma 0.2020E—-02

40000 ~

30000 -~

20000 ~

10000 [

. I B
0.01 0.02 0.03
dQy (GeV)

E)0.03 -0.02

Figure 8:The change in Qy by applying the Kalman filter for the meas@mnobtained
with the ARIANE method.
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lustrates the target picture of reconstructed tracks leatoe target is put into the
Kalman filter. It gives an idea of the accrued MS from the DChie target. The
x and y projections are shown in figure (10). Most tracks ardiwil.5 cm in x
direction and 2 cm in y direction.

€ [ ENTRIES 886664
f% Wb - — -
3]
o E
g 3F ..
> P e
> 2F .
L oo
o[Jdo
ol o[ [Jo
o o
a b o[]Jdo
oo
2k CLlTIi
3k ST
e . : : .
5 1 1 1 [T 1 1 1 1
5 -4 3 2 1 0 1 2 3 4 5

x-xtarget (cm)

Figure 9:Target picture in the XY plane for tracks coming from arm 1.

x 10

[ Entries 886648 r Entries 886648

10000 F Constant  0.8464E+05 50000 L Constant  0.4454E+05
t Mean —0.6923E-01 t Mean 0.1999E-01
Sigma 0.3961 ]Sigma 0.7679

8000 40000 ~

6000 30000 ~

4000 ~

20000 ~

2000 10000 |

I

N P 0 L
2

4 2
x-xtarget (cm)

4
y-ytarget (cm)
Figure 10:Target picture in the X or Y plane for tracks coming from arm 1.

The plots in figure 10 can be used to cross check the trackgayitim: In x
direction, the total momentum is corrected with a SFD X sl&bis implies that
the track passes through the SFD X slab and is very precigéiyat! at this point.
The multiple scattering expected at the target in x directiomes therefore from
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the way between the SFD X plane and the target. From MC werobtat this
corresponds to an uncertainty of:

1.0
Ptot

[GeV/c cm] (30)

Oy —

On the other hand, the y direction of the track is preciselgvkm at the first drift
chamber. All uncertainty in the target in y direction combserefore from the
way between the first DC set and the target. Using MC we estalthat this
corresponds to an uncertainty of:

2.0

Dtot

[GeV/c cm] (31)

O'y:

These values can now be used to cross check the track raocimtr The mean
of p;: IS @around 2.5 GeV/c. Dividing the two MS values above by 26ds

~ 1.0[GeV/c cm]

_ — 0.4
7 = T3 5[GeVid] em

and
_ 2.0[GeV/ccm]

%y = T 5[GeVid]

Comparing the thus obtained sigmas with the ones from tlyetarojection in
figure (10) shows that they are in good agreement.

=0.8cm

4.10 Momentum calculation at the target

The state vectors of the tracks at the target level can be tesedlculate the
relative momenta in the CMS. We do this by first transformimgdirection vector
into the momentum projections, as demonstrated above atequ29). Then the
absolute momenta are transformed into the relative mom@ntasing a Lorenz
transformation.

4.11 Overview of the BASEL tracking

An overview of the BASEL tracking is given in figure 11.

5 Treating accidentals like prompt events

As mentioned in section 4.1 the track finding for two track régeat the SFD
detector uses the timing in the vertical hodoscopes of braitks. This method



5 TREATING ACCIDENTALS LIKE PROMPT EVENTS 19

Drift Chamber Fit

Extrapolate track through magnet
to get state vector and Cov. matrix
at SFD X.

SFD X — P(tot) adjustment

SFD Y
I3
(I
MSGC p
©
£
©
;

Target '

P and Q calculation

Figure 11:Flowchart of the BASEL tracking. The blue part correspormishe part of
the tracking where a Kalman filter was used.
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treats prompt and accidental events equally; in both césegde of two different
time information creates an ambiguity for the track findiogselect a hit fiber.
This ambiguity would only exist for prompt events, but not &zcidental events,
if only the corresponding time of each track in the VH is used.

The use of the measured accidental spectrum for the analsisssfor a further
correction to the accidentals: The peak-sensing circJP[6] installed in the
SFD detector treats accidental pairs and prompt pairsrdiftéy. If a time cor-
related event hits two adjacent fibers, they are sometimegadento one single
fiber. If, on the other hand, the absolute time differenceken the two hits in the
SFD is larger than 4 ns, the merging does not occur anymore.ifigfficiencies
of adjacent hit fibers due to the PSC was estimated previ¢us8).

In addition, the read-out electronics of the SFD suppressests which hit
the same column in SFD, but are not time-correlated: The gates of the TDC
of the SFD are 20 ns. If an accidental event with a time diffeesin the VH of,
say, 10 ns passes through the same fiber in the SFD X or Y laylgrpae hit is
recorded and the time stored being the earlier one. If theking then applies a
time cut between the hit SFD fiber and the VH time, one trackjescated. Figure
12 illustrates the problem: Both tracks from an accidengal pvent hit the same
fiber at times; andt,, t; < t3, but due to the open TDC gate of the SFD, ohly
is recorded. If the tracking now requires a time cut betwéenuH and SFD X,
ie.

then particle 1 will be reconstructed, since
ts — t; < tof (SFD— VH) + 30 (33)
but particle 2 will not be reconstructed, because
ty—t1 = ty—(t2(th)—10ns) = ty,—to(th)+10ns > tof (SFD — VH)+4ns (34)

wheret,(th) is the time where particle 2 would have hit SFD X. As a conseqgege
there are no accidental events reconstructed with adjdgefibers in the SFD
as is displayed in figure 13. This situation can be remedigdeftrack finding
algorithm uses not only the VH time of the track itself, ggyfor track 1, but
also the VH time of the other track,. Since this procedure is included already
to create an ambiguity for accidental events, no furtheremions have to be
applied.

The resulting SFD distributions for accidental and pronvetrgs are displayed
in figure 14. The® of the plotted events was restricted@..,,, <4 MeV/c and
|Q:| < 15 MeV/c.
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2. particle 1. particle

t2 || T2

SFD X

Figure 12:Time cut between VH and SFD in the BASEL tracking and its igtiion for
accidentals.

6 Further improvements

In addition to the here presented tracking algorithm, thedBaracking makes
use of a new SFD Y determination method which has been desciibdetail
previously [9].

7 Calibration and resolution

The behaviour of the here presented Basel tracking has bhegied previously [10]
using GEANT adapted to DIRAC [11] as a Monte Carlo progrand asing the

full detector and trigger simulation package [12] avai&@abThis section demon-
strates the accuracy of the momentum determination usiag\tdecay and it

illustrates the resolution of th@ determination using Monte Carlo data.
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Figure 13: Difference of hit fibers chosen by the tracking for accidemars uncor-
rected.
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Figure 14:Difference of hit fibers chosen by the tracking for prompa(tk) and acci-
dental events (red) for Ni 2001 data in the X (left) and Y lagreght) of the SFD.

7.1 Accuracy of the momentum determination using\ decays

The DIRAC spectrometer is able to capture saf'edecaying into a proton and
a negative pion:
AN—p+7n~ (35)

But due to the kinematics of this asymmetric decay, the symoielRAC spec-
trometer can only capture events where the proton is rea$pimast. Hence a
dedicated\ trigger was implemented, which triggers only the outernsiab of
the vertical hodoscopes on the positive arm, while accggignals from all ver-
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tical hodoscope slabs on the negative arm.

The reconstruction of ther— invariant mass can be used to calibrate the spec-
trometer. For the nickel 2001 running period this was done fegure 15 shows
the invariant mass of a proton and a negative pion pair. Ttaé toomentum was
restricted to be 4.7 GeV/e p, < 6.5 GeV/c. The red line represents a Gaussian
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TI115 1120 1125
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Q05 1110

Figure 15: Mass distribution gfr~ pairs fromA decay at 4. p, < 6.5 GeV/c

fit to the distribution with a mean value of 1115.6 Me¥and a width ofr,=0.54
MeV/c in agreement with the PDG [13].

Figure 15 further establishes the resolutiondbrThe A mass in the center of
mass sytem is equal to

my = (B, + Er)* = (y/m2 + p* + /m2 + p?)? (36)

The relative monetury on the other hand can be written as:

Q* = (B, — )" — 4p° 37)
Connecting the two equations and differentiating pastiahe obtains:
dQ = % - dmy (38)

An estimated uncertainty in the mass o, =0.54 MeV/c, as shown in figure 15,
translates therefore into & uncertainty ofr,=0.81 MeV/c.
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7.2 Momentum resolution using Monte Carlo data

The difference between input and reconstructed laboratagnentum has been
studied previously [10]. It amounts t&P,,, =7 MeV/c andd P, dP, = 1MeV/c.

The relative momentum resolution has also been establigietously [14]
with Monte Carlo. Figure 7.2 established the relative mowmendifference for
dQ., dQ, andd@);, which are defined as the difference between the input and the
reconstructed value.

Lo I )
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Figure 16: Difference between input and reconstructed value in keatiomenta pro-
jections x, y and long (red). Shown for comparison the diffexe between the input value
after the target and the reconstruction with full multiptaagering in the setup (green),
as well as the difference between the input value after ttygetaand the reconstruction
without multiple scattering in the setup (blue).

The red curve indicate#)); taking into account the multiple scattering in the
target and in the setup. The green curve compares thenpiter the target with
the reconstructed one. The blue curve finally only consgleraltiple scattering
in the target, but not in the setup. Its resolution of 0.3 Melt (), and@, and
0.15 MeV/c forQ), gives therefore the resolution of the tracking algorithnthout
multiple scattering.

8 Conclusion

We developed an alternative tracking procedure which uskftegient hit assign-
ment algorithm. The calculation of the track parametersthed propagation has
been done using a Kalman filter procedure upstream the maginet absolute
and relative momentum determination is performed at thgetdevel.

In addition, our tracking code treats accidental and prgpaptevents equally
by using for each track not only its intrinsic times, but alke times of the track
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in the other arm. It further simulated the peak sensing dirauhe SFD detector
also for accidental events and it allows two tracks from asidemntal event to go
through the same SFD fiber. These special treaments ensuracitidental pairs
are reconstructed like prompt pair events. As a consequeveare confident
that the so reconstructed accidental spectrum is ideallgdstor the main DIRAC
analysis.

The absolute and relative momentum resolution has beehlissiad looking
at A decays and using Monte Carlo data. The standard deviatianGduss fit
to the A peak shows a reconstruction resolution of 0.54 MeV/c. Tliemince
between input and reconstructed absolute and relative mangeestimated to be
dP,,, =7 MeV/c anddP,, dP, = 1MeV/c,dQ),, dQ, =1.1 MeV/c andi); =0.65
MeV/c including the multiple scattering. The uncertaimyrelative momentum
only due to the tracking is established tod#g,, @), =0.3 MeV/c andi(); =0.15
MeV/c, the difference to the former values being mostly thétiple scattering in
the target.
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