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ABSTRACT

ADJUST is a calculational method written in A.N.S8.I. Fortran
IV to correct the momenta of charged tracks with minute radius of
curvature and large fractional momentum error [K < 0.0014
(GeV/cH)~! and a&p/p » 0.30]. Single application of the method to
straight tracks eliminates remeasurements and avoids creating
additional biases against high multiplicity events (Noy > 8
tracks). Although ADJUST originated from the analysis of bubble-
chamber events, the method is not restricted to bubble-chamber

data.



I. INTRODUCTION

A calculational tool 1is developed which reestimates the
momentum of poorly measured tracks. Previously, momentum
corrections have emploved parabolic fits to short tracks that
have failed the cirecle fit, linear fits to tracks with minute
curvature, and range-momentum relations for particles which
experience energy loss through ionization (pions, kaons, and
protons deaccelerate in the chamber 1liquid). In all three
categories the calculated momentum is underestimated and
comparable to values computed from range-momentum tables.}!

The text is organized into four sections: 1) a discussion
of the geometrical reconstruction program, 2) the correction
method, 3) results of an application to 6136 charged-current
events, and 4) two appendices which contain Fortran code and
derivations of formulae used in the correction algorithm.

Pata used in this study were generated in a high energy N
experiment (E-546) at the 15-ft bubble chamber filled with an
atomic mixture of 47% Ne-H. During an exposure of 326,000
pictures, we obtained 10,200 reconstructed charged-current events
(8900 v and 1300 Vv events) which had muon momentum greater than
4.0 GeV/c. Downstream of the chamber was the External Muon
Identifier (EMI) distributed into two planes containing 21 + 18
multiwire-proportional chambers; altogether the apparatus

represented 198 pion absorption lengths.



II. THE GEOMETRICAL RECONSTRUCTION
The main task facing the geometry program is to calculate
the momentum p and error matrix <Gpidp1> for each charged track
in an event. A1l wvariables used to gpecify the momentum are
calculated from measurements of E-546 film and are determined
with respect to the center of the track. These variables are the

azimuthal angle ¢, the dip angle 8, and the reciprocal of the

absolute value of the momentum 1/p in units (GeV/c)~!l.

1 _ 103 cos 6 : : -
- T 0.3 Hzp HZ in kG; p = p (cm)

The geometrical reconstruction is divided into four steps.
First, the program makes a fit to the space point coordinates
found on the track bv the method of corresponding points (in.
three camera views). Second, a circle is fit to surviving space
points and tracks too straight for curvature (sagitta, § < 0.01
cm), are fit with a straight 1line. Results of the second step
are used to fit a helix to the ravs in all three views of the
trdck. Then & mass-dependent correction is added to the fit,
hecause pions, kacns, and protons deaccelerate in the chamber
liquid. Helix fits are iterative, so values of the first fit
become starting values for the iteration. Our experience is that
the procedure converges after four iterations.

Errors in the measured track length propagate to calculated,
kKinematic quantities, e.g., momentﬁm and energy. In order to
improve the resolution of the calculated quantities, we have
applied minimum cuts to the track length and momentum distri-

butions (3.0 cm and 30,0 MeV/e). Equation (1) illustrates the



effect of minimum length cuts on the momentum resolution of
tracks; in addition to the two sources of error, multiple coulomb

scattering and the setting error from measuring tables.?

An)2 multiple
(—E) = a2¢ coulomb + A% {setting error}
P scattering
(1)
_ 57.0 2 L1 _26.0 ps |2
BH cos 6 /IX HLZ cos
substituting E-546 values into Eq. (1), where
B=vie ~1;
cos8® ~ 1, 0 is the dip angle;
H = Hz = 30 kG, a vertical magnetic field with resolution (AH/ AR)
equal to 0.1% at center chamber;
X = 53 cm, radiation length in chamber;
§ = 0.03 cm, averﬁge measurement setting error;
p = p (GeV/e);
L =1L (em).
(AB)Z - 0.068 . 0.001 p? (2
p L L4 )

According to Eq. (2), the track momentum and length contribute to
the fractional-momentum error. Short tracks (L ¢ 3.0 cm) and
(or) large moméntwn {p > 74.0 GeV/c) produce poor resolution.
The length dependence of the momentum resolution is illustrated

in Fig. 1, for 126,748 tracks.



I1I. THE METHOD
The momentum correction takes place in two subprograms, sub-
routine ADJUST (LPF, LTF, PTRK) and function CALCP (PTRK, TL, DL,
DPOP1, DPOP2), the algorithm. Link words LPF and LTF direct the
program to the point fit and track fit baunks respectively, where
measurements are unpacked from large common arrays of HYDRA
formatted data.? Such measurements include the uncorrected
momentum PTRK, track length TL, error in track length DL, and the
fractional momentum error DPOP2 (with DPOP1 = 0.3). See
Appendix A for a copy of the code.
Corrections to the initial momentum fall into four
categories:
1}y tracks with 0.30 < Ap/p < 1.0 and no secondary inter-
actions,
2) tracks with 0,30 < Ap/p < 1.0 and secondary interactions,
3) tracks ﬁith Ap/p » 1.0 and no secoﬂdary interactions, and
4y tracks with Ap/p » 1.0 and secondary interactioné;
Momenta from‘ categories 1 and 2 are corrected by a
multiplicative factor which scales the supplied error (DPCP2) by

the minimum error required for correction (DPOP1).

(bpo)
Po

minimum '
p (after) = _(A * p (before)

p)supplied

(3)

= %gg%% *n (before),



Equation (3) can be rewritten in terms of the curvature (1/p)

before and after correction.

1 _ DPOP1 1
- K (after) DPOP2 K ¢before)
(4)
K (after) = %%g%% * K (before)

Momenta‘from categories 3 and 4 are reestimated according to
a method which parametrizes the radius of curvature in terms of
track length and the experimental value for the minimum sagitta

(3 = 700um).

Kk = /252.19

I (GeV/c)~! (5)

The standard deviation for the calculated curvature is

’
= <L>

where <L> = 61.0 cm and AL is the error in track length.

UK = 0,002AL,
and
_ 1
p (new) = K + 9%
(6)
- 1
15.88

+ 0.002 AL

L13/s



See Appendix B for derivations of Fgs. (5) and (86).

Momenta of tracks 1in categories 2 and 4 are corrected
according to the following process. Fach track at the secondary
vertex has the momentum minimized (with CALCP); then vector
summed . Results of all calculations in a particular category,
are compared, and the maximum value (PTRK) is returned to the

main program.*

IV. RESULTS

The total event sample contains 135,665 charged tracks in
which 128,018 are labeled clean (tracks with momentum resolution
Ap/p < 0.30) and 7647 labelled dirty (tracks with any combination
of the following characteristics, poor resolution Ap/p > 0.30,
minute radius of curvature, problems with end point reconstruc-
tion, or 1length less than 3.0 cm). The sample of clean tracks
(CT) clearly outnumbers the dirty tracks (DT) by a factor of 17;
however, results based upon 7647 CT are indistinguishable from
results incorporating 128,018 CT.

ADJUST operates solely on the DT sample; therefore momentum
distributiéns are generated before and after correction. Each
spectrum is parametrized according to the quantities <{(p>, ¢ and

p’
Pmax’ SO that differences in spectra have a quantitative basis
for comparison. Results of the study appear in Table I. Observe
the differences between corrected DT and uncorrected DT spectra.

A ratio made of corresponding parameters (corrected/uncorrected)

equals 1/2.



r OCOI' cor
<p>®°f % L Pmax 1
2
<p>uncor OUHCOI' uncor
p max

It 1is possible to produce systematic biases in the DT
momentum spectrum following the application of ADJUST, e.g., the
correction could create an excess of high (low) momentum tracks
which are absent in the CT spectrum, In later stages of
analysis, the uncertainties would propagate to kinematic
expressions and damage the resolution of the measurements.

The CT and corrected DT spectra agree (see Table I), and the
ratio (CT/corrected DT) of corresponding parameters equals one.
Notice the scatter plot of momenta before and after correction
(Fig. 2). Nearly 90% of the corrected values are reduced
relative to the input values (p€OF < pURCOTY  ghile 10% of the
tracks have (pCOr » pUNCOTy gan effect which results from summing

the momenta of secondaries in routine CALCP.
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APPENDIX A

SUBROUTINE ADJUST(LPF.,LTF.PTRK)
DIMENSION ID(Z3000?

COMMON /DMAIN/ TWORDS, D(23000)
COMMON /TERROR/ DPOPQ, DPOP., STIGMK
EQUIVALENCE (D(1), ID(1))

PTRKA= 0.
PTRKB= O.
PX= 0.
PY= 0.
PZ= 0

IF( LPF#LTF. LE. 0 JRETURN
TRKL= ABS( D(LTF+2) }
DTL = D(LTF+3)
TYPE= AMOD( D(LTF+13),100. ) .
USE ENDPOINT COORDS. OF EXTRAPOLATED BC TRACKS FOR MUON CANDIDATES.
IF( TYPE. EQ. 25. . OR. TYPE. EQ. 2&. 119,17
19 JXBC= ID(LTF-4) :
IF( JXBC.EQ. 0 )GO TO 17
TRUL= SGRT( D(JXBC+3)##2 + D(JXBC+A)##2 + D(JIXBC+5)##2 )
17 PTRKA= CALCP(PTRK, TRKL. DTL, DPOPQ. DPCOF)
CORRECT POORLY MEASURED TRACK MOMENTUM BY ADDING MOMENTA OF SECONDARIES
Il= ID(LTF-35)
IF(C I1 )Yi14,16,9
? KFAIL= JBIT(D(I1),10)%10
IF( KFAIL NE. 10 )GO TG 16
I2= I1 — 1
10 I2= ID(I2-1)
IFC I2 )15,15, 11
11 IFAIL= JBIT(D(IZ2), &) + JBIT(D(I2),13)
IF( IFAIL.GE. 1 )60 TO 10
D(I2+2)= ABS( D(I2+32) )
P = CALCP(Q. ,D(I2+2),D(I2+3), DPOPC, 2.
I3= 2 ~- 1
12 I3= ID(I3-1)
IF( I3 )14,14,13
13 IFAIL = JBIT(D(I3). M)
IF( IFAIL.EQ. 1 )60 TO 12
Pi= 1, 0/D(I3+2)
P = AMINI(P,P1)
14 PX= PX + P#COS(D(I2+8))#COS(D(I2+7))
PY= PY + P#COS{D(I2+3))#SIN(D(I2+9))
PZ= PZ + P#SIN(D(I2+8))
60 TO 10
15 PTRKB= 1. 25#5GRT( PX&#2 + PY##2 + PZre2 )
16 PTRA= AMAX1( PTRKA, PTRKB )
RETURN
END
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?UNCTIDN CALCP (P, TL. DL, DPOP1, DPOP2)
IF( DPOP2-1.0 )1.2.2
CALCP= P*(DPOP1/DPOP2)

RETURN
EXPOLl = ~1. 147
EXPO2 = -2. 147

A= 15 B88*TL##EXPO1L

SIGMK 18. 53#DL#TL#2EXPO2
CCURV= A + SIGMK

MUONF= INT{ TL/500. )

IF{ MUDNF. GE. 1 JCCURV= A
CALCP= 1. 0Q/CCURV

RETURN

END
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APPENDIX B

The conversion between a chamber filled with 100% hydrogen
(at 298° K) and one which has a 17% Ne-H mix at the same

temperatiure bhegins with an expression for the molar fraction of

Ne in the mix.

X

X + 2(1 - xY’

atomic fraction =

where ¥ represents the molar fraction of Ne in mix and 2(1 - x)

represents the molar‘fraCtion of H2 in mix.

X + 2(1 - x)

0.64,

-
il

The effective atomic weight of the mix can be calcilated

from the Ne molar fraction x, and the individual atomic weights

of Ne and H.

2(1-
X ANe + 2(1 x)AH

Amix = (2-x)

0.64 (20.183) + 0.72 (1.008)
1.36

= 10.03.

Equipped with numerical values for AH, ANe’ Amix’ Py pNe’

Pmix At 29°K, the range-momentum relations can be parametrized

(Table 1I1). A hvdrogen-filled chamher serves as the reference

from which ranges 1in various concentrations of neon are
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calculated.: 6 Linear sections in Table II are represented by

the following power law fit.
Range (cm) = AP%(MeV/c), (7))

where A = 3.6 x 10~7 em/MeV3/c3 and a = 3.0.

In order to estimate ranges in the FE-546 mix, the Bragg-

Kleeman relations are useful.’

AamtL s la L s

(DH/AH) f AH
TR (8)
(pmix/Amix) Amix

= 0.15 £ 0.02.

where R,;y 1s the range in the E-546 mix, Ry is the range in 100%
hydrogen f£1i11, Smix is the stopping power of mix, Ny is the

number of atoms/cm3 in hydrogen, and Npix 18 the number of

atoms/cm3 in the mix.
Rpix = 0.15 (3.6 « 1077 cm/MeVijed)pI(Mev/e)
(R, (1.85 x 1072 Gev3/c3)}1/3 = p(GeV/e) (9)

Solve Eq. (9) for (1/p)

L
{0.0185 R , /3 P
milx
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Since

1/p

3.78 -
GeV 1, 10
ETT; (GeV/e) (10)

K (range}

I

Next, we derive an expression which parameterizes the radius of

curvature p in terms of the minimum sagitta and track length.

§ = §(cm) = 0.07 cm

tEgfi,—_———1?§-~\\\\\w§§p POINT
VERTEX L

= L(cm)
ﬁf}b\ L /6 p = p(cm)
r |
|
|
2 2 L2
pe = (p - §)° + i (11)
xo!yoizo
2
o = g +.§3 . (12)

Substituting 3 into Eq. (12).
p = 0.035 + 1.79 L2
The particle momentum is calculated in terms of the radius of

curvature in a uniform, vertical, magnetic field (30 kG) and the

E-546 mix.

pc (MeV) = 0.3 Hzp

"

9.0 p (13)
pc (GeV) = 0.009 (0.035 + 1.79 L2y,

or in terms of variable K.
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Ks = 1/p(GeV/c)
62,22
LZ

(14)

Momentum estimates in Eq. (13) are quadratic in track length, and
therefore represent the upper 1limit for calculated momentum,
Momentum estimates in Eq. (9) are slowly dependent on the track
length (~L!/3) and represent the lower 1imit for calculated
momentum. In K-space we have an inverted picture of limits. Kgp,
calculated from range-momentum relations, represents the upper
limit on curvature estimate; and Kg» calculated from the minimum
sagitta method, represents the lower 1limit on curvature. The
correction method weights the Kz by the slowly varying Kp and

takes the square root (for reasons of dimensionality).

K (estimate) = /&K, - Kg (GeV/c)~!

_ /252,19 '
- Li.as (15)

1

p (estimate) = potimate) + o

K

The error in the calculated curvature is added in order to

produce a minimum estimate,.
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TABLE II. A Partial Range-Momentum Table For 100% Hpix.

Range (cm) - Momentum (MeV/c)
1.0 ' 141
2.0 172
4.0 210
6.0 234
8.0 252
10.0 305
20.0 380
50.0 440
100.0 520

200.0 640




