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ABSTRACT 

A quark search based on the hypothesis that quarks interact very strongly 

with conventional matter is proposed at the C0 internal target area. The high 

10 30 2luminosity (~ cm- ) combined with a low areal density target ($ .005 gm/cm2) 

which is only possible with an internal target provides a unique arrangement to 

search for such particles. A spectrometer will be used to measure charge X 

momentum which when combined with a time-of-flight measurement yields a value of 

the mass to charge ratio. This ratio in conjunction with a low resolution 

energy measurement will uniquely single out the presence of anomalous particles 

which may very well be quarks. 



Objectives: 

1As the community at large is well aware quarks have yet to be found as 

isolated energetic particles. It is the purpose of this proposed experiment 

to find such particles which may have eluded investigators until now because 

these entities allegedly interact with such strength that they normally would 

not exit the target from whence they were created. Here we describe an arrange­

ment which has sufficient luminosity to probe for very small production cross 

2sections (~ 10- 32 cm ) while at the same time has an unusually vacuous transit 

region preceding the particle detection apparatus. The total area density prior 

to the detectors will be kept below .005 gm/cm2 • The detectors will be thin 

solid-state Si strips. a technology which is presently coming of age and is 

potentially capable of spatial resolution equal to about 100~. A momentum spec­

trometer having such a detector will. in conjunction with time-of-flight measure­
2 

ments, be capable of a high resolution(:) search. The parameters of the setup 

will be ideally suited for the detection of a particle with charge ± 1/3 e and 

mass in the region .5 to .55 GeV/c
2«(~12 between 2.25 and 2.72): A mass equal 

to ~ 540 MeV/c
2 

has been suggested for the strange quark and antiquark. Nuclides 

such as 7B also are in this range. However, the kinetic energy of these 
4 

nuclides in the momentum region to be explored will be at least a factor of five 

more than the entity having mass ~ 500 MeV and ± 1/3 e charge. A crude energy 

measur;ment will enable the(~)2 search to seek out anomalous type particles over 

the(~) range 1.5 to 3 with relatively small background from conventional particles 

and nuclides. 

Particles which interact with unusually large cross sections have been 

reported in cosmic ray studies 2 and recently in heavy ion colI isions. 3 It will 

be an easy matter in the proposed setup to establish their existence should they 

M 2 2
oJ, Un its for ( /)

q 
are GeV/cc e). 
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be produced at a reasonable rate. Since the region between target and detector 

will be a vacuum, the insertion of thin foils of various thicknesses will demon­

strate the existence of such strongly interacting objects. 

A comprehensive review of quark searches up to 19774 indicates the lack of 

success of such endeavors. Of about eighty such experiments, only three have made 

any claim toward the detection of fractionally charged particles, and of these 

5three only one seems to have followed up with continued success. Even if 

quarks should exist in stable matter as is presently claimed5 it has yet to be 

demonstrated that isolated energetic quarks can be produced. Should quarks some­

how become isolated despite confinement restrictions, they are still most likely 

going to hadronize and lose their kinetic energy to conventional particles. 

Therefore, it is more likely that stationary quarks be found than energetic 

ones, which can hadronize and lose their energy to pions. However. in the pre­

sent experiment the quark kinetic energy will at times be below pion production 

threshold (140 MeV for an infinite mass target). Hence. if quarks are to be 

found in stable matter, they should be detected at low enough energies provided 

care is taken to avoid interactions with matter once they are produced. 

Experimental Procedure 

The technique underlying this experiment has been presented in the original 

proposal and spelled out in greater detail in an addendum (9/78) both of 

which are attached in the appendix. Several modifications and additions are 

presented here. 

The C$ internal target area will still be available. it is assumed, in the near 

and distant future. As has already been mentioned (appendix) the spectrometer 

in this area would be used to momentum analyze particles scattered (~ 33.5°) 

from an internal target. Originally this target was to be a gas jet, but it is 

felt that a rotating Be wire filament target would be adequate. Both the gas jet 



-3­

6
and the wi re fi I ament approaches have been used with .success. Each has its ad- ...., 

vantages. The gas jet of hydrogen provides a target free of nuclides except 

perhaps 2Hl (deuterium), but a 20 ~ Be filament has about ten times the lumi­

nosity of a gas jet and is considerably easier to maintain. To el iminate the 

backgrounds created by nuclides produced in Be, a minimum energy measurement 

has been added to the proposed momentum and time-of-flight measurements. This 

energy measurement will also extend significantly the(~)2 range of sensitivity to 

anomalous particle production. It can easily be done with detectors outside the 

vacuum chamber of the spectrometer, where in fact, the possibility of quark-like 

particles to appear is highly unlikely if they interact very strongly. A scintil­

lator, absorber wire chamber arrangement similar to that shown in Fig. 11.2 of the 

p607 addendum is envisioned and shown in Fig. 111.1. 

The high charge and large mass of the nucl ides guarantee very large values 

of dE/dx (~ 60 to 100 MeV/gm) and make it very easy to see these particles in 

both scintillators and wire chambers. In Table 111.1 we show the kinetic 

energies and e for the particles and nuclides of interest for three different 

spectrometer momentum values 1, 2 and 2.5 GeV/c. One sees that nuclides having 

(:)2 values near 2.5 all h;ve energy greater than 500 MeV and, therefore, should 

penetrate at least 5 gmlcm and give rather large pulse heights in all the 

scintillators and PWC1s traversed. In contrast, the s type quarks which have 

considerably smaller energy at each spectrometer momentum setting will have 

little or no chance of depositing energy in the back end of the detector array. 

Should the presumed strongly interacting quark not stop in the Si detector, it 

would convert most of its energy to a low energy pion and low energy nucleons 

in the thin scintillator. As a result, the thin scintillator would exhibit a 

large pulse while the subsequent 1/2" thick scintillator would have a considerably 
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smaller pulse. It is events like these which would be candidates for anomalous 

particles. Of course, a negative particle search avoids any problem with 

nuclides, and half our time will be devoted to negative particles. The important 

point is that heavy nuclides are easily el iminated since they are so much more 

energetic than the quarks. The use of a 100 1J resolution s iIi con strip detector 

improves the (~)2 resolution but the main purpose for this type of detector here 

is to avoid the possibility of very large dE/dx effects in scintillators which 

cause loss of light production and could inhibit detection of these supposedly 

very strongly interacting particles. However, the time-of-fl ight measurement 

will require that the 1/8" scintillator register unless the timing resolution 

of the strip detector can be improved to the 1 nsec level. 

The time-of-flight measurement will use the RF structure (buckets) with a 

signal from the machine to mark time module 18.8 nsec. The 1/8 11 scintillator 

pulse should provide better than 1 nsec timing resolution and provided events are 

restricted to that portion of the ramp (~ 60 GeV) where the bucket width remains 
2 

narrower than a nanosecond, we should have the resolution inl~) given in 

Table 11.1 of the addendum. Another illustration of this resolution is shown in 

Fig. I I I .2 wh i ch is a spectrometer momentum versus T f (time-of-flight with 
r 2 

respect to RF) plot for several particles and values Of(~) as well as for the 

S type quark. 

It can be ascertained from Fig. 1 I 1.2 and Table 1 I 1.1 that provided a crude 

energy measurement is made, there is good separation between an s type quark and 

any conventional particle or long-lived nuclide. The energy discrimination for 
2 

particles haVing(~) ~2.63 needs to have a rejection ratio of -100 to 1 to be 
q ,2 

equivalent to that obtained by the(~) separation between the s quark and 2Hl 

(deuterium) since their separation is -3 standard deviations in Fig. I I 1.2. 



Rates 

The signal rate estimated in the addendum should be modified by two factors: 

1) the use of wire filament target, and 2) the number of circulations per ramp 

for which bucket width is less than 1 nanosecond. These factors are respectively 

10 and 0.44. or a net factor of 4.4, which would result in -500 s type quarks 

per day given the assumptions of the P607 addendum. 

The background with a filament target will be higher than that with the gas 

jet, but because most of this increase in background will be light nuclides, energy 

discrimination should neutralize the effect on this measurement. Clearly better 

timing resol ut ion wi 11 improve the(~)2 resolut ion wh i ch wi 11 in turn decrease 

background effects, and much effort is called for in this direction. The possi­

bilities for better timing resolution using time pick off techniques in the 5i 

strip detector exist provided the rates in these detectors can be kept in the 

kilohertz region. However, whether 1 nsec resolution in this particular con­

figuration can be attained has yet to be established. Investigation along these 

lines is presently underway. 

Running Time and other Requests 

Here the requests are the same as in the addendum, and the earliest we could 

start on this experiment would be in the Fall of 1981, although we prefer to have 

until the Spring of 1982. 1n the meantime, we are collaborating in the analysis 

of E-629 and the tentative preparations for P695 and p645. Two of us, o. A. 

Garelick and M. J. Glaubman, will be able to participate full time for six months 

starting March 1982. since we will be free of our teaching obligations. 
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Figure Captions 

III. 1) Detectors at the end of the spectrometer. Veto counters 

will be placed along sides where possible. The Si strip detector 

will be mounted as close to the end window as possible and the 

]/811 scintillator follows the window as close as is reasonable. 

I II . 2) A somewhat busy representation of what one would see in Pl , 

Trf space if no energy discrimination were made. The lines 

connecting the loci for 2Hl and (M/q)2 = 6 indicate a region 

. d b 1 1 . d 7. d lOa d d occup,e y severa nuc I es, LI3' 96e4 an e4 an emonstrate 

the importance of energy discrimination,especially for P <2 GeV/c.l 

The regions marked along one of the s loci indicate where intended 

spectrometer settings would overlap these loci. The spectrometer 

monentum,P l , is the monemtum deduced from the bend angle for a 

charge equal to e. The first 20 nsec region of the plot is not 

completely filled in so that the first loci of w, K, P and s are 

c1 ea r 1 y vis i b 1 e . 

-------------------.. ~-.~.-. 
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Abstract 

?he C¢ (Internal Target Area) magnetic spectrometer '~il1 ~e 

used to search for par"ticles vThich have an anolf101ously' hiqh inter­
~ -
.',

action 	\'1i th . normal matter. (Quarks may be such particles.) The 

apparatus will measure char.ge to mass ratio (gIro) for particles 

produced in interactions of -the accelerator beam ".vith a '-:arm 

hydrogen gas jet. The total material from production point to 

t'!1e end of the o.etect:.or ,·Till be significantly less than 5, x 10-2 

grms/cm2 , ma.king it possible to detect for the first time these 

anomolous purticles. 1\.n e~{ploratory experiment 0,.£ one '",eek set 

up time and 100 hours of running is requested. 

*Scientific Spokesperson (telc:,?hone 312:-840-3969) 

" 

http:o.etect:.or


·' 
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Introduction 

We are p~oposing an exploratory experiment to test the 

hypothesis that there exist pa.rticles with an anomolously high 

interaction with matter. (Quarks may be such particles.)l 

~'1e "\'1ill measure charge to mass ratio (g/ro) for particles pro­

duced in interactions of the accelerator beam \\'ith the t.iarm gas 

jet. The total material (production to e~d of the detector) 

\"1ill be kept to a minimum «<10-1 grms/cm2 ).. We believe that 

such particles ",ould have escapec1 detection in all prt~Viou5 

particle search e::~periments. 

Our approach is strictly empirical anrl based on the con­

viction that all possible types of particle searches. should be 

carried out, especially those \'lhich require a snall effort. 

The significance of a positive result cannot be over-' 

emphasized. and we urge Fermilab to give special attention to 

this proposal. 
" 

Apparatus 

We propose to use tae E-19B/E-552 warm gas jet target 

spectrometer system \"lh1.oh one of us (R.R .. ) is very familiar with .. 

He would extend the main ring vacuum from ,~here it currently ena.s 

on the spectrometer to behind the dipole, .as shoy,Tn in Fig. 1 .. 

outside b'1e thin vacuum windovl ·there "lQu1d. be a single hodoscope 

made of twelVe 6" strips of plastic scintillator 1/8" d.;ep and 

1/2" \·;id.e reac101.1:t at both ends behind. these 'I.'iould be a large 

. ·counter covering the area of the !tonoscope. (']~he hodoscope 

\'lould be surrounc1ed by counters so that we may separate real 

events from background Y."ad:j.a tion from i:he rnc'.in ring.) .'7e \iill 
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f 

place a thin berylium foil that can be remotely flipped in and 

out of the path between the target and the dipole. 

Our trigger will be either a coincidence between one of the 

hodoscope elements and the plastic counter directly behind itt or 

singles in the hodoscope and \'le \..;rill read out all the other 

counters. 

Experimental Method 

The method we propose to use is to determine the value of 

glm using information from the magnet and time of flight. 

The measurement of pig will be done by placing a collimator 

in the dipole bore upstream of the field with a slit width of 2" 

and detecting the bent particle with the hodoscope plane~ This 

method will give a measurement of pIg to 7% (f.w.). 

Time of flight will be measured by the hodoscope and the 

beam bunch time. This "rill of course give a T.O .. F. modulo 18.8 ns, 

the bunch separation. Before the bunch spreader is turned on 

at 60 GeV the bunch half-width is 0.5 nS I after that it increases 

to 2 ns. Since time resolution is essent:ial to this measurement, 

we will \'lork below 60 GeV. 

Resolution 

The relation bebveen glm and momentum and velocity is given 

by 
\ 

l/c2 

Converting to units of time in nanoseconds and the flight 

path d in feet gives 
2mIg ~ Pjt2/d - 1 ' 


From this the resolutipn in mig can be found: 
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~ (m/q) = fm2 (f>'p/p) 2 + p2/d2 (p2/m2 + 1) ;; t2}1/2 

Fig. 2 shows plots of the resolution for different particle 

types. The increase for the high recoil momentum is caused by 

the onset of relativistic effects. We will look at particles 

with a recoil momenta of 0.5 GeV and be sensitive to the regions 

of m/q of (aD, 180 420, 580 -- 850. (MeV/electron charge) 

Rates 

With the spectrometer, set at 3SQ and the magnet set for 

unitary charged particles with a recoil momentum of 0.5 GeV, we 

will be sensitive to particles with an xr of (= p*/p*: ) of max 
0.3, giving a counting rate of -1031f 's /ramp. The sensitivity 

of the experiment is limited by this pion background and the 

unknown machine background. We expect to be able to see effects 

at the 1% of the1f level, which will make us sensitive to cross-

sections of the order lOrb. The actual limit of sensitivity 

will depend on how well we do the timing and how well '{rle can 
t,.· 

eliminate the background radiation, which can only be determined 

by doing the experiment. 

'. 
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Requests 

We intend to keep this exploratory experiment as simple as 

possible. We have chosen not to use the superconducting quad­

. rupole doublet so that the liquid helium required to run the 

expex-iment can be produced by a single liquefier. 

He are requesting 200 hours setup and run time. Our requests 

from the laboratory are for $5K. to make the necessary vacuum 

extensions and device to flip the foil in and out, $35 K. of 

PREP electronics and $5 K. of CDC time. 

Scheduling 

None of us have any commitments to running experiments for 

the next nine months. It would take one month to prepare for 

this experiment and it could be set up in one three day shut­

dO';-ln period, and completed in t'l;,-lO weeks. It is feasible that 

we can complete this experiment. by the August shut-down of 1978, 

and not interfere with the preparations for E59l which begin 
" 

during that shutdown. 

" 

-~--------------- ..~.-~~ 
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Introduction 

The purpose of this addendum is to indicate our current plans 

and thoughts concerning p607. This addendum also contains some detailed 

calculations not presented in the original proposal. It is divided into 

the following sections: 

I: The (M/Q)2 Spectrum 

II: 	 Details of the Apparatus 


A) Layout and (M/Q)2 Resolution 


B) Backgrounds and Additional Quark Signatures 


III: 	 The Sensitivity of P607 

IV: 	 Running time and other requests 

2 
1. The (M/Q) Spectrum 

In 	order to identify various particles detected by the p607 

2apparatus, we plan to plot the number of events versus (N/Q) • The 

reasons for this choice are apparent if one considers the experi­

. 	 I 2mental resolution in this quantity, (M Q) • The relationship between 

('H/Q)2 and the quantities determined by the apparatus can be found in 

the follm..ing manner. 

I) 

p = M (vIc)II) 

)1 -	 (v/c)2 

where: e is the angle of bend;
B 

Q is the particle's charge; 

B the magnetic field; 

p the particle's momentum; 
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Co the constant relating e
B

, Q, B, p; 

M is the particle's mass; 

v is the particle's velocity; and 

c is the ve locity of light. 

For the revised p607 apparatus (see section IIA) en is determined by 

the point of intersection of the accelerator beam '-lith the gas jet and 

the position of the hodoscope counter hit by the particle. vIc is 

determined by measuring the time-of-flight between an accelerator r.f. 

bunch and the time at which the hodoscope counter is hit. 

Combining I) and II) gives: 

(vIc) 1 (vIc) 
==III) 

~1 - (v/c)2 P1 J1 _(v/c)i 

where PI is the momentum that a charge Q == 1 particle. would have in 

order to be bent through an angle en' From III) 've get 

_ . (v/c)2.2[:=: 1C~)2 P1 2 1 
(vIc) 

;::(~)2 PI2 [ (c/v) 2- lJ 

c t t 
=Also clv = (LIt) (L/c) t 

o 

where t is the time of .flight, and L is the distance from the produc­

tion point to the hodoscope counter. t is the time iight would take 
o 


to travel the distance L. Therefore: 


:=: 
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and the resolution in (M/Q)2 == o(N/Q)2 is: 

j dp 2 
2 2 [( I )2 _ 1]2rL--1] + [(~) (~)]2PI t to PI t to 0 

In order to evaluate the P607 apparatus, we assume the following 

I"standard" quark charges and masses. 

Table" 1.1 

Q M 2Particle Charge Mass (GeV) (M/Q)2 (GeV/electron charge) 

u quarls-s 2/3 .336 .254 

d quarks 1/3 .336 1.016 

s quarks 1/3 .540 2.627 

c quarks 2/3 1.5 5.073 

TT I .140 .020 

K 1 .494 .244 

1 .939 .882P 

2Fig. 1.1 (M/Q) values for quarks and known particles 

-t----¥-u-----<-P----+--YL-1·-·-_.-+-i---if..-_.--~"-i.tf----'~ 
o t 2 .3 .of S <b ( M/q)~ 

( G.eV/ e..~CAf)C"r\-dMd'_ ) 2. 
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II. 	 Details of the Apparatus 

A) Layout and (M/Q)2 Resolution 

The layout of the P607 apparatus is shmvl1 in Figs. 11.1-2. This 

layout differs from that of the original P607 proposal in that a 

quadrupole doublet has been added to the spectrometer. In this 

configuration the spectrometer is a standard pOint-to-point focusing 

spectrometer. The length of the spectrometer is determined by the 

need for good fractional (6t/t) time-of-flight measurements. The 

location of the quads is a compromise between the conflicting need 

for a large angular acceptance and the need for a small spatial 

magnification. In order to make the detector elements small, we have 

chosen a ~ 1:1, object: image magnification. The effective object 

2
size at CO is [,..... lcmOl) Jx[...... Scm(V) J (F\mM) • Since the spectrometer 

bends horizontally, the first quad, Ql' is set to defocus horizontally 

and focus vertically in order to minimize the horizontal magnification. 

The actual magnifications are .9(H) and 1.1(V) and the distance from 

the dipole bend plane to the detector is LB = 19 ft. 

We have chosen the hodoscope element size to b~ 1.0in (H) x 

.5 in.(v) and there \\Till be 7 elements in the hodoscope. This arrange­

ment gives an angular acceptance of 

. 60, = 24 mrad (H) x 29 mrad (V) 

70<:\1 strad, 

and a momentum acceptance of 

6p/p == 6%. 

The momentum resolution for the system is op/p == 1% (F\\1lIM) and the 

time of flight resolution is 6t :: 1 nsec (HIHH). The resolutions 
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in the quantity (M/Q)2 and the time of flights for two settings of 

the spectrometer central momentum are given in Table 11.1. 

B) 	 Backgrounds and Additional Quark Signatures 

In order to help separate the quark signal from possibly large 

backgrounds from conventional particles traversing the spectrometer 

and from general room background, the focal plane detector shown in 

Fig. II.2 will be used. Some important features of this detector are: 

1. 	 The scintillator of each hodoscope element will be 

viewed by tv70 phototubes in order to minimize the 

effect of phototube noise. Th~se scintillators will 

be mounted in the vacuum chamber so that particles do 

not have to traverse material other than the gas of 

the jet before entering the scintillation material. 

2. 	 The pulse heights and timing information from all 


phototubes will be digitized for each event. 


3. 	 DEDX counters and the proportional chambers (PC IS) 

will be used to help reject standard particles (n's, 

KIs, pIS) which should give "normaln pulse heights in 

the DEDX counters and straight tracks in the PC's. 

4. 	 To help identify cases in which an s anti-quark stops 

2in the first .1 gm/cm of material 	of the detector and 

+combines with a u quark to form a K meson, we will 

look for a muon track in the PCts indicative of ~2 

and K113 decays. 

! 
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In addition. any quark signal is expected to be removed by 

2
insertion of the .1 gm/cm Al foil across the spectrometer aper­

ture. This foil will be moved in and out of the spectrome.ter 

aperture on a machine pulse-to-pulse basis. 

III. The Sensitivity of P607 

A measure of the sensitivity of P607 is given by the number 

of n+'s that will be detected. The n+ counting rate is given by: 

flo + do 	 GM 
'IT /ramp = -- ­ b,xb,p (r1,'protons/cm2 ) \ ( f{ protons!ramp) I .ve)

dxdp .1. 	 fl's~n 
.1. tgt beam 

1,' 2 7 2 23('protons/cm 	)\ = (10- gm/cm )(6xl0 protons/gm) 
tgt 

16 2= 6xl0 protons/cm

for a 1 second jet pulse: 

(flo protons/ramp) \ (2xl013 protons/pulse) (5xlOl~ circulations/ramp) 
beam 

18= 10 (protons/ramp). 

For a spectrometer setting of eH = 33.50 and PI = 2 GeV, b,9
H 

2.4 mrad. 

3
b,e = 29 mrad, b,p = .12 GeV; b,xb,p ~ 10- GeV. X ~ .35 and P ~ 1.1 GeV, 

v 	 1. .1. 

b,9 

and v = 8.4xlO-3 rad. 


2'\'fsinE\I 


The results of El18 suggest: 


P 4 -6P 
= 750 ;(1 - X) e .1. (mb/GeV) 

2 
or: d 0 ~.6 mb/GeV for x .35. P = 1.1 GeV.dxdp - .1. 

.1. 
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Thus: 

~ 300/ramp 

iF + 
'it /ramp """ 

or 

This corresponds to approximately 2xl05 K+IS produced at the target. 

. + 
If s quarks are produced with the same x and p behavior as 'if then 

.t 
6 + an s abundance of one in 6xlO n produced at the target \vill give a 

2 ­signal of ~ 10 s events per day. 

Most probably, the sensitivity levels achieved will be determined 

by the actual background levels encountered in the experiment \vhich 

are unknown at this time. 

IV. Running Time and Other Requests 

As indicated in the Spectrometer Layout, Fig. 11.1, P607 will 

require that the magnetic elements of the existing CO spectrometer 

be repositioned. \<Ie will not change spectrometer angles during P607 

so that the spectrometer elements can be set dir.~ctly on the floor. 

The experimenters will supply the detector and its small vacuum 

chamber. We expect Fermilab to supply and maintain the gas jet and 

the remainder of the spectrometer system such as, vac. parts, lqd. He, 

and the assembly to pulse the Al foil in and out of the spectrometer 

aperture. 

He anticipate that it will take approximate ly 3 months for us 

to build and debug the apparatus and require approximately 4 weeks 

(~ 400 hours) of accelerator time to complete the experiment. We 
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estimate that it will require approximately one week to reconfigure 

the spectrometer and one week to install the detectors. 

A modest amount of PREP electronics and off-line computing vli1l 

also be required. 

Our present best estimate is that \.ze will be able to begin taking 

data for this experiment in April 1979. Until April 1979 our major 

effort will be the analysis of E439. 
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1. 	 A. De Rujula, H. Georgi, S. L. Glashow, Phys. Rev. D12, 147 (1975) 

and references cited therein. 
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Table 11.1. (M/Q) 2 Resolutions and Flight Times. (Assumed masses 

and charges are given in Table 1.1.) e = one electron charge. 

:earticle 

u 

d 

s 

c 

Tl 

K 

p 

PI 2 GeV 	 P "" 1 GeV
1 

(M/Q)2 6(M/Q)2 t o(M/Q)2 t 
2 2 2 2 2 2(GeV Ie ) (GeV Ie ) (nsec) (Gev /e ) (nsec) 

.254 .17 51.56 .05 55.99 

1.016 .18 55.99 .06 71.00 

2.627 .21 64.36 .09 95.22 

5.073 .26 15.30 .14 123.21 

.020 .16 50.12 .04 50.48 

.244 .16 51.50 .05 ' 55.77 

.882 .18 55.24 .06 68.59 
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