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ABSTRACT

A quark search based on the hypothesis that quarks interact very strongly
with conventional matter is proposed at the C@ internal target area. The high
luminosity (2 1030 cm-z) combined with a low areal density target (5 .005 gm/cmz)
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 yfelds a value of
the mass to charge ratio. This ratio in conjunction with a low resclution

energy measurement will uniquely single out the presence of anomalous particles

which may very well be quarks.




Ob[ectives:

As the community at large is well aware1 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 targef from whence they were created. Here we describe an arrange-
ment which has sufficient luminosity to probe for very small production cross

32

sections (v 10 sz) 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/cmz. The detectors will be thin
solid-state Si strips, a techno]ogy which is presently coming of age and is
potentially capable of spatial resolution equal to about 100 u. A momentum spec-
trometer having such a detector will, in conjunction with time-of-flight measure-
ments, be capable of a high resolﬁtion(g)z 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/c2 ((2}2 between 2.25 and 2.72)% A mass equal
to v 540 MeV/c2 has been suggested for the strange quark and antiquark. Nuclides
7s |

such as _also are in this range. However, the kinetic energy of these

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

: ‘ 2
measurement will enable the(g) search to seek out anomalous type particles over

2
the(ﬁ) range 1.5 to 3 with relatively small background from conventional particles

and nuclides.
Particles which interact with unusually large cross sections have been
. s . 2 : . . .
reported in cosmic ray studies™ and recently in heavy ion CO]I!SiOﬂS.B It will

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

M, 2 2
* Units for { /q) are GeV/c“e).



~2-

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 st%ongly interacting objects.

A comprehensive review of quark searches up to 1977h 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
three only one5 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 producéd. 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 énough 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 (v 33.5°)
from an internal térget. 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
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and the‘wire filament approaches have been uséd‘with-success.é'Each has its ad-
vantages. The gas jet of hydroéen provides a target free of nuclides except
perhaps 2H1 (deuterium), but a 20 p Be filament has about ten times the lumi-
nosity of a gas jet and is considerably easier to maintain. To eliminate the
backgrounds created by nuclides produced in Be, a minimum energy measurement

has beenradded to the proposed momentum and time-of-flight measurements. This
energy measurement will also extend significantly the(g)z range of sensitivity to
anomalous particle production. 1t can easily be done Qith detectors outside the
vacuum chamber of the spectrometér, where in fact, the possibility of quark-like
particles to appear is hfghly 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 nuclides guarantee very large values
of dE/dx (v 60 to 100 MeV/gm) and make it very easy to see these particles in
both scintillators and wire chambers. |In Table Ill.1 we show the kinetic
energies and B 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

q
penetrate at least 5 gm/cm2 and give rather large pulse heights in all the

(ﬂ)z values near 2.5 all have energy greater than 500 MeV and, therefore, should
scintillators and PWC's traversed. In contrast, the s type quarks thch have
considerably smaller energy at each spectrometér 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 S5i 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 cdurse, 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 eliminated since they are so much more
energetic than ;he quarks. The use of a 100 p resolution silicon strip detector
improves tfuaeg) resolutjon 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-flight 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" scintillator
pulse should provide bet;er than 1 nsec timing resolution and provided events are
restricted to that portion of the ramp (X 60 GeV) where the bucket width remains
- narrower than a nanosecond; we should have the resolution U1G32 given in
Table 11.1 of the addendum. Another illustration of this resolution is shown in
Fig. 111.2 which is a spectroheter momen tum versns Trf:(tige-of-flight with
respect to RF) plot for several particles and values of(g) as well as for the
s type qUark.

It can be ascertained from Fig. 111.2 and Table I11.1 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
_particles having(’—:--)2 *2.63 needs to h;ve a rejection ratio of “100 to 1 to be
equivalent tovthat obtained by the(a) separation between the s-quark and 2H

1

(deuterium) since their separation is ~3 standard deviations in Fig. 111.2.




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 respéctively
10 and 0.4%, 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 filamenf target will be higher than‘that with the gas
jet, but because most of this increase in background will be light nuclides, energy
discrimfnation should neutralize the effect on this measurement. Clearly better
timing resolution will improve the(%’z resolution which will 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 §i
strip detector exist provided the rates in these detectors can bé kept in the
kilohertz region. However, whethér 1 nsec resolution in this particular con-
figuration can be attained has yet to be established. 1nve$tigation 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. 1In the meantime, we are collaborating in the analysis
of E-629 and the tentative preparations for P695 and P645, Two of us, D. A.
Garelick and M. J. Glaubman, wﬁll be able to participate full time for six months

starting Harch'1982, since we will be free of our teaching obligations.
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Figure Captions
. 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

1/8'" scintillator follows the window as close as is reasonable.

. 2) A somewhat busy representation of what one would see in PI’
TrF space if no energy discrimination were made. The lines
connecting the loci for ZH] and (M/q)2 = 6 indicate a region

7

occupied by several nuclides, L13,9Beh and IOBeq and demonstrate
the importance of energy discrimination especially for P] <2 GeV/c.
The regions marked along one of the s loci indicate where intended
spectrometer settings would overlap these loci. The spectrometer
monentum,P], 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 n, K, P and s are

clearly visible.




. . , : . A :
P P i j : : :
! ' : : ' ' . : 4
1 . N
! ) ) . ,
1 ; . : ! i '
i E B i ‘
P !
Cor : : . S Lo .
B : - . . : B i Sa : . :
; o .o N . . : ) - ‘ H .
' . . . . . A : : . i . . f v .
. . . P . : : ) ! . : : : ’
o ‘ o . s |
¥ ¥ ! : . i X .
: ’ S—— 0 . . . X ' ‘
1 M ‘ N - 3 * H Y
. : R . . LN . :
: : . . R ¢ , ! H
. i | B . .
M 4 ! ‘ . i ¢
: . ; ‘ '
§ : N :
:
1

. AETo CownTER. SN S VU T U S

P , s o el A ] ’
| S ]
| cenrrAL mey S AR
f"'fj;‘:‘ BRI
. SPECTROMETER - fi’:} g
VﬁCc{aM CHEMEER < gm? RN , :
: o o ciei‘ec}o\- ‘(& JIN ol - L
W T / Vi ZZ1)% ) PWC- Fe @ f

‘T‘Am@ Nm;{aw | f(‘f;)f I N -

v’gro wum*m ’{" /4 v F’"}”’Fc-rwt --'"”'ﬁ’

; H : ; ) : i
! : : v {
: : i . ¢ [ P ; : B . i 3 4 : ;
: . . i . i | . : : : : 3 H ; : i i ! ;
* H | . s H f ' R H H H ; N
b A SO PO é S S S [ R b
B i R T A R et s SURTEEE RN : ; i : ; ; N : : i
i Ll ! N i . ‘ | . : H ;
Do ; = 4 v L Lo o
H : : ;. i P - ! s 4 4 : 1 i i i ; :
: : : ! | ; N R B T i T :
; ) l | . v i
i : ¢ : H i :
. | 3 FOC/?Z»‘ ')AA/"JF D(ﬁ{?’ C Z)/C
. i ’ ! : /
) : t ;
LA i !
i ! }

v < b ey
'
U SN




7 i) aovi

-
(-
t

| ) LOCI o
N IN

) ]

5 VA«rous: ?/M’T Y ES
P, | Trs SPACE
. g

;m& (M/%32 VAL'LIEQ’ )

s

A
N

—

. S0

!

A T TR
T el 19 msec

PO
1

rY

i fee

' 7 t —
i“c‘ N - 1 :

| (nse)

Ry oz

¢ .

¥ v T ]

130 lwo



A}?/”?Qvlall;\/
l, Ov{cl \.vuv( ?é07 yvoroca/[
2. Addencfum o Poo7



Fernilab Proposal 607

Proposal to Search for Particles which have an

Anomolous Interaction with Normal Matter

R. Gustafson
University of Michigan

D. Garelick, M. Glaubman, H. Johnstad
Northeastern University

R. Rusack*
Rutgers University

(submitted: June 13, 1978)

Abstract

The ¢F (Internal Target Area) magnetic spectrometer will be

used to search for particles which have an anomolously high inter-

action with normal matter. (Quarks may be such particles.) The

apparatus will measure charge to mass ratio (g/m) for

pérticles

produced in interactions of the accelerator beam with a warm

hydrogen gas jet. The total material from production
the end of the detector will ke significantly less than 5 x 1072

grms/cmz, making it possible to detect for the first time these

anomolous particles. »An exploratory experiment of one week set

Tow

up time and 100 hours of running is requested.

*Scientific Spokesperson (televhone 312-840-3269)

point to


http:o.etect:.or

Introduction

We are proposing an exploratory expériment to test the
hypothesis that there exist particles with an andmolously high
interaction with matter. (Quarks may be such particles.)l
We will measure charge to massAratio {q/m} for particles pro-
duced in interactions of the accelerator beam with the warm gas
jet. The total material (production to end of the detector)
will be kepnt to a minimum (<{10"l grms/cmz). ‘we believe that
such particles wéhld have escaped detection in all previous
rarticle search experiments.

Our approach is strictly empirical and based on the con-
viction that all possible types of particle searches should Le
carried out,’eépecially those which require a small effort.

The significance of a positive result cannot be over--
emphasized and we urge Fermilak to give special attention to

this proposal.

Apparatus - -
We propose to use the E-198/F-552 warm gas jet targét
spectrometer system which one of us (R.R.)} is very familiar with.

We would extend the main ring vacuum f£from where it currently ends

)

on the spectrometer to behind the dipole, as shown in Fig.

-

outside the thin vacuvum window there would be a single hodoscope

nmade of twelve 6" strips of plastic scintillator 1/38" desep and

1/2" wide readout at both ends behind these would be a large
,éounter covering the area of the hodoscope. (The hodescope

would be surrounded by ccunters so that we may separate_real

events from background radiation from the main ring) We will

4
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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 bétween one of the
hodoscope elements and the plastic counter directly behind it, ox

singles in the hodoscope and we will read out ail the other

counters.

Experimental Method

The ﬁethod we propose to use is 1o determine the value of
g/m using information from the magneﬁ and time of flight;

The measurement of p/q 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 p/g to 7% (f.w.).

Time of flight will be measuredvby the hodoscope and the
beam bunch time. .This will of course give a T.0.¥. modulo 18.8 ns,
the bunch separation. Before the bunch spreadex is turned on
at 66 GeV the bunch half-width is 0.5 ng, after that it increases
to 2 ns. Since time resolution is essential to this meaéurement,

we will work below 60 GeV.

Resolution

The relation between g/m and momentum and velocity is given

N\
m/q = 1;{/1/\72 - 1/c2 -
Converting to units of time in nanoseconds and the £light

‘path 4 in feet gives

\

n/gq = R/tz/d2 -1

From this the resolutipn in m/g can be found:




i} -

§tm/a) = {m? So/p)? + p2/a® (p%/m? + 1) 2}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 <80, 180 -- 420, 580 -- 850. (MeV/electron charge)

Rates

With the spectrometer set at 352 and the magnet set for
unitary charged particles with a recoil momentum of 0.5 GeV, we
will be sensitive to particles with an x,. of (= p*/pﬁﬁéx) of
0.3, giving a  counting rate of ~103'ﬁ"s /ramp.‘ The sensitivity
of the ekperiment is limited by this pidn background and tﬁe
unknown machine background. We expect to be able to see effects
at the 1% of theTl level, which will make us éensitive to cross~‘
sections of the order l?ﬁ»b. The actuél limit of sensitivity
will depend on how well we do the timing and how well'w¢ can ’

eliminate the background radiation, which cén only be determined

by doing the experiment.



Requests

We intend to kee? this exploratory éxperiment as simple as
possible. We have chosen not to use the superconducting guad-
" rupole doublet so that the liquid helium required to run the
experiment can be produced by a single liquefier.

We are reguesting 200 hours setup and xun time. Our requeéts
from the laboratory are for $5K. to make the neceséary 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-
down period, and completed in two weeks. It is feasible that
we can complete this experiment by the August shut-down of 1978,
and not interfere with tbe preparations for E5%1 which begin

during that shutdown. B

s
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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 dividéd into
the following sections: |
I: The (M/Q)2 Spectrum
II: Details of the Apparatus
A) Layout and (MfQ)z Resolution
B) Backgrounds and Additional Quark Signatures
11I: The Sensitivity of P607
IV: Running time and other requests
I. The (M/Q)2 Spectrum
In order to identify various particles detected by the P60}
apparatus, we plan to plot the number of events versus (M/Q)z. The
reasong for this choice are apparent if one considers the exPeri—r
mental resolution in this quantity, (M/Q)z. The relationship between
(M/Q)2 and the quantities determined by the apparatus can be found in

the following mamner.

C QB
_ .o
LR 5

11) p = *wm*gxlgl—ﬁ

N1 - (vle)?

vhere: BB is the angle of bend;
Q is the particle's charge;
B the magnetic field;

p the particle's momentum;

*
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C0 the constant relating BB, Q, B, p;

M is the particle's mass;

v is the particle's velocity; and

¢ is the velocity of light.
For the revised P607 apparatus (see section ITA) BB is determined by
the point of intersection of the accelerator beam with the gas jet and
the position of the hodoscope counter hit by the particle. v/c 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:

o _5% wie)  _ 1 (vle)

M~ CB — = -
° W1 - (vic)? Lo (viey?

where Py igs the momentum that a charge Q = 1 particle would have in

I11)

order to be bent through an angle OB. From III) we get

)

i

2
At )

(v/e)
M 2 2 2
<6> = P [(c/v) - 1} .
C - t = £
’Also c/v = @ity A5 £

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 1ight would take

to travel the distance L. " There fore:

(2Y - 2[(E) 1]

.
.




-3~

and the resolution in (M)'Q)2 = 5(M/Q)2 is:
2 2/ 2 ordpy t. Bt -2
Celov®) = 2p) fTee/e )" - 1 =S| [ (D))
L o o
In order to evaluate the P607 apparatus, we assume thé following
"standard" quark charges and masses.1
Table 1.1
| Q M 2 ‘ 2
Particle Charge Mass (GeV) (M/Q)” (GeV/electron charge)
u quarks 2/3 .336 254
d quarks - 1/3 .336 1.016
s quarks 1/3 540 2.627
¢ quarks 2/3 1.5 5.073 ; -
Ui 1 .140 .020 ; | ~
K 1 494 244
P 1 .939 .882

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

K
T
w
d- A
<.
f
I
: A : s X e M 4 =
o | 2 2 4 5 G

L (mig)-
(GeV/efactnon Chargt ) -
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Details of the Apparatus

A) Layout and (MfQ)2 Resolution

The layout of the P607 apparatus is shown in Figs. I1.1-2, This
layout differs from that of the original P607 proposal in that a
quadrupole doublet has been added to the spectrometer, Ih 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 (§t/t) time-of-flight measurements. The
location of the quads is a compromise between the conflicting neced
for a iarge 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
size at €O is [~ lem(H)Ix[~ .SCm(V)](FWHM)z. Since the spectrdmeter
bends horizomtally, 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 be 1.0in (H) x
.5 in (V) and there will be 7 elements in the hodoscope. This arrange-
ment gives an angular acceptance of

- AQ

it

24 mrad (H) x 29 mrad (V)

7004 strad,

and a momentum acceptance of
Ap/p = 6%.

The momentum resolution for the system is 6p/p = 1% (FWHM) and the

time of flight resolution is §t = 1 nsec (FWHM). The resolutions
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in the quantity (M/Q)z and the time of flights for two settings of

the spectrometer central momentum are given in Table II.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 gemneral room background, the focal plane detector shown in

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

1.

The scintillaﬁor of each hodoscope element will be
viewed by two phototubes in order to minimize the
effect of phototube noise. These scintillators will
be mounted in the vacuum chamber so that particles do
not havekto traverse material other than the gas of
the jet before entering the scintillation material,
The pulse heights and timing information from all
phototubes will be digitized for each event.

DEDX counters and the proportional chambers (PC's)
will be used to help reject standard particles (n's,
K's, p's) which should give "normal” pulse heights in
the DEDX counters and stréight tracks in the PC'S.‘
To help identify cases in which an s anti-quark stops
in the first .1 gm/cm2 of material of the deﬁector and
combines with a u quark to forﬁ a K+ nmeson, we will
look for a muon track in the PC's indicative of Kug

and KH3 decays.
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In addition, any quark signal is expected to be removed by
insertion of the .1 gm/cm2 Al foil across the spectrdmcter aper-
ture. This foil will be moved in and out of the spectrometer
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 m 's that will be detected. The m counting rate is given by:

# + do #
 /ramp = AxAp ( protons/cm )‘ ( protons/ramp)\ <é ;)
dxdp tot " beam Ttsinf
(#protons/cmz)\ = (10—7 gm/cmz)(6X1023 protons/gm)
tgt ’

6x1016 protons/cmz

for a 1 second jet pulse:

Fd
(#protons/ramp)‘ (2x1013 protons/pulse) (5x10" circulations/ramp)

beam

i

1018(protous/ramp).

For a spectrometer setting of QH = 33.5° and Py = 2 Gev, ABH = 24 mrad,

A8 = 29 mrad, Ap = .12 GeV; AXAPJ ”““10”3 GeV, X = .35 and Pl = 1.1 GeV,
v :

AB
v

and 71— = 8.4x10—3 rad.
2wsmn8H

The results of E118 suggest:

2 P ~6P

49 .50 =21 - )% e “(mb/cev)
dlxclp’L X .

626

dxdp'L

or: = ,6 mb/GeV for x = .35, P = 1.1 Gev.




iv.

Thus:

t 2
9 7)

w /ramp = (.6x10727) (107%) (6x10%) (1018 (8.4x107)
== 300/ramp

or #ﬁ+/day m=2x106/day (for 1 ramp/l2 sec).

This corresponds to approximately 2x10S K+'s produced at the target.

if gnquarks are produced with the same X and p.L behavior as ﬂ+‘then
- -+

an. s abundance of one in 6x106 11 produced at the target will give a

signal of ~102 s events per day.

Most probably, the sensitivityvlevels achieved will be determined
by the actual background levels encountered in the experiment which
are unknown at this time.

Running Time and Other Requests

As indicated in the Spectrometer Layout, Fig. I1.1, P607 wiil
require that the magnetic elements of the existing CO spectrometer
be repositioned. We will not change spectrometer angles during P607
so that the spectrometer elements can be set dirgctiy on/the floor.

~ The experimenters will supply thevdétector and ifs small vacuum
chamber. We expect Fermilab to supply and maintain the gas jet and
the remainder of the spectrometer system such as, vac. pérts, lqd. He,
and the assembly to pulse the Al foil in and out of the spectrxometer
aperture.

We anticipate that it will take approximately 3 wonths 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 will
also be required.

Our present best estimate is that we 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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Table I1I1.1. (M/Q)2 Resolutions and Flight Times. (Assumed masses

and charges are given in Table I1.1.) e = one electron charge.

P. = 2 GeV P. = 1 GeV
. 1 1
2
particle (M/Q)2 §(M/Q) t 5cle)2 t
(Gevzfez) (GeVZ/ez) (nsec) (Gevz/ez) (nsec)
u 254 17 51.56 | .05 55.99
d 1.016 18 55.99 .06 71.00
s 2.627 21 64.36 .09 95,22
c 5.073 .26 75.30 .14 123.21
Tt .020 .16 50.12 | .04 ' 50.48
[
K 244 .16 51.50 | .05 - 55.77
P .882 .18 55.24 .06 68.59
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