NAL PROPOSAL No. 254

Scientific Spokesman:
G. R. Kalbfleisch
Physics Department
Brookhaven National Laboratory
Upton, New York 11973

FTS/Comm: 516-345-3861

Proposal to Search for A Second Muon Neutrino, ku

G. R, Kalbfleisch, BNL, E. C. Fowler, Purdue U., and
NAL - Caltech Expt. 21 Neutrino Group

October 1973




.NAL. Proposal

Correspondent: G. R. Kalbfleisch, BNL
FTS: 516-345-3861

Proposal to Search for A Second Muon Neutrino,ku
G. R, Kalbfleisch, BNL, E.C. Fowler, Purdue U., and

NAL - Caltech Expt. 21 Neutrino Group

October 1973

We request a run of ‘about 3 x 1017 protons in the Cal-Tech apparatus and
the NAL narrow-band neutrino beam in order to measure the ratio
R = G(ABN)/c(qu) of the interaction cross-sections of Kaon neutrinos Au at
about 50-70 GeV and pion neutrinos uu at the same energy (requires running
at two different charged particle momenta). For a value of R near unity, R
will be measured to about + 10% at 3 x 1017 protons. Additional running to
about a total of 1018 protons (accuracy about *+ 5%, and limited by systematics)
may be requested later on. Or another measurement at a substantially higher
energy and probably requiring 400-GeV machine operation at a later time may
additionally be needed. The accuracy will be assured by monitoring the muon
fiux in the shielding as well as protons onrfarget and the pions and kaons de-
caying in the vacuum pipe. The additional muon monitoring outlined in the

last section of the proposal will be furnished by BNL~Purdue.
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Introduction

It is experimentally imperative to check whether or not the neutrino
+ + . .

from kaon decay X -» u Au is different from the neutrino from pion decay
+
o u+vu, i.e. A = v ? This is experimentally necessary in order to
analyze properly the various high energy neutrino experiments currently in
progress around the world.

It 1s also theoretically necessary to check whether Au = vu, in order
to construct correctly lepton and/or lepton-hadron symmetry schermes. Various
1,2

theoretical conjectures and models regarding this question have been made,

but no experimental search has been made.

The NAL rarrow band neutrino beam provides a unique opbortunity to ex—
plore this question. If ku # vu then it is probable that the ratio R =
o(A N)/o(v N) of the interaction cross-sections of the "meutrinos" with -

nucleons, at the same energy E, differs from unity.



Theoretical Possibilities

The current experimental and theoretical assumption that Au = vu re-
quires R = 1., If Au # vu and if the neutrinos ku and vu respect hypercharge

2

conservation, then R = tan 8 is possiEle.l Any difference between the

Cabibbo
neutrinos vu and Au presumably is connected with hypercharge (or
strangeness).

However, in genera1 other values of R might be expected. This is due
to the possibility of mixing3 (or due to the neutrinos vu and Xu being
different mixed states of vi and l:, where v: and A: have different strange-
ness).

Even if the production or decay processes yielding neutrinos respect
hypercharge conservétion, the physical.neutrino states observed at some
distance (or later time) from their point of origin may be mixed. According
to Feinberg,3 a complete mixture, similar to (Ko,ﬁo) into (KS,KL) should
occur through the hypercharge violating interaction (nonleptonic weak decay)
if the masses of all éhe neutrinos are identically zero. This depends on
whether or not the neutr}nos couple to this interaction.  If the masees are
not‘equa} (say = 0, N # 0) then the mixing depends‘on_GWeak and the

u u
mass difference. Let us call A' and v' the physical (mixed) states and x

-

. a mixing parameter, where 0 < x < 1. Then

2.1/2
t - —
vu vu(l x7) + Avx

2.1/2

A' = =u x + X2 (1-x7)
i u u

where A' = A, v' = v for x = 0. Assuming

c(AuN) = éA(E) and G(VuN) = Uv(E)



where E is the laboratory nsutrino energy, the observable cross sections

will be

-~ o(v'N) (1—x2)ov + x20

i

A

' 2 _ 2
g(A'N) = x a, + (1 x )OA

For x = 0, R = (GA/Gv) and for x = (1/2)1/2, R = 1 (Feinberg's expectation
for massless neutrinos).
For the case in which Au, vu regpect hypercharge conservation in pro-

duction and/or decay processes, we would probably have

S 2 2
A = =
o( uN) cosin 96 and c(vnx) 0, cos QC

where g, = GO(E) and GC = the Cabibbo angle. This gives

[}

' .2 2 2 2
s(v'N) (1-x )oocos QC + x Uosin GC

oy o L2 2 2 2
g(A'N) x"g cos OC + (1-x )cosin QC.

Now for x = 0, R = tanzec;l while for x = (1/2)1/2, R = 1 again.

In general, the parameter x, for neutrinos possessing mass, will depend
" on the time (or distance) difference from emission to absorption. According
to Pontecorvo,4 the "oscillation length" L will be L n E/mp where m is the
mass (or mass difference) of the neutrinoé and 1/u is a length scale (u <m
for example). The antineutrino experiments of Reiness rule out the possi-~
bility of (m,u)v being more than a few electron volts.4 If all "neutrinos"
are stable, thenetheir masses on the average must be less than 4 to 8 ev.
Thus L > E/m2 yields L > 1000 meters for 100-GeV/c neutrinos with m < 4 ev.

Therefore x » 0 for distanceé £ << L and x "u'(il./2)l'f2 for £ ~ L.



Since the targ-:t-detector distance 2% < L for the experiment pro-

Expt
_posed here, we expect that R # 1 unless X = v-'or unless complete mixing

A la Feinberg occurs because all neutrinos are massless. We note that
similar remarks apply to the electron neutrinos Ve and Ae. Also, observa-

tion of any energy dependence R = R(E) can be used to infer the value of

the mass or mass difference of the neutrinos.

Current Experimental Data and the Value of R.

Under the assumption that ku # vu, we can estimate the value of R
from the cross-section measurements of the current CERN Gargamelle neutrino
experiment.7 Un&er,the conditions of that experiment, the flux of neutrinos
below 4 GeV/c is due almost entirely to pion decay, i.e. vu. Above 6 GeV/c,
Au neutrinos dominate. The region between 4 and 6 GeV/c has comparable
numbers of vp and Au. Under the assumption that 9y and o, are not ‘different
by aﬁ order of magnitude or more, we can ascribe the events observed in

Gargamelle below 4 GeV/c to qu interactions and those above 6 GeV/c to kuN~

interactions. Using the additional assumption that the (inelastic) cross—

sections are approximately linearly rising with energy

g =a E and g, = o E

v vV A ATX
then we can estimate av,al for the CERN neutrino data, shown in Fig. l.7 ‘
We find
= = - L d + .
, (Uelastic 0.4) + (0.56 + .05) E,

and o0, = (1.0 * 0.15) E,

38

in units of 10 cm2 for E in GeV. Therefore the ratio, R, of the (inelastic)
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cross-sections is
R= aA/av = 1.7 + 0.3,

[If one fits a (poor) straight line o, = asEo to the data below 4 GeV/c,
then R' = aA/aL = 1.4 + 0.25.] The ratio of antineutrino /neutrino
cross-sections and the behavior of the average neutrino-to-muon momentum
transfer squared versus energy can also be examined for'vu and Ap. We
will not give these here. Obviously the behavior of the vn,lu samples
can be very different due to the small statistics of the ku sample, and to
systematic errors in the experiment, as well as to the assumptions made
aﬁove. We see that there is no evidence supporting the usual hypothesis
that Au = vu. |

The current NAL neutrino experiments can also be examined. We will
not discuss these here, except to note that the small statistics so far
presented from experiment 21 and the preliminary nature of the total cross-
section data of experiment 1 also do not give any significant evidence re-

garding this question.

Other Possible Experiments to Determine Whether Aﬁ # vu.’

It is probable that the reactions AuN and qu "conserve" hypercharge
to differing degrees, from complete conservation to maximal violation.
For complete conservation, ABN interactions will yield muons in association
with a strange hadron-baryon system only.

The ratio of "strange" to nonstrange final states, as a function of

energy, which will be done in the near future with the CERN Gargamelle data,

will tell us a little about this situation. For E > 6 GeV, the neutrino

-




spect;um arises mostly from kaon decay. The statistics will be limited
(v 300 events). fhese events are reasonably complicated due to their high
energy, so that the "strangeness' may be indeterminate.

" The Columbia spark chamber neutrino experiment8 can only say, if
U(AHN) = 0(»DN), that (mixed) A;N does not always produce strange final
states.

Also data on the elastic cross-sections for A;N might yield useful

information.

Qutline of the Method of this Proposal
The method of this proposal is to produce a beam of vu at some approp-

riate energy E, from a momentum analyzed pion beam and observe their inter-

1
actions. Then a beam of ku at the same energy El from a kaon beam of lower
momentum is used. Then the ratio R can be determined from the following

three ingredients.

(1) The event yields from qu and AuN interactions,

(2) the relative m and K yields measured relative to protons on target
and monitored by various counters looking at the charged particle »
beams,

and (35 the relative acceptance of the neutrinos in the apparatus due to
the different decay kinematics of pions and kaons (to be calcu-
lated via a %@onte‘Carlo" of the setup).

This gives a '"zero-constraint" calculation to determine R. The observation of

4) th; muon flux in the shielding

will allow a "constrained' calculation, since the muon fluxes can also be
predicted from (2) and (3) above. Muon monitoring using counters in the en-

closures in the shielding will ensure correct results. We anticipate some early

low intensity running in order to check this "constrained-relationships"

between items (2) and (4) above.




The use of the narrow-band "dichromatic" beam will result in several

accurate total cross~section measurements in addition. The run for vu at

energy El will yield lu at a higher energy E2, and the run for Au at El

will yield vy at a lower energy Eo'

The Experiment

The "neutrino" spectrum from a narrow-band "dichromatic" beam is

schematically (e.g. experiment v21)

v v
Fie. - kﬁh%QRﬁVU 3anD BhAM E

AN(»

where the widths of the peaks Apv,A depend on the forward angular acceptance
§8, on the Ap/p bite of the beam and on the value of Ppean'- The Ap/p of

the beam is about +11%Z. The angular acceptance 86 is + 0.6 mr on the average;
it is fixed by the sizes of the detector and the hadron beam. The angular
acceptance increases with the momentum Py of the beam. About half of the
plon decay's solid angle is accepted; the acceptance changes slowly with Py

(1ike p%fz

approximately). Thus for the vu? flux, a large momentum bite épv
is accepted. For the AuK flux, the decay solid angle covered corresponds

to a Ap width « p292 which is narrow compared to the momentum spread ApB.

Thus Apv is mainly determined by the decay kinematics and APA by the charged




particle beam momentum spread. ApV can be made smaller by imposing a
smaller forward angle cut on the events accepted by the detector (i.e.
using those vu.avents occurring near the axis of the beam through the
detector).

In order to measure the ratio R, we need to run at at least two beam
momenta, overlapping the ku spectrum from one run with the vp spectrum of
the other. Since the ratio R may in general be energy-dependent, we
would prefer to measure.R at two energies. Initially, however, we propose
to make the measurement at only one energy, probably at 50-70 GeV.

In order to measure R at two energies, runs at at least three charged
particle beam momenta must be made. For experiment v21, Ev ~ 50 GeV/c and
SA " 145 GeV/c for éB = 160 GeV/c. At lower momenta, Ev will be a larger
fraction of EX’ say 0.4. We define y = pB/EP, where EP = energy at which
the NAL accelerator is operating. Let us consider running at three momenta

vy = 0.4y2, Y, = 0.5y3, and Y4 < 0.7, where yng < 300 GeV/c, i.e.
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We will measure R(Ei) and R(Ez). This will be accomplished by measuring
the pion yield per proton at Y3 and Yy and the kaon yield/proton at Yo and
iyl respectively (counters, Cerenkov, etc.). The acceptance due to decay
kinematics averaged over the angle and momentum spectra at the apparatus
will be calculated. Several hundred hours of running will give the event
rates for one measurement of R at energy El' In addition, muon monitoring
measurements in some englospre(s) in the shielding will be made (see below)

in order to check the correctness of the result.

Estimate of Data Rate and Running Time Required

Figure 4 gives data from which relative event rates cén be estimated
until the actual n,é fluxes are measured. We note that Barish,‘gg.gl.,g
obtained 112 analyzable events at Py = 160 GeV/c in a run of ~ 3 x 1016
protons. The new trainload for this beam (June 1973) gives a factor of
three larger event rate. Thus some 3000 events can be obtained at a momentum
y = 0.5 for about 3 x 1017 protons. Choog}ng Py = 280 GeV/c (y = 0.7 at
v Ep = 400 GeV) and 130 and 150 GeV/c (y = 0.4 and 0.17 respectively at Ep =
300 GeV), we obtain the following table (Table I) of relative yields.

For the initial measurement of R at energy El,‘the 0.4 n+ and 0.17 K+
entries in Table I are relevant. Also in order to reduce systematic ef=-
fects due to the variation of the vN (and AN) cross-sections with energy
over the rather wide energy bands of the experiment, a smaller angular cut
(as indicated above) will be‘madé on the vp data (from 0.4 n+). This will

reduce the vu events by about a factor of two relative to the Au events,

but will more closely match the widths of the Au and vu energy bands.




Interacting Proton

d2N
dPdq Per

-11-

Fig. 4 ©Possible ﬂ+ and K+ spectra vs. y. These figures are from
F.A. Nezrick, "Empirical Pion and Kaon Fluxes from 200-GeV
Proton Interactions,' NAL 1969 Summer Study, Vol. I, p. 403.

(N.B. y = Ei/E ; see text.)
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Table 1
Relative Event Rates Assuming R = 1 (or ku = uu) for Current Beam

Event Ratesa

y ﬁ+ flux K+ flux AQAp g=const. g «F cmEz
0.7 1" 1-2 - 3. 1-4 3-8 6-16
(400-GeV
protons)

0.4 k¥ - 1.4 1P 1P 1P 1P
(300 GeV)

0.4 1" 15-20 - 1P 5+2° 5¢2  s5+2°
(300 GeV) :

0.17 Kf : d

(300 GeV) —‘ 2"5 001 '3-3? .2".4 .1’02

a. For o = E, the increase of the cross section with energy approximately
cancels the lower decay rate of the m,K beam.

b. Reference point.

c. The observed event ratio (94 vuﬂ/lS ADK -~ Barish 1973); an estimate
of (1-10) to 1 can be made for this ratio in absence of actual flux
measurements,

d. Figure 8 of expt. v21's proposal predicts ~ 0.3.
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A measurement of the ratio R to a precision of ~ +52 (including sys-
tematics) for a value of R of the order of one (i.e. &R = +.05) requires
> 600 AuN events, From Table I, for the probable situation ¢ « E, the
Au event rate atmyK+ = 0.17 (300 GeV) is about 1/20th of the vy event rate
of 3000 events per 3 x 1017 protons at Yop = 0.4, where experiment v21 has
generally run. A run of n~ 1018 protons would be required to achieve this
accuracy. ThisAwould take about 2 months of accelerator time at 1012 protons
per pulse; operation at 2'x 1012 protons per pulse would be desirable. Since

this number of protons is large compared to current runs, we request initially

~ 3x10Y7 protons for a < 10% measurement,

Estimate of Error &R on R

Assuming R = 1 and 0 « E, we can estimate SR as follows. The statis-
tical error on R is a straightforward propagation of (N}l/2 errors. The
systematic errors on the n/proton monitor and K/proton monitor will be deter-
mined from the flux measﬁrements and will be assumed to be < 5Z. In addi-
tion, the variation with energy Ev,A of the cross-section, averaged over the
energy bands of the data, will lead to a systematic uncertainty. Assuming

the average energy over the energy band of each data sample can be estimated

to about one~tenth of the energy bite, an uncertainty of about 3% will result.

For a sample of ~ 600 Au events and a somewhat larger vu sample, the
statistical accuracy will be about < 4%. For a value of R near unity, the
error S8R will be ~ + .05 [i.e. ((<.05)2 +,(.03)2 +~(.04)2)112]. A value of
R of, say, 1.06 + 0.05 would not prove the identity of Au and vu. However,
such a value would allow the use of the assumption Au = vu as a practical one
in the analysis of neutrino data. Obviously, values cva = 1.7 or 1.4 illus-
trated by the CERN Gargamelle data above would be clearly distinguished from

unity.
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Muon Monitoring

It should bé possible to monitor the muons from the decay region im-
mediately after the hadron beam stops In enclosure 100. The current hadron
absorber of fivé‘feet of steel is adequate to attenuate the narrow-band
hadron feedthrough below the muon level since the proton beam is dumped on
the train 400 meters upstream. (For wide-band bperation; the protons are
dumped in or near this hadron plug and the "hadron feedthrough" exceeds
the muon flux by a large factor.) However, backscattering, etc., gf hadrons
leaking around the hadron plug (an@ through the beam holes in it) and the
muons produced in the plug will be troublesome. The hadron plug is to be
increased soon to;ten,feet of steel (about October 1973). This will reduce
the leakage problem and the plug produced muons considerably.

By using small size counters, probably telescoped pairwise and in
coincidence, and shielded from low energy neutrons and gammas, we should
be able to monitor the mﬁons at this point. This position at the end of the
~ hadron shield is ideal, since the effects of the muon beam and of inhomogeneities
in the subsequent shielding are avoided and because at this position the Kaonic
muons extend radially beyond the pionic muons (negligible multiple scattering
due to the shielding).

The hadron beam size (FWHM) at the plug is about one foot horizontally by
one-half foot vertically (Ap/p = +15%). Thé pionic muons will be confined largely
inside this area, whereas a large fraction of the kaonic muons will be ocutside it.
No "Monte Carlo" has been performed yet of this situation, but the distribution
of muons radially should roughly be as shown in Fig. 5 for 70-GeV/c n+ and K+
decays (about the momentum for the kp running).

Thus, up to fourlpairs of approximately-3 cm x 3 cm counters, numbered

1-4 in Fig. 6, near the corners of the 38" x 38" hadron plug, and four pairs of
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approximately 1 cm x 1 cm counters, 5-8, around the muon beam hole makes a
reasonable arrangement. The outer pairs monitor kaonic muons and the inner
ones monitor ali muons. The sizes of the counters will be chosen such that
the intensity will be 2 105 muons each; for a useful spill as short as 0.1
second, the rate will not exceed41 Megahertz, keeping accidentals, etc., to
a low level (< few percent). The counters will monitor the muons as well as
the steering and targeting of the'neutrino' beam. These counters §ill be

furnished by BNL~Purdue.
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Physics Motivation
Purely hadronic weak decays such as A » pr 5 K - ﬁ+ﬂ° ¢ompletely

viol;tevStrangeness conservation. The question as‘to whether semi*leptonic:
decays, n + pe 'V and A > pefﬁy",'violate strangehess‘conservation at all,
partiaily or totally,“depeuds on whether the "v" knows anything about the

“strangeness quantum number. We know neutrinos "know' about “electron" and
"muon" number. The rates for n + pe "v" and A + pe "v" are not governed by
the same decay constant; Cabibbo theory succeeded in redefining "hniversalf:

2

ity" so that u, n, and A beta decay"ratés are related as Gz, Gzcos‘QC.and

2 2 :
<G sin ec, where GC

also to purely hadronic decays like A -+ pr  predicts that rate to be like

stinzeccoszec. However, experimentally A + pr proceeds like * G +1 even

is the Cabibbo angle (sihzec ~ 0.2). This ideaVapplied

aftér accounting for the strong final-state interactions as well (or as
'poorlyj as is possible.l A distinction between the neutrinos "v'" in n and
, &fbeta decay, i.e. n * pé—v and A » pe-A,might account for these‘facts;‘
This implies another doubling of the»numbe£ of neutrino states: original
Pauli v, doubled to y,G, doubled to VeV, and possibly noﬁ»to (v,k)e’quue
to their knowledgg of the strangeness quantum number. PossibleAadditidnal
relationships between v and A are given in the original proposal #254.

The relationship of baryon and lepton numbers, strangeness, ispspin

and possible new speculated quantum numbers (charm, fancy, etc.) are not




teally known. ‘Tﬁe Queetion;of the distinguishability of v and A‘is crucial
~to‘guch”aﬁ understandihg. Various 1eptonic symmetries are possible:
‘*(l).‘just ‘the two doublets (e v ), (u g ), | |
(2)' additional doublets,
(3). triplets,(u‘, ba ") )‘wtere,"va"‘is a'pairkaf’two componeﬁt heutrinos,_
- one ;u and one v_; | “‘ o |
4) .heavy 1epton trlplets or quadruplets (M ,vu,u 7) or (M‘M ,vu,u )
Aand electronic counterparts, or ;
(S)F'distinguishable v and X giving triplets (e Ve k ), (u v, 5 X )
We note that the experiment proposed here is definitive in that we
‘-; will find v and A 1ndistingulshable (to v 8% level, see;below) or (surpris-.
ingly perheps) that they are ﬂistlnguiéhable.A,The Cebibbo engle-andtthe
AV+,pwé problems mentioned above indicate  that there ie nothing'épeculative

,‘about~performing this experiment.

The Experiment

| The experiment has been outlined in proposal #254 1tself and in - the
Appendix of June 10, 1974. In the following pages of this addendum,
- we show that a measurement of.theAcress—section’tatio R of vy and Au
at 70 GeV to 187 appears attainable by utilizing the proposed sampling
muon monitors as outlined previously and discussed further herein. We
are convinced of this'frdm our detailed calcelations and the test mea-—
surements made’receﬁtly; The ﬁalue of 6lerom current experiments is
+30 to +40%. The.test data in Enclosure 100 were obtained with the co-
qperation ot Fermilab and Cal-Tech (E-320) very recently,,september 27-

October 1, 1974.
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: fThe:céiéulatiOﬁS #re descfibea first. fhen a'déscriptiog of the
’testvruﬁs is given and‘compariséﬁ with the calculations is médea A dis- |
chssion of actual running conditions fof the teal‘experimént follows,
inciuding thevestimation of number of protons required and the acéuracy ,
expected.” A summary‘of'thé impact of our studies of muon monitoriﬁg on
sldwrspill neutrino experimentS»is,given.-w o

VWé‘request épproval to perform this expefimeﬁﬁ to the SZ level.

17 4f which will be test

‘”Tﬁis ?e@uifes a run of 1.5x10%8 protons, about 10
add.calibration'runs of the fiﬁally chésen parametérs'for‘the'data;taking
runs. | | -

M ‘We urge cqﬁsideration, apprdval and execution,of‘tﬁis proposal atyaﬁ
_early date, priof to thé pfoposed relocation of the'CaLTech apparatus to

tﬁe ﬁew,laboratory.l Detaiis‘of additional requirements of FermilaB for
the éuppoft of this exﬁeriment are hot given ﬁére. The pbssibility of

studying the differences of the neutral current interactions of vy and Au

in this experiment has not yet been considered.

’ Monte Carlo Calculations

‘Wé have attempted to understand the muon flux in Enclosure 100 doﬁn-
stream of the 15-ft. plug by means of a Monte Carlo calculation. These
muons cdmerfrom five major eources: (1) Pion decays in thé 345~m~long
decay pipe; (2) Two- and three-Body kaon decays in the pipe; (3) Muons
proﬁuééd in the 15-ft. plug at Enclosure 100 due to undecayed hadrons

1nitiéting a hadronic cascade; (4) Muons produced in the 12-ft. aluminum




;dumps on ;he trainfafterfthe prodﬁction';arget due to unintétacted protoné
~initiéting a hgdronic casca&é;‘ (5)<Pi¢n and k@on‘decays on fhe trgin‘bé-‘A
tween,fhé‘pronctioﬁ target and thé starﬁ of the‘decay pipe;‘ We have |
 modeled a11‘bnt the last source;" : |

Our modei starté ﬁithvthe'prdduétion'target and cregfes hadrons accord-
“ing to érsémi—empirical'formulaiz‘  The péint—to—paralleleptics

of tﬁe'beam ﬁrain are ;hen treated using a thin-lens appro#imation witﬁ
appropriateix placed aperture stops. Two-bodyApion'and two-’aﬁd three-body
kaon decays then produce muons in the 345 m decay pipe and feach Enclﬁsqre‘

1 lOOYaftér'being multiple scattered‘and degraded in‘énergy by the—lSrft; plug.
Counting fétes afe based on ﬁhe geometrical angular acéeptance of odr
fou:écaﬁnter teiescopé. This;calculéﬁes'sourcés (1) and (2), the major
sources of interest of muons and, of cbﬁréé, ﬁegtrinos. | “

Sdufces {3) and (é)‘are baékground'ahd are calculated according to a
‘éiﬁple cascade model. The nuﬁber,of particles in the'cascade as a fﬁnction
of‘depfh are obtained from an analytic formula based on shielding sthdies
in steél.3 This is comﬁined with an assumed energy distributionxog sec-
oﬁdaries,subjecte& to conservation of energy. It is further assumed that
2/3 of ﬁhe secéndaries are charged piohs and kaons, the rest being‘neutral
and therefore not muoﬁ producing. Mﬁon‘producihg decays are then generated
in small segments throughout the cascade. The muops again reach Enclosure
100 degraded in energy and multiple scattered. This simple cascade model pre-
Vdicté v 0.127% u/p thfough 17' of steel, which is corroborated by a measurement
in another FNAL beam 1ine.4

-General Features of Muon Distribution

‘Generally; muons from sources (1) and (2) are high energy (about 2/3 the
secondary beam energy) with kaon decays having a larger energy width. Muons

from sources (3) and (4) are low energy (exponentially falling distribution of




abOuto3 and 15 GeV reepectively) Similérly‘sources (l) and (2) give

.while (3) and {&) have large divergence (40 mr and 20 mr)

The lateral distribution of muons in Enclosure 100 from pions’ (source 1)
' is confined to little more than beam size while that of kaons (source 2) is
more:spreadiout. Source 3 muons are slightly‘larger,than beam size while
source 4 muons have a flat lateralrdistribution over'the whole plug because
they are produced'so far away. |

The'eipected counting rates:on axislfdrrsources 1, 2, 3, end 4 are
A roughly down by an order of magnitude from one to the next. At .a redius of‘
greater than about 30 cx;source (2) kaons dominate;

As‘beam.energy'increases, source (l)'lateral distribution narrowsluhile
 sourcer(2) is unaffected. Source (?) becOmesArelatively more iucortant be-
- cause the p/ﬂ\ratio in the beam increases strongly and protons initiate |
cascades as well as picnsr vThe ﬁ)ﬁ/p ratios»we use ererbaeed on a measure-

ment at another beam at FNAL.4

The Test Run

Thefcalculations’above indicated the need to measure the muon flux

over an x,y grid perpendicular to the beem, the engular distributious.of
.-these muons, and to obtain some information ebout the five muon sources

and of the lowhmomentum character of- the DUMP and PLUG backgrounds. A
'kfour-fold coincidence telescope, placed on a turret, was mounted on a lathe

bed -which prov1ded 28" of horizontal motiou (East~West). The turret was

aBle to be‘rotated about a vertical exis over a 90 mr total angular interval.

In addition, vertical profiles were possible using the double ramping capa-

bility of the last dipole on the narrow band train (OPT3), which could run
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Aét two differeﬁt;ﬁcilévels'duriﬁg,thevcoﬁrsg of ﬁhe spiil.vtFinélly, a \v
mag#et ﬁith an [B-d2 éf 3»kg—meters was iﬁstalled»at‘oﬁe position, aboﬁt.
B ;8"‘réd1411y (West and below) froﬁ:the beam center1ine. ‘Thé background
“muqn soﬁrces were e#pected tdvﬁe of 1Qw»momen£um; Ehis magnet was to be
able to .affect such muons (5'5410:GeV/c). V .
"Figurg 1 shbws somévviewé'of‘thé apparatus. Lodking>up$£ream;,l(a)
shows the lathg‘hed and tuirét on whicﬁ'the'sciﬁtillation countefs are
‘mounted. ‘Lboking'écross the beam, 1(b) shows the pqSition of(the magnet
and ah<énd vie§vof'the counters.’AFigurés 1(c) and 1(d) are views of thé'
experimeﬁpal Pogta—kémpfand;ﬁhe High Rise~CentralrLaborat§ry resﬁeétively.
"Ththéiescope consisted of fonrAscintillétors, 0.1" horizdntall& x
1.0‘¢m;vertically;b§ 150“ lOﬁg‘(in beaﬁ di?ecﬁion),épaced,oﬁﬁ over a.9"
length,' fhekscintillators were glued onto 5-mil Al covering a,plastic
.ﬁhe#tell" frame for precise alignment on a nearly maséless base. Théyscin—
tillation light was pipéd té 56 AVP phqtomultipiiersAvia air light éhides
ﬁade from‘"rolled,up” aluminiied mylar and taped light tight. Thelaﬁgular
‘acceptance of the telescope in the horizontal plane is 12 mr (FWHM) and
48 mr in the vertical plane. The acceptance fﬁnction is of course triangu-

- lar. The efficiency of the telescope was found to be > 987 at the peék.

Electronics and Controls

The'teieSCOpe was viewed via a closed circﬁit TV. The turret and
lathe wére reﬁotely‘controlled, with rotaﬁion and horizontal gositioane—
termined by the resistance of the calibrated potentiometers geared to the
drive motors. ,The calibrations were linear and the ﬁotionsbwere essentially

free of backlash. A four-fold in time coincidence and a four-fold
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eccidentals c01nc1dence7(each counter delayed by one or more RF bucket,

n 18 5 ns, than the preceding one), and the 90° monitor were scaled during
nfa gate set to. exclude the three 30" bubble chamber enhanced portions of

the slow epillt ‘The gate was restricted also- to that portion of the spill
appropfiate to the desired OPT3 ramp (usually the O.é'sec.iinterval between
the first two bubb1e~chambef spikes). The slow spili contained eﬁoet
Vleﬂll erotons/pulse before gating. The 90°'moniter was calibrated agaiest
Athe'siow spill. gated SEM reading the proton flux Onktarget..rThe}OPT3 még-
net ramp was not completely etabie (% 5~10 ampere.veriatioﬁ), 'The beam.
 spot on”fa:get was somewhat unstable also; it was hard to monitor (low
fincensity on the SWIC's Tl and TZ)eand no attempt was made taloBtain bettef
contrel. We estimete an average‘effective spot size of 3 mm radius during

the slowispill.

'Test Run Data

Some 54 runs were made scanning 2, the horizonta1 ietﬁe motion, 6,
the turret rotation, OPT3 vertical eweeps with the ramped train dipole; and
with the magnet energized at +13 Kg (j? amps) and with it off. Most data
~ were at +170 GeV. | .

‘Some of these data? represeﬁtative of these runs, are shown in Figs.
2-6 along.éith some Monte Carlo curves notmalized to the data. The semilog
graphs of counting rate, four-fold coincidence 1 2 3 4, over 90° monitor
vs. X, OPT3\or 9 are displayed. Figure 2 shows three x scans at three dif-
ferent OPT3 values, correspon&iug to the peek vertically and oﬁf on either
side (960,v1033iand 880 amps). A 3mm proton spot (HWHM) on target gives
the higher curve wﬁich fits the data very well. The two lower curves average

the two lower data sets: sweeping the vertical profile with OPT3 is not the
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 beét ﬁaY%to measure it. Also, this is the 0ptical plane in which the
r;chromatic aberrations are present and we have more work to do to under-
stand it. Figure 3 shows a 0PT3 sweep at the horizontal beam center.

The slowly falllng tails are not explained by our calculations yet. How-

- ever, the equivalent decay pipe‘radius, shown as the vertical dottgd'lines 8
define the region of thé main beam, ﬁhicb'concernsrus here. Figﬁré 4 showsi
»the central,région indicated byfthe horiiontal bar in Fig.‘Z on #g enlarged;
.-OPI3\3éale‘with the Monte Carlo curve. Sﬁbétéﬁtiél agreemeﬁt at the peak |
i§ seeg.;

| | Figu;é 5 shows two @ scans, the higher;one'under “open slit" condi-
yfioﬁs, the other "cloéed slit.” ‘ESZO was running with the momentum slit
"fdll?*dpen for ﬁehtral'current data and'fully closed for background mea-
suremehts (décajs’on thé,narrow~band train itself); The open slit datav‘
corresponds to looking at é11‘5'éources‘ofémuéns and the'closed'slit data

’ only to sources 4 and 5, as labeled. The sdlid‘curve is the Monte Carlo
convoluted‘with the anguléf resolution function of the telescope; the dot--
 ted lines connect the closed slit daﬁa'only to guide the eye (ﬁo calculation§
sourcé'S not yet modeled).

| 'Figure 6 shows an x scan across the local region wheré the magnet was
gituated for current in the magnet of +9, 0 and -9 amps (13, O, -13 Kg over
22 c¢m length), with the telescope 1ooking at an angle of 45 mr to the West
(corresponds to arrow labeled "magnet” on Fig. 5). We have not modeled a
quantitative calculation of these data; the various lines comnect the data
pointé for claritf only. Qualitatively, the magnetic field changes the
effectiverdirection in which the telescope looks as its x position is changed.
The increase in counting raﬁe is proof thatilow momentum source 3 (plug)

‘muons are present. and have an angular distribution peaked forward (that
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causés the increase) Both of these conditions are expected for PLUG
‘muons since they are 1ow-momentum, produced forward generally and multiply
scattered. to larger angles with a falling dlstribution.‘ Some magnet scans
‘were done for closed slit DUMP (source 4) muons but were incomplete and
statistically limited due to the order of magnitude 1ower rates. The
meager data collected (not shown) are consistent with a picture 1ike Fig. 5;
'however., |

We feel that the results shown in Figs. 2-6 show a good understanding

of the total situatidn'régarding'muonfsources. The five sources are all

found at the éxpected level and with the correct properties. ln‘addition,

,éach source, as expeéted; can be measured in some region~br other utilizing
x; y, 6 and magnet scans. UnderStanding of the OPT3 éweeps far from the
center. may not be p0531ble w1thout the ability to be in control of the pro-
"ton beam on target (i.e. nonparasitic running) and without restricting the
‘apertures of the narrdw—band train, in particular, a smaller momentum bite.
‘We plan to run with‘a'restricted bite in ordér to imprové vérious system?
atics, better separatioh of m and K neutrino events, ability to see the:
bmuons from K decay clearly, etc. Also, imptoved calculations will be imple~
mented to better undérstand the train's vertical chromatic opticé.

We conclude that all 5 muon sources can be calculated to the required
level and also be acﬁually measured. We turn to éonsideration of the cal-
culations closer to the real conditions expected for the execution of this

experiment.

The Actual Experiment

We present in Figs. 7-10 some representative Monte Carlo curves for

the expected conditions of the experiment. In particular, a 1 mm radius
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proton spot is assumed and about one—half of the aperture of the narrowaand‘
’f'train (i e. we will close the momentum Sllt, half way) If the proton spot
’size during extended operation cannot be conttolled to a lmm radius, we .
will require SWIC readouts to the data stream for pulse~by~pulse tracking
‘ ‘of its position or requlre a special small cross-sectlon target which will
insure Mgood optics.” The curves shown are for +170 GeV/c secondary mo-
menta although the experlment will require runnlng at +?0 GeV for A and
+190 GeV for vu.v o
Figure 7 shows the horlzontal distrlbutlon of muons at the vertical
ceﬁter with contributions-from the four celeulated sources. Figure 8 shows
the vertical diStributien at the horizental'centet; Note that, because the
beam ielmuch narrowet in the vettical dimetsioﬁ, the se?atatiqn of’ﬂ’s
and K's is much easier than in the horizontal distribution. We assume that
V‘dur telescope has an angular ecceptance of +6 milliradians in both x and y
fet these calculatione. ﬁe expeet to measure the K/m ratios froﬁ the muon
distributions during one or two special tuning sessions in which all condi-
tions are carefully controlled. During data taking, the telescoées Qill
not be required to detect K vs.‘n muons. The 8-telescope array envisaged
and descriﬁed in the proposal proper: (and the June 10, 1974, Appenaix),is
now envisaged also to be remotely x,y scanned over the face of the dump
during data taking to continuously monitor the muons. It may be necessery‘
to run with the center muon hole plugged | |
Figure 9 shows the momentum distribution of muons from the various
sources. The solid lines are integrated over all angles and the whole plug
area. The_dotted lines are restricted to the previously mentioned +6 mr
by fﬁ mr angular'acceptance. NOte that the narrow angularvacceptance

gives very good low-momentum discrimination. This is because low-momentum

S —— s
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.pafticles afe scatteredAatvwider angles and do not count in the narro&
faééeptance of the teleécépe. Thds sources 1 and 2, ﬁhe major sources of
fintérest, are enhanced'relati&e io the background séurces;3 and 4.
Figﬁre 10 shows the momentum diStribution of neutrinos from sources
” 1 aﬁd 2’in the:1.27 m équafe fiducial volume of the_ﬁeutrino detector.

; Note that with«thé nar?ower'moﬁentpm»bite,of this’beam the w and'K:peaké

are well separated.

Estimate of AccuracyrExpected'

At ﬁhis time,thebsystemétics will stiil~be dominated by:thé error on
ithe K/n’ratio averaged over‘the large écceptance of thi; beém. Howevef,r
a greater accuracy. may,éctually thain after tﬁe comi;g work with the im-
proved»Cerenkov coﬁnte:,'tﬁe muon méasurementsrunder stringently controlied-‘
conditions and with the utilizat;onﬁof other ﬁeasurements‘that become
) availaﬁle. We desire’to anticipatg some iﬁprovement in(thé 7% sysfematics
fromvthis source and aimeor ﬂ 5% statistics. Table I summarizes the various
Vesﬁimated sources of error on R for Au assumed identical to vu(i.e. R=1).
An error SR of 8% directly measured is anticipated.

Currént experiments (Gargamelle and CalTech;Fermilab) have &R (in-
~ direct) of +30 to +40%Z. The estimate of < 2% for item 1 in Table I comes
ffoﬁ the agreement of two different OPT3 runs (3 déys‘apa;t) to 2% (in-
tegrated counting rate) shown in Fig. 11 with smooth, hand-drawn interpol-

ating curves drawn thereon.

Event Rates
The relative event rates are given in Table II. Using event yields

A 5 ;
observed by CalTech-Fermilab at 120 GeV we can.estimate the number of
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TABLE I

_<Es£imate of Overall Error on Ratio of Cross Sections
if VT.T :E )\K (ife. R=l)

- Beam Systematics

1. Instability due to proton spot on target

+ . .
2.  Relative ﬁ+, K yields (combined result of Cerenkov and muon

results)
'3, Inefficiency and calibration of muon telescopes
4. Subtraction of background‘muOn sources

5. Subtraction of accidental counts

Detector Systematics

6. Relative efficiency for’vﬁ and AK events ,
7. -Event‘separation due to energy resolution (calorimetry and
muon momentum) . ‘ ' k

Total Systematics

'Statisticsk-‘w+(190):'.dxlols protons; K+(?O): 1.0x1018~pr0tons
8. Approx. 2 600 v and'%.600 AK evgnts i£ R=1
i o ’ Combined Statistics
Estimated Total Error

~Current Values of 5§++
Gargamelle (CERN) . +30% (Statistics‘of AK)
E2]1 (CalTech-Fermilab) ~  +40% (Systematics)

Ia A A A
b e R n

A
N
e

N}Q:
+

b
*
*

Rekk

o

w37

~ 3%
6-7%

V47 each

~ 87

*  See text and Fig. 11. |
+  Much effort will be devoted to reduction of this error.

*%x  Error of < 10% of a 5-10% subtraction.

*kk  See June 10, 1974 Appendix regarding accidentals, rates, etc.

++  Indirect value, comparingvTr and XK events at different energies, under

assumption that the cross sections rise linearly with energy; proposal

#254 will be making a direct measurement.
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(reference)

Momentum Aperture++f Reiative+++ Kycia's Relative Relativé ’ Rélative
'(GeV/c) (usr-2%) ‘ 7t yleld K/7n Ratio Kf yield at Evénts_ Xt Events
70 160 1.7 .12 0.20 .8 .09 (.18")
95 135 1.8 14 0.26 1.2 .20
120 120 : 1.7 .16 0.27 1.4 .35
145 100 - 1.35 - .18 0.24 1.25 .55
170 90 1.0 .23 0.23 1.0 .55
190 80 .75 | .30 0.22 8 (.47) .60 |
+ The train has a geometric aperture of . about 684‘usr2 withfthe Ap/p slit‘fully’dpen} we will run I
with 1t half closed at v 246 usr¥. o | ‘ =
++ The effective aperturé is the geometric aperture times a factor that accounts for the fact that =~ b

TABLE II

Train+ and Flux. Data and Event Rates

Effective

all particleS‘are not prdduced at the nominal momentum at 0 milliradians. Most of the :loss 1s

due to falloff of the yield with transverse momentum in‘the horizontal plane.

++  Wang formﬁla and Kycla beam survey (see Fig. 13).

* These event rates represent those of interest for the conditions under which we propose;to run ‘
(slit 1/4 closed for 70-GeV K's and .6m fiducial volume cut for 190-GeV n's). -
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Apfotéﬁs reduifed'to réacﬁ.the statistics-réqﬁifed'in Tab1e I. We find &e
fvneed‘O;AxlolB protOnszqr + l90‘GeV‘r§nniﬁg, i;0§1018 for +70 GeV running
-and anticipateho;lglol3 for ﬁgst and tune-up, for artotai of 1.5x10'8
Iprotons.’ |
| Figure 12 shows‘the neﬁtrino'enefgy spectra for both 190 GeV 1's and
?0 éeV.K‘s. Note that by~cutting thé'fiducial vqlume>of w heﬁtriﬁos at
190 to é ;Sm square thé pgak~§f‘both spéctra are at 68 Geral:hough the
190 GeV n spé§trum is 28 GeV wide (FWHM) whiiejthé 70 GeV K spectrum is
~only 18 GeV wide. One ¢an therefore antiéipéte wiaening the mémentum:siiﬁ
| at’?OHGeV go inciease the rété by é factor of_aboﬁ; 2 and”match the 190 GeV
w SPécttﬂm Qore'closely; Thegé conditibné should yield about 600 v and
600 AKVQQeﬁts. | |
'~ Qur estimates are based on'Wang's'pafameterizatibh of T;Fproduction2
 and Qﬁr model of the beam line. Figure 13 shows the Wang predictiontfqr
3;6 mr'(pér interacting proton) superimposed on the beam survey of Kycia4
(per incident proton). The ratio bf (Kycia/Wang) is.0.5 * 0.2, which is
presumably thé ratio of (protons.iﬁteractingfprotons incident) and'tﬁusfthe
Wang formula combined with the interaction ratio gives reasonable results
- for 3.6-mrvproduction( Furtherﬁore the K/m ratio measured by Kycia (used
in ouf estimates) agrees ﬁell with CalTeéh's meaéurements at 95 Gerand
120 GeV.S
We ﬁave compared the v flux predicted by our estimates witﬁ'that

measured by CalTechS and it appeérs that the Wang formula gives too large
a flux when extraﬁolafed for our 0° production situation. We have there-
fo£e~scaled.all our estimates down b& this factor. We find good agreement,

after this scaling, with our muon flux measurements at 170 GeV. Our estimate

events at 70 GeV includes the above

of 600 v events at 190 GeV'ahd 600 AK
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>mentioned sCaling,'whicﬁ appears to'ﬁork at 120 GeV and 170 Ge§. ‘I§ also
includes the“v deiector efficiency, a .6m squafe fiducial cut for 19Q—Gevv
n 3s’and an increaséd’ayertur§ (246 to 465 usr %) at 70 GeV. It seeﬁs pos;
sible to increase the apefture at 70 GeV to what it is now. (684 usr %)

without badly affecting the v“—x energy separation for a 50% increase in

K

~statistics.

Summgfz~

We haye‘observed mubn &iStribuﬁioﬁs and yields which génerally agree
with‘OuriCélculations.' Thé fiye sources can be isolated and measured.
Iteration of the calculations to,a«bést fit will then allow "inversion" of
the measuied muOn flux to the‘neﬁ;rino flux incident on the detector. We
éxpect,tﬁis to be éstiﬁated to 6-7% as outlined‘in Taﬁle I,:essentiaily all
sys‘temtics. Data runs with overall 5-67% statistics, using 1.5x1018 protons,
will allow a direét’tést of the.distinguishability of the nenﬁrinos v and
XK to‘iﬁz in thekratio R of va and AKN inﬁéractions. This is, in our
opinion, a great improvement over the indirect results, currently at an‘
Aaccuracy of +30-+40%. After execution of this experiment, it zhould be

possible to prescribé the conditions to improve the accuracy which might

be attained in "second generation" experiments.
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APPENDIX: NAL #254

Muon Monitoring - Preliminary Measurements

Summary

Muon monitoring was envisaged in the proposal to be made in enclosure
#100 immediately after the secondary hadron stopper at the end of the
350-meter decay region. We report here the feasibility of such a muon
monitor which can operate at least to a beam level of 7x1012 protons (per
pulse) per second (with the ® 50 MHz RF structure).

Two measurements were made; the first, December 7, 1973, with the

. narrow-band train load, 1.5-2x1012 ppp with 10' of steel in the stopper

and the protons dumped on the train; the second, June 8, 1974, with the
u98 triplet quad train, f»—8x1012 ppp with 15' of steel in thé stopper and
an 18" Al production target with the unabsorbed = 2x1012 ppp being dumped
in the upstream end of the'steel stopper.

The muon monitor will consist of eight 5-fold éelescopes, each of

0.05 in.2 cross-section, which will monitor muons (and accidentals) pulse

by pulse.

The Measurements

- Two measurements of the fluxes immediately after the enclosurg 100
secondary hadron stopber were made. The first, with the narrow-band beam,
was made December 7, 1973, at 1.5—2x1012 ppp. With the rapid five~fold
increase of the intensity of the FNAL accelerator this spring, a segond
measurement was indicated. This was carried out June 8, 1974, with tﬁe

198 triplet train at 4—8x1012 PPP-



The December measurement was done at one radial position (= 9" from
beam centerline) at four train momenta (95, 120, 145 and 170 GéV), and
forAbeth positive and negative beam (simultaneously with monitor cali-
brations being made by v21). The June measurement was done at various
radial positions (7" to 12" from centerline) at one momentum, 150 GeV/c

positive beam, during 198 data taking.

Telescope

December: Three 1/2" x 1/2" x 1/2" cubes of scintillator were viewed
’ through 36'-long air light guides (conical tubes of aluminized mylar).
The scintillators were aligned on an Al bar mounted gormal to the end plate
of the enclosure 100 beam stopper. ‘

| June: Four scintillators, 0.75" long x 0.05 in2 area (0.2" x 0.25"),
were used. The telescope was movable via remote control over a 7" 'travel.

The tubes used were 56 AVP's., For the June run, tﬁe resistor st?ing

carried 4 ma at 2000 volts, and the last two dynodes were "boosted," i.e.
held at constant voltage, with 3 ma and 10 ma of current supplied to the
respective dynodes of each tube by auxiliary power supplies during pulses
with a singles counting rate of ~ 107/secopd. No "sagging" of the pulses

occurs with "boosting'" at these rates.,

Electronics
Three- or four-fold real coincidence and accidental coincidences with
appropriate gate. The accidentals are with delays of 0, 1, 2, and 3 times

one RF bunch (i 18.5 ms) in each of the four inputs. The gate was 0.1



second per spill at the beginning of the spill for the December run (to
avoid possible "sagging" during the measurement period) and 0.2 seconds
near the middle of the spill for the June run (in between the 0.25-second
spaced 30; beam "pings" to exclude that "fast" spill).

The coincidences, accidentals, and fhe "90° monitor" were scaled.
The 90° monitor is failing as of June but still is proportional to beam:

in December there were approximately four 90° monitor counts per 109 protdns

(via SEM) whereas there were ~ 1 in June.

Single Counting Rates

December 1973: 0.25 in2 area, 2-6 MHz at 1012 protons/second.

June 1974: 0.05 in2 area, 10 MHz at leO12 protons/second with
minimal discrimination. The large length/transverse size ratio (v 3) in
June setup gives "coincidence" pulses which are % 2 times the "accidental"
puises. Thus with proper discrimination (efficiency to be measured and
corrected for in actual monitor of course), the singles counting rate was
measured to be N 5 MHz /7.5x1012 protons per pulse (v 1 second duration),
of which a substantial fraction is due to true "coincidence" pulses. The
singles rates decrease somewhat (v factor of two) with change of radius
7" to 12",

All "accidental coincidence rates measﬁred check out with the singles

rates measured using the = 50 MHz structure of the proton beam.
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Coincidence Counting Rates

December 1973: (2-40) thousand/lOl2 protons for momenta 170-95 GeV/c

at * 9" radius, 0.25 inz. Fig. 5 of the NAL 254 proposal expécted v 50K
at 7" radius and a factor of a few less at a somewhat larger radius. The
true centering of the counter telescope in these runs relative to the beam
is uncertain, but the rates are in the correct ballpark. In addition the
energy dependence, shown in Fig. 1, is roughly correct (relative to Expt.

104's measurements (Kycia, et al.)).

June 1974: 2.5 MHz /pulse of 7.5x1012 pps at 7" radius and 0.5 MHz

. at 12" radius with < 10% accidentals.

These coincidences are presumably due almost entirely toc muons pro-
duced in the stopper. The secondary hadron beam incident on the stopper is
¢~few b4 109fpulse; about 10% decay to muons over an v 100 in2 area, i.e.
roughly ~ 0.3 MHz u/0.05 iﬁz of telescope area. A large fraction of the
protons pass through the target and were dumped on éhe upstream end of the
stopper (since the train dump is inoperative at this time), i.e. some

-9

2x1012 protons. The hadron feedthrough is less than 1O~8—10 for 15' of

steel and is negligible. But the 2x1012 of 300-GeV protons will produce

N 2x1013 pions of some 30 GeV each (on average); each will have > 0.2 meters
in which to decay (on average), i.e. > 10%4 probability. This gives a

plug produced u flux of the order of > 2x109 over ~ 100 inz, i.e. > 1 MHz/
0.65 in2 area of the telescope at the close-in radius of LR Also, the
198 experiment was keeping the proton beam spray through the 4"x4"'ho;e in
the center of the stopper to less .than a few xlOlO (measured downstream

with a SEM). The "spray" from these protons in the walls of the hole and

elsewhere should give a substantial singles rate (not "coincident" since




telescopé "views" edges of hole only thru greater than 7' or so of steel).
This spray, ~ 1010 per ~v 100 in2 should give a singles rate ~ 5 MHz in
telescope, comparable to what was seen.
]

Discussion

These measurements show the feasibility of u monitoring in enclosure
100 for slow spill narrow-band running. With the anticipated 20' of stopper
(15' of steel + 5' of aluminum), the hadron leakage should yield even lower
singles rates at the telescope. With only secondary hadrons in the decay

3 of 2.5 MHz

pipe, the plug produced muons will be nearly negligible (§ 10~
measured in June run) as expected., Thus the u's from 7w and K decay will

dominate the counting rate seen by the telescope. The accidentals should

be less than 10% for intensities about ?xlolzppp:

% sMHz singles>5
50 MHz RF

Il

accidental rate 50 MHz (

70 KHz at small radii for p from 7 decay

it

vs. coincidence rate-
and vs. at large radii = 7 KHz for p from K decay.

Detailed calculations-of the radial dependence of the y flux arising from
m,K decays in the 350m decay pipe and interactions in the stopper will be
checked against careful test run data to be made after approval of‘this

proposal. Careful attention to leakage of protors from the train dump and

0.5 Kdz {at most a factor of 10 higher at smaller radii)

construction of the telescope may lead to sufficient reductions in the singles

rates such that even higher proton intensity can be utilized. However, a

maximum of ~ ?xlOl2 PPP appears reasonable in any case. It is to be noted




that no deterioration of scintillators or phototubes at these rates
(107/second) for 106 pulses has been observed by us in an experiment at
the AGS; at 101& particles, this may change, but it is comfortably

adequate; we will remove the u telescopes from the beam when slow spill

narrow~band running is not in progress.
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