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Abstract

We propose an experiment to’seerehzfor neutrino
'~'osc111atlons Wlth Am2 > 10 eVz. Experlmental and theoretlcal
hints suggest thls may be a natural region to expect osc1lla~
stlons. The experlment uses two 51mllar detectors located

at the Wonder Bldg. and Lab E, along the Nﬁ beam 11ne.;

" These detectorsrmeasqreﬂthe.change in neutrlno flux with
distance by detecfing the number of chargedAcuffent events

, over neutrlno energles from 30 to 230 Gev. A measﬁfement with
1;5 X 1018 protons on target would be sen31tlve to neutrlno
r0301llat10ns w1th 10 < AM < 1300 eV2 and s1n (20) - .04.
The detectors are composed mostly of exlstlng hardware Whlch
;th1S'group has used prev10usly for measurements.of neutrxno
‘cross sections. With this simpie design; the two detectors
' can be bullt qulckly and 1n1t1al data taken durlng the Fall 81 |
.runnlng’oycle. Subsequent runnlng with the Tevatron/Saver‘

V would'exfend the mass and m1x1ng anglekreglon covered by,

the initial data.
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. I. Introduction

In the past year, much attentlon has been focused on
 the p0331b111ty of neutrlno 0301llat10ns. in which a neutrlno

of one type (v for example) osc1llates 1nto a neutrlno of

e'a dlfferent type (e g.. u vT: ;us

neutrlno). In 1ts 31mplest form, thls klnd of osclllatlon :

or an as yet undxscovered

.’is analogousktq “the K° osclllatlon KL - Ks » and takes
the form: o | | | ‘
Probebilifj(yg ~ v%) =‘sin2(2q)ein2(1}27 AnzL/EQ) i vél)
;where;“ , | | | | |
- ‘@ = the mixinéiangle between v# and V#’:f”
2 _ = In 2., 2 | |

v . .
B x
dlstance from the source (kllometers).;

Am (V).
.Ev = energy of the neutrlno (Gev). | i | |
In order for osc111atlons to occur, there must be a mass
difference between two neutrlno types,‘so at leasn 6ne 6f nhe
neutrlnos must have a non-zero mass. In addltlon, a coupllng
must ex1st between the two types so that lepton number is not
exactly conserved. If these two condltlons ex1st. then
‘neutrlnos osclllate. The recent high 1nterest in neutrlno
. 050111at10ns is due in part to recent experlments. but .
V,perhapsyaue more to a reallzatlon that these two condltlens;
- are censistent with_previousvdata and can‘be incé:porated

easily and naturally into a theoretical picture of neutrinos.
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Experlments to detect neutrino 050111at10ns have for the
most part yielded negatlve or amblguous results-; This could
be because there are no osc111at10ns, of course, but it could
Valso be that prev1ous experlments have not looked in the ,
‘right reglon,'and indeed have not looked in the most natural
Vreglon. cOsmologlcal estimates based on the clusterlng of
galaxies and the m1531ng mass in the universe suggest neutrlno |
masses of 10~100'ev. A recent measurement of the electren |
neutrino mass by a Russien'group also favors this mass range-
. Neutrihb oscillations are governed by thekdifference'in\mass
sqﬁared between the two neutfino_states,

Am® = m, w‘m22 . : o - (2)

If the neutrino mass scale is ~ 30 eV, then
’Amz = 2m Am =‘(60VeV)(Am) o (3)

which for mass differences of a few eV predicts an?

in’the,
lOOeV2 region. Previous bscillatiOn measuremente'ahd
~propesals do not explore this important regioe.

| Experimental searchee for neutrinoioscilletiOns can be
divided iﬁtd»twb classes: 1) Exclusive eearches,‘which ;oek
for specific‘qscillatiens, such as vy - Vg orx v“ - Vi and
2) inclusive searches, which look for a decrease .in the
epparent cross,section caused by mﬁonrneutrinos osciilating
into other states. A pesitive signal in an exciusivevsearch
weuld indicete the_ptobabiltty of’v#
neutrino is non-zero, whereas in an inclusiveiexperiment, a

going into another




positve'signal indicates that the probability for vu.to

remain vu is not one., o | 5 N | | )
Exclusive searches for Vg interactions in a vudbeam

are-senSitive to v osc1llations into either v .or v*.

V8

These experiments are ultimately limited by the v
_contamination in_the vu_beam.' Experiment 53A, using the '
15-£t bubble chamber, has set a limit of about .5 ev?
for the'u 4channel;"The v, channel has been'investigated
by the emuls10n experiment in the Wonder Building, Exp. 531.
They have set a limit of 3 eV2, although this is somewhat
| dependent on threshold assumptions, But both of these
experiments are.clearly'not sensitive'to vu - v;, if v
vdoesdnot interact'and giye a charged lepton. '

The advantage of‘an inclusive experiment can_be made
clear through some examples. 'Supposelthere is a fourth
flavor of charged lepton h, which is presumably heaVier than
the 15-18 GeV limits set by Petra experiments. Then OSCilla-

tions of the type, v, - vh, are no less likely than other

18
neutrino OSClllatlonS’ but the cross section for vhN - h X
would be either completely below threshold or greatly reduced
by limited phase space at Fermilab energies. However,_the 2
oscillations of Vo = ¥h would reduce the apparent charged i
current cross section and'be.observable.in_an inclusive
experiment;. Another indication of this type of oscillation

would'come from the measured ratio of neutral current to

charged current events.  If vh'couplesrin'the standard manner,
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its neutral current cross séction would remain unchangeﬁ,
and thus the ratio to charged currents would show oscillatofy
behavior. However, since the neutral currents have smaller

statistics and worse systematic errors, the greatest

total

sensitivity to any oScillations’comes‘by compariﬁg L

at différenﬁ distances.
Another kind of oscillation uniquely probed by an
‘inclusive éxperiment involves the mixing of a mﬁon neutrino
with a-non—interacting\type‘of neutriho.' An exaﬁplé of such’k
. a sterilé neutriho wouié be a 1eftfhapded‘muonkanti—neutrino.
CIf right~handéd leptqnic couplings exist, then oscillations

of the type, vv -y :are possible. In this case, there

33 B’ ‘ A )
would be an apparent reduction in both the charged and neutral
current cross sections with the ratio, /b remaining

| nc’Cce’
unaffected. ' ;
An inclusive 6sci11ationvexperiment at Fermilab is

unique in two ways. First, the neutrino'energies available
(50-250 GeV), the diéfénce between source and detector'(sdoé
10b0 metérs), and the>léngth of the neutrinofséurce (decay
pipe = 342 meters) are optimal for observingrosciilations

in the mass range of 20-1000 eV2. As will be shown in the
next section, inclusive type experiments must have detectors
within three to four oscillation lengths fromkthe neutrino
source and have source sizes that are signi§icant1y less

than an oscillation length. With these restrictions, lower

energy experiments at reactors, LAMPF, BNL or the CERN PS,




_ ) ,
cannot reach Am? values greater than 10 eV®. Second, the-
cross sectlon for neutrlno interactions at Fermllab lS

larger than lower energy machlnes and experlments w1th

_50 000~-100, 000 events are p0551ble., The sen51t1v1ty of

an 1nc1u51ve experlment to small mixing angles is directly

'related to the size of the event sample. An experlment atti

Fermllab could in pr1nc1ple reach values for sin (2a) of Ol.

Inc1u51ve searches for OSC1llat10nS are dlfflcult because

they must e1ther compare measurements of c total at dlfferent

energles or at d1fferent dlstances from the neutrlno source

(decayvplpe). The former method (comparlng different energles)
is severely llmlted by systematlc uncertainties in the

calculated neutrlno flux as a function of energy and tlme.

- These uncertalntles ultimately 11m1t_the accuracy of total

cross'section measurements; At present, there are two high
statistics'measurements of the neutrino and anti-neutrino |
total cross section,.CFRR at Fermilah andVCDHS at CERN. These’
xperlments quote systematlc flux errors of 5 10% whlch 11m1t
the observatlon of changes in the. cross section w1th energy.

The publlshed total cross sectlons for the two experlments

.do dlffer by 16% for neutrlnos and 28% for antl—neutrlnos. :VV

With the quoted errors, these results correspond to 12%.and

lA confldence levels that the two experlments are measurlng

the same,underlylng cross section. The two experiments are

at two different distances from the neutrino source (500 m

. for CDHS and 1080 m for CFRR) and, therefore, the difference
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could be lnterpreted in terms of osc1llatlons. But the
normallzatlon question makes any deflnltlve statement
1m90331b1e. |

We believe that the only rellable method of searchlng
for osc1llat10ns in an lnclu51ve sense is to 51multaneously
fmeasure the 1nteractlon rate in two similar detectors’
located at two different distances from the decay pipe-
Since the two detectors are exposed to the same neutrino
beam at the same time, systematic uncertaihties are minimized.
fér a two‘detector setup at Fermilab using thefharrowkﬁand’
beam, the sYstemaﬁic errors should be below 1% and fhe
ultimate sensitivity should be statistics limited'only.’
The experiment we proposé woﬁla be sensitive to'Oscillations
of a type which would not bekseén in exclusive experiments,r
andrto an important mass and mixing angle range, inaccessible
to lower energy accelerators (10 < Am? < 1300 eV2 .04 <
sm? (2a) < 1. 0) | -




I Method and Systematic Errors

The experlment proposed in this document lnvolves
detectlng a change in the vu flux at two dlfferent dlstances
by comparlng the rates of charged and neutral current eventsk
~in two 51m11ar detectors. 'The accuracy w1th Whlch thisg u"
comparison can be made depends both on the statlstlcal errors
of the data sample and on systematlc effects 1nherent in the
experlmental setup. ]

The two detectors are descrlbed in Sec. IITI and consiet
of the ex1et1ng neutrlno target/tor01d system in Lab E, aleng
with a new detectorklnstalled in the Wonder Bulldlng., Neutrlnos
wili be produced using thelexisting'dichromatic'beam and decay
pipe;' Thenrelevant'dietances'(see Fig. 1)'for calculating
' sensitivities to neutrino oscillations are:

Length of decay pipe = 342 meters, |

.cnlstance to Wonder Bldg. = 743 meters (from decay pipe
center)

Dlstance to Lab E = 1OSQ meters, (from decay plpetcenter).

The etandard oscillation formula for vu:going into one

other neutrino is:

"Flux at a - v, Flux\ | ~ A o
Distance L = at the |} (1-sin2(2a)sin2(1.27am2L/E)) (4)

From the Source/ Source
with the above dlstances, this formula predlcts an event ratlo
for the two detectors as shown in Flg. 2. The first 31gn1flcant
‘ maximum in the ratlo occurs where the argument for the 81n term
; is 3v/2 (not Tr/2),r the first minimum occurs at Te ThlS

behavior is a consequence of the distance ratio of the two

detector being .70.
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Fig. 2: Ratio of neutrino flux at the two detectors versus the argument
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In a real ékperimeht; the neutrino energy, Ev. is
known to the length<Of the source and detector. ‘These
erforé in I:‘.ﬂv and L tend to reduce the changeslinlrate .
expected from Eq. (4);1 For ekample. if two mdnoenergétic
~ neutrino béams have energieé‘that diffeery 20%; then'aftet
three oscillation lengths the lower energy has a maximum
when the higher hés a minimum (see Fig. 3). .To~keep thé
‘smearlng of the oscillating behaviof less than -2 oscilla-

tion lengths, the energy resolution must be:

AE /E < ‘2/(number of oscillation lengths to the ‘ (5)
,detector) - .

Fof an experlment w1th energy resolutzon of lOA, Eq. (5)
~implies that the detectors are sensitive to rate changes‘
in the one to three oscxllatlon length region. 1In subsequent
”sectlons of this proposal, we 1nvestlgate the limits imposed
by finite energy fesolution aﬁa conclude that the experiment
is sensxtlve to the reglon with Amz from 10 to 1300 eV2

The finite length of the decay pipe also re&uces the
‘measured flux d;fferences between the two detectors espec1éllY~
when the oscillation length is comparable with the decay pipe
length. The oscmllatlon length defined as the dlstance in
Whlch the argument of the sin term in Eq. (4) changes by 7
is given by:A A , V‘ |

Losc(metérs) =‘2f47 x.103 %* EQ(GeV)/Am?(eVZ)' -

For an experiment;using_400 GeV prqtoﬁé incident on the
secondary prcduction targét, the maximum néutrino energy is

about 230 GeV and, thus, the maximum.gmz probed is 1300 evz.‘
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At the Tevatron, 1000 GeV protons will provide neutrinos up
to energies of 700kGeV and raise the maximum Amz to over
3000 eVz. | |

We plan to use tWO methods in comparing the event ratesr -
in the two detectors. First, the events can be separated into
“bins of measured energy and a ratlo computed for each.ban- |
For the’second method, each detector is divided into rad1a1
bins around the beam eenter and event yields in corresponding

bins are compared. The eize,of the bins are scaled by the

distance of the given detector from the center of the decay

pipe.

Bin in Detector 1 T Bin in Detector 2

R, < R< R, corresponds to R, (L,/L;) < R < RZ(LZ/LlX
where: |

Ly(2) = Distance of detector from decay pipe center.
These two methods are somewhat complimentary, each having
certain advantages and systematlc shortcomlngs. | |

For the radlal bin method, the neutrlno energy and spread
in’a given b1n~1s inferred from the energy dlstrlbutlon of
pions and kaons in the decay pipe. The observed evente'in‘a
radial bin are separeted into’those,induced by‘neutfinos from
either pion orvkaon decay. This separation is accemplished'
using a procedure developed for measuring total crossysectiohs.
With'this procedure, all observed.events are included.indepen?
dent of whether or not the muon energy is measured in the

toroidal spectrometer. The energy resolution ox spread in a
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‘certaln radlal bln depends on three factors~ 1) the‘wdﬁth

in energy of the secondary plon/kaon beam. 2) the angular
dlvergence and transverse s1ze of the secondary beam, and

3) the size of the radial bin.  For neutrinos fromekaon
'decay, the energy spread in a radlal bln is domxnated by the
spread in secondary energy which 1s about 9%. on the other
hand. pion neutrinos have slzable contrlbutlonsdfrom beam
divergence'and‘radial bin size giving an energy spread larger
tnan‘lO%. For this reason, the energy binning method in whlch
the detector resolutlon is 10% is more accurate for plon . ’
’ neutrlnos, For kaon«neutrlno events, there are small correc-
:tions to the raw event ratio due to: 1) the secondaryebeam
shape coupled,with'the finiterdecay pipe length;‘z)ierrors in
vtheumeasuredybeam center at each detector,‘and 3) errors in
the'reiative position’of the decay pipe with respect to the

' deteetors. Figure 4 shcws an estimatedof the erroryintrodneed
by these three effects.. For this estimate, we assume a
secondary beam,wlth 0g = -4 mr and ¢ = 2.5 in., an érror )
in the relative beam«centers of 1 in.‘anddin‘the decay pipeyfd
position of 1 m.  (The beam center at the detector can be

B measured by fitriné thekspatialkdistribution'offpien neurrino
eyents; using this~technique in Exp.‘616, we have been able
to determine the,center to better than -5 inches.) rAsdshown'
in the figure, the errors introduced by these effedts-are

small and with corrections can be reduced to below 1%.
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With the energy bin method, the energy spread within a
bin is related to measurement errors for the muon momentum,
Pu. and hadronic energy'EHad. For our detectors, these

resolutions are:

2 2

AE 2', AP AE
= = 0?2 S o+ y? G
v . ‘ 55 Had
AR, _ {.114 Lab E C BBgag L9
?H .160 ander‘Bldg. EHad Jﬁ;r_“

Had

At small y, the neutrino énergy resolution is about 10% for
Lab E‘and”lS% for the Wonder Bldg. .For pioﬁ ﬁeutrino‘évents.
this reéolution ié substantially smaller fhan the radial
binning method. In addition, the number of events within.a
given.enérgy bin is independent of the secdndary beam size

and divergence. One disadvantage of the energy binning method
is that the comparison between thé detectors is dependent on
the relative energy calibration. This relativé éalibration
can be determined direcfly from the'data by comparing the

mean enérgy in corresponding radial bins in the two detectors
for kaon neutrino events. The 10% energy spfead in a_typical
bin would allow this cross éalibrationvto be made to bettef |
than 2%; With the énergy binning method, there is also some :
- loss of pi§n‘neutrinq events since only‘those'events for which
the mﬁon momentum is measured can be included. This restric—

tion reduces the pion neutrino data sample by about 25%.
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We conclude that by using a combination of the above
two methods, we can measure the event ratio between the two
detectors over the ful_l energy range covered by pion and
kaon neutrinos. The ‘systemati‘c errors introduced by the
geometrical setup'ana ‘the detector resolutions should be

below 1%.
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III. Detectors

AS described earliér, we proposé to compane neﬁtrino
cross sections which will be measured 51multaneously at. two
locations. The systematlc errors in the neutrzno fluxes
cancel.in such a comparison. We propose toiuse the.Lab E
detector ahd build an‘additional detecﬁor in the Wonder Bldgﬁ
The Wonder Bldg.kdetéctor Qiil make use of the ola E 21 steel
platés which still ekist. The constructién of the’detector
can be divided into two phases. During the first phase.vwe
would make use ofimostiy existing equipment in order to build
a Wonder Bldg. detector that can be operational within the
next six months. Our aim is to obtain data during ththéxf
neutrino narrow band running périod (i.e; the’Fall 81 —
Spring 82 cycle). Possibly more data can be obtained if a
followihg 400 GeV run were scheduled by the labo:atory. At
this time, we seek approval for construcﬁion of the Phase 1
detector and for running it during the next neﬁtrinovnarrow
band cycle. The detector can be upgraded\ﬁo runkin the Saver
and the Tevatron beams at a later stage without much'difficulty
in a similar manner to the Tevatron upgrade of the Lab E |
detector (E 652). That kindvof upgrade‘ié referred to as
Phase II in fhé description bélowf | |

A. Phase 1 Detectorv

We propose to construct the Wonder Bldg. detector using
fifty-six 5 £t x 5 ft x 4 in. steel plates from the original

80 plates of Expt. 21. We can operate two detectors by a
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redistribution of spark chambers from Lab E for use in the
Wonder Bldg. The only new pieces of equipment to be
constructed are the Wonder Bldg.‘neutrino target calorimetry
and trigger qouhters (to be provided by the experimenters)
and a 10 ft diameter toroid muon spectrometer (to be
constructed by the laboratory).

The Wonder Bldg. detector target can be 5 £t x 5 ft in
transverse dimension. This is because neutrinos which
traverse near the 5 ft edge in the Wonder Bldg. end up near
the 10 £t edge of the target in Lab E. We intend to make
fiducial cuts in both detectors in order to compare tegibns
of the target for which identical neutrino fluxes are sub-
lténded. The muon spectrometer in the Wonder Bldg. needs to
be of similar size to the Lab E spectrometer because the
kinematics of the muon angle in neutrino interactions does
not change between the two detectors.

The present Lab E detector is shéwn in Fié. 5a. It
consists dfksix neutrino target carts, each consiéting of
the equivalent of fourteen steel plates 10 ft x lorft‘x 4 in.
which are interspersed with fourteen 10 ft x 10 ft liquid
scintillation counters and six 10 ft x 10 ft spark chambers
with magnetorestrictive readout. The target is followed
by three 11 1/2 ft diameter toroids constructed from
magnetized steel washers which are interspe:sed with twenty-—
four planes of acrylic scintillation counters, three planes

of trigger counters and eighteen planes of spark chambers
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which are constructed from a combination of 10 ft x 10 ft
spark chambers and 5 £t x 10 ft spafk'chambers.

| Since the proposed Phase 1 run involves only neutrino
running_(as oyposédvtonantinéutrino‘running) for which the
event rate is high,_ﬁe can afford to reduce the available
instrumented target tonnage in Lab E by 30% and utilize the
chambers for uée in the Lab E toroids. Since one 10 ft x
10 ft chamber frombthevtarget can réplace two 5 ft x 10 ft
chambers in the toroids, we can remove all the thirty-seven
5 £t x 10 ft chambefs and use them to fully instrument~thé
5 ft x 5 £t Wonder Bldg. experiment., We presently haﬁe |
available forty-two 10 ft x 10 ft chaﬁbers and thirty-seven
5 ft xle ft chambers {in addition,kwe have twelve 5 ft x
5 £t chambers that can 5e used as spare replacements for 5 ft
X 10 ft éhémbers thay‘may need repair during the run). We

summarize our proposed detector arrangement below.

Lab E Detector for Neutrino Oscillations

1. Target (instrumented part)

12 1/2 ft x 25 ft veto wall (exists in place)

Fifty-six 10 ft x 10 ft x 4 in. steel plates (exist in place)

Fifty-six 10 ft x iQ ft liquid scintillation counteré( o)

>Twenty—six 10 ft x 10 ft spark chambers (exist in.place)
(Uninstrumented i.e., no chambers)

Twenty-four 10 ft x 10 ft x 4 in. stéel plates (exist in place)

Twenty—-four 10 ft x 10 ft liguid scintillation counters( :“ )

Hadron Energy’Resoiution =.9O%fJEHad .
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2. Toroids (instrumented)

Three 11 1/2 ft diameter toroids each with 64 in. of
magnetized steel in the z direction (exist im place)

Twenty~fbur acrylié,counter planes ld ft x 10 ft (exist in place)
Three 10 ft x lOyft trigger counter planes (exist in place)
Sixteen 10 ft x 10 ft spatk chambers (all ex.isi:‘, some in place)
Total P, kick of toroids = 2.4 GeV/c | |
Momentum resolution for muons = 11%.

Wonder Building Detector for Neutrino Oscillations

V 1. Target

10 £t x 10 ft veto wall (exists)

Fifty-six 5 £t x 5 ft x 4 in. steel plates (exist)
Seventeen 5 ft x 10 ft spark chambers (exist)

Forty-six 5 ft x 5 ft x 1 in. acrylic scintillation counters
(to be constructed by the experimenters})

Hadron Energy Resolution = 90%/JEHad .
2. Toroid

One 10 ft diameter steel toroid 96 in. in lemgth
(to be provided by the laboratory)

Twenty 5 ft x 10 £t spark chambers (exist)

Three 10 ft x 10 ft trigger counter planes (to be
constructed by the experimenters) '

P, kick = 1.2 GeV/c
Momentum resolution = 16%.
The Phase 1 Lab E detector is shown in Figs. 5b and 6; the

Phase 1 Wonder Bldg. detector is shown in Fig. 7a.
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B. Phase 2 Detector

The upgrade of the Lab E‘detector for operation with the
Tevatron/Saver (Expt. E 652) involves the replacement of
all the Lab E spark chambers with drift chambers. This is
necéssary in orderxr to,be able to accumulate severai events
per pulse during the Tevatron/Saver fast spill éxtracted
beam. A similar'upgrade ié envisioned in the Wonder BRldg.
where all the spark chambers would be replaced withvdrift
chambers. In addition, a second 10 £t diameter toroid is
needed in the Wonder Bldg. in order to measure the momentum
of the higher energy muons dﬁring Tévatron/Saver opexration.
We also anticipate expanding'the Wondexr Bldg. fiducial é
target tonnage by 70% in ofder aécumulate more dafa«auring
the lower rate antineutrino running. The proposed Phase 2
detectors are shown in Figs. 6 énd 7b for the Lab E and

Wonder Bldg. configurations respectively.
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IV. Rates and Data Sample

‘Sensitivity to a wide range of Amz requires measurements
covering many energies. 1In addition, overlap in energy of
events from pion and kaon neutrinos allows further systematic
checks of the twd binning methods described previously.

For the 1n1t1al runnlng of the proposed experlment, we'~
plan to concentrate on neutrino running only because the kaon
event rate is substantlally higher with neutrlnos over
antineutrinos. The neutrino charged curreht evént vield
versus secondary beam setting is shown in Fig. 8. 'At‘any
secondary setting, both pion and kaon neutrino events are
recorded. The number of pion events is always greater than
or equal to those from kaon neutrinos and, therefore, the
rdnhing time necessary to achieve a certain data sample is
determined by the desired kaon neutrino statistics. The
run plan given in Table I is constructed to uniformly
cover the range befWeen 40 and 230 GeV with good statistical
precision, a minimum number of secondary ehergy'settings,
~and approximately 5 x lO18 protons on target. Reducing the
number of secoﬂdary settings‘below seven producés gaps in
the energy coverage above 100 GeV and would result inAless
sensitivity for certain Amz values. |

These event yieldé are reduced by three factors:

1) spark chamber deadtime, 2) fiducial cuts, and 3)‘deteétion
efficiency. We plan to run the experiment with the standard
2 ms fast spill with approximately 1013 protons per pulse.

The spark chamber system is capable of recording one event
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per spill which gives an average deadtime loss of 30%.

A fiducial cut of * 25 in. for the proposed Wonder Bldg.
detector corresponds fo a + 37.5 in. at Lab E. These

limits reduce the kaon neutrino evéntsbby 35% but leavek

the pion events unaffected. As mentioned previously, the
pion events are binned by méasured'energy for which the muon
momentum must be measured. This restriction reduces the pion
neutrino event sample by about 25%. With the above 1bsses

included, Table II lists the expected data sample.
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Fig. 8

Total charged current event rate per incident proton
vs. secondary beam setting. (These rates are for a
forty counter (~ 4m steel) fiducial volume for radii
less than 67 in. at the Lab E detector.)




Table I1:

Secondary

Run Plan

Beam Setting {(GeV)
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Number of Protons
on Target

13.3 x 10

7.2
5.2
6.0
7.9
6.1
6.7

5.2

x

X

x

17

1017

1017

1017

1017

1017

1017

1018

Final Data Sample Including Deadtime and
Detection Efficiency Losses '

Total

+ 250
+ 190
+ 160
+ 140
+ 120
+ 100
+ 80
Total
Table IX:
Neutrino No. of Charged
Energy Current Events
(GeV)
221 3500
200 2864
171 3500
157 1971
145 3011
136 598
126 3500
110 3500
94 3899

Neutrino
Enerqgy

{GeV)

76
68
61
58

52

a7
43
39
35

No. of Charged
Current Events

3194
1240
2497
4009
3279
4926
4032
3894
3500

83617
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V. Sens1t1v1§y

We have made a Monte Carlo study of the expected
sen51t1v1ty with the data sample of Table II. (A systematic
error of 1% is added to each data point. ) Figure 9 shows the
90% confidence 1evel 11m;t for data assuming no oscillations
(51n (2a) = 0). For full mixing, the measurement covers
from 10 to 1300 evz. The mixing angle limit for the 
region 50 <« Amz < 500 eV2 averaées about sin2(2a) = .06.

These limits are substantiaily smaller than other inclusive
measurements proposed and reflect the large statistics
availablé in a Fermilab experiment.

Of cdurée, we hope the experiment will do ﬁore than -
just set limits on oscillations. If an effect exists, the
proposed experiment haskthe potential to measure the
parametérs involyed very well. Simulated data (with the
event sample of Table I1) for Am2 = 380 eV2 and sinz(za)

-2 is shown in Fig. 10.  The data show a definite change in

the events ratio versus energy. Fitting this data to Eqg. (4)

yields measurements of (see Flg. 11) | |
am? = 380 ¥ 11 ev?

sin®(2a) = .20 + .02 .

(A fit assuming zerb mixing yields a cdnfidence level

below 10”8.)
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Senéitivity vs..Amz and sin2(2q) for the data sample
of Table II.
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Morite Carlo "fake" data for the hypothesis am? =
380 eV2 and sin2(2a) = .2 for the data sample of
Table II. ‘
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Fig. 11

Results of a fit to Eqg. (4) of the data in

‘'Fig. 10. The contours are for 1, 2, and 3
standard deviations.
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The present dichromatic beam was built to transmit
secondary beams at energies up to 350 Gev. ‘fhis means
that the sdlid angle aéceptance (10 pstrad) seridusly»
compromises the rates at lower energies. We are inves-
tigating a very promising design for the Tevatron dichromatic
beam which permits optimiiation of the solid angle acceptance
for the specific energy range in which the beam will operate.
The CERN dichromatic beam already incorporates this feature.
Figures 12 and 13 show the total rates for pion and kaon
neutrino events, respectively, using the LabkE detector
with the present beam (a). The rates with a beam optimized
in solid anglé acceptance at the particular setting is also
"shown (b), again using 400 GeV protons. Substantial improve-
ment is available in the energy range of interest. Operation
of the same beam with 800 GeV incident protons giwes the upper
curves (c). Overall, these curves indicate that an order of
magnitude increase in rate is conceivable. With practical
factors taken into account, this increase will be more like
a factor of five, matching the average rate available with
present repetition raf:es.

Other rate improvements, such as removal of deadtime
effects with oﬁr use of drift chambers, and an increase in
neutrino target length in the Wonder Bldg. to‘match Lab E,
indicate that Saver operation should be very competitive

with present rates for the proposed experiment. In addition,
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Tevatron operation with higher energy secondaries will
permit exploration of a mass region considerably higher
than accessible presently.

It should be noted that exploitation of this physics
with thé Saver requires more than Saver operation. It also
requirés completion of our drift chamber upgrade on an
appropriate time scale’and completion of the Tevatron di-
chromatic beam on the same time scalé. We see this as at
least tﬁo, and probably. three, years away. We emphasize
that the largest, and possibly most important, region can
be explored nbw with lower energy operation, either here or
_elsewhére. This underlies the urgency of the timing which
we havé outlinéd.

In our group.deliberations, we have seriously’considered
the possibility that we may be compromising a bétter experi-—
ment to be done later by buiiding the experiment on the
proposed time scale. After penetrating déliberations, we have
unanimously concluded that we will not seriously compromise
the long term physics by constructing the target as
proposed here.

The second target to be built ih the Wonder Bldg. is not
identical to that in Lab E. There is no need for it to be
identical; indeed, it is preferred that it not be identical.
Neutrinos passing through a certain fiducial area in Lab E
pass through a fiducial area in the Wonder Bldg. that is

smaller, so it is not possible to make the situations



-36~—

identical. The targets must be capable of identifying with
high efficiency neutrinoc events that are in some common
region, but not necessarily all regions, of the kinematic
variables. Comparisons of event rates in two targets are
different from total cross section measurements. In the
latter case, the absolute cross. section regquires the use
of efficienciés calculated from azimuthal rotétion of events
(typically about 90%) and corrections'for lost regions in
muon angle (typically about 97%). Target rate comparisons
réquire only a comparison of numbers of events in kinematic
regions where the acceptances of the two targets overlap.
. It is important that the two targets be similar for such
comparison, but it is not essential that they be identical.
One technique for analysis of the data is to take events
in one‘targef and transpose the events to the othervtarget
(in the computer) to determine if they would have been accepted.
Only events acceptable to both targéts would be used for rate
comparison. If this is done in concert with hard cuts on
muon angle and momentum in both targets; the comparison can
be made independently of any physics assumptions, including
the physics of the primary interaction, multiple scattering,
or muon energy loss. We conclude that the’comparisons of
flux in two targets, even though the targets axe slightly
different, can be made unambiguously. The éfféct of small
apparatus differences is to compromise slightly the number

of events to be used in the comparison.
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The only comproﬁise made with the Wonder Bldg. apparatus
design are those of;?ransverse target size and toroid diameter.
The optimal size of thé Wonder Bldg. target is 6.5 ft x 6.5 ft.
The 5 ft x 5 ft target to be built reduces the comparable |
»rate‘by about 35% for kaon neutrinos, but reduces the
- comparable pion neutrino rate not at all. The transverse
foroid size (10 ft diameter) does not quite match the 11.57ft
diameter Lab E toroid. This reduces the.comparable pion
neutrino rate by about‘lo%‘(i.e., muon angle less than 87 mrad
insteaé of 100 mrad), but has little effect on kaon neutrinos.
We see a method of increasing rate in the futﬁre by increasing
neutrino»target longitudinally as'superior to a scheme with
more transverse targét. The praétical advantages of the
smaller transverse dimensions outweigh thé small rate

compromises.
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VII. Conclusions and Requests

A definitive measurement of neutrino oscillations in
the large Am2 region is needed at this time.v There are
both experimental and theoreticalyhints that neutfino masses
may be larger than 5 eV and that the region withf;m2 > 50 ev?
may be a natural place to expect neutrino oscillations. This
region can be uniquely probed by experiments at Fermilab.

The experiment we propose has many'advantages for this
investigation: 1) The method in which two detectors are
exposed simultaneously to a common neutrinoybeam is practically
frée from systematic biases and is sensitive to oscillatiQns
of VM into any other ngutrino type. 2) The two detectors
.are composed mostly of existing well undefstood,apparatué
allowing a gquick turn-—-on date for the experiment. 3} The
group involved has a broad background and much expertise
in using these detectors to measure neutrino interactions.

4) With a modest run of 5 x 1018 protons, the ex@eriment.

- would be sensitive to v, oscillations with 10 <« ggmz < 1300 eV2

K
and mixings with sinz(za) > .04. ‘
| We believe‘that this measurement should be done as soon
as possible both for compeiling physics reasons and possible
competition. To this end, we have designed the experiment to
minimize the requests from Fermilab and éilow foxr fast

construction. The specific requirements are listed in the

next section with the major requests of Fermilab being the
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mounting of the steel target in the Wonder Bldg. and the
construétion of a new 10 ft diameter steel toroid. .

With some help from Fermilab, we feel strongly that
thebexperiment can be reédy‘for the Fall 81 funning period
and‘we would request a data_taking runvof 5 x 1018 protons
ét that time. Subsequent running with the Tevatron/Savér

would extend the mass and mixing angle region covered by

the initial data.
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VIII. Requirements

A. Requirements from the Laboratory

Construct a 10 ft diameter x 96 in. long steel toroid,'
possibly using existing steel. Fabrication cost:

$40;000; steel replacement costs: about $40,000.

Remove existing experiments from the Wonder Bldg. aftexr

they are compléted.

Rig in and mount fifty-six 5 ft x 5 ft x 4 in. steel plates
(using existing old E 21 Steel) on the concrete pad in

the Wonder Bldg.

Transport thirty-seven 5 ft x 10 ft spark chambexs from

Lab E to the Wonder Bldg. Move 10 ft x 10 ft chambers from
the Lab E target into new mounts in the Lab E tomnid' |
assembly.

Provide one PDP 11/50 computer for online data taking and
monitoring. Lab E software can be used.

It is the intention ofrthe experimenters to utilize as

much of the Lab E PREP equipment by temporarily borrowing
items such és‘ADC's from the Lab E fécility. (ADC's can
be borrowed temporarily from the two upstream target carts
from which spark chambers have been removed.} We estimate
the amount of additional PREP electronics td be about
$115,000. |

After the data taking period, provide a calibration beam
with momentum selected low energy hadrons andkmuons for

the Wonder Bldg. detector. Conversations with R. Stefanski
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from the Neutrino Dept. indicate that such a beam can
be readily made available via the N1 line by installing

a beam pipe in the berm.

B. Requirements from the Experimenters
Provide and construct fifty-six 5'ft.x 5 ft x 1 in. .
calorimetry couhtérs (solid acrylic scintillator)'Withr
wave shifter readout and with phototubes and basés.

These will be used in the Wonder Bldg. target. Estimated
cost: about $125,000 (see Appendix A). |
Provide and construct three 10 ft.x 10 £t trigger

counter planes and one 10 ft x 10 ft veto counter
plane in the Wonder Bldg. Estimated cost: about $25,000
(see Appendix A).
AsSemble}and rig into the steel the fifty-six counters,
the trigger counters, and the thirty-seven 5 £t x 10 ft

spark chambers in the Wonder Bldg.
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APPENDIX A: Acrylic calorimetery counters and NE114

trigger counters.

We have constructed a large number of 5'x5'x1.5"
acrylic calorimetery counters for the toroid system in
lab E. We have also constructed a large number of

10'x10' liquid scintillator counters and NE114%

2.5'x10'x1" trigger counters. The light collection

system that was developedl' for all the lab E counters
consisted of acrylic wave shifter bars doped with
BBQ ( 90 mg/liter). This has proved to work very well

and we plan to continue using the same process for the
Wonder building counters.

Acrylic counters for the wonder building.

Thée present the lab E 5'x5'x1.5" acrylic counters
yield about 5 photoelectrons per minimum ionizing

particle. They have a yield of about 30% of the light

output of NE1102 and an attenuation length of about

1 meter. They were constructed about 5 years ago

3

using scintillator cast by Polytech Inc.~., The formulal

used was: acrylic base (PMMA 96%) with 3% Naphtalene,
1l PPO and 0.01% POPOP. In the last two years, acrylic
scintillators with more light output and longer attenuation

5

length have been developed4' utilizing a larger
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concentration of ultra pure Naphtalene. We intend to

use thiner counters ( 5'x5'x1" ) and use the

higher light output formula. A formula5 consisting

of 83.99% PMMA acrylic, 15% Naphtalene, 1% Butyl PBD

and 0.01% BBOT yields5 ~about 70% of the light output

of NEllOz. We have found two commercial suppliers in

3,6

the USA - who will cast this formula. The 56 counters

can be cast by either supplier and delivered within

12 weeks of ordering. The BBQ bars are not very
expensive and can be supplied by three manufacturers3'4’7

Figure l4a illustrates the counter in its frame with

light collection BBQ bars and two 2" phototubes(RCA6342A).

Trigger counters

We plan to construct the trigger counters in an
identical fashion to those used for the lab E veto wall
system. Such counters are constructed from 2.5'x10'x1l"™

2

NE114 PVT plastic scintillator which has 70% the

light output of NEllOz. The BBQ acrylic bars are
1" wide 0.5" +thick and go into two 2" tubes (56AVP).
We expect a delivery schedule of about 8 weeks foxr the

trigger counters. Figure 14b illustrates the present

veto wall counters which are used in lab E.
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(a) ACRYLIC 5'x5' COUNTER

60"x I"x 1" BBQ SHIFTER BAR
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(b) 23&'x 10" TRIGGER OR VETO COUNTER
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Fig. 14

a) A Wonder Bldg. target/calorimetry counter.
b) A Wonder Bldg. trigger counter. (Four of these
- counters make one 10 ft x 10 ft plane.)




