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A PROPOSAL TO BUILD A HIGH-INTENSITY NEUTRINO 
BEAM AND TO STUDY CHARM PRODUCTION 

Argonne National Laboratory, Carnegie-Mellon University, 
University of Kansas, Michigan State University~ 

Notre Dame University~ and PurdtieUniversity 

It is proposed to build a rapid cycling, high flux neutrino beam cover­

ing the energy range from 2 to 60 GeV. The beam is produced by 12S GeV 

protons incident on a production target. two horns to focus secondaries, and 

an iron shield to range out the muons. 

and 1 x 10 protons with a light neon-hydrogen fill of the 1S-foot chamber. 

Such a beam in conjunction with the 1S-foot bubble chamber: 

a. Will provide a copious source of charmed particles produced in sim­

ple quasi-two-body channels. A detailed study of production and decay 

modes will be possible. 

b. Will allow a high statistics study of deep inelastic neutrino scattering~ 

quasi-two-body reactions, and strange particle production on a reaSOn­

able time scale and at a competitive cost. 

c. Should be regarded as a facility. and we indicate some other possible 

uses of this new beam. 

We request a 1019 proton exposure of neutrinos with deuterium fill 
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I. INTRODUCTION 

.Studies of the properties of particles having the new charm quantum 

number provide an important but difficult experimental challenge. Only a 

few states are known. and there are many important questions that must be 

clarified. Although most of the da.tato date has come from the e+e - storage 

rings. the rate of charmed particle production at Fermilab is almost certainly 

much higher than with the e+e- devices, The cross section for charm produc­

tion in hadronic collisions is difficult to both estimate and measure. In addi­

tion, the large masses involved imply many decay channels and require a 

good trigger to enhance the signal-to-noise ratio; this has. so far, not been 

devised. 

These considerations have led a number of groups to propose studies of 

the properties of charmed particles with production via the weak (v) as well 

as electromagnetic ('Y) interactions. While we believe both approacJ:1es are 

useful and should be pursued" there are aspects of the physics of charm which 

are best studied with a v -beam. 

In neutrino-nucleon interactions" it should be possible to measure the 

charm cross section with some reliability. and the complete information on 

each event in exclusive channels minimizes the background. Indeed, the 

- + 0 0l.L e K (A ) + X events seen in the 1S-foot bubble chamber probably result 

from the semileptonic decays of charmed mesons or baryons. Of particular 

interest is the structure of the charm-changing weak current(1) and the weak 

form factors of the charmed objects. The same information is also available 

0 2from a study of 	semileptonic decays of those objects albeit only out to a 

2of -1.3 (GeV/c). Just how big the semileptonic modes are is not knownfor 

sure. If they should turn out to be very small, getting at the structure of the 
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charm-changing weak interaction could be done using neutrino production. 

To illustrate this in the quark parton model~ inclusive charm produc­

tion with ~C = 1~ ~S = 0 is expected to be given by 

2 - 2 . 2e2x d(x) sin e + 2x c(x) (1 - y) Sln 

Thus a neutrino experiment in principle measures the sin2e strength of the 

charm-changing current as well as the amount of c quark in the qq sea. If 

the down and the c quark have any right-handed coupling. then there will be 

additional contributions with a (1 - y)2 distribution. In the same way, it is 

important to extract information on quark parton distributions for ~C =0, 

~S = 1 transitions. 

Some other p'oints worth mentioning in comparing charm production 

by v I s and other beams)are that we will probe momentum transfers in produc­

tion such that q: 2 2 Q2.. Studies of charmed particle
-prod. ,., semlleptonlc decay· 

production using neutrino beams will then be interesting and may even be cru­

cial for our complete understanding both of the nature of charm and of the 

quark-parton model. 

Specific two- body neutrino interacti~::ms such as 

v + p - tJ. - + ~ ++ (1 ) 

have cross sections that rise quickly from threshold, level out, and become 

nearly independent of neutrino energy. This behavior results from the form 

factor damping of the intrinsic~ linearly-rising weak cross section, and, in the 

case of the tJ. - ~ ++ final state~ a quantitative comparison of the theory and 

data has been made from the Argonne-Purdue experiment in the 12-foot 

chamber (2) 
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Similar cross section behavior is expected for the case of charmed-

baryon production in reactions such as; 

v + n - 1.1 - + C6 (2) 

- + C++ (3)v +P-j-L 1 
- C+ (4)v +n-j-L + 1 

- + C *++ 
1 

(5)v +P-j-L 

-v +n-j-L + C *+ 
1 

(6) 

The masses of the above charmed baryons (- 2-2.5 GeV) set the threshold 

in the 2-4 GeV neutrino energy range~ as seen in Fig. 1. Since this neutrino 

energy is between the upper end of the Brookhaven beam and the lower end of 

the existing Fermilab beam~ the yield of reactions (2) to (6) can be substantially 

enhanced by using intermediate energy protons. 

We are proposing such a new high-rep.-rate v beamwhich would use pro­

tons of 125 GeV I and be directed at the 15-foot chamber. With a two-horn 

focussing systeml the peak of the v spectrum is in the 3-5 GeV region. When 

the charmed baryon yields per unit time are compared for the existing 400 GeV 

beam and the proposed beam l the latter has nine times the rate. 

Our initial interest is in studying the production and decay properties of 

charmed particles. We consider that an exposure of 1019 protons with a deu­

19terium fill and a similar exposure of 10 protons with a light neon-

hydrogen fill are required. We anticipate~· given the participation of the six 

groups in the proposal~ important results on charm will appear about nine 

months after the exposures are taken. 

In order to accomplish the project, we are prepared to design and build 

the horns and their power supplies l to help with the design of the beam and to 

devise the flux normalization procedures needed to exploit the high statistics 

data provided by such a facility. We urge that completion of the facility 

----------------_ ..... --_. 
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be aimed for no later than two years from the time of writing this proposal. 

This beam should be regarded as a facility, and we discuss this in Section 

ll. C. 

In this proposal, we outline the features of the beam, and then discuss 

the charm physics as well as the conventional physics we propose to study. 

In the appendices, we discuss 

I. The questions asked by the v Workshop Review Committee. 

ll. The possible extension of the facility to a high flux v ,e v beam e 

and to a dichromatic beam. 

ill. Recognizing semileptonic decays of charmed baryons. 
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II. DESCRIPTION OF THE BEAM 

A. Rate Advantages of Using 125 GeV Protons 

The v beam we consider uses a primary proton energy of 125 GeV. 

The protons strike a production target~ followed by a two-horn system to focus 

the secondaries. There is a decaY,fJpace of 175 meters which ends at a steel 

shield 75 meters long. Such a facility can be installed utilizing the N-5 beam 

which presently delivers hadrons to the 15-foot chamber. 'rhis beam can be 

used to transport full intensity 125 GeV protons provided the shielding is 

improved. In Fig. 2.. we show an overlay on a standard Fermilab print of 

some of 1;he changes that would have to be made. 

The immediate question is how much improvement does this beam pro­

vide over the standard 400 GeV beam. To answer this question~ one must 

decide how to calculate the flux from the two beams. Different parameteriza­

tions of the 'IT +.. K+ yields differ significant1y~ so that the absolute yields are 

consequently difficult to calculate. We have chosen the Wang(3) parameteriza­

tion for 'IT + and taken a 10% K+ I 'IT + ratio at both energies. The Wang formula 

has been fit to a large variety of pp data.. and it also fits the thick target Fermi­

lab 200 GeV data. (4) The quality of the fit of the Wang formula.. to some repre­

sentative pp data at 102 GeV Ic .. (5) is shown in Fig. 3. With the Wang formula 

and the computer program NUADA.. (6) we compute the flux shown in Fig. 4. 

The number of events in deuterium for reactions (2) through (6).. as 

well as the inclusive charged current event numbers" are shown in Table 1. 

We note from Table I that the proposed beam produces nearly four times as 

many charmed baryons per primary proton in the ex~lusive channels listed 

as does the 400 GeV beam. The 125 GeV total charged-current neutrino 

interaction rate is about 1. 7 times larger than the 400 GeV 
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rate per proton. For completeness, Fig. 5 shows the v flux obtained with 

the proposed beam. 

In addition to the higher event rates/picture, the 125 GeV beam also 

has a substantial repetition rate advantage. The cycles for dedicated running 

are shown in Fig. 6. The low energy beam can be run 2.5 times as fast. 

Thus, in dedicated running, the proposed beam produces the exclusive 

charm channels at about 10 times the rate at 400 GeV. Furthermore, since 

radiation damage and target melting, etc. presumably scale with the electro­

magnetic cascade, the 125 GeV beam can use the full extracted intensity, 

13whereas·the present beam, at least at this time, is limited to 1. 0 x 10 ppp. 

So the overall rate (per unit time) could be as much as 25 times higher. 

Finally, this is an excellent beam to use when the Laboratory wants to 

cut its power bill. The ohmic loss per pulse in the main ring is down by a 

factor of approximately 40 for the 125. GeV beam. Thus, in the dedicated 

running mode, the 125 GeV will have a main ring power bill which is down by 

a factor of 15 from dedicated 400 GeV running. 

This is perhaps a good time to point out that the 125 GeV beam really 

adds a new dimension to the Laboratory's neutrino program. With the 400 

18GeV beam, present experiments have difficulty obtaining more than a few 10 pro­

tons on target. With the 125 GeV beam, exposures of 1019 can be attained. 

In fact~ with an overall efficiency of 0.50 and an intensity of 2.5 x 1013 ppp, 

19 a 10 proton run would take less than one month. 

In comparing the data rates possible with 125 and 400 GeV protons: 

a) For the same ppp and repetition rate, the data rate with 125 GeV pro­

tons is higher for E ~ 20 GeV. 
v 

b. 	 Taking advantage of the increased repetition rate possible at 125 GeV~ 

the data rate is higher for E ~ 36 GeVv • 

'. 
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1013 c. 	' Since extracted proton intensities up to 2.5 x are possible with 125 

GeV protons, this extends the crossover Ev ...... ,50 GeV. 

B,. 	 Physics Analysis Advantages 

The intermediate energy beam has the advantage that we are operating 

close 	to threshold. and more complex states with several missing neutrals 

will be suppressed relative to the simple two-body final states we are seeking 

to isolate. This is important in any D2 running as we will want to separate 

the two-body production reactions from the background by use of kinematic 

fitting. The ability to reject unseen 11' o's in D2 depends on the transV'erse mo­

mentum imbalance which is detectable. In the high energy beam. the most 

probable neutrino energy making a C~ is E v ::: 17 GeV.. While in the inter­

'mediate energy beam, it is 5 GeV. In the proposed bearn. the tL - will have a 


momentum of ~ 4 GeV and op/p ~ 0.008 or op::: 32 MeV/c, while in the high 


, energy beaJD., the outgoing muon will have momen~ ~ 14.. 5 GeV and op/p ~ 


0.02 or op = 290 MeVI c. So we would expect events with missing neut:rals 

,to be suppressed because we are closer to threshold, and if they do occur, , 
, 	 . 

they are more likely to signal their presence with momentum i:mbalance. 

. '.~ 

'. 
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C. The Beam as a Facility 

We regard this beam as a facility. We envisage there will be additional 

proposals for the IS-foot chamber, as well as for counter type experiments. 

For example~ tagged-emulsion experiments searching for short-lived objects 

would benefit from this beam. Such experiments could easily progress to 

leaving out the emulsion and isolating the charm states by purely electronic 

means. There may be some advantages for this beam to do V + e - -+ V + e 

'" . '" 
or II + e -+ II + e. In Appendix II we mention a possible modification of the 

'" '" beam.beam to provide a higher energy II 
e 

An important consideration is the likelihood of dedicated running. 

It is clear that one of the big advantages of the beam is. t~e rapid cycle rate. 

The 125 GeV beam is 2.4 times faster than dedicated 400 GeV running and 

4 times faster than the usual 10 second 400 GeV running. A significant point 

is that the power bill is a major cost at the laboratory•. The fact that this 

125 GeV mode of operation uses less than 1/15 of 400 GeV main ring power 

is important and may allow the laboratory to schedule more research time. 

Such considerations may be particularly relevant for doubler operation, 

when. during the long ramp and flat-top~ the 125 GeVdedicated operation could 

easily be run in parallel with the 1000 GeV counter program. 
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Ill. PHYSICS 

A. CharITl 

The direct observation of charITled-baryon production in two body 

. (7,8,9)
reactions by neutrinos is topica I physics. SeveraI caIculahons of 

the reactions (2-6) have been ITlade and they are all in rough accord. We 

have used the work of Avilez et al. shown in Fig. I. A 11 of the calculations 

use the GIM ITlechaniSITl and t1:e charITl changing current (~sin2e ) to change 
c 

an ordinary down quark into a charITl quark. The calculations rely on 5U(4) 

to obtain the q2 d = 0 	norITlalizations. 5U(4) breaking effects are incorporated
pro • 

2 
at the quark level by introducing quark ITlass breaking. To obtain the q d 

pro • 

behavior, dipole forITl factors are used with charITled ITlesons setting the ITlass scale. 

The resultant cross sections are quite large; for exaITlple. the aSYITlptotic 

. f - C+ . . 1 60 Of. f - ++cross sechon or Jl. 0 	1S apprOX1ITlate y ,0 0 p, /:;. • 

The first obvious and iITlportant set of experiInents is to establish the 

2 
ITlagnitude of the cross 	sections, the q dependence, the energy behavior, 

*++ *++
the ITlass and width of C • Here one expects the C to decay strongly

1 1 

)l:++ + + . ++ . + 


i. e. C ..... 1i' + CO' 5iITlilarly for the C • if its ITlass exceeds the Co by
1 1 

ITlore than a pion ITlass. On the weak non-Ieptonic decays of the c~, the 

experiITlent will give inforITlation on branching ratios. including the search for the 

+ *+ + ­presence of interITlediate resonances in the decay products such as CO.... Y 1 'IT 'IT • 

L A°'IT+ 

As is well known. the large available energy will lead to ITlany decay 
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(IO) .
:modes. In an analysis by B. Lee et al. , they expect the channels 

+ 0 +
Co ... A 1T +:m1T (7) 

+ 
Co -+ Drr + :m1T (8) 

+ - . 
Co -+ KN + :m1T (9) 

to be i:mportant and 

:m = 0 occurs for -200/'0 of the decays 

:m 1 300/'0 

:m = 2 250/0 

:m = 3 150/'0 

:m = 4 5% 

Those :modes which do not have neutral pions should be relatively easy to iso­

+late. This is because of the narrowness of the CO' Putting in reasonable 

values for the track errors in decays such as. 

+ _0 +
C (10)o -+A + 1T 

+. 0 + .. + -
Co -+ A + 1T + 1T + 1T, (11) 

we obtain a :mass resolution which has a FWHM of 45 MeV. Calculations 

on the nature of the background fro:m associated production. e. g. &/+ n -+ J.L -+if+K\ X 

indicate theA + :mesons effective :mass obtained is widely dispersed over the 

:mass scale and will not provide :much background. The res ults of Deden et a!.. 

. G 11 (14). d" h ' 0 +In . arga:me e In lcate t ere are 22 examples of II + N ... A + K + X 
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events and (42 ± 20) unassociated A o's. Assuming the topological distributions 

o + + + .for A + K + X and for Co - ATr + X to be approxlmately the same~ we can then 

normalize the background contribution from associated production~as shown in 

Fig. 7. 

From isospin bounds (11 ) one"can place limits on the fraction of a give~ 

channel which will have no missing neutrals~for example# A °Tr +Tr +Tr - is betwee~ 
0+1/ 2and4/SofallATr (TrTr). Similar considerations hold for the 7ETr channels~ 

so that an appreciable fraction of the decays can be isolated even without Tr 0 

detection• 

. As an example~ we estimate how many C~ - A°Tr + we expect to identify. 

The' result is obtained by applying the following factors to the number~ 4" 000 

C~ produced (Table I); ~ (decaying via reaction (7)L ~ (with m = 0)# ; (A visi ­

bility)I 0.9 (hadronic decay). This gives 160 events.' 

The program described above should be carried out in a D2 bubble 

chamber; a well-understood and well-monitored beam is an important part of 

the experiment. The number of vp - .... - ~++events is:::: 13# 000# so that a direct 

flux independent cross section comparison above charm threshold is possible. 

Perhaps the most interesting physics will come from a study of the 
+

C~ semileptonic decays C~ _ A 0 {~+ } v. As pointed out by several authors# (9.. 12) 

this is an excellent reaction to test the structure of the charmed currents. In 

the GIM schemel J'" = s,,'" (1 - ~S) c cos e . This is generalized to (keeping 

'" - X .vector and axial vector couplings only) J = sy (gv - gA"S)c cos e c. Buras and 
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Ellis(l2} have worked out various decay distributions as well as the A 

polarization. Fig. 8, taken from Ref. 12, illustrates the difficulties involved 

in trying. to extract information on the couplings by measuring quantities 

such as the mass spectrum of the Ae system (Fig. 8a), the average Ae mass 

(Fig.. 8b). Or the average lepton energy (Fig. 8c). In all of these examples. 

there is not much discrimination between the various couplings. 

O
A much more sensitive probe comes from the A polarization which 

0, - 0 
gives rise to an up-down asymmetry for the A ... p1T. In the A rest frame. 

,. ,. 
it will be polarized along the directions nand (3. which are unit vectors made 

up from the sum and difference of unit momentum vectors along the decay 

leptons. Fig. 9(a) shows the polarization along ~ and S 
for different choices of the couplings. Fig. 9(b) illustrates the projected 

distribution. Fig. 10 shows a Monte Carlo run of 100 experiments. each 

with 100 events.. Each experiment was analyzed using a likelihood function 

of the form 

dP 1 
d cosl/l ="2 [ 1 + G(Oo)coSl/l(n)] (12) 

(n) (3 (3
(3 

,.. ,.. 
for the two projected distributions along nand (3. The sample was generated 

with the phase and magnitude expected for V -A. It is clear from Fig. 10 

that the analysis strongly favors V-A over V, A. V + A. 

The authors of Ref. 9 have gone further and show that the C~ is ex­

pected to be strongly polarized in the production process. and the polarization 
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lies in the production plane. The polarization of the C~ rotates in the plane 

as a function of q2 , but its magnitude is lar ge and roughly independent 

prod. 


of q 
2 O


They show that there is a A asymmetry about the C+ polarization 
prod. o 

direction. The degree of this asymmetry depends on the magnitude of C+ 
o 

polarization as a function of q2 (this dependence is weak), and the Q2 , 
prod. decay 

the momentum transfer in the decay. This asymmetry is a measure of the 

relative amounts of vector and axial vector currents, but it does not 

distinguish their sign. i. e. can't tell V-A from V+A. 

. (13) . 0 
In a subsequent preprlOt, the authors of Ref. 9 calculate the A 

polarization given that the parent C~ is polarized. The authors show that 

O
if the decay lepton variables are averaged over and the A direction is aver­

aged over, then the mean longitudinal polarization of the A is independent 

of the production variables and identical to the case of unpolarized decay. 

As seen earlier in Fig. 10, this longitudinal polarization is sensitive to the 

relative sign of (V::I:A) and readily distinguishes between the two cases. 

O
It is also shown that the A polarization relative to the production 

plane is proportional to the C~ polarization. and the coefficient is a strong 

2
function of Q • This then can be used to determine the C+0 polarization and

d ecay 

probe the V. A structure of the production process. 

One will certainly try to detect terms which vanish with time-reversal 

+
invariance. e. g. Co polarization normal to the lepton plane. Another test 

+is to search for a correlation between the normal to the Co decay plane and 
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+ 1 . t'the Co po arlZa ion. 

The· semileptonic branching ratio C~ - A 0 {~} v is not yet well mea­

sured, (14) but if itis about 100/0, we expect Z70·events in D Z' We require e 

and .... identification to identify these events. This is discussed in Appendix 

Ill. It would be preferable to use a hydrogen-neon mixture for this aspect of 

the experiment. The rate is about 3x higher and ....-e identification is straight­

forward. In light neon, the event rate (charged + neutral) is :::: 0.3 events! 

frC'!-me at 1013 ppp, so this may be close to the practical limit on the intensity. 

B. 	 Conventional Neutrino Physics Below 60 G~.v 

The study of charged and neutral current v I V interactions at the 
.... .... 

lower energy accelerators has given a first look at v N interactions in the 

energy 	range E ~ 1Z GeV. (15,16) At the ZGS, the deuterium filled 1Z-foot 
v 

bubble chamber will complete its program of vn and vp interactions at low 

energies. At the CERN proton. synchrotron, the heavy liquid chamber Gargamelle 

has been used in an extensive study of v and v interactions on complex nuclei. 

The inclusive vN and vN differential cross section can be written as 

dZ(J" v, v GZME ~ Mx Z. . 	 Z ~ 
(13)dxdy = 11' L(1- y - W-) FZ(x) +T Z x F 1(x)± (y-r)x F 3(X)J 

where x = Q 
Z/2Mv and y :: V IE. The Gargamelle experiment has determined 

2F l' F Z and F 3 for a neutron-proton average in the scaling region WZ > 4 GeV

and QZ > 1 GeVZ• The analysis was based on a sample of 635 v and 156 v 
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events with Z. 5 < Ea;< lZ GeV. The only continuing program. at the lower energy 

m.achines will be that using the 7 ft. cham.ber at Brookhaven. However. as 

discussed later, for the standard exposure of 1019 protons. the proposed beam. 

with the 15 ft. cham.ber provides m.ore than lZ tim.es as m.any charged current 

events than does the 7 ft. cham.ber. The experim.ents now being 

carried out using 400 GeV protons at FNAL and the CERN SPS will study the 

region E > 10 GeV. 
II 

In this experim.ent we propose to study neutrino nucleon interactions 

with a high precision: one that com.pares to that of eN interactions studied 

at SLA C and Cornell. The proposed experim.ent allows a detailed study of 

both inclusive and exclusive channels in charged current reactions and of 

inclusive neutral current processes. up to E ~ 60 GeV. A com.plete program.
a; 

encom.passes both" and;; beam.s with HZ' D and neon-hydrogen fillings of the
Z 

bubble cham.ber. A com.bination of the bubble cham.ber technique and a high flux 

beam. with well- known norm.alization provides a powerful technique for ~m.plem.ent-

ing such a program.. In t~is section'of the proposal, we briefly outline som.e of the 

areas of physics that require a high statistics experim.ent. For purposes of dis­

cussion. we concentrate m.ainly On v -DZ and v - DZ interactions. 

1. Structure Functions and Scaling 

An im.portant question is the energy dependence of the total cross 

section off protons and neutrons separately for II and Vbeam.s in the 

energy range Z-60 GeV. Relying on the experience of the CERN group working 
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at the PS and SPS~ an accuracy of ±10% in flux normalization can be 

. (17)
reahzed. 

The inclusive charged current rates for a V D2 exposure are shown 

in Table II. Also shown for comparison are the charged current rates for the 

same size exposure at Brookhaven. The separation of events into neutron and 

. .. d'ff' 1 d h as b d . ZGS '. t (16)proton lnteractions lS not 1 lCU t an een one ln our experlmen • 

The structure function analysis is of particular interest in the scaling region 

2 2 2
W > 4 GeV .: 0 > 1 Gel; these selections substantially remove all of the 

low multiplicity channels which are dominated by such quasi-two body processes 

as those listed in Table III. However~ we will have two orders of magnitude 

more events than any experiment to date. Fig. 11 shows the expected 

2 2 2 
hadronic mass (W) distributions in liP collisions for all 0 and for 0 > 1 GeV • 

2 2 
For 0 > 1 GeV , there will be 43.600 charged current VP events. see Fig. lZ. 

Z Z Z Z
For 0 > 1 GeV and W > 4 GeV • there will be 38,500 liP charged current 

events. 

As is obvious from Eq. (13)~ one can determine the structure functions 

F l' F Z. F 3 using suitable combinations of V and Vdifferential cross sections. 

However. given high statistics data extending over a substantial energy range 

it is possible to determine F I' F Z. and F 3 for neutron and proton targets from 

II - D alone.
Z 

A precise measurement of F Z(x) and xF3(x) will allow. for the first 

time an incisive test of the AdleP8) and and Gross -Llewellyn Smith(19) sum 
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rules in neutrino interactions.. Note that these deternlinations are for the 

neutron and proton targets separately and are free fronl cOnlplications of 

secondary interactions in a nucleus. 

The inclusive charged current data will also allow a search for charge 

(15) . 

sYnlnletry violations. While the Garganlelle results are consistent with 

charge synlnletry • results fronl the HPWF experlnlent suggest this sYInnletry 

is violated for E ;;, 30 Gev.(20) This test is done by cOnlparing nornlalized 
&I 

&I and" cross sections at x := O. 

As pointed out by Holstein and Treinlan, (21) the introduction of 

second class currents would alter these SUnl rules for the inelastic-neutrino stru­

cture functions. While this is not expected to afford the nlost inCisive probe for 

second class currents, a detailed test of these SUnl rules is long overdue. 

Adler has shown, (22) in the approxinlation where the outgoing lepton 

nlass is ignored, that the anlplitude for forward, inelastic lepton scattering 

(outgoing JJ. parallel to the neutrino) is proportional to the nlatrix elenlent of the 

divergence of the weak current. In the absence of second class currents and 

provided the first class currents obey CVC. only axial vector currents con­

tribute in the forward linlit i. e. no parity violating effects occur in this linlit. 

Discovery of parity violating correlations for forward inelastic lepton scattering 

would either rule out CVC for first class currents or inlply the existence of 

second class currents. The experinlental evidence on these issues is too 

linlited to draw any conclusions. (23) The results are consistent with PCAC 
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within a factor of two. Such a study can only be pursued if high statistics 

normalized data are available to select a sufficiently small lepton angle. 

Measurements of the quark distribution functions, u(x) and d(x), are of 

central importance in the quark-parton model. By using deuterium as a 

target. and y converting plates in order to improve the hadronic energy 

resolution. it is possible in one experiment to measure the absolute value 

(not just the shape) of the ratio of the down to up quark distributions as a 

function of x. For example. when x ;;;, 0.2 (where the sea contributions are 

small) one has 

R = d(xl == do- (15)/0­
u(x) dx dx

lip lin 

Many theorists regard the large x behavior of this ratio to be of high importance, 


but are not able to make unique predictions. For example, R. Feynman 


predicts R -+ (1- x) ... 0.0 as x-+ 1. 0, while G. Farrar predicts that R-+ 0.20(24). 


We will be able to make precise measurements of R for x ~ O. 7. 


2. Quasi Two and Three Body Processes 

A principal interest in such reactions has been the determinati on of 

axial vector form factors. The simplest and. in fact~ the only processes 

studied so far are: 

-lin ... p. p (16) 

(17) 
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lin 
, 
... J.L 

- t.+ 
(I8) 

- + 
liP ... J.L n (I9) 

The only data using a D target are f:om the Argonne experiment. (Z5) A ++(1236)
Z 

production is complexJ and one needs high statistics data. In the proposed experi­

mentJ we will be able to study the structure of the axial current with the precision 

that one now has for the vector current. (26) With the proposed experimentJ one 

can also look for higher mass N*' SJ e. g. 

. - *+
lin'" J.L N ' (20) 

L +­
pTr Tr 

LAK+ 

The expected rates for some resonance production processes are shown in 

(27) •
Table IVt calculated using a model by P. Zucker. The expected populations 

of some of the simpler exclusive channels relevant to these studies are shown 

in Table III. 

While the most definitive search for the existence of second class 

currents possible with neutrino reactions is a study of 

. - + 
lip ... J.L Tr P (Z1) 

- + ­
lin ... J.L Tr n (ZZ) 

tests can be made using the q2 dependence of reaction (16) and the energy 
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dependence of the cross section for reaction (17). 

., 

Table V gives the cross section for reaction (17) at beam energies 

of 2 and 6 GeV when the second class current coupling constant gn is 

. • (28)
set to 0, and -6FA(O). a value suggested by some nuclear phYS1CS results. 

Such large second class current effects will be easily measurable since 

we will know the flux to an accuracy of 100/0. Note that since second class 

current contributions to the total cross section for quasi-elastic scattering 

are small. the ratio of cross sections for reactions (17) and (16) provides a 

flux independent normalization. 

We write the hadronic matrix element for quasi elastic II -n ... ",-p 

'" scattering as 

using the notation of Llewlyn Smith. (29) In Fig. 13 we show the differential 

cross section for various assumptions on the magnitude of the second class 

current contribution as measured by the normalization constant for the form 

2
In each case a sample of 10,000 events is generated for q > O. 05. 

We assume dipole form factors, eve to fix the vector mass, MA :;: 950 MeV, 

F A(O) = -1.23. and M = 1000 MeV. We alsoA3 

assume F V3 = F P :;: O. The second class current strength indicated by some 

nuclear physics experiments is clearly within the scope of detection of this 

experiment just by measuring the shape of the q2 - distribution. 
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The question of which channels form. the bulk of the total cross section 

for E "., 5 GeV is an open one. A recent re-evaluation of the production
II 

• A 0 bcross sectlons p. I w etc. ased on v.ector dom.inance and electro-production 

results(30) gives the yields in Table VI for reactions; 

. +
lip -+ P. pp (24) 

- +
lip -+p. pA I (25) 

L + + ­
'IT 'IT 'IT 

There is som.e disagreem.ent on how the form. factors should be included in 

these calculations. For com.parison we also show in Table VI the event rates 

obtained by Gaillard et al. (31) One notes the large difference between these 

predictions. Other reactions can also be studied e. g. 

- ++ 0
liP -+ p. A p (26) 

- ++ 0-+p.A W 
(27)L + - 0 

'IT 'IT 'IT 

The production cross sections are sm.all and a high statistics experim.ent is 

essential to m.easure them.. System.atic studies of this kind for deep inelastic 

neutrino, electro and m.uo-production are particularly interesting for the 

diffractive events as the properties of the W m.eson exchange show directly. 

For neutral current reactions whose form. is still not known they will be of 

even greater interest. 

3. Strange Particle Production 

Strange particle production by neutrinos has been observed through 
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, (32)
AS = 0 associated production and through AS = 1 processes. 

In the case of associated production. many of the channels are well 

constrained although little information exists on them 

'. - + 0 
lin -+/-L K A 

IIn-+ /-L 
-
K 

0 
I:

+ 

(28)- +­
lin -+ /-L pK K 

, - + + 
liP -+ /-L K ~ 

, - + *+ 
liP -+ /-L K ~ 

L AOlT+ 

The production of positive strangeness mesons by neutrinos is allowed 

O
in the quark-parton model via sea quark transitions leaving K+ or K

(29) 
II+S-+ u+/-L 

An estimate of the rate for such AS == AQ transitions assuming an SU(3) 

symmetric qq sea'is 

(30) 

where 

B == q - 29 (31 ) 
q 
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2 
With tan e = 0.05 and < B > = 0.80::1:: 0.06 the rate.is(32) 0.01 ::I:: 0.003. Thus c 

we expect to have ~ 300 - 500 observable exam.ples of AS = AQ events. This will 

allow a detailed probe of the x dependence of the sea using reactions like 

v" - + 0 
liP -+ J.I. pTr K 

s 
- + .... tJ pK (32) 

',. - 0 
lin .... tJ K P . s 

Som.e of the AS = AQ allowed reactions for anti-neutrino nucleon scattering 

are: 

- 0 + 
lip -+:t J.I. (33) 

- '. 0 +
lip -+ A J.I. (34) 

_, ~c_ + 
lin ... ~ (1385) J.I. (35) 

LATr-

We expect 390 observable events in the case of reaction (34). The A 0 

polarization can be studied. which checks tim.e-reversal invariance and is re­

lated to the question of second class currents. 

4. Neutral Current Studies 

The need for studying both II and ii neutral current processes off 

.. 1 (33) Wneutron and proton targets h as been stressed ln preVlous proposa s. e 

em.phasize that the proposed facility com.plem.ents the previous proposals by 

allowing a com.prehensive study, for E <30 GeV. of the following topics:
II 
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(a) Measurement of R , R ,R-, R- ,. the ratios 	of neutral 
lin liP lin lip 


current to charged current rates. 


(b) 	 Space-time structure of the neutral current using the model 

34
dependent analysis suggested by Hung and Sakura/ ) and the 

model independent analysis suggested by Wolfenslein and Wyle~:5) 

While some parts of this program can be accomplished using 

iso-spin zero targets. a complete study involves pr oton and 

neutron targets and V. II beams. 

(c) 	 I-spin information from exclusive channels such as 

f + 	- + ­
lin -+lIn1T 1T and lip .. IIp1T 1T where any difference between 

these cross sections implies a non-zero isoscalar-iso-vector 

interference term. The detailed study of exclusive neutral 

current channels requires a narrow band beam which may well 

be possible in the short beam line proposed. This opens 	the 

possibility of looking for parity violating effects in reactions 

+ ­
like liP 	... flP1T 1T • 

(d) 	 Strange particle production,which is essentially un-probed, 

and statistics allowing a check for parityconscrvatiOli in 

reactions like vn _ vA °Ko, v K+A o. 
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IV. 	 REQUESTED EXPOSURE 

Our basic goal is to study the production and decay properties of charmed 

baryons. 	 We consider this best achieved with a v exposure of 1019 protons in 

19D2 and with a similar exposure of 10 protons in a light hydrogen-neon mix­

ture. While it is our present belief that we would split the exposure in this 

manner. we hope that the final decision can be made at a time nearer to the 

actual running of the experiment. It is worth pointing out that in addition to 

running in a dedicated mode. this beam could also run simultaneously with the 

400 GeV beam or with the doubler. 

-	 19 ·thIn addition to th e v exposure.. an v exposure of 10 protons Wl D Z 

fill is clearly desirable. Such an exposure will allow the needed detailed study 

of vN and vN physics. If this beam is built.. we would expect other groups 

to participate in the program opened up by studying such complementary expo-

Bures. 
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V. 	 THE CONTRIBUTION OF THIS COLLABORATION 

We propose to construct the two horns t power supplies t and auxil ­

liary equipment at Argonne. We have built such devices for the current ZGS 

v -facility and anticipate that the new horns could be completed within 12 

months of approval. As we have mentioned t we believe that good knowledge 

of the v flux is important in this experiment. There are several ways to 

attack this, and we would try to tie several of them together • Some obvious 

techniques are: 

i) I-l. - f:l. ++ cross section is flat beyond 2 GeV. We expect 13.000 I-l. -f:l. ++ 

events, so the flux accuracy in the region of peak is about 50/0. Since 

as part of our proposal we want to search for second class currents 

and they can cause the asymptotic region to shift to'higher energies, 

we need some independent checks. 

ii) Measurement of 11" + and K+ yields from thick targets at enough momenta 

and angles so that the v flux can be calculated. This needs good proton 

intensity monitoring and. as implemented at Argonne, has given a precision 

in the 10-15% region. 

iii) Measurement of muon yields at different locations in the shield. This 

method uses ionization chambers and has been carried out by the CERN 

groupC!"n in both the PS v beam and the SPS narrow-band beam. This 

is a large undertaking, but has produced a precision at the 10% level. 

iv) The linear rising cross section can be used to obtain a statistical 

accuracy of better than 5% in 1 GeV bins for energies as high as 50 

GeV. We would anticipate achieving::::: 10% accuracy over the interest­

ing dynamic range. It is our present feeling that methods ii) and iv) will 

provide a normalization independent of second class current: effects in i) 

and then all three can be used to normalize charm cross sections. 
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The v beam will require good monitoring and control. Many members 

of this collaboration have had extensive experience with this kind of v beam~ 

and we are in a position to develop and build the appropriate hardware~ install 

it~ and make it operational. 
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VI. COSTS 

Horn. Power Supplies. Cables; 
Itnprovetnent to Enclosures 
103.105.106.107.109.111 

Steel Shield 

Drift Tube 

Horn Enclosure 

Utilities Modification 

With Existigg Facilities 

200 K 

280 K 280 K 

1300 K 250 K 

215 K 215 K 

65 K 65 K 

50 K 50 K 

Total: 1060 K 

The existing power supplies for the horns at the ZGS can likely be used to 

save the $ 70K shown above. To save the $1 050K on steel. we would have to 

request and obtain the 7000 tons of steel from the ZGS. There is presently 

::::: 10. 000 tons in the Argonne v beam. but the ZGS Booster IPNS project 

also will require steel. and the details will have to be worked out. 

We thank W. Praeg at ANL for the cost estimates on the horn. The 

preCision is ::::: ±15%. We are indebted to Wayne Nestander of FNAL who 

costed the other items. The precision of the estimate is::::: ±30%. 
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APPENDIX I 

Response to Questions Raised at the Neutrin'o Workshop 

At the workshop, the panel raised several questions which, para­

phrased, are: 

(A) 	 What do the v runs in light neon, E-28 (Fry)(36) and heavy neon E-53A 

(Baltay)(37) say about charm production? 

(B) 	 What would be the effects of the iron shield being close to the bubble 

chamber? 

(C) 	 What is likely competition from e + e - storage rings at SPEAR and 

Cornell? 

(D) 	 What is the expected competition from the propos.ed-tagged photon 

beam spectrometer at FNAL? 

Regarding question (A). we will use the calculations in this proposal 

to predict what should be seen in the two neon experiments and then compare 

to what is actually observed. For the semileptonic decay C~ - A °e+v, we 

write 

N = A N r semi R E + r(~ 0 - p1i' -) E A 

c . c r total e total .u. 

where 

(i) 	 A is the ratio of exclusive C+ to charged currents in the 400 GeV c o , 

beam. taken as 0.008. 

(ii) 	 N is the total number of charged-current events in the experiment.
c 

(iii) 	 r ./r is the fraction of c+' which decayc+ .... A °e+v. taken as 0.1.seml O . o 
and R is the ratio of e + to all 1. +. taken as O. 5. 

(iv) 	 E + is the efficiency for scanning and identifying electrons. taken as 
e 

0.8. 
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(v) r(A 0 _ pll'-)/rtotal is the ratio of visible A decays to all A's, taken 

as 2/3. 

(vi) 	 EA incorporates the loss for close-in A I S as well as that due to 

scanning efficiency, taken as 0.7. 

(vii) 	 N is the estimated size of event sample. 

Similarly. in the hadronic mode. we have 


r o-

N = A N hadron U vw r{~ .,.; plI' ) E 

C C r total total A 

where 	now 

(i) 	 r hadron/rtotal is the branching ratio to hadrons, taken as 0.9 of 

hadronic decays. 

(ii) 	 U is the fraction of hadronic decays going to A 0 in the final state, 

taken as 2/3. 

(iii) 	 V is the fraction of events without missing neutrals s taken as 0.5. 

(iv) 	 W is the appropriate factor for speaking of a particular state 

such as r =A + mll' lall A; m =3. 

All the other factors are defined above. 

E-28 has 4200 charged-current events and E-53 has 25,000. The 

table below shows the expected rates together with what has been observed. 

E-28 E-53 
Process Expected Observed Expected Observed 

- + None0.63 4.3 1 Candov + n -	 lJ. + Co 
~A °e+v 

- + No Evi- No peaks284.7v + n -	 lJ. + Co 
dence 	of with more~ A 0 	+charged structure than 50pions 

events 
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Note that for the decay into hadrons, we have lumped together all the A+ charged 

pion channels. The disagreement between the expected semileptonic rate 

for E-53 and the observed rate indicates something is not correct. It would 

imply that there is something wrong in the product <T (C+ ) r ./r t I' we
O semI t 0 a 

have used. We have taken r ./r t 1::: 0.10 and this is a guess. ThesemI t 0 a 

true value could be smaller. In fact, perhaps the semileptonic decays are 

not dominantly A{e}v events. but perhaps states such as A(1405)~ A(1670). 

etc. dominate. s:me recent calculations(38) indicate these states while per­

haps contributing are not expected to dominate. 

A prudent (900/0 confidence) upper limit on <T r ./r t 1 from E-53semI t 0 a 

is 900/0 of the value that we have used throughout this proposal. There is an 

additional factor which causes some confusion. Our flux calculation for 400 

GeV gives an inclusive charged-current counting rate for E-53~ which is a 

factor of 1.5 times higher than they observe. So assuming this same factor 

prevails at 125# we can scale the E-53 semileptonic rate to our proposed neon 

experiment: 

N(E=125) == 'NafJ = N(Exp. 53) CrafJ 

1.5 
where 

(i) 	 r is the ratio of protons on target in the two experiments, taken as 20. 

(ii) 	 C is the charm baryon production ratio per proton. taken as 4. 

(iii) 	 a comes from using both e + and .... + and keeping losses of e + and Al s 

smaller than in Baltayl s present experiment. taken as 2.7. 

(iv) fj is the ratio of liquid density in the two experiments# taken as 1/2. 

So with 1 event observed in E-53# N{E:::125) ::: 108; with 3.9 events. the 

upper bound in E-53. N(E=125) = 421. Neither E-28 or E-53 appears to limit 

the hadronic modes. If we knew that r - Ae+ v Ir - all > 0.05# then we would 

have to conclude (assuming preliminary E-28. E-53 results are correct) that 
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the theoretical cross sections are overestimates and .the number of events in 

the hadronic modes should be reduced accordingly. 

B. One concern is the effect of the steel on the magnetic field of the 1S-foot 

" 'Ou d" (39)chamber and the resultant forces on the c01ls of the magnet. r stu 1es 

indicate the separation between chamber and shield may be as large as 10m. 

At this distance with the nominal field at 30 kG. we find the change in B z is 

much less than 0.1 %. The total force imbalance is ....... 1300 lbs. on both coils l 

...... 1/20 of the safety limit. (40) 

Another aspect of the question involves how many regenerated muons 

produced in the iron will strike the chamber. We have written a Monte Carlo 

program to simulate inclusive charged-current interactions and find that with 

13the present 400 GeV beam in its current configuration and 10 ppp, two muons 

are expected from the magnet coils and five or six from the earth beam. With 

the steel shield 10 meters from the chamber. the total muon counts become: 

400 GeV 32 j.l. Is/pulse 

125 GeV 16 j.l. Is/pulse 

These numbers are reduced to 10 and 6, respectively. by magnetizing the last 

10 meters to the shield. We would propose to indeed do that. so that the 

muon background would not be increased. 

C. Comparison with e +e - Storage Ring Experiments· 

One of the aims of the proposed experiment is the study of the branch­

ing ratios and spectroscopy of charmed baryons. For this particular aspect 

of the proposal. it is of interest to estimate the possible competition from 

results which might be obtained from e +e- annihilations to hadrons. At the 

present time. there are only some preliminary upper limits(41) to charmed 

baryon production in e +e - interactions. In this section. we review some theo­

reHcal estimates of charmed baryons production and compare them with these 
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reported upper limits. 

For reasonable estimates of the charmed baryon massej3~ the ratio 

+ - + - +­R = (f (e e - hadrons) I (f (e e .... 1.1 1.1 ) 

suggests(42) that there may be as much as 5% production of charmed baryons 

for cm energies E ~ 5 GeV (see Fig. 14a~ A detailed calculation by Kb'rner cm ,­

and Kuroda(43) based on the behavior of form factors for baryon production in 

the space-like region suggests by extension to the time-like region that charmed 

and uncharmed baryon production could be comparable fractions of the total 

hadronic cross sections just above their respective thresholds (i. e •• the ratio 

(f eci(TTclose to q~c threshold is comparable to (f pi/ (f T close to ~p thres­

hold). In Fig. 14b. we show their results and note that the peak cross section 

constitutes about 0.5 nb (i. e ...... 2.5% of the .total hadronic cross section of 

....., 20 nb). These large cross sections for CC production are expected(43) to 

be due to the form factor enhancement effects of close-by heavy cc-vector meson" 

states. 

+ .
If we assume a similar cross section near .4.5 GeV for M(CO) = 2.25 

GeV. we can estimate the number of events that a "typical" experiment at either 

SPEAR or Cornell might expect to find. 

(a) Cornell: From the design report (1977), we find that the peak 

design luminosity "J:.. 
p 

k is the following function of the beam energy E 
0 

: 

. E 2 
.., 32 0 - 2 -1 
....pk = 10 (8) cm sec 

Assuming an average luminosity over an experiment is ':l = ~ x.pk' we find that 

30 2 1for E ::;; 4.5 GeV, t..= 2.0 x 10 cm- sec- • 
cm E 4 

(b) SPEAR: The luminosity at SPEAR is given by;L::;; 1031(~)
3.5 

'" 30 -2 -1which yields ~::;; 1. 7 x 10 cm sec at E ::;; 4.5 GeV. Thus the rates at 
cm 

SPEAR and Cornell are quite similar for E ::;; 2.25 GeV. 
o 
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Let us assum.e that a typical run yields 30, 000 hadronic events. This 

corresponds to an integrated lum.inosity of 1500 nb-1. Then for a production 

cross section of 0.5 nb, this yields a total of 750 C~ events This is a factor 

of five sm.aller than the num.ber we m.ight expect in the v proposal. At higher 

beam. energies. the e +e - lum.inosities are increasing slowly; this is offset, 

however, by the rapidly decreasing exclusive cross sections and even fewer 

events would be expected. Hence, it appears that our proposed v experim.ent 

+ ­is very com.petitive with the e e storage ring experim.ents at both SPEAR and 

Cornell. 

Finally, it is interesting to com.pare these theoretical predictions 

with the upper lim.its recently reported(41) at the Washington APS m.eeting: 

CT • BR(C+ Arr +) < 4 pbO ­

+ '+ + :.. 
CT • BR(C Arr rr rr ) < 10 pbO ­

at 95% CL for 5. 8 ~ E ~ 7.4 GeV with < E > ..... 6.8, GeV. We first have cm. ,cm. 

to m.ake som.e estim.ate of the branching ratios for Arr, A3rr: 

and 
+ Ref. 10 

o - rr(C+ A+) 
= (Arr ) (Am.rr) (had.) = (0 18)(~ x ~ )(~ 0 9)' ~ 0 072Am.1T had. all • 3 3 • •C~ - all 

so that CT (C +0 at 6.8 GeV) < 4/0.072 = 55.6 pb 

or CT(C 
+ at 6.8 GeV) < 10/0.90 = 111 pbO 

at the 95% CL, whereas in Fig. 14b, the exclusive COCO cross section is pre­

dicted to be of order 4pb at 6.8 GeV. Hence, at the current tim.e, it appears 

that the SPEAR results are not in conflict with the theory of KBrner and Kuroda. 
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D. Comparison with Photoproduction Experiments 

With regard to theoretical predictions of the cross sections for the 

photoproduction of charmed baryons, Sivers et al. (44) using an inequality 

based on unitarity derive the following lower limit: 

0- (yp - DD + anything) ~ 300 nb (36) 

where the D's are any mesons or baryons containing charmed quarks. 

With regard to the experimental 'situation, there is' the published result 

of Knapp et al. (45) which suggests the existence of ~he C~(ZZ60) with an esti ­

mated(46} cross section times branching ratio of 

- - - - + 
0- • BR(C ATr Tr Tr.)"'" 1 - 1 0 nbO ­

integrated over the bread band photon peak spectrum. Again. using a 9% 

rate for C6 - ATr +Tr +Tr - with a visible A decay, this yields 0- (yp - C~ + any­

thing) = 10 - 100 nb. This would not appear to conflict with Eq. (36) since the 

latter contains 1jJ. D. D*••• production cross sections in addition to other heavier 

mas s charmed baryons. 

In order to use this result to estimate the competition between our 

proposal and the photoproduction experiment, we can quote the results from 

Fermilab proposal P-516. (47) Scaling the event rates given in their Table I 

to the 10-100 nb C6(ZZ60) cross section. if their acceptance is only 1%. they 

-+ .
would get 3.000-30.000 Co events in 1000 hours of running. These numbers 

are similar to the 4, OOOC+ events we have estimated in Our Tableo . 
I. It would seem, therefore.. that in ~erms of statistics, the two experiments 

are quite comparable. There are, however, two effects which cquld favor 

the v production over the photoproduction experiments: 

(a) In P-516, it is noted that the broad band beam fluxes .are signi­

ficantly greater than the proposed tagged photon fluxes for energies E ~ 150 
l' 
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GeV. If a significant fraction of the events of Knapp et al. are produced at the 

highest energies. then the above-estimated number of photoproduction events 

expected would be lowered accordingly. 

(b) As shown in Ref. 7. the Co is produced with a large amount of 

background. It would appear quite likely that the lower energy v -production 

of C (2260) could show much less background. This would be of particularO

importance in measuring the properties of the charmed baryons. 
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APPENDIX II 

Possible Extensions of the Proposed Beam 

II. A A Possible High Flux v , v Beam;:;.;;;.........----...........-'---'---- e e ---­

The advantages of the incrE;?ased solid angle discussed so far only for 

- 0 
v ~ production from 11" - ~v also carryover to v ' ve production from KL ­e 

1I"ev decays. This source of v , v has already been discussed by Baltaye e . 

et al. in P-296, using the existing beam line. The interesting and important 

new range of weak interaction physics opened up by having such a beam is 

stressed in P-296. 

For a proton energy of 400 GeV, the shorter beam line proposed 

here would allow more than an order of magnitude increase in the v ,v flux,
e e 

extending over a substantial range of neutrino energy. However. the problems 

of reducing the background of v from high energy 11", K --- ~v and of eliminat­
~ 

ing high energy muons from K~ --- 11"1-1 v~ decays, which can easily penetrate 

the 75 m iron shield. are made more severe. 

The essential design details for the K~ beam are described in P-296 

and their proposal for removing 11" ±, K±, and K O 
- 11" +11"- from the beam would 

.. s 

be adopted here. Modifications would be needed to the target enclosure 

to provide space and utilities for the sweeping magnet train. In P- 296, this 

consists of 5 m - 40 kG magnet containing a 2-1/2 mrad collimator immediately 

followiJ,1.g the target, then a series of magnets equivalent to 40 m - 10 kG to 

o 
remove 11" from K --- 211" • While the sweeping is adequate to stop all charged

S 

particles originating within this magnetic volume from reaching the chamber.. 

the increased solid angle of this beam over that considered in P- 296 also 

implies a larger collimator angle than used in P-296. The v background
1-1 

at the chamber from 11" ±, K± decays near the target is then increased. 
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The 1..1. from K~ - 1T 1..1. v 1..1. will extend in momentum up to that of the 

proton beam. One way to exclude them from the chamber is to introduce mag­

netized iron after the drift space. The location of the 75 m shield in Fig. 2 

provides too short a lever arm for any reasonable magnetization. One solu­

tion would be to introduce'" 45 mof magnetized iron in front of the proposed 

75 m shield. With careful design~ a field of 15 kG would be obtained. 

-Whether or not this very substantial gain in studying v • v interac­
e e 

tions can be realized obviously rests on a detailed study of these problems. 

However.lO one can anticipate substantial interest from users in developing 

such a potential. 

II.B Narrow Band Beams 

A short narrow-band beam is possible using the proposed drift and 

shield lengths•. As an example.lO imposing a momentum bite 13 < p < 18 

GeV/c on the mesons focussed by the horns of the standard beam gives a 

neutrino flux concentrated between 3 and 6 GeV and peaking at 5 GeV. The 

peak flux is one-half as large as the broad-band flux at 5 GeV~ and the overall 

event rate is one-tenth that of the broad-band beam. The narrow-band peak 

from kaon decays is only 3% of the flux and 10% of the total event rate in this 

beam. 

There is some correlation of neutrino energy and position in the 

bubble chamber.lO and the effective width of the neutrino spectrum is therefore 

somewhat less than 3 GeV. The meson momentum bite could be further re­

duced with a direct tradeoff between neutrino energy bite and event rate. 

The prospect of four-constraint event fitting and some one-constraint ambiguity 

resolution is attractive. While we do not propose to build such a beam our­

selves.lO it is a possibility.lO. which some other potential users of this facility 

may wish to consider.lO for use with the neon-hydrogen i5-foot chamber or with 

some possible large electronic detectors. 

http:consider.lO
http:possibility.lO
http:selves.lO
http:chamber.lO
http:example.lO
http:However.lO
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One possible design for such a beam could be the Baltay dichromatic 

horn configuration as appended to P-380, suitably scaled down in energy_ 
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Appendix III 

Recognizing Semi Leptonic Decays of the C~ in Deuterium 

In isolating the reaction 

(37) 


one must eliminate a large background of associated production events from 

reactions such as 

. - 0 + 0 
lin'" IJ A K 'TT 

- 0 + 0
IJA'TT K 

. (38) 
, . - + 

lin '':'' /.I. Co 

LA°'TT+ 

Reaction (37) involves four unknown quantities: the energy of the incident 

neutrino and the three momentum components of the decay neutrino. While 

the conservation of four-momentum allows one to determine these quantities 

the equations are not overconstrained. Nevertheless.' the resolution on 

O
the effective mass of the A e +11 is approximately :l: 35 MeV. This is already 

likely to be sufficiently good to isolate reaction' (37). 

If in addition there is /.L and e identification, the isolation of reaction 

(37) will be quite straight forward.. This can be done by using the external 

muon identifier (E. M. I) and by having a set of high Z metal plp.t~$ in the 

bubble cahmber (see :E'ig. 15). 
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A Monte Carlo study of reaction (37) has been carried out using the 

2 +. dfollowing model. The Q dependence of the Co productlOn was assume to 

have a dipole form and a characteristic mass of 1.5 GeV. (Masses of 1 and 

2 GeV were also tried and were found not to substantially alter the results 

+given below.) The decay of the Co :vas assumed to follow simple three body 

phase space. 

We find that 80% of the J,l.- tracks from these events would hit the 

EM! as presently configured. For the e +, we find that 40% of events occuring 

upstream of the plates will have an electron which intersects the plates. 

Hence approximately 1/3 of these dilepton events will be recognized by using 

the EM! and internal plates. 

In addition to electrons identified by the plates others will be 

recognized which either lose substantial energy through Brem::;straulung or 

have characteristically high energy 6 rays. We estimate that approximately 

30% of the electrons mis sing the plates could be recognized in the deuterium 

filled 15 -foot bubble chamber. Thus a total of nearly 50% of the J,l.e di-

leptons from reaction (37) would be identified in the D2 - filled bubble chamber 

with plates. 

------ ,- ---_._-­
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Table I 

. Event Totals for 125 and 400 GeV Protons 

19 3
AssuInes 10 protons on target. a 18.7 In detector fiducial voluIne. and 
p D2 = 0.12 gIn CIn-3. 

Reaction 125 GeV 400 GeV 

v -
+ n -1.1. 

+
+ Co t 100 1.. 050 

v + p 
-

- 1.1. 
++

+ C 1 
750 210 

v 

v 

v 

+n-p. -

+ P - P. 
-

-+n-p. 

+ C+ 
1 

+ C 1 
*++ 

*++ C 1 

380 

920 

450 

110 

250 

130 

Total of above 5 6,600 1,,750 

v +p-p. - +.6. ++ 13. 500 1.. 200 

Total Inclusive Charged Current 210.000 1241' 550 

Total Inclusive CharIn Production* 14J 000 9.300 

*This aSSUInes charIn production is 7.5% of the total inclusive charged 
current rate. 
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Table II 

v -D Charged and Neutral Current Inclusive Rates
2

19 3
(For 10 protons on target; fiducial volume 18.7 m ) 

Total Total Charged * Total Neutral +
E GeV 

v Events Current Events Current Events 

2 - 4 25,000 20,000 (7600)* 5,000 

4 - 6 43,400 42,.700 (2200) 10,700 

6 - 8 41.450 33,150 (11 00) 8,300 

8 - 10 29,450 23, 550 770) 5,900 

10 - 15 41,000 32, 800 740) 8,200 

15 • 20 21,000 16,900 4,200 

20 - 30 25, 050 20,050 5,000 

30 - 45 is, 500 13,200 3,300 

45 - 60 5,050 4,050 1, pOO 

.... -38 2"-Assume IT(E ) = 0.74 E .• 10 cm / nucleon/ GeV v v 
+
Assume IT NC = 0.25 ITCC. 

19+Numbers in parentheses refer to an exposure of 10 frotons on target using 
the 7-foot BNL chamber with a fiducial volume 5.5 m • The proton energy 

is 35 GeV. 
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Table III 


Some Exclusive Final State Rates in v -D for 1019 Protons on Target

2 

E 	 GeV +v 	 - + * - +- * 
plT 	 plT 1TI..l. P I..l. 	 I..l. 

2. 0 - 4.0 2330 3260 3260 4660 

4.0-6.0 2990 4190 4190 5980 

6.0-8.0 1600 2240 2240 3200 

8.0 - 10.0 870 1220 1220 1740 

10.0-15.0 915 1280 1280 1830 

15.0-20.0 340 475 475 680 

20.0 	- 30.0 280 390 390 560 

Total 9,325 13, 055 13,055 18,650 

All assume a constant cross section. 

+ -38 2 
(1' = 0.5 ,x 10 em 


-38 2
*(1' = 0.7 x 10 em 

-38 2
=1=(1' =1.0x10 em 

~--~--~-~---------
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Table IV 


Reaction Events 
..,+ 

lin .... ,.,. -N·... (1520) 1750 

- *+
lin .... "." N (1688) 850 

- ++
lip .... "." A (1236) 13000 

Table V 

gIl 0-(2 GeV) Events 0-(6 GeV) Events 
10-38cm2 1. 75 - 2. 25 GeV 10-38cm2 5. 75 - 6. 25 GeV 

0 0.49 325 0.51 675 


-6FA (0) 0.925 650 1.37 1750 

-----,----- ,- -- ­

Table VI 

Reaction No. of Events+ No. of Events* 
- +

II +p .... ,.,. P P 125 1300 

- +
lI+p .... ,.,.A 

I
P 50 3000 

- *+
II+P .... ,.,.F p .....100 

19
All the above tables are calcuated for standard exposure of 10 protons. 

+The event rate is calculated using the cross section given in Ref. 30. 

*This rates use the result of Ref. 31. 



Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 

Fig. 8 
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Figure Captions 

Charmed baryon cross sections from Ref. 8. 


125 GeV proton beam layout and overlay. 


Some typical K+ and rr + Yields at 102 GeV/c. The line represents 


the Wang parameterization. 

v flux at 125 GeV and 400 GeV. 

v flux at 125 GeV. 

Main ring cycle for dedicated v running. 

+ + + ­The effective mass for events generated as Co - Arr rr rr with 

the misidentified background from as sociated production. 

Various distributions for C6 - Ae+v decay: 

(a) 	The normalized (A °e) effective mass distribution with M + = 
Co 

2.5 GeV and MF* = 2.2 GeV. 

(b) The dependence of < M(A e +) > on the mass M + for various 
Co 

choices of coupling. 

(c) The dependence of < E +> on M + for various choice of 
e Co 

coupling. 

+ +.
For the process Co - Ae v : 

(a) The polarization vector ~B for various choices of the couplings. 
f 

(b) The projected distributions for the reaction C6 - A e +v for dif­

ferent choice of couplings. 

Monte 	Carlo simulations of the projected distributions in the 

+ +Co - Ae v decay_ 
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Fig. 11 The expected hadronic mas s (W) distribution in inclusive v p 

charged-current interactions: 
2

(a) for all Q # 
2 2

(b) for Q > 1.0 GeV • 

Fig. 12 The Q2 distribution for vp interactions. 

Fig. 13 The differential cross section for v n - I..L - p for various strengths 

of the second class current form factor. 

Fig. 14 (a) Limit on the charmed baryon contribution to R + -= O"(e e ' I- hadron) 

+­
0" (e e - +­ + +­

I..L I..L ); (b) cross section for Co production in e e collisions. 

Fig. 15 Possible plate arrangement for the 15-foot bubble chamber. 
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