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We have considered a 1 TeV facility in the neutrino area which would 

produce a high flux of ve and vT type neutrinos. In the case of the ve' 

we investigated two possibilities. These are (1) a special K~ beam 

located upstream of Lab E and using the decay. 

(BR = 39%) 

as the source of the neutrinos and (ii) a dump located upstream of lab E 

and using the decay 

+ D(l.86) +Ke ve and Ke-ve 

as the source of neutrinos. We conclude that in both cases, the available 

flux of electron type neutrinos is increased by about one order of magnitude 

in the region of the 15 1 B.C. and Lab C compared to the previous design of 

ave beam using the existing beam pipe with a K~ beam (TM-769). In the 

case of the K~ facility, however, there is a substantial background of 

muon type neutrinos coming principally from the products of neutral hyperon 

decay. The K~ beam is expensive to construct and operate and requires a 

substantial number of large magnets to minimize background from charged 

particle and neutral hyperon decay. For these reasons, we regard the beam 

dump as the best facility for ave beam. For v type neutrinos, we have 
T 

considered the production and decay of F type mesons 



+ F + v 
T 

+ T 
+ 

± -
T + VT 

-+ \) 
T 

-+ \) 
T 

+ .Q,+ + -ve (£+ = e 

+ TI 
+ 

+ p 
+ 

+ + or µ ) 

TM-953 
2251.000 
Page 2 

B.R. 
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36% 

10% 
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in a beam dump located upstream of Lab E. The fluxes appear to be 

adequate to not only detect the existence of the v directly, but carry 
T 

out a study of its properties. For these reasons, we conclude that the 

upgrade of the neutrino facilities for operation at 1 TeV should include 

a beam dump facility for the provision of intense ve and vT beams in the 

detectors in that area. 

I I. K0 Beam 
L 

In Figure 1 we show the physical layout of the neutrino area in the 

region under consideration. The length of K~ decay region should be long 

to maximize neutrino flux and yet not so long that it substantially compromises 

the shielding action of the berm for normal running of vµ type neutrinos. 

We have considered decay lengths in the range 130-250m. The distance from the 

end of the decay region to the detector should be minimized for flux 

considerations and we have chosen 190m as the distance to Lab C. This 

distance will depend ultimately on the design of the active muon shield 

which is required upstream of Lab E. The present design permits 60m for the 

combined dump and shield function. We do not expect our conclusions to 

depend sensitively on expected changes of that number. Fluxes have been 

calculated at the front of Lab C for a detector of radius 1 .5m and using 

the Monte Carlo program described in TM-769. 

The v (v ) flux is determined by the decay pipe radius and the e e 
angular acceptance of the magnets and collimators used to make the beam. 
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Figure 2 shows the ve flux versus the decay pipe radius for various 

neutrino energies. On this basis, we have chosen the easily available 

pipe of 0.457m radius. Figure 3 shows the ve flux versus the angular 

acceptance of the beam for various neutrino energies. An angular 

acceptance of~± 5mr is clearly desirable and we have proceeded with 

this criterion. The ve flux for 400 GeV and 1000 GeV incident protons 

is shown in Figure 4. For comparison the ve flux from K~ in the 

existing decay pipe is shown and is seen to be an order of magnitude 

inferior in intensity. 

Backgrounds of muon neutrinos from decay of long lived charged 

particles (T > 10-lO secs) can be reduced by sweeping magnets immediately 

downstream of the target. These backgrounds have been discussed at length 

by S.Mori in TM-769. In Figure 5, we show a magnet configuration which 

provides some suppression of this background using mostly existing magnets 

(some with increased apertures) to match the required acceptance of the 

neutral beam. The total background flux is shown in Figure 6 at 400 GeV 

and has been described in TM-769. It can be seen that the background of vµ 

and vµ is severe and is worse in the case of the new K~ beam than that 

in the existing decay pipe (see TM-769). At 1000 GeV, the situation is 

worse still and is shown in Figure 7. The vµ background at 1000 GeV would 

lead to very large substractions and consequently large errors in experiments 

which did not identify the type of incident neutrino. The basic reason for 

the higher backgrounds is that these neutrinos come from short-lived sources 

(principally hyperons) which almost all decay independent of the length of 

the decay region, whereas the K~ now have only 130m compared with the 

existing 400m decay pipe. 
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We considered increasing the length of the decay region for the K~ 

beam. Changing the decay length from l30m to 250m produces a 10% increase 

in ve flux at 25 GeV and 50% at 100 GeV. The signal to background is 

improved by the same amount but is still much less than desirable. In 

addition, the function of the berm as a shield for normal wide ... band beam 

running at 1 TeV has been compromised. 

An alternative way to reduce background is to install many more 

sweeping magnets over the entire length (130m) of the decay pipe. However, 

due to the required aperture of ± 5mr to achieve the high intensity of the 

neutral beam, the gap size of these sweeping magnets becomes prohibitive 

(l.Om at lOOm distance from the target). 

We are, therefore, forced to the conclusion that the new K~ beam is 

a high flux source of ve' however, there is no simple economical solution 

to achieve an acceptably low background of v type neutrinos. 
µ 

III. Beam Dump Source of ve Beam 

The study of the prompt production of leptons in hadron interactions 

has progressed substantially in the last year. A study of prompt neutrino 

production by three experimental groups at CERN, and a study of prompt 

muon production at Fermilab have been interpreted in terms of D meson 

production and subsequent semi-leptonic decay. The cross sections for D 

production from these four experiments are shown in figure 8. These cross 

sections were deduced on the assumption that the cross sections depend 

linearly on the atomic number A, the semi-leptonic branching ratio is 

10% and assuming different models of the x and IJ.. dependence of the production 

process. The different assumptions of the models may i.ntroduce uncertainties 

in the final cross sections by as much as a factor of 2. 
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From Figure 8 we take a D(D) cross production section of 17 µ barns 

400 GeV for the purpose of making prompt neutrino flux estimates. In 

addition, we assume that the cross section for D(D) production will 

increase to 34 µ barns at an incident proton energy of 1000 GeV. 

Electron neutrino energy distributions from the D decay and the x and 

~distributions for D production were taken from Hinchliffe and C.M.L.Smith. 

The D + K ve e+ branching ratio was taken to be 10%. The cross section 

for charm production was assumed to depend linearly on A, the atomic number. 

The design of the primary proton beam transport will permit the beam size 

to be as large as 111 diameter when it strikes the dump thereby allowing 

the use of tungsten as the dump material. The ve and ve fluxes were 

calculated using the Monte Carlo program used in TM-802 and are shown 

in Figure 9. There are equal numbers of electron and muon neutrinos from 

D decay. No estimate of the additional contribution of muon neutrinos 

from n and K decay has been made. However, based on the beam dump 

experiments at CERN and FNAL, it appears that their background will be 

less in the case of a dump source than that estimated in the previous 

section for a K~ beam. In addition, it is likely that these backgrounds 

will decrease faster than the prompt neutrinos at finite production 

angles. 

The flux of electron type neutrinos is substantial and compares 

well with that obtained from the K~ source described in section II. Given 

that the expected muon type neutrino background is expected to be less 

in this arrangement than from the K~ beam, we consider the dump source 

as the more attractive from a physics point of view. It is clear that this 

choice is also more economical than the K~ beam. 
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In Figures 10 and 11, we show the neutrino flux expected in the 

various detector buildings for a dump constructed 60m upstream of 

Lab E for 400 and 1000 GeV operation. There is a factor of 10 

difference in the low energy neutrino flux and relatively little 

difference about 100 GeV. Table I shows relative interaction ~ates 

of ve type neutrinos in a given mass detector located in the different 

buildings. Because of the cross section rising with energy, there is 

a relatively mild dependence of event rate as a function of detector 

distance from the dump. 

400 GeV 
1000 GeV 

TABLE I 
ve (ve) Relative Rates In Same Detector 

As A Function Of Distance From Dump 

Lab E (60m) 15 I BC (l 25m) Lab C (l90m) 

0.43 0.27 0.17 
1.54 1.24 1.0 

Lab X {250m) 

0. l 
0.71 

The predicted angular distribution of prompt ve 

Figures 12 and 13 for 400 and 1000 GeV respectively. 

( ~ ) is shown in Ve 

IV. Beam Bump §eurce of vT Beam 

S.Mori in TM-848 made preliminary estimates of v fluxes which could 
T 

be obtained from a beam dump. The Monte Carlo program and many detailed 

assumptions were outlined in that Technical Memo and here we comment only 

on the different assumptions which we have made at this time. 

1. We assume the integrated cross section of the F pair cross 

section per nucleon is 25% of the corresponding D cross section, 

namely is 4.25 µb at 400 GeV and fises to twice that at 1000 GeV. 

In TM-848 a figure of 10 µb independent of energy was assumed. 

2. The cross section of F pair production is assumed to vary 

linearly with A rather than as A2/ 3 which was ~ssu~eq in TM-848. 



3. The beam dump is assumed to be made of tungsten. 
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The new calculated flux of vT neutrinos is shown in Figure 14 for 400 GeV 

incident protons in each of the various laboratories. The corresponding 

fluxes for 1000 GeV protons is shown in Figure 15. Table II shows the 

relative interactions rates of vT type neutrinos in a given mass detector 

located in the different buildings. Because we assume that the cross 

section rises with energy, there is a relatively mild dependence of event 

rate as a function of detector distance from the dump. 

400 GeV 
1000 GeV 

vT (~T) Relative Rates i~ Same Detector 
As a Function of Distance From Dump 

Lab E t60m) 15 1 BC (125m) Lab C (190m) 

0.46 0.3 0.19 
1.68 1.34 1.0 

Lab X (250m) 

0 .1 
0.68 

Prompt electron and muon neutrinos produced in the dump from charm 

production descriibed in Section III wilkconstitute a major background to 

experiments searching for v interactions. The ratio of interaction rates for v 
T T 

and ve type neutrinos in Lab Cat 1000 GeV is calculated to be 0.1. 

This gives a measure of the background rejection that is required for 

any detector of v type neutrinos. 
T 

Figure il6 and 17 show the expected angle dependence of the vT flux 

at 400 GeV and 1000 GeV. The angle range covers essentially the entire 

forward hemisphere i.e. out to 90 ems at 1000 GeV incident proton energy. 

The facility should be constructed to explore the full range of production 

angles. This will permit a study of prompt neutrino production where 

TI and K decay neutrinos are suppressed (TM-848). In addition, we expect 

the large angle region to be the source of neutrinos or other neutrino-like 



particles coming from the decay of high mass particles. 

V. Proton Beam Transport 
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In the construction of the beam dump neutrino beam it is vitally 

important to eliminate other sources of neutrinos. A major potential 

problem in this regard is scraping of the halo of the proton beam in its 

transport towards the dump. To minimize this effect, it is possible to 

collimate the proton beam in the pre-hall area when the beam is pointing 

well above the detectors. Ionization counters can be used along the 

beam transport as a monitor of proton losses. 

VI. Summary 

We have shown that a beam dump facility operated at 1 TeV will provide 

an intense beam of ve and vT type neutrinos in the neutrino area at Fermilab. 

Fluxes in locations of the various detectors have been presented as a 

function of energy and angle. The dump should be constructed to accept 

protons from 400 to 1000 GeV in the angle range 0 to 40 milleradians. 
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Schematic of the layout of the K~ beam relative to the 
detector buildings in the neutrino laboratory. 

Electron neutrino flux versus decay pipe radius for various 
energies. 

Electron neutrino flux versus angular acceptance for 
various energies. 

Electron neutrino flux at 400 and 1000 GeV averaged over 
a 1 .5m radius detector in Lab C. Also shown is the ve flux 
from a K~ beam in the existing decay pipe. 

Magnet configuration for the K~ beam. 

Electron neutrino flux at 400 GeV in Lab C. Also shown 
is the v (v ) background from the decay of charged and 

11 11 
neutral particles as described in the text. 

Electron neutrino flux at 1000 GeV in Lab C. Also shown 

is the v
11 

(v
11

) background from the decay of charged and 
neutral particles as described in the text. 

Measured cross sections for charm particle production at 
Fermilab and CERN. The various experiments are identified 

on the figure and their associated measurements. 

Electron neutrino flux in Lab C averaged over a 1 .5m rad 
detector at 400 and 1000 GeV. 

Electron neutrino flux in each detector building at 400 GeV. 

Electron neutrino flux in each detector building at 1000 GeV. 

Predicted angular distribution of prompt electron neutrinos 
at 400 GeV. 

Predicted angular distribution of prompt electron neutrinos 

at 1000 GeV. 

Flux of v ·(v) averaged over a 1.5m radius detector in 
T T 

each detector building at 400 GeV. 

Flux of v (v ) averaged over a 1.5m radius detector in 
T T 

each detector building at 1000 GeV. 
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Figure 16 

Figure 17 

Predicted angular distribution of tau neutrinos at 400 GeV. 

Predicted angular distribution of tau neutrinos at 1000 GeV. 
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Neutrino Flux Dependence on Collimation Downstream of Target 

(400 GeV protons) 

Decay Pipe radius= 0.457m 
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Figure 3 
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Figure 6 
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Figure 7 
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CHARM PRODUCTION CROSS SECTION Figure 8 
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detector at 400 GeV 

~LAB E(60m) 

15
1 

BC (125 m) 

LAB C {190m) 

--- LAB .X (250 m) 

100 200 

Neutrino Energy (GeV) 



... 
0 

107 

104 

-

TM.,.953 
2251 .000 
Page 21 

1/e {7/e) FLUX FROM DUMP 

AVERAGED OVER __ J.5m RAD 

DETECTOR AT 1000 GEV 

/LAB E (60ml 

15
1 

B.C. ( 125m) 

LAB C (190m) 

LAB X (250m) 

FIGURE 11 

100 200 
NEUTRINO ENERGY (GEV) 



ELECTRON ANO MUON NEUTRINO (ANT1NEUTRINO) 

~ FLUXES FROM 0(1.86)- K*r•v, DECAY IN A BEAM 

~ DUMP AS A FUNCTION OF THE INCIDENT ANGLE 

8.: OF THE PROTON BEAM OF 400 GEV 
., 
0 -
~ 106 
LU 
1-
L&J 
~ 

LL.I a:: 
<( 
::> 
0 

~ 105 

L&J 
(!) 
......... 
x 
::> 
..J 
LL. 

0 
z 
if 104 
1-
::> 
Lt.I 
z 
t== z 
<C 
a:: 
0 
0 
z 
ii: ... 
::> 
l&J z 

, \ ... 

h\ \ "" \ \ ' 
' \ \ 
\ \ ' 
\ \ \ 
\ \ \ 

I \ \ \ \ 
\ \ \ 

\ \18 TO \ 
\ \ 20 \ v \ 
\ ', ~ 

I \ \ 

\ \ 28 TO \ \ \ 

FLUXES AVERAGED OVER 
2 MRAD RADIAL BIN 

DISTANCE BETWEEN THE 

DETECTOR AND THE 

DUMP= 250 METERS 

\ \ 30 ' 

'\/\ \iro 10 
\ 

FIGURE 12 

TM'"'953 
2251.000 
Page 22 

102 ---~--~~--------------~~---o 100 200 
Ev(GEV) 



en 
§ 106 -0 
ii.-
0. ,.., 

-o -........ 
ii.-
Q) -Q) 

E 
Q) 
ii.-

g 105 
O"' 
(/) 

........ 

~ 
t? 
........ 
)( 
::3 

-.::= 
0 c ·c -::3 

10
4 <I.) 

c 
·.;::: 
c 
c 
ii... 
0 
0 
c ·c -::J 
Q) 

z 

103 

Figure 13 

TM.,.953 
2251 .000 
Page 23 

Electron and muon neutrino (antineutrino) fluxes from 
D(l.86) + K•t +v

1 
Decay in a beam dump as a function 

of the incident angle of the proton beam of 1000 GeV 

Fluxes averaged over 2 mrad radial bin 
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+ 
1o5 -r Neutrino (ond anti neutrino) fluxes from beam 

dump at 400 GeV 

Distance between the detector and the beam 
dump = 250 meters. Fluxes averaged 

over 2 mrad radial bin. 
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r Neutrino (and ontineutrino) fluxes from 
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All fluxes from the tungsten beam dump should be adjusted downward 
by a factor of 0.49. This is due to the fact that the units should be 
1013 interacting protons. The change from copper to tungsten reduces the 
interaction length and gives a ratio of prompt production/interaction length 
ex: A/A2/3 = Al/3. 


