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General Description of NK

Experiment 782 will be a fixed target experiment to make direct
observations of muon events in the Tohoku Bubble Chamber at its present
location in Lab F. It will study muon induced production of vector mesons,
strange and charm particles and structure functions for a wide range of Q?
down to a Q2 of approximately 0.1 GeV2 with low systematic bias. In
addition, it will be possible to study and compare neutrino and muon
interactions in the same 4xn detector as well as to study the EMC effect.

In the previous running periods the Tohoku Bubble Chamber was employed
in neutrino experiments. It sat in the NC Neutrino beam downstream of the
Neutrino Area berm specifically designed to filter out non-neutrinos. For
Experiment 782, the task of the new NK Muon Beam will be to transport an
acceptable quality and intensity muon beam to the Tohoku Bubble Chamber
to accomplish its physics goals while minimizing the cost. This memo

will describe the new NK Muon Beam and the changes necessary to the
existing Neutrino Area to make Experiment 782 possible.

The NK Muon Beam will be a modified version of the existing NT beam
line (see figure 1). The decision to employ a modified version of the NT
beam line was made based on considerations of cost and availability of the
beam line. Preliminary studies considered use of other beam lines, e.g.,
the NW beam line, and even of moving the bubble chamber with its
superconducting coils but were rejected for reasons such as cost,
personnel limitations, and potential conflicts with other users.

The NK beam line will be very similar to the existing NT beam line up to
Enclosure NEB. The most significant difference upstream of Enclosure NEB
will be in the splitting off of the "mini-pings” down the NE channel in
Switchyard and then down the NT/NK line at Enclosure NO1, also known as
"Neuhall". In the past, NE took only slow spill. Every effort was made to
prevent the accidental transmission of the fast spill down the NE beam
line. There will be no fast spill down the NC line during the next running
period. Instead, mini-pings, low intensity (approximately 1 x 1011
protons/spill divided into 6 spills of about 3 msec each) fast spills will
be delivered by the Switchyard down the NE for the next run while



Experiment 782 takes data. In addition, slow spill will be needed for the
users of the NT (the NE serves as the common beam line for NT, NK and NE
users until NT/NK is split off from NE at the downstream end of Enclosure
NC1) and the NE beam lines. The NT beam will serve as a calibration beam
for the ZEUS detector (at HERA). NE will serve Experiment 620 at Lab G.
The actual switching between the NK and NE will be done by a switching
magnet.

In a meeting of 9 March 1988 with Linda Stutte, Sam Childress and
myself, we discussed the possibility of using "PH130", orbit bump magnet,
type magnet rather than the NE1W, a 4-4-30, or the proposed new Visser
magnet as the switching magnet. PH130, which might also be called a
"5.125-1.5-40" in the Fermilab nomenclature, had been employed in the
1987-1988 fixed target run in the NC beam to help control the fast spill.

It was located at the upstream end of Enclosure NO1. Since there will be
no fast spill neutrino experiments for the 1989 run PH130 will be

available for reuse assuming it is suitable for the mini-pings. It might be
used in the NE beam to handle the mini-pings as they come out of
switchyard. An appropriate magnet is required at this point since the

slow spill and the mini-pings will take different trajectories through the
switchyard but must be on the same trajectory as it traverses through
most of Enclosure NO1. The Mechanical Group has already been alerted to
the need to provide space for ancther magnet at the upstream end of
Enclosure NO1 in the NE beam line. If we had another magnet of the PH130
type, it might be used as the switching magnet between the NE and the
NT/NK beam lines. The specifications for the 5.125-1.5-40 indicates that
it has a design field of 3.34 KG at 63 amps and 11 volts and has 40 inches
of magnet steel. This would make PH130's JB-dl comparable to a 4-4-30
which has a design field of 4 KG at 180 amps and 50 volts and has 30
inches of magnet steel. Since a 4-4-30 is known to be capable of
switching the beam between the holes of the NE4D two hole Lambertson
dipole, it would seem that by relocating a second PH130 type magnet to a
position near the Neuhall septa we have the required switching magnet

if they can be made to ramp properly. To this end a search of "Maglist"
Research Division magnet inventory list was made. Among the available
magnets is a magnet identified as a 5.125-2-40, FRD11501. This class of
magnets in the "Maglist” is identified as a "shimmed orbit bump" magnet.
Investigation is now under way to determine if this magnet is truly
available and can be employed for our downstream Enclosure NO1



switching needs. Also under investigation is the power supply/control
units needed to control the "shimmed orbit bump" magnet. If the power
supply/control units are not available in good working order, the other
alternatives mentioned above may be a more attractive choice.

On 27 July 1987 of the run that just ended, the septa in the NE beam at
Enclosure NO1 developed vacuum problems and was inoperative for a time.
The 4-4-30, NE1W, was therefore used as a switch. It sent beam down the
NE beam line with it set to 140 (corresponding to about 3.5 KG or 2.7
KG-m) and sent beam down the NT/NH beam line with it set to 40. Since a
4-4-30 is a solid iron magnet, given the expected ramping requirements
for a magnet to switch between NK and NE beam, a 4-4-30 will be too
slow. Studies carried out by the group led by Aga Visser indicate that
even a specially modified "4-4-30" with a reduced aperture of 2.5 x 2.5
inches and reduced magnet iron requires at least 500 msec. to ramp up to
or down from 4 KG field to 0. Thus, the switch between NK and NE will
have to be done by a new magnet. NE1W will also be retained to help with
the fine tune of the NK and NE and for the case where NK is off and NT and
NE are running using the septa to provide the NT/NE split. As before, NE1W
will also serve as a backup to the septa when NT and NE beams are
required. It should be kept in mind that NE1W will have NK/NT and NE
passing through it so when it is on it will affect NK/NT as well as NE. The
"new" magnst to split off the NK might be an exiting 5.125-2-40 "bump
magnet”. As mentioned above, an unused 5.125-2-40 has been located. It
will be tested by the Electrical Group to see if its characteristics are
suitable with the characteristics of the mini-pings provided by Mike
Harrison of Switchyard. These characteristics call for mini-pings which
start approximately 50 msec. from the end of slow spill, a mini-ping of
about 3 msec. duration, followed by approximately 150 msec. until the
start of the next part of the slow spill. However, it is the belief of Aga
Visser of the Electrical Group that the 5.125-2-40 will probably be not
entirely suitable. Measurements of the 5.125-2-40 ramp characteristics
should be available sometime in the autumn of 1988.

Since 5.125-2-40 is not expected to be good enough, a totally new but
inexpensive magnet has been designed by Aga Visser. It uses many
components already in hand and is designed to match the characteristics
specified by Mike Harrison. A prototype magnet and power supply is being
built by the electrical group. It will probably be the magnet that will be



employed to do the actual switching between the NT/NK and the NE during
the next run. | am informed by Aga Visser that Switchyard has expressed
interest in using his magnet should it work as designed.

Whatever magnets are used in Enclosure NO1 for the switching between
NT/NK and NE during the mini-ping extraction, the downstream one should
be placed as close as possible to the existing electrostatic septa in
Enclosure NO1. By placing the magnet in this location, the differences in
the beam angles between the electrostatic septa (NT and NE getting slow
spill) and the switching magnet operation {NT/NK getting mini-pings, NE
getting slow spill) modes will be minimized. A switching magnet which is
further upstream will have the advantage of requiring smaller change in
fields between the NE and NT/NK values. However, by increasing the
distance between the septa and the switching magnet, a greater amount of
angular change in the beams incident on NE4D Lambertson will result
between the septa and the switching magnet mode of operation. A greater
change in the angles will make life more difficult downstream. We were
able to operate the NE/NT magnets in Enclosure NE4 in a "DC" mode and
successfully transmit beam to the next enclosure. This "DC" mode of
operation was made possible by a judicious rotation of the NE4D
Lambertson. The rotation made the divergent NE and NT beams coming into
NE4D horizontally parallel again since it steered only the NE beam. If
there were significant differences in the angles between the septa and
switching magnet modes, the "DC" operation of the magnets in Enclosure
NE4 will no longer be possible. We would have to make independent
horizontal corrections for the NE and NK at NE4 since the split between NE
and NT/NK is horizontal. The only horizontal device in Enclosure NE4 for
the NE and NT/NK beams is NE4E which consists of a pair of 4-2-240s.
While 4-2-240s can be ramped and the amount of change can be expected
to be relatively small, | would prefer not to have to employ these dipoles
to accommaodate six pings and five t0 seven slow spills during a single
flattop. No studies have been made as of this time on how long it would
take this pair of 4-2-240's to change levels to make the two beams
parallel.

More specifically, the operating mode of the switching magnet adjacent
to the septa for the mini-pings is envisioned to be as follows. NE1W will
be operated at approximately 2.007 KG (east bend) for a 800 GeV/c beam.
This will aim the beam at the NE aperture of the NE4D two hole



Lambertson magnet with the septa moved out and the switching magnet for
the NK beam turned off. Assuming that the new 2.125' long Visser magnet
is used to switch the mini-pings down the NT/NK line and that it is

located just downstream of the second septa (| assumed 2’ gap between
the septum and the Visser magnet) in Enclosure NO1, it must be operated
at approximately 2.6056 KG (east bend) for a 800 GeV/c mini-ping. The
Visser magnet will be on only during the gaps in the slow spill when the
mini-pings are extracted. Operating at this value, the Visser magnet will
aim the mini-pings into the field free aperture of the NE4D Lambertson
magnet (starting at Z = 7491.0174). When NE and NT is in operation, the
Visser magnet will be off during the entire spill. The remotely

controllable electrostatic septa will be brought back into the beam and the
switching will be accomplished with its help. During the running period

that ended in 1988, the size of the beam at NE1WC3, located between
NE1DW-2 and the upstream septum, was approximately 1 cm high and about
1.5 cm wide full width at the base (see hardcopies in the NT/NH Log, page
228, 27 July 1987). Since the aperture of the Visser magnet is 2" vertical
and 2.06" horizontal (full width), if the beam provided by Switchyard is
similar in size to that given during the previous run the Visser magnet can
be kept in place regardless of whether there is mini-pings or not.

It should be noted that it will not be possible to send both slow spill
and mini-pings down the NT/NK during the same accelerator cycle unless
the NE beam is totally deprived of any beam and all is aimed down the
NT/NK. This shouid not be a problem since there are no plans at the
moment which require that both slow spill and mini-pings be sent down
the NT/NK during the same accelerator cycle.

There will probably be a changes in the upstream end of the NT/NK
beam with the beam monitoring instrumentation. The expected changes
are due to the significant differences between the characteristics of the
mini-pings and the slow spill. Given the exiting wire chambers and
intensity monitors, we may not be able to monitor the mini-pings and the
slow spill on the same device during the same accelerator cycle. Since
there will be different users for the mini-pings and the slow spill and
since they will be running during the same accelerator cycle, it will be
impartant to provide independent readout. Preliminary study by the
Fermilab Research Division's Instrumentation Group seems to indicate that
we will have to have separate devices. This will add cost and increase



complexity in that duplication of instrumentation will be required with

the instrumentation set to detect different type of spills. Aside from the

cost and the complexity factor there will be ancther problem in Enclosure
NE4. Enclosure NE4 is a very cramped area for the NT/NK/NE beam. Space
is at a premium there. Another wire chamber is needed upstream of the
NE4D Lambertson magnet to independently monitor the mini-pings and thus
more space will be required. It may be necessary to shorten the maximum
lengths of the tungsten forming the tungsten pyramid, NE4TNG, shift the
Lambertson magnet downstream slightly and install a new wire chamber
and intensity monitor. The tungsten pyramid was installed to provide NE
beam intensity contro! and does not affect the NT/NK beams. Discussions
with David Christian of Experiment 690 indicates that there will be a need
for the tungsten pyramid. Calculations are being done by him to try to
determine what will be the maximum attenuation required by the pyramid.
He is aware of the need to provide additional space at the entrance of
Enclosure NE4 for the new instrumentation. In other areas besides
Enclosure NE4 the problem with space is not as acute. We cannot avoid
the cost or the complexity factor but there will be space.

There may also have to be some modifications to the the target for the
NT/NK beam in Enclosure NE8. Depending upon the amount of Be absorber
employed ending 1.5' upstream of NKBW1-1, the first 20' dipole in
Enclosure NEB, the "HALO" Monte Carlo runs make the following
predictions about the yields at the Tohoku Bubble Chamber (see table
below). The leftmost column below gives the total number of muons
reaching a vertical stripe 3 cm {full width) wide at the center of the
bubble chamber assuming 0 degree production angle. The experimental
requirement is for 500 non-hale muons per mini-ping within the vertical
stripe. Since there will bé 6 mini-pings per cycle, if the yield is as good
as predicted by "HALQ", we will require about 3 x1 010 protons incident on
the target in Enclosure NE8. (For all of the calculations in the table beiow,
have assumed the following gradients for the quads: NKSQ1 = 1.3323 KG/in,
NK9Q2 = -1.1899 KG/in, NKAQ = 1.74847 KG/in, NKBQ1 = -3.66938 KG/in,
NKBQ2 = 4.22768 KG/in, and NKCQ = 1.57949 KG/in. These quad values
assume that the beam in Enclosures NE9 and NEA is tuned for 200 GeV/c,
while the beam starting with Enclosure NEB will be tuned for 196.21833
GeV/c. The positions of the magnets are documented in the NKBS1
"BSHEET" of 1435, 8 June 1988 and assume the use of four 8Q32's as
NKCQ.) In making these calculations | assumed 800 GeV/c primary protons



producing a spot on the NT/NK target that was 0.2 x 0.2 inches half width
on a one interaction length target.

Belength _ hadron attenuation = whalo ~  wi10'" protons on target

20.00" 3.12x 1077 1,63 11.1K
21.50" 1.01x 107 1.77 11.0K
24 50" 1.07x 108 1.42 9.7 K
27.99' 7.85x 1010 1.31 9.1 K

It is important to keep in mind that we have been informed by the
Switchyard experts that it will be difficuit for them to provide mini-pings
with intensities much below 1 x 1017 protons/spill. Thus, if the intensity
is too high for the NK users with 1 x 101 protons/spill the beam line
must be designed to reduce the intensity to the required level. One
possible way 1o reduce the intensity is to use a shorter target or different
target of the same length. Another question which must be resolved is
that of target cooling. Some calculations done earlier by Anthony
Malensek and independently by Nkikolai Mokhov for 2 x 1011
protons/accelerator cycle on a spot about 0.2 cm by 0.2 cm indicated that
cooling of the target may be needed. Work will be done soon to investigate
what will be needed at 1 x 1011 protons on target and what will happen if
the spot on target is larger. If changing the target and or spot size proves
to be unacceptable, another possibility will be to change the production
angle of the beam using the dipole NTBUE/NK8BUE. Among the factors which
will determine the method of beam intensity reduction chosen will be on
factors such as the expected halo/muon ratio and reliability. HALO is not
equipped to handle non-zero degree production angle. Changing the
production angle also means that the locations at which the
non-interacting proton beam and the off momentum secondary beam are
lost varies depending upon the field of NTBUE/NKSUE dipole. This change
will probably influence the halo/muon ratio. Only tests with beam will
probably determine what is the best scheme to employ to minimize the
halo/muon ratio.

Another possible way to reduce the beam intensity will be to employ
collimators that already exist in Enclosures NE9 and NEA, these are NK9CH,
NK9CV and NKACH. This possibility will be investigated but | do not
expect favorable results. Anything unneeded that is inserted into the beam



tends to increase the halo/muon ratio. Partial insertion of steel jaws of
collimateors will probably also increase this ratio. However, HALO studies
will be done to check if this expectations is correct. If the halo/muon
ratio is not changed by this method of intensity reduction, we will have an
additional method of beam intensity reduction.

The differences with the existing beam starting with Enclosure NEB
will be much more extensive. For the 1989 run it is expected that the NK
beam will take about 2/3 of the running time and NT will be given the
remainder of the running time. Itis also expected that the change from
the NK to NT user and back will occur a number of times during the running
period. Thus, we must maintain the ability of the NT beam to be given
beam with a minimum of changeover time and effort while building the
new NK beam.

Until now we have had the capability of splitting off the NH beam from
the NT in Enclosure NEB. In the "low momenta” configuration, which
employed only three of the five 5-1.5-240 dipoles that could make up
NTBW1/NHBW1, it was possible to switch part of the spill to the NH and
another part to NT by ramping this dipole string to the correct values. The
unused pair of 5-1.5-240s were there in case either the NT or NH beam had
to operate in the "high momenta" configuration when it was not possible to
switch from NH to NT on the same spill. When not in use the unused
5-1.5-240s were kept in the Enclosure but out of the heam. For the 1989
running period the NH beam will not be used according to present
scheduling. Among the magnets that will be taken for other uses will be
the dipole string NHFW, the NTBW1-4/NHBW1-4 and NTBW1-5/NHBW1-5
dipoles, NHBV trim, and the NHBQ1 and NHBQ2 quads. In Enclosure NEB the
NHBV trim, the NHBQ1 and NHBQ2 quads, the forth and fifth 5-1.5-240s
that were unused during the 1987-88 run, and their associated power
supplies will be employed in Enclosure NEB for the NK beam as NKBV,
NKBQ1, NKBQ2, NKBW2-1 and NKBW2-2 respectively.

Because the differences in the magnitude of the bends formed by the
NTBW1/NKBW1 string will be too large to fit both NK and NT beams within
the magnet aperture, it will be necessary to move at least the downstream
components of NTBW1/NKBW1 depending on whether the NT or NK beam is
being used. This differs from the 1987-1988 running period where the
magnitude of the bends for NT and NH were similar enough that it was



possible to send low momenta beam to both the NT and NH beams by
aligning the NTBW1/NHBW1 dipoles in a compromise position and varying
the field in this dipole string. By the time the NK beam reaches the
downstream end of NEB the separation between NT and NK will be
sufficient to place NKBW2-1 and NKBW2-2 adjacent to the NTBW2-1 and
NTBW2-2 that are already in place. Thus, when the time arrive to switch
from NT to NK or vice versa, it will be necessary to move the dipoles
which serve as NTBW1/NKBW1 to their correct positions. To accomplish
the move of the NTBW1/NKBW1, it will be necessary to build new stands to
permit the greater range of horizontal traverse required to go from one
position to the other. These stands will be operable remotely so that
access will not be needed to move these magnets from one position to the
other. It will not be necessary to move any of the quads, trims, NTBW2 or
NKBW2 to make this switch. However, it may be necessary to build
modified magnet stands as the flocr of Enclosure NEB is not ali at the
same level. The power supply for NTBW2 and NKBW2 must be shared since
there is inadequate space for an additional power supply. However, since
the available power supply cannot power both NTBW2 and NKBW2 at the
same time due to the total resistance a switch will be installed. This
switch will send power to either NTBW2 or NKBW?2 but not both. The
switch will be remotely controllable to allow changes to take place

without an access.

In addition, it will be necessary to insert or remove a hadron filter at
the upstream end of Enclosure NEB depending on whether NK or NT is to run.
At the moment plans call for 21.5 feet of Be to be used to provide a hadron
attenuation of approximately 1 x 10°7.  This be will be installed just
upstream (starting with HALO run BCHALQS3 of 14 June 1988) of the first
5-1.5-240 dipole, NKBW1-1, in Enclosure NEB. If 21.5 feet of Be is
inadequate to achieve the desired muon/hadron ratio the stand to support
the Be is being designed so that additional Be can easily be added to gain
the desired result. The table given earlier gave the expected yields and
muon/hadron ratios for various amounts of Be. The Be will be
encapsulated in such a way as to minimize the potential handling hazard of
this material when the time comes to insert or remove it from the beam.
A check with Radiation Safety approved the use of the Be without Fe
shielding around it at the expected intensities of the NK beam. However,
Radiation Safety will require that method be devised which will assure
that no Be can be removed without their knowledge. A design to satisfy



this requirement will be part of the design criterion for the filter and its
stand. Further consideration which must be taken into account has to do
with the fact that the Be filter is in Enclosure NEB. Any access is required
to adjust the filter length or position is likely to affect the operation of

the NE users at Lab G (Experiment 690) since the NE beam also passes
through Enclosure NEB. Therefore, another design criterion is to devise a
Be filter and associated stand which will minimize the effort required to
make changes in length. The stand for the filter will be made remotely
controllable. Finally in regards to the Be filter, given the pieces of
Fermilab owned Be available to us, the filter will have to be made up of
series of stacks of Be pieces. Since the Be pieces are relatively small
there will be many cracks between Be pieces in the direction of the beam
travel. To minimize the amount of cracks a hadron might traverse, we will
stagger the pieces in such a way to prevent continuous cracks through the
length of the filter. Further, we will employ Jorge Morfin's suggestion of
slightly cocking the Be filter relative to the beam both in the horizontal

and vertical plane. By cocking the Be filter, there will be even smaller
chance for a hadron to traverse a full length of a crack between the Be
pieces. The filter will be made large enough cross sectionally so that
there will not be any problems about beam leaving the Be filter before its
full length is traversed and yet still make it all the way down to the

bubble chamber.

In deciding where to place the magnets for the NK beam within NEB,
considerations had to be given for momentum tagging of the beam. To
permit this it was necessary to provide space upstream of the finali bend
string in the NK beam, NKBW2, consisting of two 5-1.5-240's with a total
bend of 28.16 mr. Since space in NEB is limited and since clearances must
be reserved for NT beam which passes adjacent to the NK beam, only about
29.5 feet of space could be given between the NKBQ2 quad and the start of
NKBW2. Immediately downstream of NKBW2 dipole string and NKBV trim
room has been left within Enclosure NEB for at least one set of momentum
tagging scintillator or chamber. The second part of the downstream set
could be placed in New Enclosure NKC although it will have to be large
enough to cover an area 8.244 inches in diameter (the size of the 8Q32
bore).

In addition to the repositioning of the magnets within Enclosure NEB, a
substantial modifications had to be done to the enclosure itself. Enclosure
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NEB contains within it the remnants of old Enclosure 109. Much of the
utilities for NEB were attached to the columns that formed the walls of

109. Among these are LCW pipes, power and lighting, and cable trays.
Unfortunately, the new NK beam in Enclosure NEB will be further west than
any of the previous beams passing through the enclosure and is further
west than the position of the west wall of 109 at several locations but

will be contained within NEB. Magnets for the NK beam must be located
where there are presently columns which support the utilities. The NK
magnets are close to the floor while the utilities are in general higher up.
We were forced to cut away many of the columns on the downstream west
side of 109 to position magnets in its place. We still must retain the

upper part of the columns to support the utilities. The problem therefore
was to transfer the weight of the utilities when the bottom part of the
columns to which they previously attached no ionger exits. The solution
chosen was to attach rods from the top of the cut columns to the roof of
Enclosure NEB which surrounds it. The roof of Enclosure NEB is made of
concrete shielding blocks. The weight of the utilities and the remnants of
Enclosure 109 no longer supported by the cut columns was transferred to
the concrete blocks of the roof and then to the concrete walls making up
Enclosure NEB. Since the pumps forcing water through the LCW pipes cause
them to vibrate additional bracing was attached to the cut columns to
prevent resonant vibrations. Once the column modifications are
completed, one of the tasks which must be done is to check to see if any
resonant vibrations are still induced. Any potential resonances will be
noted and removed by additional bracing or changes in the stubs of the
columns.

Downstream of Enclosure NEB will see even greater changes. An
entirely new beam line will be installed from NEB to Lab F. To accomplish
this some of the berm downstream of NEB will have to be removed.
Although the NK beam as it exits NEB is still at a point where the berm is
relatively low, by the time the beam reaches the end of the berm it must
travel through what is now the part of the berm that has the greatest
height. In addition, although Enclosure NEB contains the final bends in the
beam line, we must build a new Enclosure NKC, to house quads and beam
monitors between NEB and Lab F.

After the beam pipe is installed between Enclosures NEB and NKC, it
will be necessary to return some of the dirt (approximately 1 meter or
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more) over the pipe. The section just downstream of Enclosure NEB will
have still additional dirt piled upon it for about 50 feet. The purpose of

this additional dirt downstream of Enclosure NEB is to act as a halo and
neutron shield. The advice of Jorge Morfin and Anthony Malensek, the
designers and builders of the NM Muon Beam, is that HALO does notdo a
good job in modelling low momenta halo particles and does not consider
neutrons generated at all. Since dirt will be available from the removai of
the berm to build the NK beam, some of it will be used to add to the berm
just downstream of Enclosure NEB. For purposes of design, the 50 feet of
berm was assumed to have a radius of 8 feet with a pipe penetrating it
with 5.8 inches radius (HALO file BCHALQO1 of 1025, 8 June 1988). Since
the thick part of berm downstream of Enclosure NEB comes immediately
after this enclosure several benefits are gained. First, the question of

pipe alignment will be the least critical since the upstream end will be
firmly anchored to the concrete wall at the downstream end of Enclosure
NEB where it can be seen. The limiting apertures will be the magnet
apertures in Enclosure NEB and unless the pipe downstream meanders
wildly it should not become a limiting aperture while it is under the
proposed thick part of the berm. Additionally, the thick part of the NK
berm also serves to shield against accident conditions. The final bend of
28.166 mr in the NK beam is made by NKBW2 dipoles. If NKBW2 is off,
there is no way that any beam can leave the pipe downstream of Enclosure
NEB with the thick shielding around it. With NKBW2 off, any beam that
penetrated over 270 feet to the next enclosure would be shifted to the

east by over 7 feet from the NK beam line by the time it reaches Enclosure
NKC. This would mean that most of the distance between Enclosures NEB
and NKC would be through the dirt shield. The pipe downstream of
Enclosure NEB is 12" diameter increasing to 16" in diameter for the last
80 feet or so of the pipe upstream of Enclosure NKC. The large diameter
pipe at the downstream end allow some margin of error for pipe
misalignment in a region where the beam size is growing. Thus, even if
the Be filter upstream was not in place, there will be no way that hadrons
could be transmitted much past the thick part of the NK berm if NKBW2 is
off. Finally, the requirement for additional earth shielding just
downstream of Enclosure NEB had the additional benefit in terms of
contouring the berm for water removal. One of the problems with the area
is the potential for rain water to become trapped in low area, for example
between the neutrino berm and the NE beam berm. By requiring additional
dirt to cover the NK beam just downstream of Enclosure NEB some of the



problems with drainage of rain water is reduced.

Since a 12 inch diameter pipe is being considered for most the region
between Enclosures NEB and NKC, not much tolerance is provided for the
pipe to snake from Enclosure NEB to NKC. Care will be required to make
sure that pipe is installed at the correct place and remains in the correct
location after being covered by the berm. This will be a difficult task.
However, it is important to use a small diameter pipe downstream of
Enclosure NEB to help filter out the halo particles so the 12 inch diameter
must be used for most of the way.

The quads in the new Enclosure NEC are required to satisfy Experiment
782's request for a beam which is tall, 40 to 50 cm full width, and narrow,
and narrow as possible. Since the halo within the 100 cm wide by 50 cm
high volume of the bubble chamber must be as free of halo as possible, it
was necessary to employ large aperture quads. The quads that were
chosen are the 8Q32's (these are quads from Argonne National Laboratory
which is also known by the designation "8 NQ 32B") with an average
effective length of 35.64 inches and a physical length of 41 inches. Since
these quads will go in an enclosure that is closer to Lab F than Enclosure
NEB, power and cooling water will be sent from Lab F rather than from
Enclosure NEB. The choice of Lab F as the power source has the additional
advantage of being accessible even when there is beam passing through
Enclosure NEB. In the past we have had access problems with power
supplies in Enclosure NEB. Enclosure NEB has the NE, NT and NK beams
passing through it. While the 1989 running period will not see NT and NK
operating during the same accelerator cycle, NE will be used by
Experiment 690. There is a high probability that NE will be taking beam
during the same accelerator cycle as the NK. By placing the power source
at Lab F, a problem with the power supply for the quads at Enclosure NKC
will not result in a need to make access into Enclosure NEB thereby
shutting down NE.

Four 8Q32 quads were chosen for Enclosure NKC. With four of these
quads, it will be necessary to run them at 1.58 KG/in at 196.28 GeV
requiring at that gradient approximately 1200 Amps resulting in a voltage
drop at each quad of approximately 38 Volts. These quads are able to run
at a higher gradient. By keeping the current at approximately 1200 Amps,
it will be possible to use flexible cables rather than hard bus to furnish

13
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power. With flexible cables the cost and difficulty of installation should

be less than if hard bus was required. f hard bus was cheaper, it will be
possible to reduce the number of quads needed down to two 8Q32's if
desired. The final choice of the number of 8Q32's to use is a compromise
between power requirements, how to deliver the power, the size of the
enclosure to house the quads, and the availability of 8Q32's for use in NK
beam and as spares. Atthe moment there seems to be a total of eight of
the "8Q32B" quads at Fermilab. All but one was used on the Dichromatic
Neutrino Train. | am told that there are two types of these quads. The
two types differ in the resistance of the coils. | am told there are at least
five of these with low resistance, i.e., lower power quads. Then there will
be at least one spare quad assuming that the four quad design is
satisfactory. The Electrical Group will be checking all of the 8Q32's to
determine if any of them have problems and which of them have the low
resistance coils. We will use the results of the checks to determine which
of the quads to use in the NK beam.

In the final design of the new quad Enclosure NKC, it turned out that the
iength of the enclosure was governed not so much by the amount of space
required by the quads but by another factor. The position of the final
quads was governed by optical considerations. This position was in a
region where the Neutrino Berm was still in place. A simple trench cut
into the berm to install the new enclosure generated the problem of
erosion. The erosion problem arose from the fact that the length of the
quad enclosure was not long enough to reach the end of the berm. To solve
the problem, the length of the precast concrete sections used to make
Enclosure NKC was made longer than needed by the quads. The downstream
portion of the concrete sections functioned as a retaining wall rather than
as a part of the enclosure and was not entirely buried in the berm. In this
way the walls of the berm could be kept from collapse even in bad
weather.

Another factor which must be taken into consideration with the quads
in Enclosure NKC will be the problem of final steering of the beam. The
last horizontal bend and vertical trim are ocated at the downstream end
of Enclosure NEB. Since the 8Q32 quads have a bore of 8.244 inches, we do
not have trim magnets with matching or larger apertures to make any final
corrections to the beam position at the bubble chamber. Thus, if we need
any final position corrections at the bubble chamber, we must do it by



using the quads in Enclosure NKC. This will mean that we must be able to
move the position of the quads enough to have the quad steer as well as
focus the beam. The design for the stands of the quads must take this into
consideration to make the task of aligning the quads relatively easy
keeping in mind that cost is to be kept low as weil. The Mechanical Group
that will design the stands has been made aware of this requirement.

It is important to note that in the proposed design, the HALO Monti
Carlo predictions indicate that a halo/muon ratio that is acceptable to
Experiment 782 can be achieved without the use of toroids or spoilers.
Hence there are no toroids or spoilers planned for incorporation into the
NK beam line at this time. it would have been nice to have some toroids
and spoilers in hand if measurements revealed a need for them. However,
any toroids or spoilers would have added to the cost of building this beam
line. The mandate calls for a beam line that is inexpensive as possible.

The NK beam line downstream of Enclosure NKC will be operated with
air at 1 atmosphere. The distance from the downstream end of the quads
in Enclosure NKC to the Tohoku Bubble Chamber is about 150 feet. With
this much air at 1 atmosphere, we will have approximately 0.06
interaction lengths between NKC and the bubble chamber. If the span
between NKC and the bubble chamber was made into a helium bag at 1
atmosphere, there would be approximately 0.013 interaction lengths. ltis
believed that any multiple scattering caused by the air downstream of
Enclosure NKC will be acceptable to the experiment. If it proves that
there is unacceptable amount of multiple scattering caused by the air,
then a helium bag will be installed downstream of NKC.

Special Instrumentation Needs

The installation of Beam Position Monitors, BPM's, in Enclosures G-2
and NW1 is being considered by Sam Childress for the NE/NT/NK beams.
These BPM's will required two different readout electronics associated
with each BPM. The different readout electronics will enable the
maonitoring of both the slow spill and the mini-pings.

Investigation was made as well on SWIC's to see if it is possible to
attach two different readout electronics to them as well. During the
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1987-1988 run, it was not possible to monitor the slow and fast spill on

the same accelerator cycle since the readout electronic could not be set up
to read both of them during the same cycle. Since the users are going to be
different for the slow spill and the mini-pings sent down the NE beam, it
would be helpful to have the capability of monitoring both types of spill on
the same cycle. The results indicate that we will need independent SWIC's
for the slow and mini-ping components of the extracted beam.

We will need to be able to momentum tag the muons entering the bubble
chamber and to monitor the halo. For this we will need scintillators and
wire chambers at various positions along the beam line. As noted above in
the discussion of Enciosure NEB, a special effort was made to provide a
gap of approximately 29.5 feet between the last quad in the enclosure and
the start of the final bend string in the NK beam for this purpose. The
exact nature of the instrumentation to be installed will be left to the
members of the Experiment 782 collaboration.

Design Approach Taken for the NK

The spot size of the beam at the target in Enclosure NE8 was based upon
the spot size observed during the running period which ended in 1988. The
optics assumes that the quadrupoles in Enclosure NES8 are used to focus the
primary proton beam onto the NT/NK target. This condition is important to
keep in mind since the quads in Enclosure NE8 can be moved out of the
NT/NK beam into the NE beam. However, at this time there are no plans
that | know of which will require the use of these quads in the NE beam
during the next running period.

The optical condition specified to TRANSPORT for the initial post target
portion of the beam line required the following. A point to point imaging
condition of the hadron beam focused at the upstream end of NKAQ, the
field lens. To accomplish this the existing quadrupoles in the NT/NK beam
in Enclosures NE9 were permitted to vary their field gradients but not
their positions.

The next optical step required that the beam negotiate the apertures of
Enclosure NEB as cleanly as possible. This enclosure aside from the Be
filter consists starting at the upstream end and going downstream: three
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5-1.5-240 dipoles in series, a pair of 3Q120 which are independently
controllable, a pair of 5-1.5-240 dipoles in series and a 4-4-30 vertical

trim. Since the Be hadron filter is assumed to be located just upstream of
the upstream most 5-1.5-240 dipole there will be multiple scattering
introduced by the filter. However, since TRANSPORT cannot handle
multiple scattering, the optical condition used for beam transport through
Enclosure NEB assumed that the filter was not present and required a point
to point imaging with the image to be formed approximately 15'
downstream of the end of the enclosure. After the quad tune for Enclosure
NEB was determined for this condition, the next step taken was to
incorporate these values into HALO.

We know based upon muon yield studies conducted in the NH beam line
prior to the end of the 1988 fixed target run that the muon yield is
maximum in the region from about 150 to 200 GeV. Experiment 782 is
interested in observing muon interactions in this approximate energy
range. Thus, for the initial TRANSPORT/HALO studies, the hadron beam
momenta upstream of the Be filter was set at 200 GeV/c. Running HALO at
this point with 21.502' of Be filter in the first 5-1.5-240 in NEB, several
parameters were determined. The mean momentum of the muons
downstream of Enclosure NEB was approximately 196.22 GeV/c. The phase
space of the beam downstream of Enclosure NEB was determined.
The values obtained for the phase space parameters where then used in a
TRANSPORT file which began downstream of Enclosure NEB to determine
the position and field gradients for the quadrupoles which formed the
beam into the desired vertical stripe at the bubble chamber. The final
transport transport results were then incorporated back into the complete
HALQ file which began at the target in Enclosure NE8 and went to Lab F.
This then was the version of the NK beam which seemed to meet the
requirements of Experiment 782.

It is important to note that it was necessary to employ large aperture
quads in the new Enclosure NKC. Many attempts were made to try to design
a beam line using quads smaller in apertures than the 8Q32's. When
smaller aperture quads were employed, the results were always
unacceptably high ratics of halo/muon. Repeated attempts were also made
to try to move the quads downstream of Enclosure NEB closer to NEB but
these attempts also were unsatisfactory. When quads were moved closer
to Enclosure NEB the aspect ratioc of the vertical stripe became



uncontrotlable due to the distances involved between the quads and the
bubble chamber.

Once the design work was completed for 200 GeV/c hadrons a HALO
study was made of the muon yields for different momenta hadrons incident
on the Be filter. The figures below show the predicted results for the
muon yield and for the associated muon/halo ratio at the bubble chamber.

It should be also noted that there is an identifiable major source of halo
which reaches all of the way to the bubble chamber. This source not
surprisingly is the Be filter at the upstream end of Enclosure NEB. When a
scatter plot is made of the halo at the entrance to Enclosure NEB the halo
which exists is confined mostly to a cross sectional area which is
equivalent to an aperture of NKBW1. By the time the beam passes through
the Be hadron filter, the NKBW1 bend string and reaches NKBQ1, the first
3Q120 in Enclosure NEB, there is a pronounced presence of halo on the
west ,i.e., low momenta, side going out to the west from the center of the
beam line to about 5 inches and beyond. The muons leaving NKBW1-3,
5-1.5-240, aperture is also in the form of a spray. The entire aperture of
the magnet is not filled. When a scatter plot is made of the beam exiting
NKBW?1-3 there is an empty region on the east side of the magnet (see
figure 3). On the west side the muons occupy the aperture right up to the
edge. By the time a scatter plot is made at the downstream end of NKBQ1
the halo has split into tow distinct components. There is one component
which travels down the beam pipe along with the muons. Additionally,
there is a halo component which is approximately the same in intensity as
the one in the quad aperture which is at least 2.5 inches from the center of
the beam line. When the two groups of halos reach the downstream end of
NKBQ2 the separation is even more pronounced. The half which did not go
through the quad aperture now is at least 7.5 inches west of the beam line
and is centered at about 8.5 inches west of the beam line and is aimed
directly at the Tohoku Bubble Chamber.

The work described here contains the invaluable advice and help of many
people. Among them are Anthony Malensek, Jorge Morfin, Linda Stutte,
Norm Bosek, Leon Beverly, Aga Visser and others. Without their patience
and aid this work would have been impossible to carry out.
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NKBEAM TQO LABF B.C., TGT AT NE8

POSITICN

ZCENT, XCENT.YCENT CODE
6279.00 -30.05 74546 NKTGT
628550 -30.25 74545 NK8BUE
6312.76 -31.10 74543 NKDP
6322.75 -31.42 74543 NKDP
8426.70 -34.69 74539 NKBUBD
643670 -35.00 74538 NKBUBD
6477.00 -38.27 74537 NKOQ1-t
6488.99 -36.65 74537 NKO9Q1.2
6503.48 -37.11 74536 NKSCH
68526.75 -37.84 745.35 NKSQ2-1
653824 -3820 74535 NKQ2-2
6557.40 -38.78 74534 NKIW-1
657064 -39.14 74533 NKOVR
£6587.50 -30.54 74533 NKIW-2
6609.00 -39.95 74532 NKIW.3
663048 -4023 74532 NKSW-4
664699 -4036 74531 NKIW-5
6654.74 -40.40 74531 NKoV
6670.00 -40.45 74531 NKICV
6693.50 -40.54 74530 NKSCIN
6695.50 -40.55 74530 NKWALL
695356 -41.51 74523 NKWALL
6956.58 -41.52 74523 NKACH
6960.58 -41.53 74523 NKSCIN
697450 -41.58 74522 NKAQ
6981.00 -4161 74522 NKWALL
7063.00 -41.91 74520 NKWALL
7066.00 -41.92 74520 NKSCIN
7067.00 -4193 74520 NKSWIC
7068.49 -41.94 74520 NKBBEU
7090.99 -42.02 745.19 NKBBED
710249 -42.00 74519 NKBW1A
712399 -41.72 74518 NKBW1-2
714549 -4110 745.17 NKBW1-3
717197 -39.95 745.17 NKBQ1
7209.95 -3821 745.16 NKBQ2
7257.50 -35.99 745.14 NKBW2-1
7278.44 -34.74 74514 NKBW2-2
7291.66 -33.81 74513 NKBV
729880 -3329 74513 NKWALL
7561.35 -13.88 745.06 NKWALL
7567.90 -13.39 74506 NKCQG-1
7572.86 -13.02 745.06 NKCQ-2
757782 -1266 74505 NKCQ-3
758277 -1229 74505 NKCQH4
759132 -11.66 74505 NKWALL

88/07/21.

- ELEMENTCODE
NT/NK TARGET, 15" ALUMINUM BLOCK
DIPOLE 5-1.5-120 FRD10998 -64.42DG
U.S. END, 10' BEAM DUMP, Z=6312.75
D.8. END, 10' BEAM DUMP

U.S. END, BACKUP BEAM DUMP IN PIPE
D.S. END, BACKUP BEAM DUMP IN PIPE
QUAD 3Q120 FRDt1810

QUAD 3Q120 FRD11811
COLLIMATOR, HORIZONTAL, 10

QUAD 3Q120 FRD11812

QUAD 3Q120 FRD11289

DIPOLE 5-1.5-240 FRD10500

TRIM 4-4-30 FRD10922 -64.48DG
DIPOLE 5-1.5-240 FRD 10501

CIPOLE 5-1.5-240 FRD10503

DIPQLE 5-1.5-240 FRD10304

DIPOLE 4-2-120 FRD11640

TRIM 4-4-30 FRD10822 90.000DG
COLLIMATOR, VERTICAL, 10

4 X 4" VERT. & HORI. SCINTILLATORS
D.S. END OF ENCL. NES IS AT Z=6695.5
U.S. END OF ENCL NEA IS AT Z=6953.5

4 X 4" SCINTILLATOR, VERTICAL
QUAD 3Qt20 FRD10313

D.S. END OF ENCL. NEB IS AT Z=6980.998

U.S. WALL, ENCL. NEB, Z=7063.

4 X 4" SCINT,, VERT. & HORIZ.
SWIC, VERT. & HORIZONKAL, 2MM
U.S. END, 21.5' BE HADRON FILTER
D.8. END, 21.5 BE HADRON FILTER
DIPOLE 5-1.5-240 FRD10512
DIPOLE 5-1.5-240 FRD103513
DIPOLE 5-1.5-240 FRD10515

QUAD 3Q120 FRD11268

QUAD 3Q120 FRD10317

DIPOLE 5-1.5-240 FRD10519
DIPOLE 5-1.5-240 FRD10517

TRIM 4-4-30 FRD10523 90.000DG
D.S. WALL, ENCL. NEB, Z=7298
U.S. WALL, ENCL. NKC

D.S. WALL, ENCL. NKC

POWER
SUPPLY
NK8TG
NKSUE
NK8DP
NK8DP

NK3Q1
NKgQ1
NKSCH
NK8Q2
NK9Q2
NKaw
NKSVR
NKew
NKSW
NKaW
NKOW
NKIVR
NKBCV
NKS5C

NKASC
NKAG

NKBSC
NKBWC

NKBW1
NKBW1
NKBW1
NKBQ1

NKBQ2
NKBwW2
NKBwW2
NKBV

NKCGQ
NKCQ
NKCQ
NKCGQ
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500 GEV

B8/G(KG) OR
(KG/IN)

16.140

3.331
3.331

-2.975
-2.975
-16.903
2.462
-16.903
-16.903
-16.803
-16,903
0.000

4.371

-45.000
-45.000
-45.000
-8.351
10.773
-38.533
-38.533
C.000

4.025
4025
4.025
4.025



7704.00 -3.33 745.02 NKWALL U.S. WALL, ENCL NCE, LAB F, Z=7704
774000 -67 745.01 NKBC TOHOKU BUBBLE CHAMBER, Z=7740

On file as JT18N1B of 1204, 21 July 1988

This is BSHEET version of NK Beam TRANSPORT file: JT18N1 of 1435, 8 June 1988

Quad tunes downstream of Be filter based on HALO file: BCHALO4 of 1705, 6 July 1988

Upstream and downstream ends of Enclosure NKC ara not certain yet

This BSHEET has been corrected for Earth's curvature,

Given below is a tentive cost estimate for this project made by the

Construction and Engineering Services Group at Fermilab.

Cost Estimate

Cost estimate by Construction and Engineering Services Group

7 September 1988

|. Site Work:
Site Demolition
Site Preparation
Earthwork
Paving
Sewage and Drainage
Site Improvements &
Low Conductivity Water Piping
Beam Pipe

nmoom»

o

II. Concrete:
Cast in place
Precast

@ >

[il. Mechanical:

$1,600
$2,000
$19,100
$1,100
$2,900

$9,600
$14,800
$9,400
$35,100

$3,200

20



V. Electrical:

A. Electrical Work $6,100
B. Electrical Communication Duct $4,600

Subtotal: $109,500
Overhead and Profit (20%): $21,500

Total: $131,400
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mu/1E11 protons on target
21.5' of Be filter u.s. of NKBW1

mu/halo for 21.5' of Be u.s. of NKBW1

Mu yield/1E11 protons @800 GeV/c on target

for 190 GeV/c pi+ and K+ upstream of filter

25

14000 H

12000

mooo-:gﬁﬁﬁﬁ & § &

HALQ files used:
BCHALOS for pi+
BCBHALO for K+

8000 " a mu/1E11 pi+
6000 - ] 3 ® mu/1E1T K+
4000 Tune based in BCHALO4
1 of 1705, 6 July 1988
2000 +
b -
0 v ' v ? ¥ | I 7 v ’ v *4“7 L A
0 1 2 3 4 5 8 7 8 9 10
(hadron - muon) momentum in GeV/c
Mu/halo for 800 GeV/c protons on target
190 GeV/c pi+ and K+ upstream of Be fliter
2.4 4
gg : HALO file used:
'e] 2.3 BCHALO for pi+
164 §§ B BCEHALO for K+
1447 & & 3 _
124 E 9 muwhalo pi+
1.0 ¢ mu/halo K+
o8 s @ § g Tune based on BCHALO4
g s 2 of 1705, 6 July 1988
0.2
0.0 —rr e T T T T

1 2 3 4 S5 B 7 8 9

(hadron - muon) momentum in GeV/c



muw/1E11 protons on target

21.5" of Be filter u.s. of NKBW1

mu/halo for 21.5' of Be u.s. of NKBW1

26

Mu yield/1E11 protons @ 800 GeV/c on target

for 200 GeV/c pl+ and K+ upstream of fliter

2
sfiz i :
8000 '.| §

6000 - é

HALO files used:
BCHALO4 for pi+
BC4HALO for K+

o muiE1T pi+
® mu/tE11 K+

Tune based on BCHALO4
of 1750, 6 July 1988

.

0 1T rlrrrrrrrrrrrr1rr~—1

0 1 2 3 4 5 & 7 8B 9
{hadron - muecn) momentum Iin GeVic

Mu/halo for 800 GeV/c protons on target
200 GeV/c pi+ and K+ upstream of Be filter

10

2.4 -
552 HALO files used:
20 BCHALO4 for pi+
1.8 ] g BC4HALO for K+
1.6 1 § § E E E
1.4 -
2] B i 2 @ mualo for pi
10 _ ! g ¢ mu/alo for K+
g-g ] $ t 3 Tune based on BCHALO4
0.4 _ % of 1705, & July 1988
0.2 .
0.0 T ) LA B A S g 1 T

0 1 2 3 4 5 6 7 8 9 10

(hadron -muon) momentum in GeV/c



mu/1E11 protons on target

21.5' of Be filter u_s. of NKBWH1

mu/halo for 21.5' of Be u.s. of NKBW1

27

Mu yield/1E11 protons @ 800 GeV/c on target
for 210 GeV/c pi+ and K+ upstream of filter

14000 1 HALO file used:;
% BCHALOS for pi+
12000 % 3 § % 5 BCSHALO for K+
10000 3 % §
8000 § B8 muiE11 pi+
6000 - % * murET1 K+
4000 B
3 4 Tune based on BCHALO4
2000 - of 1705, 6 July 1988
] » e *e oo a | 4 Y
0 T T 1 LIS NS S ARl AN B BN RN RN |
0 1 2 3 4 5 8 7 B 9 10
(hadron - muon) momentum In GeV/c
Mu/halo for 800 GeV/c protons on target
for 210 GeV/c pl+ and K+ upstream of flitar
244 HALO file used:
227 BCHALOS for pis
f-g ] 3 BCSHALO for K+
ey §8f § 3§
1.6+ § 3 % §
1.4 4
12 3 E B muhalo pi+
1.0-: g ¢ 3 ¢ : ¢ mumhalo K+
o § | Tune based on BCHALO4
. @ of 1705, 6 July 1988
0.4 - 1
0.2 7
0.0 T =TT T T T 7
0 1 2 3 4 5 <] 7 8 9 10

{hadron - muon) momentum in GeV/c
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Total Weight:

Measured Data
Voltage
Current
Power
Field Strength

Cooling Water

4 .4 Tons

81 Volts dc
2500 Amps dz
203 kw

14 kG

{System Pressure Drop 203 psi)

No. of Circuits
. Frassure Drop
(<4~ Flow

Temp. Rise
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Design Data
8 NQ32B

73 Vo'ts de

2750 Ampsdc

201 kW
15 kG

19.2 gpm
70°F

| - Magnet Current (Amps x 107)

2

Terminal
Gampg) | Voltzse | 5o/
PS7 1 (Volts) ¢
3200 9 421
400 - 560
600 19 839
8C0 25 1118
1000 32 13%6
1200 38 1675
1400 44 -¢51
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Ity
i)

e e

protons on target
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21.5 feet of Be filter located upstream of NKBY1-1 dipole

196 Ge¥/c p* downstream of the Be filter
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TIME 03434,03.

-4 4

[ [ ST T7 ]
D
IOl <X
= [TV
XIwu

|
n

Y o S 4

o

|

NNy

| = O Qv =
b= | - | - >
L4

_ ! (727

(=l velwlalelelalola
QOO0 OOQO
QOO DN QI OWY
® % 5 o % &8s
nn._.l?.._.— N [ 4 i NN

CR000o00000

e e e o
QOOOOCO00O0

e

+ + DX W
|

P

I
f

+ bttt + + VDTN

QOOQVOGLCO0

POQNONONIOND
= & % o 6008 b
NSt |
(B |

el

|
|

-

%7233312

Mo
[l
D
N
Med
-y

2186

=z
Lo L]

N
O

Q0
L)

ZEMN
=y

20

238

" TOTAL NUMBER OF PARTICLES CONSIDERED

Scatter plot of hale ji's from ¥ t at the upstream end of Enclosure NEB, just upstream

of the Be filter.

1 entry reprsenis 1459 muens or hale muons/1 x 101t protons on target

200 GeV/c ¥* upstream of the Be filter

21.5 teet of Be filter located upstream of NKBY1-1 dipele

196 GeV/c p* downstream of the Be filter

HALD file used: BCHALO4 of 1723, 18 July 1988

.




TINE 03.34.03.

3

NO
ND

N
N

o Tl |

I
i

AN 1
'

|
AN A= O DM e=iny
E 0O oIMeded | x
2 i i =
174 ] i [ 72 ]
< {
) s et e ot B o Btk ok et < bl pd e U SO DL
5_ _ M n
- ! ! 1
] i i v
i {
1 ; 1
e | 1 -
| i 1 1
o | ]
Qi | I -4
[ X ] ! o+ .
oy L] . i | o~
m _ —t | r4
j i H 1
| -4 | -4
. ] SN R ¢ )
o i : o~
o Nt (] ! L2
od IO T o O e * | s
L M N I e
N 0 M -4 B
P OTI OO Ottt | o
' Labalalayl o o LV - _ N
S K LY YT T R T LY ] | gy
P Y Y T ] s
Lok 4 3] . -4 g
o - _ -
= J
o & 1
[ h ; !
- |
)
: 1
w J
o yebrd N
o - vl i -4
(3] - 4 * o~
i - NN | I L]
OO [
OOy M N [ -
P L L VLV ; Qed
- TNy . A
el NI LN
i T S -
o [ 1
L~ ] 4 ! -4
& o tomiimy A=y +III+SUH$
[y
I- 008000000000

[=l= o wlalelelele ololatel

. 00000000 IO00

L aah Ll 123&-5613

! . |
QOOQOoOOOOOQOQQO
P s e e s e 2 e e e e et e

00000 QO00Q00CO

0000000000000
R =lslalelo vlele wlole o]

- & &0 0 a0

“OVER T

§

IN
8

383
1

TOTAL NUMBER OF PARTICLES CONSIDERED

"UNDER

UNDER
IN
OVER

392

Scatter plot of halo ’s from o } at the downstream end of Enclosure NEB.

t

1 entry reprsents §14.59 muons or halo muons/1 x 10t! protons on target

200 GeV/c ¥* upstream of the Be filter

21.5 feet of Be filter located upstream of NKBW1-1 dipole

196 GeV/c p¥ downstream of the Be filter

HALD file used: BCHALO4 of 1723, 18 July 1988




a— — et e —— -

TIME 03.,34.03,

DATE 88/07/}19. '
1462.5;9 F% }PDSITIDN NO. 94)

IN GEV/C FOR MU AT

P

217

Q®©
s 0N

XOxX
=t
-

[- 4.0 |

SCave
e D
R
ettt )
TOou,

10 ENTRIES.

SCALE FACTORsee 1 X =

180,000

LESS THAN

[+

»

PN
2L ! _
I |
: . 220w :
i | ! i b ,
: | P P
_ | . MM |
' . GG 2 :
: I -
: PCEmICICICH U
! MICIICICH I
) ; andtatetetetelatated
|

_ XXX!IXXXXXS
| 08 33 6 X ICIC IO HESCHE N
i | : | i

ODODOOVOOO 4T HI-DA N DGO
, : VLY TR 2 T TP T, Ta e
i m et |

R
W W , _

(gt o bololelelole lr nle lelele le e e sro=lololelsTal
(o nlolelolelalslulalilalalslolelele sleluls s Tele]
O0o0OAQLOUIQOOIDIOOVOTIRIOIOQ
LIS A I BRI I I O B B B B B BN A
O Y LN O P 0 B O et OITEE VD P D O 0D = OIS Y
DORODODBDRFCFOCCIOCIOO0O00
retr=t i b vt el vl el e et e b et e e O N O O I O

’ ﬁ L
00CO0U00000000000000a0000
T b o e o e e o o i = o e e i e

(olelalolelolelolalelolelTolalele v]olalal.lelole]
[olrlelalalrlelalelolaleleldlalalalalalelelalalnle]
COCOO0OQOOA0OQQOOLQOI0000
o % &% ® & " P e et e " P O S eseee
Cemt OO LD P O O O A OO P D O O i NN
VOO DOOCDRIFFFCOCTCFOCODOQD
1t ko Pty et il e e e I I O SN O

TT205.,000
196.97521 GEV/C

GREATER THAN

HMEAN =

2433229 GEV/C

HALF ®IDTH =

TOTAL NUMBER OF PARTICLES CONSIDERED™ "~ 7819

ReMoSe

Histogram of u's from ¥* at the Tohoku Bubble Chamber which are within the

vertical stripe 3 cm wide and 60 cm high (full width).

B i an e e T PEP R RIS

protens on target

1 entry reprsents 14.59 muons er hale muons/1 x 10!

200 GeV/c B* upstream of the Be filter

21.5 feet of Be filter located upstream of NKBY1-1 dipole

196 GeV/ec u* downstream of the Be filter

HaLU file used . BCHALO4 of 1723, 18 July 1988




W= P O QO HTID OO VN O O O D NN
I NP IDVN D P QU O O O Ol e I

TIME 03.34.03,

TIHE 03,34,03,

(LR}

Ty A

A A P g e, g W— e .

P T R il W T T T B X D T 4

= -
73 (7] :
bt e e et 1t e e et - ADEW
] ]
1
|
]
|
[
w0
LR ]
LR
ni
|
1
- N
] ;
I :
[ | i
o1 i
o1 >
- P |
Ql H
-t} !
! i
i i :
| .W ” :
i 1 .
o _ t 4
ni “ W
s | ﬁ _ i
" : :
! i | |
| | _
I g i ,
; | )
_ m |
o ! ! .
o et | LT OISt ey
e D NN R A ANAARA BLLOD 4+ DD
1 OO0 L IILHIC DD = -
I e o T T I R DV LN PN B DNT VR Y .
: | v P ] . : 0.
_ _ | |
_ - ! ,
LA N ,, |
[+ I I |
L L * W -
L & . !
! i ; i ) ,_
_ _ _, .
! ; m
A !
q ! H
[3] i | 1.
b \ i : +
[- N ! i i
[ i : i |
A . i _
m ;
N i ! !
o : f ;
[y ] “ : -
« 1 ; t i ¥
— : : ]
[ ; :
| ; !
i m
| |
|
- 1
L] : | : 1
nn A 1l Pt e et P b, it 4l # (A D VY
AT LD O 8D OO DN I ey |
)} OFOPONPOAANRNOT MO

OVER

T .
4
TOTAL NUMBER OF PARTICLES CONSIDERED

QP =0 O-0 OWUN ININD O O P T30
es e s veenedacsovassae

TreTTTY! ~Nmraoeroe

IN

| | ]
000000R0N0ECO00R000
e e o o P o e e e b o

=iV O O O D0 ) DO i
& QPO O NN O MO
Q@M= 0-0 QOO N D OO P=PD
® & v 9 a® s be P oo re e te
m:nﬂv_r......nv.ﬂad.nﬂd._nﬂ- O O~D

"UNDER

DATE 88/07/19,

TION &

L

87117
1 eniry reprsents 14.59 muons or hale muoas /1 x 10! protons on target

200 Gev/c ¥ upstream of the Be filter

21.3 feel of Be filter located upstream of NKBY1-1 dipole

196 GeV/c u* downstream of the Be filter

Scatter plot of §'s frem WY at the Tohoku Bubble Chamber which are withia the [
HALD file used: BCHALO4 of 1723, 18 July 1988

" bubble chamber.

UNDER
N,
OVER ™



TIAE 03.34.03,

|
: i
| : : _

N DM A M AN D O T N DO

IOt bt NN DOV b el AN
=2 : ' ! ' =2
o | ! | “

i bt o b b ] et Pl el IIT.IITIT..I. +N2DEWN

1

et rdeird t

1
1
1
1
1
1
1
i

r I S——
1
1
SR S
2
2
11
4
11
1
it

_ 10.60

«50
-

-9.59

i
i
1
4
2
2
11

§ ey

69
1
1
1
1

[ - i e
R T TR T e T L T Bl T T T L o] o T PR T

P a0y O A 18 00 03 O DI P i)
=M -0Vt VO N O MNP D
Dt O OV VN KN OO O PP D O

~-19

a® 8 8 ® % a &8 & 0 g0 s st e e g
8?65%3%4. O N OP= DO O
(SO ] .

O00QO0QOCOOQOOO0Q0O
e e i e e e e e

NPt ND O DO F OO =i
o Q- O G ONP D A D OO P O
@ QM= OO DN NO O -OP= 5
e e P ete st E RIS tRaes
TITTTTT! ~omraore

Vox

Ly

11 1 1
8982%55"6518895898

1 .
T 33477998

ZZ
el

T eded

(L g
mo
e

)

428

TOTAL NUMBER OF PARTICLES CONSIDERED

s

Scatter plot of halo 1°s from ¥ at the Tohoku Bubble Chamber which are within the

bubble chamber .

1 enlry reprsents 14.59 muons or halo muons/1 x 10!t protons on target

200 Ge¥/c 1* upstream of the Be filter

21.D feet of Be filter located upstream of NKBY1-1 diﬁnle

196 GeV/c p* downstream of the Be filter

HALD file used: BCHALD4 of 1723, 18 July 1988
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Tohoku Bubble Chamber which are within

Bubble Chamber.

00 inches of the center of the Tohoku

" Scatter plot of halo it's from " at the
1

protons on target

1 entry reprsents 14.59 muons or halo muens/1 x 10!

200 Ge¥/e¢ WY upstream of the Be filter
21.3 feet of Be filter Jocated u

196 GeV/c p*

pstreaw of NKBY 1-1 dipole

downstream of the Be filter

HALG file used: BCHALG4 of 1723, 18 July 1988
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. The histegram shows ialegrated hale §'s.

‘s from W which reach the Tohoku Bubble Chamber as 3 funct
Note: Z = 250 teo 300 feet is the location of the upstream end of Enclosure NE9 with

of the distance in feet from the target

Histegram of halo §

The Be filter starts 790.646 feet from the target at the

quads, a trim and dipoles.

EB continues on te Z of about 1020 feet

upstream end of Enclosure NEB. Enclosure N

The final quad siring spams a Z from

with dipeles, quads, more dipeles and a trim.

about 1288 to 1306

1 entry reprsenis 14.59 wmuens or hale muons /1 x 10'! protoas on target

200 Ge¥/c U upstream of the Be filter
215 feet of Be filter localed upstream of NKBYW1-1 dipsle

ed: BCHALO4 of 1723, 18 July 1988

-

196 Ge¥/c p" downstream of the Be filter

HALO file u



