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Abstract

Fermilab's two photon beams, the tagged beam and the broad-
band beam, do not run Simultaneously because they must share the
same primary proton beam and some beam enclosures. We demonstrate
that the present broad-band beam is inadequate for operation at
1 TeV and propose to replace it with a versatile Wide Band Charged
and Neutral beam. We discuss the necessary improvements to Proton
East primary beam transport systems, the new beam'optics and accep-
tances, the targeting scheme, expected fluxes, backgrounds from
muons, and unwanted hadrons in the beam, the radiator and dump
areas, the required experimental hall and its facilities, and a

possible time table.



Addendum to TM-963

P.H. Garbincius 25 April 89 (rev. 31 May 89)

A. TM-1552: Wide Band to "Double Band" Upgrade, P. Kasper, et al.,
describes the 1989 beamline upgrade to increase the photon flux
by transporting both electrons and positrons simultaneously.

B. As built instrumentation drawings are available from the
Research Division Electrical /Electronics Department for this
beamline. Reference numbers are:

2430-ME-172105-10
-17
-18
-19

C. The electron flux integrated over the full beam line acceptance
per incident 800 GeV proton was measured in 1985 and is shown in the
following figure. The typical momentum bite is sigma (dp/p) = +- 13 %.
The fitted parametrization is:

n
Electron Yield per Incident Proton = A (1 - x)

where x = electron momentum/proton momentum
-4
A=9.3x10 and n=5.39
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I. Introduction

Proton East is one of three separate primary proton beam
target areas in the Proton Laboratory. An overview of the Proton
Area showing the relationship of Proton East to the other beam
lines is indicated in Fig. 1. The existing primary beam target
system in Proton East is capable of targeting beams as intense as
6 x 10'? 400 GeV protons in a 1 sec slow spill with a 10 sec éycle
time. This capability has been-used to perform a variety.of ex—
periments which include the precision single arm, high P, measure-
ments of the Chicago-Princeton group.(l) However, most of the
emphasis in this area has been on experiments with beams of photons.
Two secondary beams, the Tagged Photon Beam(z) and the Broad Band

(3)

Beam, share the P-East primary proton beam and target system.

For this reason only one of these beams can be operated at any
given time. In spite of this inefficiency, the results of experi-
ments in Proton East have contributed importantly to our knowledge
of high energy interactions.

Several experiments have reported results on high-energy photo-

(4)

production of vector mesons. One of these demonstrated that

(5)

The total cross section for a photon to

(6)

the ¢ is a hadron.

produce hadronic final states was measured up to 200 GeV. This

result indicates that the level of charm production in photon

interactions is on the order of 1 ub. Photoproduction of Ac' D*

(7)

and D? has been measured. In addition, the neutron experiment

in P-East made the first measurement of ¢ hadroproduction at Fermi-

(8)

lab energies. The same experiment ruled out the reaction

n+N-y + cc + X as the primary mechanism for producing charm

(9)

in hadron collisions.
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Limitations of Existing Beam

The Broad Band Beam, located in Proton East, is the most
intense source of high-energy (>100 GeV) photons presently avail-
able at any accelerator. For several reasons, this beam is now
reaching the end of its usefulness and should be replaced by a
different kind of beam. These reasons are:

(i) The beam contains a significant background of neutral hadrons
(neutrons and K°L's). For a typical experiment triggering
on hadronic final states, experience has shown that the number
of events induced by the interactions of hadrons is approk—
imately equal to those induced by photons. The problem is
exacerbated at the highest energies where the contamination
from neutrons is greatest. Experiments using the beam have
been limited to x { 0.5 (or 200 GeV for 400 GeV incident
protons) because of neutron and K°L contamination.

(ii) It is not possible to use the Broad Band Beam and the Electron
Beam simultaneously. Access to the Broad Band detector
building is prohibited because of radiation from Electron
Beam elements while the Electron Beam is running. This has
resulted in very inefficient use of beam time in Proton
East and discourages the installation of a major new detector
in the existing enclosure.

(iii) Muon rates in the detector building are unpleasantly large.
Extrapolation of experience at 350 GeV, 400 GeV and 450 GeV
indicates instantaneous muon fluxes in EE4 of ~ 2 x 107/sec/m?

for 6 x 10'2 protons at 1 TeV in a 20-second spill.
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(iv) The Broad Band Beam and the Electron Beam share the same
target box. This necessitates frequent changeovers involving
relocation of pre-target beam elements, resulting in unneces-

sary radiation exposures, operating costs, and loss of beam

time.

Design Goals

A new beam, whose primary purpose is to replace the existing
Broad Band Beamn, Should, above ‘all, be an intense source of high—
energy photons. Our criteria are: The photon flux should be at
least an order of magnitude more intense than the existing Tagged
Photon Beam flux at all energies. The photon beam should be as
free as possible of hadron contamination and at least an order of
magnitude better than the existing Broad Band Beam. The muon
background in the experimental hall should be sufficiently small
so that singles rates in detectors are dominated by other sources

(i.e., et

e~ pairs). In addition, experiments using muon (di-muon)
triggers should be possible using the maximum achievable photon
£flux.
If possible, the beam should be a flexible source of hadrons
as well as photons. The existing beam (Broad Band Beam) is also a
neutron and K°L beam. Ideally, this capability should be maintained.
Finally, the experimental hall for the new beam should be

designed with adequate facilities for the support of two major

detectors for 1 TeV experiments.

Design Solution
The solution chosen to accomplish these goals is:
(i) The existing Broad Band Beam will be replaced by‘a new high

energy, high intensity electron beam. The new beam will
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have very large momentum acceptance, * 15%, and large solid
angle Vv 4 p ster. It will be able to transport electrons up
to 800 GeV. These will be converted to photons in a radiator.
The beam will be operated as a bremssﬁrahlung beam with no
tagging of the photon energy. 1In this mannér, high fluxes
of photons up to 500 GeV can be obtained. We estimate that
the hadron background will be reduced by at least an order
of magnitude from that of the existing Broad Band Beam. We
also intend to maintain the capability of having a high ehergy
neutral beam. This is accomplished by having zero net devia-
tion from the direction of the incident proton beam. A
similar beam has been proposed and built for lower energy
operation at CERN.(lo)
(ii) A splitting station will be installed in Proton East so that
two beams can be targeted simultaneously.
(iii) A new detector enclosure will be constructed for the new
beam approximately five hundred feet farther from the target
point than the present detector building. This will provide
additional space and flexibility for muon shielding.
(iv) The new beam will be targeted in a new location far downstream

of the present target box, which will continue to serve the

Electron Beam.

Beam Design

An overview of the new beam, its target box, and detector
building is given in Fig. 2 and 3. The primary proton beam is
transported through the present target box and is bent 30 mrad to

the east by four Energy Saver dipoles. A system of Energy Saver
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quadrupoles located in EEl focuses thg proton beam on a production
target at the upstream end of EE4, the present Broad Bahd Beam
gxperimental detector enclosure. The target box is followed immed-
iately by a flux gathering gquadrupole lens and dipoles that disperse
the beam in momentum. An enclosure'(dipole enclosure) contains
a dump for neutral particles, a momentum collimator, and additional
dipoles that>begin to recombine the beam. The final stage completes
the recombination of the beam and produces a focus at the experimental
target. The radiator and appropriate swéeping magnets are located
in this area. There is sufficient space in the new experimental
hall to support two experiments.

Because the net deflection of the dipoles in the beam is
zero, it is possible to make a neutral beam by removing the neutral
beam aump in the dipole enclosure. The target box magnet will be
energized sufficiently to dump all charged particles produced at the
primary target inside the shielded ta¥get box. The beam line magnets
may serve as downstream sweeping elements. Another attractive fea-
ture of the beam is that a primary proton beam could be made avail-

able in the experimental hall by turning off the target box magnet.
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II. Secondary Beam Optics and Acceptances

This high-flux beam is designed to transport a large-momentum
bite (+15%) charged particle beam from the produétioh target located
in EE4 to an achromatic x, y focus in the new experimental hall.

The tunable range of this charged particle channel is 400-200 GeV/c.
The beam spot is 2.5 x 1.5 cm with divergences of aex = +0.6 mrad,

aey = 0.5 m:adf The acceptance is computed by a Monte Carlo pProgram
to be 120uster-%. A complete list of beam elements is given in Table I.
The optical properties are summarized in Table II.

The design criteria discussed earlier require that we maintain
the possibility of a zero-degree neutral beam. Therefore, the secon-
dary beam is brought back to the same line as the incident proton
beam‘by a double dog-leg bend with zero net deflection. The design
vhilosophy is to minimize geometric and chromatic aberrations by
keeping the first order structure of the beam symmetric about the
midpoint of the beam line (Fig. 4 ) so that sextupole correction
elements are not necessary.

The length of the beam was chosen to be 1000' to reduce the muon
halo background in the experimental hall (see Sec. V). The choice
of magnetic eleﬁents was limited in this design exercise to conventional
magnets with 4"-6" apertures and maximum pole-tip fields of 20 kg for
dipoles and 12 kg for quadrupbles. Further studies, later, may show
that improvements over the present design are possible by replacing
selected beam elements with larger bore superconducting magnets. We
do not intend to rule cut such possibilities. This particular design
should be regarded as an existence proof of what acceptance may be
obtained with existing-Fermiiab beam elements. Finally, limiting

apertures must be located far upstream so as to minimize beam halo.
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This beam line will have two different optical configurations
for transporting charged particles, a broad band mode and a narrow
band mode. When the beam is tuned for large momentum acceptance the
lowest momentum ray, PL) that is within the acce?ted momentum bite |
is‘transported through two optical stages. The first stage has
point—-to-point imagin§ between the production target and the momentum
slit. The second stage has point-to-point imaging between the momentum
slit and the experimental target and produces an achromafic X, ¥y focus
at that point. The highest momentum ray, PH’ within the acceptance is
transported as though the beam had only one optical stage with point—
to—paraliel—to—point imaging between the production target and the
experimental target. Fig. 5 illustrates some first-order imaging
properties of rays PL and PH for the broad band tune. The_narrow band
mode is achieved by selecting a smaller momentum bite using the momentum
slit. In this mode, the beam is operated as a standard two-stage trans-
port with point-to-point optics in each stage.

The bend angle is determined by the desired momentum dispersion
and the amount of bending necessary to separate cleanly the neutral
beam from the e beam and maintain the first‘order optical symmetries
as described above. The double dog-leg configuration of dipoles between
two qguadrupole triplets produces a momentum-dispersed beam aftér the
first triplet and recombines the beam before the beginning of the second
triplet. Since there is no first-order dispersion within any of the

quadrupoles, a large momentum acceptance is achieved.
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I1I. Splitting Station, Targeting Scheme, Target Box, Neutral

Dump and Momentum Slit

In order to achieve the design objectives described in
Section I, we propose a new targeting scheme which allows this
beem to run simultaneously with the Tagged Photon Beam and is
fiexible enough to permit operation in several different modes.

It is possible to obtain electron/photon, 7~, neutron, K° and

Ll
primary proton beams. Details of the targeting and beam dumps
required for all these different beams are discussed in this

section.

Beam-Splitting Station

We have emphasized the importance of being able to provide
beams simultaneously to both the Tagged-Photon Lab and the Wide
Band Beam Lab. The first step in this process is to split the
primary beam in Proton East into two separate beams. This is done
by directing the east branch of the primary beam onto four electro-
static septa located at the downstream end of fhe upgraded version
of Enclosure H(11) Each septun is 3.1 m 1long with a gap
of 20 mm and can be operated at voltages dp to 70 KV. A trim
dipole magnet located 115' upstream steers the beam onto the septa
and may be used to adjust the split ratio. The four septa deflect
the protons above the wires up through an angle of .044 mrad and
those below down through an anéle of .044 mrad. These two slightly-
divergent beams drift 1000' in the existing 12" vacuum pipe from
Enclosure H to a new pit, Enclosure K, which contains three
standard 2-way Lambertson magnets that separate the beams horizon-

tally. The vertical separation of the two beams at the Lambertsons
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is 1". The beam for-the Tagged Photon line is undeflected while

the beam for the Wide Band line is bent to the east through an

angle of 2.1 mrad. The beams leave Enclosure K in the same i2"
vacuum pipe and travel about 300 feet. The beams are separated
horizontally by 8". At this point there is a transition piece and
the two beams drift the remaining 700' to the P-East pre—tafget hall
in separate vacuum pipes. The beam for Tagged Photon comes in

along the same line as it does now. The new beam is displaced
approximately 25" to the east, enough to clear the yokes of the Tagged
Photon Beam pre-target elements. The new beam drifts through a
vacant slot in the existing P-East target box and is then transported
by its own pre-target magnet system described in the next section.
Fig. 6 shows the layout of the Proton East beam components in
Enclosure H. Fig. 7 éhows Enclosure K and its elements. The
elements ihvolved in the split and some relevant parameters are

summarized in Table IIIX.

Pre-target Optics

The pre-target optics consists of 4 ED/S dipoles, a quadrupole
doublet consisting of a total of one 3Ql120 and 6 ED/S gquadrupoles,
and 3 main ring dipoles (B2's). This system accomplishes three
objectives:

1) The 4 ED/S dipoles deflect the primary proton beam through an
angle of 30 mrad to the east. This produces a very large separa-
tion between the Tagged Photon Lab and the Wide Band Beam
Experimental Hall, and is necessary to decouple each beam from
the other's muon background. For example, forward-going muons

from the primary target and neutral dump of the Tagged Photon



to- - TM-963

Eeam pass far to the west of the Wide Band Beam Experimental
Hall. |
2) The guadrupole doublet takes the approximatély parallel incoming
proton beam and focﬁses it onto a 1 mm x 1 mm production target
in EE4. The 6 ED/S'quadrupoles are operated both electrically
and cryogenically in series. Because the two sections of the
doublet actually need to have slightly different strengths, a
3Q120 precedes the cryogenic quadrupoles. Its current is
adjusted to obtain é proper focus. Based on present experience,
the beam entering this doublet will have a size of 20 mm x 20 mm
and an angular divergence of Y 20 pradians. At the target,
the spot size, which is proportional to angular divergence,
will be * 1 mm. At the primary proton dump the spot size will.
be ¥ 2 mm.
3) The system of 1 EPB dipole and 2 main ring dipoles (B2's)
is used to vary the angle and position of the beam entering the
target box. This system is discussed in detail below.
Fig. 8 and Table IV list these pre-target elements and give
some relevant optical properties.
The cryogenic elements in the pre-target area will get their
liquid heliumlfrom the satellite refrigerator‘which supplies the
Electron Beam pre—-target components. This refrigerator is located

in the P2 service building.

Targeting Scheme

The targeting scheme proposed for this beam is schematically
represented in Fig. 9. The pre-target bend geometry and target
box magnets are arranged for use with both charged and neutrai

secondary beams. In addition, flexibility is maintained for
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producing finite angle beams such as diffractive proton or polarized
proton beams from polarized A° decays. All targeting bends are
vertical, to prevent introducing muon backgrounds into the Tégged
Photon Lab. The protons are dumped downward, and zero-degree
production of the chargéd(neutran beam is directed downward (level)
to prevent a rising muon cone as exists in the P-East Electron Beam.
The primary proton beam is level through EEl and the secondary beam
is also level, downstream of the target box. This wili simplify con-
struction and alignment, and minimize above-ground radiation problems.
The primary proton beam is pitched vertically by an EPB dipoie
at the downstream end of EEl. This may be replaced by a modified
Bl dipole if horizontal aperture problems arise. Two B2 dipoles
in the EE4 pre-target area will position the primary beam hori-—-
zontally on the neutral'beam production target, or at 5 mrad down-

ward angle on the charged-beam target. The required currents are:

Charged'Beam Neutral Beam
EPB +1600 A -1600 A
B2 » -4500 A +1200 A

The production target will be located just inside the first
target box B2 dipole magnet. It will consist of a small-diameter
Be wire, 18 inches long. This will be cooled by a gaseous Helium
flow. The dumping system will consist of two B2 dipole magnets
with internal hadron absorbers, and a water-cooled collimator/dump

(12)

similar to that used in the present HIA beam line. Two B2

magnets are necessary to dump the zero-degree primary protons
cleanly 3/4 inch into the lip of the dump. The aluminum dump
utilizes the good thermal conduction properties of aluminum, allow-

ing the cooling water channels to be placed a few inches away from
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the dump point. Brass or copper liners will £ill the gap of the B2
magnets to absorb pions produced in the primary target before they
have'a'chance to decay and produce muons. .The 40 foot long x

4 inch widé bend field is also very effective in sweeping all decay
muons transversely beyond practical detector dimensions in the
downstream experimentél hall. The standard B2 magnet is chosen
for ready availability of replacements. Finally, a solid iron
dipole magnet may be placed immediately downstream of the aluminum
dump to help sweep away muons induced in the dump by pion decays

or by prompt muons.

The sécondary beam channel dimensions are limited to ¥ 0.75
mrad vertically by ¥ 1.00 mrad horizontally to shadow all downstream
magnet apertures totally in order to minimize muon production by
scraping of the zero—degfee, high—-energy neutron spectrum. Muon

backgrounds will be more fully discussed in Section V.

Neutral Dump

In the electron beam mode, the flux of neutrons, K’°_'s and

L
photons not converted by the lead converter must be dumped down-
stream. The dipole magnets at the end of EE4 bend the electron
beam to the east by an angle of 3 mrad. At the entrance to the
dipole enclosure, the electron beam is separated from the unwanted
neutral flux by 9". The size of the neutral beam is determined
by the aperture in the primary beam dump and is % 3.6f vertically
and T 4.8" horizontally. The position of the electron beam, the

neutral beam, and the neutral dump at the entrance to the dipole

enclosure is shown in Fig. 1l0a.
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We have chosen an aperture-defining collimator in the target
box which keeps the neutral beam small enough so that it is trans-
ported cleanly to the dump without scraping on the upstream elements.
In particular, the vertical angle bite is made slightly smaller
than the horizontal angle bite so that the neutral beam can safely
pass through the 3" vertical aperture of the first two bend magnets.
Fig. 10b shows the size of the neutral beam both at the final quadru-
pole of the first‘stage and at the two dipoles immediately following
it.

The flux of neutrons incident on the -dump is 5 x 10'° per
10'? incident 1 TeV protons. The K°L flux is negligible by comparison.
The photon flux is 5 x 10!° per 10'? protons and has lower average
energy than the neutron flux. The power in this flux at the highest
anticipated incident proton intensity is sufficiently low that it
can be dumped in a simﬁle steel plug which does not need to be
water cooled. Preliminary studies, Section V, indicate that there
will not be a significant contribution to the flux of muons in the
experimental hall from this dump. If further calculation shows that
this is in fact a problem, the dump may be magnetized and may be
followed by additional magnets which will sweep the muons away

from the hall.

Momentum Slit

The dipole enclosure also contains a variable aperture col-
limator which can be used to control the intensity. This collimator
is located downstream of the neutral dump and just upstream of the
set of 4 dipoles which begin to recombine the beam and bend it back
to the zero-degree line. The collimator is located at the point

where the lowest momentum accepted particles form a focus. At
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the largest momentum bite, the high momentum particles within the
acceptance are not well focused at this location. This means that
the correlation between momentum and position at the collimator

is not complete for wide momentum acceptance operation. Fig. 11
shows the relation between horizontal position and momentum for
700 GeV operation.

In the charged pion mode, the momentum collimator may inter-
cept as much as a few 101° negative pions and may contribute signifi-
cantly to the muon rate in the experimental hall. If this is true,
the collimator will be followed by spoilers or sweeping magnets to

deflect the muons away from the experimental apparatus.
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IV. Flux Calculations

In this section, we present thé results of flux calculations
for the proposed beam and compare the predictions to the fluxes of
other existing and proposed beams. Rather than calculate for a
fixed arrangément of components, we do the computation for a solid
anglé and momentum bite that is typical of the various beam optics
that are being considered. We begin with a brief description of the
computations and then present the predicted yields for «™, e7,Y, n,

K°L and p.

Details of the Calculations

For calculation of pion, electron, and photon yields, one-
begins by generating a parent pion distributibn according to some
production model which describes the available data. Neutral pions -
are assumed to be produced with exactly the same distribution as
7~ . We have chosen to use the Bourqﬁin—Gaillard modelgj)ln this
model, the spectrum of produced pions is described by:

efe . A fy § € j bosleevt

FES e ¢ o~ PP AT — 1 by Gk

) A =5}

/b _ .
where ’F(,%) = & /3 ond b& = ,0;,\ {fgﬂq * ;ﬁ_’_‘f_
T+ P

B=20GevV, C=12.3, D= 23 GeV, o = 5.13, g = 0.38

and A/c = 78.15.

tot

Here P. and P, are the longitudinal (cm) and transverse momentum

L t

-— Z 2
and Et = /?t + m




lee TM-963

For neutron productioh, we use the experimental results on
inclusive neutron production on Beryllium of Vhalley et al(lq) and
the yields measured near 0° in the Broad Band Beam at Fermilab.
These show a triangular-shaped momentum spectrum peaking at ~ 3/4

of the primary beam energy.

-LF_L

Foe A '%%% - ; X &Xp
d'o _
Apdfl - —bp,
P Eonc A["_:P:\@ P). Xz Xp

Here x is the Feynman-x value, E, is the incident beam energy,

anc

xp is the x-value at which the distribution péaks and Py is the

transverse momentum.

xp = 0.75
b = 2.5 Gev™!
A= 24.2
For the calculation of the K°L flux we use data on the forward
production of K°s by protons.(ls) The invariant cross section is

parameterized as :

qw

E ﬁ,] - RO=x) {l + d (1—x*)

—0

R=5Lt08 , F=34202 d=o08t07,
For calculating the flux of elastically produced protons at
angles corresponding to intermediate values of t (t v 0.25 GeV?),

ve use:
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~ 124t

CIAL.L}-% e s 1El <.

s 1o (1)

(a05x 10°) @ J<H < .5

The slopes are taken from data at ISR.‘lG)

Foxr thé production target, we use 1.2 collision lengths of _
Beryllium. The reason for this choice is that the yield_bf photons
does not increase for longer targets because the photons begin to
convert before they leave. On the other hand, the relative yield
of neutrons to photons leaving the target does increase as the
target is lengthened. Fig. 12.a shows the photon yield vs; target
thickness and Fig. 12.b shows the ratio of neutrons to photons
vs.‘target thickness. In addition to being the optimum choice for
the electron or photon mode of operation, 1.2 collision lengths |
of Beryllium is gquite acceptable as a target in neutron, charged
pion and.diffractive proton modes.

The shape of the production target is 1 mm square. The pre-
target optics discussed above is capable of focusing the entire
extracted proton beam onto this target.

To form an electron beam, one inserts a converter downstream

of the target to convert forward produced y's into et

e~ pairs.
The electrons then enter the magnétic channel to form the beam.
In our calculations, we use 0.6 radiation lengths of lead as the
converter. Fig. 13 shows that'longer converters do not increase

the number of electrons in the momentum region under consideration

because of the increased probability that the electron will
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bremsstrahlung before it leaves the converter. Longer converters

increase the pion contamination in the beam through neutron inter—
actions. The 0.6 radiation length lead converter corresponds to
only 1%% of an interaction length.
The acceptance used in calculating 7=, e~, and y fluxes is:
-+ |
Aex = - 1 mrad

Aey =% 0.75 mrad

Ap/p:= + 15s.
The acceptance is assumed to be uniform over these ranges of variables.
This simplified view of the beam described in Section II is quite
adequate'for a flux calculation whose main purpose is to define the

capabilities of the beam for doing physics.

Results
(i) Pion Yield

Fig. 14 shows the flux of pions produced with energies
above 350 GeV as a function of vertical angle acceptance.
There is little advantage to be gained from increasing the
angular acceptance beyondui 1 mrad. The sharp Pt cut off
in hadronic collisions guarantees that 90% of all high energy
pions fall within this acceptance. Fig. 15 gives the number
of 1~ per incident proton for a + 15% momentum bite around
several central momentum settings. Fluxes of piohs typically
used in open geometry experiments, about 10° pions/minute,

can be obtained from modest numbers of primary protons

(v 10! /minute).
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(ii) Electron Yield
Fig. 16 shows the electron yield in momentum intervals
of ¥ 15% arouna various central momentum settings. The
calculation includes the effect of photon conversions in

the production target and bremsstrahlung of outgoing electrons

in the converter.

(1iii) Photon Yield
The photon yield is calculated from the electron flux
based on a 30% radiator. Photon spectra for
electron beam settings of 450 GeV and 600 GeV are shown in

‘Fig. 17. The hadron background in this beam is discussed

in a later section.

(iv) Neutron Yield

The acceptance of the 0° neutron beam is limited by the
physical apertures of the last few downstream elements. For
the purposes of this calculation we assume a maximum spot
size of 2" x 2" at a distance of 1000' from the production
target. This corresponds to a solid angle of 28 nster.
Table V shows the neutron yield for this acceptance and for
two smaller acceptances, 10 nster and 2 nster (which are
more typical of acceptances which have been used in actual

experiments).

(v) K°L Yield

While the K°L yield is quite large, the number of K°L
is only ~3% of the number of neutrons. To make a K°L beam
of reasonable purity, one passes the neutral beam through

an absorber which selectively removes the neutrons because of

their larger interaction cross section. The K°L yield and
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the neutron contamination for different conditions are shown

in Fig. 18. It is possible to obtain a relatively pure

sample of K°L induced events even for.n/K"L ~ 1 since the total
enexrgy of K°L induced events is much lower than the energy

of neutron induced events.

(vi) Proton Beam

A 1 Tev prima:y proton beam can be transported to the
experimental hall by oéerafing the beam as a single stage
point—to-parallel—-to-point transpért. An altermative method
of providing a 1 TeV proton beam is to form a diffractive
beam. There are a variety of ways to do this, some of
which involve dumping the primary beam downstream of the
target box in the momentum collimator. The intensity is varied
by changing the angle at which the primary beam strikes the
production target. The yield of 1 TeV protons is shown as
a function of targeting angle in Fig. 19. The angular accept-—
ance assumed in this calculation is * 1 mrad horizontal angle
énd + 0.05 mrad about the various central vertical angles

shown.

Flux Summary

Table VI summarizes the yields of particles in a manner that
will be useful for thinking about the kinds of experiments that can
be done with this beam. Fig. 17 compares the phqton yields with the
Tagged Photon Beam and the present Broad Band Beam and other similar
beams. The pion yields are comparable to those expected in the

. . 12
P-West High Intensity Beam.( )
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V. Experimental Backgrounds

Two kinds of backgrounds make the present Broadeand Beam a
dif ficult environment in which to do experiments. First, there is
a large contamination of neutral hadrons in the photon beam. Second,
there are large fluxes of muons in the vicinity of the detector which’
will increase substantially if the primary beam energy is raised to
1 TeV (see introduction). These backgrounds have caused problems with
trigger rates, accidentals, counter dead-times and singles rates which
have prevented experimehts from ﬁsing the high intensity that the beam
is, in principal, capable of providing. In addition, the hadron don—
tamination produces backgrounds which tend to obscure physics which
would be quite élean in an intense photon beam of high purity.

Our objective in designing this new beam is to produce an environ-
ment in which these backgrounds are reduced by at least an orxder of
magnitude. The next two sections discuss the reduction of hadronic con-

tamination and muon backgrounds,

Hadronic Background

One of the most serious backgrounds to photoproduction experiments
in the present version of the Broad Band Beam is the large contamination
of neutral hadrons - KDL's and neutrons. Although only %% of the parti-
cles in the beam are neutral hadrons, they account for approximately
one-half of all hadronic final states that are prdduced. The advantage
in signal-to-noise that photoproduction has over hadron production for
certain kinds of final states, including those containing charm, is
thus partially cancelled.

The new Wide Band Beam will have two orders of magnitude less

hadron contamination. The hadronic background is due to neutrons inter-

acting in the lead converter and producing negative pions which are
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accepted by the electron beam transport. A small fraction of the‘
negative pions then interact in the downstream radiator. A small
fraction of these interactions produce forward-going neutral hadrons
which can interact in the experimental targéts. Calculations using

data(13—15)

on neutron and 7 production by protons have predicted a
‘ratio n /e of 4% at the radiator. The radiator may be as thick as

20% of a radiation length corresponding to 1% of an absdrption length.
The ratio of interacting hadrons to photons will thus be less than

1.3 x 10”2, Moreover, less than 1% of these will produce a forward
going neutron or K°L that can simulate a photon interacting in an
experimental target @ssumed 2" x 2" target) so that the overall hadronic
background will be less than 1.3 x 10_5 as compared to 5 x 10~ % in the
present Broad Band Beam. The hadronic contamination will have roughly
equal numbers of K°L and neutrons. Finally, it is possible to achieve

further rejection of hadrons by vetoing events containing additional

charged secondaries produced when the hadrons interact in the radiator.

Muon Background

The muon background in the new Broad Band experimental hall has
two main éomponent sources which are decay of 7's that are generated in
the primary production target and prompt muon production by hadrons. Th:
dominant sources of prompt muon generation are the production target,
the proton dump, and the neutral dump.

The decay of n's that were generated by 1000 GeV protons in the
Be target proauces muons with an extremely wide momentum spectrum.
Part of this momentum spectrum is within the Wide Band Beam acceptance
and thus will be called beam-like muons. Many of these beam-like u's
are within the magnetic fields of the gap and the return legs of beam

line devices and can be transported into the experimental hall. The
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distribution of muons from this source can be calculated via the
program HALO.(17) In the charged pion mode, where the beam-like muon
background is most serious, the ratio of p/m at 700 GeV is of order
107",

Muons outside the beam phase space may nevertheless reach the
experimental hall and pass through the detectors causing large singles
rates and triggering problems. The fluxes of muons incident on a

detector in the new experimental hall have been estimated, using a very

simplified model of the beam line. A series of Monte Carlo programs,

(18) (19)

TURTLE and DECAY TURTLE, were applied to decay muons produced in

the production target, primary beam dump, and neutral beam dump, as
well as for prompt muons produced in the beam dumps. The target box
geometry was modeled fairly exactly. The beam line was approximated
as target box, drift space, steel shield, drift space (dipole enclosure) ,
steel shield, and final drift space to detector plane. The 360 feet of
steel shielding would produce a minimﬁm energy cut-off of 125 GeV on
produced muons. Multiple scattering and dE/dx were taken into account
in tracking the muons through the steel shield.

For the neutral beam mode, the number of muons per 10!? primary
protons incident in l-meter-high horizontal (bend plane) strips is
shown in Fig. 20a. There are three major components to this spectrum.
The peaks near * 5 meters marked u+ and u  are the tails of decay muons
swept away by the target box B2 magnets. The shaded central region
consists of muons produced in the aluminum dump due to decays in the
aluminum and prompt muon production. There is also a small con-
tribution from neutrons striking the neutral dump.

If we integrate the muon flux over a * 2 meter x * 2 meter detector
aperture, we find a total of 3.7 x 10°muons/10’? protons with a maximum

rate of 8 x 10° muons/10'? protons/square meter. Notice that 3.2 x 10°
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muons originate in the aluminum dump. The addition of 20 feet of 20 Kga
magnetic dipoie fiéld just downstream of the dump will spread these
muons; Fig. 20c, and lower their number by a factor of 0.71, giving a
total number of muons of 2.8 x 10°¢ 1/10'?p and maximum rate of about
10°u/10'?p/m?>. The 1 TeV projected muon rate in the present Broad
Band Beam is a factor of about 20 higher.

When used in the charged-beam mode, the target box B2 dipoles
are run at lower current, thereby prodﬁcing a narrower "hole" for the
primary target decay muons. Fig. 20d'shows the muon distribution when
tuned for a 500 GeV m beam. The central maximum muon rate remaiﬁing
the same at about 8 x 10° p/10'2? p/m?. The wing corresponding to u'
at the edge of the detection plane corresponds to approximately
1.5 x 10° p/10'? p/m?, leading to a much-reduced fiducial volume and
higher rates. These muons are typically around 80 GeV momentum, so
slightly extra shielding will not help much. The only splution is a
magnetized iron dipole around the beam line. Such an iron dipole has
been built for the High Intensity Beam in P-West. Notice that
toroidal spoilers will only sweep away one lobe, while focusing the

other into the detector region.
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VI. Photon Radiator and Electron Dump

The purpose of the photon radiator area is to produce a clean
bremsstrahlung photon, to define the photon direction, and to
deflect the high energy electrons which do not interact in the
radiator. A 100 kG-meter "C" magnet would be required to place the
non-interacting electrons onto the well-shielded electron dump. A
schematic of the photon radiator area is shown in Fig. 21. 1In
order to prevent interactions in air or windows of either the
recoil electron or the bremsstraﬁlung photon, the beam vacuum would
be continued through the "C" magnet to the experimental area. The
vacuum chamber would be extended in the bend plane of the "C"
magnet to avoid having a wall near the photon beam.

It is possible to have interactions in the radiator resulting
in either no bremsstrahlung photon from subsequent pair production
of the photon in the radiator, or a wrong direction photon resulting
from Compton-electron scattering of the photon. 1In order to avoid
triggering on decay products of such interactions, a series of anti-
counters would be installed to catch the produced charged particles

not going into the electron dumping cave.

A. Radiator

The radiator would be located directly upstream of the
"C" magnet. It would be composed of two crossed hodoscope
arrays followed by a lead foil. The purpose of the hodoscopes
would be to localize the incident electron to within 1 mm
both vertically and horizontally. By determining the interaction
vertex at the experimental target located 30 meters downstream,

the incident photon direction would be known to 0.3 mrad.
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Knowledge of the photon direction is important for identifying
diffractively produced coherent final states. For other
physics processes the hodoscopes would not have to be used.

A lead radiatorvwéuld be used because of its large radiation
length to interaction length ratio. This helps minimize the
possibility of beam pions interacting and producing a forward
neutron or a K°L which could iﬁ turn interact in the experimental
target. It is possible to use scintillators in such high
intensity beams bécause of the tevatron's long spill time of
20 sec. With an electron beam intensity of 10®% e~ per 10!2

1 TeV protons the instantaneous rate would be only 5 x 10°
electrons/sec. By spreading this flux over several counters

the rate in any single counter is gquite manageable.

B. Anticounters
The anticounters would be used to veto events in which
there might be no bremsstrahlung photon or in which there
might be a subsequent interaction of the bremsstrahlung photon.
The anticounters would also be used to veto beam halo particles.
Anticounter Al would be used to help veto hadronic inter-
actions in the radiator and would serve to eliminate beam
halo spray. Anticounters A2, A4, A5, and A6, all.on'the
opposite side of the beam from the recoil electrons,would serve
to veto positrons from trident (ete”e”) production in the
radiator. The remaining anticounter A3 would be installed on
the low energy side of the "C" magnet. In most cases A3 shbuld
be redundant with counters on the positron side of the magnet.
Anticounter A3 should veto the small category of photons which

Compton electron scatter and give the photon the wrong beam
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direction at the experimental target.

C. Dump

The electron dump would be located 3 inches away from
the photon beam and 20 meters downstream of the radiator. It
would consist of a central core of hevimet (tungsten alloy),
followed by 12 feet of steel. The steel would be used to
range out 5 GeV muons from ptu~ pair production in the dump.

This would reduce u rate per incident 700 GeV e~ below 10-5.



-28- TM-963

ViI. Experimental Hall and Facilities

Fig. 3 shows a plan view of a possible experimental hall and
service building. The service building also provides space for
experimental counting rooms. An important feature of the prbposed
vhall is that it is designed to support exactly two experiments.
Previous experience in Proton-East, West and in other beam lines
at Fermilab indicates that two experiments can efficiently use a
single beam line which runs Z 30 weeks Per yvear. More than two
experiments frustrates the ambitions of each experiment and repré—

sents an over—commitment of equipment and manpower relative to the

possible available beam time. (20)
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VIII. Construction Schedule

We assume that construction funds become available in October

198N. The following schedule indicates that an experiment could

begin in Summer of 198 (N+3) or ~ 2% years later:

a) Experimental Hall Complete

and Ready for Occupancy Spring 198 (N+2)
b) Dipole Enclosure, EE4 addition,

and Lambertson Enclosure K Summer 198 (N+2)
c) Beam Line Component Installation Fall 198 (N+2)
d) Commission Beam Winter-

Spring 198 (N+3)

e) Begin Experiment Summer 198 (N+3).
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IX. Summarx

In the last few years, a major emphasis of the experimental
program in both the Tagged Photon Beam and the Broad Baﬁd Beam has
been charm spectroscopy. If there are still important questions
about charm spectroscopy or production, this beam with its high
flux of photons will be an ideal place to conduct experiments to
get the answers. Similarly, the high intensity and energy is
crucial to any search for states with beautiful quarks.

On the other hand, it is always difficult to predict several
years in advance what direction the fixed-target program will take.
The physics workshops anticipating the start of the 400-GeV program
make little or no mention of charm and beauty, the subjects that
have received much of our attention in the last 5 years. However,
certain tendencies seem élear:

(1) We will be interested in very rare (small cross section)

processes which reveal the innermost structure of hadrons.

(ii) The final states we investigate will be even more complex
and the amount of information we want about individual events
will increase.

(iii) The pressure §n the experimental facilities will increase
as complex experiments require more beam time for debugging
and data-taking, and other programs, such as the collider,
begin to compete for running time.

The proposed beam is well suited to the challenging conditions
of this period. 1It is capable of'producing the high fluxes of
photons or hadrons required to observe rare processes. Because of
the splitting station in P-East, experiments can be debugged with

beam using very modest numbers of primary protons, while the Tagged
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Beam can be the primary user. Similarly,.the Tagged Photon Lab
will be able to receive some beam while the Wide Band Beam is
running. The new beam is a very efficient transporter of charged
pions or neutrons, sovthat sensitive experiments using incident
hadrons can be perfofmea with primary proton requirements of only
a few 10'!/pulse. The reduction of hadronic backgrounds will
greatly simplify photon experiments.

These considerations encourage us to believe that this new

beam will be the source of important contributions to physics in

the Tevatron Era.
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TABLE I
SECONDARY BEAM TRANSPORT ELEMENTS
Size & Field Strength
Position@ Typeb at Pole Tip€
(Ft.) Name (In.) (kG) Function
0 Be target 18 in Produces y's or
(Tp) long hadrons
0 B2-1 4-2-240 - Sweep charged particles
B2-2 4-2-240 - into the target box
. dump. See Fig. 9
50 QlAl 40120 - 8.77 First stage quad triplet
61 Qla2 .40120 - 8.77 produces a dispersed
94 Ql1B1 40110 10.21 image at the momentum
105 Q1B2 40120 10.21 slit
116 Q1B3 40120 10.21
149 QiC1l 40120 - 8.77
160 Q1lc2 40120 - 8.77
171 B1A 6-3-120 16.36 Produce dispersion and bend
182 B1B 6-3-120 16.36 beam away from 0° line.
452 Collimator  5-3 -~ Momentum slit for
momentum definition.
462 B2A 6-3-120 -16.36 Cancel dispersion.
473 B2B 6-3-120 -16.36
484 B2C 6—-3-120 -16.36
495 B2D 6-3-120 -16.36
775 B3A 6-3-120 16.36 Recombine momentum dispersic
786 B3B 6-3-120 16.36 and make beam achromatic.
797 Q2A1 40120 8.54 Second state quad triplet
808 Q2A2 40120 8.54 produces achromatic image
833 Q2Bl 40120 -10.16 at experimental target.
844 Q2B2 40120 -10.16
855 Q2B3 40120 -10.16
880 Q2C1 40120 8.54
891 Q2cC2 40120 8.54
903 Pb Radiator Produces bremsstrahlung
photon beam.
906 Radiator 180 in -22 Sweep and dump electrons.
long
1001 Target Experimenters target.
(Texp)
a = Position at upstream face of element.
b = Horizontal - vertical dimensions transverse to beam.
c = For quads negative field means vertical focusing.
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TABLE II

SECONDARY BEAM PROPERTIES

ACCEPTANCE PARAMETERS

§x = 1 rm

Sy = 1 mm
66 x = +1.0 mrad
] = 20.75-+1.0 mrad*

6 = 3-4uster*
— = $15%

= 120uster%

Horizontal spot size of source
Vertical spot size of source
Geometric horizontal angle accepted
Geometric vertical angle accepted

Geometric solid angle accepted

Momentum bite accepted

Beam acceptance via Monte Carlo
program

BEAM PARAMETERS AT TARGET

6x = *1.25 cm

Sy = #0.75 cm

aex = *0.5 mrad

69 = 0.6 mrad
Y

Horizontal beam spot at experimental
target

Vertical beam spot at experimental tarc

Horizontal divergence at experimental
target '

Vertical divergence at experimental
target

*Depends on choice of target box collimator



Element

0y

2)

3)

4)

5)

6)

7)

Eartly Trim

Quadrupole
Doublet (2 EPB
Dipoles)

Eartly Trim

4 Electrostatic
Septa (3.1 m,

2 cm gap, 70 KV,
Double Cathode)

Eartly Trim

Trim

3 Two—-Way Lam-
bertson Magnets
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TABLE III

TM-963

P-EAST 2-WAY SPLIT

Location
({Enclosure)

H

Function

Adjust beam split ratio. Field
is 15 Kg-m. Distance to first
septum is 115'. Maximum motion
of beam is 5/8".

Focus beam onto aperture of

‘Lambertson magnets in

Enclosure K. Spot is ¥ 1/4v,
Adjust angle of attack of
beam on septum wires to
minimize losses.

Separate the protons falling
on opposite sides of the wires
into two divergent beams.
Total deflection of each beam
is 0.044mrad. Beam separation
at aperture of first Lambert-
son magnet in Enclosure K

is 1.1".

Adjust position of two beams
at entrance to Lambertson's
in Enclosure K.

Magnetic compensation for
vertical deflection of beam
due to electrostatic septa.
Used to bring the beam in
along the correct line at the
pretarget area.

Pass beam to Tagged Photon Line
without deflection. Bend beam
to Wide Band Line through

2.1 mrad to east.



Element®

1)

2)

3)

4)

5)

4 ED/s Dipoles

6 ED/s Quadru-
poles

EPB Dipole

2 Main Ring
Dipoles (B2)

1.2 Collision
Length Be pro-
duction target

-37-

TABLE IV

TM-963

PRE-TARGET ELEMENTS

Location

(Distance from
center line to
production tar-

get in feet)
256' (EEl)

145' (EE1l)

111.5' (EEl)

25' (EE4)

0' (EE4)

Function

Bends primary beam east by
300 mr to separate it from
Tagged Photon beam.

Quadrupole doublet to form
parallel~to-point focus in
both planes on production
target in EE4.

Pitching magnet for dog-leg
to adjust beam position and
angle on production target.
Bend is in vertical plane.
Maximum angle = 1.5 mrad

Pitching magnets for dog-leg
to adjust beam position and
angle in production target.
Bend is in vertical plane.
Maximum angle = 6.4 mrad

* Numbers correspond to those on elements of fig. 8



Incident
Proton

Energx

400
(present
beam)

1000
(new beam)
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TABLE V

NEUTRON YIELDS

Angular
Acceptance
({mrad x mrad)

0.625 x 0.0313
0.14 x 0.07
0.167 x 0.167

0.0625 x 0.0313
0.14 x 0.07
0.167 x 0.167

Spot Size
(in x in)

.33
.75
.90

.75
1.50
2.0

X

<17
375
.90

.375
.75
2.0

. Yield

Neutrons
Incident
Proton

(CYREN
O U
E
=
(=)
!
n

0NN
.. . L]
O b
E ]

=l

(=)

1

=
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TABLE VI

TYPICAL WIDE BAND BEAM YIELDS FOR

INCIDENT 1 TEV PROTONS

Particle Energy Yield/10!?
e 450 GeV 6 x 107
600 GeVv 1 x 107
Y Ey > 200 GeV 7.5 x 108
n Spectrum as 6 x 10°
in Section IV
K°L Spectrum as in 1 x 103

Section IV
(7 collision lengths)

P 1000 GeV 2 x 10°

T 600 GeV 1.5 x 10°
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