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The Brookhaven National Laboratory plan for high energy and heavy ion phys-
ics accelerator use for the next ten-year period is described. The two ma-
jor initiatives are in the construction of the Relativistic Heavy Ion Col-
lider and the upgrade of the Alternating Gradient Synchrotron to a "Mini
Kaon Factory".

The future BNL high-energy and heavy ion
physics programs are centered about the 30
GeV Alternating Gradient Synchrotron (AGS)
and the proposed 100-250 GeV/amu (gold-pro-
tons) Relativistic Heavy Ion Collider
(RHIC). The complex of accelerators is
shown in Fig. 1. The high-energy physics
complex consists of two 750 keV preinjectors
(Cockcroft Walton for protons, RFQ linac for
polarized protons) followed by a 200 MeV
linac. Presently the 200 MeV protons are
directly injected into the AGS and accel-
erated to 30 GeV. Under construction is a
Booster Synchrotron that will boost the

proton energy to 1.5 GeV prior to injection
into the AGS. This will allow for an in-
crease in delivered proton intensity by a
factor of 4, to the 5 x 1 0 " protons/second
level, and an increase in the delivered
polarized proton intensity level by a factor
of 20, to 4 x 10* * protons/pulse. The major
machine parameters are listed in Table 1.
The heavy-ion physics complex consists of
two 15 MV MP Tandems that inject several
MeV/amu ions into the AGS. For the present,
only fully stripped light ions (.< 32S) can
be accelerated In the AGS. With the
completion of the Booster Synchrotron, ail



construction is aeracM Co JU UeV. Under
Booster Synchrotron that will boost the

be accelerated in the AGS. With"the
completion of the Booster Synchrotron, all

*Work performed under the auspices of the
U.S. Department of Energy.

Figure 1. BNL Accelerator Site
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ion species will be accelerated in the AGS
to 10-15 GeV/amu (final energy is dependent
on the ion species Z/A). The AGS will then
have the option to either slowly extract
these iona for fixed target operations or
inject them into the proposed and recently
DOE validated RHIC. RHIC will be capable of
accelerating all ion species with storage
lifetimes of 10 hours at top energy and
highest mass Ion, e.g., 100 GeV/amu 197Au.
Figure 2 describes as a function of collider
energy, for various ion species, the design
luminosity and central collision event rate
for RHIC.

The AGS is now being required to provide,
for experiments, a vast variety of particle
species in several types of extraction modes
that were never contemplated thirty years
ago when it was being designed. From a
machine that was initially designed to ac-
celerate 1010 protons/pulse with internal
target operation, the AGS now has accelerat-
ed 1.9 x 10 1 3 protons/pulse, 2.0 x 1010

polarized protons/pulse (46% polarization @
22 GeV/c) and is currently commissioning the
acceleration of light ions, e.g., 1 60, to 15
GeV/amu. The internal targets have now been
replaced with various slow and fast extrac-
tion modes of operation. With the comple-
tion of the Booster Synchrotron, the AGS
operating modes will reach levels of 5 x
1013 protons/sec, 4 x 1011 polarized pro-
tons/pulse using the accumulator features of
the Booster and the 5 x 1012 polarized pro-

Table I. AGS Booster Parameters

Injection
Energy
Ej ection
Energy/
Momentum

Circumf erence
(1/4 AGS)
# Focusing Cells
Cell Length
Periodicity
# Straight
Section/Length
Phase Advance/
Cell
v ~ x
0 /P
^max n

Transition Y
rf harmonics

Protons

200 MeV >

1.5 GeV p-5

201.78
24
8.4
6

12/3.7

72.3
4.82

14/3.7
2.9

4.86
3

Heavy Ions

0.75 MeV/amu

.27 ̂  GeV/c/amu

m
FODO
m

m

o

m
m

3
# dlpoles/length 36/2.4 m

Field Injection 1.56 kG > 0.105£
Field Ejection 5.46 kG 12.78
# Quadrupole/
length 48/0.5 m

Repetition Rate 7.5 Hz 1



Simulator features of
the Booster and the 5 x 1012 polarized pro-
tons/pulse level with significant improve-
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Figure 2. The design luminosity, for various ion masses, as a function of collision energy over
the full range accessible with A6S and RHIC. On the left-hand scale, central
collisions correspond to impact parameter less than 1 Fermi.



ments in ongoing ion source development, and
the acceleration of 109 - 1010 heavy ions
(all species). In addition to the Booster
construction, a Stretcher is under initial
design to improve the slow extracted beam
duty factor from 40X to « 100% and increase
the delivered slow extracted beam intensity
by a factor of two to 2.5 to 5.0 x 1013

protons/sec. The fast extracted proton
intensity of 5 x iO13 protons/sec would not
be affected by the Stretcher. At this level
of operation (8 vk current), the AGS could
be classified as a mini-kaon factory. With
additional alterations, auch as, increasing
the Booster energy to its maximum design
energy of 2.5 GeV and several major AGS
system modifications, e.g., main power sup-
ply, rf, shielding, etc., the AGS could
provide 2 x 1 0 " protons/sec (32 uA). The
AGS is the world's major kaon factory, and
with the modest inclusion of a Stretcher, it
could also serve as a very cost effective
next step in the progression up the inten-
sity frontier to the 100 pA domain as pro-
posed by at least four different labora-
tories around the world.

The mainstream future at BNL is directed,
however, to the exploitation of a unique
heavy ion collider, RHIC. RHIC consists of
two independent rings of superconducting
magnets in the former CBA tunnel, operating
at a top field of 3.5 Tesla and 4.5° K.
Tables II and III list the general param-
eters for RHIC. Prototype magnets have
been constructed at both BNL and in industry
and meet the required specifications. In
addition to the injector system (AGS), four
of six experimental areas are complete, the
liquid helium refrigeration system is com-
1 A l i t 1 1 i A l 1

Table II. General Parameters of the
Collider

Energy Range (each beam),
Au 7-100 GeV/amu
protons 28.5-250 GeV

Luminosity, Au-Au @
100 GeV/amu &

> 10 h

± 27 cm rms

3833.87 m

± 9 m

10 H av. 4.4x10
Operational lifetime
Au @ y > 30

Diamond length @
100 GeV/amu

Circumference,
4-3/4 Ci G S

Number or crossing
points
Free space at
crossing point
Beta @ crossing,
horizontal/vertical
low-beta/insertion
Betatron tune,
horizontal/vertical
Transition energy, T T

Filling mode
Mo. of bunches/ring
No. of Au-ions/bunch
Filling time (ea. ring)
Magnetic rigidity, Bp
@ injection
@ top energy
No. of dipoles
(180/ring+12 common) 372

No. of quadrupoles
(276/ring+216 insertion) 492

ntonle field P

2 6 c m ^

6
3

28.82
25.0

Box-car
57

l.lxlO9

~ 1

96.5
839.5

m
m

min

T«m
T*m



liquid helium refrigeration system is com-
plete and operational, the collider tunnel
is complete, and the prototype control sys-
tem is being implemented on the AGS. With
this collider, one can accelerate all ion
species from protons (polarized with the
introduction of Siberian snakes) to gold and
uranium. For proton-on-proton collisions,

(276/ring+216 insertion) 492
Dipole field @
100 GeV/amu, Au

Dipole magnetic length
Coil i.d. arc magnets
Beam separation in arcs
rf frequency
rf voltage
Acceleration time 1 rain

3.488
9.46

8
90

26.7
1.2

T
m
cm
cm
MHz
MV

'Element
Table.III. RHIC Beam Parameters

Proton Deuterium Carbon Sulfur Topper Iodine Gold
Atomic NO. z
Mass No. A
Rest energy
(GeV/amu)

Injection:
Kinetic energy
(GeV/amu)
B

Norm, emlttance
(ium*mrad)

Bunch area
(eV<sec/amu)

Bunch length
(n«ec)

Energy spread
(xlO-*)

No. ions/bunch
(xlO=)

Top Energy:
Kinetic energy
(GeV/amu)
BY

1
1

0.9383

28.5
0.99947

20

0.3

± 8.6

± 3.8

100

250.7
268.2

l
2

0.9376

13.6
0.99947

10

0.3

± 8.6

± 7.6

100

124.9
134.2

b
12

0.9310

13.6
0.99793

10

0.3

±8.6

± 7.6

22

124.9
135.2

1b
32

0.9302

13.6
0.99794

10

0.3

±8.6

± 7.6

6.4

124.9
135.3

63

0.9299

12.4
0.99757

10

0.3

±8.6

±8.3

4.5

114.9
124.6

5J
127

0.9303

11.2
0.99704

10

0.3

±8.6

±9.2

2.6

104.1
112.9

197

0.9308

10.7
0.99680

10

0.3

± 8.6

± 9.6

1.1

100.0
108.4



one could achieve a center-of-mass energy of
500 GeV with an average luminosity of 8.4 x
lO^Ocm^sec""1. For gold-on-gold colli-
sions, one could achieve a center-of-mass
energy of 40 TeV (100 GeV/amu) with an aver-
age luminosity of 4.4 x lO^cnT^sec""1. The
maximum performance specifications for RHIC
are defined by the beam physics of 100 GeV/
amu gold ions. The major limiting condition
Is the intrabeam scattering process at the
highest energy and the highest mass ion. At
the lowest energies of RHIC, where beam
lifetimes are less than one hcur, one would
operate RHIC in a fixed target mode by use
of a gas jet target in one ring. RHIC will
also allow for asymmetric operations, such
as, protons in one ring and gold in the
other. RHIC is expected to take four years
to complete, with a requested start date of
construction of October 1987 and a com-
pletion cost of $207 M (FY88 $).

BNL's future high-energy and heavy ion phys-
ics plans consist of three major components.
The first is to exploit the present and
'near-term upgraded AGS complex for 30 GeV
physics, such as, the study of the TeV do-
main via flavor changing rare kaon decays,
neutrino physics, glueball and exotics,
spectroscopy, etc. The second is the pri-
mary BNL long-term goal of constructing RHIC
to study the fundamental properties of mat-
ter in a state in which the primordial
quarks, and gluons are no longer confined as
constituents of ordinary particles. The
third component, which is now beginning to
be considered are the possibilities of a
"mlni-kaon factory" with the AGS. Should
the physics results of the next years justi-
fy the effort and cost, this would be a
natural extension of the present and near-
term AGS high-energy program.
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