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COMMISSIONING OF A FIRST-ORDER TRANSITION JUMPIN RHIC *

Jorg Kewisch, Christoph Montag,
BNL, Upton, NY 11973, USA

Abstract radius of 242 m this would require a dipole length of 27

When accelerating gold ions in the Relativistic HeaV)m' The resu'.“”g betg funcjcion.is then approximately 90.m
lon Collider (RHIC) the transition energy must be crossed’?“.]d the maximum dispersion is 4.5 m. Instead.of dealing
RHIC uses a set of special quadrupoles and powersuppli@’éth su_c'h large b'eam and magnets_, It was decided to use
which can reverse polarity in less than 40 milliseconds. a transition crossing scheme descrlt_)ed n [2]'. The transr

These quadrupoles are used to produce dispersion bu @ gammals now 2.3'.1’ a_bove the ion |nject|o_n ENergies
which increase the transition energy as the beam a ut bglovy the protop Injection energy. The max.|mum'bet.a
proaches transition. The change of polarity will then jumpunctlon in the arcs is 45 m and the maximum dispersion is
the transition energy across the beam energy. This pap%rm'
describes the commissioning of the RHIC transition cross-

ing system. POWER SUPPLIES

INTRODUCTION _The transition crossing schem_e uses a set of quadrupoles
with a special power supply which is able to reverse po-
The Relativistic Heavy lon Collider (RHIC) was built larity within 40 milliseconds. The power supply [1] uses
in the tunnel constructed for the ISABELLE acceleratorinsulated Gate Bipolar Transistors (IGBT) to switch the po-
RHIC has two super-conducting storage rings, intersectin@rity and a charged capacitor to supply high voltage during
in six interaction points. Each ring is alternating on thethe jump. Figure 1 shows the principle.
inside and outside, so RHIC has a tree-fold symmetry. Be-
sides recycling the tunnel the over 30 year old Alternating
Gradient Synchrotron (AGS) is used as an injector for pro- quer
tons at 27 GeV, deuterons at 12 GeV/u and gold ions at 10.2
GeV/u. Gold ions are the accelerated to an energy of 10
GeVlu, protons to 250 GeV. L J
For each storage ring there is an energy where the rev ‘
olution frequency of an ion around the ring is independent
of its energy deviation. The change of frequency caused
by the change in the ions speed with energy is canceled by
a change of the ions path length around the ring. At this
so called “transition energy” there is no longitudinal focus-

ing and the energy spread in the beam becomes infinit‘@igure 1: Function of the jump supply. The polarity of

Cro;sing thg .trar]sition energy in storage ring§ .is normallg low voltage supply is switched using IGBTs. Simulta-
avoided by injecting the beam above the transition energ)ﬁeously a charged capacitor is connected to supply a high

N

Capacitor

The transition gamma is defined as voltage which determines the duration of the jump.
1 1 / D(s) p
_1 s . . . ]
2T/ ps) The program interface shown in figure 2 is used to con

trol the v, power supplies currents and jump time. It also
In approximation the dispersion can be expressed as a furerms the Multiplexed Analog-Digital Converters to mea-
tion of the bending radiu® and the dipole length ( as- sure the currents with a sample frequency of 10 kHz and

suming a phase advance per arc cell): displays the result after the jump.
RL
Ve =l\/§ OPTICS CONSIDERATIONS

To avoid transition in RHIC the transition energy must be The placement of the jump quadrupoles is illustrated
below 10 GeV. With a Ring length of 3833 m and a bendn figure 3. In the ideal case the betatron function is
*Under contract with the United States Department of Energy, Co%he same in all quaqupOIGS and phase advance between
tract Number DE-AC02-98CH10886 the all quadrupoles is 90 degrees. Four quadrupoles are

tjorg@bnl.gov placed in the arc where the dispersion has its maxima.
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Figure 2: They, Control program is used to set the power
supply currents, capacitor voltage and the jump timing.
The power supply currents (set point and read back) and the

power supply voltage and capacitor voltage is displayed. Figure 4: Distortion of the RHIC beta functions by the
quadrupoles. In the undistorted optics the maximum beta

function is 270 m in the interaction point quadrupoles and

45 min the arcs.
The quadrupole pairs gtl/gt3 and gt2/gt4 create two over-

lapping dispersion bumps, thus changing Since these

N kgti <5 < > §» | 0.5284 |D H R | 0.0002
four quadrupoles have the same polarity they also produc wﬁjﬂ"ﬁw|ﬁﬁﬁum
a large change in the tunes. Four additional quadrupole e T /I ——
in the straight sections of RHIC (where the dispersion S ﬁﬂﬂﬁﬁmﬂ;ﬂ; Iﬁﬁﬂgzﬁgg:
. . . bil-gn1 < | = » |0
is small) compensate this tune change. Finally, eack oy
guadrupole generates a change of the beta function whic
is compensated by its direct neighbor.
2923 - — —_—
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Figure 3: Placement of the, quadrupoles.
Figure5: Tunevariationduringthejump.

In RHIC the beta functions the; quadrupoles vary by
about 10% and the phase advance in only about 72 degrees. COMMISSIONING
Therefore the ideal RHIC optics is significantly distorted
by the~, quadrupoles. Figure 4 shows the beta function. ~ The first test of the system where performed at injec-
tion energy. Using the RHIC tune measurement system the
agnet polarities where checked which revealed one miss-
ired quadrupole. After the repair the measured tune vari-
ation during the jump waAv, = 0.008 andAv, = 0.003
s predicted. With a tune change of 0.7 caused by the GT-
families alone this is a very good cancellation.

When RHIC was first turned on a short was discovered Initially, the beam loss during the jump was in the order
in one of thevy; power supplies. The short could not beof 5%. A vast improvement was the beam based alignment
fixed without opening the cryostat. The power supply fowhich was also performed at injection energies. By chang-
the tune compensation in the same arc was turned off tang a single power supply current (with four quadrupoles)
and the set points were adjusted to the new situation. Tla a time and measuring the orbit difference around the ma-
resulting tune variation is not significantly different. chine the offset in the quadrupoles was determined and cor-

Since the beta beat generates a strong quadratic com
nent of the tune during the jump the twelve power suppliea,
are set in four logical families using two families in the
inner arcs and two in the outer arcs. The remaining tun
variationis shownin figure5.
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Figure 6:Beamcurrentsduringtherampafterbeambasedalignmentin thebluering.

rected using dipole correctors. The resulting orbit was meaneasured by finding the intersection of this line with zero.
sured with the beam position monitors and declared to b&he jump timing is set where the two lines intersect. This
the “golden orbit”. The orbit at the time of the jump wasway the slip factorn = % — % does not change with the
then correctedto thesevalues. Figure 6 showsthe beam  jump. During the jump the ph:élse of the RF is also changed
currents during a ramp with such correction in the "blue’from ¢, to 180° — ¢,. The timing of this phase flip is opti-

ring, but uncorrected in the “yellow” ring. mized to minimize coherent oscillations after the jump.
YELLOW WCM plot, fill 02702 INSTABILITIES
10 ‘ ‘ ‘ After increasing the beam current in RHIC head-tail in-
of 1 stabilities where observed slightly before or after the tran-
sl ] sition jump, leading to fast beam loss. These instabilities

could be fought using octupoles to increase the Landau
damping in the machine. Most likely the instabilities co-
incide with the crossing of the chromaticity through zero.
It is proposed [310 adda sextupolgump schemeo avoid
these problems.

CONCLUSIONS

The transition jump system in RHIC was designed to

4 adapt to the given dimensions of the accelerator. After
careful commissioning this system works well and is no
limitation to the performance of the accelerator.

Figure 7: Bunch length (red) in nanoseconds vs. time in

seconds. the transition jump isfat= 2 sec. Also shown REFERENCES

is the 4th power of the bunch length (yellow) and lines t

guide the eye to find the zero crossingdf.

O[1] J. Mi et al: RHIC Gamma Transition Jump Power Supply
Prototype Test, PAC2001

The jump timing is another parameter that was carefullj?] T- Grisselada: Design of Quadrupole Schemes to modify
optimized is the jump timing. The tool used was the mea- Gamma Transition, CERN PS/90-51 (PA)
surement of the bunch length using a Wall Current Monitol3] C. Montag etal: Design of a fast Chromaticity Jump in RHIC,
(WCM). Figure 7 shows the bunch length as the function this conference
time. Also shown is the forth power of the bunch length.
Close to the transition the bunch lengttvis o< |y — ~yt|i
and the acceleration is constantix ¢ The forth power of
the bunch length vs. time is a straight line ands can be
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