FERMILAB-CONF-10-422-APC
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Abstract quantity unit proton beam
. energyyy GeV 100
In order to avoid the effects of long-range beam-beam intensity 1011 1.7

interactions which produce beam blow-up and deteriorate €., (95%) mm mrad 25
(B3, 8%) m (0.7,0.7)

beam life time, a compensation scheme with current carry-
ing wires has been proposed. Two long-range beam-beam - ::t Irbb m 172 174
compensators were installed in RHIC rings in 2006. The Bz By) (172, )

effects of the compensators have been experimentally in- (B ””’(6 y)jt)wwe m B (2(32%0152]556)81)
vestigated. An indication was observed that the compen- woY v (28.703’ 29.679)
sators are beneficial to beam life time in measurements per- (€0.60) '(1 1') '
formed in RHIC during 2009. In this paper, we report the ;’ Y 14 % 10-4
effects of wire compensator on beam loss and emittance for ip/” ns ’ 15
proton-proton beams at collision energy. IwLZw T 125 125
Ly m 2.5
INTRODUCTION Tw mm 3.5
wire separation mm 30-60

In high energy storage-ring collider such as the Tevatron,
long-range beam-beam interactions are known to cause Taple 1: RHIC parameters at Au injection stage.
emittance growth or beam loss, and are expected to deterio-
rate beam quality in the LHC. Increasing the crossing angle
to reduce their effects has several undesirable effects, the
most important of which is a lower luminosity due to the
smaller geometric overlap and the excitation of synchro- =
betatron resonances. For the LHC, a wire compensation

2000

1500

scheme has been proposed to compensate the long-range : o
interactions by applying external electromagnetic forces 500
[1]. At large beam-beam separation the electromagnetic

force which a beam exerts on individual particles of the 0

other beam is proportional té, which can be generated
and canceled out by the magnetic field of a current-carrying

wire. This principle has been tested at RHIC. Two Currer]tigure 1: Beta function at |Ong_range beam-beam (LRBB)
carrying wires, one for each beam, have been installed bgeraction and wire compensator locations.

tween the magnet@3 and@4 of IP6 in the RHIC tunnel.

An attempt was made to compensate the beam-beam in-

teractions during the 2009 physics run with two collidingnap of a wire can be written as

proton beams. It was observed that the beam loss rates in
the Yellow ring were reduced as the vertical wire separa-
tion was varied [2]. In addition, the beam loss was recov- ©Drp©Ty,.,

ered when the wire compensator was moved back from the _ .

location where the loss rate was minimized. However, 'here7s, o, represents the tilt of the coordinate system
is not fully understood why the improvement of beam life?Y horizontal and vertical anglés, 0, to orient the coor-
time was not observed in the Blue ring. In this report wélinate system parallel to the wiré; /, is the drift map
discuss the results of numerical simulations of a wire ac®ith a length, Mj, is the wire kick integrated over a

ing on proton-proton beams in RHIC using a multi-particlélrift length, andSa. 4, represents a shift of the coordi-
tracking codeBsimc [3]. nate axes to make the coordinate systems before and af-

ter the wire agree. While particles at smallndergo a
linear tune shift, the particles with > o experience a
MODEL % force. The long-range effect is nonlinear and may vary

For a finite length of a wire embedded in the middle of drom bunch to bunch if the the bunch pattern is asymmetric.

driftlength L and tilted in pitch and yaw angles, the transfer! "€ Wire current required to compensate a long-range in-
teraction is(Z,, L.,) = n«g«c, wherel,, is the wire current,

* hikim@fnal.gov and L,, its length. In current operation of RHIC with 108

s [m]
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Figure 2: Kicks from Gaussian beam and current carrying
wire as a function of distance. Maker circle represents the
center of weak beam.

ns bunch spacing, there are no parasitic beam-beam colli-
sions in the interaction region. In order to study the wire
compensation, the interaction point is moved 10.95 m from
the head-on location toward DX magnet as shown in Figure
1. The vertical separation between two beams is kept at 8
mm. At the new parasitic location, the vertical rms beam @ [0]

size iso, = 2.7 mm. The phase advance between the loca- o

tion of the wire to the location of the long-range interactio Figure 3: Frequency diffusion map: (top) long-range beam-
point is about 3 while the phase advance of the wire and?€a@m integration only and (bottom) wire strength 12.5 Am
the head-on is 89 The integrated current for optimal tune @nd wire separation 50 mm.

compression is 8.16 Am when the beam-wire separation is

—12

equal to the beam-beam separation. because of the difference of the kicks exerted on the test
beam, as shown in Fig. 2 (bottom). So, exact compensa-
RESULTS tion requires that (i) the distance between the wire and any

particle inside the beam be larger thaa,Jii) the distance

Figure 2 shows the kicks from Gaussian beam and cupetween the wire and the center of test beam be the same
rent carrying wire. The wire strength and separation dig2s the beam-beam separation, and (iii) the wire current be
tance from the test beam are major parameters, as theguivalent to beam intensity.
determine the efficiency of wire compensating. The wire Figure 3 compares the frequency diffusion caused by the
kicks in Fig. 2 are calculated using the minimum integratebbng-range beam-beam interaction with that by the para-
strength of RHIC wire which is 12.5 Am, but not the opti-sitic collision and the wire of 12.5 Am and 50 mm sep-
mum strength 8.16 Am. In principle the wire should cancedration. A large tune variation is generally an indicator
the long-range force which acts on the test beam. For tleé reduced stability. The wire increases the detuning of
present experiment conditions, however, the wire kicks atee betatron tune slightly for large amplitude particles. A
at least 55 % larger than that of the other beam even at diste beam-wire separation decreases, the detuning becomes
tances larger than . In addition, the beam-beam separaworse. The dynamic aperture calculated at different phase
tion is about 3.1 at the parasitic collision location. Since angles is the largest radial amplitude of particles that sur
the amplitude of the test beam particles extends to largeive up to a certain time interval; in this simulation)®
than 30 amplitude, the beam-beam kicks experienced byurns. The dynamic aperture is about 4.&hen the wire is
the test beam cover the linear, transition, éremiagions, as turned off. In this case, a long-range interaction is presen
shown in blue solid line of Fig. 2. A single wire is not prac-but not head-on collision. At small wire separation, the dy-
tical for compensating the beam-beam forces with smatlamic aperture drops significantly, as shown in Fig. 4. As
separation distance, and makes a portion of large amplituttee separation increases, the dynamic aperture approaches
particles unstable due to itj:s force. In order to avoid the that of the case without the wire. Figure 5 shows the beam
unwanted beam blow-up, the separation distance may néeds as the wire-beam separation distance is varied. lIpitia
to increase. It is, however, expected that a simple increase performed a tracking without wire compensator to see
of the distance between the wire and the center of the tabie beam loss caused by machine nonlinearities and a par-
beam is not helpful to alleviating the beam-beam effectasitic collision. By including a wire in the simulationsjst
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Figure 4. Angle-averaged dynamic apertures according figure 6: Angle-averaged dynamic apertures according to
wire separation distance with wire strength 12.5 Am andire separation distance with wire currnet 5 A. Head-on
125 Am. Long-range interactions are present, but not headellisions are present, but not long-range interactions.

on collisions.
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Beam-beam compensation is studied under RHIC run-

Figure 5: Beam intensity according to wire-beam sepa9 experimental conditions with a single wire in the Yel-
ration distance with wire strength 12.5 Am and 125 Amlow ring. The results show that the parasitic collision with
Long-range interactions are present, but not head-on colmall separation is not compensated effectively using-a sin
sions. gle wire. However, the wire helps to increase the beam life

time when the head-on collision is present. The effect of
seen that the effects of the wire seems not beneficial to thére on head-on collision should be investigated further.
beam life time because small beam-beam separation makes
it difficult to cancel out the complex beam-beam force by a ACKNOWLEDGMENTS
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