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STUDIES OF THE BEAM-BEAM INTERACTION FOR THE LHC *
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Abstract

We haveused the beam-beamsimulation code CBI to 2 RESULTS

study thebeam-beaninteraction for the LHC. Wdind 2.1 Nominal LHC Parameters

that for nominal LHC parameters, and assuming only one

bunch per beanthereare nocollective (coherent) beam- LHC parametersised inthe simulationsare given below
beam instabilities. Wehave investigated theffect of in Table 1.

sweeping one of the bearamundthe other (gorocedure

that could beused as aliagnostic forhead-on beam-beam Table 1: Parameters for the LHC simulations.
collisions). We find that this does not cause any problems
at the nominal current, though at higher currénése can Parameter Value
be beam blow-up and collective beam motion. Energy (TeV) 7.0
Revolution period{s) 88.9
1 THE CODE CBI Emittance (nm-rad) 0.5
The codeCBl (for Collective Beam-beantinteractions) is a Beta function (m) 0.5
. Tunes (H, V) (0.28, 0.31)
self-consistent code that models the transvieesan-beam -
: . o L Nominal bunch current (mA) 0.2
dynamics of beams of arbitrary distribution aeltipticity.
Number of bunches 1

It is a Particle-in-Cell (PIC) code that calculates lbeam-
beamforce on atwo-dimensional (transverse) Cartesian
grid. The code is evolving and presently has the followin
features:

As can be seen from Table 1, thienulations use the
lqominal LHC parameter$4], except for thefact that we
assume one bunch per beangdtherefore donot model

collision point; to incorporate into the code in the future.

(b) the beams are ultra-relativistic; We first ran our simulation for nominal LHC
(c) longitudinal dynamics is not modeled; parameterswith the nominal bunckcurrent of 0.2 mA,
(d) arc transport is linear; andwith anidealized feedbackystem that takes out all
(e) radiation dampingnd fluctuationsare put in once a collective dipoleeffects (centroidnotion). Forreasons of
turn and at one point in the ring; computer time, the simulatiorveererun for only 90,000

(f) there is no crossing angle;
(g) transverse dimensiomsddistributions of thebeams
can be completely arbitrary.

turns. Figure 1a shows the rms beam sizes for the last
20,000 turns of the simulation: it is clear that for nominal
LHC parameters therare nocollective quadrupole effects
that could affectthe performance. Bearsizesare pretty
much equal to their nominal value, and there issizable
beam blow-up. Whernhe current isincreased to 1 mA
(Fig. 1b) there is some beam blow-up, but all be@ras

are the same,and there is no indication of collective
behavior.

Details of the code can be found in Refs. 1 and 2.

The code, adescribedabove, is a strong-strorigeam-
beam code that is best suited for studying colledizam-
beam effects in storage-ringee colliders, particularly
guadrupole effectgthat affect the beam sizes). To our
knowledge,quadrupolecollective effects have nevédreen
studiedfor hadroncolliders,and it seemeéhteresting and
relevant to undertakethis study for theLarge Hadron
Collider (LHC). In particular, in light of a proposal for
sweeping one beawrroundthe other as a diagnostic for
head-on collisions [3], it seemsrelevant to look at
possible beam-size blow-up and distortion as a
consequence of quadrupole collective effects.
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Figure 1: For nominal LH(parametersplot of beam Figure 2: Beamsize as a function of turn number for
sizes as a function of turn number for the last 20,0d08eam 1 being sweparound beam 2 with aradial
turns; (a) for the nominal current of 0.2 mand (b) for a displacement ob/5; (a) at | =0.2 mA,

current of 1 mA. and (b) at I = 1 mA.

Figure 2 shows the beam-sizes as a function of turn
2.2 Sweeping One Beam Around The Other number, for the last 20,000 turns, when tigplacement
is a/5. One can sethat for the nominakurrent of 0.2
mA the beam-sizes are all equal, atplial tothe nominal
size of 15.8um, indicating that thera@re no deleterious
collective beam-beam effects. At a current of 1 mA,
however, it isclearthat the beamsre being blown-up,
and byunequalamounts: in other words, the beams are
becoming elliptical,and there is a flip-flop developing.
s is a signature ofjuadrupolecollective beam-beam
ects. The same picture is seen in Figure 3, for a
displacement 06/10. Again, at acurrent 0f0.2 mA the
picture is benign, but at 1 mA a flip-flop heakearly set

We next looked at the effect of sweeping one besmand
the other. We chose to sweep beammrdundbeam 2. In
this case,after eachturn, as before, theentroids of the
two beams are zeroed, implementing the idealfeedback
system. Then theentroid ofbeam 1 isdisplaced dfixed
radial distancefrom the zero position. Two input
parameters govern this displacement: the displacement
the rotation period (in number of turns). The latter is thgff
number of turns taken to sweep beam 1 caroeind beam
2.

In the simulationglescribechere, wefixed the rotation
period at 10turns, andlooked atthe effect onthe beam
sizes ofdifferent displacementsnd differentcurrents. We d
looked at two different displacements5 anda/10, where
o is the nominal size of the beams (15u®). Welooked
at five different currents, starting from 0.1 mA, up to 2
mA. All simulations were run for 90,000 turnandwith
the idealized feedbackystemturnedon. Note that only
one bunch is simulated irach beam: thereare no
parasitic collisions.

Table 2 below gives alearer picture of how the
ynamics evolve with current. At eurrent of 0.1 mA,
there is no discernibldlow-up of the beam,and no
collective motion; all beam sizeareequal,and equal to
the nominal size of 15.8m. When the bunchburrent is
increased tahe nominal LHC value of 0.2 mAhere is
slight beam blow-up, but all beam sizare still equal,
which indicates there is no collective motion. Atwarent
of 0.5 mAtherearethe first signs of collectivenotion.
All beam sizesare nolongerequal: aflip-flop instability
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has developed. Asthe current is increasedfurther, the It should beemphasizedhat our simulations do not
beam blow-up as well as the flip-flop become larger. model multiple buncheandthereforeparasiticcollisions.
— These could have a significant impact on collechigam-
beam dynamics. We plan textendthe code to handle

20 ] — these effects.
= Fig. 3a In the simulationsreported heredipole motion is
= - run #90005 7 removed bymodeling anideal feedbacksystem inwhich
© 1=0.2 mA the centroids of the two bearase zeroedeveryturn. The
18 - sweep=a/ 10 ] consequences dfirning off this feedbackparticularly on

collective dipole motion, need to be explored. We plan to

do this in the near future.

16% In conclusion, we have studied the beam-beam
interaction at the LHC using thmdeCBI. We find that

P T R T EN SO S R for nominal LHC parameters, collectigeiadrupole effects

70 80 turn no. 90x10°  should not be an issue. If one beam is sveeptind the

other, for diagnostic purposes, then collective issiik

are unimportant at the nominal bunchrrent 0f0.2 mA,
though theycould becomemportant atcurrentsaround

20 X Ligdy 2 and above twice the nominal value.
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Current| o, Oy1 Oy Oy,
(MA) | (um) | (um) [ (pm) | (um)
0.1 15.8 15.8 15.8 15.8
16.2 16.1 16.1 16.1
17.4 17.4 17.1 16.9
20.6 20.0 20.4 19.6
28.1 25.4 27.6 25.1
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3 DISCUSSION AND CONCLUSIONS

It is clear from Figs. (1la)2a)and(3a), that for nominal
LHC parameters, particularly the nominal burathrent
of 0.2 mA, there is little beam blow-up, and oallective

motion, whether ornot one beam is swemround the
other. When one beam is sweptound the other,
collective effectareseen from a bunch current afound
0.5 mA (over twice the nominal value), though this

current they are still small.
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