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Abstract

We present beam-beam simulation results from a strong-
strong gaussian code for separated beams for the LHC. We

Table 1: Selected nominal LHC parameters

) - Beam energy parameter, 7460.52
focus on the possible detrimental effects of the beam-beam  p,otons per bunchy 1.05 x 1011
interaction in cases when the beams are: (1) periodically geta-function at the IR3* [m] 05
swept about each other, and (2) brought into collision from  rus spot size at the IB;* [um] 15.9
separated orbits. Fdi0°-turn runs we do not see signif- Nominal beam-beam parameter,  —0.0034
icant emittance blowup for nominal bunch intensities, al- Tunes,(vs, v,) (0.31,0.32)
though there is significant blowup at intensities 10 times  jps bunch lengthg, [m] 0.077
the nominal value. Synchrotron tuney, 0.0021

1 INTRODUCTION AND SUMMARY

In this note we present an update for beam-beam simulal.05 L A s S B R
tions for the LHC with separated beams. There are two
main motivations for these kind of simulations: (a) to as-
sess undesirable effects from LBNL's luminosity monitor-
ing scheme for the LHC [2], and (b) to assess undesir-
able effects form the process of bringing initially-separated
beams into collision.

The results presented here were obtained with a three-
dimensional strong-strong gaussian code whose main fea-

LHC ndminal

tures are described in Ref. 1. This investigation is an exten0.95 = —O0plog T
sion of the work by Zorzano and Zimmermann [3], and of ——0,,/0g
Krishnagopal [4]. 70‘)/2/0-0

In our simulations the ring lattice is represented by a lin- |
ear one-turn map that depends on the machine tunes anglgg | | | | | ! ! ! !
beta functions at the interaction point. A synchrotron ro- 0 50000
tation is performed on the longitudinal coordinates of the
macroparticles. For simplicity in this preliminary investi-
gation we use a single bunch per bedra.(parasitic col- Figure 1: The rms beam sizes for nominal collisions.
lisions are ignored), we set the crossing angle to zero, we
ignore radiation damping and quantum excitation, and we o _
assume that there is only one interaction point in the rin§iZ€s show the expected statistical fluctuations of order
Our code can describe beam-beam collisions with sep@(—rl/2 = 1%.
rated beams by means Of an input_specified Closed_orbitlf the bUnCh intensity iS increased by a factor of 10 there
displacement in the transverse plane. This displaceméfta~ 2% beam blowup for center-on-center collisions, as
can be static or time dependent, and can be independerit§en in Fig. 2.
specified for either (or both) of the two beams. In all cases In the LBNL luminosity monitoring scheme [2] one
we useM = 10* macroparticles per bunch. Machine pafeam is deliberately swept in a circle about the other beam,

turn no.

rameters are listed in Table 1 [5]. which remains fixed. As a first test, we have chosen here
a sweeping radius df.6oq for beam #2 while beam #1
2 RESULTS remains static and is offset liy20, from the nominal IP

at 45° relative to the horizontal axis. The luminosity per
For nominal conditions, beams colliding center-on-centegollision is shown in Fig. 3, exhibiting the characteristic
the results are shown in Fig. 1. It is clear that thdluctuations with a period of0® turns, which is our trial
beam blowup is insignificant ovei0® turns, and the rms sweeping period. The rms beam sizes (Fig. 4) do not show
significant differences with the nominal conditions (Fig. 1),

lthough there is clear beam blow r=1.05 x 10'?
DE-AC03-76SF00098. Poster presentation at the EPAC-2000 Com‘(‘e‘)ﬂr—t ough there Is clea beam blo upW 05 0™,

ence, Vienna, 26-30 June 2000 as seen in Fig. 5. ' N
t mafurman@lIbl.gov; wcturner@Ibl.gov When the beams are brought into collision from a sep-
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Figure 2: The rms beam sizes for center-on-center colliFigure 4: The rms beam sizes during the sweeping process
sions at high bunch intensity. at nominal bunch intensity.
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Figure 3: The luminosity per collision when bunch #2 turn no.

sweeps about the nominal IP. . . . .
Figure 5: The rms beam sizes during the sweeping process

at high bunch intensity.
arated state, we assume that the closed orbit of beam #2
starts out vertically displaced from the nominal IP 3y
and is linearly brought down to the nominal IP over a time
interval of 25000 turns, while beam #1 is held fixed at th@ny indications of adverse effects for nominal bunch inten-
nominal IP. Fig. 6 shows the normalized beam centers, agifies. If the bunch intensity is increased by a factor of 10
Fig. 7 shows the rms beam sizes. At high intensity the beaffiere are clear indications of beam blowuplié® turns.

sizes clearly exhibit nontrivial dynamical effects, as seen infowever, we find it interesting that the beam blowup for
Fig. 8. the beam sweeping case at high intensity is comparable

to the center-on-center case. This suggests that the beam
3 DISCUSSION sweeping does not have a significant adverse effect on the

machine operation relative to the normal operating mode.
Since our results are obtained from relatively short rundn contrast, when the beams are kept separated at a fixed
they may change upon further examination. For the higtdistance, there is substantial beam blowup (at least for the
intensity cases it is not clear how much the blowup is nuehosen tunes) at high intensity, as seen in Fig. 9. This result
merical, and how much it is a real physical effect (a scalinguggests that this mode of operation should be minimized,
law for numerical beam blowup is suggested in Ref. 1)or perhaps the machine working point should be dynami-
However, in the cases presented here, we have not fouoally adjusted when the beams are in this configuration.
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Figure 6: The normalized beam centers as a function &figure 8: The rms beam sizes during a vertical closed-orbit
time during a vertical closed-orbit squeeze. squeeze at 10 times nominal beam intensity.
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Figure 7: The rms beam sizes during a vertical closed-orbfigure 9: The rms beam sizes as a function of time in case
squeeze at nominal bunch intensity. the beams are kept vertically separatedby.
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