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The long range beam-beam interaction (LREE!) has been studied before. | ™%
in this note, we will supplement these studies by a few remarks.
Orbit Effects

We first consider the orbit distortion effect. wWe assume the LEBBI takes
nlace in a drift space +L around each interaction point (IF). The orbit
distortion nutside the interaction region (IR} is given by {same expression
applies to horizontal or vertical crossings)
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and

N = number of protons per bunch = 15k 1017

rp = 153x10718m

o{ = total crossing angle = S0 prad

‘:‘B bunch spacing = |

X = 2% 109 (20 Tew)
A% - im
L=70m.

we have assumed the LRBEB's take place at locations at s»:03% We also
ignore the deviation of beam trajectory from a straight line in the
quadrupole triplet. For simplicity, we assume all IP's have the same 3*
The orbit distortion at an [P due to the LEBE! inits own IR is zero, but the
other 5 IR's will contribute. Substituting the numerical values, we find d=
064 um.



It has been suggested that the IR's are srranged a3 sketohe

where @ is the phase advance between adjacent (F's, [ty is the phase
advance from F Lo &, Mo s the phase advance from D to E we have the
dondition that it L+4p =21 The hetatron phase advance between

adjacent [P's is chosen to be an odd muitiple of /2, fe g=im+1 ,f‘:z;*m:ﬁ
This arrangement has a beneficial effect on the LEBE! orbit distortion
because the contributions from & and C cancel each other outside the
regmn to first order, and so do the contributions from B and D. In addition,
the /% phase advance between adjacent [F's also makes the sextupoie
effects of the LEBE! cancel between &,C and between 8.0

&t the [F's, the orbit distortions are obtained by summing the
contributions from all & LRBEBI's taking into account of proper phases. Thi:
gives
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respectively for A, B, C, D, E and F. Mote that the crossing angles have
alternating sighs from %P to [P If the tune is Y= % 28, .u;: 34 0% and

m=7,% we abtain



4 B B 0 E F
av¥ = -053 181 053 -181 -053 -053 um (3
wWe will suggest later to arrange the crossings so that [P's are crossed
hurizontally and vertically in alternation. (*) If this is adopted, the orbit
distortions at the 6 IP's become (starting with horizontal crossing at Al
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Azsuming V V; g6.28, Hye=l m.."dnw 1 oand m=7, we have
Ax® = =117, 064, 117, -084, -053, 00
{5}
Ay* = 084, 117, -06d4, -117, 00, -053

Yalues in Egs.(2) and (5) are small
0 = 7um with R*=
ather

compare

especially if a ¢

(*) Beams are separated vertically The S0
. N

ineither plane ”

trm and normalized emittan
i‘and fing tuning of orbit at the IP's can be provided if nesded,
smaller emitiance or smaller 3% is introduced.

d with the bearn size at P,
ce of 107 Pr-rad. On the

rossing, however, can be
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The tune shifts per crossing caused by the LRBE! are
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8V, = -8y, = ZHrL/ @nErsgxe) =

& qn i3 for vertical crossing, - sign is for horizontal crossing. The
tune rz:%'n'f’f.a are about 20017 per crossing.

i1 rs:s‘sx:mqs. are either all horizontal or all vertical, the LRBEI tune shifts
are Gx0.0017=0.01, which reguires a current dependent compensation.
th

Similar a%tent 1on ha to be made during injection even though the beams
are separated. However, by alternating horizontal and vertical crossings,
the total tune shifts is zero. we suggest that this does not caus
significant complications on the lattice design and that it n 1qht implify
the operations. In case all IF's are not operated under the same conditions,
the partial cancellation may still help

Conclusions

. Clustered IR's with /2 phase advance between adjacent IR's help
minimizing the orbit distortion and sextupole wtf@rt s caused by LEBEL The
arbit distortions at the & IP's are given by eqgs.{3} or (3) depending on the
crossing pattern chosen.

2.4 crossing pattern with alternating horizontal and vertical crossings
help minimizing the LEBE tune shift effects.
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