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ABSTRACT

We continue our studies of the effects of the beam-beam interaction for the ARIARYand
APIARY 7.5 designs of PEP-II for a variety of conditions. We focus primarilyhereffect of the
collisions at the parasiticcrossingpoints, althoughwe also considerthe effects of the nominal
beam-beam paramet&g having a value of 0.05 instead of the nominal value of 0.08r studies
are based on strong-strong multiparticle tracking simulations. We conclude, quite consistantly,
APIARY 7.5 offers a significantly higher “margin ebmfort” than APIARY 6.3D on accountof
the increasedseparationof the beamsat the parasiticcollision points. We also conclude, not
surprisingly, that if a higher-than-nominalalue for &g is desired,it is saferto decreasethe
nominal beam emittance than to increttsebunchcurrent,althoughthis latter approachis more
effective. Our simulations quantify, to an extent, the trade-offs betweenthe “safety” and the
“effectiveness” of these two approaches. Simulations for a positron-beam synctwogofh 0.04
and 0.05 show qualitatively similar results.

1. Introduction

In a previous nofewe presented fairly extensiveassessmertf the beam-beaneffect on
the luminosity performanceof PEP-II for the interaction region (IR) design APIARY 6.3D,
describedin detail in the CDR2. In this note we continuethis assessmengnd extendit to the
APIARY 7.5 design,describedn the DesignUpdaté (DU). We presenthere1l cases;all these
studiesare basedon strong-strongmultiparticle simulationswith the code TRS* on the NERSC
Cray-2S/8128 computer. Simulations with another code havédeatswarriedout?:3.5for both IR
designs; the two codes yield results in good qualitative agreement.

In this note we focus on a comparison between the two designs. Accordiagisry fewer
parameterdut perform more detailedsimulationsthan in our first note. As before, however,the
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primary parameter of our focus is the separalitetweenthe beamsat the first parasiticcollision
(PC). Although thereare severalPCs on either side of the interactionpoint (IP) (six in APIARY
6.3D and four in APIARY 7.5), it is the first PC that dominates. Accordingly, we neajldmit this
first PCin all our simulations(an analytic estimateof the effectsof the “outer” PCswascarried
out in lowest-orderapproximationfor APIARY 7.5in the DU3). We also focus on the nominal
beam-beanparameteip, whosevalueis specifiedto be 0.03in the PEP-II design.In our beam-
beamstudies however,we alsoallow &g to take on the value 0.05 in orderto assesshow much
margin the two IR designs allow when the beam-beam interaction is “pushed.”

From the beam-beanperspectiveand within the approximationswve are forcedto makein
our presentsimulations thereare only two differencesbetweenthe APIARY 6.3D and APIARY
7.5 designs:

(@ the PC separationd is 2.8 mm in APIARY 6.3D, while it is 3.5 mm in
APIARY 7.5, and

(b) the lattice functionst the PC, andthe phaseadvancesrom the IP to the PC,
are slightly different in the two designs.

Without a doubt it is théncreasedralueof d in APIARY 7.5 that hasthe largerimpacton
performance. In keeping with our adopted strategy in these studies, widddiea free parameter
that we vary independentiyof all others.In the limit d — « all effectsof the PCs disappearand
only those from the primary collisions at the IP remain. Our main goal, then, is tothsselsive
weakness of the PCs for the nominal vadfiel, underseveralcircumstancesjescribedn detail in
Sec.3. As in our previousnote, all the resultspresentechereare in the form of plots of beam
blowup factors o/og vs. d/ogpx +. This latter variableis the PC separatiomormalizedto the local
nominal horizontalbeamsize of the low-energybeam(LEB). The nominal APIARY 6.3D design
implies a valued/ogpx + = 7.57,while APIARY 7.5 implies d/opx + = 9.64. As mentionedabove,
however,in the blowup plots shownbelow we vary d/ogpx + by varyingd while keepingall other
parameters fixed.

Our mainconclusionis that APIARY 7.5 offers a significantly wider comfort marginthan
APIARY 6.3D dueto the increasedPC separationWe also conclude,not surprisingly, that if a
higher-than-nominal value fdp is desired, it isaferto decreas¢he nominalbeamemittancethan
to increasethe bunchcurrent,althoughthis latter approachis more effective due to the quadratic
dependencef the bunchcurrentin the luminosity formula. Almost certainly the optimal way to
increase&g involves a combinationf thesetwo methodsplus changingother parameterssuchan
optimization falls outside the scope of these studies, and is not addressed here. Oqueadifjts
within the inherentaccuracyof our methods,the “comfort margin” of the IR designs,and the
trade-offs between the “safety” and the “effectiveness” of the two simplest approacieedse
éomentioned above.

We also concludethat thereis no qualitative differencein the resultsof a simulation for
APIARY 7.5 when the synchrotron tuneus. = 0.0403 ows: = 0.05.



In mostcasegresentetere we havelooked at a working point such that the fractional
parts of the tunes are,vy) = (0.64, 0.57) for both beams, following thesultsof previoustune
scans?-3:.6However, we also present results fiop otherworking points, namely(0.28,0.18) and
(0.57, 0.64). We concludiat the choice(0.64,0.57) is clearly betterthan the othertwo from the
perspectiveof luminosity performanceWhile more extensivetune scansremainto be carriedout,
including unequalworking pointsfor the two beams,we believethat a fine searcharound(0.64,
0.57), with slight differences for the two beams, will reveal an even better operating point.

Section 2 describesthe basic assumptionsve have made in thesestudies.A detailed
explanation of the parameters used, and the results obtairedthof the 11 casess presentedn
Sec. 3. A comparative assessment is presented in Sec. 4. Section 5 collects our conclusions.

2. Assumptions

All basic lattice and nominal beaparametersrelisted in Tablesl (APIARY 6.3D) and2
(APIARY 7.5). The actualvaluesof the parametersisedin eachof the 11 casesare variantsof
these, and are stated in Sec. 3. A detailed explanatahafr assumptionss describedn Ref. 1.
Here we summarize further assumptions that need clarification, or that are peculiar to this note:

2.1 Lattice

We consider onlyhe linear approximationto the lattice, which is thereforefully described
by the tunes,the lattice functionsat the IP and PCs,andthe interveningphaseadvancesin both
designs, and iboth rings, the PCs are optically symmetricaboutthe IP; thusthe lattice functions
and phaseadvancerom the IP arethe same.We imaginethe lattice divided up into two “short”
arcs,from the IP to eachof thetwo PCs,andone “long” arc, from one PC to the other (seea
sketch below). The lattice functions and phase advahcaee listed in Tables 1 arftj thesephase
advancesemainfixed evenwhen the tuneis changed.The phaseadvanceof the “long” arcis
therefore adjusted to be-24v, wherev is the tune othe entirering. As mentionedabove,we have
chosen three working pointsr our simulationswhich arelistedin Sec.3 in eachcase.lt should
be emphasizethat thesetunesand phaseadvancegorrespondo the “bare machine,”i.e, in the
absence of the beam-beam interaction.

The RF wavelength ARF, is 0.6298 m, and we consideronly the nominal value for the
bunchspacing,namely sg = 2ARrr = 1.2596 m. Thereforethe first PC occursat a distanceof
0.6298 m from the IP.

2.2 Primary beam-related parameters

The nominalbeam-beanparameteig is 0.03in cases‘A” and0.05in cases‘B” (all
four beam-beam parameters are equal). In going from a givet¥Caséo the correspondingase
“B” we haveeitherincreasedhe number of particles per bunch by a factor of 5/3 at fixed
emittance, or have decreased the emittance by a factor 3/5 at fixed bunch current. In thetfiest case

* Within our approximations, the integer part of the tune does not enter.



nominal luminosity?gincreases by a factor (5&)ut in the secondcase¥ increasedy a factor
5/3. The actual values éfyin each case are stated in Sec. 3 below.

"short" arc: P "short" arc:
phase adv.=Av phase adv.=Av
PC pC

"long" arc:
phase adv.=v-2Av

Fig. 1. Sketch of either ring showing the phase advances of each arc.

2.3 Other parameters

The numbersof particlesper bunch,nominal emittancesyms beamsizesand rms angular
divergencest the collision points are determinecby the lattice functions,collision frequency,and
the primary parameteég and£o. These are all listed in Tables 1 and 2. The beam eB&etgynch
lengthay, rms energy spreagk/E and synchrotron tunes are different for the two beamsput are
held fixed at their specified CDR values throughout our studies.

In the nominal cases, specified by the parameters in Thlalad 2, the numberof particles
per bunch are determined assuming that there are no gaps in the bunch poptlaactualPEP-
Il design, however, calls for an ion-clearing gap of 88 bunches in each tmaespondingo ~5%
of the maximumpossiblebunchpopulation(one buncheveryotherbucket).If we wantedto take
the gap into account ithe beam-beansimulations,we would haveto increaseboth the numberof
particles per bunch and the nominal emittances39g in order to keepg and¥ at their specified
valuesof 0.03 and 3 x 1033 cm2 s, respectively.We believe that this changewould imply
negligible modifications in our results.



We note that, when the numberof particlesper bunch are increasedrom their nominal
values by a factor of 5/3 at fixed emittance, tittal beamcurrentof the LEB reaches3.6 A, which
exceedghe maximumvalue allowed by the vacuumchamberdesign.We have studiedthis high-
bunch current option only as a way to assess the effects of a relativelylstemmédpeanadynamics,
and not as a realistic option for PEP-II in its current conception.

In all but one of the simulationspresentederethe synchrotrontune of the LEB is vgy =
0.0403, as indicated in Tables 1 and 2. This value is consistent with the other parametessdisted,
as a peak voltaygr = 8.0 MV and a momentum compactitactor a= 1.15 x 10-3. Thesevalues
predatethe CDR, and have beenusedin all the beam-beamsimulations presentedhere and
earlierl-3.5-7 including thosein Sec. 4.4 (“Beam-BeamIssues”) of the CDR and the DU.
However, although the LER lattice design hasyet beenfinalized, the CDR andthe DU assume
elsewhere thatr= 1.5x 10-3. As a result, the peak RF voltagesjecifiedto be 9.5 MV insteadof
8.0 MV (the rms bunch lengity is taken to bd cm, andthe rms energyspreadog/E is takento
be 1 x 10-3, aswe do here and in all previous simulations). The correspondingvalue of the
synchrotrontune of the LEB is closerto 0.05than0.0403.We presentbelow the resultsof one
simulation for APIARY 7.5 in which we compare the resultsvgr = 0.0403with thosefor vgy =
0.05, with all other parameters remaining fixed. The results are qualitatively similar.

2.4 Simulation details

The details of the code TR&re explained in detail in Ref. 1. In 4l casegresentechere
we have chosen 256 “superparticles” per bunch, five slices to represent tHeribiefectsin the
beam-beam interaction, and have run the simulations for 2&)8@or aboutfive dampingtimes.
With these choices, each rure( eachpoint in any of the blowup plots) takes~22 min CPU time
on one of the NERSC Cray-2S5/8128 computers. In this regime, the CPScilesapproximately
linearly with the numberof superparticlegper bunch, the number of thick-lens slices, and the
number of turns. We have not yet attempted any kind of optimizatistnuaturingor in compiling
the program to take advantage of the Cray architecture.

Although the damping times are nominally specified tape 5,014and 7_ = 5,040turns,
in most simulation runs we have set them equal, namelyr_= 5,014turns. In practice,however,
the differencein the resultsbetweena simulationwith 7_ = 5,040turns and one with 7_ = 5,014
turns is insignificant.

3. Details of study cases

As indicatedabove,we haverun the simulationfor 25,000turnsin all cases.The beam
blowup plotted in all figures is the average overfthal 2,500turns of the run. Table 3 providesa
summary of the parameters that are varied in the 11 CHs®exactvaluesof the input parameters
for eachcasearelisted on the right margin of the correspondingigure. Thesevaluessupersede
thosein Tables1 or 2 if thereis any discrepancy(suchas in the dampingtimes, as explained
above). Here we provide a detailed case-by-case explanation:



3.1 Case 6A (Fig. 2)

This is the nominal CDR case(APIARY 6.3D IR design),with {o = 0.03and £g = 3
x 1033 cm2 571, Theworking pointis (vx, vy ) = (0.64,0.57)for both beamsA completelist of
parameterss found in Table 1. In the simulation,the horizontaland vertical dampingtimes were
taken to be the same for both rings, nantely 7_= 5,014 turns instead dfie nominally specified
valuesrt = 5,014,7_= 5,040 turns.

3.2 Case 6B (Fig. 3)

This is a high-currentersionof case6A, with &g = 0.05and ¥ = 8.33x 1033 cnmr2 s71.,
The higher value fog is achieved irthis caseby increasingN+ by a factor of 5/3 relativeto case
6A, keeping the nominal emittances fixed. The rest of the parameters are listed in Table 1.

3.3 Case 7A1 (Fig. 4)

This is the nominalDU casefor the APIARY 7.5 IR designwith g = 0.03and £g = 3
x 1033 cmr2 571, The working point isw, vy ) = (0.64,0.57) for both beams The parametersire
listed in Table 2. The actual damping timesedin the simulationarethoseon the right margin of
the figure.

3.4 Case 7B1 (Fig. 5)

This is a high-currentversionof case7A1, with §=0.05and ¥ = 8.33x 1033 cnmr2 s-1,
As before, the higher value fégis achieved by increasing,. andN_ by a factor of 5/3 from case
7A1, keepingthe nominal emittancedixed. Besidesthis changethe restof the parameterarethe
same as in case 7Al.

3.5 Case 9A4 (Fig. 6)

This is another APIARY 7.5 case, similar to case 7A1 except thatdheng pointis (v,
vy ) = (0.28, 0.18) for both beams.

3.6 Case 9A5 (Fig. 7)

This case is similar to ca®A4 (APIARY 7.5) exceptthat the working pointis (vy, vy ) =
(0.57, 0.64) for both beams.

3.7 Case 11A4 (Fig. 8)

This case is similar to 6A (APIARY 6.3D) except that the working pointis; ) = (0.28,
0.18) for both beams.

3.8 Case 11A5 (Fig. 9)

This case is similar to 11A4 except that the working pointds;) = (0.57, 0.64for both
beams.



3.9 Case 12B (Fig. 10)

This is a low-emittanceversion of case6A (APIARY 6.3D). As in casebA, ép hasthe
higher-than-nominavalue of 0.05; unlike case6B, however this valuefor &g is now achievedby
reducing all four nominal emittancesby a factor 3/5 from case 6A at fixed bunch current.
Correspondingly, the four nominal beam sizes are a fa@®rsmaller. The resultantiuminosity is
a factor 5/3arger thanin case6A, namely¥g = 5 x 1033 cm2 s-1, insteadof 8.33 x 1033 cn2
slin case 6B. The rest of the parameters are listdéble 1. It shouldbe notedthat the nominal
value of the normalized PC separation is in this désg +=V5/3 x 7.57 = 9.77.

3.10 Case 20B (Fig. 11)

This is the APIARY 7.5 analog of case 12B,, the low-emittancenominal-currentersion
of case 7A1, witlfg= 0.05 andfg= 5x 1033 cm2 s1. Other parameterarelistedin Table2. In
this case, the nominal value of the normalized PC separatiogg+= V5/3 x 9.64 = 12.44.

3.11 Case 7A2 (Fig. 12)

This is the sameas case7Al (APIARY 7.5) exceptthat the synchrotrontune vsy of the
LEB is 0.05 instead of 0.0403.

4. Discussion of the results

We now compare the results for these 11 cases by looking at théopltite beamblowup
factorso/op vs.the normalized PC separati@igpy +. As mentionedabove,in theseplots we vary
d while keeping all other parameters fixed. The actual design vahligonfd/opx +) is indicatedby
an arrow in all plots.

4.1 APIARY 6.3D vs. APIARY 7.5 (Fig. 13)

In comparing any blowup pldor APIARY 6.3D with the correspondingpnefor APIARY
7.5 (i.e, sameworking point and samevalue of &g), one seesthat the qualitative shapesof the
curves are the same. Thssclearin Fig. 13, andalsoin comparingFigs. 14 and 15, andFigs. 16
and 17. The reason for this similarity is simple: as pointedhailie Introduction,the only relevant
differences between the two designs are (ay#hee of d, and (b) the value of the lattice functions
at the PC. Sincdis a free variable in thelowup plots, the only remainingdifferenceis (b), which
iS minor.

Fig. 13 compares cases 6A with 7A1 and 6B with 7B1. In eachtbasayowsindicatethe
nominal PC separation. For these values; tfie vertical beam blowup difie LEB is ~10—20%for
éo = 0.03 and ~60-80%for &g = 0.05. The resultantdynamicalvaluesfor the luminosity, are:
£~2.6x 1033 cm2 s~ for 6A, £~2.9 x 1033 cm2 s~ for 7A1, £~5.3 x 1033 cm2 s-1 for 6B,
and¥~5.9x 1033 cnmr2 s-1for 7B1.

As seen in Fig. 13, the important difference between APIARY 6.3D and APIAR that
this latter designprovidesa greatermargin of comfort becausehe nominal value of d/ggy + is



significantly larger than the “threshold” valueditipy + below which thereis onsetof substantial
beam blowup. One can see that this “threshold” valdéois + fi 6 for {o = 0.03andd/opx + i 8
for &= 0.05.

4.2 Comparison of three working points (Figs. 14 and 15)

Fig. 14 showsa comparisonof beamblowup for three different working points for the
APIARY 6.3D design.Clearly the working point (0.64,0.57) is betterthan either (0.28, 0.18) or
(0.57, 0.64). Previousha wider, butlessaccuratetune scanwas performed,that led to the choice
(0.64, 0.57). Fig. 14 presents a detailed confirmation for three points of that tune scan.

Fig. 15 presents the same comparisorAIBIARY 7.5 asdoesFig. 14 for APIARY 6.3D,
with a similar conclusion.ln comparingany given casein Fig. 14 with the correspondingone in
Fig. 15, onereacheghe sameconclusionaboutthe increasednarginof comfort for APIARY 7.5
mentioned in Sec. 4.1 above.

4.3 High current, nominal emittance vs. nominal current, low emittance (Figs. 16 and 17)

In order to assesshow the PEP-II design might perform if a luminosity larger than
3 x 1033 cmr2 s~1 were desired we comparefour caseswith &g = 0.05 ratherthan 0.03. Fig. 16
shows a comparisonbetweenthe APIARY 6.3D cases6B and 12B. Fig. 17 presentsthe
corresponding comparison for the APIARY 7.5 cases 7B1 and 20B.

All four cases havég = 0.05; asexplainedabove,however this higher-than-nominalvalue
of pis achievedyy scalingdifferent parameterdrom the nominalcaseqép = 0.03).In casexB
and 7B1, the bunchcurrentsare scaledfrom the nominal caseby a factor of 5/3 at fixed nominal
emittance, whilen casesl2B and 20B the emittancesare scaledby a factor of 3/5 at fixed bunch
current. It should be noted that, even thoégtnas the same value thesefour casesthe nominal
luminosity doesiot cases 6B and 7B1 hatfg = 8.33x 1033 cn2 s-1, while casesl2B and 20B
have £9 = 5 x 1033 cnt2 s~1. The reasonfor this differenceis, of course,that £o scales
guadratically withN but only linearly withsal.

From this comparisonwe seethat the shapesof all four blowup curvesare qualitatively
similar. The “bottom” cases (12B and 20B), however, provide a greater maxpmédrt thanthe
“top” cases (6B and 7B1) because the nominal valu#apf + is larger. However, thigicreasen
safety margin is achieved at the expense of luminosity, which is larger for 6B and 7B1.

4.4 LEB synchrotron tune 0.0403 vs. 0.05 for APIARY 7.5 (Fig. 18)

As mentioned above, weaveused/sy = 0.0403in all beam-beansimulationsto date.The
CDR andthe DU, however,specify vs+ = 0.05. Fig. 18 compareghe simulationsfor cases7Al
and 7A2, whose only difference is the vabfehe synchrotrontune of the LEB. Although thereis
slightly less blowup fovs: = 0.05, the results are qualitatively similar.

5. Conclusions



(1) Clearly the APIARY 7.5 designprovidesa greaterdegreeof comfort than APIARY
6.3D on account of the larger PC separation. This conclustmnsstentlyreachedoy comparing
any APIARY 7.5 casewith the correspondingAPIARY 6.3D case.Presumablythis increased
degree of comfort translates into increasability of operation.We say“presumably” because
the present beam-beam simulationsxdbencompassll the beamdynamicsthatwill be operative
in the real machine (or in more detailed simulations).

(2) The working point (0.64, 0.57) seemsquite comfortable.Undoubtedly,more refined
tune scans near thiint will revealbetterchoicesfor the working point. We also haveevidencé
that betterperformances achievedf the working points of the two rings are slightly different in
such a way as to compensate tftg beam-beaneffectsfrom the PCs,which affect the two beams
differently.

(3) If a higher-than-nominal luminosity is desired, it is sédedecreas¢he beamemittance
thanto increasehe bunchcurrent,althoughthe latter approachhas the advantageof being more
effective in increasing luminosity.

(4) There is no qualitative difference in the results whesyinehrotrontune of the LEB is
changed from 0.0403 to 0.05.
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TABLE 1

APIARY 6.3D PRIMARY PARAMETERS
Nominal CDR case;£g=3x 1033cnm2s1; £=0.03

LER (et) HER (e)
$olecm2s] 3x1033
C[m] 2199.32 2199.32
E [GeV] 3.1 9.0
sg [M] 1.2596 1.2596
fc [MHZ] 238.000
VRE [MV] 8.0 18.5
frRE [MHZ] 476.000 476.000
@s [deg] 170.6 168.7
a 1.15% 10-3 2.41x 10-3
Vs 0.0403 0.0520
oy [em] 1.0 1.0
o= = 1.00x 10-3 0.616x 10-3
N 5.630% 1010 3.878x 1010
I[A] 2.147 1.479
&ox [nm-rad] 91.90 45.95
oy [Nnm-rad] 3.676 1.838
B x [m] 0.375 0.750
By [m] 0.015 0.030
0 0x [um] 185.6 185.6
olhy [um] 7.426 7.426
Ty [turns] 5,014 5,040
Ty [turns] 5,014 5,040
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TABLE 1 (contd.)
APIARY 6.3D IP AND PC PARAMETERS

Nominal CDR case;%o=3%x1033cm2sl §=0.03

LER (e") HER (&)
As[cm] 62.9816
d [mm] 2.82

P 1st PC IP 1st PC
Avy 0 0.1643 0 0.1111
Avy 0 0.2462 0 0.2424
Bx [m] 0.375 1.51 0.750 1.30
By [m] 0.015 25.23 0.030 13.01
ay 0 —2.42 0 ~1.06
ay 0 -29.25 0 -18.74
Oox [HmM] 185.6 372.4 185.6 244.4
ooy [HM] 7.426 304.5 7.426 154.6
Oox [mrad] 0.495 0.646 0.248 0.274
ooy [mrad] 0.495 0.353 0.248 0.223
d/oox 0 7.570 0 11.538
ox 0.03 —0.000544 0.03 ~0.000234
oy 0.03 +0.009097 0.03 +0.002345
Eox,tot?) 0.0289 0.0295
oy tot?) 0.0482 0.0347

a) The total nominal beam-beam parameter is defined§g e fé'P)+2§éPC3_
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TABLE 2

APIARY 7.5 PRIMARY PARAMETERS
Nominal DU case; £o=3x 1033cm2s1; £,;=0.03

LER (et) HER (e)
$olecm2s] 3x1033
C[m] 2199.32 2199.32
E [GeV] 3.1 9.0
sg [M] 1.2596 1.2596
fc [MHZ] 238.000
VRE [MV] 8.0 18.5
frRE [MHZ] 476.000 476.000
@s [deg] 170.6 168.7
a 1.15% 10-3 2.41x 10-3
Vs 0.0403 0.0520
oy [em] 1.0 1.0
o= = 1.00x 10-3 0.616x 10-3
N 5.630% 1010 3.878x 1010
I[A] 2.147 1.479
&ox [nm-rad] 91.90 45.95
oy [Nnm-rad] 3.676 1.838
B x [m] 0.375 0.750
By [m] 0.015 0.030
0 0x [um] 185.6 185.6
olhy [um] 7.426 7.426
Ty [turns] 5,014 5,040
Ty [turns] 5,014 5,040

12



TABLE 2 (contd.)
APIARY 7.5 IP AND PC PARAMETERS

Nominal DU case; £o= 3% 1033cm2sl §=0.03

LER (e") HER (&)

As[cm] 62.9816
d [mm] 3.498

P 1st PC P 1st PC
Avy 0 0.1645 0 0.1112
Avy 0 0.2462 0 0.2424
Bx [m] 0.375 1.433 0.750 1.279
By [m] 0.015 26.46 0.030 13.25
ay 0 ~1.680 0 -0.840
ay 0 ~41.988 0 —20.994
Oox [MM] 185.6 362.9 185.6 242.4
Ooy [HM] 7.426 311.9 7.426 156.1
Oox [mrad] 0.495 0.495 0.248 0.248
ooy [mrad] 0.495 0.495 0.248 0.248
d/ooy 0 9.639 0 14.429
Eox 0.03 —0.000336 0.03 —0.000150
oy 0.03 +0.006200 0.03 +0.001553
Eox,tot ) 0.0293 0.0297
oy tot?) 0.0424 0.0331

a) The total nominal beam-beam parameter is defined§g e fé'P)+2§éPC3_
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