PEP-II AP Note: 2000.05
September 14, 2000

Letter of Intent
PEP-N: a 0.5 x 3.1 GeV'e Collider

Y. Cai, S. DeBarger, S. Ecklund, S. Heifets, A. Kulikov,
S. Metcalfe, H. Schwarz, J. Seeman, M. Sullivan, U. Wienands
SLAC, Stanford, CA, 94309, USA

M. Biagini
INFN, Frascati, Italy

M. Placidi
CERN, Geneva, Switzerland

Abstract:

We propose to build a new low energy electron storage ring to be collidethesidgxisting
3.1 GeV Low Energy Ring (LER) of PEP-II in the IR12 straight seciitwe. energy range of the
electron ring is 150 to 500leV with primary operation @00 MeV resulting in a center ahass
energy range of 1.5 to 2.5 GeVhe expected luminosity &00 MeV is about 16" cmi®s™. This
two ring collider is called PEP-N. PEP-N is to be operated simultaneously with the BdtiRiér
and is designed to not interfere witle peak luminosity operation &?EP-II for BaBar data

collection.
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Section 1 Introduction

We discusghe parameterfor an “e e --> N Nbar ormulti-hadrons” colliderbased at
PEP-II [1,2]. The plan is to collide the 3.1 GeV LER mam against @.15 to 0.5GeV electron
beam stored in a new very low energy ring (VLER)e PEP-II LER is assumed to beperated
for full BaBar operation with design parametefBhe small electron storageng has a
circumference of about 35 m andlégated in straight sectiofiR12 of PEP-II.The electrons are
injectedfrom a 24 m-londinac alsolocated inIR12 of PEP-II. The luminosity ofthis collider,
called PEP-N, isestimated to be above 31]0cm'23’1 at a VLER energy of 500MeV without
affecting BaBar data collection. The location of PEP-N is shown in Figure 1-1.

The collider straight sectioiR12 in PEP-II isrelatively large, has good floaspace both
inside and outside the radiatienclosure, and haslarge countinghouse.Both PEP-II rings are
relatively simple in this straight section. The hall is 20 m along the bearand about 12 m wide
inside the radiation wall.

The new 500 MeV linac woulohject bunches oP.2x10 electrons into every second ring
RF bucket spaced 4.2 ns apart, as in PEP-II. Agagisleft empty to helpwith ions. The linac
would bemounted on thdéloor of IR12 wrapped oiitself to formtwo 12 m “girders”.Injection
could be at 120 Hz if needed but 1 Hz is planned. At 1 Hz, the injection time is 26 seconds.

The VLER circumference is about 35.3 m. The collision point is located in the center of the
IR12 straight, butould be displaced meter if the detectoneedsadditional longitudinalpace.
The IP dipole will be anunusedmagnet atCERN modified for PEP-N. The dipole isused to
separate the beams in t#veo rings and fodetector momenturanalysis.The vacuumsystem is
relatively simple as theynchrotronradiationpower isrelatively low. The RFsystem is a single
cavity (which exists as the prototype cavity REEP-II). The electrorring has a symmetry of two

with a collision straight and an RF-injection-feedback straight.



The LERring would have to be slightly modifiedor this collider. The present LER
guadrupole at the collision poimtould bemoved and reinstalled about 15 upstream. A new
symmetrical quadrupole would be added 15 m downstréam.IP betdunctions inthe LER are
several to many meters which are larger than those in traditional colliders. Thus, the chromaticity in
the LER will not change very much and the present LER sextupoles are suffitierieam-beam
tune shifts for the LER from PEP-N will be very low.

PEP-N is to be operated when PEP-II is running for BaBar. Thus, PEP-N will operate in a
“parasitic mode”for about 9 months peyear. If the average peak luminosityer different
energies is about 3 x Feni?s* overa year and the ratio of average to peak luminosity over long
times including down times is about 0.5, then an integrated luminosity of about 35 ekpected
each year.

The intent is to install the PEP-N accelerator and the detector in sudometimes which

are about two to three months per year. Approximately, two down times are needed.
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Fig. 1-1: PEP-II Layout with PEP-N location in IR12.



Section 2 List of Accelerator Parameters

The accelerator parametdos the two ring asymmetric collidePEP-N forthe Very Low
Energy Ring VLER (electrons) and thew Energy RingLER (positrons)are listed in Table 2-1
for the VLER energy of 300 MeV and in Table 2-2 for the VLER energy of 500 MeV.

The PEP-N parameters arbased onthe condition thatPEP-N running iscompletely
transparent to PEP-II operation, whiohplies educated choicdsr the beam-beam parameters of

the two rings. These choices are illustrated in detail in Section 3.



Table 2-1

PEP-N PARAMETERS at 0.3 GeV

VLER:0.3 GeV e~ Low /High Emittance

Parameter Units LER VLER
Energy | particle E GeV 3.119 | e* 0.300 | e~
CM Energy Ecar GeV 1.935 1.935
CM velocity Benr 0.825 0.825
Lorentz factor v 6104 587
Transverse emittance ez | &y 7 nm-rad 492 1.5 180 | 115 360 | 230
Coupling factor K 0.03 0.64 0.64
Momentum compaction e 1.2x1073 9.3x10~2 9.1%x1072
Partition numbers Jo | JIs 0.98 | 2.02 0.55 | 2.45 0.56 | 2.44
Damping times Te | Ty | Ts ms 62160 | 30 227125 |51 22212551
Natural chromaticity Vo | Vio —60 | — 70 —10 | — 16 -13]-19
Circumference m 2199.330 35.270
Revolution frequency | time frev | Trew MHz | us | 0.1363 | 7.336 8.500 | 0.118
Number of arc dipoles 192 8
Arc dipoles field T 0.681 0.823
IP dipole strength Tm 0.360 0.360
Arc dipoles bend angle | radius mrad | m | 32.7] 15.279 740.4 | 1.216
IP dipole bend angle | radius mrad | m | 34.6 | 57.792 359.9 | 5.560
Betatron tunes Ve | vy 38.57 | 36.64 2.55 | 1.51 2.97 1 0.09
Max S-functions (arcs) B | By m | 40.0]100.3 26.0 | 19.0 31.0 | 30.0
Max dispersion (arcs) e | Ty m 1.1]0.0 2.010.0 2.0 0.0
S.R. energy loss in IP dipole keV 0.80 0.01
S.R. energy loss per turn U, keV 761.0Y 0.6
RF frequency frr MHz 475.99903 475.99903
RF wavelength Py m | ns 0.630 | 2.1 0.630 | 2.1
Harmonic number h 3492 56
Number of RF cavities N¢o 6 1
Number of RF drivers Ny, 3 1
Total RF voltage Var MV 5.1 0.10
Relative energy spread Op 7.7x1074 2.1x1074
Energy spread Op MeV 2.40 0.06
Natural bunch length Oso mm | ps 11.0 | 36.7 0.62 | 20.7
Synchrotron tune Vs 0.025 0.014
IP beta functions | By m 8.00 | 1.75 0.37 | 0.03
IP dispersion ne |y m 0.0 0.0 10.0
IP rms beam sizes Tro | T30 pm 627.4 | 51.2 258.1 | 58.7 365.0 | 83.1
IP convoluted beam sizes Yeo | Zyo pm 678.4 | 77.9 725.8 | 97.6
IP beta ratio 5 0.22 0.08
IP aspect ratio r 0.08 0.22
Bunch spacing b= 2App m | ns 1.26 | 4.2 1.26 | 4.2
Filled | Colliding bunches Ky 1658 | 26 26 | 26
Crossing angle 0:p mrad 0.0 0.0
Bunch population N 6.05x 1010 5.66x 108 1.13x10°
Bunch current 1 ,)i mA 1.32 0.77 1.54
Beam current I* mA 2190.7 20.0 40.0
S.R. power from IP dipole kW 1.75 2.0x107% 4.0x1074
S.R. power (total) Psr kW 1667 1.2x1072 2.4x1072
Beam-beam parameters & | &y 0.004 | 0.004 0.04 | 0.04
Specific Luminosity Ls | em 25 !'mA—2 0.87x10%° 0.64x10%°
Peak luminosity L cm 257! 2.3x 1030 3.4x 1039
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Table 2-2

PEP-N PARAMETERS at 0.5 GeV

VLER:0.5 GeV e~ Low / High Emittance

Parameter Units LER VLER
Energy | particle E GeV 3.119 | e™ 0.500 | e~
CM Energy FEcy GeV 2.498 2.498
CM velocity Bem 0.724 0.724
Lorentz factor 5 6104 979
Transverse emittance €z | €y 7w nm-rad 49.2 | 1.5 180 | 100 360 | 200
Coupling factor K 0.03 0.55 0.55
Momentum compaction [ 1.2x1073 7.2x1072 8.5x1072
Partition numbers T | Js 0.98 | 2.02 0.66 | 2.34 0.59 | 2.41
Damping times To | Ty | Ts ms 62| 60 | 30 4112712 45)27 |11
Natural chromaticity Vo | Vio —60 | —70 -10|—17 —10|—16
Circumference m 2199.330 35.270
Revolution frequency | time frev | Trew MHz | us 0.1363 | 7.336 8.500 | 0.118
Number of arc dipoles 192 8
Arc dipoles field T 0.681 1.372
IP dipole strength Tm 0.600 0.600
Arc dipoles bend angle | radius mrad | m 32.7 15.279 740.4 | 1.216
IP dipole bend angle | radius mrad | m 57.7 | 34.675 359.8 | 5.560
Betatron tunes Ve | vy 38.57 | 36.64 27|13 2.6 | 1.05
Max f-functions (arcs) 8. | B, m | 40.0|100.3 18.0120.0  18.0]17.0
Max dispersion (arcs) Mo | Ty m 1.1]0.0 1.310.0 1.710.0
S.R. energy loss in IP dipole keV 2.22 0.06
S.R. energy loss per turn U, keV 76221 4.3
RF frequency far MHz 475.99903 475.99903
RF wavelength Arr m | ns 0.630 | 2.1 0.630 | 2.1
Harmonic number h 3492 56
Number of RF cavities N¢ 6 1
Number of RF drivers Ny, 3 1
Total RF voltage Var MV 5.1 0.10
Relative energy spread 05 7.7x1074 3.5x1074
Energy spread Op MeV 2.40 0.18
Natural bunch length Oso mm | ps 11.0 | 36.7 12.0 | 40.0
Synchrotron tune Vs 0.025 0.012
IP beta functions By | By m 3.8810.83 0.37]0.03
IP dispersion e |y m 0.0 0.0 1 0.0
IP rms beam sizes il Tho pm 436.9 | 35.3 258.1|54.8  365.0 | 77.5
IP convoluted beam sizes 2o | Lyo Jm 507.4165.2  569.3 | 85.2
IP beta ratio s 0.21 0.08
IP aspect ratio r 0.08 0.21
Bunch spacing Sy = 2X\rp m | ns 1.26 | 4.2 1.26 | 4.2
Filled | Colliding bunches Ky 1658 | 26 26 | 26
Crossing angle 0:p mrad 0.0 0.0
Bunch population Nbi 6.05x 1010 1.13x10° 2.26 x 10°
Bunch current It mA 1.32 1.54 3.08
Beam current I* mA 2190.7 40.0 80.0
S.R. power from IP dipole kW 4.86 2.4%x1073 4.8x1073
S.R. power (total) Psp kW 1670 0.17 0.34
Beam-beam parameters & | &y 0.004 | 0.004 0.05 | 0.05
Specific Luminosity Ls | em™2s7lmA~2 1.38x10%° 0.95x 10%°
Peak luminosity L cm 257! 7.3 %1030 1.0x 103!
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Section 3 Beam-Beam Effect and Luminosity

The beam—beam interaction will ultimately determine the peaknosity of PEP-N. To
determine the peak, the maximum beam-beam tune shifts are assigned to each ring. béam, the
parameters are adjusted to maximize the luminosity within the tune shift limit constraints.

The circumference of theery low energy ring/LER had to be carefullichosen. The
harmonic number of the LER is 3492 which equals 2x2x3x3x97. Thus, toehakieVLERbunch
collide with the same set of LERunches alwaysthe VLER circumferenceshould be 22.7 m
(2200m /97) or 61.1 m (2200 m/ 2/ 2/ 3/ 3). The IRaR has arectangular size of 20 m by 7
m for a maximum possible circumference of 54 m. If onéesigns a ring with aealistic
combination of bendinghagnetsjnteractionpoint, and RF-injection-feedback straigbéction, a
minimum circumference of about 30 m is needed [3]. Thus, we could nothegbove clocking
constraint and were forced to chooseraumference irbetween. We chosg5.3 mwhich is 56
RF buckets. Thereforesvery bunch in one ring collides with every bunchtte otherring,
eventually. Sometimes, a bunch has no collision on a given turn dependimg lonation of the
gaps in the bunch trains.

For PEP-N animportant constraint is that the beam-beam performéocd?EP-II and
BaBar should not be affected. This implies that the LER of PEP-II should be operatptinfiom
luminosity for the BaBar detectdfor the LER, this assumptiotranslates into keeping thmam
emittances, the number of bunches, and the total charge the samé¢haslésign ofPEP-II. The
allowed parameters that can be adjusted aréotiaé betafunctions atthe collision point iNR12.

The allowed tune shifparametefor the LERshould besmall compared to thenes measured in

IR2 which is about 0.04. Thus, we selected 0.004, which is ten times smaller than those in PEP-II

IR2, asthe maximum allowed beam-beam tusieifts for the LER in PEP-N. Inreality, the

empirically determined maximum tune shift parameter may well be significantly higher, which may

allow a higher luminosity for PEP-N.



The maximum tune shift parameters for the VLER were determinedibg datafrom the
VEPP-2M collider alNovosibirsk [4],which operates aimilar energies.The relevant data are
shown in Figure 3-1. From this figurhe maximum tunehift is set aD.02 for 150MeV, 0.04
for 300 MeV and 0.05 for 500 MeV. The allowed tuning variabdeghe VLER are theurrents,
emittances, bunch charges, and the beta functions at the collision point.

The optimized parameterer collisions in PEP-N are shown inTable 3-1 for beam
energies of 150, 300 and 5&8&V and for two un-couplingmittances oB00 and 600hm. The
beta functions for VLER are fixed at 37 and 3 cnfor the horizontal andvertical planes,
respectively, aall energies.The total beam current is varied YALER to keep the tuneshifts
constant fothe LER. The betafunctions inthe LER are varieavith different VLER energies to
keep the VLER tuneshifts constant.Theresults showthat the Iluminosityshould be about
10* cmi’*s™* at 500 MeV and above 2 xf@&m®s* at 150 MeV.

Early in the days of B-Factory design, Keil and Hirata discovered [5,6] that having rings of
different diameters introduces additiot@nsverséoeam-beamesonancesThese calculations do
apply to PEP-N but, as understood at present, are ameliorated by $estenas.The first is that
the beam-beam coupling in one of ttegs is very small, LER, which strongly reduces the
resulting drivingforce. Secondbecause of theery high order factors ithe coupling, the tune
spreads irthe beam willstrongly damp theresonanceskEvery bunch ineachring collides with
every bunch in the other ring but only after 26 L&is or 1746VLER turns. Third,both rings
have verystrong active transverse bunch-by-bunch feedbaskstems which wouldlamp this
excitation if it starts. We believe that the Keil-Hirata effect is negligible for PEP-N.

The shortest beam lifetime fMLER from luminosityrelated particldoss iscalculated for
500 MeV which is thevorst caseThe resultsareshown in Figure 3-2. A 30finute lifetime is

expected.



Table 3-1: Beam-Beam Parameters for PEP-N at 150, 300, 500 MeV.

Parameter Units [100 MeV| 100 Me\| 300 MeV{f 300 MeVY 500 Mey 500 MelV
Low &, | High &, | Low &, | High &, | Low g, [ High g,
E LER GeV 3.10 3.10 3.10 3.10 3.10 3.10
E VLER GeV 0.10 0.10 0.30 0.30 0.50 0.50
Beta x LER cm 3200 3200 800 800 388 388
Beta y LER cm 700 700 175 175 83 83
Emit x LER nm 49 49 49 49 49 49
Emit y LER nm 1.5 1.5 1.5 1.5 1.5 1.5
Beta x VLER [ cm 37 37 37 37 37 37
Beta y VLER | cm 3 3 3 3 3 3
Emit x VLER nm 180 360 180 360 180 360
Emit y VLER nm 115 230 115 230 100 200
Num Bunch 26 26 26 26 26 26
| LER mA 2140 2140 2140 2140 2140 2140
| VLER mA 5 10 20 40 40 80
N LER 6.05E+10| 6.05E+1D 6.05E+]10 6.05EH10 6.05E#10 6.05H+10
N VLER 1.41E+08| 2.83E+08 5.66E+(08 1.13EH09 1.13E#09 2.26H+09
Sig x LER um 1252.2 1252.2 626.1 626.1 436.( 436.0
Sig y LER um 102.5 102.5 51.2 51.2 35.3 35.3
Sig x VLER um 258.1 365.0 258.1 365.0 258.1 365.(
Sig y VLER um 58.7 83.1 58.7 83.1 548 77.5
Cap Sig X um 1278.5 1304.3 677.2 724.7 506.7% 568.6
Cap Sig Y um 118.1 131.9 77.9 97.6 65.2 85.1
Luminosity |cm“s*| 2.0E+29| 3.5E+29 2.3E+30 3.4E+30 7.3E+B0 1.0E+31
calc
£x LER 0.0041 0.0042 0.0041 0.0041 0.004[0 0.0040
§y LER 0.0040 0.0040 0.0040 0.0040 0.0041 0.0041
£x VLER 0.0203 0.0203 0.0405 0.040% 0.0502 0.0502
§y VLER 0.0201 0.0201 0.0402 0.0402 0.05073 0.0503
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Fig. 3-1: Vertical tune shift parameters versus energy for VEPP_2M
with and without a 7.5 T wiggler.
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Fig. 3-2: Beam lifetime for the VLER electron beam from luminosity.
The number of particles at 500 MeV is 5.8 e+10.



