
The luminosity achievable in a linac-CESR

collider based on the present performances and

perspective

P. Patteri - LNF-INFN

September 26, 1997

1 Introduction

Previous estimate of the luminosity achievable on a linac-CESR collider [1]
were based on the performance data taken from the literature, which mainly
reported results concerning the optimization of operation for the CLEO de-
tector in the South Interaction Point (SIP). Moreover, the linac parameters
were taken from the design performances of the TESLA Test Facility super-
conducting linac and no attempt was done to estimate the luminosity, which
could be provided by the existing S-band linac of the CESR injection chain.

The set of the parameters used in this note is derived from past mea-
surements with di�erent con�gurations or limited extrapolations. Anyway
its feasibility must be checked with a machine test; this estimate is intended
to de�ne the linac and lattice upgrading required to reach a luminosity of
1 � 1030 cm�2s�1 in an experiment at the North Intraction Point (NIP).

The luminosity is given by

L =
nenpfc
4��x�z

=
IMICESR
4��x�z

tMfM
e2nbfring

The meaning of the parameters is given in the footnote 1. In the following
chapters their present and achievable values are discussed.

1ne(p) is the number of electrons (positrons) in each bunch; fc [Hz] is the frequency
of collision at the interaction point;ICESR [A] is the stored current in CESR, divided in
nb bunches, circulating with orbital frequency fring [Hz];.IM [A]; tM [s] and fM [Hz] are
respectively current, duration and repetition rate of the linac macropulse.�x; �z [cm] are
respectively the horizontal and vertical size of the beam at the interaction point.

1



2 The CESR parameters

A schematic layout of the experiment is shown in �g. 1. The shaded back-
ground indicates which new parts, or substantial changes, are required for
the linac-ring collider operation. Some of these (lighter background) would
improve the injector operation for the standard CERS two beam operation
too.

300 MeV LinacGun

Synchrotron
          arcCESR

Beam
dump

Detector

NIP

SIP
(CLEO III)

Fig. 1 - Schematic layout of the linac-ring collider at CESR.

2.1 The current

At constant currents IM and ICESR the luminosity increases as L / n�1b , as
shown in (1). The reduction of the number of the stored bunches, and the
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variation of their spacing, a�ect the multibunch instability threshold. More-
over it implies a corresponding increase of the bunch charge in the electron
beam, which usually impairs the emittance, so a trade o� must be found.

The best performances achieved at CESR are summarized in table 1. The
measurements in column 3 and higher [2], intended to measure the instability
threshold in multibunch mode and its dependance on bunch spacing, were
carried on without feedback; an improvement of � 50% is usually achieved
with the feedback on. The measurements in column 1 and 2 were carried on
recently [3]. The feedback was on in the 9 bunch run.It was possible to store
without di�culty 52mA in a single bunch with the feedback o� and 200mA
in 9 bunches with the feedback on. In both cases the test was terminated by
a trip of the rf system before any instability onset were observable.

The current should be raised in future up to 500mA with the installation
of superconducting cavities. The results in the �rst two columns of table
1 indicates that this improvement can be fully exploited concentrating the
current in a few bunches. Moreover, the sc cavities will reduce the wall
impedance raising the instability threshold. If the collider will have dedicated
shifts for enough long time, the vertical separators in the North area could
also be removed, further improving the wall impedance. This eventually
could result as a necessity to realize a suitable interaction region.

All this indicates that np = 5 � 1011� 18 bunches or even np � 9 � 1011� 9
bunches should be possible after the planned upgrading. This possibility is
discussed in the following, but it is presumable it could not be fully exploited
due to the linac bunch current limit. Anyway this gives the possibility of the
choice among di�erent np; ne; and fc combinations. The number of bunches
� 15 �ts best with the linac performances reported in the next section.

Table 1: Multibunch instability threshold with di�erent train structures with
feedback o� (1 � 9 train with feedback on).

Bunch� train 1� 1 1� 9 2 � 9 3� 9 4 � 9
Spacing [ns] 2560 284 14 28 42 56 6 pattern 4 pattern
Ith [mA] 52 200 100 183 231 162 155 max 150 max
np=bunch[1010] 80:0 35:6 8:4 16:3 20:5 14:4 9:2 6:7

Since the collider does not require a close packing of the bunch train to
avoid parasitic crossings, a larger bunch spacing can be used to minimize the
wake�eld e�ects. The ring can be �lled with 15 bunches equally spaced at
168ns, leaving a reduced gap of 42ns between the �rst and the last bunch.

The bunch spacing (constrained to multiple integer of 14ns) is relevant
to provide negative interference between the wake�eld caused by previous
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bunches. Some measurements [7] clearly show this e�ect on the wake�eld
caused by a scraper protruding inside the vacuum chamber when trains of
closely spaced bunches are stored. Of course the resonant frequency and the
decay time will depend on the discontinuity trapping the wake�eld. In our
collider the multibunch instability driven by these �elds could be tamed by
a systematic search of long decay wake�eld and �ne adjustment of bunch
spacing to provide as far as possible a cancellation among them.

2.2 The lattice

The lattice for the present CLEO operation with 
at beams has the param-
eters listed in the �rst row of the table 2. The operation with round beam
is under study; the design parameters are listed in the second row. It will
provide a luminosity increase of a factor 1:9. In the following two rows the
same parameters at the interaction point are scaled by the emittance reduc-
tion factor which should be given by an orbit distortion so that Jx � 2, as
discussed below. The data in the row 4 are just an extrapolation of those in
rows 2 and 3 [5].

Table 2: CESR parameters with di�erent lattice at 5:3GeV .

Configuration �x �z �x �z
type [m] [m] [m � rad] [m � rad]

Standard 1:0 0:015 1:9 � 10�7 5:9 � 10�9
Round beam 0:030 0:030 9:5 � 10�8 9:5 � 10�8
Standard&Jx = 2 1:0 0:015 7:2 � 10�8 2:2 � 10�9
Round beam&Jx = 2 0:030 0:030 3:6 � 10�8 3:6 � 10�8

These optical functions at SIP have been obtained with the permanent
magnet quadrupoles of the microbeta insertion; the round beam focusing will
require superconducting quadrupoles too. A similar focusing will be provided
for the interaction point in the North Hall, moreover, since a collision point
displaced a few meters away from the symmetry point is foreseen, a peculiar
arrangement of the lattice is required. In the present luminosity estimate it
is assumed that the listed values have been achieved in this new arrangement
too.

2.3 E�ect of change in Jx

The �rst studies of CESR performances with round beams were carried out
in 1990 [9], using a lattice designed to provide only one collision in the NIP.
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The separation required in the SIP, displacing in di�erent way the e� and
e+ trajectories in the strong quadrupoles of the microbeta section, caused
a reduction of the positron beam emittance, mainly due to the increase of
the partition number Jx up to Jx = 1:9. The maximum expected emittance
reduction factor was 2.1, as shown in table 3. The beam separation was
really set with electrostatic separators [4] and a few measurements of the
beam sizes were carried out, con�rming that the e�ect is opposite for e+ and
e�, although the systematic errors prevented a close comparison with the
simulation results[9].

Table 3: CESR parameters (e+ and e� beam) vs. separator kick .

Sep:kick [mrad] 0:0 �0:16 �0:30 �0:70
D+ 0:02 �0:19 �0:37 �0:91
D� 0:02 0:23 0:40 0:90
�+ m 1:36 � 10�7 1:09 � 10�7 0:93 � 10�7 0:64 � 10�7
�� m 1:36 � 10�7 1:77 � 10�7 2:34 � 10�7 15:44 � 10�7
�+x ms 28:6 23:6 20:4 14:6
��x ms 28:6 36:4 47:1 288:6
�+s ms 13:9 15:5 17:2 25:8
��s ms 13:9 12:6 11:7 9:7
(�E=E)+ 0:60 � 10�3 0:63 � 10�3 0:67 � 10�3 0:81 � 10�3
(�E=E)� 0:60 � 10�3 0:57 � 10�3 0:55 � 10�3 0:50 � 10�3

Since the source of this e�ect is limited to the ring arc around the SIP, it
could be exploited whatever lattice change is done at NIP.

The increase of the energy spread raises the single bunch current limit
too, which could be of concern to exploit the planned current increase to
500mA.

2.4 The ultimate emittance

Another way to reduce the beam size is to use a low emittance lattice,
with higher tunes. CESR operated in this con�guration for a few runs
dedicated to synchrotron radiation user [11], achieving an emittance �x =
5:5 � 10�8@5GeV . Since the Touschek e�ect on lifetime began to be evi-
dent 2, this can be considered the ultimate usable emittance. This scales to
�x = 6:2 � 10�8 at 5:3GeV where of course the Touschek lifetime is slightly
longer.

2M. Billing, private communication
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For comparison the minimum horizontal emittance achievable with a
FODO machine with a magnetic layout composed of 80 bends, like CESR, is
�x = 5:1 � 10�8m. This could be reduced to �x = 2:4 � 10�8 m with the orbit
distortion so that Jx � 2 . Finally, if round beam and full coupling operation
is considered, the horizontal and vertical emittancemight be �x = 1:2�10�8 m.

It is to bear in mind that in table 1 a radial-vertical coupling k = 0:03 was
assumed, as reported in the literature for colliding beam operation. In the
linac-ring collider operation, with much smaller beam beam perturbation,
the bunch dynamics is essentially that of a single beam, allowing a smaller
k. A value k = 0:01 is still conservative at current up to 50mA=bunch. In
section 5 a comparison of the luminosity achievable with di�erent lattice is
carried on, and this factor, providing a luminosity improvement of

p
3, is

taken into account.

3 The linac

The linac-ring collider operation needs an electron beam of energy between
150MeV at the baryon pair threshold and 200MeV above the � pair thresh-
old. As shown clearly by eq. (1), the luminosity is proportional to the av-
erage current < I >= IMfMTM . The S-band linac in the injection chain
of CESR provides a 337MeV electron beam. The linac speci�cations have
been closely matched to the synchrotron performances, so probably no power
plant oversizing could be exploited to improve the present capability. The
limits are mainly set by the HV supply, modulators and maybe klystron.
Some improvement is considered feasible, by an overall factor 2, but cannot
be guaranteed; moreover, the reliability of a linac continuously operating
at its limit must be seriously taken into account. The accelerating guides
should be capable of sustaining an higher duty cycle, taking into account the
reduced gradient too. The bunch train formation in the 2:56�s macropulse
is obtained with a 150 kV grid gun and a prebuncher. This allows a large
freedom in the choice of the bunch spacing, but cannot provide a high quality
beam at high bunch charge. The most powerful operating mode provides a
train of 15 microbunch of 10nC at a repetition rate of 60Hz. The corre-
sponding parameters involved in (1) are ne = 6:3 � 1010 and fc = 900Hz.

An emittance measurement [12] gave a normalized transverse emittance
�(n) = �
� = 1:3 � 10�3. This corresponds to � = 4 � 10�6@150 MeV and it
is two orders of magnitude worse than the emittance required to match the
stored beam.
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3.1 The linac stability and possible improvements

A number of items to be addressed to improve the injection chain in CESR
has been listed in June 1994 [14]. A part of them would be relevant to the
operation of the linac for this collider. A program to improve diagnostic
and control system of the existing linac would be useful to its operation for
CESR and to a better de�nition of the upgrading which should be included
in a proposal for the linac-ring collider.

Since the linac normalized emittance is equal, at the best, at the injector
emittance, a new injector providing �(n) � 4 � 10�6@10nC is required. Such
performances are the top (maybe ahead) of the present achievements for the
linear collider and FEL injectors. A substantial expertise will be gained in
short terms by the study carried on at DESY and Fermilab for the TESLA
injector [13]. Such an injector will be based on an rf gun with a photocathode
providing a few MeV bunched beam, ready for injection in the �rst linac
section. Due to the better performances in the critical low energy stage it
would provide a large improvement in the electron injection e�ciency in the
synchrotron and in the beam focusing at the positron converter.

Some measurements have been carried out in the past in the high charge
mode, resembling the operating mode required for the collider. The existing
data are reported here as a reference [6], since most will be positively a�ected
by the lower emittance and higher energy of the new injector. Some other
measurements are proposed.

The single bunch emittance degradation in the transport through the
accelerating guide must be estimated by simulation; of course no meaningful
measurement can be done with the present injector.

The beam position wandering and drift, causing an apparent increase of
averaged emittance, could be measured by the existing beam position mon-
itors but care must be taken not to overestimate this e�ect, which depends
on the drift due to the present injector too. Indeed, a drift in the millimeter
range due to the wake�eld of close bunches has been observed [10]; a larger
e�ect should be expected at 10nC=bunch. Since all this happens to the beam
at � 400 keV , the new injector will completely overcome these problems.

Two largely di�erent time constants are involved in the linac beam dy-
namics: the prebuncher �lling time �PB � 30�s and the accelerating section
�lling time �L � 700ns.

The beam loading of the 214MHz prebuncher, resulting mainly in a large
phase shift, is compensated by adjustment of the gun timing. The residual
phase shifting along the macropulse can be compensated, independently of
its cause, by acceleration at +�� and ��� with respect to the peak in
consecutive linac sections, so that the opposite slopes of the accelerating
�eld cancel the e�ect of the phase jitters. This is done now only in the last
two sections.
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The energy variation due to beam loading during the macrobunch has
been measured with the existing set up. The e�ect of the beam loading at
� 300MeV is �E=E = 3%@2 � 1010 e�. This value is taken with respect to
the energy of the �rst bunch in the macropulse and it is due to the integrated
charge during the following �L. In our case ne = 6 �1010 so �E=E = 9% must
be assumed; the energy di�erence among the following bunches at time > �L
is lower by an order of magnitude due to balancing between beam loading
and rf power feeding at lower accelerating �eld. Moreover, since operation at
2/3 of the maximum gradient is foreseen, a wide dynamic range is available
to farther reduce this energy drift with a feedforward correction.

The energy spread in the microbunch has never been measured directly.
If a current of 500mA in 10 bunches can be stored in CESR a corre-

sponding linac bunch pattern is desirable. This would imply 15nC=bunch =
9 � 1010 e�; the beam loading and the wake �eld will heavily a�ect the beam
quality. It is not possible to assert now that it is possible to provide such a
high charge beam with emittance suitable for the collider.

4 The interaction region

A lattice for the interaction region (IR) has been designed and matched to
the low emittance optics used in dedicated synchrotron radiation operation
[11]. No attempt to distort the orbit in order to get Jx � 2 was done.

This design was mainly intended to give an insight to the constraint posed
to the detector by the magnetic elements of the lattice, which has to provide
a smaller beam section with respect to the lattice already considered 3. The
IR lattice was not constrained to be compatible with standard lattices for two
beam operation, but the compatibility seems to be retrievable with further
adjustments. The goal of the design were:

� Easy matching to the linac beam.
� Reduced, as far as possible, interference between linac and ring lattice.
�Minimal interference between ring lattice elements and collimated charged

pairs.
� Large room for multihadron detection soon after the collision point.
� Asymmetric position with respect to the experimental hall to increase

the time of 
ight usable for particle identi�cation.
It is to note that the angular opening of the pairs is depending on the

available kinetic energy in the c.m. frame, weakening any optimization of
the third item in the list. Since this is a crucial point to the success of the

3The IR design was carried on after a preliminary version of this note showed that the
luminosity achievable in standard CESR con�guration (current, IR, bunch pattern) had
to be improved by nearly an order of magnitude to provide the collider requirements.

8



experiment, an iterative study of the interference between the detector and
the quadrupoles, even realized with di�erent technology, is to be carried on.
A much wider presentation of the interaction region and its entanglement
with the detector will be given in a separate note.

4.1 The linac and ring beam size matching

The linac emittances are typically equal in both planes, therefore the beam
size ratio is

�z
�x

=

p
�z�zp
�x�x

�
p
�zp
�x

A ring with minimal coupling has �z=�x � 10�2; moreover, in a microbeta
collision point it is �z=�x < 0:1 so the beam size ratio is

�z
�x

=

p
�z�zp
�x�x

< 0:03

In order to match such a beam the linac lattice at the interaction point should
provide �z=�x � 10�3.

Clearly, the round beam lattice with �z = �x best suits to collider opera-
tion, but it needs stronger focusing in both planes to obtain the same beam
section; superconducting quadrupoles are also required. With such a choice
it seems hard to reach the other goals, namely the smallest angular covering
of the downstream line.

In an (out-of-coupling) ring lattice a round beam can be obtained with
�z >> �x; this cannot be done in standard ring because the linear tune shift
becomes intolerable, but in the collider the repetition rate fM � 1=�damping so
the cumulative e�ect is weighted with a very low duty cycle. The perturba-
tion to the stored beam were a major concern in the design of high luminosity
linac-ring collider for the B-factory, mainly due to the dipolar kicks caused
by the linac beam wandering. A carefull study of these e�ects is mandatory
after the choice of a lattice with �z >> �x, which appears the more feasible
at this stage.

The beam section � is given by

� = �x�z =
�
�x�x=2 for round beams

�x
p
k�x�z for 
at beams

With the round beam parameters �x = �z = 0:03m and �x = �z =
1
26:2 �10�8

it is � = 9 � 10�10. In order to obtain the same � with the 
at beam and
k = 0:01 it must be �x�z = 0:0225m2.
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4.2 The lattice of the IR

The lattice has �x = 0:022m; bz = 0:293m ! �x�z = 0:0064m2, provid-
ing a luminosity improvement of a factor � 1:9 with respect to previous
assumption. A dispersion free straight section (� � 0) is mandatory so that
� � (�E=E) < �x�x and the contribution to the radial beam size due to the
energy spread is negligible. At CESR it is �E=E = 6 �10�4@5:3GeV so must
be � < 0:06m. This is ful�lled adjusting the four quadrupoles upstream the
last magnet, although not a perfect dispersion suppression has been achieved
leaving a residual � = 0:02m at the IP. The terminal part of the West arc
modi�ed to realize the dispersion suppressor is shown in �g. 2.
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Fig. 2 - Optical functions �x; �z; �x in the West arc modi�ed for dispersion suppression.

The magnetic elements are displayed with thick points.

The requirement of an asymmetric position suggested to realize a waist as
soon as possible after the last upstream magnet, using most of the straight
section for matching at the �rst downstream magnet, so as not to a�ect
the dispersion suppressor. Eventally a completely symmetric layout came
out, with two waists 7m apart. This may not to be the best solution, since
special quadrupoles are used around the waists and limited free space is
available between the central quadrupoles. However, this provides 1:5m free
downstream the interaction point and 0:8m upstream; a collision angle less
than 0.1 radian is feasible guiding the electron beam with a septum magnet
up to a few centimeters from the axis.

The optical functions of the lattice in the IR region are shown in �g.3.
The description of the elements layout and strength, and the optical functions
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produced by MAD are given in appendix. A more detailed discussion of the
magnet occupancy is given in the following.
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Fig. 3 - Optical functions �x; �z in the interaction region.

It is to note that the free space after the last magnet, which is � 3:4m
in the standard CESR lattice, is now reduced to 1m. It is partially occupied
by the vertical separators, so there is no compatibility between the standard
and collider lattices; however, a shorter version of the IR lattice, with less
room after the IP, could be matched proviging more room for the separators.
Anyway it is wortwhile noting that the higher �z in collider lattice increases
the e�ectiveness of a vertical kick compensating for a shorter separator.

4.3 The magnet occupancy

The magnets downstream the IP have strength 4 K1 � 1m�2. If realized
with the conventional electromagnet tecnology they would occupy a large
space around the pipe. The permanent magnet (PM) quadrupoles provide
K1 > 1:5m�2 and have a far smaller outer radius. The parameters of the PM
quadrupoles for the CESR phase III IR have been taken as a reference and
are listed in table 4, together with those for the collider IR. Their transverse
mechanical dimension have been assumed to de�ne the allowed geometrical
acceptance of the detector, although the collider quadrupoles, due to the
lower K1, could probably be slightly smaller. The space �z is measured
from the IP and the nearest edge of the element. The masked angles are
measured with respect to the positron beam axis.

4The MAD notation is used here:K1 = @B
@x

�

1
B�
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Table 4: Parameters of the PM magnets

Machine Magnet K1 �z length i:rad: o:rad: Masked
config: type [m�2] [m] [m] [cm] [cm] angle

CESR III REQ1 �1:63 0:094 3:35 6:40
" REQ2 �1:78 0:188 3:35 7:04

Collider QWN1 1:56 �0:80 0:760 3:35 6:4 � < 0:043
" QWN2 �0:94 �2:45 0:950 3:35 6:4
" QEN1 1:06 1:80 0:990 3:35 6:4 � � 0:069 < �
" QEN2 �1:00 2:78 0:650 3:35 6:4
" Bend �� 12:40 2:945 2:50 �� 0:0016 < �

The trajectories of all particles exiting at angle 0:043 < � < � � 0:069
with respect to the positron direction are free of any interference from the
magnetic elements.

The total solid angle free from interference is > 0:99 � 4�. However,
the angular acceptance must be weighted by the angular distribution in the
laboratory frame, which is strongly depending on the particle kinetic energy
in the center of mass frame. The geometrical cuts caused by the quadrupoles
are shown in �g. 4.
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Fig. 4 - Geometrical cuts due to the outer radii (thicker line) of the quadrupoles around

the interaction region.

The particles at angle 0:022 < � < 0:043 and � � 0:069 < � < � � 0:036
exit the vacuum pipe at distance from the interaction point �z < 1:50m and
�z < 0:93m and go through the body of the �rst downstream and upstream
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quadrupole respectively. Due to the thinness of the PM quadrupoles � 3 cm
a non negligible detection e�ciency for these particles is conceivable. On the
other hand, this could be the source of a strong background generated by
the conversion of 
's coming from the upstream bending magnet.

From the upstream waist to the end of the �rst downstream bend there
are 15:4m and a full opening angle of 3.2 milliradian in the vertical plane
and someting more in the radial plane, depending on the pipe width inside
the magnet. It could be useful for measurements of barions just a few MeV
above the threshold.

5 The luminosity

The starting point of this feasibility study were the parameters listed in [8],
coupled with the achievements of the linac and ring currents reported in sect.
2 and 3. This corresponds to the �rst line of the table 5.

Table 5: Luminosity achievable as a function of various CESR con�guration.

Config: �x k 4�� � 108 np ne fc L � 1030
[nm] [cm�2] [1011] [1010] Hz [cm�2s�1]

Standard (flat beam) 190 0:03 5:06 3 6 900 0:03
Standard & Jx � 2: 90 0:03 2:39 3 6 900 0:07
�min (f:b:) 51 0:03 1:36 3 6 900 0:12
�min &Jx � 2 (f:b:) 24 0:03 0:64 3 6 900 0:25
�min (r:b:) 26 1:00 0:96 3 6 900 0:17
�min &Jx � 2 (r:b:) 12 1:00 0:45 3 6 900 0:36
LatticeSR 62 0:01 0:62 5 6 900 0:43
LatticeSR&Jx � 2: 29 0:01 0:29 5 6 900 0:92
LatticeSR&Jx � 2: 29 0:01 0:29 9 6 900 0:99
LatticeSR&Jx � 2: 29 0:01 0:29 9 9 540 1:49
�min&Jx � 2: 24 0:01 0:24 9 9 540 1:80

The improvements due to lattices with lower emittance are in rows 2 -
4. The further conceivable improvements using a round beam are in rows 5
and 6. All these con�gurations use an IR lattice not optimized for collider
operation and in the 
at beam cases assume k = 0:03, as reported in the
colliding beam literature.

The following data (rows 7 - 11) refer to the IR lattice brie
y described in
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sect. 4 and take into account the possible increase of np and ne when CESR
current � 500mA.

These evaluations has been carried out at 5:3GeV ; operation at reduced
energy down to � 4:0GeV can give a factor 1.7, due to the decreased emit-
tance, but all beam stability issues at high current and the compatibility
with the permanent magnets in the SIP must be considered.

6 Conclusion

A linac-ring collider based on CESR and the existing injector seems feasi-
ble. It can provide the required luminosity L = 1030cm�2s�1 exploiting the
planned machine upgrading, a low emittance lattice and a new interaction
region.

The linac emittance must be reduced using a new gun which will improve
the overall linac stability and positron injection e�ciency. Further test on
the linac emittance stability along the macropulse are needed.

The possibility of using the existing transfer line from the linac exit to
the synchrotron and the synchrotron arc to transport the 150MeV e� beam
to the North hall is still to be considered. The fundamental question is if
such transfer line preserves the beam emittance in a � 200m long path.
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Table A1 - MAD input/output �les of the interaction region.

!Interaction region for linac-ring collider
!
! Drift spaces
dw1:drift,l=0.762
dw3:drift,l=1.08
dw2:drift,l=0.460
de1:drift,l=0.290
de3:drift,l=0.70
de2:drift,l=0.7
dwir:drift,l=0.93
deir:drift,l=1.5
!
dw03:drift,l=0.15714
dw04:drift,l=0.87304
dw07:drift,l=0.50175
dw27:drift,l=2.39981
dw28:drift,l=3.34000
dw45:drift,l=0.85380
dw46:drift,l=1.10564
dw47:drift,l=0.79013
dw50:drift,l=3.64560
dw51:drift,l=0.18260
dw53:drift,l=1.32600
!
! Quadrupoles
!
qwn1:quad,l=0.76,k1=1.5586
qwn2:quad,l=0.95,k1=-0.9424461
qwn3:quad,l=0.6,k1=0.7754535
qen1:quad,l=0.99,k1=1.0587
qen2:quad,l=0.65,k1=-0.9995
qen3:quad,l=0.60,k1=-0.8643
!
! Standard CESR quads
qw45:quad,l=0.60,k1=-0.252217
qw46:quad,l=0.60,k1=0.415909
qw47:quad,l=0.60,k1=-0.196707
qw50:quad,l=0.60,k1=-0.049276
!
! CESR quads modified for matching
qw41:quad,l=0.60,k1=-0.263807
qw42:quad,l=0.60,k1=0.363310
qw43:quad,l=0.60,k1=-0.196539
qw44:quad,l=0.60,k1=0.359481
qw45:quad,l=0.60,k1=-0.2976499
qw46:quad,l=0.60,k1=0.4568916
qw47:quad,l=0.60,k1=0.0522434
qw48:quad,l=0.60,k1=0.551317
qw49:quad,l=0.95,k1=-0.639611
qw50:quad,l=0.60,k1=-0.1618356
!
!
!
!

!
!
!BENDINGS
b1:sbend,l=6.574262,angle=0.07479974
6,&
   e1=0.018699937,e2=0.018699937
b2:sbend,l=3.237903,angle=0.10228940
1
b3:rbend,l=2.94526,angle=0.020944245
b4:rbend,l=1.6435,angle=0.018699463
b6:rbend,l=3.28698,angle=0.037400331
b7:sbend,l=3.177222,angle=0.09125445
b8:sbend,l=6.575288,angle=0.11220000
7,&
   e1=0.02805,e2=0.02805
!
marc:marker
mip:marker
! LATTICE & LINES
wir:line=(-(b3,dw3,qwn3,dw2,qwn2,&
              dw1,qwn1,dwir,mip))
eir:line=(deir,qen1,de1,qen2,de2,qen3,d
e3,b3)
midir:line=(-wir,deir,qen1,de1,qen2)
fullir:line(midir,-midir)
b:line=(dw03,b1,dw04)
matchw:line=(dw47,qw50,dw07,b7,dw4
6,&
             qw47,dw45,b6,dw53,&

qw46,dw51,b8,dw04,qw45,dw28,&

dw27,qw44,dw51,b8,dw50,qw43,&
             b,qw42,b,qw41)
matche:line=(matchw)
dxzero:line=(-matchw,marc,b3)
arcir:line=(-matchw,marc,-wir)
ir:line=(-wir,eir,matche)
use,fullir
print,fullir[1]
twiss,betx=21.391,bety=50.351,dx=-
0.025,&
      alfx=-4.417,alfy=0.620,dpx=-
0.002,tape
stop
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