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1 Introduction (ME)
The two storage rings MAX I and MAX II are today fed by a 100 MeV race-track
microtron i . The electron beam from the microtron is injected into MAX I. The beam can
then be stretched to deliver a contious electron beam for experiments in nuclear physicsii or
ramped up to 500 MeV. In the latter case, the ramped beam can either injected into MAX II
and ramped there to 1.5 GeV or be used for synchrotron radiation experiments in MAX I.
The accelerator systems at MAXlab are currently being upgraded. The main motivations
for this activity are the following:
1. The racetrack microtron is ageing and needs to be replaced.
2. The MAX I and MAX II rings ought to be decoupled from each other.
3. The number of straight sections available for insertion devices should be increased.
4. The electron energy for the nuclear physics programme at MAX I should be increased

from 100 to 250 MeV.

The current solution to these limitations is to install a new injector and another small
storage ring, MAX III.

The new injector system consists of two 5.2 m 3 GHz acceleration sections of the DESY II
typeiii . Each section is fed by a klystron followed by a SLED systemiv . Each section will
give an energy gain of 125 MeV so the energy gain will be 250 MeV for each electron
beam transit.

The linacs can be fed by one of two RF guns, one in action and one as a hot spare.
The gun in action  is fed from the 5.5 MW klystron being left over from the race-track

microtron.
After the first transit of the linacs, the beam is recycled by two 1800 isochonous magnet
systems. The final beam energy is then 500 MeV.

The total circumference of this system is some 30 m or 100 ns. The electron gun is
equipped with a fast kicker magnet which allows a 100 ns long electron beam to be
accelerated in the linacs. When the electron beam from the gun is switched off, the head of
the accelerated beam will enter the first linac for the second time. The linac sections will
then see a constant beam-loading during 200 ns.

This injector will serve three storage rings. MAX I will be injected at 250 MeV. The
recirculation system will not be used in this case. MAX II and MAX III will be injected at
500 MeV.

Apart from being used as a storage ring injector, the injection system can also work as an
electron source for FEL in the IR and UV spectral regions.

The new storage ring MAX III is optimised for synchrotron radiation production in the UV
spectral region. This ring will thus ease the pressure on the MAX II straight sections, some
of which now can be used for additional beam-lines in the x-ray and soft x-ray spectral
regions. The MAX III ring will be equipped with 8 straight sections, seven of which can be
used for insertion devices. The ring should also be built to provide IR radiation.
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2 The storage ring project (ME)

2.1 Target specifications

El energy Pulse
current

Pulse
length

Energy
spread

Emittance Rep rate Pulse time
str

(MeV) (mA) (ns) (% RMS) nmrad (Hz) MHz
250 40 100 0.1 20 10 500
500 40 100 0.1 10 3 500

2.2 Modes of operation.
When injecting into MAX I, the electron beam is deflected upwards to MAX I after passing
the two linacs once. The 300 bending magnet is then engaged.
When injecting into MAX II and MAX III, this magnet is switched off and the 250 MeV
beam will be recirculated through the linacs once more. When the electron beam enters the
first 1800 bend for the second time, it will be deflected by the first dipole magnet and pass
into an extraction channel. This deflection is then compensated for by a separate magnet
and guided to MAX II and MAX III.
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3 Facilities (ME / LJL)

3.1 Building

3.2 Cooling system
Text.
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4 Radiation safety storage ring (ÅA)

4.1 Introduction
A new injector system for the MAX-I and MAX-II rings are being designed. MAX-I will
be injected at 250 MeV instead of 100 MeV. The nuclear physics program will also be
upgraded from 100 MeV to 250 MeV. Furthermore, a new third ring are being designed
and will be placed next to the MAX-I ring. It will, as the MAX-II ring, be injected at
500MeV. Some changes in the present radiation shielding, and some new shielding will be
needed in order to provide for a safe environment at the lab.

According to the permission in force from The Swedish Radiation Protection Institute,
MAX-lab is to follow the general radiation protection regulations. The dose limits for
workers within ionising radiation areas are given in regulation SSI FS 1998:4 5§, which
takes effect January 1st 2000. These annual dose limits are given in Tab. 1. Outside the
accelerator shielding one are dealing with relatively smooth radiation fields, so that it is
reasonable to design for the case of a whole body radiation. This means that the “effective
dose” is equal to the “equivalent dose”, and in the remainder of this chapter we will use the
term “equivalent dose” or only “dose” if its meaning is clear from the context. We see from
Tab. 1, that over one year, workers above 18 years of age must not be exposed to an
equivalent dose exceeding 50 mSv. However, according to SSI FS 1998:4 3§ we also have
to optimise the radiation protection so that the dose levels are held as low as possibly
achievable. It is therefore our aim to design the shielding in such a way that the measured
annual dose at any point in the lab, even immediately outside the shield, is below 5 mSv.

4.2 The new ring
Assumptions have to be made regarding injection efficiency and beam losses, but we now
have several years of experience for the MAX-II ring, which will help us.

Let us assume that the new ring at normal operation will be filled twice per day with 250
mA circulating current. With a circumference of 33 m, this amounts to 1.7·1011 electrons.
However, some accelerator physics experiments will take place and accidental beam losses
will occur, so it is reasonable to assume 1000 fillings per year. The total number of
electrons stored per year at 750 MeV will then be 1.7·1014.

4.2.1 Lateral shield. Stored beam losses.
One would believe that the losses from a stored beam averaged over an entire year, will be
spread quite evenly around the ring circumference. A conservative estimation is that 10%
will be lost at a single point. The dose calculations will be made for 20 cm, 40 cm and for
60 cm of ordinary concrete shielding, and for 140 cm distance, that is, just outside the
shielding wall and just above the shielding roof.

4.2.1.1 Equivalent dose from the electromagnetic component.

( ) ( ) 2/,, deADdxD x
TT

λθθ −=

( ) mSv 1.5mSv10
GeV5

GeV75.0
90 ==o

TD  , at 1011 e- and at 1m distance ;

01.0=TA  ; 1cm055.0 −=λ  ; 1.4=d m

( ) xexD 055.0
211

13

4.1

01.0
5.1

101

107.1 −⋅
⋅
⋅

=   mSv/year

( ) 43.020 =D  mSv/year

( ) 14.040 =D  mSv/year

( ) 05.060 =D  mSv/year
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4.2.1.2 Equivalent dose from intermediate-energy neutrons.

( ) xnine
ni e

d

EFNN
dxH λ

π
−=

24
,

Ne is the number of electrons and E [GeV] their energy. Nn [1/GeV]is the neutron yield per
a 1 GeV electron. It is assumed that the neutron yield scales lineary with electron energy in
the energy range of interest. Fni is a conversion factor from neutron flux density to
equivalent dose rate.

Ne = 1.7·1013 e-/year Nn = 0.3/ e-·GeV E = 0.75 GeV
Fn = 4·10-7 mSv/(1/cm2) d = 140 cm λ = 0.058 cm-1

( ) mSv/year
1404

10475.03.0107.1 058.0
2

713
x

ni exH −
−⋅⋅⋅⋅⋅

=
π

( ) 95.120 =niH  mSv/year

( ) 61.040 =niH  mSv/year

( ) 19.060 =niH  mSv/year

4.2.1.3 Equivalent dose from high energy neutrons.

( ) x
enhnh e

d

E
NFdxH λ−=

2
,

Ne is the number of electrons and E [GeV] their energy. Fnh is a conversion factor from the
number of 1 GeV electrons to equivalent dose at unit distance.
Ne = 1.7·1013 e-/year E = 0.75 GeV Fnh = 4·10-10 mSv·cm2/e-·GeV
d = 140 cm λ = 0.0235 cm-1

( ) mSv/year
140

75.0
107.1104 0235.0

2
1310 x

nh exH −− ⋅⋅⋅=

( ) 16.020 =nhH  mSv/year

( ) 10.040 =nhH  mSv/year

( ) 06.060 =nhH  mSv/year

4.2.1.4 Total equivalent dose from the stored beam.
In order to estimate the total equivalent dose outside the lateral shield one may simply add
the different components. However, this will be a somewhat pessimistic estimation since
for the electromagnetic component we have assumed a thin target, while for the neutron
components a thick target is assumed. Still, the pessimistic estimation for different shield
thickness is

( ) 54.220 =totstoH  mSv/year

( ) 85.040 =totstoH  mSv/year

( ) 30.060 =totstoH  mSv/year

4.2.2 Lateral shield. Injection losses.
If the injection process is tuned properly one might expect around 10% losses. However,
there will for sure be occasions when the injection efficiency is even below zero. This is
because the stored beam is to be moved towards a septum wall by some bumper magnets at
the injection moment, and there is a risk that some of the stored electrons will be lost
against this wall. Also the injected beam is to be passing close to this wall, and some part of
it might strike the wall.
Our experience from MAX-II tells us that it is reasonable to assume that the overall
injection efficiency is about 50%, that is, equally many electrons will be lost at the injection
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process as will be eventually stored. Thus, 1.7·1014 electrons per year will be lost at the
injections. Furthermore, we will assume that 70% of these losses will take place at the
injection septum, and that 10% of the losses could occur at some other single point in the
ring. The injection losses will take place at 500 MeV. We will thus have

totstototinj HH
3

2
=     at the ordinary lateral shield, and totstototinj HH

3

14
=    at the septum

lateral shield.
This gives us:
At the ordinary lateral shield At the septum lateral shield

( ) 69.120 =totinjH  mSv/year ( ) 85.1120 =totinjH  mSv/year

( ) 57.040 =totinjH  mSv/year ( ) 97.340 =totinjH  mSv/year

( ) 20.060 =totinjH  mSv/year ( ) 40.160 =totinjH  mSv/year

4.2.3 Lateral shield. Total equivalent dose.
At the ordinary lateral shield At the septum lateral shield

( ) 23.420 =totH  mSv/year ( ) 39.1420 =totH  mSv/year

( ) 42.140 =totH  mSv/year ( ) 82.440 =totH  mSv/year

( ) 50.060 =totH  mSv/year ( ) 70.160 =totH  mSv/year

4.2.4 Perpendicular shield. Stored beam losses.
A significant part of the normal beam losses is inelastic scattering against nuclei in rest gas
molecules. Bremsstrahlung radiation will be produced, and the main point where it has to
be stopped is downstream the straight sections of the ring.
Since the mean current will be around 200 mA, we will calculate the production rate for
this current. This corresponds to 1.25·1018 e-/s. We will also assume a pretty poor vacuum,
10-8 Torr. The constituent molecules will then be, for our case, comparable with air
molecules. One radiation length in air is 308 m at atmospheric pressure. The long straight
sections in the ring will be around 3.5 m, and the short straights around 2.5 m. Thus, the
production rate of effective quanta is

s/103.1s/1025.1
760

10

308

5.2 518
8

⋅=⋅=
−

γn  in the short straight sections, and

s/109.1s/1025.1
760

10

308

5.3 518
8

⋅=⋅=
−

γn   in the long straight sections.

It is interesting to note that the assumption of 10-8 Torr is extremely pessimistic, since

year/105.7s/108.1s/1025.1
760

10

308

33 13618
8

⋅=⋅=⋅=
−

γn ,

for the whole ring. The production of one effective quantum should imply the loss of, at
least, one electron. Thus, this number could be compared to the assumed number of
electrons lost from being stored, 1.7·1014 e-/year. At normal operation the vacuum has to be
at least a factor of ten better, so the above numbers should then be a factor of ten lower.
However, we will stick to the conservative assumption. Let us start with the short straight
sections, that will send a narrow gamma beam in 45 degree angle to the shield.
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5 Storage ring (GLB)

5.1 Introduction

A 700 MeV storage ring will be built to. The space constraints have led to a compact ring
with two families of magnets, a combined horizontal quadrupole/sextupole and a gradient
dipole with pole-face windings to control both the quadrupole and sextupole components of
the magnetic field. This results in the straight sections being 54% of the total circumferance
of the ring. There will be seven straight sections available for insertion devices, the
remaining straight section will be occupied by the injection kicker and the rf-cavites.

5.2 Specifications

The main parameters of the ring are shown in table 5.1 below.

Table 5-1: Storage ring parameters

Horizontal tune 3.72
Vertical tune 2.74
Energy 700 MeV
Horizontal emittance 13 *10-9 m rad
Ring circumference 36 m
Momentum compaction factor 0.035
Dispersion in straight sections 0.47 m
Periodicity 8
Straight section length 2.445 m
RF 100 MHz

5.3 Lattice
The ring machine functions can be seen in Figure 5-1. The tunes were selected after
scanning tune space and analyzing the performance of the optics with regards to beam
emmitance, beta functions, and dynamic aperture. The natural chromaticity is –4 in the
horizontal plane, and –6 in the vertical plane. The sextupole components in the magnets are
designed to correct the chromaticity to +1 in both planes.

Figure 5-1: Machine functions
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The input file for the ring is as follows.

TITLE
700 MeV 8 CELLS STORAGE RING

UTRANSPORT
NOECHO

D1: DRIFT, L= 1.225E+00
D1A: DRIFT, L= 1.025E+00
D1B: DRIFT, L= 2.0000000E-01
D2: DRIFT, L= 2.0000000E-01
D3: DRIFT, L= 2.00000000E-01
D4: DRIFT, L= 1.4125E+00

Q1: QUADSEXT, L=0.2, K1=.58897961487191E+01,&
                      .90147991918031E+01

BEND:     SBEND,   L=1.25,ANGLE=45.0,K1=.32300822475516E+01,&
          K2=-.23026261335255E+02,&
          FINT=0.7,HGAP=0.01,E1=0,E2=0, H1=1.4,H2=0

SEPTUM: MARKER
INJKICK: GKICK, L=0, DXP=0

CELL: LINE=(D1,Q1,D2,BEND,D2,Q1,D1)

RING: LINE=(D1A,SEPTUM,D1B,Q1,D2,BEND,D2,Q1,D1,&
            6*CELL,INJKICK,CELL)

5.3.1 Dynamic aperture
The dynamic aperture in the following is defined as the area in phsse-space where the orbits
are stable for 1000 turns.  A collection of 1000 particles which fills up a large area in
phase-space is created, the particles are tracked with the program DIMAD, and the particles
that remain in stable orbits give the dynamic aperture. The dynamic aperture for the ideal
ring is seen in Figure 5-2.

Figure 5-2
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5.3.2 Tolerances

5.4 Beam lifetime

The goal is to achieve a suffiently long beam life-time so one injection/day should suffice.
The beam life-time limiting losses are essentially due to vacuum and Touschek losses.

5.4.1 Vacuum losses.

5.4.1.1 Pressure calculations
The same model as used for the MAX II ring is used. This model is slightly pessimistic,
giving a factor of two higher pressure than we observe in a wellconditioned system.
The geometry of one cell is given as input to the programme, including the vacuum
chamber sizes, pumping and gassing constants. The code then calcultes the position where
the synchrotron radiation hits the vacuum chamber or absorbers and finally calculates the
pressure along the chamber.
The following input parameter values have been used:

No-beam gasing constant 1*10-12 Torrl/s/cm2

No of  gas molecules/photon 2.5*10-7

The average pressure according to these calculations is 1.4 nTorr for Z=7 diatomic
molecules.
The vacuum beam life-time was then calculated using the ZAP1) code yielding a total
vacuum life-time of
13 h@0.2 A or 2.6 Ah.
The vacuum losses are due to elestic scattering and Bremstrahlung losses. At the relatively
low electron energy in the MIII storage ring, the elastic scattering losses dominate.

5.4.1.2 Touschek losses

Concerning the Touschek life-time, the most straightforward way is to use the well-proven
500 MHz system. However, we also plan to use a Landau passive cavity system to increase
the Touschek life-time and to damp the longitudinal coupled bunch instabilities. When
using a 500 MHz system in MAXIII, we find that the synchrotron frequencies will be close
to the frequency shift of the Landau cavities, so we will then suffer from the Robinson
instability. This has also been observed in the MAX I ring.
When decreasing the RF to 100 MHz, the Landau cavity will be tuned safely above the
synchrotron frequency. The parameter values of this system with 10 % coupling are given
below:

Main RF system @ 200 mA and 10% coupling
RF 100 MHz
Shunt impedance 3.2 MΩ
Q value 16000
Coupling 3
Voltage 200 kV
Cupper losses 12.5 kW
Synchrotron frequency 36 kHz
Half bucket height 2 %
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Touschek lifetime 1.5 Ah
Bunch length 2.26 cm

Landau system @ 200 mA and 10% coupling
RF 500 MHz
Shunt impedance 7 MΩ
Q value 40 000
Power dissipation 200 W
Tuning range 250 KHz
Landau damping 30 µs
Bunch length (rms) 7 cm
Touschek life-time 4.5 Ah

5.4.1.3 Conclusions
The vacuum losses are dominant for the MAX III ring, at least prior a thorrough
conditioning. We thus predict a total beam life-time of  1.6 Ah (8h @ 200mA)  After some
year of operation the beam life-time could increase to 2.4 Ah or 12h @ 200 mA.
Including the vacuum losses we then end up with a beam life-time of 1.6 Ah (8h @
200mA) with the proposed vacuum system.
If the beam losses, Touschek and vacuumlosses, are proportional to the stored cussent as in
MAX II, the current decays as

With Iinj=0.25 A and τinj=6.4 h, the current will decrease to 90 mA in 12 h .
The dominating losses are the vacuum ones. Could the pressure, as in a well-conditioned
system in MAX II, be reduced a factor of two, we should get a total beam life-time of  2.44
Ah. The current should then decay to 110 mA in 12 h.

5.5 Injection
A beam of 500 MeV electrons will come from the recirculator. Current will be
accumulated and then the magnets will be ramped to the final settings for 700 MeV. A
single injection kicker will be used. A phase-space plot of the injected and stored beams at
the septum is shown in figure 1.5.1.
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5.6 Magnets

5.6.1 Dipole magnets
The dipole magnets of MAX III shall be used at electron energies from 500 MeV at
injection to 700 MeV at storage.

The specified data are the following:

Bending radius: 1.59 m
Field at central radius 1.4675 T
Gradient -3.52 T/m
Sextupole -20.0 T/m2

Shim angles 0 degrees
Bending angle 45 degrees
Magnet gap 30 mm
Good field region +/-25 mm horizontally
Aperture inside vacuum 20 mm vertically

50 mm horizontally

For precision and ease of machining, a pole profile with 10 mm wide horizontal steps has
been chosen. The resulting field follows the specified values within about 1/1000. The
magnet ends have field clamps to control the shape of the end fields. There are pole face
windings to generate corrections to the quadrupole and the sextupole fields. The quadrupole
winding consists of four strips of flat copper distributed evenly over each pole face. The
sextupole windings are similar to the quadrupole windings, but have varying widths to
generate the proper field shape.

Data:
Dipole coils Number of turns 2 x 4 x 8; total 64

Conductor 10 x 10 hole dia 6 mm
Current 602 A
Voltage 31.7 V/magnet; total 254 V
Power 19.1 kW/magnet; total 153 kW
Cooling water at 20C rise 13.7 l/min/magnet; total 110 l/min
Pressure drop 5.2 athm

Quadrupole corr coils Gradient -0.35 T/m (10% of nominal Q)
Current 73 A
Number of turns 8
Conductor 1 x 16 mm
Voltage 17 V total
Power 160 W/magnet; total 1260 W

Sextupole corr coils Sextupole -4T/m2  (20% of nominal)
Current 31 A
Number of turns 8
Conductor 1 x 23 and 1x 9 mm
Voltage 9 V total
Power 34 W/magnet; 275 W total

5.6.2 Quadrupole magnets
The quadrupole magnets will have a sextupole component machined into the poles. The
poles will be mounted onto machined notches in the plates. Each pole will have two coils,
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one for the main field and one which can be used to create the horizontal and vertical
corrector fields.

5.6.3 Septum magnets
A horizontal septem coming from the outside of the ring will be used. The septum magnet
will be positioned as close as possible to the downstream quadrupole in the injection
straight section to allow maximum space for an insertion device.

5.6.4 Injection kicker
The injection kicker will be placed in the straight section upstream of the injection straight.
A pulsed window-frame type magnet will be used. The magnet will deliver a 5 mrad kick
and the pulse will be a half sine wave kick lasting 720 nsec or six revolutions of the beam.

5.7 RF-system

5.7.1 Cavity
A 100 MHz capacity loaded cavity will be used in combination with a 500 MHz Landau
cavity.

5.7.2 Klystron
A klystron will be bought.

5.7.3 Waveguide
There will be waveguides

5.8 Powersupplies
Power supplies will be bought

5.9 Diagnostics

5.9.1 BPM-system
There will be two BPM heads per cell.

5.10 Vacuum system
Special care will be taken with the vacuum system in order to assure the vacuum quality
needed to obtain the long lifetime.

5.11 Support structure
The cells will be supported on three pylons as seen in figure 5.11.1. A cross-board for
alignment will be placed between each of the support pylons and the cell block.
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5.12 Alignment

The alignment procedure will be simple. The cells will have machined holes for the
distinvar wire directly above the two inner supports. There will be a central pillar which
will be used to adjust the cells to the proper radius. Distinvar wires will also be used to
adjust the distances between the individual cell. The water leveling system which was
developed for the MAX-II ring will be used to level the cells.
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6 MAX I (LJL)

6.1 Introduction

6.2 Storage mode

6.2.1 Lattice

6.2.2 Injection

6.3 Pulse stretcher mode

6.3.1 Lattice

6.3.2 Injection

6.3.3 Extraction

6.3.4 RF system

6.3.5 Sextupoles

6.4 Magnets

6.4.1 Septum magnets

6.4.1.1 MAX I Septum Magnet

The old septum magnet of MAX I is made for an electron energy of 100 MeV. For 250
MeV operation a new septum will be made. It will also be of  Lambertson type. The old
septum is 300 mm long and the new one is 600 mm. The beam entering and exiting the new
septum will therefore be displaced 5.4 mm upward (perpendicular to the beam direction).

The septum itself will have a total thickness of 2 mm placed 25 mm from the ring beam
center. It will be composed of  1.0 mm iron, an air space of 0.6 mm and a strip of 0.4 mm
mu metal nearest the ring. In that way the field just outside the septum can be made less
than 10 Gauss.

Data:
Beam energy 250 MeV

Bending radius 1.2 m
Field 0.694 T

Bend angle 30 degrees
Magnet length 0.6 m

Magnet gap 8 mm
Coil

Turns 60
Current 85 A
Voltage 18

Conductor 4 x 4 hole dia 2.5 mm
Cooling 1.1 l/min for 20 degrees

temperature rise
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6.4.2 Kicker magnets

6.4.3 Bumper magnets

6.5 Power supplies

6.6 Diagnostics
Text.
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7 Transportlines (LJL)

7.1 Introduction

7.2 LINAC èè MAX I

7.2.1 Lattice

7.2.2 Magnets

7.2.3 Power supplies

7.2.4 Diagnostics

7.2.5 Vacuum system

7.3 TRANSFER LINE  LINAC TO MAX1      100 MeV WITH OLD SEPTUM

7.3.1 GEOMETRY

THE LENGTHS ARE MEASURED IN METERS ,THE ANGLES IN DEGREES

THE SXYZ COORDINATES,AZIMUTH,ELEVATION AND ROLL ANGLES ARE :

 #   NAME       S            X          Y            Z        THETA         PHI        PSI         ALPHA

   1 F1            .17240      .00000      .00000      .17240      .00000      .00000      .00000      .00000   R
   2 XB1           .51383      .03790      .04353      .50724    13.13384    14.62433    -1.69261    -1.69261   R
   3 F2           1.08738      .16401      .18833     1.04768    13.13384    14.62433    -1.69261    -1.69261   R
   4 QXF          1.18738      .18599      .21358     1.14191    13.13384    14.62433    -1.69261    -1.69261   R
   5 F2           1.76092      .31209      .35839     1.68236    13.13384    14.62433    -1.69261    -1.69261   R
   6 XB2          2.10235      .35000      .48811     1.99410      .00067    29.99983     3.35751     3.35751   R
   7 F3           2.26575      .35000      .56981     2.13561      .00067    29.99983     3.35751     3.35751   R
   8 R1           2.26575      .35000      .56981     2.13561      .00067    29.99983      .00001      .00001   R
   9 QHF          2.36575      .35000      .61981     2.22221      .00067    29.99983      .00001      .00001   R
  10 F4           2.56575      .35000      .71981     2.39542      .00067    29.99983      .00001      .00001   R
  11 QVF          2.66575      .35000      .76981     2.48202      .00067    29.99983      .00001      .00001   R
  12 F5           2.96575      .35001      .91981     2.74183      .00067    29.99983      .00001      .00001   R
  13 F5           3.26575      .35001     1.06981     3.00163      .00067    29.99983      .00001      .00001   R
  14 QVF          3.36575      .35001     1.11981     3.08824      .00067    29.99983      .00001      .00001   R
  15 F4           3.56575      .35001     1.21981     3.26144      .00067    29.99983      .00001      .00001   R
  16 QHF          3.66575      .35002     1.26981     3.34805      .00067    29.99983      .00001      .00001   R
  17 F6           4.48275      .35002     1.67831     4.05559      .00067    29.99983      .00001      .00001   R
  18 QVFD         4.58275      .35002     1.72831     4.14219      .00067    29.99983      .00001      .00001   R
  19 F7           6.35115      .35004     2.61250     5.67367      .00067    29.99983      .00001      .00001   R
  20 VSEP         6.66531      .35005     2.69289     5.97368      .00067     -.00017      .00001      .00001   R
  21 RI1          6.66531      .35005     2.69289     5.97368      .00067     -.00017     3.35751     3.35751   R
  22 F5           6.96531      .35005     2.69289     6.27368      .00067     -.00017     3.35751     3.35751   R

7.3.2 BEAM OPTICS
INPUT FILE  TO DIMAD   100 MeV

THE DATE AND TIME OF THIS RUN : Wed Dec 15 09:29:27 1999V�

               TITLE

              LINAC I -MAX L  TRANSPORT
              UTRANSPORT
              R1:      ROLL,          ANGLE=-3.3575
        5     RI1:      ROLL,          ANGLE=3.3575
              R2:      ROLL,           ANGLE=1.69
              RI2:     ROLL,           ANGLE=78.74
              F1:      DRIFT,         L=0.1724
              F2:      DRIFT,         L=0.573545
       10     F3:      DRIFT,         L=0.1634
              F4:      DRIFT,         L=0.2
              F5:      DRIFT,         L=0.3
              F6:      DRIFT,         L=0.817
              F7:      DRIFT,         L=1.7684
       15     F71:     DRIFT,         L=0.8342
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              XB1:   SBEND,    L=0.34143,ANGLE=-19.56,E1=0.,E2=0.,TILT=-48.95
              XB2:   SBEND,    L=0.34143,ANGLE=19.56,E1=0., E2=0., TILT=52.31
              VSEP:   SBEND,    L=0.31416,ANGLE=30.0,TILT=-90 ,E1=13.9
              QVFD:    QUADRUPOLE,   L=0.1, K1=-15.00,APERTURE=0.016
       20     QHF:   QUADRUPOLE,   L=0.1, K1=18.82,APERTURE=0.016
              QVF:    QUADRUPOLE,   L=0.1, K1=-25.23,APERTURE=0.016
              QXF:   QUADRUPOLE,   L=0.1, K1=-5.89,APERTURE=0.016
              QHF2:   QUADRUPOLE,   L=0.1, K1=0.,APERTURE=0.016
              BLT:    LINE=(F1,XB1,F2,QXF,F2,XB2,F3,R1,QHF,F4,QVF,F5,F5,QVF,F4,QHF&
       25             ,F6,QVFD,F7,VSEP,RI1,F5)
              USE, BLT
              DIMAT

7.3.3 APROXIMATE FIT TO MAX1

TRACKED DISPERSION AT INJECTION

1    -.64053E-04    .15418E-04    .13160E-04   -.40725E-03    .10001E+01    .10000E-02

ETHAX= -0.064
ETHAPX=0.015
ETHAY=  0.013
ETHAPY=-0.41

7.3.4 AVERAGE FITTED  BETA/ALFA AT INJECTION POINT

 AVERAGE :   BETAX       ALPHAX      EPSX        BETAY       ALPHAY      EPSY

            .173E+02   -.119E+01    .507E-07    .202E+01    .111E+01    .493E-07

HARDWARE  FOR 100 MEV BEAM

OUTPUT  X,X'

-1.00E-04

-5.00E-05

0.00E+00

5.00E-05

1.00E-04

-1.50E-03 -1.00E-03 -5.00E-04 0.00E+00 5.00E-04 1.00E-03 1.50E-03

M

R
A

D

OUTPUT  Y,Y'

-4.00E-04
-3.00E-04
-2.00E-04
-1.00E-04
0.00E+00
1.00E-04
2.00E-04
3.00E-04
4.00E-04

-4.00E-
04

-3.00E-
04

-2.00E-
04

-1.00E-
04

0.00E+
00

1.00E-
04

2.00E-
04

3.00E-
04

4.00E-
04

M

R
A

D

INPUT  X,X'

-6E-5

-4E-5

-2E-5

0E+0

2E-5

4E-5

6E-5

-2E-3 -1E-3 -5E-4 0E+0 5E-4 1E-3 2E-3

M

R
A

D

INPUT  Y,Y'

-6.00E-05

-4.00E-05

-2.00E-05

0.00E+00

2.00E-05

4.00E-05

6.00E-05

-1.50E-03 -1.00E-03 -5.00E-04 0.00E+00 5.00E-04 1.00E-03 1.50E-03

M

R
A

D
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HARD

0.1,

        VALUES ARE FOR ENERGY :    .100E+00 GEV

ELEMENT:XB1
         HALFGAP=    .00000000(M)  BENDING ANGLE= -19.56000000(DEG)  BENDING RADIUS=      -1.00012771(M.)
         LENGTH=   .3414300E+00(M) INDUCTION=  -3.33521501(KG)
                FIELD INDEX N=        .0000       FIELD INDEX BETA=        .0000
         ENTRANCE ANGLE=   .00000000(DEG) ENTRANCE CURVATURE=       .000000000(/M)
         EXIT ANGLE =   .00000000(DEG)    EXIT CURVATURE=       .000000000(/M)
         TILT ANGLE =    -48.950000000(DEG)

ELEMENT:XB2
         HALFGAP=    .00000000(M)  BENDING ANGLE=  19.56000000(DEG)  BENDING RADIUS=       1.00012771(M.)
         LENGTH=   .3414300E+00(M) INDUCTION=   3.33521501(KG)
                FIELD INDEX N=        .0000       FIELD INDEX BETA=        .0000
         ENTRANCE ANGLE=   .00000000(DEG) ENTRANCE CURVATURE=       .000000000(/M)
         EXIT ANGLE =   .00000000(DEG)    EXIT CURVATURE=       .000000000(/M)
         TILT ANGLE =     52.310000000(DEG)

ELEMENT:VSEP
         HALFGAP=    .00000000(M)  BENDING ANGLE=  30.00000000(DEG)  BENDING RADIUS=        .60000140(M.)
         LENGTH=   .3141600E+00(M) INDUCTION=   5.55938859(KG)
                FIELD INDEX N=        .0000       FIELD INDEX BETA=        .0000
         ENTRANCE ANGLE= 13.90000000(DEG) ENTRANCE CURVATURE=       .000000000(/M)
         EXIT ANGLE =   .00000000(DEG)    EXIT CURVATURE=       .000000000(/M)
         TILT ANGLE =    -90.000000000(DEG)

ELEMENT:QVFD
         HALF APERTURE=    .01600000(M)  LENGTH=    .10000000(M)              STRENGTH= -15.00000000(/M**2)
         FOCAL LENGTH=   .6836297E+00(M) POLE TIP INDUCTION=   -.80055383(KG)  INTEGRATED STRENGTH=  -1.50000000(/M)
         TILT ANGLE =       .000000000(DEG)

ELEMENT:QHF
         HALF APERTURE=    .01600000(M)  LENGTH=    .10000000(M)              STRENGTH=  18.82000000(/M**2)
         FOCAL LENGTH=   .5483896E+00(M) POLE TIP INDUCTION=   1.00442820(KG)  INTEGRATED STRENGTH=   1.88200000(/M)
         TILT ANGLE =       .000000000(DEG)

ELEMENT:QVF
         HALF APERTURE=    .01600000(M)  LENGTH=    .10000000(M)              STRENGTH= -25.23000000(/M**2)
         FOCAL LENGTH=   .4135242E+00(M) POLE TIP INDUCTION=  -1.34653154(KG)  INTEGRATED STRENGTH=  -2.52300000(/M)
         TILT ANGLE =       .000000000(DEG)

ELEMENT:QXF
         HALF APERTURE=    .01600000(M)  LENGTH=    .10000000(M)              STRENGTH=  -5.89000000(/M**2)
         FOCAL LENGTH=   .1714575E+01(M) POLE TIP INDUCTION=   -.31435080(KG)  INTEGRATED STRENGTH=   -.58900000(/M)
         TILT ANGLE =       .000000000(DEG)

ELEMENT:QHF2
         HALF APERTURE=    .01600000(M)  LENGTH=    .10000000(M)              STRENGTH=    .00000000(/M**2)
         FOCAL LENGTH=   .0000000E+00(M) POLE TIP INDUCTION=    .00000000(KG)  INTEGRATED STRENGTH=    .00000000(/M)
         TILT ANGLE =       .000000000(DEG)

7.4 TRANSFER LINE  LINAC TO MAX1      250 MeV  WITH NEW INJECTION
SEPTUM

7.4.1 GEOMETRY

          THE LENGTHS ARE MEASURED IN METERS ,THE ANGLES IN DEGREES

THE SXYZ COORDINATES,AZIMUTH,ELEVATION AND ROLL ANGLES ARE :

 #   NAME       S            X          Y            Z        THETA         PHI        PSI         ALPHA

   1 F1            .17240      .00000      .00000      .17240      .00000      .00000      .00000      .00000   R
   2 XB1           .51383      .03790      .04353      .50724    13.13384    14.62433    -1.69261    -1.69261   R
   3 F2           1.08738      .16401      .18833     1.04768    13.13384    14.62433    -1.69261    -1.69261   R
   4 QXF          1.18738      .18599      .21358     1.14191    13.13384    14.62433    -1.69261    -1.69261   R
   5 F2           1.76092      .31209      .35839     1.68236    13.13384    14.62433    -1.69261    -1.69261   R
   6 XB2          2.10235      .35000      .48811     1.99410      .00067    29.99983     3.35751     3.35751   R
   7 F3           2.26575      .35000      .56981     2.13561      .00067    29.99983     3.35751     3.35751   R
   8 R1           2.26575      .35000      .56981     2.13561      .00067    29.99983      .00001      .00001   R
   9 QHF          2.36575      .35000      .61981     2.22221      .00067    29.99983      .00001      .00001   R
  10 F4           2.56575      .35000      .71981     2.39542      .00067    29.99983      .00001      .00001   R
  11 QVF          2.66575      .35000      .76981     2.48202      .00067    29.99983      .00001      .00001   R
  12 F5           2.96575      .35001      .91981     2.74183      .00067    29.99983      .00001      .00001   R
  13 F5           3.26575      .35001     1.06981     3.00163      .00067    29.99983      .00001      .00001   R
  14 QVF          3.36575      .35001     1.11981     3.08824      .00067    29.99983      .00001      .00001   R
  15 F4           3.56575      .35001     1.21981     3.26144      .00067    29.99983      .00001      .00001   R
  16 QHF          3.66575      .35002     1.26981     3.34805      .00067    29.99983      .00001      .00001   R
  17 F6           4.48275      .35002     1.67831     4.05559      .00067    29.99983      .00001      .00001   R
  18 QVFD         4.58275      .35002     1.72831     4.14219      .00067    29.99983      .00001      .00001   R
  19 F7           6.21195      .35004     2.54290     5.55312      .00067    29.99983      .00001      .00001   R
  20 VSEP         6.52611      .35004     2.62329     5.85312      .00067     -.00017      .00001      .00001   R
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  21 RI1          6.52611      .35004     2.62329     5.85312      .00067     -.00017     3.35751     3.35751   R
  22 F8           6.68611      .35005     2.62329     6.01312      .00067     -.00017     3.35751     3.35751   R

BEAM OPTICS
INPUT FILE  TO DIMAD   250  MeV

 THE DATE AND TIME OF THIS RUN : Mon Jan 24 16:28:04 2000V�

               TITLE
              LINAC I -MAX L  TRANSPORT
              UTRANSPORT
              R1:      ROLL,          ANGLE=-3.3575
        5     RI1:      ROLL,          ANGLE=3.3575
              R2:      ROLL,           ANGLE=1.69
              RI2:     ROLL,           ANGLE=78.74
              F1:      DRIFT,         L=0.1724
              F2:      DRIFT,         L=0.573545
       10     F3:      DRIFT,         L=0.1634
              F4:      DRIFT,         L=0.2
              F5:      DRIFT,         L=0.3
              F6:      DRIFT,         L=0.817
              F7:      DRIFT,         L=1.6292
       15     F71:     DRIFT,         L=0.8342
              F8:      DRIFT,         L=0.16
              XB1:   SBEND,    L=0.34143,ANGLE=-19.56,E1=0.,E2=0.,TILT=-48.95
              XB2:   SBEND,    L=0.34143,ANGLE=19.56,E1=0., E2=0., TILT=52.31
              VSEP:   SBEND,    L=0.31416,ANGLE=30.0,TILT=-90 ,E1=0.
       20     QVFD:    QUADRUPOLE,   L=0.1, K1=-16.678,APERTURE=0.016
              QHF:   QUADRUPOLE,   L=0.1, K1=18.4322,APERTURE=0.016
              QVF:    QUADRUPOLE,   L=0.1, K1=-21.517,APERTURE=0.016
              QXF:   QUADRUPOLE,   L=0.1, K1=-10.0484,APERTURE=0.016
              QHF2:   QUADRUPOLE,   L=0.1, K1=0.,APERTURE=0.016
       25     BLT:    LINE=(F1,XB1,F2,QXF,F2,XB2,F3,R1,QHF,F4,QVF,F5,F5,QVF,F4,QHF&
                      ,F6,QVFD,F7,VSEP,RI1,F8)
              BL0:     LINE=(F1,XB1,F2,QXF,F2,XB2)
              USE, BLT
              DIMAT

APROXIMATE FIT TO MAX1

INPUT X,X'

-6.00E-05

-4.00E-05

-2.00E-05

0.00E+00

2.00E-05

4.00E-05

6.00E-05

-1.50E-03 -1.00E-03 -5.00E-04 0.00E+00 5.00E-04 1.00E-03 1.50E-03

M

R
A

D

INPUT Y,Y'

-6.00E-05

-4.00E-05

-2.00E-05

0.00E+00

2.00E-05

4.00E-05

6.00E-05

-1.50E-03 -1.00E-03 -5.00E-04 0.00E+00 5.00E-04 1.00E-03 1.50E-03

M

R
A

D

OUTPUT X,X'

-4.00E-04
-3.00E-04
-2.00E-04
-1.00E-04
0.00E+00
1.00E-04
2.00E-04
3.00E-04
4.00E-04

-6.00E-04 -4.00E-04 -2.00E-04 0.00E+00 2.00E-04 4.00E-04 6.00E-04

M

R
A

D

OUTPUT Y,Y'

-1.00E-03

-5.00E-04

0.00E+00

5.00E-04

1.00E-03

-3.00E-04 -2.00E-04 -1.00E-04 0.00E+00 1.00E-04 2.00E-04 3.00E-04

M

R
A

D



Transportlines Project report - B 33

7.4.2 TRACKED DISPERSION AT INJECTION

1     .94646E-04    .69542E-04    .67399E-04   -.14965E-03    .10001E+01    .10000E-02

ETHAX=0.095
ETHAPX=0.070
ETHAY=0.067
ETHAPY=-0.15

AVERAGE FITTED BETA/ALFA AT INJECTION POINT

AVERAGE :   BETAX       ALPHAX      EPSX        BETAY       ALPHAY      EPSY

            .325E+01   -.137E+01    .750E-07    .241E+01    .600E+01    .250E-07

HARDWARE FOR 250 MeV BEAM

HARD

0.25,

        VALUES ARE FOR ENERGY :    .250E+00 GEV

ELEMENT:XB1
         HALFGAP=    .00000000(M)  BENDING ANGLE= -19.56000000(DEG)  BENDING RADIUS=      -1.00012771(M.)
         LENGTH=   .3414300E+00(M) INDUCTION=  -8.33803753(KG)
                FIELD INDEX N=        .0000       FIELD INDEX BETA=        .0000
         ENTRANCE ANGLE=   .00000000(DEG) ENTRANCE CURVATURE=       .000000000(/M)
         EXIT ANGLE =   .00000000(DEG)    EXIT CURVATURE=       .000000000(/M)
         TILT ANGLE =    -48.950000000(DEG)

ELEMENT:XB2
         HALFGAP=    .00000000(M)  BENDING ANGLE=  19.56000000(DEG)  BENDING RADIUS=       1.00012771(M.)
         LENGTH=   .3414300E+00(M) INDUCTION=   8.33803753(KG)
                FIELD INDEX N=        .0000       FIELD INDEX BETA=        .0000
         ENTRANCE ANGLE=   .00000000(DEG) ENTRANCE CURVATURE=       .000000000(/M)
         EXIT ANGLE =   .00000000(DEG)    EXIT CURVATURE=       .000000000(/M)
         TILT ANGLE =     52.310000000(DEG)

ELEMENT:VSEP
         HALFGAP=    .00000000(M)  BENDING ANGLE=  30.00000000(DEG)  BENDING RADIUS=        .60000140(M.)
         LENGTH=   .3141600E+00(M) INDUCTION=  13.89847147(KG)
                FIELD INDEX N=        .0000       FIELD INDEX BETA=        .0000
         ENTRANCE ANGLE=   .00000000(DEG) ENTRANCE CURVATURE=       .000000000(/M)
         EXIT ANGLE =   .00000000(DEG)    EXIT CURVATURE=       .000000000(/M)
         TILT ANGLE =    -90.000000000(DEG)

ELEMENT:QVFD
         HALF APERTURE=    .01600000(M)  LENGTH=    .10000000(M)              STRENGTH= -16.67800000(/M**2)
         FOCAL LENGTH=   .6165890E+00(M) POLE TIP INDUCTION=  -2.22527279(KG)  INTEGRATED STRENGTH=  -1.66780000(/M)
         TILT ANGLE =       .000000000(DEG)

ELEMENT:QHF
         HALF APERTURE=    .01600000(M)  LENGTH=    .10000000(M)              STRENGTH=  18.43220000(/M**2)
         FOCAL LENGTH=   .5595610E+00(M) POLE TIP INDUCTION=   2.45932805(KG)  INTEGRATED STRENGTH=   1.84322000(/M)
         TILT ANGLE =       .000000000(DEG)

ELEMENT:QVF
         HALF APERTURE=    .01600000(M)  LENGTH=    .10000000(M)              STRENGTH= -21.51700000(/M**2)
         FOCAL LENGTH=   .4818436E+00(M) POLE TIP INDUCTION=  -2.87091945(KG)  INTEGRATED STRENGTH=  -2.15170000(/M)
         TILT ANGLE =       .000000000(DEG)
ELEMENT:QXF
         HALF APERTURE=    .01600000(M)  LENGTH=    .10000000(M)              STRENGTH= -10.04840000(/M**2)
         FOCAL LENGTH=   .1012047E+01(M) POLE TIP INDUCTION=  -1.34071418(KG)  INTEGRATED STRENGTH=  -1.00484000(/M)
         TILT ANGLE =       .000000000(DEG)

ELEMENT:QHF2
         HALF APERTURE=    .01600000(M)  LENGTH=    .10000000(M)              STRENGTH=    .00000000(/M**2)
         FOCAL LENGTH=   .0000000E+00(M) POLE TIP INDUCTION=    .00000000(KG)  INTEGRATED STRENGTH=    .00000000(/M)
         TILT ANGLE =       .000000000(DEG)

7.5 TRANSFER LINE   FROM MAX1 RING TO NUCLEAR PHYSICS TAGGER

ELECTRON ENERGY 250 MeV
NEW MAX1 SEPTUM
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7.5.1 GEOMETRY

          THE LENGTHS ARE MEASURED IN METERS ,THE ANGLES IN DEGREES

THE SXYZ COORDINATES,AZIMUTH,ELEVATION AND ROLL ANGLES ARE :

 #   NAME       S            X          Y            Z        THETA         PHI        PSI         ALPHA

   1 VSEP          .62832      .00000     -.16077      .60000      .00000   -30.00000      .00000      .00000   R
   2 F1           1.88592      .00000     -.78957     1.68911      .00000   -30.00000      .00000      .00000   R
   3 QVFD         1.93592      .00000     -.81457     1.73242      .00000   -30.00000      .00000      .00000   R
   4 QVFD         1.98592      .00000     -.83957     1.77572      .00000   -30.00000      .00000      .00000   R
   5 F2           2.80251      .00000    -1.24786     2.48291      .00000   -30.00000      .00000      .00000   R
   6 QHF          2.85251      .00000    -1.27286     2.52621      .00000   -30.00000      .00000      .00000   R
   7 QHF          2.90251      .00000    -1.29786     2.56951      .00000   -30.00000      .00000      .00000   R
   8 F3           3.10251      .00000    -1.39786     2.74271      .00000   -30.00000      .00000      .00000   R
   9 QVF          3.15251      .00000    -1.42286     2.78601      .00000   -30.00000      .00000      .00000   R
  10 QVF          3.20251      .00000    -1.44786     2.82932      .00000   -30.00000      .00000      .00000   R
  11 F4           3.50251      .00000    -1.59786     3.08912      .00000   -30.00000      .00000      .00000   R
  12 F4           3.80251      .00000    -1.74786     3.34893      .00000   -30.00000      .00000      .00000   R
  13 QVF          3.85251      .00000    -1.77286     3.39223      .00000   -30.00000      .00000      .00000   R
  14 QVF          3.90251      .00000    -1.79786     3.43553      .00000   -30.00000      .00000      .00000   R
  15 F3           4.10251      .00000    -1.89786     3.60874      .00000   -30.00000      .00000      .00000   R
  16 QHF          4.15251      .00000    -1.92286     3.65204      .00000   -30.00000      .00000      .00000   R
  17 QHF          4.20251      .00000    -1.94786     3.69534      .00000   -30.00000      .00000      .00000   R
  18 F2           5.01910      .00000    -2.35616     4.40253      .00000   -30.00000      .00000      .00000   R
  19 QVFD         5.06910      .00000    -2.38116     4.44583      .00000   -30.00000      .00000      .00000   R
  20 QVFD         5.11910      .00000    -2.40616     4.48913      .00000   -30.00000      .00000      .00000   R
  21 F1           6.37670      .00000    -3.03496     5.57824      .00000   -30.00000      .00000      .00000   R
  22 VDIP         7.00502      .00000    -3.19573     6.17825      .00000      .00000      .00000      .00000   R
  23 FK1          7.15502      .00000    -3.19573     6.32825      .00000      .00000      .00000      .00000   R
  24 QHK1         7.25502      .00000    -3.19573     6.42825      .00000      .00000      .00000      .00000   R
  25 FK2          7.35502      .00000    -3.19573     6.52825      .00000      .00000      .00000      .00000   R
  26 QVK1         7.45502      .00000    -3.19573     6.62825      .00000      .00000      .00000      .00000   R
  27 FK3          7.60502      .00000    -3.19573     6.77825      .00000      .00000      .00000      .00000   R
  28 HDIP         7.86682     -.05622    -3.19573     7.03182   -25.00000      .00000      .00000      .00000   R
  29 FK4          8.03754     -.12836    -3.19573     7.18654   -25.00000      .00000      .00000      .00000   R
  30 QDK          8.13754     -.17063    -3.19573     7.27717   -25.00000      .00000      .00000      .00000   R
  31 QDK          8.23754     -.21289    -3.19573     7.36780   -25.00000      .00000      .00000      .00000   R
  32 FK4          8.40826     -.28504    -3.19573     7.52253   -25.00000      .00000      .00000      .00000   R
  33 HDIP         8.67006     -.44315    -3.19573     7.72858   -50.00000      .00000      .00000      .00000   R
  34 FK3          8.82006     -.55806    -3.19573     7.82500   -50.00000      .00000      .00000      .00000   R
  35 QVK2         8.92006     -.63466    -3.19573     7.88928   -50.00000      .00000      .00000      .00000   R
  36 FK2          9.02006     -.71127    -3.19573     7.95356   -50.00000      .00000      .00000      .00000   R
  37 QHK2         9.12006     -.78787    -3.19573     8.01784   -50.00000      .00000      .00000      .00000   R
  38 FK11        10.09156    -1.53208    -3.19573     8.64231   -50.00000      .00000      .00000      .00000   R

7.5.2 BEAM OPTICS
INPUT FILE TO DIMAD

THE DATE AND TIME OF THIS RUN : Tue Jan 25 14:01:47 2000V�

              TITLE
              TRANSPORT DOWN FROM MAX-I
              UTRANSPORT
              VDIP: SBEND,L=0.62832,ANGLE=30.,HGAP=0.005,TILT=90
        5     VSEP: SBEND,L=0.62832,ANGLE=30.,HGAP=0.005,TILT=-90
              QVFD: QUADRUPOLE,L=0.05, K1=-14.3034,APERTURE=0.016
              QHF:QUADRUPOLE,L=0.05,  K1=19.1536,APERTURE=0.016
              QVF:QUADRUPOLE,L=0.05, K1=-18.6631,APERTURE=0.016
              F2: DRIFT,L=0.81659
       10     F3: DRIFT,L=0.20000
              F4: DRIFT,L=0.30000
              F1: DRIFT,L=1.2576
              FL: DRIFT, L=0.1
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              FD: DRIFT,L=0.25
       15     FX1: DRIFT,L=-0.000
              FX2: DRIFT,L=0.000
              FK1: DRIFT,L=0.15
              FK11: DRIFT,L=0.9715
              FK2: DRIFT,L=0.1
       20     FK3: DRIFT,L=0.15
              FK4: DRIFT,L=0.17072
              QHK1:QUADRUPOLE,L=0.1, K1=23.257,APERTURE=0.01
              QVK1:QUADRUPOLE,L=0.1, K1=-24.130,APERTURE=0.01
              QHK2:QUADRUPOLE,L=0.1, K1=23.742,APERTURE=0.01
       25     QVK2:QUADRUPOLE,L=0.1, K1=-24.994,APERTURE=0.01
              QDK:QUADRUPOLE,L=0.1, K1=30.1633,APERTURE=0.01
              HDIP: SBEND,L=0.2618,ANGLE=25.,  E1=12.5,E2=12.5,FINT=0.4,HGAP=0.01
              BLK:  LINE=(FK1,QHK1,FK2,QVK1,FK3,HDIP,FK4,QDK,&
                          QDK,FK4,HDIP,FK3,QVK2,FK2,QHK2,FK11)
       30     BLT:  LINE=(F1,QVFD,QVFD,F2,QHF,QHF,F3,QVF,QVF,F4)
              BL:   LINE=(VSEP,BLT,-BLT,VDIP,BLK)
              USE,BL
              DIMAT

                             ******************************
                             *   TRANSFORMATION  MATRIX   *
                             ******************************

         FIRST ORDER MATRIX

  -.2343591E-01  -.6999297E+01   .1813538E-15   .5831328E-16   .0000000E+00  -.1449924E-05
   .1427931E+00  -.2341963E-01   .1741557E-17   .6952371E-18   .0000000E+00   .1087980E-06
  -.7505076E-16  -.2265689E-16   .3439833E+00   .3004241E+01   .0000000E+00  -.4199967E-05
  -.1137637E-16  -.3761204E-17  -.2934493E+00   .3442249E+00   .0000000E+00   .2708314E-05
   .2044893E-06  -.7954663E-06  -.3008629E-06   .9582160E-05   .1000000E+01   .7309872E-01
   .0000000E+00   .0000000E+00   .0000000E+00   .0000000E+00   .0000000E+00   .1000000E+01

  MACHINE

0.24 0.25 0.01 0 .1 1 1
7.0 0. 0. .0
3.2 0. .0 .0 1 1 46,

ELEMENT   #    BETAX   ALPHAX    BETAY   ALPHAY   ETAX   ETAPX  ETAY   ETAPY   NUX     NUY    EL. LEN   TOT. LEN    EIDEAL  EREAL

                 7.000    .0000    3.200    .0000   .000   .000   .000   .000                                         1.000  1.000
VSEP        1    7.087   -.1387    2.513    .9923   .000   .000   .161   .500   .0142   .0339    .628        .628     1.000  1.000
F1          2    7.663   -.3196    1.266   -.0011   .000   .000   .790   .500   .0415   .1585   1.258       1.886     1.000  1.000
QVFD        3    7.974  -5.9623    1.223    .8444   .000   .000   .800  -.070   .0425   .1649    .050       1.936     1.000  1.000
QVFD        4    8.884 -12.4680    1.101   1.5705   .000   .000   .783  -.638   .0435   .1717    .050       1.986     1.000  1.000
F2          5   40.989 -26.8477     .635  -1.0003   .000   .000   .262  -.638   .0503   .4565    .817       2.803     1.000  1.000
QHF         6   41.701  12.8434     .778  -1.8883   .000   .000   .236  -.401   .0505   .4679    .050       2.853     1.000  1.000
QHF         7   38.502  50.1137    1.025  -3.1439   .000   .000   .221  -.183   .0507   .4769    .050       2.903     1.000  1.000
F3          8   21.066  37.0630    2.707  -5.2669   .000   .000   .185  -.183   .0518   .4960    .200       3.103     1.000  1.000
QVF         9   18.408  16.9350    3.120  -2.8487   .000   .000   .171  -.350   .0522   .4987    .050       3.153     1.000  1.000
QVF        10   17.573    .0171    3.260    .0928   .000   .000   .150  -.500   .0527   .5012    .050       3.203     1.000  1.000
F4         11   17.568    .0001    3.232    .0000   .000   .000   .000  -.500   .0554   .5159    .300       3.503     1.000  1.000
F4         12   17.573   -.0170    3.260   -.0928   .000   .000  -.150  -.500   .0581   .5307    .300       3.803     1.000  1.000
QVF        13   18.408 -16.9348    3.120   2.8487   .000   .000  -.171  -.350   .0585   .5331    .050       3.853     1.000  1.000
QVF        14   21.066 -37.0627    2.707   5.2669   .000   .000  -.185  -.183   .0589   .5359    .050       3.903     1.000  1.000
F3         15   38.502 -50.1132    1.025   3.1439   .000   .000  -.221  -.183   .0601   .5550    .200       4.103     1.000  1.000
QHF        16   41.701 -12.8432     .778   1.8883   .000   .000  -.236  -.401   .0603   .5640    .050       4.153     1.000  1.000
QHF        17   40.989  26.8477     .635   1.0003   .000   .000  -.262  -.638   .0605   .5754    .050       4.203     1.000  1.000
F2         18    8.884  12.4679    1.101  -1.5704   .000   .000  -.783  -.638   .0673   .8602    .817       5.019     1.000  1.000
QVFD       19    7.974   5.9623    1.223   -.8443   .000   .000  -.800  -.070   .0682   .8670    .050       5.069     1.000  1.000
QVFD       20    7.663    .3197    1.266    .0011   .000   .000  -.790   .500   .0692   .8734    .050       5.119     1.000  1.000
F1         21    7.087    .1388    2.512   -.9923   .000   .000  -.161   .500   .0965   .9979   1.258       6.377     1.000  1.000
VDIP       22    6.999    .0001    3.200    .0000   .000   .000   .000   .000   .1107  1.0319    .628       7.005     1.000  1.000
FK1        23    7.003   -.0213    3.207   -.0469   .000   .000   .000   .000   .1142  1.0393    .150       7.155     1.000  1.000
QHK1       24    5.501  13.8516    4.027  -8.7768   .000   .000   .000   .000   .1166  1.0439    .100       7.255     1.000  1.000
FK2        25    3.082  10.3458    5.976 -10.7146   .000   .000   .000   .000   .1205  1.0472    .100       7.355     1.000  1.000
QVK1       26    1.848   2.9645    6.639   4.6224   .000   .000   .000   .000   .1274  1.0496    .100       7.455     1.000  1.000
FK3        27    1.078   2.1701    5.328   4.1171   .000   .000   .000   .000   .1444  1.0536    .150       7.605     1.000  1.000
HDIP       28     .318    .8273    2.680   5.0863   .056   .443   .000   .000   .2157  1.0647    .262       7.867     1.000  1.000
FK4        29     .190   -.0768    1.236   3.3747   .132   .443   .000   .000   .3379  1.0796    .171       8.038     1.000  1.000
QDK        30     .198    .0002     .939   -.1163   .155   .000   .000   .000   .4193  1.0952    .100       8.138     1.000  1.000
QDK        31     .190    .0770    1.292  -3.7625   .132  -.443   .000   .000   .5007  1.1104    .100       8.238     1.000  1.000
FK4        32     .318   -.8274    2.919  -5.7649   .056  -.443   .000   .000   .6229  1.1244    .171       8.408     1.000  1.000
HDIP       33    1.078  -2.1707    5.966  -4.8249   .000   .000   .000   .000   .6942  1.1344    .262       8.670     1.000  1.000
FK3        34    1.849  -2.9654    7.505  -5.4353   .000   .000   .000   .000   .7112  1.1379    .150       8.820     1.000  1.000
QVK2       35    3.105 -10.6277    6.733  12.5052   .000   .000   .000   .000   .7181  1.1401    .100       8.920     1.000  1.000
FK2        36    5.598 -14.2976    4.465  10.1676   .000   .000   .000   .000   .7219  1.1430    .100       9.020     1.000  1.000
QHK2       37    7.137    .1387    3.494    .3035   .000   .000   .000   .000   .7243  1.1472    .100       9.120     1.000  1.000
FK11       38    7.002    .0000    3.199   -.0002   .000   .000   .000   .000   .7463  1.1941    .972      10.092     1.000  1.000

  HARDWARE PARAMETERS FOR 250 MeV

ELEMENT:VDIP
         HALFGAP=    .00500000(M)  BENDING ANGLE=  30.00000000(DEG)  BENDING RADIUS=       1.20000281(M.)
         LENGTH=   .6283200E+00(M) INDUCTION=   6.94923573(KG)
                FIELD INDEX N=        .0000       FIELD INDEX BETA=        .0000
         ENTRANCE ANGLE=   .00000000(DEG) ENTRANCE CURVATURE=       .000000000(/M)
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         EXIT ANGLE =   .00000000(DEG)    EXIT CURVATURE=       .000000000(/M)
         TILT ANGLE =     90.000000000(DEG)

ELEMENT:VSEP
         HALFGAP=    .00500000(M)  BENDING ANGLE=  30.00000000(DEG)  BENDING RADIUS=       1.20000281(M.)
         LENGTH=   .6283200E+00(M) INDUCTION=   6.94923573(KG)
                FIELD INDEX N=        .0000       FIELD INDEX BETA=        .0000
         ENTRANCE ANGLE=   .00000000(DEG) ENTRANCE CURVATURE=       .000000000(/M)
         EXIT ANGLE =   .00000000(DEG)    EXIT CURVATURE=       .000000000(/M)
         TILT ANGLE =    -90.000000000(DEG)

ELEMENT:QVFD
         HALF APERTURE=    .01600000(M)  LENGTH=    .05000000(M)              STRENGTH= -14.30340000(/M**2)
         FOCAL LENGTH=   .1406637E+01(M) POLE TIP INDUCTION=  -1.90844027(KG)  INTEGRATED STRENGTH=   -.71517000(/M)
         TILT ANGLE =       .000000000(DEG)

ELEMENT:QHF
         HALF APERTURE=    .01600000(M)  LENGTH=    .05000000(M)              STRENGTH=  19.15360000(/M**2)
         FOCAL LENGTH=   .1052570E+01(M) POLE TIP INDUCTION=   2.55558130(KG)  INTEGRATED STRENGTH=    .95768000(/M)
         TILT ANGLE =       .000000000(DEG)

ELEMENT:QVF
         HALF APERTURE=    .01600000(M)  LENGTH=    .05000000(M)              STRENGTH= -18.66310000(/M**2)
         FOCAL LENGTH=   .1080012E+01(M) POLE TIP INDUCTION=  -2.49013603(KG)  INTEGRATED STRENGTH=   -.93315500(/M)
         TILT ANGLE =       .000000000(DEG)

ELEMENT:QHK1
         HALF APERTURE=    .01000000(M)  LENGTH=    .10000000(M)              STRENGTH=  23.25700000(/M**2)
         FOCAL LENGTH=   .4471083E+00(M) POLE TIP INDUCTION=   1.93942504(KG)  INTEGRATED STRENGTH=   2.32570000(/M)
         TILT ANGLE =       .000000000(DEG)

ELEMENT:QVK1
         HALF APERTURE=    .01000000(M)  LENGTH=    .10000000(M)              STRENGTH= -24.13000000(/M**2)
         FOCAL LENGTH=   .4315700E+00(M) POLE TIP INDUCTION=  -2.01222540(KG)  INTEGRATED STRENGTH=  -2.41300000(/M)
         TILT ANGLE =       .000000000(DEG)

ELEMENT:QHK2
         HALF APERTURE=    .01000000(M)  LENGTH=    .10000000(M)              STRENGTH=  23.74200000(/M**2)
         FOCAL LENGTH=   .4383347E+00(M) POLE TIP INDUCTION=   1.97986969(KG)  INTEGRATED STRENGTH=   2.37420000(/M)
         TILT ANGLE =       .000000000(DEG)

ELEMENT:QVK2
         HALF APERTURE=    .01000000(M)  LENGTH=    .10000000(M)              STRENGTH= -24.99400000(/M**2)
         FOCAL LENGTH=   .4172618E+00(M) POLE TIP INDUCTION=  -2.08427525(KG)  INTEGRATED STRENGTH=  -2.49940000(/M)
         TILT ANGLE =       .000000000(DEG)

ELEMENT:QDK
         HALF APERTURE=    .01000000(M)  LENGTH=    .10000000(M)              STRENGTH=  30.16330000(/M**2)
         FOCAL LENGTH=   .3488011E+00(M) POLE TIP INDUCTION=   2.51534847(KG)  INTEGRATED STRENGTH=   3.01633000(/M)
         TILT ANGLE =       .000000000(DEG)

ELEMENT:HDIP
         HALFGAP=    .01000000(M)  BENDING ANGLE=  25.00000000(DEG)  BENDING RADIUS=        .60000140(M.)
         LENGTH=   .2618000E+00(M) INDUCTION=  13.89847147(KG)
                FIELD INDEX N=        .0000       FIELD INDEX BETA=        .0000
         ENTRANCE ANGLE= 12.50000000(DEG) ENTRANCE CURVATURE=       .000000000(/M)
         EXIT ANGLE = 12.50000000(DEG)    EXIT CURVATURE=       .000000000(/M)
         TILT ANGLE =       .000000000(DEG)
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7.6 LINAC èè Storage ring

7.6.1 Lattice

7.6.2 Magnets

7.6.3 Power supplies

7.6.4 Diagnostics

7.6.5 Vacuum system

7.7 LINAC èè MAX II

7.7.1 Lattice

7.7.2 Magnets

7.7.2.1 Septum MAX II

7.7.3 Power supplies

7.7.4 Diagnostics

7.7.5 Vacuum system

7.8 MAX I èè Nuclear physics

7.8.1 Lattice

7.8.2 Magnets

7.8.3 Power supplies

7.8.4 Diagnostics

7.8.5 Vacuum system
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8 Control system (MN/JT)

The control system for the new accelerators will be included into the existing system. This
uses a workstation at the operator, VME computers for the timecritical components and a
PLC system for signal control. The adaption of the system will be made in house.
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9 Synchrotron radiation (SW)

In designing the new storage ring MAX III the basic ideas has been to provide radiation at
lower energies where MAX II is not absolutely necessary as a source. These low energy
beamlines will in the future have difficulties in finding space at MAX II due to the
increasing demand for X-rays.

9.1 Radiation characteristics
The bending magnets on MAX III will, of course, emit synchrotron radiation but the main
interest for this is probably from the IR-beamlines due to the fairly low critical energy.
Bending magnet data are found in Table 9-1 and machine data inTable 9-2.

Table 9-1. Properties of the MAX III bending magnets.

Magnetic radius [m]  1.60000
Magnetic Field [T]  1.45894
Critical Energy [Ev]  475.53659
Critical Wavelength [A]  26.072693

Figure 9-1. Bending magnet spectrum from MAX III.

9.2 Undulators

In the following the capacity of MAX II is given along with the differences between
placing a low energy beamline at MAX II and MAX III. There are two immediate
solutions:
a) A multipole/wiggler line on MAX II
b) An undulator on MAX III.

Data for the two machines are summarised in Table 9-2 below.

Table 9-2. Ring data at MAX-lab
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Ring data MAX II MAX III
Energy (MeV) 1500 700
Usable straight section (m) 2,5 2,00
Gap (mm) 22 22 alt 17
Sx (mm) 0.34 0.18
Sx' (mRad) 0.026 0.071
Sy (mm) 0.044 0.036
Sy' (mRad) 0.020 0.036
Emittance, εεx (nm Rad) 13
Coupling 10%

9.2.1 Planar polarisation

The beamline should provide photons from 5eV up to 40 eV. (or 250 nm to 30 nm). To
choose the proper combination of K values and periods also a knowledge of the highest
obtainable magnetic fields must be achieved.

The maximum obtainable magnetic field in a hybrid undulator is approximately given by
v,vi
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g
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Eq. 9-1

where g is the undulator gap, λw the undulator period, and a,b and c constants. For an Nd-
Fe-B magnet a=3.44, b= 5.08 and c=1.54.

In the following it is assumed that the minimum gap is 22 mm, as the ordinary undulators in
MAX II, and 17 or 22 mm as two options for the new ring. This gives a set of maximum B-
fields for each gap while choosing different undulator periods. These can be translated into
maximum K-values. This is shown as "Cut off" curves in  Figure 9-2. The curves have
assumed Nd-Fe-B magnets.

By reading these figures a choice of devices can be made, as described in Table 9-3.

Table 9-3. A set of different devices at MAX-lab

Period N Kmax Bmax Gap
MAX II, at 1.5 GeV
A 0.1 m 25 10.76 1.15 T 22 mm
B 0.25 m 10 >> >> 22 mm
MAX III at 700 MeV
C 0.07 m 28 5.04 0.771 T 22 mm
D 0.0625 m 31 5.37 0.920 T 17 mm
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Figure 9-2. Wavelength as a function of K-value for undulators with different period.
Cut off lines (thick) show maximum K-value for a certain period. MAX III graphs
show both 1st and 3rd harmonic.

9.2.2 Spectra
The performance of the MAX III insertion devices in the range 5-40 eV is shown in Figure
9-4 and Figure 9-5. As a comparison a 0.1 m period undulator on MAX II is shown in
Figure 9-3.
The diagrams show flux within three different apertures. It can be seen from the spectra
that there is almost no difference between the options.
A K-value around 4, as on the MAX III devices, will allow operation at high harmonics
producing energies towards 250 eV.
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Figure 9-3. Planar undulator flux at MAX II. λλw = 0.1 m, K = 10, three different
apertures (r=0,2/0,5/1,0 mRad).

Figure 9-4. Flux from a planar undulator on MAX III. λλw =0.066 m K=4, three
different apertures (r=0,2/0,5/1,0 mRad).
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Figure 9-5. Flux from a type undulator on MAX III. λλw =0.058 m K=4.64, three
different apertures (r=0,2/0,5/1,0 mRad).

Figure 9-6. Flux from a type undulator on Max III, higher harmonics. λλw=0.0585 K
=2.5, three different apertures (r=0,2/0,5/1,0 mRad).

9.2.3 Circular polarisation

It is possible to equip the Max III with an undulator producing circular, and planar,
radiation. Several different types exist, and here the parameters of U56 which is installed at
BESSY are used. This undulator is a pure permanent device of the Sasaki type. The
polarisation can be adjusted almost completely without restrictions from planar horizontal
via circular to planar vertical. On axis this kind of device produces in circular mode almost
only the fundamental harmonic. But if one collects light away from the center the other
harmonics show up. In Figure 9-7 two such cases are shown. The circular polarisation is
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also shown for the two cases. It is almost 1 on axis, and very slightly lower for the off axis
case.

Figure 9-7. Flux from a helical undulator within a 0,25 mRad aperture on axis and off
axis, and the relative amount of circular polarisation.
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10 Free Electron Lasers (SW)

10.1 Storage ring FEL
The 700 MeV storage ring will be able to house a Storage Ring Free Electron Laser (SR-
FEL) capable to lase at least in the range 100 - 200 nm. Mean output powers of 0.5-2.5 W
can be expected and a gain above 25%.

10.2 Idea

The idea is to place a SR-FEL using a helical undulator on the proposed new ring at MAX-
lab. The concept studied here follows in many of the steps the EU-collaboration:
"Development of a combined Synchrotron radiation and VUV free-electron laser facility"
which MAX-lab plays part of together with ELETTRA (Trieste), ENEA (Frascati), CEA
(Paris), DELTA (Dortmund) and CLRC (Warrington).

10.3 Theory

The gain coefficient in in a helical undulator is approximately given byvii, viii:
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where K is the undulator parameter, N the number of periods, n the harmonic number, I the
peak current, IA= 17040 A the Alfvén current, γ0 the relativistic parameter and
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with σz the electron bunch length, εx
norm the normalised emittance times 2π, σε/ε the energy

spread and βx the beta function.



48 Project report Free Electron Lasers

The maximum power possible to extract from the SR-FEL is given byix, also called the
"Renieri limit":

s
eSRlaser N

N
P

N
P

τ
ε

2

1

2

1
=≤ Eq. 10-5

where Ne is the number of photons  and τs the longitudinal damping time.
This "upper limit" does not take into account the bunch lengthening due to an induced
energy spread, and is thus not achievable in practise.

10.4 Calibration of the model

The model described by the above given formulas has been compared (see Appendix 1.)
with the sketches for the SR-FEL projected at ELETTRAx. The gain value differs less than
10 % and the extracted power is in the given interval.

10.5 The MAX 3 ring

Table 10-1. Data for the MAX Booster

Energy 700 MeV
Emittance, norm 18 umRad
Coupling 10 %
Beta x 2.64 m
Beta y 0.97 m
Energy spread 0.5e-3
Ts 10 ms
Wsynch 100KHz
Momentum compaction 0.046
Current, mean single bunch 20 mA
Current, peak 50 A
Bunch length (sigma) 21 ps
B-field, dipole 1.46 T

10.6 The undulator

This study uses a helical undulator because it gives less power of higher harmonics on axis
which deteriorates the mirror reflectivity and it also focus the electron equally in both the
vertical and horizontal direction.

In a full study the options for an optical klystron and especially tapering has to be studied.
Both methods will be able to increase the gain of the laser.

10.7 Mirrors

Adequate mirrors in the actual wavelength region is a difficult problem. The solution of this
problem is one of the tasks within the EU-collaboration which MAX-lab will be able to
take advantage of.

Multilayer laser mirrors aimed for Eximer lasers are commercially available at some
wavelengths (such as 157 nm, 172 nm, 193 nm 212 nm) where they also reach reflectance
in the range of 95 - 99%. The main problem though is the degradation due to exposure to
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heavy synchrotron radiation. A number of ideas and concepts has to be studied to find
suitable methods.
• The helical undulator reduces power on axis
• Electric and/or magnetic fields can remove photo electrons
• Indications that the degradation give more spectral narrowing than reduction in

reflectivity
• …

10.8 Gain, saturation and power

The most important factor for the FEL is quite naturally the existence of gain. The FEL will
start from noise passing an exponential gain region and finally coming in to saturation. The
situation here can be either stable, where the laser stabilises on some power, or instable
where heavy saturation occurs and the process more or less has to start from scratch again,
with large fluctuations and spikes as a result.

Saturation is mainly due to a dilution of the electrons in space and energy. The FEL process
itself increases the energy spread of the electron beam and thus decreases the available
gain. An increase in energy spread also normally leads to a elongation of the electron bunch
and thus a lower electron density, which also reduces the gain.

The amount of change in energy that can be accepted by the FEL is dependent of the
homogenous width vii of the undulator radiation ( = 1/[2N] ). This is one of the basic
concepts behind the "Renieri limit" (Eq. 10-5) giving the maximum extracted power. The
Renieri limit does not take the effect of bunch lengthening due to energy spread into
account. This is an additional effect which in practise means that this power level can not
be reached.

It is important to note that by increasing the number of undulator periods (N) the gain
increases, but the maximum extracted power decreases. It is thus more favourable to
increase the electron density (or peak current) to achieve higher gain.

There are some "standard" ways to increase the gain of the FEL: higher electron density
and longer interaction length (=undulator). Other concepts exist such as using an Optical
Klystron or a tapered undulator. The last two options have not been studied here, but can
give additional possibilities.

The gain is then reduced due to initial energy spread, electron beam size (horizontally,
vertically and longitudinally) which is presented by the reductions factors (Eq. 10-1,
Appendix 1.and Appendix 2.).

10.9 Results

Following the considerations above a number of set-ups can be envisaged that will produce
a well operating SR-FEL (see Appendix 2. and Table 10-2).

Table 10-2. Operating conditions for the SR-FEL. Two examples

Case 1 Case 2
Undulator Period (m) 0.04

# periods 57
K-value 3
Length (m) 2.28
Wavelength (nm) 200 100

e-beam ε norm hor (2π m Rad) 18e-6
Coupling (%) 10
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Peak current (A) 50
Average current (mA) 20
Energy (MeV) 500 700
Energy spread (σE/E) 5e-4

Results Gain 0,35 0,24
Power extracted (W) 0,65 2,5
Reduction factors (total) 0,95 0,93

Case 1 is a basic case under good conditions. To increase the extracted power one can
choose between increasing the electron energy or shortening the undulator, which both will
lower the gain. As an example the peak current can be decreased to 30 A giving still good
conditions though the maximum extracted power will fall.

Several variations from Case 1 are possible to find the best operating conditions. The
important factor here is that a powerful SR-FEL will be possible and that it is not absolutely
critical to meet all the specifications given in Table 10-1.

Case 2 is a similar study for the 100 nm wavelength giving the same possibilities to trade
between gain and saturation power.
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10.10 Appendix 1.

Gain in a helical undulator
1998-03-26 ELETTRA

βx= 8,2 m
βy= 2,6 m
εx (norm, *2pi) 2,20E-05 2π m Rad

εy (norm, *2pi) 2,20E-06 2π m Rad

K 3,78 Ialfven 17040
N 42
λw 0,1 m
γ 2000
I (peak) 230 A
λ 1,911E-07 m 1,039E-18 J 6,48472829 eV
σz 9,00E-03 m
σΕ/Ε 1,90E-03
B 5,62E-01 T
I (mean) 2,00E-02 A

ρ 6,0645516 m Renieri limit:
Prad 318,36935 W P (max extr) 3,790111 W

Eloss/turn 15,918468 KeV

g0 0,5592658 Reduction factors
µc 0,0008918  => 0,999702814
µΕ 0,3192  => 0,852361822
µx 0,0589639  => 0,996535306
µy 0,0185963  => 0,999654297

coeff 0,848862662 Gainmax 0,403529

Gain (to 2nd order)

-0,40

-0,20

0,00

0,20

0,40

0,60

-0,040 -0,020 0,000 0,020 0,040
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10.11 Appendix 2.

100 nm case.

Gain in a helical undulator
2000-01-28 MAX SR-FEL on MAX 3

βx= 2,64 m

βy= 0,97 m
εx (norm, *2pi) 1,82E-05 2π m Rad

εy (norm, *2pi) 1,82E-06 2π m Rad

K 3 Ialfven 17040

N 57
λw 0,04 m

γ 1400
I (peak) 50 A
λ 1,02E-07 m = 1,946E-18 J = 12,1447872 eV
σz 6,30E-03 m

σΕ/Ε 5,00E-04
B 1,47E+00 T
I (mean) 2,00E-02 A

ρ 1,6274179 m Renieri limit:
Prad 284,85446 W P (max extr) 2,498723 W
Eloss/turn 14,242723 KeV

g0 0,3080594 Reduction factors

µc 0,0009232  => 0,999692353

µΕ 0,114  => 0,978384359

µx 0,2200545  => 0,953812577

µy 0,0598911  => 0,996425872

coeff 0,929573878 Gainmax 0,243409

Gain (to 2nd order)

-0,30

-0,20

-0,10

0,00

0,10
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-0,04 -0,02 0,00 0,02 0,04
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200 nm case.

Gain in a helical undulator
2000-01-28 MAX SR-FEL on MAX 3

βx= 2,64 m

βy= 0,97 m

εx (norm, *2pi) 1,82E-05 2π  m Rad

εy  (norm, *2pi) 1,82E-06 2π  m Rad

K 3 Ialfven 17040

N 57

λw 0,04 m

γ 1000
I (peak) 50 A
λ 0,0000002 m = 9,93E-19 J = 6,19632 eV

σz 6,30E-03 m

σΕ/Ε 5,00E-04
B 1,06E+00 T
I (mean) 2,00E-02 A

ρ 1,6076783 m Renieri limit:

Prad 75,06039 W P (max extr) 0,658424 W

Eloss/turn 3,7530195 KeV

g0 0,4312831 Reduction factors

µc 0,0018095  => 0,999397189

µΕ 0,114  => 0,978384359

µx 0,1571818  => 0,975889552

µy 0,0427794  => 0,998173268

coeff 0,952476409 Gainmax 0,349169

Gain (to 2nd order)
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