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ABSTRACT
The program, BEAMPARAM uses data which describes the lattice of an efe”

5 o : .
storage ring or of an e /e synchrotron to compute its beam dynamics and perfor-

mance parameters. The formulae, used by the program, are given in the Appendix.
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1. INTRODUCTION

The BEAMPARAM program computes the beam-dynamics and performance parameters
for an e'e storage ring. The required data is on two files, INPUT and TAPE3.
The INPUT file is in the form of a NAMELIST $DATA, and a list of the variables is
given in TABLE I. An example of the input data is shown in Fig. 1. The TAPE3
file contains AGS ) output, which describes the lattice of the storage ring.

TA output from both versions of AGS is accepted.

The output from the program consists of several sections:

i) The overall beam dynamics and lattice parameters, which are summarised in
Fig. 2. The output includes the damping times, the beam sizes at the

crossing point, the luminosities and the RF parameters.
ii) The beam sizes and the apertures calculated along the lattice (see Fig. 3).

iii) The parameters of the synchrotron radiation such as the radiation power and

the critical energy calculated along the lattice can be seen in Fig. 4.

iv) The sensitivity of the closed orbit to misalignments of the quadrupoles and

field errors in the bending magnets is calculated, and a table of "amplifi-

cation factors" for the individual elements is shown in Fig. 5.

2. INPUT DATA

2.1 Input data from INPUT

The NAMELIST variables, .their meaning and preset values are shown in TABLE I.
Once read,a variable will remain unchanged until it is redefined by a subsequent
set of data. The program is terminated by putting EGEV = 0. For an example

see Fig. 1.

2.2 Input data from TAPE3

The lattice parameters obtained from AGS for IEL elements are: name, length £,

bending angle ¢, focussing strength K, horizontal and vertical amplitude functions

o_» ay, Bx’ By, dispersion n and its derivative n' = dn/ds,horizontal and vertical



phase ux/2ﬂ and uy/Zw. All orbit parameters refer to the entrance of the elements,
for all forms of AGS output. The maximum number of elements from AGS output,

allowed by DIMENSION statements is 1200. At the beginning of execution, TAPE3 is
rewound and the first lattice is read in. Subsequent lattices must be asked for

explicitly, by using the NEXT variable in the NAMELIST $DATA.

The following constants are used by the program:

1.6021917 x 10 17 As,

- electronic charge e

2.997925 «x 1o8 n/s,

~ velocity of light ¢

0.511041 MeV,

- electron rest energy E0 =m,

- classical electron radius re = 2,817939 x 10-15m,

~ Planck's constant fic = 1.9732891 x 10_13 MeVm.

3. OVERALL MACHINE PARAMETERS

An example of the output for the overall machine parameters is shown in

Fig. 2.

3.1 Configuration specification

This gives a table of 3 lines, containing NAME, length, bending angle, K, n,
n's B, By, NS for 3 elements with numbers 1, INT and IEL. This should be

sufficient to identify the lattice generated by AGS.

3.2 Synchrotron integrals

This table gives the synchrotron integrals Il to 15 as defined in ref. 2.

The integrals depend on the shape of the magnets which is communicated to
BEAMPARAM by the logical variable WEDGE. With WEDGE = T.(.F.) wedge (straight)

magnets are used. WEDGE = .F. is the default value.

3.3 Machine parameters

. . . * *
This table contains the tunes (Qx’ Qy), the betatron functions Bx and By
* *
and the dispersions N and Ny at the crossing point. Since BEAMPARAM does not
handle vertical dispersion, n; is set to zero. Also printed are the momentum

compaction a, the machine circumference L and the revolution time To,



the damping partition numbers Jx’ Jy, Je and their derivatives with respect to

Ap/p.

3.4 Beam parameters and luminosities

This table gives the beam energy E, the coupling k, the larger of the hori-
zontal and vertical tune shifts AQ, the energy loss per turn due to synchrotron
radiation Uo’ the rms energy spread Oy the magnetic rigidity Bp, and the damping
times for the horizontal and vertical betatron oscillations, T and Ty, and for
synchrotron oscillations Ty SIGX and SIGY are the rms beam radii at the crossing

point, defined by INT:

g * *
o} and Oyo are the uncoupled betatron values,

X0
* # . .
Ove and Uyc are the values due to coupled betatron oscillations,
‘ * * . . . .
OxT and GyT are the total values, including coupled betatron oscillations

and energy oscillations.

Convention for the coupling K

If a non-zero value of the coupling parameter K is read in, it is used for
* * *

calculating O ? ch ’ OxT , OyT , Exc’ Eyc etc. and never gets changed.
In the output, K is labelled 'D'. If the input value K = O, BEAMPARAM
computes K such that the beam-beam tune shifts AQX and AQy vary with the
current as schematically shown in Fig. 6. TFor currents at the beam—beam
limit AQ and above, the coupling K is adjusted such that AQx = AQy, by
: * * * * L. . .

having ch /GyT = Bx /By . This is usually called optimum coupling.
For currents below the beam-beam limit AQ, the coupling K is adjusted such

that 4Q, < 6Q but 8Q = Q.

Three different methods are foreseen for calculating the circulating current
I, the stored number of particles N in each beam, and the luminosity L. A partial

flowchart for this part of the program is shown in Fig. 7.

i) If neither a value for the current Ixy nor a value for the RF generator
power P is given in the data i.e. Ixy = Pg = 0, then the currents Ix and
I are calculated such that AQx = AQ and AQy = AQ, respectively. These currents
are then used to calculate the stored number.of particles Nx and Ny and the

luminosities L_ and L_. For optimum coupling, I =TI , N =N and L =1 .
X y X y X y X y



This option is typical for storage rings in the energy range where the

luminosity is limited by the beam-beam tune shift,

ii) 1If a value for the current Ixy is specified in the data i.e. Ixy # 0, then
Ix = Iy = Ixy and these values are used to calculate the beam-beam tune
shifts AQx and AQy, Nx and Ny (= Nx)’ and LX and Ly (= LX). This option
typically applies to storage rings in the energy range where the current
is limited, and to sychrotrons. The AQ printed is the larger of AQx and

AQy, it may well exceed the beam-beam limit,

iii) If an RF generator power Pg # 0 is specified in the data, the current Ix is
adjusted such that the RF generator power necessary to sustain it is equal
to the input value Pg' The current Ix = Iy is then used to calculate AQx

and AQ , N and N (=N ) and L_and L (=1L ).
y' ox y X X y X

In the output, the input parameters (AQ, IX, Pg) are labelled 'D', the

calculated parameters 'C'.

The beam~beam bremstrahlung lifetime T is calculated according to ref. 3,

bb
using the bucket height obtained in the calculation of the RF parameters, and
assuming that there are Nint identical crossings. For machines with different

crossings the calculated Tt must be scaled appropriately.

bb

3.5 RF related parameters

The RF parameter calculation is done in two different ways, depending on
the value of the RF generator power in the data. If Pg = 0, there exists two
possibilities for the current Ix' Either Pg = Ixy = 0, in which case a value
for I is calculated, or P = 0 and I._ # 0O in which case I_ = I . Once one

x g Xy X Xy
has a value for Ix then a single~pass calculation is sufficient to obtain all
the output parameters described below. If Pg # 0, the current Ix is adjusted

such that the input value and the calculated value of Pg agree, before the rest

of the output parameters is calculated.

The output contains the harmonic number fRF/fo’ the peak RF voltage VRF’

the stable phase angle ¢S, the synchrotron tune vs and the synchrotron frequency

fs, the half-height of the buckets ¢ the rms bunch length O, and the Touschek

b’
lifetime TOUSCHEK, calculated according to ref. 4.



Since the calculation involves an integration along the orbit, it is quite
time-consuming. It may be turned off by setting TOUSCH = .F. The formulae
. . 4) . . .
for the Touschek lifetime ) involves some approximations, hence the results may

be unreliable for extreme parameters.

Convention for RF frequency f__

The harmonic number fRF/fo is computed such that it is the largest multiple

of kb yielding an RF frequency fRF smaller than the input value.

Convention for RF voltage V__

. + I 72 .
The RF voltage VRF is computed such that an energy loss (UO xy hm) is

is the higher-

compensated, at the specified quantum lifetime Tq, where th

mode impedance.

In addition to the above simple calculations BEAMPARAM performs a complete

5)

beam-loading calculation according to ref. 5. The input data ~“required are the
length of the active RF system Lc’ its shunt impedance per unit length Z and its

unloaded filling time T The beam is described by parameters which are

already known such as thilitrrent Ix and the number of bunches kb’ and by the
logical variables SINGLE and MIDARC. If SINGLE = .T., the calculation is done

for a single beam circulating in the machine; otherwise, the calculation is done
for two counter-rotating beams of e  -and e+. The arrival times of the e and e+ ,
bunches at the RF cavities are controlled by the variable MIDARC. If MIDARC = .T.,
the e” and e  are assumed to be interleaved with equal spacing; otherwise, they

are assumed to be coincident. The small difference in arrival times which occurs

. . 6) . . .
1n practice ) is neglected. For single beams, the MIDARC parameter is irrelevant.

The output of the beam loading calculation consists of the RF coupling
parameters BRF and the cavity tuning angle $ which minimize the RF generator

power Pg required.,

4. EVALUATION OF THE BEAM SIZE

If BMSIZE = .T., a table of beam sizes is printed for element numbers from
ILO to IHI. For each element, it gives the name, length, bending angle, K, n, n',
By,B ,a,a , Foc and F o, all taken at the entrance of the element. F_ and
x” Ty’ Tx x vy x

X y
Fy are input data.



Convention for beam radii

The horizontal beam radius Ox is calculated for an uncoupled beam, the

vertical one for a fully coupled beam.

Because of this convention, the actual beam sizes for all amounts of coupling
should be smaller than or equal to the figures printed. It may be found useful
to split elements with strong variations of Bx and By, e.g. low-B quadrupoles,
into several pieces in the data in order to get better results for the beam size

variation in these elements.

5. SYNCHROTRON RADIATION

If SYNRAD = .T., a table of synchrotron radiation parameters is printed for
element numbers from ILO to IHI. For each element, it gives the name, length,
bending angle, K, horizontal beam divergence 0; vertical beam divergence Oy‘
bending radius p, critical photon energy Ec’ synchrotron radiation power/metre,

and the number of photons/m/s/keV at the critical energy.

Convention for divergences

Ox' is calculated for an uncoupled beam, oy' is calculated for a fully coupled
beam. p, Ec etc. are only calculated for bending magnets (¢ # 0), or qua-
drupoles (K # 0). Combined function magnets are not permitted (K¢ # 0). 1In
quadrupoles, p, EC etc., as defined in ref. 7 are calculated for a fully

coupled beam.

Again it may be found useful to split elements with strong variations of Bx
and By’ e.g. low-B quadrupoles, into several pieces in the data in order to obtain
better results for the variation of the synchrotron radiation parameters in those

elements.

6. CLOSED ORBIT CALCULATIONS

The sensitivity of the closed orbit to alignment errors of the quadrupoles,
and excitation errors and tilts of the bending magnets can be expressed by in-
tegrals around the machine circumference of appropriate powers of the amplitude

functions Bx and By, and the focusing parameter K.



If CLORB = .T. a table is printed for element numbers from ILO to IHI. It
contains running sums Zx and Zy, and amplification factors PX and Py for all
quadrupoles and bending magnets. For quadrupoles, Px and Py are amplification
factors for horizontal and vertical misalignments. They are the ratio between
the closed orbit distortion in that element which will not be exceeded in 987
of all machines, to the rms displacement of the quadrupoles, assumed to be the
same for all quadrupoles. For bending magnets, Px is the 987 ratio between
closed orbit distortions in metres and relative rms magnet errors AB/B, and
similarly Py is the ratio between closed orbit distortions in metres and the
rms tilt of the magnets. The program treats quadrupoles and bending magnets

which are split into pieces in the AGS output as single elements,

7. RUNNING BEAMPARAM

The binary version of BEAMPARAM is stored on a permanent file, The file
TAPE3 must be made available either as a permanent file or as a local file

by executing AGS prior to BEAMPARAM (for an example, see Fig. 1).

The program card of BEAMPARAM is: PROGRAM BMPAR (INPUT, OUTPUT, TAPE3,

TAPE1 = INPUT, TAPE2 = QUTPUT).
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Name Preset values

BMSIZE .T. Logical variable pertaining to the beam-size
calculations. 1If these are not required put
BMSIZE = .F.

CLORB - .T. Pertains to the closed-orbit calculations.
If these are not required put CLORB = .F.

DELQ* AQ 0.06 Maximum permissible beam-beam tune shift per
crossing.

GEV E - Energy in GeV.

FRF fRF 3 RF frequency in MHz.

FX, FY fx, fy 10, 10 Horizontal and vertical multiplication factors.

ILO, IHI - 1, TEL Lower and upper printout for beamsize, closed
orbit and synchrotron radiation calculations.
NB. if not specified there will be printout
for all the elements.

INT - - The element number at the entrance of which
crossing occurs.

* . o

IXY IXy 0 Stored current in Ampéres.

KAPPA* K 0 Coupling parameter between horizontal and
vertical betatron oscillations.

KBUNCH kb - Number of bunches in one beam.

LC LC 1 Active length of RF cavities in m.

MIDARC - .F. Logical variable pertaining to the position
of the RF cavities. If MIDARC = .T. then

+ —

the e and the e bunches are interleaved.
If MIDARC = .F. then they coincide at the
RF cavities.

NEXT - - Logical variable. To be used only if more

Table I

Variables in NAMELIST $DATA

in alphabetical order

than 1 lattice is to be read from TAPE3. If

this is the case put NEXT = .T.



Name

NINT

%
PG

SHUNT

SINGLE

SYNRAD

TAUQ

TFILL

TOUSCH

WEDGE

ZHM

*CONVENTION:

Preset values

Nint 2 kb
P 0
g
2 20.0
- F.
- .T.
T 600.0
q
Tein1 25.0
~ .T.
- .F.
th 0

Number of crossing points.
RF generator power in MW.

Shunt impedance of the RF cavities in M2/m.

Logical variable. SINGLE .T. for one beam
SINGLE = .F. for two beams.

Logical variable pertaining to the synchrotron

radiation calculations. If these are not

required put SYNRAD = .F.
Specified quantum lifetime in minutes.

Unloaded filling time of the RF cavities

in us.

Logical variable pertaining to the Touschek
lifetime. If it is not required put

TOUSCH = .F.

Logical variable pertaining to the shape
of the bending magnets. Put WEDGE = .T. for
wedge magnets and WEDGE = .F. for straight

magnets.

Higher mode impedance in MQ.

The variables DELQ, KAPPA, IXY and PG may be read in as data or

calculated. In the output they will be preceded by (D) or (C)

accordingly.

For "unconstrained" current

data IXY = 0, PG = 0, AQ # O

For "fixed" current

data IXY # 0, PG =0
or PG # 0

then IX

IX, PG are calculated

then IX = IXY AQ, PG are calculated

f (PG) AQ, PG are calculated

1}

Once a quantity has been defined it remains the same until it is changed by

a subsequent set of data.

The program is ended by a $DATA EGEV = 0.0 $.
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APPENDIX A

Definition and formulae used by BEAMPARAM. This appendix contains the defi-
nitions of the various quantities printed out by BEAMPARAM and the formulae used :

to obtain them. The list follows the order of the output.

SYNCHROTRON INTEGRALS FOR STRAIGHT MAGNETS (Al) Page
I1, 12, 13, 14, I5 11

MACHINE PARAMETERS (A2)

* *
QX, BX , ETAX 11
QY, BY*, ETAY 11
ALPHA, L, TO 11
JX, JY, JE 11
DJX/ (DE/E), DJY/(DE/E), DJE/(DE/E) 12

BEAM PARAMETERS AND LUMINOSITIES (A3)

E, KAPPA, DQ 12
U0, SIGE, BRHO 13
TAUX, TAUY, TAUE 13
EX(0), EX(C), EY(C) 14
SIGX(0), SIGX(C), SIGX(T) 14
SIGY(0), SIGY(C), SIGY(T) 14
LX, NX, IX 15
LY, NY, IV 15
KBUNCH, TAUPOL, TAUBREMS 16
NINT 16

RF RELATED PARAMETERS (A4)

FRF/FO, VRF, FRF 16
PHIS, NUS, FS 17
SIGB, SIGZ, TAUQ 17
SHUNT, LC, TFILL 17
PG, ZHM, TOUSCHEK 17
BETARF, PSI 18
EVALUATION OF THE BEAM SIZE (AS5) 19
SYNCHROTRON RADIATION (A6) 20

CLOSED ORBIT AMPLIFICATION FACTOR (A7) 21
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Al) SYNCHROTRON INTEGRALS

2)

1 I, and I, are defined in reference

The synchrotron integrals 11, 1 3 Iy 5

2’
for both straight and wedege magnets.

In a machine with elements whose field and gradient are piecewise constant

2)

the integrals can be written in the form of sums over the elements .

The shape of the magnets is controlled by the WEDGE parameter.

A2) MACHINE PARAMETERS

Q  horizontal betatron tune.
B; horizontal amplitude function at crossing.

n* horizontal dispersion at crossing.

Q  vertical betatron tune.
vertical amplitude function at crossing

vertical dispersion at crossing, set to zero because AGS does not allow
for vertical dispersion.

o  momentum compaction factor.
L circumference.

T revolution time.

Damping partition numbers

Horizontal Jx = ] - 14/12
Vertical J =1
Energy Je = 2 + 14/I2
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Energy variation of damping partition numbers

L
33, Lz [y,
3E/E I My
2
[#]
23,
5E/E - 8
8J 3J
e . X
OE/E OE/E

In a machine with piecewise constant gradient the integral can be expressed

in closed form as a sum over the elements.

Since the AGS output on TAPE3 usually contains only a section of the whole
machine (1 super period or % super period) the program finds the number of

sections NS by summing the bending angles ¢i.

21 + 0.02

n
L

-1

1

Here the constant 0.02 agrees with the tolerance on the total bending

. 1
angle in AGS ).

A3) BEAM PARAMETERS AND LUMINOSITIES

E the energy, read in as data.

K the coupling, may be read in as data or calculated.

4Q maximum tune shift/crossing.

May be read in as data or calculated (see section 3.4).

If a value for K is not read in as data then its optimum value is calculated
* * X %
by solving o_. /GyT = Bx /By for K:

o *2 &) *2 + O 2 e *2 n *2
K = xe y e 'y x

2 2
¢ x % * - 2 % *
%o BX By g, By N

N

2
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*
for o see below.
X0

At this value of K the horizontal and vertical beam-beam tune shifts are

equal.

In the cases with fixed current (Ixy ¥ 0 or Pg # 0 in the data), the
calculated K is reduced if AQy = 0Q, < AQ, such that AQy = AQ and AQX < AQ.

This is achieved by solving

*
. N r 8
b * %
0 “vo Yo | o= XL e I
®xT yT yT 2w kb vy AQ

. . . . . . . 2
for K. This implies solving the following quadratic equation in K :

0 = KA(BDZO2 - ]3»201+ - C2 + 2 BC 02) + K2 (BD202 + BO4 - 2C2 + 2 BC 02) - C2
N [ *
r
3 * _ _xy e y B * B *
where B By /SX , C 5 kb A D O N and © O e

UO the synchrotron radiation loss per turn
T the relative rms energy spread

Bp the magnetic rigidity

oﬂi%ss.g_ £2 R E
© E 53 ™ m?3 Mt

Bp = 10E/0.299925

T T 7 damping times
X, y’ e p g




T-1=£<L)32
y 3\ mel L
321, + 1
-1 Te® [ E 27 4
Te 73 ( 2 L
mc

E emittances
ve

- & _‘h_(E)Z Ts
X0 32\/3 me mc2 I2-14

2
E =E /(1 +K)
xc Xe
E = E
ye K e
* . L .
> O horizontal beam radii at the crossing
Xx )
= 2
g =
xo E, B, )
* * L
o} = (E 2
xc ( Xc Bx )
* *2 * 27 &
o} 5 7
XT I: GXC + (nx Ge) ]

£
g . . .
> "yT  vertical rms beam radii at the crossing
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There are three ways of obtaining the circulating currents IX and Iy’
the numbers of stored particles NX and Ny’ the beam-beam tune shifts AQx
and AQy, and the luminosities Lx and Ly as described in section 3.4.

i) Currents given by beam-beam limit (IXy = Pg = 0 in data)

* *

* *
N = 2y
xyy © 2TYAQk (o g o) Oy o/ (r B )
I = N e/T
X,Y X,Y
L N Z ¥ *
X,y X,V /(4 b OXT GyT o)
ii) Fixed current (I # O in data), P_ =0
X
I =1 =1
X y Xy
N =N =1 T /e
X y Xy
L L 2 4 * T
x y B Nx ASk kb o T GyT o)

AQ = % *
XY 2n kb(U;T + UyT ) o

AQ = max(AQx, AQy)

iii) Fixed RF generator power Pg (Pg # 0 in data)

IX is calculated from Pg (see below), and then the formulae for the fixed

current case 1ii) are used.
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kb is the number of bunches (data)

T polarisation time
pol

beam-beam bremstrahlung lifetime

“bb
. _ 98.66488 L
pol 5
13 E
Tob ny/(o ny Nint)
where N = min (N, N)
xy x’ 'y
ny = min (Lx, Ly)
_ 16 2 1 2, 5
73 Yo 137.03602 {(“ byt - Do - )
+ 5(fn ¢ )2 + 0.804 an o, - 0.2
D Oy b .
oy bucket half-height (see section A4)
Nint number of crossing points (data)

A4) RF RELATED PARAMETERS

h harmonic number
VRF peak RF voltage

fRF RF frequency (data)

h =k [1ntegral part of (fRF ro/kb)]

VRF = (Uo * Lhm Ixy)/r

[is the solution of:

_ U(Ob E)2 h a

=7 % _
2(F" - 13" = 2 cos I vz T3
o hm “xy
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The RF frequency is chosen as follows (see section 3.5):

fep = 0T,

I  =min (I, I
mm(x, y)

¢s stable phase angle.
v synchrotron time.

fs synchrotron frequency.

o = = sin  (T)
1 ATRE
\¥! = - - it
8 8 [ h e cos ¢s ZME]
f =v /T
s s 0

oy bucket half height
o rms bunch length

Tq quantum lifetime (data)

o, = Oe.'VZXA where x is the solution of:
1
5 1 /1= x exp(- x)

e’ 'q

2

o, = a.oe.L/(Eﬂ vs)

7 shunt impedance per unit length of RF system (data)

LC length .of active RF structure (data)

Tfill filling time of RF system (data)
Pg RF generator power may be calculated or read in as data
th higher mode impedance

T Touschek lifetime (see below)

e
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_ 2
gg (calc) = (Rpg'VRF) /(Z'Lc)

Values are found for BRF and Y such that Rpg is a minimum

2
1 . ,
R = %[(uo £U A B+ lo.Z.Fl(r,ib)]

P8
2.VRF.cos i1 BR?

2%
+ B?RFz - (U, th)z)% L+ 8 iO.Z.FZ(T,¢ﬂ g/

(1 - e-ZT)

2[1 - 2¢ Tcos(t tan W) + e'ZT]

Fl(”f,lf)) =

=T .
Te .sin(t tan Y)

F.,(t,4) = — , Z
2 1 - 2e ' cos(t tan Y) + e 2t

th = th.mln(Ix, Iy)

F.

2.IX if SINGLE
lo u% . T.

I if SINGLE
X

.F. and MIDARC = .T,

] =%T0/(2kb Tfill) if SINGLE.
To/(kb.Tfill) if SINGLE = .T.
T = TZ/(l + BRF)

In the output Pg will be preceeded by (C)

P (data)
g

1f Pg # 0 then a value of Ix is found such that Pg(calc) = Pg(data) using
the above equations as implicit for Ix' In this case, in the output, Pg will

be preceeded by (D).

Touschek lifetime T%

4w r2 .c <J/v> N
e Xy



. 2 2%
GX(S) = [Lxc ‘x (s) tn (s) OeJ

1

E B ‘ %
(03 (S) - [yc }T ( )
|

‘2 213
Ox‘(s) = [Exc Yx (s} +n —(s) Oe] ’

EY 1
§ /3.Y.0x (s)

2 )

‘ p , . 235 L
J(s) = a +66-) + _21_6 tn (82- - -2[% + ~1)- tn (L—f—dé)i’ 1)+ %Qn (6 + (1 + 62)2>}
b - (1 +8)%+1

EVALUATION OF THE BEAM SIZE

Printout of the lattice between element numbers ILO and IHI (data). The

last two columns are:

F .0 and F .0 where F_, F_ are data.
X X y 'y X y

L
v '—1{-1—}3 s.}2
y 2 "xo "yi

As may be seen from these formulae, the radial beam size is assumed to
be Fx times the rms horizontal beam radius without coupling; while the vertical
beam size is Fy times the rms vertical beam radius with full coupling i.e.

K=1.
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SYNCHROTRON RADIATION

The output, besides length, angle and gradient, lists the following quanti-

ties:

o;, o;, 0, Ec’ Power, Photons.

+
. . ' ! Ctx |2|/2
Horizontal rms beam divergence Gx = OX — + (Ge-ﬂ )
B

L e ot ?
Vertical rms beam divergence 0; = Gy,(_dmm:ix)

1/(Ko) for K(gradient) # O
length/angle for angle # O

( 2 2 )
where g=[0 + 0
X y

Critical ener E = 3
cal enersy B =3 ol

Bending radius p = {

Spectral density of photons at the critical energy Ec (photons)

=

3Py bg

s E2
c

0.404/e

= f
where qu Nb or angle # 0 N

and N, = N for gradient # O ' N

0.319/e
bq q q

[t

CLOSED ORBIT AMPLIFICATION FACTOR

The formulae for the quantities SUMX, SUMY, PX, PY depend on whether the

element is a quadrupole or a bending magnet.

Quadrupoles



< B >,
i

SUMX is the running sum for SX

Bending Magnets
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1 L
Ef-V/‘B(s) ds
1+
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SYNCHROTRON RADIATION

=
o

NAME LENGTH ANGLE

K SIGX SIGY RHO EC POWER PHOTON
M MRAD 1/M*xx2 MRAD MRAD KEV WATT/M 1/M/s/K
1 5.0000 0.0000 0. .2059 .5823
2 Q11 5.0000 0.0000 .5000e-01 .2059 .5823 .6438E+04 118.179 86.001 .122E+14
3 2.3000 0.0000 0. .6706 .3310
4 Q12 5.0000 0.0000 =.2547E-01 6706 -3310 . 7261E+04 104.790 67.618  .122E+14
5 35.7500 0.0000 0. .0576 .0416
6 Q13 1.7400 0.0000 =.5390E-02 .0576 .0416 .4315E+05 17.633 1.915  .122E+14
I4 7.9000 0.0000 0. .0956 .0398
8 Q14 1.7400 0.0000 . 7757E-02 .0956 .0398 .3733E+05 20.382 2.558  .122E+14
9 40.2000 0.0000 0. .0534 .0380
10 QDH .8700 0.0000 .2108€E-01 .0534 .0380 .2026€E+05 37.556 8.685  .122E+14
11 QDH 8700 0.0000 .2108E-01 .0454 .0187 .2023€+05 37.605 8.708  .122E+14
12 26.7600 0.0000 0. 0534 0379
13 QF 1.7400 0.0000 =.2075e-01 .0534 .0379 .1736E+05 43.817 11.822  .122E+14
14 26.7600 0.0000 0. .0534 .0380
15 QDH .8700 0.0000 .2108E-01 .0534 .0380 .2026E+05 37.555 8.685  .122E+14
16 QDH 8700 0.0000 .2108e-01 .0455 .0187 .2023€e+05 37.605 8.708  .122E+14
17 26.7600 0.0000 0. 0534 .0380
18 QF 1.7400 0.0000 =.2075€e-01 .0534 .0380 .1736€E+05 43.817 11.822  .122E+14
19 26.7600 0.0000 . .0534 .0379
20 QD 1.7400 0.0000 .2108e-01 .0534 .0379 .2026E+05 37.555 8.685  .122E+14
21 1.2300 0.0000 0. .0534 .0379
22 B1 24.2200 1.0329 0. .0534 .0379 .2345E+05 32.447 6.483  .155E+14
23 1.3100 0.0000 0. .0534 .0380
24 QF 1.7400 0.0000 =.2075€E-01 .0534 .0380 .1736€E+05 43.819 11.823  .122E+14
25 1.2300 0.0000 0. .0534 .0380
26 B2 24.2200 8.9050 0. .0534 .0380 .2720E+04 279.744 481.882  .155E+14
27 1.3100 0.0000 0. .0550 .0379
28 QD 1.7400 0.0000 .2108E-01 .0550 .0379 .2020€+05 37.670 8.738  .122E+14
29 1.2300 0.0000 0. .0571 .0380
30 B3 24.2200 10.9286 0. 0572 .0380 .2216E+04 343.317 725.788  .155E+14
31 1.3100 0.0000 0. .0650 .0380
32 QF 1.7400 0.0000 =.2075e-01 0651 .0380 .1653E+05 46.039 13.052  .122E+14
33 23.7600 0.0000 0. .0567 0379
34 +WIG .5000 0.0000 0. .0614 . 0379
35 .2500 0.0000 0. 0616 .0379
36 -WIG .5000 0.0000 0. 0617 . 0379
37 .2500 0.0000 0. .0618 .0379
38 -WIG .5000 0.0000 0. . 0619 .0379
39 .2500 0.0000 0. .0620 .0379
40 +WIG .5000 0.0000 0. .0621 0379
41 .2500 0.0000 0. .0623 .0379
42 QD 1.7400 0.0000 .2108E-01 .0623 .0379 .1890€+05 40.262 9.982  .122E+14
43 26.7600 0.0000 0. .0rQ9 .0379
44 QF 1.7400 0.0000 =.2075e-01 .0732 .0379 . 1453€E+05 52.348 16.874  .122E+14
45 .2100 0.0000 0. .0732 .0380
46 SF2 .4400 0.0000 0. .0732 .0380
47 .5800 0.0000 0. .0732 .0380
48 B 24.2200 10.3287 0. .0732 .0380 .2345E+04 324.469 648.288  .155E+14
49 1.3100 0.0000 0. .0692 .0380

TOTAL SYNCHROTRON RADIATION POWER INCLUDING QUADRUPOLES 9.548824

Figure 4.
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CLOSED ORBIT AMPLIFICATION FACTOR
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Figure 5.
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Figure 6.
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Three different ways for obtaining the

current I depending on data P_ and I
X g Xy

1) Fixed generator power Pg.

o 2) Fixed current.
NO —» ] . .
3) Currents given by beam-beam limit.

YES

v v

CALCULATE
K

|-

~—

.qﬁsil..p YES

® »— YES
NO

‘ NO
 J
Ix = f(Fy) Ix= Ixy
(1) by = 1y (2) ly = Ixy (3)
AQcolc=f(|X) AQchc"f(i’()

K data ?>""YES—————

NO

AQCGIC< AQ ") NO T

l

| AQ (data)

L= £(AQ)
Ix#ly if K is data

= IY if K is calc

YES
v
l modify K I
L
p| calc |=
Py

Figure 7.




