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Elements and Keywords

Definition Syntax:

Main Level:

element_type element = (keyword = expr. ...)
element] = (keyword = expr. ...)
Fxample:
QUAD QF1 = (L = 0.5 K1 = 0.1)
QD1 = (L = 0.5 K1 = -0.1);

h "sa 'y\?
L is i lrL,«I;’“ B v_) 7 Q A 1 ¢ \ ) "~

Function: /7S wpscpe ) swda) i
AN

SetElement [element, type, { keyword->value, ...}]

Fxample:

SetElement ["QF1"™, "QUAD", {"L"->0.5, "K1"->0.13}];



element

keywords

COUPLE DP DX1 DX2 DY1 DY2 JDPX

APERT aperture IDPY
AX AY AZ BX BY COUPLE DP DPX DPY
DX DY DZ EMITX EMITY EPX EPY EX
EY NP R1 R11 R12 R13 R14 R15 R16.
BEAMBEAM beam-beam R2 R22 R23 R24 R25 R26 R3 R33 R34
R35 R36 R4 R44 R45 R46 R55 R56 R66
SIGZ SLICE STURN XANGLE ZPX ZPY ZX
ZY
ANGLE COUPLE DISFRIN DISRAD DX
BEND dipole DY E1 E2 EPS F1 FRINGE KO K1 L
RANKICK ROTATE
COUPLE DPHI DX DY FREQ HARM L
CAVI rf cavity LWAKE PHI RANPHASE RANVOLT ROTATE
TWAKE VO2 V1 V11 V20 VOLT
coordinate
COORD transforma- CHIl CHI2 CHI3 COUPLE DIR DX DY DZ
tion | ,
COUPLE DISFRIN DISRAD DX DY K4 L
DECA d@C&pOle ROTATE
COUPLE DISFRIN DISRAD DX DY K5 L
DODECA dodecapole ROTATE

Table 1: Keywords of SAD elements.



element

keywords

DRIFT drift space

COUPLE DISKIN L RADIUS

INS nsertion

AX AY BX BY COUPLE DIR DPX DPY DX
DY EPX EPY EX EY PSIX PSIY R1 R2
R3 R4

MAP external map

COUPLE

MARK marker

AX AY AZ BX BY COUPLE DDP DP DPX
DPY DX DY DZ EMITX EMITY EPX EPY
EX EY GEO JDPX JDPY JDPZ JDX JDY
JDZ OFFSET PSIX PSIY R1 R2 R3 R4
SIGZ

MONI monitor

COUPLE DX DY OFFSET ROTATE

universal

MULT o
multipole

CHI1 CHI2 COUPLE DISFRIN DISRAD
DPHI DX DY DZ EPS F1 F2 FREQ
FRINGE HARM KO K1 K10 K11 K12 Ki3
K14 K15 K16 K17 K18 K19 K2 K20 K21
K3 K4 K5 K6 K7 K8 K9 L PHI RADIUS
ROTATE SKO SK10 SK11 SK12 SK13
SK14 SK15 SK16 SK17 SK18 SK19 SK2
SK20 SK21 SK3 SK4 SK5 SK6 SK7 SK8
SK9 VOLT Wi

Table 2: Keywords of SAD elements (cont’d).



OCT octupole

COUPLE DISFRIN DISRAD DX DY K3 L
ROTATE

phase space
rotation

PHSROT

AX AY AZ B11 B12 B13 B14 B15 B16
B22 B23 B24 B25 B26 B33 B34 B35
B36 B44 B45 B46 B55 B56 B66 BX
BY BZ COUPLE D11 D12 D13 D14 D15
D16 D21 D22 D23 D24 D25 D26 D31
D32 D33 D34 D35 D36 D41 D42 D43
D44 D45 D46 D51 D52 D53 D54 D55
D56 D61 D62 D63 D64 D65 D66 DP DZ
EMITX EMITY EMITZ EPX EPY EX EY
JDPY JDY PSIX PSIY PSIZ R1 R2 R3
R4 SIGZ ZPX ZPY ZX ZY

QUAD quadrupole

ACHROMA COUPLE DISFRIN DISKIN
DISRAD DX DY EPS F1 F2 FRINGE K1 L
ROTATE

SEXT sextupole

COUPLE DISFRIN DISRAD DX DY K2 L
ROTATE

SOL solenoid

BOUND BZ CHI1 CHI2 CHI3 COUPLE DBZ
DPX DPY DX DY DZ F1 GEO L

transverse

TCAVI .
cavity

COUPLE DX DY FREQ HARM KO L LWAKE
PHI RANKICK RANPHASE ROTATE TWAKE

Table 3: Keywords of SAD elements (cont’d).



overlapped element

In the real world, many elements are placed overlapping to each
other. For instance,

e quadrupoles in nonuniform solenoid (e.g. Belle & QCS).

e QQuads, dipoles, solenoids on accelerating structure (e.g.
Linac).

Though these components can be expressed using SOL and MULT
in the current version of SAD, they are uneasy to handle,

A BEND element with “multipoles” or acceleration is not pos-
sible to express yet. Even it is not impossible to define “multi-
poles”™ in the curved coordinate, but it will be impractical to use
such quantity for magnet measurements which are usually done
in Cartesian system.



Beam Line

Definition Syntax:

Main Level:

LINE beamline = (elementl, element2, ...);
Example:

LINE L1 = (START QF1 QD1);

Function: el poodic o5 Ak

BeamLine [elementi, element?2, ...]

Example:

1 = BeamLine["START", "QF1", "QD1"];
FFS["USE l"];ﬁ\
S \k"[»[mwg LTy

N P O T
FESE larrie = AN

construction of beam line
A beam line is a series of elements.
e Elements are appended to the previous one, with the local

coordinate at the exit of the previous element.

h9_



e A BEND element rotates the local coordinate accroding to
its value of ANGLE.

e A general coordinate transformation is possible by COORD

element. 5
‘SH x 7
. TS ANGLE >0
local coordinate x

d

e The local coordinate is a right-hand system.
e The s-axis points the direction of the beam line.

e A BEND element rotates the local coordinate around the
y-axis by —ANGLE, when ROTATE is zero.

e [or any clements, the keyword ROTATE rotates the ele-
ment (and the local coordinate) around the local s-axis
by —ROTATE at the entrance, and rotates back at the exit.

e The rotation is done after taking out the offset given by

(DX,DY) at the entrance, and before resetting the offset at
the exit.

e At the entrance of SOL the coordinate is automatically set
to the axis of SOL." At the exit it resets to the design orbit.

In both cases, The angle x5 (see below) is set to zero after
the transformation.



geometry coordinate

The relation between the local coordinate (x,y,s) at each ele-
ment and the global geometric coordinate (€,7,¢) is shown by
DISPLAY GEOMETRY (abbrev. DISP G) command.

o The global coordinate defaults its origin at the beginning
of the beam line, and the axes are (£,7,¢) = (s, —z, —y).

e 'The global coordinate can be changed by ORG command.

The rotation of the local coordinate is expressed by three
angles as shown in Fig. 1.

Figure 1: Rotation of the local coordinate is expressed by angles
X1, X2, and xs.



coordinate and orbit

e The coordinate and the orbit are different things.

e In usual cases the coordinate is placed on the design or-
bit, but they become different by using SOL, misaligned
elements, elements with KO as the “design”, or COORD ele-
ments.

e To avoid confusion, there is a flag GEOFIX (default: OFF).

e When GEOFIX is ON, the coordinate is fixed by changing
alignment, etc.

e The design momentum py(s) works as a part of the coor-
dinate system.

e GEOFIX also fixes po(s). This is important in a linac.



Transformation

Different transformations are used in TRACK, EMIT, and FFS. FFS
uses the same routines for orbit and matrix calculation as EMIT’s,
but uses its 4 by 5 submatrix for the optics parametrization.

TRACK EMIT FFS
orbit tracking 6D symplectic 6D symplectic 6D symplectic
matrix - 6D 4 by 5
radiation loss when RAD when RADCOD -

| classical(TRPT),
rad. diffusion Gaussian(RING) &S beam matrix -
acceleration OK OK | OK
wake field (obsolete) — OK
space charge static approx. — -
intrabeam — beam matrix —

Table 4: Comparison of transformations in TRACK, EMIT, and
FFS. ‘

DRIFT

Transformation in DRIFT is done analytically (without parallel
or ultra-relativistic approximations).

BEND

e The body of BEND is treated analvtically even with the edge
angles, when K1 is zero.



e The non-analytic part consists of the linear fringe (leak of
the field from the edge), nonlinear fringe at the first order,

and field index (K1).

The entire transformation is:
( rotation V2|28 3 7>

(drift to the entrance face)
x2 = x1/(cos(psil) - sin(psil) (px1/pzl1))
px2 = pxl cos(psil) + pzl sin(psil)
y2 =yl + (pyl/pzl) x2 sin(psil)
z2 =21 - (pl /pzl) x2 sin(psil) ,
where psil = ANGLE * E1;

(linear fringe at entrance face)
x2 = x1 + dxfr (p1 - p0)/pil

———
py2 = pyl + dyfr y1/p1°2
z2 =zl + (dxfr pxl + dyfr y1°2/(2 p1))/pl _éi/ L;S
where dxfr = F1°2/(24 rhob) , L |
dyfr = F1/(6 rhob~2) , T
rhob = L’/(ANGLE + KO) VETY '
L> =1L - (ANGLE F1)°2 /(24 L)

* sin(ANGLE (1 - EF1 - E2)/2)/sin(ANGLE/2)

(nonlinear fringe at entrance)
x2 = x1 + y1°2 p1°2/(2 rhob (p1°2 - px1-2)~(3/2))
py2 = pyl - pxl y1/(pl rhob sqrt(p1-2 - px1~2))
z2 =12z1 - pxl y172 p1/(2 rhob (p1°2 - px1°2)"(3/2))

(body of bend)
px2 = -rho0/rhob (sin(psi2) + sin(omega + psil))
+ sin(omega) pzl + cos(omega) pxl
- x1/rhob sin(omega)



X2 =

x1 cos(omega)

+ rhob (pz2 - cos(omega) pzl + sin(omega) px1)

+ rho0 (cos(omegatpsil) - cos(psi2))

yl1 + pyl/sqrt(p1l™2 - pyl1~2) s

zl - s pl/sqrt(pl~2 - pyl 2) + vi/v0 L’

rho0 = L’/ANGLE

omega = ANGLE - psil - psi2

S = rhob ANGLE (arcsin(px1l/sqrt(p1~2 - pyl1~2))
- arcsin(px2/sqrt(p272 - py2°2)) + omega)

(nonlinear fringe at exit)

X2 =

py2 =
z2 =

(linear
X2 =

pPy2 =
z2 =

x1 - y1°2 p1°2/(2 rhob (p1°2 - px1-2)~(3/2))
pyl + pxl y1/(pl rhob sqrt(pl~2 - px172))
z1 + pxl y172 p1/(2 rhob (p1°2 - px1~2)~(3/2))

fringe at entrance face)

x1 - dxfr (p1 - p0)/pl

pyl + dyfr y1/pi~2

z1 + (-dxfr pxl + dyfr y1°2/(2 p1))/pl

(drift from the exit face)

px2 =
X2 =

y2 =

z2 =

where.

cos(psi2) px1l + sin(psi2) pzi
x1 (cos(psi2) + px2/pz2 sin(psi2))
vyl + py2/pz2 x1 sin(psi2)
z1 - x1 sin(psi2) p2/pz2
psi2 = ANGLE * E2;

If K1 is nonzero, the effects from E1 and E2 are approximated by
thin quadrupoles. Then the body is subdivided into

1 + Floor[Sqrt[Abs[K1 L’]1/(12 10°-5 EPS)]1]

slices



QUAD

o As there is no analytical solution of the transformation for
the body of a quadrupole, SAD splits the Hamiltonian into
the linear and residual nonlinear parts.

e A quadrupole body is sliced, and for each slice, the linear
part 1s tracked analytically, and the residual part is applied
as a kick:

(nonlinear fringe at entrance)
canonical transformation by a generating function

G(x1, px2, y1, py2, pl)
= HO(x1, px2, yi, py2, pl)
+ (D[HO, x1] D[HO, px2] + D[HO, y1] D[HO, py21)/2

where HO = px2 dx1 + py2 dyil
dxl = x1 (a/3 + b)
dyl = -y1 (a + b/3)
a = K1l x172/pl/4
b = K1 yi172/pl/4 .

(linear fringe at entrance)
px2 = exp(-a) pxl
py2 = exp(a) pyl
x2 = exp(a) x1 + b pxi
y2 = exp(-a) yl - b pyl
z2 =2z1 - (axl +b (1 + a/2) px2) pxil
+ (ayl +b (1 - a/2) py2) pyl
where a = -K1 F1 abs(F1)/(24 p1 L)
b = K1 F2/L .



F1 and F2 are parameters to characterize the slope of
the field at the edges defined as:

F1
F2

SIGN(Sqrt[al,a), a=24(1_0"2/2 - I_1),
I.2 - 1I_0"3/3 |

with
I_n = Integrate[(s-s0)"n K1[s]/X1_0,
{s,—Infinity,Infinity}],

(body of quad)
The body is subdivided in
n =1+ Floor[10 Abs[(K1 L)/EPS]
(EPS = 1 is used when EPS = 0),
then a transversely linear transformation
exp(:H:) is done in each slice with

H= ((-p + (px~2 + py~2)/(2 p) + E/v0O) L
+ K1 (x°2 - y°2)/2)/n .

Between slices applied is the correction exp(:dH:)
for the kinematical term with

dH = (—Sqrt(p“Q - px~2 -py~2) + p
- (px~2 + py"2)/(2 p)) L/n .

In a solenoid, the forms of H and dH are modified.
(linear fringe at exit)

px2 = exp( a) pxl

py2 = exp(-a) pyl
x2 = exp(-a) x1 + b px1



y2 = exp( a) yl - b pyl
z2 =2z1+ (ax1-b (1 - a/2) px2) pxl
- (ayl-b (1 + a/2) py2) pyl
where a = -K1 F1 abs(F1)/(24 p1 L)
b = K1 F2/L .

(nonlinear fringe at exit)
canonical transformation by a generating function

G(x1l, px2, yil, py2, pl)
= HO(x1, px2, yi, py2, pl) |
+ (D[HO, x1] D[HO, px2] + D[HO, yi1] D[HO, py2])/2

where HO px2 dx1 + py2 dyl
dxl = x1 (a/3 + b)
dyl = -y1 (a + b/3)
a = -K1 x1°2/pl1/4
b = -K1 y1°2/pl/4 .

SEXT, OCT, DECA, DODECA

The transformation in a 2(n+1)-pole is given as

exp(:Fin:)exp(:a L:)exp(:Hn/2:)exp(:b L:)
*exp(:Vn:)exp(:a L:)exp(:Hn/2:)exp(:b L:)exp(:Fout:) ,

where L and Hn are Hamiltonians of a drift of length L
and a thin 2(n+1)-pole kick of integrated strength Kn:

Hn = Kn/(1+n)! Re((x - I y)~(1+n)) ,



respectively.  The coeffients are a = 1/2 - 1/sqrt(12)
and b = 1/2 - a.

Terms exp(:Fin:) and exp(:Fout:) are transformations for
entrance and exit nonlinear fringes.

The term exp(:Vn:) is a correction to adjust
the third-order terms in L:

Vn = (SUM over j=x,y), k=(x,y)) [
- beta/2 (Hn,k)"2
+ gamma (Hn,j Hn,k Hn,j,k)] ,

where ,i represents the derivertive by x or V.

We have also introduces two
coefficients beta = 1/6 - 1/sqrt(48) and
gamma = 1/40 - 1/24/sqrt(3).

CAVI

e CAVI simulates an accelerating structure. It is basically a
thin acceleration. When its length L is specified, CAVI is
sliced into pieces, consisting drifts and thin accelerations.

e It does not represent any realistic field pattern or “rf fringe
field™ .



MULT

SOL

MULT is a universal element to express an overlapped ele-
ments with multipoles and acceleration.

The basic idea of the transformation is same as QUAD: Di-
vide the body into slices, solve linear term analytically,
correct nonlinear by kicks. |

The basic characterlistics of the transformation of elements

above are applicable when an element is placed within a
slolenoid field, if the body of the solenoid field is constant.

Since SOL only accepts a constant BZ, when the solenoid
field is non-uniform in s, one have to prepare a deck with
many solenoids.

The fringe field of the solenoid is applied automatically, as
the continuity of the canonical momenta.

ﬁl;'_\%%ez o



Optical Functions

In FFS, optics are represented by 20 optical functions listed in
lable 5. Note that FFS calculates only 4 by 5 optics.

function function

AX ax AY x
BX Ox BY By
NX (5% NY %
EX Mx EY ny
EPX Npx EPY Npy
R1 1 R2 T
R3 T3 R4 T4
DX T DY Y
DPX jo DPY Dy
DZ Z DDP Ap

Table 5: Optical functions in FFS. The notation assmes the
momenta (p,, py, Ap) to be normalized by the local design mo-
mentum py(s).

The transformation from the physical coordinate to the nor-
mal coordinate is given by

X po 0 =1y 1o T\ Nx
Px 0O p r -n Da Npx

_ _ Ap. (1
Y | | e 0 Y ny po ()
Py, r3 14 0 i Dy npy

where p? + (ri74 — rory) = 1.



acceleration

When the design coordinate involves acceleration such as in a
linac, the parametrization is done for a scaled coordinate:

(9:/\/ Bv(s), pay/ B7(s), y/ 1/ B(s), pyWﬁ(S)>

where 8v(s) = po(s)/(mc). Note that above is still a symplectic
varlables. The resulting Twiss parameter gives the usual rela-

tion:
(2(5)%) = B.(s)eL(s) , ete.,

being €,(s) the physical emittance at s.

physical dispersion

The dispersion functions in Eq. 1 are dispersion in the normal
coordinate. Sometimes the physical dispersions

e M 0 T4  —T2 Mx
Tlpa — | 0 H —T3 T || Trx
My | | —m1 -T2 w 0 Ny
Tlpy —r3 —rg 0 H NPy

are more convenient. The physical dispresions are denoted by
PEX, PEPX, PEY, PEPY, respectively.



Matching

Matching of optics by SAD/FFS has the following characterin-
tics:

e Using multi dimension, multi variable Newton's method
with Singular Value Decomposition (SVD) as the main
method, supplemented by the steepest descent method.

o appropreate choice of functions. For instance, matches
log 3, instead of 3,.

o matches geometry of a beam line together with optical
functions.

e fuzzy logic to determine the local minimum and switching
the methods.

o off-momentum matching.
e finite-amplitude matching.

e boosted by various SADScript functions.

Newton’s method with SVD

e For mathching functions f; and variables zj, solve

rr=3 ok 2)

using SVD.



e Search the minimum along the vector Ax;, using prediction
with cubic interpolation.

e The derivatives are obtained either analytically or numer-

ically.

SADScript functions used in matching

Mathing by FFS has become more powerful by using various

SADScript functions:

name purpose |
ElementValues to specify dependences beween variables
FitFunction to match any number of any function
FitValue to Change the goal; tp set minimum or
maximum of the function.
FitWeight to change the weight of functions
InitialOrbits to set the initial condition of many orbits
MatchingAmplitude finite-amplitude matching |
OpticsEpilog to do additional task after calculation.
OpticsProlog to do additional task before calculation
VariableRange =~ to set the range of variables

Table 6: SADScript functions for matching.



off-momentum matching

Off-momentum matching is the method of chromaticity correc-
tlon in SAD.

e If a matching condition is give as

function value n

7

matching is done for n = 2m + 1 off-momentum points
Ap =DPO + DP k/m (k=—m,m) , (3)
when n is odd.

e When n = 2m is even, the off-momenta are same as the
case n = 2m + 1, Eq. 3, but the £ = 0 is excluded.

e The function FitValue can change the goal value of match-
ing for each momentum.

e I'I'S uses no perturbation to calculate the off-momentum
optics.



finite-amplitude matching

Finite-amplitude matching is an extension of off-momentum match-
Ing to the transverse phase space.

MatchingAmplitude = {{Apy, Ny, ny . ...}

sets matching conditions for the orbits on Ap = Ap;, with initial
offset

T COS Oy, Tp SIN @, 0,0

x; T J ’l — I ’
(z, Pz, Y, Dy) {<O7O,ykcosq5y,yksm¢y)

where ¢, , = (0,27/3,47/3) and (zx, yx) = (n., ny)\/Qﬁx?y(eI +&y).
e The orbits with the initial offsets never close at the end of
the ring, but it is just ignored.

e 2-y coupled initial conditions can be given by Initial
Orbit.
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Figure 2: Effect of the finite-amplitude matching(FAM) method.
The dashed and solid lines show the dynamic apertures, averaged
over 100 samples, before and after FAM, respectively. The FAM
orbits are shown by markers (Oide, Koiso, Ohmi, 1996).
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FAM for 100 samples of sextupole settings. (B): Distribution of the.
dynamic apertures (Oide, Koiso, Ohmi, 1996).



Extension of SAD

There are several ways to extend SAD for match one’s needs.
What follows are list of them, from easier to harder.

e Write your own SADScript functions. This is the easiest
unless you need very fast simulation.

e If you need hard simulation, but if the interaction between
SAD is small, write an interface to your code in SADScript.
This is easy, too. This was done for DA Taylor map and
E. Forest’s code, or to import results of TRANSPORT. It
would be also done to revitalize SODOM.

o Write a new compiled function for SADScript. This is
hard, but the rules are not so many.

e Add a new element for SAD. You have to write different
routines for tracking, emittance, and matching.

These difficulties will be solved in various ways, hopefull not
much far from now.



Taylor map analysis SAD

K. Ohmi






Taylor map analysis in SAD
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A differential algebra (DA) class library has
been developed by using the program language
CH++.

"This paper shows how the library is designed
and can be used.



1 Introduction

WohoRFEHKTEKE) L LAEE, HHHEED
mEPLDThE L), FoFhxt L ¢, FERXEIT
B D K bR B o M OR T 0T %
MXBEES , FOHPFAE > bR T b, ST
Ul ) & b Bl (FERERIE) T3 L TR R IR,
KA DR Z OFEIER D E T, %b b HALTED &
DI L o THRBESN %, ZDOFRTOR T EFELI%
MNEELTEZDBZENTE, HBHEH (t =t,) TOHR
TOHARE ¢ = (fL‘o,Pxo,yo,Pyo,Zospzo) ETHE, D
g (4t =t) TOREHE 2 = (z, Pz, Y, Py, 2, pz) WEAED
BIBTREN B (2 = f(zo))o & T THHEMEA EHLD
R DT —BL TWhIE, 2(0) = 0 Tdh 227,
AERET, —HL TR 2(0)=a£0Th b,
OIS T 1 BB OR T ORI 2 0 MG o B %
THRHN, 2(C) = f,,,(2(0) TEEL, —F. T
DR T A2 |

t‘ , ,
m:TeXpG/tO:H(t):dt>:co (1)
TEIND, TIT:A:a=[A 2], LIWERT v v
7Ty Thdo LTLORIE 2(0) % 1 AHD «(C)
DB (Map) LWV I EVER L, z(C) = Mz(0) &
WORLTET BN, ERRIEE FchHh, NI b=




TAWLBETexp(— [ H:dt) TH5b, B f(=)
NIV ZT L DBETHLIELLUTDLE S
2 IBRAS D < o |

i), fi(@)] = S5 2

Z T
52 0 0 ’
0 1
S = 0 S, 0 Sy = < 1 0 ) (3)
0 0 S, “

SO fIATEEMGET TV 5 4v o (IEHE) &ft
S AAHZERBIEORIE (V2 € ))) DR & 3
L Twh,

J DERE BN BT D 5 o BILERIT
THHEZFSHER S N TS EBATHITHE T & T X
%o IMIMBEHEN AL L | FOELE T OB 6
Hr AL 1 DOOBTE T IS, V7 1EG% 120
METEIATLDEHRENTLEVI L IZAGICH2 5,
ZITHFONBEMABEEMNESTEATVEDT,
fle) % IZBL T Taylor BT 5 & W) EXHITTL
Z Z @ Taylor JEB] L 72 map, fr % [Taylor map| & \V»
Do AR Taylor mai) TR 72D HBRE (n K&
T5)ETTEMUT S EpfTbh 2, HFRABNE I
3L . ST ORISR 2 o




TWICRL % O T, Differential Algebra & I35, BF
TDA LWV BIENNTL BB LENEE ) 2 & LAk
THb, nRTHIBYBIET, YU T LT 49 24
R EnKETTL2HED AR BE>TLE,
72 & 24 # D Taylor map Ao T, ELD LT v *
T R AT 1B, BGEN I $ o T RIS
ACLED) e FAF I v s TNR—F v b P<DE & s
I A ZEBMAFEAS L & X T W B FEC BV T, F W
RIFL T ne | BRbD ZEENELN LW, F07-
OFITyFTIEIIGEESLETCH D, n KET
AL TLOBRCTY Y T L7 4 2 &A%+ £ 5
TR D BN, TITRITDATVR U,
nKETOD Taylor map %gfﬁﬁfie& I HFHEITDWT
BASE Do BB (1 = 1) TORTFOREREE 20
(%0, P20, Yo, Pyo, 20, Pz0) & T 5 & . FloIEZ (t=t)To
FERE @ = (2, pay Yy pys 2, ps) WEAVME % 48 5 T |

r;, = fi(wO) == (I,? + a«}jﬂjo)j + a?jk:l:o,jﬂ:o’k... (4)

V) ZHATERT I LD TE B, FHEMIC oW 2 K
i ol 2 —RTTEINI L 72d DTH B, BROMIT v E
B nRETT ,,,C, TH B, Bt ORRHIFE+ i
BT A Lo WHEDTUY S LEERE) L (D

POBRHNEFEL . BIHESZTINS E v BRI s 7



B CHLEMED S ET, CORSIESHR da L3
TV L ATV N MOWEEHETA -3 —
U= FEME) L&) BEOMAEETES + —
B LU D 3 M. A% sinlogexp Z{fio T
T ENTE B, | -
ELF\ Sec.2 T DA class library I 2WTk~<3, &
LTIMEZHT S 6 A A TTFLISNC B FIFTE 5, Mathe-
matica DEBARMERE B AT L0253, Sec.3 T
(EJIF % SHIC BV 72 class map IOV TR 5




2 DA class Library

ZHAERDLTODLLT, /T X dat’dbb, D
LRI L 912 double DEFITH H . B
CERBL T B EEOH, REIEL TAE ) =258
HICHESR S % o mathematica i3 LD A D
T, HIEEBE S h 2%, SHROBREOKITIEAL T
FAEFTE L TW A DT, mathematicall kb’figfi#b: =g
ThHb,

£ classda ®EHKL TV AHANYS —7 7 1)V (dacpp.h)
DN LLTIR T,



// dacpp.h

#1ifndef DACPP_H
#define DACPP_H
#include <iostream.h>
#include '"'da_init.h"

extern int N_ofd,N;var,L_vec,N_cv;

class da

{

double* v;

public:

da(void);
da(const da&);
da(double* z) {v=z;}

friend ostream& operator<<(ostream&,dak);

da& operator=(const da&);
da& operator=(const double);
da& operator=(const char*);
da& operator+(void) {return(*this);}
da operator-(void);

dad& operator+=(const da&) ;
da& operator-=(const dak);
da& operator*=(const da&);
da& operator/=(const da%);

friend
friend
friend
friend
friend
friend

friend

da
da
da
da
da
da

da

operator+(const
o
operator:ﬁconst
operatogifconst
operator-(const
operator-(const
operator-(const

operator#*(const

da&,const da&);
da%,const double);
double,const dak);
da&,const dagk);
da&,const double);
double,const dag&);

da&,const dak);

da tda
dot donble
dQonble +d &



friend
friend
friend
friend
friend

da
da
da
da
da

operator*(const double,const dak);
operator*(const da&,const double);
operator/(const double,const da&);
operator/(const da&,const double);
operator/(const da&,const dak);

int operator==(double);

int operator!=(double);

“da(void){ delete [] v;} ;

friend
friend
friend
friend
friend
friend
friend
friend
friend
friend
friend
friend
friend

friend
friend

da
da
da
da
da
da
da
da
da
da
da
da
da

da
da

dpow(const da&,int,int);
dif (const da&,const int);
itg(const da&,const int);
sin(const da%);
cos(const da&);
sinh(const da¥&);
cosh(const dak&);
exp(const da&);

log(const dak);
sqrt(const da%);.
asin(const da%);
atan(const dag);
pow(const da&,double);

poi(const da&,const da&); [‘&rIQJ

line_itg(const da&);
S a g X



CH4+TRAY S =T 7 Ak BT ED X ) 72 3
MEINTWER, 7272512 b % %, da operator+(const
da&,const da&) SFid 2 DD DA bbject (a,b & 95) D
A% a+b &F T & TR operator+(a,b) B & (N
#5-%3: L TDAobject KT Z & BT A, O

DA DRSS B WHHAEE T —7 4 ¥ 7 L THBI
ié}gﬁzmnc atb BRI SN 5D TH %,

EEDICHIZE L TUTFTD L 9 % sample 705 5 A
EHUIR T,

#include <sadplus.h>

void main(int argc,char* argv([])

{
int 1i; Lojjz 1%&
InitializeDifferentialAlgebra(10,1);
da x;
x.dBase(0,1.); X=X - SR U{REY /l

cout << x << sin(x);



---------- output ——------mm e e

Number of variable 1s odd. Added 1 dummy variable
Number of variables = 0 (cvar) 2 (var) O (pvar) 2
**x 614 Byte allocation for DA table

Differential Algebra Library

Order and number of variables = 10 2

Number of canonical variables = 2

Total address is 11 : Length of DA vector = 66

k% 6%8 Byte allocation for DA resistor

{{10, 2},
{110, 1}};
{{10, 23}, 3 -
. X
{110, 1}, 7$ 1’%+T5"’

{330, -0.166666666666667},
{550, 0.00833333333333333},
{770, -0.000198412698412698},
{990, 2.75573192239859e-06}}:



£ da DEHDOK. KTTH HET S InitializeDifferentialdl
V) BIBEIFRZ LT LD, 10k, 1 BROLIEKE
WH EICHEESN D, TOHDICHEINI da x & W
DHBIED, dallod 7Y o s b (F24A4E double &l
REO) D E B S LB o SAUREERD int a; b F B b
T 4Byte(16bit machine TiE 2Byte) D & v ) +7
A7 D3 AEY) — FIT allocate L5 2 & DYLFET
HLWRIZZEHL, FoMOA TV 227 b2 EETHE
ET, FORNIIGL 72 A F ) —4H% allocate 5 = &
V3T E %o dacpp.h D 134THIC da A7 ¥ = 7 b %4k
Vv e ) double MOEF (RA Y 4)THbH I & %R
LTWwa, $vidZn s 3 ANTES SN2 (A
YN E TV P EE) ORI LD T 2 XATTEET
H 5 |

CITHIOXRITOZHEHAEEZL TN D, x L)
da BIZEEHAES L, dBase(0,1.) & W ) BT x=2IC
AL EN 56 sin(x) Tsin L HEATER I, cout
< WZE b e b, HESE

: 1 1 r - 1
sine =1 — —a° 4+ —2° — 2" 4+ —2a° (5)

31 5 7! 9!
THDHIENFHEIPDOLN D,



3 Map

Z ZTH Sec.2 THi~7z DA Library % ffi> T, Jndigs
FOKFDOTIEFIHT S0 Sec.l THRRZL Hi12. H
LG to DIEHEZE R €0 75 t TD & ~D map & da &
filio THRITE B0 map CBRL 722 5 A HELEHD
T daAT V20 2247V 22 b ThHBH,
C++% -7 da library DFFIE (ﬁﬁﬁ‘%ﬁ& Eis %
TEHIE%DT, BN L Sy ¥ by — 20—
FEBEEXLANIE AYRI—IKTE 2, OO EHS
NFEBDOEIZFTHAEL2d0d , 752 L THEL
IR VITBITRAB LI T VD,

5T
map_da \ }
map_double -~- I P“’t‘{\le( L3
pBeam ~-—- M[’(; Po\.v i\

EV) I TAGBTHE, TNLDANY Y —7 7 4 )ViFid
EAEFUREL D > TVWBLEDT, map_da *®& L T
ZNEIS



#ifndef MAP_DA_H

#define MAP_DA_H

[/ FHtt bbb b
// map_da.h ‘

F A S R T N N A A
#include <stdio.h>

#include <jiostream.h>

#include <dacpp.h>

#include <matrix.h>

#include <lin_map.h>

#include <map_double.h>

#include <track.h>

class map_da //:private da
{
da *m;
public:
map_da(void) {
m=new da[N_cv];
//cout << " map constructed " << m << ’\n’;
}
map_da(const map_dak);
map_da(const matrixg&);

"map_da(void){
‘delete [] m;}

void dBase(void);

friend ostream& operator<<(ostream&,const map_dak);
friend istream& operator>>(istream&,map_dak);
friend void is_symplectic(const map_dak);

map_da& operator=(const map_da&);

map_da& operator=(const matrixg&);

map_da& operator=(double);

map_da operator+=(const map_dak);

map_da operator-=(const map_da&);

da& operator[](int i) { return m[i];}



friend matrix lin_da(cdnst map_da&) ;

friend da concatenate(const da&,const map_da&);

friend map_da.conCatenate(const'map_da&,const map_da&);

friend map_double concatenate(const map_da&,const map_double)
friend pBeam concatenate(const map_da&,const pBeam&);

map_double mapping(const map_double& x) {
' return concatenate(*this,x);}
pBeam mapping(const pBeam& x) {

return concatenate(*this,x);}

friend map_da operator*(const map_da& x,const map_da& y)
{ return(map_da(concatenate(x,y))); }

friend map_da operator*(matrix&,const map_da&);

friend map_da operator*(const map_da&,const matrix&);

friend map_da operator*(const lin_map& x,const map_da& y)
{return ((matrix&) x*y);}

friend map_da operator*(const map_da& x,const lin_map& y)
{return (x*(matrix&) y);}

friend map_da Sym_trans(const'map_da&,const matrix&) ;
//Lie map
friend da poi_itg(const map_da&);

friend map_da lie_exp(const da& f,const map_da& x);
friend map_da lie_exp(const da& f);

};
#tendif



4 Lie algebra analysis

4.1 Symplectic map 253 7=9I(C

I F D map WIEHELHTH 525, FIHEATE X
AT o TV B 720 | 2DRBI LT IERER T2 ¢
HoTWhe L Lad 5480 K3 E TRIEL Y map
ROT, TR EFIEL %\ Symplectic map %15 & &
WTE 5, HANLE Z 1L Dragt-Finn @ Factorization
2] 1Z®H % 9 Linear term % map 5K EH 4, &
? Linear map @ R & ¥ 5%,

M = RMpg (6)
IHIEES DA% & AT map, My &
Mpe = + ajzz; + ..... (7)
DEIHICHET B, T map &
Mp = el . (8)

7 & 51T Factrize L T <, Ik Dragt-Finn Factriza-
tion &£V 9, ThxEpl§ 5 &

1+:f3:+(;)1:,;f§:+:f4 :)+ ....... (9)

Ex ), b

af.
: f3 X = Sz]b—’lf

= Ak T;Tk (10)



Lo T
T
fa = / Sni@ijkT;TRATr (11)
75 3RO Lie map BEEN B, & I TARIE ZOFE

BAR AR T L e W O TR A OB B 5 2K
D 4 RD Lie map &

e Mp (12
EHATHI LI LD BIROLON D, AL TTET
M = ....elrel¥ R (13)

&9 Factorization 28T & %, F /-
M = & (14)

DIEDEZHN f2RKOLZILEDTE 2, X (8) DED
Factorization LT L HICEHERTWE, 22T
ERLZTNMELS 2w b3, EREHAOET
Symplectic map {55 72D e/ # EBHAL 2 iF v
RORWVWIETHE, TDOITFERIT I D map &4l
D EEIT, BHEFHWA DI, RiEh Symplectic T
o TLE)e THITKHL T—RITI v d 4l
7\ W% Symplecticity 729 & 512425 HEDH 2
3]0



4.2 Canonical pert urbation

ZITHEELN £ map * FHESH T, BXIF
EALEICERL T S CHEBIZHI% S0 Secd. ]
T@of’i?ki?3*k@map’i’mk)ﬂj¢o

Mp = e M, (15)
%nm@53k@E$%%e&%£:&5o_
et RM pe=Fa: —RR_1 3 peifsie F3M _F3:(16)

= Rexp{. (R ! —-[)F3+f3 -}N’Zcx

ZZT Mg W AKBED map, Moy B My, 12 3K
LOEDRT vV TS5y b 2 4R BEOEY
MRIZbDTH D, EXDOPFEMDORE 22 4 p2 = J, 75
JTTEITNE I RDEISTE AT Lo 3, 72 T f4

%J@&Tiﬁéﬁ@g& RS () b, R
%3k %

fs = f3+gs(J) (17)
Iy = (R =17 f; |

(RJ—U*%%ﬁT%tbKR@@ﬁ@\EﬁNﬁb
VERD DL, RIE

1
R:ZGM?{—;um@ﬁ-+Pﬂ} (18)
N5
Rhy; = eFHihy, (19)
hy; = (x; £1p;)

1 T Pﬂﬁﬁ«ﬂhzi*ﬁg
T3



ZIT R e f3REANT PVTCEML., Fy 0% ik
05, |
e:Fs‘RMRe—’F“ = R693(J)NZ4 (20)

L ICEROBEINE B0 9T, Noy 3RO i
b7 e DA% DD o7 E . CBHOESRE% 9
Z& e L EEE

Nsg = em =) R R AL e 1% (21)
PHFHON 5, FEAROEE

e:F,;:G:ngRMRe—-:nge—:F.;:
— RR_I6:F4:Regs_(J)e:f4:e—:F4:e:F4:N>E;e“:F:4: (22)

= Re®W exp{: (R™' — ) Fy + f1:}Oss

ELTHEEEDZ &2 0 RaiE L uyg



4.3 FEIEL{EHM

ELTIC Lie analysis ST 5 B# 2 EHL T Ay
=77 ANVERT, |

#1fndef LIE_DA_H
#tdefine LIE_DA_H

, o
map_da lie_exp(const da&,const map_da&); (o)
map_da lie_exp(const da&);
da lie_exp(const da&,const da&);
map_da fac_map_typel(const da&); R e
map_da fac_map_type2(const da&);

Sfps _ fe 2

2

map_da fac_map_type3(const da&);

da fac_drg_typel(const map_da&);

da fac_drg_type2(const map_da&);

da fac_drg_type3(const map_da&);

da fac_drg_typel(const map_da&,map_da&) ;
da fac_drg_type2(const map_da&,map_da&);
da fac_drg_typeB(const map_da&,map_da&) ;
da can_perturbation(const map_da&);

da can_perturbation(const map_da&,da&);
c_da Normal_expression(const da&);

c_da Real_expression(const c_da&);

#tendif



#include <sadplus.h> SOLO( +, (\/F 0 SAuVvCL

void main(int argc,char* argv[])

{

int i;

EMIT SAD;
Beam BEAM;

Accelerator PF;
int Noda;

OperatingParameterSet("fort.11" ,BEAM,SAD,PF);
Noda=atoi(argv([2]);

cout << "Circumference = " << Length(PF) << ’\n’;
cout << SAD;

InitializeDifferentialAlgebra(Noda);

map_da x;
x.dBase();

PF.Mapping(x);
da z;

// ~z=fac_drg_typel(x);
//  z=fac_drg_type2(x);
// z=fac_drg_type3(x);

I

z=can_perturbation(x);
ofstream daout('"dap.out'",ios::out);

daout << z;
daout.close();



..........................................

OFF EMIT RAD FLUC;
OFF RFSW;
FFS USE=RING;
CELL CALC NX NY EX EPX CALC; .

EMIT,
e=Emittance[OneTurnInformation->True];
MO=OneTurnTrénsferMatrix/.e;
Md=0OneTurnDampingMatrix/.e;

Mt=MO+Md :

Mb=OneTurnExcitation/.e;

N=NormalCoordinates/.e;
BE=EquilibriumBeamMatrix/.e;

C0=ClosedOrbit/.e

Print[MO]

Print[N];

Print [Mb];

Print [Md];

Write[11,"Beam BEAM=( energy= 2.5 , N_particle=1.25E9);"];
Write[11,"Linmap =(",M0,");"];

Write[11,"PtoN =(",N,");"];
Write[11,"LinmapD =(",Mt,");"1;
Write[11,"Bmatrix =(",Mb,");"];

Write[11,"Benv =(",BE,");"];

Write[11,'COD =({0,0,0,0,0,0});"];
nlat=Length[LINE["name", "*"]];

Print[nlat];

Dol

at=LINE["TYPE",i];

name=LINE["NAME",i];

If[at==0 || at==42 || at==41,,
a2=LINE[Element ["KEYWORDS" ,LINE["ELEMENT",i]],1i];
a3=Element ["KEYWORDS" ,LINE["ELEMENT",il];
If[at==1, Write[11,"Drift ',name,"=(",a2,");"];,

If[at==2, Write[11,"Bend " name,"=(",a2,");"];,
If[at==4, Write[11,'Quad " name,"=(",a2,");"];,
If[at==6, Writel11,'Sext *,name,"=(",a2,");"];,
If(at==8, Write[11,'"Octu ",name,"=(",a2,");"];,



If[at==31, a2[[4]]=0.2368; Write[11,"Cavity ", name,"=(",a2,");
If[at==17, Write[11,"Wiggler ",name,"=(",a2,");"];,"
If [at==36, Write[11,"IP ",name,"=(",a2,");"];,
If [at==37, Write[11,"Ph_rot " ,name,"=(",a2,");"]:,
Write[11,"// ",name," Can not translated"];11]11111]
1; ’ |
,{i,1,nlat}]; _
System["/users/ohmi/sad+/bin/sad+.NF fort.11 4"];
stop;, —
STOP;




th 6% TR ¥,

Circumference = 187.074

Number of variables = 0 (cvar) 6 (var) O (pvar) 6 (tot)
*** 3094 Byte allocation for DA table

Differential Algebra Library

Order and number of variables = 4 6

Number of canonical variables = 6

Total address is 126 : Length of DA vector = 210
**¥% 6%8  Byte allocation for DA resistor

...................................................

{{4, 6}, -
{{4,4,0,0,0,0,0}, -2776.75291748779} , C— 354”2'T£L§’
{{4,2,0,2,0,0,0}, 8255.91631694457}, =-—— X*}?
{{4,2,0,0,0,2,0}, -32.049921626784}, — x> Z*
{{4,0,0,4,0,0,0}, -6344.60578111711} ,—— 4 ¢
1{4,0,0,2,0,2,0}, 31.5411021361129}, ——— 4*Z
{{4,0,0,0,0,4,0}, -5.54791324393687, 25: T
{{4,2,2,0,0,0,0}, -5553.50583497557}, — L P = 2xX®
{{4,0,2,2,0,0,0}, 8255.9163169445},

{{4,0,2,0,0,2,0}, -32.0499216267842},

{{4,2,0,0,2,0,0}, 8255.91631694459},

{{4,0,0,2,2,0,0}, -12689.211562234},

{{4,0,0,0,2,2,0}, 31.5411021361129},

{{4,2,0,0,0,0,2}, -32.0499216267848},

{{4,0,0,2,0,0,2}, 31.541102136113},

{{4,0,0,0,0,2,2}, -11.0958264878736},

{{4,0,4,0,0,0,0}, -2776.75291748779},

{{4,0,2,0,2,0,0}, 8255.91631694454},

{{4,0,2,0,0,0,2}, -32.0499216267861},

{{4,0,0,0,4,0,0}, ~6344.60578111704},

{{4,0,0,0,2,0,2}, 31.5411021361121},

{{4,0,0,0,0,0,4}, -5.54791324393672}};



SE I
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2] A. Dragt and M. Finn, J. Math. Phys.,20, 2649
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3] J. Irwin, SSC-228 (1989).

[4] E. Forest, Particle Accelerator, 24, 91 (1989).
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Orbit Correction
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0. HXx
1 .Orbit correction & Optics matching D —E3Tdh % 7
2 .CorrectOrbit DHEEE
3 .MakeBump D HERE
4 Bump & F\>7-#LE i E
5. MR
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1. Orbit correction (& Optics matching D — &8T5 ?
y =:fj(x,.), j=1L.mi=1..n

y: Optics O HIEME ;

Bl ax OKFELE) o 1 EEHET A AS—T32) | &
x: Beam line HFZ D2
Pl KO (Fv27f) DY (yHHIATSA A2 b) . . | &

F D FHEFN % Optics matching T& 5N TwviAFE (SVD. Newton £,
Downbhill Simplex ¥, %) (2 L7205 THGFIE L v,

DTdH HHY, BEHIEEIZ LD Optics matching & (3557 ICEREE 2SRt S
TWwW5,

2 .CorrectOrbit D HEEE
TV Ey T OEEE LTHEL.
%% KO (kv 7 fH)
T — 1 HHWWS Beam line &
WRIIEYHE ( $E, 71 A=V a vy
WM wE, BERk, 74 A=V g »
fRiE T (W SHAT) SVD. MICADO

2.0 ZHofEE B
st=Steer["ZV*"];

& 8iHS ZVHIZ~ v 7§ 5 BEND BED K0 # 25 L L, BEOFI% st 1o+
v FT A,

2.1 T=%-—0fkE )
bpm=Monitor["M*"];

LEIS M*ICY v F T AEZE_ V¥ —E LTHREL, F=% —%% bpm
2ty FE 5,



MY BOYNES ok T "
TYRINEL CET € EE
(28H&EY) GEREER "¢ S/¥VY
NL— L8 —XdHA CRNNEBNZNL—G " |
MHRBQYNES kT Y
TYETES G ¥C ¢ EA G
(2B H9&EY) GlEREEM "¢ SM HY
NL—LHEE T8 —X dH A EXNWERUZTNL -6 7
IHABENCOES s ¥ v
ZAETHES o+ € EyE
(23YEls) GHREBIM ¢ 1L8/4VY
NL—LHEEA8-XdHA EXNWERUZTN L4 T 1
RN EOLEE G EC v
TEENIES G ¥C £ | (Mrs<4)
(RO G ) (28Y&EY) GHEEE® ¢ G016
W L—LIEY Y X A6 CRONEBUZTNL—4 |
x Y & M 2 4} % E 1@ 4%

ﬂb wﬁfvog HOEHO £0 1 MAh~HE He B0 | Mk : GHHET
‘ReEwgETH HHEISEE — F (T | WHET
ARG s T @ ZHET

ERTHREETNES xCHETET —A



2.2 WA EWIE . M. EoisE ()
Z N5 I1EE % CorrectOrbit D5 e L TIREXN 2.

kick=CorrectOrbit["X", bpm, st, optics,
Condition->{{'zZX.1',6 'ZX.2','ZX.3"'},{1,-2,1},0}}1;

bpm TIRE SN EHZOPEE (X) [Twiss IZBEFE SN TV AE] % # 4
FEELT S, st v RAEE L, LM

KO(ZX.1)-2K0(ZX.2)+K0 (ZX.3)==0
DY EIZSVD T, #FHRIIkck ity FEh s,

3 MakeBump DHERE
BE SN EmIzTEELE DL 5.
2 Ko (Fv 7 4)
BB D B, 4 A5 a Y

M T GEASEMEY) SVD

3.1 BESMFOfEE (Bl
Z AT B MakeBump D5l# L LT5 2 5.

kick=MakeBump|
{{ann , "X" ’le_3}’ {I|Q2 " , HPX" , O} , {quu , "EX" s O} } ,

st,optics];

ZOFETIE 01 Tx=le-3. Q2 TPx=0, 202 TEX=0 *¥ELHF L
L TwA, CorrectOrbit & ﬁ’%ﬂ%%ﬂ%igﬁ@ﬁﬂCCT@?%ﬁ:%OH%) NP
TEETH L. HMEMELEOSESIIZ I VEELRfREEXRE LT,

{{"Q2";"x",le-3}, "QT", "X", 6}

EWIATBBTEEETH A, ZHIZorDEDLYDARAT T V7% 6 lffo T,
02 Tx=le-3 Lt B LI LHEENY TE x-HLIZDL AT EEFRLTY

5.
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4 .Bump Z Fi\> 7L E i e
bump DE& & L TE<

4 . 1 CorrectOrbitBump
RAE T bump DIEEE LTEHEZ THERMEY B4 .

4.1.1 bump B¥D5 25 (#)
9% CorrectOrbitBump D7 [#1 s L CHIE LM+ MHEBOTE TS 2 5.

bmnpSz{ ({{"Q2”I”Y"/#}I”QT”I"Y”16}&)I
({{"Q2H’"Y"’#}’HQTIIIHY"I6}&) };
kick= CorrectOrbitBump[{"Y", "EY"},bumps,bpm, st, optics];

ZOBITIE 2 DDORBLE /SN 7 (({("Q2", Y, #}, "OT", "Y", 6)&) &
({{"Q2","Y", #},"0T","Y", 6N & ®HAWT., vy KU EY OEEHIEL L
TWh, #BOF v 7 AT kickiZty FERA.

4 . 2 CorrectLocal
Beam line O A HEA 2T TRH U /-8hEamibr B,
(1)

kick=Correctliocal["Y", {"P1l","P2"},bpm, st,optics];

2Pl E P2 THESEFNAEHANTYRHEZBI ). HEOPLEIZ
(P1,P2)7Mix b uin v,

5. RN
A To#] BB EICEFTSHERL A, MRSV TEIEEA.
Al KRHEBORFMEZIFET A2 LATTE T Wi,
B &) SLEHIEIIEA T
B1.KOUANDINTG A —F ZRHERIZTAHI EVFTET W,
(7542 b+ 74y b DXDY. %)
B2.
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Wit s E 2 DISET

N(s,,8,)=T"(s,)M(s,,5,)T(s,)

I JRJ
T=| "
R ul
M(s,,s,) = m(cosAw+a, sin Ay x/ﬁ—,ﬁ—zsinm;/
U\ HU+ae)sinAy + (o, — o) eos Ay /BB, B,/ B, (cosAy — a, sin Ay

N(s,s)D Y ¥ 7IvF y 71207 5 E R

T()IZE o Tpx FEDF v 7d x FIMOERL, py HlF v o, Ry FHEZE
M DAB. HIIND Y ¥ 7N Fy 71206 B I0EATFNE KRR LT
[

X 0

P. — 1
=T (s,)M(s,,5,)T(s,)

y : - 0

P, ), 0

_ M. O
M(s,,s,) = 0 i

7 :((xz lx) (x, lx'l)j

Tl by (LX)

|
x lx)=——-
(. 1x) 287y

(x',1x,)= 2Si;]m/x \/EIE la, —a)sgn(y, -y )S+ 1+ a,a)C}

(x, |x'l):————"32'81C

\/le /lBl {Sgn(W2 -V, )S+ alc}

2si7my,
1
"')I ' = ‘/ 2 g N T I S——a7C
(x',1x)) zsmm‘,“/ﬁ B, {sen(y, =y )S — o, C}
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S=sin(zv ~ly, -y 1)

C=cos(nv ~ly, -y, 1)



dBL/dx @set cur

O

dBL/dx@set—cur normalized 25A

QNP excitation

1.01

T T H T T T T T T T T T : K H

i o ]

— : O N

L O i
o
o

1.005 Q

i o S

o o)
o o
- : O .
s °

N @ o ]
g o
o)

O © Soke) O

i o o a
o

i o ]

i o ]

0.995
I i l 1 L i | ] H ] t ! 1

0.99

Measurement ID



Emittance in Electron Rings

K. Hirata






Emittances in Flectron Rings

K. Hirata, KEK

Contents

1 What is Emittance? 1

2 Emittance Calculation 2

3 Gas Scattering 5
-4 Conclusion 7

1  What is Emittance?
Emittance is nOt a well-defined Concept.
€z =< T° > /7
€r =< I, >7
What do we want to know by "emittance”?

Beam Distribution Function ¥(x; s)
in particular Pq,.



Y is determined by many factors:
e Symplectic Dynamics

— lattice

* linear lattice

* nonlinear lattice

— current-dependent processes
e Stochastic Processes

— synchrotron radiation

— beam-gas scattering

Users: Think of what you want and express it in terms of 1.

Accelerator Phytsicists: Optimize your v according to the de-
mands.

Only when Lattice is Linear and when -Synchrotron
Radiation is Incoherent, we can Define and Calculate the
Emittance Exactly.

2 Emittance Calculation

The Envelope Formalism? is the only reasonable and accurate one
(¢ radiation integrals by Sands et.al.)

definition | (approximate formula
v =EigenvaluesM]/(2 PiI) | v = [dsf~1(s)/(2n)
Envelope Formalism Radiation Integrals

&

K. Ohmi, K. Hirata and K. Oide, From the Beam Envelope Matrix to
Synckrotron Radiation Integrals, Phys. Rev. E49, 751 (1994). K. Hirata and
F.Ruggiero, LEP-Note No.611 (’88). K. Hirata, Introduction to SAD, 2-nd
Advanced ICFA Beam Dynamics Workshop, CERN Report 88-04 (°88)



Envelope Matrix 3
' Zij =< (231' — 3_:1')(3:]' — CEj) > .

Z 18 the closed orbit

the closed orbit & is defined in the presence of damping.

For any interval s; < s < s, we have a Transfer Matrix with
Damping M (s, s1) such that

T(sp) = M(sy,51)Z(s1).
We can also calculate how © changes there:

2(s2) = M(s2,51)8(s1) M (s9,51) + A(ss, 51).

M and A are defind around the closed orbit |

For one-turn, we have
3 (s) = M(s)3(s)M*(s) + A(s).

The equilibrium envelope ¥, is defined as

e Iigenvalues of M (s) are s-independent and are expressed as
~—Odj -+ QWiVj;

where o; gives the damping and v; is the tune with damping
effect.

e The emittances are obtained from eigenvalues of JX(s):
Abs
{e1, €2, 63} = GEMR Eigenvalues[JX(s)]],
For 1D case, it is € = (< z° > < pr > — < ap, >3



When > transforms as
Y — MYME

J> transforms as

JE — (MH™T IS M.
Here the symplectic condition MtJM = J was used. Thus

For non-radiating section, ¢ are conserved.

Also

e are (slightly) s-dependent.

The comuter code SAD uses this method to calculate the “emit-
tances”:

Equiliblium beam matrix: .
X Px Y Py Z Pz
X : 1.497E-0S
Px :-5.363E-13 1.497E-09
Y : 1.511E-12-3.547E-12 1.673E-11
Py : 3.683E-12 1.469E-12 1.608E-14 1.672E-11
Z :-1.315E-13 4.058E-14-3.199E-16 3.601E-16 1.014E-05
Pz : 7.326E-13 1.484E-12 1.040E-13 2.836E-13-4.363E-11 1.014E-05

X px/p0 y py/p0 z dp/p0
x : 1.020E-08 '
px/p0 : 2.357E-12 2.727E-10
y + 4.774E-10-1.782E-11 1.253E-10
py/p0 :-4.530E-11-2.804E-11-1.014E~12 5.974E-12
z : 1.561E-08-9.112E-11 1.856E~-11 1.861E-13 4.603E-05
dp/p0 : 6.503E-08 2.109E-10 1.016E-10-7.592E-12 5.418E-07 2.240E-06

Emittance X = 1.49667E-9 m Emittance Y = 1.6728E-11 m
Emittance Z = 1.01382E-5 m Energy spread = .00149650
Bunch Length = 6.78427574 mm Beam tilt = —.04722090 rad
Beam size xi = .10112954 mm Beam size eta = .01013798 mm

In equilibrium, thanks to the central limit theorem,

- 1 | 1 B}
V(T &, 50 = ST exp. _TE (z — 2)i(z — T);

It is not exactly true. It is true when the damping time is much
longer than betatron and synchrotron. Even within this approxi-
mation, the central limit theorem does not if the radiation spectrum
had diverging 2-nd order cumulant. It happens, for example, for
the scattering with residual gas.




3 Gas Scattering

The collision between gas molecule and the beam electron is another
stochastic process 2. We can obtain (almost) exact formulae for v
If we concentrate on the vertical distribution only, we get

1 1 ;
p(X) = - [ A cos( K X) exp [~ 5 4 Nuf (1 /o))

Here Ny is the number of collision per one damping time.

:/dé’f(Q) cos ud.
A 27
fu) :/ dt/ Zgb (ue " sin @) / CZI os_l.,;.
T
6% - | e
) = i 0> 0), Opnin = ZH*—.
e T oz =0 g

In this case, the central limit thzorem does not apply: in par-
ticular >, diverges. The asymptotic form

N,67
p(X) = i, (X = 00),
shows
< X? >= 0.

the emittances can diverge for certain processes

In this case, you need Sofnething like "effective emittance”. What
is this?

To apply the central limit theorem, the stochastic process should
be such that

K. Hirata and K.Yokoya, Part.Accel. 39 147 (1992).




o the event (radiation, scattering etc) occurs much more fre-
quently than the damping time.

e the damping time is much longer than the betatron and syn-
chrotron period,

du
e the 2-nd cumulant of the process is finite. ’({ugf(u) "< cO)

4 Conclusion

I think it is the choice of the users
to decide what quantity should be optimized.
The claim should be meaningful from beam dynamics point of view.
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/3,0 = \/é () + ()?) /94 (0)

2
— 6—03/2 _ e—-(er <6u5>n> /2
= e“('f‘_/‘n-NF)2 | (43)
where Jy(n) stands for action of mass center motion n-turns after the co-
herent displacement. Eq. (43) also defines nyp, damping time of coherent
oscillation through nonlinear filamentation. In experimental measurements,
nyr is observable and gives tune-spread of the beam by the following relation.

(| /onr)  — Viro (44)
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Figure 7: Tune-spread vs. Coherent-amplitude. Be aware large difference
of horizontal scale between interleaved and non-interleaved optics. (a) In-
terleaved optic of TRISTAN. The simulation and the analytic results are
indicated solid and broken lines, respectively. By increasing coupling, tune-
spread becomes larger as expected from (24). (b) Non-interleaved optic of
TRISTAN. Experimental data are calculated rom Fig. 5." (¢) KEKB-LER
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MR Jource O“‘ \\&o.i:aew-‘f~7

S O?ﬁ.‘r)’ » ar
% & fo() NO»\&Z""Q
Rriw 3 4]
TRISTAN | TRISTAN [ KEKB-LER | 4TF-DR
Non- Non- —_
Interleaved | interleaved | interleaved .3 Goy
qiven gz MY | 5356.01 52.28 5998.13 -37721
tzy [m™1] | -9299.00 44.493 | 13178.38 roléso
by BF\ ae. [m™] | 88.86 728.87 87.86 49.8
oau ayy [m7'] | 4710696 | -59.76 | 2027320 9176
WSV g ]| 152134 | 32314 -16.45 —16.7
Gz [m™] 16.28 19.46 3.85 3.4
ez [nm) 466 477 19.04 N
e, [nm] 957.87 599.36 2431.12 |7 00
azy | 0.91x107 | 0.91x107* | 1.29%10~ z\qx,o's/,,qx,o“s

Table 1: Nonlinear coefficients of optics for the simulation. Natural emit-
tances and radiation damping rates are also given.

4 Results and Discussion

4.1 Simulation results and the analytic treatment

Results of the simulation are presented in Fig.7 together with results of the
analytic calculation by (23).

A good agreement between the simulation and the analytlc treatment is
found in Fig. 7 (a) for the interleaved TRISTAN optic.  Also tune-spread
depends on coherent-amplitude linearly as expected by (77).

On the other hand, the non-interleaved optic of TRISTAN in Fig. 7 (b)
gives completely dlfferent answer between the simulation and the analytic
results. Tune-spread does not depend on amplitude linearly and suggests
nonlinear terms higher than included in (1). The simulation could not explain
the experimental results and confess that the simulation model is far from
reality.

KEKB-LER optic shows a fairly good agreement between the simulation
and the analytic results especially in case of small coherent-amplitude.
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1 Introduction

Weak-strong model @ﬁﬁ Eﬂ“@‘é’o HWHZEEREEL
beam-beam map *1EH Z ¢ HIEL L Tnw3b,

o Weak-beam i macro-particles CEHT 5, T 7 4
A map. BUFTREE, BETEIEE SAD ICHlAR TN
TV LA %EFHE. RF 22, RAD. FLUC % {#i i
ERCE

e Strong-beam {24 L T Guassian YO FEIHT &
SWAREINY AN D, E~bDg—y, z— 2,
y — z TANDEHREE b EFEN B,

o Crossing angle. FRIDMTZE FITHFILT 5 6

o DA % Afio 74T b W HE,
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2 Basic formalism
2.1 Strong.beam envelope in Lab. frame

¥4 Strong Beam DIERE b 2l F U 7% b v, 45
M 2RKETHOE—RAY FTHROLN D, 1 RDE— A
~ P closed orbit distortion T. 22X Beam envelope
matrix T %, Beam Envelope ® AJJIZIE Emittance
Y (PR L 72) Twiss parameter %49 o 3 HHEED Twiss
parameter % EFE T B4 (LI T 5 JjKid % »woT
1 OFEEFE I 2F D

" Lphysical = HRanormalmode (1)

e C’C’Z{‘]‘ﬁ’% FT 6 x 6 matrixa B R HIX

B = diag(By, By, By), (2)
[ b —S,RYS, 0
\ 0 0 I
{1 - /(L4 a)} T HyS:H!Sy/(1+4d) H,
H = HySyHLS> /(1 +a) {1—|H,|/(1+a)}I Hy ({)
\ SQH;SQ SQ[{;/SQ al
Thhb, TZTHLINTWVES 2 %2 matrix (&
Vi 0 )
B; = , 5
( WY AN )

L T2 Goom
R = , —
i ( T3 T4 ) ’ H ( ¢iomi ) ' (©)
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T®H %, Normal coordinate LT Beam envelope &=
SV IV RIS E L AT CH b . Physical
comdmate T7% b5 Lab. R T |

Y=< zz' >= HRB[e]B'R'H (7)

[e] = diag(sx,sx,sy,sy,sz,sz)

) ’Cﬁéﬂ 5o

B, R, H&HIR1E, Strong beam DV ¥ 7 % L5 —%
WA T T 4 7 RS Twiss parameter % B 7 D4l
T AT THIE VW,

~ 2T Strong beam kﬂ'L’C TREBRATVES,
s il Stmng beam DH#EATH AT, 2, ylilld Fhic ik
2 & 5N T 5B, Head-on collision THE weak-beam @
FERFER 1S strong-beam DEEIERICKT L T, o222 5
JEVFIZ2% | crossing angle 5@ % & T HERE S bk 4 72 1
Rz oTw 3,
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2.2 Transform'ation into Headon Frame |

Weak strong @2 I 2 b—2 3 ¥ id Strong beam <
£ %, weak beam @ map ¥ KDL L THhbH, D/
DI weak beam DFEFERT Strong beam % $H 5 b §
VBN HBHo T THIOEIERDOLNDHb oL b
457 Headon collision DIRAE~NT — L ¥ v ZEfi% 4 5
DIPHHETDH 2,

FOBIL 2] 1550 Thbb

*

T = tan ¢z + (1 + E—f sin ¢) x

P
*

Py

y© = y+sing—Lz
2
z H*
2¥ = — sin ¢z
cos¢p  pt
Pz — tan o H
Py = (8)
cos ¢
* . py
Po = cos ¢

0" = & — tan ¢p, + tan® pH

THENE, 22T

H=(148)—/(1+6)?2—pz—p?

ps = /(1 46)2—p2 —p?
TdH5H, Weak beam 3 DN TERI 298, S'trong
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Beam AU ZMOBILES 2 L 2L +5, $hbh

[ X\ (1 0 0 0  tang 0\ [/ X
Py 0 1/cosg 0 0 0 0. Px
y=| o 0o 1 0o 0 o0 Y £
Py 1 0 0 0 1/cosd¢ 0 0 Py
2= o o 0 0 1/cos¢ 0 Z
\ A"/ \0 —tand 0 0 0 1)\ A
T (9)
TdH %, Headon Frame T® Closed orbit. Strong Beam

Envelope & Lab ;2® Envelope 76 . Z OZE#i% 47
ZETKRDBZENTE DL,

<ztr> = T<x>
YYo= <zt >=T%T! (10)
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2.3 Beam beam interatcion on the headon
frame
ZZET AT B & 1T head-on frame COEE D beam-

envelope @ b © 72 strong-beam & macro-particle DifizE
DEETH D, s* =0 TD Beam DA

(o ok 1 1w
e =0 = r ez <~—Z v ’>
(11)
Beam Beam interaction ¥ #1895 7291 2*(s* = 0)
123t L T Strong Beam % A5 A AL . 2(4) RITH % FE
L KU envelope 15 %0
f da:dpxdydpydcfx z ;v (x,
[ dzdp.dydp,dé(x , 2)
[ dadp,dydp,ddzip(z, 2) (1)
J dzdp,dydp, déip(, 2) i

Z DI 7 AT BB LA 45
HTHEDHIETTE L, 11 DexpDFE

z)

< x; >,

:U*E*_laz = x5 Az + 22 - bz + c2* (13)

T AL € HETTH U EEAE a.(p =
1,2,3,4,6) %5 & (UTTAU = a,). HAT A ADTE

sty envelope 1

* U;LuUauba
<zn> = ——2z (14)

n
Ayy

Yra = <zap>— <zl ><al>= L(lw
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Eh, TITT Y (izkl%&‘( <z > 2150
lef%%

SHI S e —yFETOME DbEIFNLTWVWBEDT,
%@¥ﬁf@kéﬁ()\<ﬂf>_0k&él7LE
% & 57213 5 2%, Beam Beam interaction ¥ 51 & 3 5%
DB TH 5,

Iycos@  I;sinf
R =
( —1Iysin0 I, cos @ ) (16)

L, 2<zy>
0 = —=tan
2 <zx > —<yy>

LE W2 LD VDOTHIREDENED 212 55 v, #
DI AT A AT W HIE T AT L, T ok
M52/ D weak beam & strong beam (/> & envelope)
AT > TBIHL L vy,

Weak beam & 525 4 ADMHLE BIPFIE s* =0 T
E 7723 %@#%ifl741%%ﬁéﬁ%ﬁ%#
H5

Ss(s) = M(s,0)S5(0) M (s, 0) (17)
L LA )7 b AR— ZADEES . Mk
/1 s 00 0\
01000
M=1001 s 0
00010
\0 0 0 0 1)
ThHbo F/27D s x4 B0
dXs dM dM?

= ——25(0)M* + ME5(0)

18
ds ds (18)

ds
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THbo

Headon Frame T @ longitudinal slice f:® interaction

1 6 KILTIFHEM 2 AR W T ZF DR H% FH T %6

My, =

(v
(v
A

N slice

I D(sit1,si)Mesi(si, (27, 8:))D(si5 8i-1)

t

D0, snatice) [[] DO, 5:) Mini(si, B(=7, 1)) D(s,0)| D(0, s

it 2% b2 weak beam HDKF-& 2F D strong beam D
I FEHDOAT A ADWLEST HAUETH 5,
DWFFYVT7hvEY ST, MIZE—LAE —AIT LS
¥ v # T Bassetti-Erskine Formula TEE N 5, 777 L
LA 2 KFL Th BT HFIMCbF v 7 %% b,

(v
(v
A

fy+ifs

Pxr = Pz — f;z: (19)
Py = py— Ty (20)
d = d—g (21)

_ 2Nr, T w T + iy
g \/2(a§ — o2) { (\/2(a§ — a§)) (22)

—exn [ z? B y? oyx/or + toy/ oy
P 202 20?2 “ N2 — 2
‘ z y \/“(ax ay)

N (dEx U  dx, 8U>

2\ ds 0x . + ds 0%, (23)

2
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ZZT

au 1
Noo = — — {2f,
0%, (5, 5, ety

2Nre | oy z? y? |
—exp | — — — 1] f24
T ~ [U:{; exp( 202 203 )
T =TT APRE M OFD S(s;) DEHETEE SN T
W5,

—117—



3 i
-Luminosity & weak beam 2% 3 5 35T T D strong
beam DA T ETELNS,

' 1 x? y?
N—{——N— frevh Z Z Z exp <'_ 20_3 - 205) /nturn/npartzc

turn particles slice 271‘0'330'1/
(25)
Vo T DINT A—F,

€z 1.8 x 1078
Ey _ 3.6 x 1071¢
o8 4 mﬁl
§on 0.33 m
B, | 0.008 m
Half crossing angle 10 mrad
N_ - 1.4 x 101°

Ny 3.1 x 101°

=118 —



A7 74

BEAMBEAM BMBM =(NP=1.4D10 BETAX=0.3296D0 BETAY=0.8D-2 EX=0.D
EY=0.DO EMIX=1.8D-8 EMIY=3.6D-10 DP=0.7589D-3
ALPHAX=0.DO ALPHAY=0.DO SIGZ=3.964D-3
SLICE=5.D0 XANGLE=10.D-3 STURN=nstart)

LINE ASC=(IP BMBM ARCTN RFSECT ARCOT);

nparticle=20;

ON CMPLOT;

TRACK USE=ASC NPART=nparticle TURNS=nturn
NX=(1)
NY=(0.14142)

- N2=(1);

Z OB s fl,r?, r3, 14, zz, zpx, 2y, zpy O [E4k
WCAJITE& %, Closed orbit & dx, dpz, dy, dpy TH 5,
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7

* k% Strong‘Beam SetUp ** ¥k kkkkkkkkkkkhdhhkkkkkkk

Number of Particles= 1.400000D+10
betau = 3.296000D-01im betav
etaX = ,000000D+00m etayY

8.000000D-03m
.000000D+00m

emittance x= 1.736400D-08m emittance y= 3.440000D-10m

Crossing angle 10.00 mrad

Envelope of Strong beam at IP (Streak image)

7.29461D-09 .00000D+00 .00000D+00
.00000D+00 5.26873D-08 .00000D+00
.00000D+00 .00000D+00 2.75200D-12
.00000D+00 .00000D+00 .00000D+00
1.67146D-07 = .00000D+00 .00000D+00
.00000D+00~5.26864D-10 .00000D+00

sigma x=8.540848D-05m"

sigma y=1.658915D-06m

sigma z=3.964198D-03m _
Convensional beam beam parameters

xix= .04063 xiy= .05077

Strong beam envelope of each slice

65.72317D-09 .00000D+00 .00000D+00
.00000D+00 5.26873D-08 .00000D+00
.00000D+00 .00000D+00 2.75200D-12
.00000D+00 .00000D+00 .00000D+00
.00000D+00-5.26864D-10 ..00000D+00

Its center of mass

9.99983D-03 .00000D+00 .00000D+00

Tilt angle = .00 mrad
Envelope and its center on the tilt

5.72317D-09 .00000D+00 .00000D+00
.00000D+00 5.26873D-08 .00000D+00
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.00000D+00 1.57146D-07

.00000D+00 .00000D+00-

.00000D+00 .00000D+00
.30043D-08 .00000D+00
.00000D+00 1.57149D-05
.00000D+00 .00000D+00

.00000D+00 .00000D+00
.00000D+00-5.26864D-10
.00000D+00 .00000D+00
.30043D-08 .00000D+00
.00000D+00 5.75934D-07

.00000D+00 *z

frame

.00000D+00 = .00000D+00
.00000D+00~-5.26864D-10

.00
5.26
.00
.00
.00
5.75



.00000D+00 .00000D+00 2.75200D-12 .00000D+00 .00000D+00
-00000D+00 .00000D+00 .00000D+00 4.30043D-08 .00000D+00
_.OQOOOD+OO?5.26864D—1O . .00000D+00 .00000D+00 5.75934D-07
9.99983D-03 .00000D+00 .00000D+00 .00000D+00 *z

Kok kAR Rk ko k ok ST A Ce  kokkokodokok Kk ok kK ok ok
1 1.39984589998645

~.8415904230738
2 .5318893054592252
~.2533010464054
3.0
.2533010464054002
4 -.531889305459226
.8415904230738002

5 -1.399845899986465
3 K 3 o o o ok ok ok ok K K ok ok ok ok ok ok ok o ok ok ok ok ok K ok ok ok ok ok

Averaged beam position and size between 1 100

<x> <y> <xx> <xy> <yy>
1.70430E-08 4.87955E-08 3.30160E-09 -2.22299E-12 4.22392E-12
Averaged beam position and size between 101 200

<x> <y> <xx> <xy> <yy>
-3.29636E-07 3.79066E-08 3.24011E-09 -1.57437E~-12 4 .43860E-12

.................................................................

Luminosity/Ns/Nw/frev/Nbunch = 4.1940284E+04 cm-2

<x> - - <y> <xx> <xy>
-1.2644591E-07 6.0590985E-08 6.3775961E-09 -2.7333656E-12 9.0¢
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AEDOYTRD T et
e Mathematica like format

e Strong-beam ? coherent motion
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Simulation of Electron Beam with Space Charge Force

K. Oide






Simulation of Electron Beam
with Space Charge Force

K. Oide

KEK, High Energy Accelerator Research Organization
Oho, Tsukuba, Ibaraki 305, Japan

July 8, 1998

Abstract

A simulation code was made as a part of SAD for
a bunching system of an electron gun for a linac with
space charge effects. It was applied for the KEKB In-
jector Linac, and the result did not contradict to the
observation (S. Ohsawa, Y. Ogawa).

e Multi particle, 3D beam.

e The space charge force is calculated by solving Pois-
son equation, assuming uniformity of the beam pro-
file and the shape of the vacuum chamber.

e It neglects any electro-dynamical effects such as the
field generated by the transverse motion of parti-
cles.

e cylindrical, uniform chamber.
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Emittance Growth Due to Intra Beam Scattering

K. Oide






Emittance growth due to intrabeam scattering

K/, Oide, SAD Workshop, 8-July-1998

Everythjn/g below is calculated in the rest frame of the beam.
Particle motion is assumed to be nonrelativistic in the rest frame.

A<pipj>: crAs Z CLTikTjk

k=13
2N
— ‘. 1 2bmax bmin ;
CI. 87T74€$€y€z og( / )
er= fo+ fs—2f1, Q& 20
e2 = fs+ f1—2fs,2 Bz >PLx
es = f1+ fo—2f3, dia*fz‘}”

= 4 €,

; /w/ 2 2uq sin® t cos tdt
1= ' , ’
0\ J(sin? ¢ + (w1 /us) cos? ) (sin® ¢ + (uy fus) cos?t)

; /W/ 2 Qs sin’ t cos tdt
2 — : — 3
0 \/(sin2 t 4+ (us/usz) cos® t)(sin” t + (ug/uy) cos? t)

; /W/ 2  2ussin®tcostdt
3 - - 7
0 \/(sin2 t+ (us/uy) cos?t)(sin® ¢ + (us/uz) cos®t)

where (u1, us,u3) and r;;, are the eigen Values and eigen vectors
of the local momentum matrix, i.e., Ex

pzpj Z UgTikT ik - ’_W

—125-
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The maximum and minimum impact parameters are chosen
as

b = min (V/N)'2, \/or, /i, /05)

V
bmin = max | Te,
JINUtIIlaX(Jg;, ;y7 ;z>

where V' is the bunch volume, vy, v5, v3 are the eigen values
of the beam spatial matrix (z;z;), (72, 7,,7.) are the radiation
damping times, and v; = \/u; + us + us/m is the average trans-
verse velocity.
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Synchrotron Radiation

S. Kamada






Synchrotron Radiation

S.Kamada

SAD Workshop
7~9 July 1998

e O o

MRIEEEERIC BT 2 FEERE
SADICBITA> 70 OB OB it
oA baAYVEEO R Al —2g >

Far-Field Limitif {28 2 T
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Kick total{prad]

cod induced by undulator 1:11:23 PM 3/17/97

T i T T H T I T ¥ T T ‘ T T T T " T T T T I T i T T i' T T

Y = Mo*eM!

*X

MO

66.735

20 ¢

Mi}j -0.037127

2 0.99074

SN 1 0 O

[" i]

25 30 35 40 45 50 55

- Gap height[mm]
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Cowm u'hu% A‘tor.{kw\ (O JO)

e

0. treat all terms of Heaviside - F-Q/nmﬂn E’f

in tiwme dOW‘Q )

. in R d L 42T
E(t) = o RAIm P
4*6’ [ Rl (- d R Cl dtz]

1: observer tiwe

. calealate +ra\]‘ec ‘bvr of electron indexed
by ewmitter tiwe usiwg SAD (S-l-rdfeaj.‘c

Accele rator Ber:an Code ) ‘(‘Yaek.'..gj ) Mo.du['e
Traek Pavticles RADLIGHT

2. ca(culate vadia tion A{';e“ in t(iwme Jo-ul;n

-(~ov each obsevrvev Porifio.n

4’ (ewm itter time) — 1 (observev time)

Raded‘tiom F{e H

3. calculate Fowrc‘cv Tvav\s-[w.g. ‘o a.g't

3,(’3‘"'-' ra ‘ {‘(ﬂﬁ Ra(‘lié‘f_‘iov‘ SPec’f'YMW\

. brisk&vxeﬁ‘
- briflliavnce

- rock i‘a euvve
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Track Partides SAP /EES Manwal in WWw

TrackParticles[beam, destination-component}

_returns a beam after the tracking at the upstream of the destination-
component. The destination can be specified by the name of the component
or by a number which can be obtained by LINE["POSITION", component].
If destination is omitted, the end of the line is assumed.
The variable beam and also the result of TrackParticles are lists of the

form
{location, coordinates }

where location is the position-number of the starting point. If location is
same as or in the downstream of destination, the tracking is done by
folding to the beginning of the line. The coordinates is a list of {7, np}
form, where np is the number of particles. The first 6 clements of
coordinates specifies

{x, px/p0, y, py/p0, z, dp/p0}

in this order. The {7, i} is the flag which is True(==1) when the
particle is alive, and False(==0) has been lost.
TrackParticles does (less than) one turn tracking. You can do
multi-turns tracking by r<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>