TN

SFA

+ ot
{ » - = .\\—"\
C8IC Accelerator Dex

|1 Jan. 2012
K. Oide (KEK)



W ~\ \\
RNy FT?
IR T Twiss INT X —H ., BADEIPRID FERAEE:

[ cos %E ,/K1 sin Klé \

—+/K;psin \/%é \/§€

cosh , /1y \/ %z sinh K1y
O p 1P D

\ VKipsinh \/%E cosh \/;E )

. —HRIC,

Mquad ~

- INSZEHFEDEICEDES. BIPRIODEE. BITHICIEROSNE
Wo FERZEI 7T

+ JeE ZERETTIHR Twiss N X —F ZBEITMICRIRLU fc& U TH BT RIS AT]

- BRITBUERE U TKRODBUDRWN = Yy FUY,



FEIREIL TR

* HEIRDIEBICENFEIT BINEDIH. BRICEDS S
BNFEI 2D %2, apriorilCHIET DEIFTEER,

9.6 Newton-Raphson Method for Nonlinear Systems of Equations 373
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Figure 96.1. Solution of two nonlinear equations in two unknowns. Solid curves refer to f(z, y),
dashed curves to g(x,y). Each equation divides the (z,y) plane into positive and negative regions,
bounded by zero curves. The desired solutions are the intersections of these unrelated zero curves. The
number of solutions is a priori unknown.
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Matching Procedure of SAD/FFS
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Table 1: Built-in Matching Functions of SAD

AX
AY
EX
R1
DX
PEX
TRX
GX
CHI1

Oy

Qy

T

Ry

Az
T)x,phys
Tr(z)

Gy

X1 (deg)

BX
BY
EPX
R2
DPX
PEPX
TRY
GY
CHIZ2

NX
NY
EY
R3
DY
PEY
LENG
GZ
CHI3

Ve (/2)
Yy (/2m)

EPY
R4
DPY
PEPY

Moy

Ry
Apy,

Tlpy,phys




T 1REX

NV FUTDONRICIRDLEEZEAKICIE. /T AX—FICL DD EEITHIIC
RKEDEDHHS:

— QUAD DKLICK B a, 8,1, n, coupling DZEAt, 7=7Z2L. QUAD ICENEA
7ty MARWIEEICRS,

— BEND D KO IC KB EEDZE AL,

- LWL UATOHDZEEH. —MRICITEITNARRITZES I & IXEHEE:

— BENDDKOIC KB a, B, 9, n, coupling D21,

. SAD TlErJger s 3T az AV, FNUNIHEH D (BRED)
W5,

. J=T=U. FFS$NumericalDerivative = True DT HE ICHIET D~ HL)
5o



FitValue ritvaluep . f {m_, dp_},9_,v_]:

— expr.
Fit D37 P B RS \ ‘\51@1
Ry F YIRS / BALE
\ |
FitValuelp, ,p,_,f_,{m ,dp_},g_,vi_,v,_ | := expr.
A
FitD (2 ) REEQER)

- BRI Fitvalueld. Yy FU T OEBMDOEZREZERICRET 5/2HDHDTH 5,

- BROEld. #EDZEEEEE U TEDbNS,
- NullDBAERENDE. YYFVIDSBRNT S,

- BIEEEZHDIMEANICINDTED. EFERFIEZFICESHEREICHVWSNS,

— FitValue[ PSEXT" , "EX” , _, g_, v_] := If[v < g, g, Null];
%P PSEXT TD EX DE/IMEZ g ICERTE T Do

— FitValue[IP” , "NX" , _, dp_, g_, vl_, v2_] := (nx@ + xix * dp)*2*Pi;
IZFTIP T NX D chromaticity %z xix IC &1t %,



FitWeight
= expr.

FitWeight|p_,f_,{m_,dp_},w_|

FitD 5P Aﬂg ﬁkguﬁg\ \

NV FV U ERE RKIFEDE

|ILLI \
*
[t

. BB FitWeight (Z. NV FUVIOBEBOHR/IMELOEHZHRELEXT,

* )J’EQ D 'ﬂE(!i\ Eiﬁ?ﬁo

- FFRUENREIND E. BREDEHDMEDNET T,
T, w_] 1= w/3;

— FitWeight[ PSEXT" , "AX" ["BX~ | EX
3ZFTPSEXT TD AX, BX, EXDEHZEAFKDED 1/3I1CLET,

XY FUITPRIMEICEWVWTIE. dimension DEGRSZEZRARICIKOH. BT Fh
SDEMMTITHNREICIED XTI, SAD TIEENZFNOZE{LENERTOE—LY 1 X|C
RIFTHRTEATITZ2UET, UL > T YYFUITDBR. SEBKBRENZELT S

E. BHDHEDD, MatchingResidual DEHNZE 0B EHHD £,




VariableRange

VariableRangele = expr.
R / \
Z 2 Dkeyword ZHDIEEE

. BE#VvariableRangeld. ¥V FV I DEHDAIZEZIEELX I, #Flc Default variable
BUAD keyword 2 Z & T 5B EVNKT,

. RD{EIE. True. False. FrclE {min, max} T,

. True/False DG EIFIRFEMEMAIZIHANICH D / EWT EZ, {min, max} IE ETEZRUL
=

— VariableRange['Q1” , "L” , _] := {1, 33};
AUDOREN T ME3MDETRIZETHAZEZULHT,

— VariableRange[ Q1" , "L” , v_.] = 1 <= v <= 3;
HRERICH. BIEDADRL,



FitFunction

Fi1tFunction := expr.

. B FitFunctionld. BAMNITONYYFVITEBUND—DFXITEED
Rt OICTBHICHWET,

+expr|FEE (FTCIEEHRD) AR ) 2RI B (X IFEWDY) A ) T,

— FitFunction := {(C Emittances/.(e=Emittance[]) )[[1]]/2e-8 - 1,
(MomentumCompaction/.e)/le-4 - 1%;
Horizontal TXw ¥ > X%Z 2x 107 mic. momentum compaction
factorz 1 x 107*ICUEXT (BEAIENREZR/NCTBELDICLT
WET )




5%15”(DBA_E}I/) dba.sad

— — = o 2

o T 4 A. BXRTEEE:
OFF LOG ECHO;
MOMENTUM=3 GEV;

)

DRIFT LINS  =(L =5 ) LO5 (L =.5)
LA (L =8 ) L1 (L= 1)
BEND B1 (L =2 ANGLE =.1)
QUAD  QF2 =(L =.5 K1 =.15)
QD (L =.5 K1 =-.15)
QF1 =(L =.5 K1 =.15)
SEXT  SF -(L =.5)
SD =(L =.5)

MARK I1 = (OFFSET = 1.5)
I2 = (OFFSET = -0.5)
LINE DBA = (I1 QF2 LINS B1 L@5 QD L1 LA SF L@5 QF1
L1 LA SD L@5 QD L@5 Bl LINS QF2 I2)



S=HI(DBAE /L) (2)

® Linear Optics Matching:

FFS USE=DBA;
norfsw cell;

fit ex @ epx @ bxm 40 bym 40 ny 0.12;
free g* la bl bl 1;

VariableRange[\qu LA" ,\qu L",_]={1,10}; (* 1Ta min 1 max 10; *)
VariableRange[\qu B1",\qu ANGLE",_]={0,0.2}; (* bl min @ max 0.2;
*)

VariableRange[\qu B1",\quL",_]={1, 3};

FitFunction:={(Emittances/.(e=Emittance[]))[[1]]/5e-9-1,
(MomentumCompaction/.e)/le-4-1};

go



go
Unstable
Unstable
3 16
Unstable
Unstable
4 4

5 1
Unstable
Unstable
/ 16

9 o4
10 16
16 41
25 23

SEHI(DBAL L) (3)

® Linear Optics Matching:

transfer matrix

transfer matrix

1.9095E+06 (NEWTON)

transfer matrix

transfer matrix

4.1750E+05 (NEWTON)

164.2

transfer matrix
transfer matrix

88.41
70.16
12.07
11.91
10.53

31 1 5.3841E-02 (DESCEND)

33 1 3.1730E-03 (NEWTON)
34 1 8.7909E-05 (NEWTON)

-1.551
1.104
(NEWTON) -3.9302E-04
(NEWTON) 6.384
(NEWTON) 12.21
(NEWTON) 12.11
(NEWTON)  0.9874
(NEWTON) 0.6672
-5.8932E-02
-2.7706E-02

Matched. ( 5.2480E-10) DP = 0.01000 DPQ = 0.00000 ExponentOfResidual = 2.0

Of fMoment
$$%
$$9%
$$%
$$9%
$$%
$$9%

umVeight = 1.000
f AX HitHHHHE  #
f NX HHHHHHE #
f BYM 40 1
f EX 0 1
f LENG ####### #
f FUN2 0.0 1

-1.78E-15 $%$%
.672203 $3%%
26.425358 $%%
8.3297E-9 $3$%
34.951975 $$%
1.7416E-7

f BXM 4
f AY

f NY .
f EPX @
f FUN1

0
HHt A
12

0.0

1
#
1
1
1

27.112252
-2.22E-15

.120002
-7.05E-18
1.4413E-6



S=HI(DBAT /L) (4)

® Linear Optics Matching:

Var

Variable Keyword Now I Previous Saved Minimum Max1imum Couple Coefficient
QF2 K1 .204638713712 ! .150000000 .150000000 -1.00000E10 1.000000E1Q <-- 1.00000000

B1 L 1.962147058402 ! 2.000000000 2.000000000 1.00000000 3.00000000 1.00000000

B1 ANGLE .073122623343 | .100000000 .100000000 .00000000 .20000000 <-- 1.00000000
QD K1 -.111913000238 ! -.150000000 -.150000000 -1.00000E10 1.000000E1Q <-- 1.00000000

LA L 7.013840210297 | 8.000000000 8.000000000 1.00000000 10.00000000 <-- 1.00000000
QF1 K1 .185295346292 ! .150000000 .150000000 -1.00000E10 1.000000E1Q <-- 1.00000000

draw bx by & ex ey g*;

10

0

(=2}

lllllllllllllllllll“lllIlllllm'llllllllII
."‘ N

B2 B;IZ m'?)

ro

1000
800
600

400

Ny, Ny (mm)

200

o

.
Y-

1 ¢d0
CCd0 ot

p—



S=HI(DBAL L) (5)

In[14]:= emit

Closed orbit:

X px/p@ y py/p@ z dp/p@
Entrance : .000000 .000000 .000000 .000000 .000000 .000000
Exit : .000000 .000000 .000000 .000000 .000000 .000000
Extended Twiss Parameters:

AX: -9.7E-16 BX: 27.11225 /X: 2.65E-23 EX: 8.330E-9
PSIX: -4.3E-17 ZPX: 1.24E-24 EPX: 9.88E-17
R1: .000000 R2: .000000 AY: -7.5E-15 BY: 26.42535 ZY: .000000 EY: .000000
R3: .000000 R4: .000000 PSIY: .000000 ZPY: .000000 EPY: .000000

AZ: .000000 BZ: 1.000000
PSIZ: .000000
Units: B(X,Y,Z), ECX,Y), R2: m | PSI(X,Y,Z): radian | ZP(X,Y), R3: 1/m

Design momentum PO = 3.0000000 GeV Revolution freq. f@ = 8577268.0 Hz
Energy loss per turn U0 = .0062154 MV Effective valtage Ve = 0000000 MV

Equilibrium position dz = .0000000 mm<Momentum compact. alpha = 1.0000E-4 >
Orbit dilation dl = .0000000 mm Effective tarmormc#——="". 0

Bucket height dV/P0 = .0000000

Imag.tune:-0.0000000 0.0000000 0.0000000
Real tune:-0.3277965 0.1200022 -0.0000000

Damping per one revolution:

X : -1.034972E-06 Y : -1.035895E-06 Z : -2.072712E-06
Damping time (sec):

X : 0.112648 Y ¢ 0.112547 Z : 5.624865E-02
Tune shift due to radiation:

X : 6.200443E-14 Y : 4.585154E-13 Z : 5.765025E-10
Damping partition number:

X : 0.9991 Y : 1.0000 Z : 2.0009
< Emittance X - 5.00001E-9 m > Emittance Y - .00000000 m
Emittance—7Z =0 @ m Energy spread = 4.95974E-4
Bunch Length = .00000000 mm Beam tilt = .00000000 rad

Beam size xi = .30818671 mm Beam size eta .00000000 mm



S=HI(DBAL L) (6)

® Chromaticity Correction:

save;
rej total;
FitFunction=.;

fix * free s*;
fit 12 nx @ 5 ny @ 5;

X1x=0.05;
X1y=0.05;
FitValue["I2","NX",{_,dp_},g9_,_]:=g+xix*dp*2*P1;
FitValue["I2","NY",{_,dp_},g9_,_]:=g+x1y*dp*2*P1;

go



go

1 3.6602E-07 (NEWTON)
1 3.4400E-07 (NEWTON)

SEHI(DBAL IL)(7)

*¥*¥***gcod---> Closed orbit not found
*¥*¥*¥gmdiag---> Sum resonance: (TrA-TrB)A2 =
*¥*¥*gtwiss---> Overflow

*¥*¥*x**qcod---> Closed orbit not found

1 3.4397E-07 (NEWTON)

*¥*¥***gcod---> Closed orbit not found

*¥*¥*¥gmdiag---> Sum resonance: (TrA-TrB)A2

**¥*gtwiss---> Overflow

NaN

**¥*gtwiss---> Overflow

Residual = 3.4397E-07 DP = 0.01000 DPQ
1.000

Of fMomentumWeight =
DP
Res.
12 NX
12 NY
$$9% AX
$$9 BX
$$9% NX
$$9% AY
$$9 BY
$$9% NY
$$9% LENG

.6722
.12

HHHAHHH
HHHAHHH
HHHAHHH
HHHAHHH
HHHAHHH
HHHAHHH
HHHAHHH

-.010000
1.428E-7
.671464
.119674
-.011620
26.01932
.671464
-.074979
26.48664
.119674

34.951975

1.8642E-03
0.2076

2.1396E+04

-.005000
7.139E-9
.671901
.119792
-.005674
26.56836
.671901
-.037130
26.46590
.119792

NaN

NaN

0.00000 ExponentOfResidual = 2.0

.000000 .005000 .010000
1.74E-29 1.351E-8 1.805E-7
.672203 .672375 .672420
.120002 .120298 .120674
~2.2E-15 .¢ — —
27.11225 27. C
672203 .¢ OGB4
~2.2E-15 .¢ i
26.42535 26. 4E-4—
.120002 .1 -
2E-4
> [
X o]
> L
< [
-2E-4f—
-4E-4-
-6E-4|—
'8E-4__| l 1 1 1 ! I 1 !
-0.01 -0.005




