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Matching of the actual optics to design optics.

Task: Change quadrupoles upstream of the reference point in a way that
Twiss parameters of measurement are equal to design Twiss parameters.

Need: @ Optics engine = MADS8 + linac extension = LMAD
® Actual optics of FLASH = read out magnet currents and feed into LMAD
= script do this.
© Matching engine = LMAD (SIMPLEX, MIGRAD, LMDIF)

e Quality factors for comparison of actual and design optics:

1 .
mismatch parameter: m, = 5(5& — 20+ ()

mismatch amplitude: A, = m,, 4 /m2 — 1

= The matching is done in a general way.
User can decide which point he wants to match in the beam line (FLASH1/2)
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some measurements

some pre-setups before measuring beam sizes

@ check laser position on virtual cathode
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some measurements

some pre-setups before measuring beam sizes

@ check laser position on virtual cathode

@® dark current kicker timing scan(?) dark curent icker tmimg scan _

reference without kicker
— — linearfit

vertical offset at BPM 2UBC2 (mm)

; ; ; ; ; ; ;
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delay (ns)
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some measurements

some pre-setups before measuring beam sizes

@ check laser position on virtual cathode
@® dark current kicker timing scan(?)
® choose right energy profile
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some measurements

some pre-setups before measuring beam sizes

@ check laser position on virtual cathode
@® dark current kicker timing scan(?)
® choose right energy profile

O check machine optics fit to energy profile
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some measurements

some pre-setups before measuring beam sizes

@ check laser position on virtual cathode
@® dark current kicker timing scan(?)

® choose right energy profile

O check machine optics fit to energy profile

@ measuring on-crest phases
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some measurements

some pre-setups before measuring beam sizes

@ check laser position on virtual cathode
@® dark current kicker timing scan(?)

® choose right energy profile

O check machine optics fit to energy profile
@ measuring on-crest phases

@ setup charge right, BSA setting (a hint for
me, because this is my main fault when setup

this)

FEL-Seminar. 27.06.2017 3/16



some measurements

some pre-setups before measuring beam sizes

@ check laser position on virtual cathode
@® dark current kicker timing scan(?)

® choose right energy profile

O check machine optics fit to energy profile
@ measuring on-crest phases

@ setup charge right, BSA setting (a hint for
me, because this is my main fault when setup

this)
@ steering of the orbit in ACC1
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some measurements

some pre-setups before measuring beam sizes

@ check laser position on virtual cathode
@® dark current kicker timing scan(?)

® choose right energy profile

O check machine optics fit to energy profile
@ measuring on-crest phases

@ setup charge right, BSA setting (a hint for
me, because this is my main fault when setup

this)
@ steering of the orbit in ACC1

® optimizing beam spots on DBC2 screens
using solenoid current
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some measurements

some pre-setups before measuring beam sizes

@ check laser position on virtual cathode
@® dark current kicker timing scan(?)

® choose right energy profile

O check machine optics fit to energy profile
@ measuring on-crest phases

@ setup charge right, BSA setting (a hint for
me, because this is my main fault when setup

this)
@ steering of the orbit in ACC1

® optimizing beam spots on DBC2 screens
using solenoid current
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some measurements

some pre-setups before measuring beam sizes

@ check laser position on virtual cathode
@® dark current kicker timing scan(?)

® choose right energy profile

O check machine optics fit to energy profile
@ measuring on-crest phases

@ setup charge right, BSA setting (a hint for
me, because this is my main fault when setup

this)
@ steering of the orbit in ACC1

® optimizing beam spots on DBC2 screens
using solenoid current
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some measurements

some

00060606

®© 9

pre-setups before measuring beam sizes

check laser position on virtual cathode
dark current kicker timing scan(?)
choose right energy profile

check machine optics fit to energy profile
measuring on-crest phases

setup charge right, BSA setting (a hint for
me, because this is my main fault when setup
this)

steering of the orbit in ACC1

optimizing beam spots on DBC2 screens
using solenoid current

setup minimum E-spread
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some measurements

some pre-setups before measuring beam sizes

0006060

®© 9

check laser position on virtual cathode
dark current kicker timing scan(?)
choose right energy profile

check machine optics fit to energy profile
measuring on-crest phases

setup charge right, BSA setting (a hint for
me, because this is my main fault when setup
this)

steering of the orbit in ACC1

optimizing beam spots on DBC2 screens
using solenoid current

setup minimum E-spread

close dispersion in dogleg and FL2EXTR

dispersion_y(m) dispersion_x(m)
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some measurements

injector matching for different charges

4DBC2 (65.231 Bumn RS hor) GDBC2(66.319%urn RMS hor)

charge: 0.29nC, BSA: 1.2mm
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o
£
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some measurements

injector matching for different charges

4DBC2 (86,661 3um RMS hor) G0BC2(66.079%urn RMS hor)

charge: 0.41nC, BSA: 1.2mm
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some measurements

injector matching for different charges

4DBC2 (67.584 umn RS hor) G0BC2(71.050%urm RS hor)

charge: 0.47nC, BSA: 1.3mm
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some measurements

injector matching for different charges

4DBC2 (70.0778um RS hor) G0BC2(72.3392urm RMS hor)

charge: 0.57nC, BSA: 1.5mm
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some measurements
Injector match of LASER 1 while LASER 2 is matched using free parameters

LASER 1 pulse energy

= bunch charge GUN phase GUN gradient
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some measurements

comparing different beam size estimations methods
OTR8DBC2

_ (@—ag)? _ ,
gauss: f(r) = Aexp  2s2 asymsupergauss: g(x) = Aexp 2sOtsign(z—zg)e)[”
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some measurements

comparing different beam size estimations methods

OTR5DBC3

vertical beam size (px)
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gauss: f(z) = Aexp 252
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FEL-Seminar.

vertical beam size (px)
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asymsupergauss: g(z) = Aexp 2ls0tsign(z—zg)e)l”
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some measurements
BC3 matching

theory optics
Q1DBC3 — OTR5DBC3

theory optics
Q2DBC3 — OTR5DBC3

theory optics
Q3DBC3 — OTR5DBC3

symmetrized QS
Q3DBC3 — OTR5DBC3
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mp =130 Ap =213 mp =259 Ap =4.97 mp =1.06 Ap =142 mp =329 Ap =643 mp =105 Ap =138 mp =420 Ap =827 mp =186 Ap =344 mp =135 Ap =226

6 \\ 72 3
o - ) " - ! Z= N
g 1
B $ g $ B § g ¢
) e 2 O L o2 O S L O
2

= = = = = = = =

) >0 N S0 % S0 % =

& < < & < < & &

+ + + + -2 + + -2 + +

) 2 2 g 13 ] ) 2

2 S & S 3 S 2 s

1
-6
-4 -2 0 2 R -4 -2 0 2 A -6 -4 -2 0 2 4 6
y//(exBr) y/\/(exBr) y/V/(exBr)
Br=538m By = 287+-1.26m
1033 M fps = 12,09 +-249 m Br=1960m Py =501+023m Br=934m By =962+053m Br=2530m By =514+-0.47m Br=633m Py =692+-410m 260 o
091 an=-182+033 ar=-4126  au=009+003 143 an =1.12+-0.08 ar =686 ay=-1.12+015 ar =286 = 2.90 +- 1.50 cr=a8Tum ens
er=414um ey =414 +-0.62um er=374um ey =374+ 0.18um ey =563um ey =563+ 0.26um er=477um ey =477 +-042um er=664um ey =664+ 3.18um e M
mp =203 Ap =379
mp =126 Ap =2.02 mp =241 Ap = 4.60 mp =106 Ap =141 mp =274 Ap =5.30 mp =1.03 Ap =127
1 3
1 2 2 i~ 3 ~

- 2 = b= = 4 - - 3 o

< € < € < < 52 s

O & 2 OR E 2 Ol < 2 S St

< <

< < < < < < = N

= = = = = = %0 s 0

% 0 30 ¥ 0 S0 w0 S 0 & £

& <& < < < < Il -1

+ + + + 5 o, + 2 5 -2 =

g % ) ] ) 2 < §-2

s & g g g g, = =
2 \ -4 2 - = - " -3

2 -1 0 1 2 T -2 0 2 1 2 T 0 T 2 T -2 0 2 4 2 T 0 T 2 T 2 0 2 4 UL LR
- o ; o o c o : #/\/(exfr) /\/(exBr)
@/\/exBr) v/\/(exfr) /\/(exBr) u/\/Ebr) =/\/(erBr) /V/(EBr) " "

FEL-Seminar. 27.06.2017 8/ 16



some measurements

BC3 matching, back-tracking measurements to STARTACC2 to compare recontruction results

full data set:
Design
Location STARTACC2
Beta x (m) +7.237
Alpha x -0.178
Beta y (m) +6.046
Alpha y -0.093

limited data set: 11 points around the waist

Location
Beta x (m)
Alpha x
Beta y (m)
Alpha y

Design
STARTACC2
+7.237
-0.178
+6.046
-0.093

Reconstructed
STARTACC2
+5.167
-0.664
+11.414

+1.954

Q1DBC2—0OTR5DBC3
Reconstructed Measured
STARTACC2 MQ1DBC3.U

+5.180 +12.537

-0.717 -1.927

+10.935 +4.149

+2.089 -0.041

Measured
MQ1DBC3.U
+12.088
-1.822
+5.013
+0.087

Q2DBC2—0OTR5DBC3
Reconstructed Measured
STARTACC2 | MQ2DBC3.U

+5.114 +7.742

-0.151 +0.915

+13.590 +3.983

+2.753 -0.967
Reconstructed Measured
STARTACC2 | MQ2DBC3.U

+5.736 +9.625

-0.367 +1.123

+12.461 +5.138

+2.272 -1.124

FEL-Seminar.

Q3DBC2—0OTR5DBC3
Reconstructed Measured
STARTACC2 | MQ3DBC3.U

+6.183 +4.593

+0.108 +2.076
+18.026 +4.902

+3.616 -1.875
Reconstructed Measured
STARTACC2 | MQ3DBC3.U

+6.377 +6.917

-0.348 +2.897

+13.468 +7.669

+2.404 -2.906

symm. QS: Q3DBC2—0OTR5DBC3

Reconstructed
STARTACC2
+16.233
-1.965
+3.042

-0.690

Reconstructed
STARTACC2
+16.450
-2.182
+3.164

-0.681

Measured
MQ3DBC3.U
+2.456
+1.891
+1.985
+1.124

Measured
MQ3DBC3.U
+2.872
+2.326
+2.072
+1.141
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some measurements
SFUND matching

charge: 0.41nC, BSA: 1.2mm

1SFUND1 1SFUND2 1SFUND3 1SFUND4
fr=420m By =398+ 005m

ap =-0.36 ay =-0.28 +- 0.03
er = 1.49 um

mp =1.00

Ap=1.09

en = 1.49 +- 0.04 um

(erBr)

(arz + Bra’)/

(erfr)

(ary + Bry')/

Br

ar

Er =

mp

=1.02

6.74 m
=1.04
0.85um

=7.67+-062m
ay = 1.37 +0.17
ey = 0.85 +- 0.07 um

Ap=1.24

1SFUND1

T 150]
3
o 100|
N
2 50
£
@ 0
a
E =50
§ -100)
s
-150|
Number of images: 1
Number of background images: 0
gaussian fit: core
o, (um): 6632 + 111
o (pm): 406 + 111
o, (um): 6522 + 037
, (um): 267 & 0.37
moments:
o, (um): 74.36 020
e (um):  9.35 324
o, (um):  63.58 011
mum): 479 fot: 275
=200 -100 0 100 200
horizontal beam size (um)
1SFUND3
200
T 150]
3
o 100
N
o 50
£
3 0
8
® -50
g
T -100]
s
-150|
Number of images: 1
Number of background images: 0

gaussian fit: core

o, (um): 4689 + 0.84
o (um): 7.38 = 084
o, (um): 69.04 + 0.6
1y (um): 16,59 +  0.61

o (pm): <1201 pea/ol ¢

o, (um): 6678 /o)
ny(m): 1826 /ol

5038 Mesfoi: 029
312
0.05
2.67

FEL-Seminar.

-150 -100 -50 0 50 100
horizontal beam size (;m)

vertical beam size (um)

vertical beam size (um)

1SFUND2
100
50
0|
=50
-100
-150
Number of images: 1
Number of background images: 0
gaussian fit: core
o, (um): 96.51 &+ 0.45
o (um): 433+ 045
o, (im): 3432 4 1.03
iy (um): 1252 4 1.03
moments:
o, (um): 10041 fas/or i 018
#e (um): 827 Magloy i 315
o, (um): 4473y /o) i -0.42
iy (um): 1877 /ol 426
-200-100 0 100 200 300
horizontal beam size (um)
1SFUND4
300
200
100
0|
-100
—200
-300
-400
Number of images: 1
Number of background images: 0

gaussian fit: core

o, (um): 79.59 + 228
o (um): 2298 + 224
o, (um):  89.40 + 2.03
iy (um): -12.96 £ 2.01
moments:

o (pm): 3032 Ma/ol ¢
o, (um): 9914 gy /o) ¢

n, (pm): -21.78 aloy

o, (um): 86.53  Maclori 025

-0.30

3.48

3.62

~300-200-100 0 100 200
horizontal beam size (um)
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some measurements

undulator match

charge: 0.41nC, BSA: 1.2mm

WIRESUND1 WIRESUND2 WIRE5UND3 WIRESUNDS WIRES5UND6

Br=13.06 m [y = 12.60 +- 0.57 m Br =6.30m By =740+ 0.12m
ar=1.18 ay =1.11+-0.09 ar = -0.66 ay =-0.85 +- 0.03
er =1.08um &) = 1.08 +- 0.06 um ep=1.28um ¢y = 1.28 +- 0.03 um
mp = 1.00 Ap=1.05 mp = 1.02 Ap=1.19

707)

(o + Bra’)/+/(e

1
v/ (erBr)

FEL-Seminar.

-2000 1] 2000

6
4
4
> 2
0 1]
-2000 0 2000 -3000-2000-1000 0O 1000

[T Y

-

SUND1 HOR (82.3675um RMS)

5UND1 VER (78.1795um RMS)

= B oo oo

SUNMD2 HOR (70.4331um RMS)

-3000 -2000 -1000 0
SUND2 YER (117.362um RMS)

SUMD3HOR (89.1876um RMS)

SUND3 YER (82.3837um RMS)

(SR N -]

J\

-1000 0 1000 2000

SUNDS HOR (110.653um RMS]

-3000-2000-1000 0 1000

SUNDS VER (70.0624um RMS)

6

4

2
-2000 1} 2000 -200 2000
SUNDG HOR (76.2299um RMS) SUNDE YER (95.3693um RM3)

6

4

2

o
-2000 a 2000 -1000 0 1000 2000 3000
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Bunch shape dependence on orbit in BC3.

Dispersion is not an explanation: OTRITCOL
AE 200 kev 02 T T T T T T T T T T T T T T T T T T T T T T T T T T T T
N :700 — D ~1mor 016
db _BSMY o 3em % 100 g o1 I
E 700 MeV s = i i
g g oos
g 0L T o o . “‘H
LT ShowFLASHI | showFLasH? | SeladiaRreneal] far} K L L }
o o T T 2 o 2 005
DY e e = 3 !
5
B o1 3
: £ 50
: 5
> 096 -+
-1
Number of images: 004
N —— Numberofbackground images: 10 1 — 0oz
DT e e e Moments asymsupergauss| § 0 R LA AN i ek ] P TP S S NI NP U P U PO U U S
. value [ error | [valve | error 2 aoe }
B 72(PX) |_4.03] 35.19] 615 o012 A S = '\. +
g 1, {PX) | 22.97| 2514 3149] 237 ' nﬂj -0.04 |’
- o.(px) | 13.52] 6.20] 10.25| 0.29 1 o
i ﬂ,( x) | 22.99] 3.26| 29.37 4.95 1 % 0.06 b
C ] " - nsgloy| 1.45] 0.24 015|002 1 T 0D8
1y, /or | 0.24] 0.20 172 023 : a1
Jo.| 4881 4.40| [ _043] 009 -
o e - 2 e 3§|W e[ e . 01z TR S S A A A
) 5 Z100 50 0 50 100 150 555, 53BE
L i " - 8 bibaaaag mmu&%%%%gg SoEHUNEEE332555888 s
X\ horizontal beam size (px) L L B Rt R E e B e e
OTR9TCOL 0.08 L B L I e e B e B G R R R SRR
0.0t
& £ o
g g
8 5 0
£ 2
ruasn. stowruasin | swonruashe | ESEREERR P s L poz
T e 2 g 0
FLASH1 - Horizontal Orbit _ Parsisance | sk ot Dmerunce crtt_| Decunce Oebt ared) | T“; =l 004
£ _100
5
/\-\V/\VAA/M/\/\—/\ : .08 HHHH-H -
150 o
V \/ \/\/ v Number of images: 10 0.08
Number of background images: 10 —
FLASHI Vet onh o T e oo owmomtiea Moments ! ‘E ggi
|
A | 0 & %I 4T SN,V
=V | 5 | T o2 o i
: 66 ! 2 004
36 ! =
e e e e e e | 0.08
et 1 0.08
< - oo (— . piay/y | 30.12] 155 X -01 — L L L L L L R L
e e —100 50 0 50 100 150 200
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Matching of the actual optics to design optics.

Procedure: @ Measurement of the current Twiss parameters at a reference point.

® Reconstruct Twiss parameters at a start marker upstream of the matching quadrupoles.

L This is done by 'matching’ the initial Twiss parameter using LMAD.

© Match the actual optics to design optics at reference point by user defined quadrupoles.

L This is done by LMAD.

@ Generate a current list of the new quadrupole strengths.

matching optics measurement
start marker reference point
) measurement of
twiss parameters
initial Twiss n-matching quadrupoles multiple quadrupole multiple screen methods
Ba,ys Qa,y
FEL-Seminar.

27.06.2017
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Emittance and optics measurement.

reference point OTR10TR 2 OTR N

0000

L-scan quadrupoles

Rl’l R2,l RN’Z

Set of equations has to be solved: (with (n,l)-th measured beam size oy, )

Moo = ((R2)) 2(RD), (R, (R

2
) Op=1,l=1 08 = Poe
o
0 - _
M COV(q p) _ 0_2 COV(q7p)0 Qg
Rl l 02 =0e
o e p,0 — /0
p;0
2 2 _ 22 2
Op=N,=L € =0p0p0 — Cov(q,p)5

FEL-Seminar.

Special cases:
® Single quad scan: L=1, N=1
® 4-screen method: L=0, N=4

e Transfer matrix R
e x-plane: (q,p) = (1,2)
o y-plane: (q,p) = (3.4)

27.06.2017
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some more quad scans
in theory

kl1Qiz2DBC2.dat kl1Ql1uUuBC3.dat klQ2uBC3.dat
20000 T T T T T T T T T 1800 T T T T T T T T T 900 T T T T T T T T T
1 x-plane ———— | x-plane ——+—
y-plane y-plane
18000 1600 — 800 —
16000 1400 — 700 —
14000
1200 — 600 —
£ 12000 £ £
s s 1000 — 5 500 —
2 10000 =] 2
= = =
< < 800 — < 400 —
T 8000 K 3
600 — 300 —
6000
4000 400 — 200 —
2000 200 — 100 —
(o] 1 ke i 1 1 1 1 1 (o) 1 1 I 1 - | 1 1 (o) 1 1 1 1 i 1 1
-108-6-4-2 0 2 4 6 810 -108-6-4-2 0 2 4 6 810 -108-6-4-2 0 2 4 6 810

k (1/m**2) K (1/m**2) k (1/m**2)
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some more quad sSCans

in theory

beta function (m)

beta function (m)

900000
800000
700000
600000
500000
400000
300000
200000
100000

k1Q1O0ACC7.dat

y-plane

T 1T 1T 1T 17 177
K-plane ——+—

(o]
-168-64-20 246 810

140000
120000
100000
80000
60000
40000
20000

o
-168-6-4-20 2 4 6 810

k (1/m**2)

k1Q2TCOL.dat

y-plane

T T T T T T T T T
-plane ——+—

k (1/m**2)

beta function (m)

beta function (m)

12000
10000
8000
6000
4000
2000

k1Q19ACC7.dat

x-plane —
Fyv-plane —

e e et

(o]
-108-6-4-2 0 2 4 6 810

K (1/m**2)

k1Q6TCOL.dat

1800 |
1600
1400
1200
1000
800
600
400
200

IX_IpIIarI‘eI T T T T
y-plane

et

o
-168-6-4-2 0 2 4 6 810

K (1/m**2)

FEL-Seminar.

beta function (m)

beta function (m)

k1Q1TCOL.dat

20000
18000
16000
14000
12000
10000
8000
6000
4000

T T T T T T T
| x-plane —+—

l v-plane _]

[ e SR ST I ST

2000 ]
o

-108-6-4-20 2 4 6 810

k (L/m**2)

k1Q8TCOL.dat

900 T

700
600
500
400
300
200
100

*-plane "
v-plane

I

o
-108-6-4-2 0 2 4 6 810

k (1/m**2)
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some more quad sSCans

in theory

beta function (m)

35000

30000

25000

20000

15000

10000

5000

o
-168-6-4-2 0 2 4 6 810

kK1Q4ECOL.dat

k (1/m**2)

beta function (m)

3000

2500

2000

1500

1000

500

o
-168-6-4-2 0 2 4 6 810

K1Q1ORS.dat

IX_IpIIar;eI T T T T
y-plane

M
N e CTINTI I L

K (1/m**2)

FEL-Seminar.

beta function (m)

1600

1400

1200

1000

800

600

400

200

o
-168-6-4-2 0 2 4 6 810

k1Q20RS.dat

I Ix—lpllarl1e LI
y-plane

k (1/m**2)
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some more quad sSCans

in theory

beta function (m)

30000

25000

20000

15000

10000

5000

o
-168-6-4-2 0 2 4 6 810

kK1Q4ECOL.dat

k (1/m**2)

beta function (m)

4500

4000

3500

3000

2500

2000

1500

1000

500

o
-168-6-4-2 0 2 4 6 810

K1Q1ORS.dat

IX_IpIIar;eI T T T T
y-plane

K (1/m**2)

FEL-Seminar.

beta function (m)

9000

8000

7000

6000

5000

4000

3000

2000

1000

o
-168-6-4-2 0 2 4 6 810

k1Q20RS.dat

Ix—lpllarl1e LI
y-plane

s

= 1

k (1/m**2)
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some more quad sSCans

in theory

beta function (m)

beta function (m)

14000
12000
10000
8000
6000
4000
2000

kK1Q4ECOL.dat

T T T
plane

)(I_ T
ry-plane

T T T T
[

(o]
-108-6-4-20 2 4 6 810

k (1/m**2)

k1Q4ORS.dat

18000 T T T T T T T T T
16000 —X'p:a”e — A
14000 [YP@ne .
12000 | -
10000 | -
8000 | -
6000 | -
4000 |- -
2000 | -
T e S+

o
-168-6-4-2 0 2 4 6 810

k (1/m**2)

beta function (m)

beta function (m)

K1Q1ORS.dat

9000 T T T T T T T T T

8000 | X-plane ———— /]
7000 |- Y-Plane .
6000 - —
5000 - —
4000 |- —
3000 - —
2000 |- —

1008 7§.\|S’\F—*I ) M

-108-6-4-2 0 2 4 6 810

k (L/m™**2)
k1Q7O0ORS.dat
3000 T T T T T T T T T
1 x-plane ————
2500 y-plane —
2000 —
1500 —
1000 —
500 g
7%724
0 1 1 I | e P '*’f‘%l 1
-108-6-4-2 0 2 4 6 810

K (1/m**2)
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beta function (m)

beta function (m)

20000
18000
16000
14000
12000
10000
8000
6000
4000
2000
(o]

-108-6-4-20 2 4 6 810
k (L/m**2)

k1Q20RS.dat

k1Q9ORS.dat

1000
900
800
700
600
500
400
300
200
100

- x-plane ——+—

L y-plane

i et S PR P RN BTN

Lt

o
-168-6-4-2 0 2 4 6 810

k (1/m**2)
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some more quad sSCans

in theory

beta function (m)

beta function (m)

kK1Q1SFUND4.dat

T )I(—F;lalnel T T T T
y-plane —

o
-108-6-4-2 0 2 4 6 810

K (L/m**2)

K1Q6SMATCH.dat

35000 1
30000 XBIANS T
25000 |- .
20000 | .
15000 .
10000 [ .
5000 | .
1 1 1 1 & 1 1 | I

o
-168-6-4-2 0 2 4 6 810

k (1/m**2)

beta function (m)

beta function (m)

kl1Ql1SFELC.dat

6000
5000
4000
3000
2000
1000

IX_IpIIar;eI T T T T
- y-plane ~

[ R T Ct IOTSEy ia

(o]
-108-6-4-2 0 2 4 6 810

4500

k (1/m**2)

Kk1Q8SMATCH.dat

4000
3500
3000
2500
2000
1500
1000

500

[ IX_IpIIarI‘eI T T T T
y-plane

o
-168-6-4-2 0 2 4 6 810

K (1/m**2)
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beta function (m)

beta function (m)

2500

2000

1500

1000

500

(0]
-108-6-4-2 0 2 4 6 810

35

k1Q2SFELC.dat

IX—IpllarI]el T T T
T y-plane _]
=R ]
X
L N _
L1 T+ﬁ%,‘ e %F’Z:ZF

k (L/m**2)

Kk1Q10SMATCH.dat

30
25
20
15
10
5 =
(o]

T T X_Ipllanle T T T T
v-plane

N S | = e |

-10-8-6-4-2 0 2 4 6 810

K (L/m**2)
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some more quad sSCans

in theory

beta function (m)

beta function (m)

K1Q1SFUND4.dat

1200
1000
800
600
400
200

T T T T T T T T
T Xx-plane ————

y-plane —

o _
-108-6-4-2 0 2 4 6 810

70000
60000
50000
40000
30000
20000
10000

o
-168-6-4-2 0 2 4 6 810

k (L/m**2)

Kk1Q6SMATCH.dat

T T T T T T T T T
x-plane ———+—

ry-plane

k (1/m**2)

beta function (m)

beta function (m)

5000
4500
4000
3500
3000
2500
2000
1500
1000

500

kl1Ql1SFELC.dat

[ <'plane’ — "]
L y-plane

et )

(o]
-108-6-4-2 0 2 4 6 810

8000
7000
6000
5000
4000
3000
2000
1000

o
-168-6-4-2 0 2 4 6 810

4+ x-plane ———

k (1/m**2)

Kk1Q8SMATCH.dat

y-plane

K (1/m**2)
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beta function (m)

beta function (m)

k1Q2SFELC.dat

25000
20000 |
15000
10000

5000

(o]
-108-6-4-20 2 4 6 810

k (L/m**2)

k1Q10SMATCH.dat

450 T T T T T T T T
400 X-plane —F— ]
350 | y-plane B
300 - —
250 - —
200 - —
150 —
100 |- —
50 |- —
fe) I i e S T RO R

-108-6-4-2 0 2 4 6 810
k (1/m**2)
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