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1 1§ Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL | Outline

Brief introductions
Deflecting section study
= Single dipole deflecting R, #0,T;, =0

i
= First order isochronous deflecting R,=0;T;, #0
= Second order isochronous deflecting R, =0,T. =0
1 >3y
= Questions
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European

XFEL | Basic Introductions
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Locating after SASE1
Wavelength range: 0.4~4.8 nm
Adjustable Polarization
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1 1§ Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL | Basic Introductions

Bunching undulator

I

E=17.5 GeV E=17.5 GeV

<dE> ~8 MeV <dE> ~30 MeV
B,=8.0140r 19.453m | Sefloct
eflecting
=0.125 or 0.051 m"" .
Y Section
B,=19.453 0r 8.014 m ea%’/'e
> Vg~
y,=0.051 or0.125m1 | &> 100 prad R
9k
a.=0,=0
_ _ _ W,z Az w A, @, ~ 304m
For far field Gaussian optical O = = © O=—= 1 =4.8nm
beam, the open angle: Zp T, z T, S
’ ' 6 ~ 50urad
4.8 nm 0.4 nm
Numerical calculation for longest and B (urad) 24 4
shortest wavelength (4.8 & 0.4nm) wy(Um) | 64 34
ZR (m) 2.6 10
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European

XFEL | Deflecting section study

All of the deflecting section study concerns the
shortest wavelength 0.4 nm
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1 1§ Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL | Deflecting section study --- Single dipole

Deflecting angle 6 is quite small, if a simple dipole works?

To overcome first order geometry aberrations:  —> /A ~--------

o, =RsPu_ 2 g 4 :Jzisz - Y Ling -8 Dipole length, the longer, the better
¥ R52 Lbend X min ﬁxo 2 ,on p g ) g )

Ve =+/4.088 107" x10~ = 6.39x10™"° Standard SASE2 g, fulfills the initial beta function requirement

Even for a very long dipole, L.,y = 2m

B4 04

sasdol

p (m.c)

34204

ER ARl

1 1 1 1 1
_72x1 g0 R TRl 0 1% pAe 23100 _5 X] O—9 O 5)(] O-g 4010 _gwp g0 o] 2x 00 4x D0 g 10 0 %] 079 4% 079 5 x] 079

S 5 5 S
Initial Gaussian Bunch Bo=20m, 0, =0 By =20 m, a,o = 20 By =20 m, a,, =20
First Order Matrix First Order Matrix Second Order Matrix

Special initial a,, is required
How to compensate Second order geometry aberrations ?
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Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL | Deflecting section study --- first order isochronous

First order isochronous: First order achromate + zero R,
L=0.53m, K1=1.275

A V0¥ - A

®=120, L=0.12m ®=-70L=0.07m | ¢ =701=007m  ®=120,L=0.12m

Mirror symmetry system, balance between second order geometry aberrations and R56:
R5: 1.57075e-011 2.78426e-011 0.00000e+000 0.00000e+000 1.00000e+000 -1.77057e-008
T51: 3.40651e-001
T52: 7.16885e-002 8.39040e-001
T53: 0.00000e+000 0.00000e+000 4.28676e-001
T54: 0.00000e+000 0.00000e+000 2.74989e+000 5.23755e+000
T56: 1.88249e-004 3.32063¢-004 0.00000e+000 0.00000€+000 0.00000€+000 4.87033-008

Do 04 -
azaol -

Inital <. Pro=20 . %o = 0. Byo

v =20 m, Qg = =0

Gaussian = Second Order Matrix
Bunch o Bazor] g
4104 1

| . | . | 3 | . . | 1 1 1 1
26010 g0 0 1x1 pte 2x1 ge O 1x1 0% 231079 3x10°°
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1 Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL | Deflecting section study --- first order isochronous

For first order order achromate system, the bunch length expansion due to second
order geometry aberrations is:

0'2 _ 82 2(Tsn x0 _T512ax0 +T5227x )2 + 2(T533 »0 _T534ay0 "'T5447/x)z
+ (T5212 _4T511T522 )+ (T5§4 _4T544T544)

: Vs T2 2T. T
if 7,- 2 >0, Ti33— 3 >0 when B = = —> Q= = 2
4155, Tps \/4T5”T522 -7, \/4T511T522 ~T2,
2T, N T,

v0 = ’
\/4T533T544 _Tsis
The bunch expansion has smallest value:

x0 =
\/4T533T544 - Tsi3
0-2 = 82 l(4T511T522 - TSél )+ (4T544T544 - Tsfw )J
From the Matrix show above:

:on =1.573m, ., =0.067
B, =8.7%m,a,, =2.309
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Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL | Deflecting section study --- first order isochronous

With the required initial TWISS parameters, the beam distribution change is:

T T T T T T T T T
Do 04 T4 oL i
I434 04 IS4 3w O .
[
1]
-
oy EX Rl T4 0t |
Sl _. Zo41x o4 .
| . . | . 1 ) | . . | | .I | . |
—2x1 010 —1x Qe 0 131010 2% o0 —2x1 719 0 2x1 018 4x1 0710
= S
Initial Gaussian Bunch Bxo=1.973 m, a,, = 0.067, B, =8.794 m, a,, = 2.309

Second Order Matrix

By especially setting the initial TWISS parameters, the 0.4 nm
bunch can be well maintained.

The problem is, how to make the TWISS parameters from
SASE3 standard value to the required initial ones?
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1 1§ Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

Deflecting section study --- first order isochronous

. atching
Bunching undulator

undulair

B,=19.453 m B=1.573m )
_ =8.794 m : Wizay;
0,70, =0 By Deflecting Sion
0,=0.067 Section
0,=2.309
8 > 100 prad

Add “Matching Undulator” between the Bunching Undulator and
deflecting section

Quadrupoles are set between Matching Undulator segments to
adjust TWISS parameters

Undulator is used to maintain the Bunch during the TWISS
parameters matching.

09. Feb. 2008 /5?3\{\ # weLmnovrz
Beam dynamics meeting w

‘ ASSOCIATION



1 1§ Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL | Deflecting section study --- first order isochronous
Matching Undulator Design and Bunching Undulator Length

K 10"
> 041
Bunch factor and 5 10°
. (0] fap) 8
FEL power in v =10
. . 5 0.014 ~ 10
Bunching Undulator: £ g
o B 10°
o, L=97.92m
S1E-3 10
8 ™~ P - - / —— Steady State Simulation
S I Slteady State Slmul_atlon _ 104! (prad0=2500W)
m — Time Dependent Simulation \ Time Dependent Simulation
T T T T T N 10 T T T T T T
(I) 2|O 4|0 6|0 8|O 1 60 0 20 40 60 80 100
Z (m) Z(m)

« 97.92m long Bunching Undulator can give maximum bunch factor
* Several configurations have been investigated, all of them can match the TWISS parameters. The
solutions can be:
four undulators, 5m, 5m, 5m, 5m
four undulators, 2m, 2m, 2m, 2m
three undulators, 5m, 1m, 1m
three undulators, 1m, 1m, 1m
« Different Bunching Undulator length have been studied for each match undulator structure

*the best combination of bunching undulator and matching undulator is :

09. Feb. 87.04 m Bunching Undulator + 3*1m Matching Undulator
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1 Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL | Deflecting section study --- first order isochronous

Beta function of the whole system

15] | Bunch factor dropping in the
undulator matching section
= T T T T T T T v
E 10l | 0.28- .
= 0.26 1 — — T
51 | . 0.24- |
2 0.22.
20 — § - ]
1 8- T T T T = _(C.) 020_- ]
i 7 018 oo .
161 4 033 :
1l | 0.16-_ .
T 1o 0.14 4 ] —— Without Undulator\ i
= I 1 {1 —— With Und
o 10L 1 0.124 @ MAD Simulation, Without Und 1
2| - S T ST T S M
al | Z (m)
4| _
0 5 10 15
s (m)
Matching  Deflecting _ Crossed
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1 Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL | Deflecting section study --- first order isochronous

0.002

0.001 +

0.000

vy

-0.001 +

-0.002 1

000

Bunch Factor=0.2659 " -

-0.003

AN N
Phase Normalized by Wavelength (rad)

Due to the abnormal beta function,
in the matching section, even there
is undulator, bunch factor still drops.

In the deflecting section, the bunch
factor drops to a smaller value.

At the entrance of crossed =
undulator, the maximum bunch ©
factor can be 0.12

0.003 -

0.002

0.001 +

0.000 +

-0.001 |

-0.002 |

-0.003

33% decreasing

0.003 -

[ Bunch factor = 0.17825 |
00021 2 L h g o

0.001 +

0.000 A

yly

-0.001 +

-0.002 +

Bunching undulator Matchin TRAGLE
-0.003 : ; i . i i ' '
- - - - 1 2 3 4

[ Bunch factor = 0.12089 |

A4 42 40 -8 6 -4 2 0 2 4
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1 1§ Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL | Deflecting section study --- first order isochronous

Tolerance
Matching Section errors Deflecting Section errors
1.0 ;
B L T R R ; RER
O 1 3 o ° ° S 1.04 —=— Random Error
L o8 ° S —e— Constant Error
: ° 8 0.9
- L
(@] )
S 0.6 ° 8 é 087
o0 ° 5 0.7 1
o o
Q 04- ° S 0.6
-(_E e g 0.5
£ S 0.4
5 0.2- ° % al
T T T T T T T T T T d 0.3
0 2 4 6 8 10 Z 0.
Quad Offset (um) 0 2 4 6 8 10
Offset (um)
* Rand ffset of d I in Matchi
andom ofset of quadrupoles in Matching * Random and constant offset of all magnets in
undulator section . :
the deflecting section
* No error for deflecting section . . :
* No error in matching section
* Bunch factor measured at exit of deflecting
sectiong
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1 1§ Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL | Deflecting section study --- first order isochronous

FEL comparison

17.5GeV, 0.4nm, Lg,3D= 8.48, aperture = 1.474mm
Length (m) P (GW) P /P, Polarization % S./S, %
Ideal cases 3.06 m 3.69 2.068 93.8~92.4 83.4~79.8
First order 340 m 1.16 3.596 85.5~77.9 74.0~65.0
isochronous

Bunch factor drops a lot in the matching undulator section

The beta function in the crossed undulator is too smaller than the standard values
Compare to the ideally deflecting, power drops ~68%, total polarization drops ~11%,
circle polarization drops ~15%

The maximum bunch factor in matching undulator can arrive 0.34, with 97.92m, which
can not be used
A better solution can be found?
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1 1§ Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL
Oﬁ’& D12 ii D22 &3 D21, D21, S3 v C> D11 O_l

L QA S1 B2 S2 s3 sS4
O D11, >, _ D12 v D22 <> D2t D21, (> _ D22 D12 <> D

%_.v_.& éj

Deflecting sectlon study --- Second order |sochronous

Q2

B1 Q2

Qi o1
L, O D11 D12 D22 & D21

Q1 B2 Q1
S1 S2 Q2
+Qm.©w&.c>% D2, > D2, A\ _ D12 | S4 b1, Q
Type B1 B2 Q1 Q2 S1 S2 S3 S4 D11 D12 D21
Stren- | 125 25 | -0.106 | 0.289 | -44.56 | 99.75 | 14.72 | -100
gth prad prad K1 K1 K2 K2 K2 K2
Len-gth | 0.2 0.2 0.3 0.3 0.5 0.5 0.5 0.5 0.2 45 | 0.256 | 8.8
(m)
Four cells system, total deflecting angle is 400 prad (smaller 100
urad deflecting hardly gives improvement)
Total transport matrix is unity
R5: 1.49674e-016 6.50521e-019 0.00000e+000 0.00000e+000 1.00000e+000 7.30186e-008
T51: -7.46661e-002
T52: 1.86252e-001 -3.38115e-004
T53: 0.00000e+000 0.00000e+000 1.30394e-002
S Fen 2008 T54: 0.00000e+000 0.00000e+000 7.35423e-002 -7.317047e-005 Zo—

Beam dynamics meeting T56: 1.18833e-004 -1.48212e-004 0.00000e+000 0.000000e+000 0.00000e+000 7.37998e-007
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Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Deflecting section study --- Second order isochronous

ACHRO ACHRO
275, Win32 version 8.51/1 08/02/09 17.48.33 0.00250 _wsg; version 8.51/15 __08/02/09 17.48.33
250. |3' py 0.00225 1 §
225.4 ¢ 0.00200 4 |
200. - 0.00175 -
L 0.00150
o 0.00125
g 0.00100
By 0.00075 1
50. 0.00050 -
) 0.00025 -
: : : . : : : 0.0 ; : :
0.0 20. 40. 60. 80. 100. 120. 140. 160. 0.0 40. 80. 120. 160.
e
ACHRO
Long distance is needed to _ o Win32version 851/15 08/02/09 17.48.33
make beta function large % 09] M- W /
: : 084 e
With large beta function, < 71 Ft
L e
sextupoles can compensate 0.6 - //
the second order aberrations 0.5 A
0.4 - 7
0.3 1 / o
024 Lo
09. Feb. 2008 g:} -//’/A- ?HELMHOLTZ
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1 1§ Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL | Deflecting section study --- Second order isochronous

T I I I T I
o440 E Io44H 0t -
e BAEAL - . BaamtL _
G o
- -
S s
Oy SAEAGH - oy Baz oL i
o4 ot - ERAR v —
| 1 | | | 1 1 1
-2¥1 0710 X 0fe 0 1x 0718 2x 0710 —5x] (-1¢ () 5x10-10
Initial Gaussian Bunch Initial TWISS parameters is Standard SASE3 values
Second Order Matrix
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XFEL | Deflecting section study --- Second order isochronous

0.004 -
0.003 +
0.002

0.001

oy

0.000
-0.001 +
-0.002

-0.003 1

4 3 2 4 0 1 2 3 4
Phase Normalized by Wavelength (rad)

* The Bunching Undulator can be 97.92m long
to achieve highest Bunch factor

* Deflecting section drops 44% bunch factor

0.004
0.003 -
0.002-
0.001 -
3- ]
/5 0.000-
-0.001 4
-0.002

-0.003 1

-0.004

Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Bunch Factor=0.1922

-15

-10

-5

0

S 10 15

Phase Normalized by Wavelength (rad)
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1 1§ Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL | Deflecting section study --- Second order isochronous

Tolerance

1.2
| - J
O 1.1 —a— Random Error
& 1.0 —e— Constant Error
LI— 4
< 0.9+
= 0.8+
a 071
- 0.6-
R 05-
'© 0.4-
% 0.3
Z 0.2-

01 T T T T T T T T T T T

0 5 10 15 20 25
Offset (um)
Random and constant offset of all magnets in
the deflecting section
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XFEL

FEL comparison

Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

Deflecting section study --- Second order isochronous

17.5GeV, 0.4nm, L,;p=8.48,  aperture = 1.474mm
Length (m) P (GW) PX/Py Polarization % S,/S, %
_First order 340 m 1.16 3.596 85.5~77.9 74.0~65.0
isochronous
Second order 3.06 m 1.53 2.297 70.5~62.5 57.6~46.6
isochronous

Quite strange that the polarization of Second order isochronous system is worse than
the first order isochronous system, Why?

09. Feb. 2008
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1 1§ Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL | Deflecting section study --- Questions

] : ] Second Order Isochronous
0.404 First Order Isochronous 0.40 4 Bunch at 1st Crossed undulator entrance
0.35 | Bunch at 1st Crossed undulator entrance . Bunch at 2nd Crossed undulator entrance
ol Bunch at 2nd Crossed undulator entrance 0.35- LCorrelation Corr(1st,2nd) = 47.2%
§ 0.30 4 Correlation Corr(1st,2nd) = 77.4% <o 30_-
o L]
00-25 u%'i 0.25-
-§ 0.20 7 -S 0.20-
>50.15 c ]
a0 ] c:n; 0.15 y
0.10+ ’ ”‘a l)) \“ {' ;3 ‘ \! Wi ) 0.10-
0053 T (I UL R A 0.054
0.00 . . ; ‘ . ]
T T T T 1 0.00 . | . : . : . |
80 85 90 95 100 80 85 90 5 100
S (um) S (um)

Why the correlation of bunch factor at entrance of 1st and 2" crossed undulator
for 2nd order isochronous deflecting is smaller?
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1 1§ Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL | Deflecting section study --- Questions

Bunch slices shape distortion

Matching Und. = 97.92 m (Second Order Isochronous)
0.0025 - Matching Und. = 87.04 m (First Order Isochronous)
1 40 MeV
0.0020 - Pﬂ ﬂ A ﬁ ”
- . . i TR M '{\un' nu.ﬂ Wy - M}
= 30 MeV
o%. 0.0015 " U U “
0.0010 -
!nw ‘IJ\\U |v ’l' g W‘ i ' v T 1
0.0005 1 ! L | 12MeV
80 85 90 95 100

S (um)

The Bunch factor difference between the Maximum and Minimum energy spread is:
12.6% --- First Order Isochronous 47.0% --- Second Order Isochronous

For the Second order isochronous deflecting, distortion is larger
--- Find a smaller R56 for Second order isochronous deflecting

09. Feb. 2008 /gE‘S;\ # weLmnovrz
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Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL | Deflecting section study --- Questions

With the second order isochronous deflecting, the matrix terms Ry, Ts;
can be optimized to zero:

R5:-6.13825e-011 6.62404e-015 0.00000e+000 0.00000e+000 1.00000e+000 1.11783e-013
T51: 6.67028e-002

T52: -2.03828e-002 -4.73361e-005

T53: 0.00000e+000 0.00000e+000 3.24998e-002

T54: 0.00000e+000 0.00000e+000 3.45780e-003 1.85512e-005

T55: 0.00000e+000 0.00000e+000 0.00000e+000 0.000000e+000 0.00000e+000

T56: -1.59364e-004 2.43488e-005 0.00000e+000 0.000000e+000 0.00000e+000 1.53949e-006

3 ot B4 oL

L 343904

Aol

p (m.c)
p (m.c)

342 0HL

L 2416 gL

| I 1 1 1 1 | 1 )
EE KL S R v a 1078 Za ot —5x] (-14d 0O 5x1(Q-10
5 S

Rse and Tgg; are very small, why there is still ~1nm expansion?

Sextupoles impact or Elegant does not correctly report the Matrix?
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1 1§ Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL] Conclusion

» Second order isochronous deflecting system can best maintain the electron
bunching at 0.4nm (higher error tolerance, higher bunch factor, standard beta
function in crossed undulators)

« Why the polarization of 2" isochronous deflecting is worse than the 15t order
isochronous?

* Why the elegant reported matrix does not match the simulation result?

09. Feb. 2008 /gg;\ ﬁ HELMHOLTZ
Beam dynamics meeting \9 | ASSOCIATION



1 1§ Deflecting Section For The European XFEL Polarization Adjustable Beam Line (SASE3)

European

XFEL | Deflecting section study --- Questions

Thanks!
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