Undulator Alignment for
the SPring-8 XFEL

Makina Yabashi, Takashi Tanaka, Sakuo Matsul,
Hirokazu Maesaka, Yuji Otake, Hideo Kitamura,
Tsumoru Shintake, Tetsuya Ishikawa, Noritaka Kumagali
yabashi@spring8.or.jp

RIKEN XFEL Project Head Office

IWAAO8: The 10th International Workshop on Accelerator Alignment
Jan. 12 2008 @KEK



Acknowledgement

RIKEN & JASRI Joint Project for XFEL : Takao Asaka, Yoshihiro Asano, Hitoshi Baba,
Teruhiko Bizen, Hiroyasu Ego, Toru Fukui, Shunji Goto, Hirohumi Hanaki, Toru Hara, Takaki
Hatsui, Atsushi Higashiya, Toko Hirono, Naoyasu Hosoda, Takahiro Inagaki Shinobu Inoue,
Miho Ishii, Toshiro Itoga, Hiroaki Kimura, Masanobu Kitamura ,Satoru Kojima, Togo Kudo,
Hirokazu Maesaka , Xavier Marechal, Sakuo Matsui, Hiroshi Matsumoto (KEK), Tomohiro
Matsushita,

Mitsuru Nagasono, Haruhiko Ohashi, Toru
Ohata, Takashi Ohshima, Kazuyuki Onoe(Alvac),
Yuji Otake, Tatsuyuki Sakurai, Takamitsu Seike,
Katsutoshi Shirasawa, Shinsuke Suzuki,
Kazuhiko Tahara, Tetsuya Takagi, Sunao
Takahashi, Takeo Takashima, Masao Takeuchi,
Hitoshi Tanaka, Ryotaro Tanaka, Takashi
Tanaka, Yoshihito Tanaka, Shingo Taniguchi,
Takanori Tanikawa, Tadashi Togashi, Kazuaki
Togawa, Hiro Tomizawa, Shukui Wu, Akihiro
Yamashita, Kenichi Yanagida, Chao Zhang,
Tsumoru Shintake, Noritaka Kumagai, Tetsuya
Ishikawa, Hideo Kitamura, ---

‘ June 1:




1 - o - - - -
- # ﬁ T H o gt o .:.|- 1
 EETPIN T 3 F % [-_J | ks b 19 -u:; 0 .
e 0y 1 | i Al i Bl - ... Y by
.-:.. - ..- 3 [t .-.-' I - o _..\.!. i ot ..E ,P'|l|
[ F:’ T i ..'r J |Il -1 : A .J..
. L° s - el < . ol 4 ok -
T ; : g I‘ﬁ I LA = .?I M S - § 5 A : L :; .'..'
{ T " ! G % 4 ""' e TN . k. ';“.ll.
| L g N . .
L4 T The LGLS Cyava s el
] (Linac Coherent Light Source) . kr . | I L’ : .\I!
= E A o R ..-'.:.‘ Pl !-_.
1 b, |_l"|' 4
S F =payt % 0 KT w |
- I\'-._ .\_‘.1-_\.'\:; i
r oy N y
» T . ,’I- . |
. L g . 5
) ...-': g 5 FoFe : L
'_:I. LR i - -\.l '..- o
. 4 . r 1A 5 ¥ e l".- | == i i
.'F,' ,*, !I: ".: ,_ | b ] 1 .:. .__:\._l = T F £ ; I- ."-'lr'rr
# - [ "«
M'l:a.“- “..ﬂ' iﬂ’ﬁ'r’ _""""'h”' . e 1 | y s 5- -' .-||r|'1.- i
AL s
% LY |.r-:|'-"__ '. Lol A=l ,rﬂ ' i
.i .;.-' :'ln-l.!r if.":l':'lzf Wl ' |, . {
e *_H;: ] i bassrpm :F Prraf ey e Ak | B TAURRRE -
az¥ #H 5_.|2|1 "R ."f": L e B fi_l,h"; "".ﬂ":"s.“;i?-l .-.-'Et 'il.-'irri-ﬂ!_". !
_;ll::'h.! woafary ey sy PR W P T y
e l:lh:l "'l:ll:‘lI"' . Ei' e 42 EEJ-l';.IT.- = F] 1 o =8 [ g = RN A
et TAPLYT gy TYFR b ke -,u o bR o Wtk T-de ; “ i '
T o e I.:l?gt-? __-' -i Fi= bl v E X 1 N ;1 .':'_F.'LT
i i o . X . {>H 2 Lo e
= E=T ) ".l L] ;—' ':'I fl.""F?.fiﬂdl:‘E-.:ll"-F;; L G "":.l:iw+1 ) '1"'1',‘ I.l.il‘tn.‘h“
FUFFEES g .-Ij_- " ] ! ll.."'-. ab_j-\‘ h*jg:-:.ﬂ_-. - i ”-:J . e '{ll' e ..13_ ,:-I?I-l
i *rf APy :I‘-'h'"";‘\’]"' T oL : i ;u,rﬂﬂi-. &
Iq_l "' -|"'" Py TATEER Al 0 I“?ff" .E-l?l'::r s =.bg'l:?'.|" bl .~ b g
1T L e LAnana b e -y FAPUR g ..!,“;fr‘-, -
it gt US| T N N s aers 9
"'“’ 1{':.-"“ wt - "T"”" 4, vagssan SOAET il {
'"-?iﬂ'l.-:-" :?Il"“i.ﬂ:- 1.' ﬂ “,ﬁ:ﬂ }'ﬁ' jﬁFLE o -rt-,-rl '.l.;?]_i :I' L
befrl R T I|.1Il -|. iF ELEE A B
ll.T..-!lil “ Fraovinpyig E Il'F e _,;":?!r:‘* J' ‘ .-['E,_r FaUR
.I-".H.:ll ifl:"-n i gy - M 1.: FuET =
arbelrh ﬁr. T ALy : hey g e L ST I O
.Eb,s" J'__-r'.f_ﬂ'r-.li" rﬁ#: ~ i 4 i : rﬂ,.f?“ i amEry 1R
'm.-n r F}':l!' v Y ' W= HE ¥ o ey
:'.I""E' i ;r,. i . ‘ =2 hB0T ; F"'_"r_“_u : IR e | ‘1?;.11;:-.!'
) =k Y e 1 - — )
wr s | AT
L | i / riefeiay T
i . - oL TULE PR . |
IR pe-nTR | - U rreafven
o P . u
ATLAY b i ?.E-.L-"i}'
- d =~ - - i
PAYSTI . -':f.l P=BrE 1
/ J i
i -'I " -
= s * :r-n:-rul-l.l.
FERE AT DR KA LR SRR T, LATYRRIDEAEE ] EWL Tl i ,‘
BIESEPE T, e E=-00 " UFENFEEEE. EAZEIE A TA NI NI PRI CHEL, HERY 6 L0E0 IS EOERO TR, 1 T T



7
g et

¢

i N ELEER
J, T | “mﬁ‘g&‘f!
}Busan EERH ":ﬁ;ﬁr-ﬁ
BRT ¢ #EHOS RE®
G AT i
P

Image © 2006 NASA
© 2006 Europa Technologies
Image © 2006 TerraMetrics

© 2006 ZENRIN
T k== A e nn

“Google

F# RN NT L

IR0 RAT

W= ©"2006 ZENRIN
A 128 e T RI= AN YA






Japan’s XFEL.:

SPring-8 Compact SASE Source (SCSS) Concept

Use of short-period undulator

Suppression of acceleration energy

+

Use of high-gradient linac

= | Total length of 700 m

accelerator hall (~ 400 m)

undulator hall (~ 200 m) experimental hall (~ 60 m)

switching magnet

.

beam du

1st beamline




Project Schedule
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Undulator hall

Undulator section H#{ Accelerator section

Embankment e
Weathering bedrock :
B Bedrock R ——
W Replacement by excavation with;crusher stone

—




Undulator alignment
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109 e ) T Dr. Kitamura

/ overlap of
dislance e-beam & p-beam

5 m x18 segments

Segmented undulators should work as if they were single module !! o



Criteria T. Tanaka, SIMPLEX

1. Straightness of trajectory: 6. < 0.6 urad (L6, <3 um)
2. Magnetic field deviation: AK/K < 2e—4

Foeusing L.%.l
Undulator Element
2 HH -H 'y 0

K3
= S B - =< LB

(a) zigzag error ' : _ =2

< L <
El=ctron Beam j?.. —
Trajectory e _

(b) curvad trajectory error

Fig 1. Trajectory error model. (a) zigzag error, (b) curved trajectory error.
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Different approaches

It is difficult to foresee the initial status (stability, reproducibility ...)
Multiple approaches should be prepared

E-beam:
Iris-coupled BPM (~ a few 10 um)

P-beam:
Spatial profile of monochromatic x-rays ( ~ a few um)
Spectrometer (Magnetic field deviation: 1e-4)

11



Alignment of BPMs
STEP 0: Initial condition

ID1 ID2
BPM1 BPM2 BPM3
O o &
_____ ’.
STEP 1: Align BPMs to straight line
L ] L ]
O — @ —m=——— @
L ] L ]
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Iris-coupled BPM _ Dr. Shintake

|
|
i e S - D e

T | —— 4L | —

Alignment Station-1 Alignment Station-2

Fig. 2. Alignment stations in the undulator line are distributed 1n each 5 m separation. When we use
HeNe laser alignment system, we open the undulator gap. SCSS CDR 2005

Problem: Large diameter of laser iris (> 5 mm) is required for suppressing diffraction
mm) Shorter wavelength radiation -




Shorter wavelength source

1. UV: e.g., He-Cd laser

2. X-rays: Alignment undulator
Yang & Friedsam, IWAA 2006

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS 9, 030701 (2006)

High-resolution accelerator alignment using x-ray optics

Bingxin Yang and Horst Friedsam

Advanced Photon Source, Argonne National Laboratory, Argonne, [llinois 60439, USA
(Received 21 December 2005; published 3 March 2006)
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Alignment undulator

p-beam
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P-beam based alignment

Use of spontaneous radiation with monochromator
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Separation of profiles

Double-crystal
ID2 monochromator

ID1
] ]
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Intensity
(photons/eV/0.3 nC/3 uradsq/pls)

K-value adjustment (SLAC’s proposal)

Mono Intensity monitor
ID1 D2 } X I
— /
/A
= o ’
Scan of crystal monochromator
AK=1e-3
' L Shot-by-shot recording of :
_ L ——_—
i =003 X o | E-beam energy, charge
1000k ——K=2.182]  P-beam energy, intensity

—— average -

1| Problem: sensitive to e-beam jitter
Il (charge, energy, position, angle)
Il In the reconstruction process

5001

o

| L | L | L
9960 9980 10000 10020 10040
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Measurement of e-beam parameters (SLAC)

7-(
Charge meas res.
\

0.5% D 11

Energy jitter

0.1% rms

/

—

Energy meas.
Res.

\

0.003% rms
11

E- angle jitter

0.5 purad rms

Detector noise

100 photons rms

Peak signal

10° photons
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Single-shot spectrometer

Grating spectrometer:
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Fig. 2. Schematic diagram of a multilayer grating.

20



Single-shot spectrometer

AE/E =Qcot b,

Si111:AE =1eV @ E=10 keV
(AE/E =1e-4)

Xﬁémﬁ?b—ﬁ—'!!l!l'b

—d

Yabashi et al, PRL 2006

V) arEeHER
ID2
ID1 Spectrometer =t
.
N

Single-shot detection
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Summary: Requirement for machine & undulator

Trajectory alignment

K-value adjustment

Charge ~0.3nC As large as possible
Projected emittance <5 mmm.mrad ??

Bunch compression unnecessary unnecessary
Energy spread o (along |~ le-3 < 3e-4

bunch)

Energy jitter (pulse-to- |~ 1le-3 ~ le-3

pulse)

Angular jitter (pulse-to- |<10purad (1 mm/100m) |<<3purad

pulse)

Preliminary positioning | ~ 50 um
accuracy of BPM
BPM resolution & << 4 um

stability (single shot)

e-beam kick inside
undulator

<< 0.6 urad ?? (Larger
value may be tolerable)

22




Summary

Trajectory:
Course tuning (~ 10 um): iris-coupled BPM,
alignment undulator

Fine tuning (~ um): Spontaneous radiation with
monochromators, thin-crystal monochromator

Magnetic field:
Single-shot spectrometer
Imposes special condition for e-beam operation

2D-detector
High-efficiency, moderate rep. rate (~1 Hz),
resolution (~50 um)
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