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[TnaH nekuyuwn
. OcHoBHble nNpuHUmMnbl padbotel PJIICO (XFEL)

. BoamoXxHble npumMmeHeHunsa nanydenma XFEL
(KorepeHTHbIN Imaging, YTO BaXXHee — aMmnnuTtyaa
nnn goasa ?, Kak BOCCTaHOBUTbL dpasy 1 T.Nn.)

3. Andppakumna nmnynscos XFEL

. OcobeHHOCTN AndpaKLnm CBEPXKOPOTKNX
PEHTIEHOBCKUX MMMYI1bCOB

. Pexxnm self-seeding onga noBbIlLeHUA CTENEHN
BpeMEeHHOW KorepeHTHOCTMN 1N MolHocTn XFEL

. O TennosblgeneHnmn

. AHeKAOT € KapTUHKamMu (Obinb ?7?)
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1. OCHOBHbI€ NPUHLUMNbI PabOThbI
PIIC3 (XFEL)
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Mirror Permeable mirror

4/\_/\/\ avaVe

Active medium < ANNP

Optical resonator

OnTuyeckun nasep Ha ATOMHLIX Nepexoaax



PeHTreHOBCKMM (ramma) nasep ¢ s4epHON HaKavyKoun

1.daHTacTuyeckme TpeboBaHMsA K MOLLHOCTN HaKayku
(J1.LA. PusnuH - 1962, P.B. Xoxrnos - 1972)

2. Hakadka oT spepHoOro B3pbiBa
(B.WN. lT'onbgaHckun, KO.M. KaraH - 1973)
B.A. bywyes, YOH, 114, 678 (1974)

3. COWN — cTtpaTernyeckasi obopoHHas nHmunaTmBea
“‘mnepua 3na’, “3Be3gHble BOWHbI, N1aTtdopMbl
C SAEpPHbIMU 3apsgamMm B KOCMOCE — Npe3naeHT

CLWA P. PeuraH, obiBLUMI KNHOAKTEpP (1973)

4. AcummeTpundHbin otBeT CCCP — “pxaBble 60nThl
N rankn’, 8 KM B CEKYHAY WU.....



PEHTIeHOBCKHUM Jiazep Ha ¢cBO0OAHBIX dJdekTpoHax (PJIC))

X-ray Free Electron Laser (XFEL)

Projects: 1. European XFEL (Germany, Hamburg)

2. LCLS (USA, Srenford)

3. Japanese XFEL (Japan, SPring 8)

Undulator (SASE)
- STII1000] —L00fs«
C’CS Electron pulse Nl I !_! I I I 6.>1<f—s
 / 1 fs=10-155 d X-ray pulses
30 nm
— ‘T A = d(1+K?)/2y? AMA = 1/2N
‘ 30 pm where y = E /mc?, K = eHd/(2zmc?)
i If d =35.6 mm, E,=17.5 GeV, A = 0.1 nm
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SASE-1 XFEL parameters:

E~17GeV, At=100fs, t,~0.1-0.2 fs,

0t ~0.3-0.5fs; ry~50 pm, A@~ 1 prad =

= 0.2 arc.sec, Pmax = 10 GW, P~ 40 W.
Photons per pulse - 10'?  SxpeL _ 449

SSR

European XFEL distances:
Lab

Linear accelerator Undullators X-optics
. jNEEEENR

e Tisowl soom 1 aoom T
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Electron trajectory

E Light wave

dopMupoBaHMe MUKpobaH4YeUn 3a cyeT 0OpaTHOro BIIUAHUA
PEHTreHOBCKOIro U3rly4eHUs Ha 3NIeKTPOHbI B OHAYNATOpE




Basic principles of X-ray free electron lasers

Long undulator (15-150 m) 500-900 m

Electron beam .. XFEL
E, ~10-15 GeV pulses

Self- Ampllfled Spontaneous Emission (SASE)

3. With complete micro-bunching
all electrons radiate in phase.
This leads to a radiation power
growth as N2,

2. The shot noise of the electron
beam is amplified to complete
micro-bunching.

1. All N electrons can be treated

as individually radiating charges,
and the resulting spontaneous
emission is proportional to N.
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X-ray free electron laser

XFEL-SASE & XFEL-O . .
—~ .. , Starting from the shot noise
/"1 £ inthe electron beam has
1 = been proposed by Derbenevy,
430 @ .
17 ¥ Kondratenko, and Saldin
- )
4 & (1979, 1982); and also by
ESRF 125 § Bonifacio, Pelegrini and
20~  3rdgeneration Narducii (1984).
g E FOpkoB Muxaun
g 15[ 2nd generationfy LLiHenamunnep EBreHun —
% L KypuyaToBCcKumn ‘e ’
T; — 1st generation » UH-T Halu ‘r"'OID‘M
§10 & R Ratio of XFEL and SR brilliances:
8) [ X-ray tubes
=elt ¥ oF o4 f ¥ g SXFEL 9]
S 1800 20 40 60 80 2000 20 40 — 10 I l
Year S - =
Bakyym — HeT orpaHuyeHum !! SR .-




BpeMeHHasa cTpykTtypa umnynbcoB EU XFEL

Hard X-ray (SASE1 and SASE?) AE/E =~ 1073
Wavelength: 0.05-0.16 nm
Bunch charge: 0.02 -1 nC !
Photons/pulse: (0.1 —20)x10
Pulse Energy: 20 — 2500 pJ .
Average power: 0.7 -70 W

60 - (a) A

40

P (GW)

0 ki b i 2 1T
AT zuu 250 300

10:100 fs XFEL SASE-I ~105

) 2700 wryk » ) 2700 wryk ’ Time

Linac Coherent Light Source (LCLS) — oguHO4YHbIe umnynbebl, 120 Iy L oe



‘ 3.4km -

e \’m\ AN AV AV T =\ S/
% The European X-ray laser project XFEL  ~

Planning status October, 2003

=== XFEL site £50m
==«+ Options for expansion

SASE - Self Amplification Spontaneous Emission

(“camoycunuearowasca cnoHTaHHas amuccus’).



XFEL (700 i

from ~201 158

¥ SPring-8 (1436 m)
itice 1997 »:.;
, NICE N Jf

XFEL Facilities

XFEL
of XFEL

\ W W ¥ o
Das
e Euvopean X-ray leser projecs

\Schienefeld

\\ (KreisiPrneberg)

4 | Schioswig Y-
hcw"-m I’Qx =
- mn\gh"o




FLASH is a small brother of the European XFEL

FLASH

Europ ean XEL
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New hard X-ray FELs under
construction:

* European XFEL
 Korean FEL
e Swiss FEL
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Hard X-ray (SASE1l and SASE?2) FEL radiation 13/86
typical main parameters

Radiation wavelength 0.1 nm
Bunch charge 0.02 nC 1nC
Pulse duration 10 fs 100 fs

Source size (FWHM) 29 pm 49 pm  0.2-03
S. divergence (FWHM) 1.9 urad 1.3 prad YM-C

Spectral bandwidth 1.9x10°  1.0x10°3 L oW
Coherence time 0.13 fs 0.23 fs

Degree of the

transverse coherence  0.95 0.7]1 - Hig h!l
Photons/pulse 0.3x10%  6.4x10%

Pulse energy 58 uJ 1260 pJ

Th. Tschentscher, XFEL.EU Technical Note TN-2011-001)
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a single XFEL pulse >

Time structure of

60 - By M.Yurkov (a)

About 1000 spikes

250 300

Geloni G., Saldin E., Samoylova L., et al., New Journal of Physics 12, 035021 (2010).



Time structure of a single XFEL pulse fragment
60 - l (b)

| |
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Spike - ocTpbIX BbICTYN, WLIXMN, FBO30b, KOCTbINb
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M.Yurkov
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Cnektp cnyvyauHoro umnynbca XFEL
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Normalized spectrum

60
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AQxt~ 1
AE/E ~ 10490

PerynapHbin

NMMNynbCe

AQxt =~ 103
AE/E~0.1%/|.

CnyyanHbIU
Unynbe
XFEL

—-0.1 0.0 0.1
Awlw (%) M.Yurkov




Experiment of Young
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(Thomas Young, 1773-1829)

¢=(2n/\)L
- 2
1(X) = ‘1+ e = 4cos” 220
Al [ X X
A _ 0
2 (%) A (d " zoj
V = Imax — Imin :‘V(ZI)‘
Irnax T Imin

HNHTEeHCUBHOCTD 1JIf IICH-
— t | 1|
TPAJbHON TOYKHU HA UCTOY-

HUKC



Experiment of Young

(Thomas Young, 1773-1829)
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¢=(2n/A\)L

|(X) =1+

2 Ag()
=4co0s” °Y

Aml [ X X
AQ(X) = + Y
Px)=— (d Zoj
V = Imax_lmin :‘V(ZI)‘
Irnax"‘lmin

/CHHHH auHus |1(X) — naa

JAPYrov TOYKH HA MCTOY-

0 X HUKEC...



Experiment of Young
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(Thomas Young, 1773-1829)

¢=(2n/\)L
: 2
1(X) = ‘1+ e = 4cos” 220

Al [ X X
Ap(X) = k (d+zoj
0

sum Spatial coherence
/ length (SCL)
| = AZy/4r, = AI4AAO

(maximal distance between slits, at
which total intensity I(x) = const).
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week ending

PRL 107, 144801 (2011) PHYSICAL REVIEW LETTERS 30 SEPTEMBER 2011

Coherence Properties of Individual Femtosecond Pulses of an X-Ray Free-Electron Laser

I A. Vartanyants,”z‘* A. Singer.I A.P. Mancuso,"" O. M. Yefanov,' A. Sakdinawat,’ Y. Liu,” E. Bang,3 G.J. Williams,*
G. Cadenazzi, B. Abbey,” H. Sinn,° D. Attwood,” K. A. Nugent,” E. Weckert,! T. Wang,* D. Zhu,* B. Wu,* C. Graves,”
A. Scherz,* J.J. Turner,” W.F. Schiotter,® M. Messerschmidt,” J. Liining,” Y. Acremann,® P. Heimann,” D. C. Mancini,"”
V. Joshi,'” J. Krzywinski, R. Soufli,'' M. Fernandez-Perea,'' S. Hau-Riege,'' A.G. Peele,'” Y. Feng,* O. Krupin,*®

S. Moeller.* and W. Wurth'?
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CTBEHHOU KOrepeHTHOCTU

PYyHKUMA NpOCTpPaH

S

- = = = 1 mode
2 modes
] experiment

i

0
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2. Bo3aMOXHble npuMmeHeHunsa XFEL



(b) Atomic potential deformed

@ Electron by the laser field
Jh"_ lonization
potential
% hv
6 @\ 5 Electron
£ ( hv 2 By LELLE ®
L] L]
g hv
;({ Ground Distance
— state | from nucleus |

0

UccnepoBaHue U3MeHEHUS 3NIEKTPOHHOUN CTPYKTYPbI
aTOMOB U MOJIeKyn B 3aBUCUMOCTU OT BPEMEeHM

(peHTreHOBCKOE “KMHO” XMMUYEeCKNX peaKLuunn)
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XFEL filming (pump and probe)

[HITpuxoBast TUHUS — MYYOK MOJIEKYJI, HAIIPABISIEMBIX B ITy4YOK
PJICDO; xpacHas u cuHas TuHAM — UMITyabChl PJICD nocne
pacmiemienus kpucramiamu (DESY illustration).



PeHTreHoBCKOEe U30bpaxeHUe oTAenbHLIX
6buonorudveckux monekyn

, . ) . 7
(a) — ynpouieHHasi cXxeMa IKCIEePUMEHTA B reoMeTPUN HA TPOX0KIeHIe
(Lawrence Livermore National Laboratory),
(b) — cxema skcmepuMeHTa B reomeTpun Ha oTpaskenue (DESY)

H.N. Chapman, Nature 448, 676-679 (2007) 27/86
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Imaging GunomorsneKysn ¢ NOMOLLbIO

demTOCEKYHAHLIX uMmnynbcoB PIICI

f=—21s t=21s t=51s t=101s (=-20Is t=50fs

“KynoHoBCKuu B3pbIB”’ Monekynbl T4 lysozyme
noa AeNCTBMEM PEHTIeHOBCKOro MmMnynbca

R. Neutze, et al., Nature (2000) 406, 752.



KorepeHTHaa peHTreHOBCKas AUPpaAKLUS
(6be3nunH30oBanA X-ray MUKpPOCKONUA)

XFEL pulse

protein
nano-crystals
\} =

*
gated pixel detector

e = [
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Malin problem in a single particle imaging:

Low scattered signal from a single bio-molecule
In a single pulse



Imaging of biomolecules with femtosecond 32/86
X-ray pulses
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Incident beam

10% ph/pulse

To obtain a 3D image of biological samples with sub-nanometer
resolution many reproducible copies will need to be measured
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Mpsamoe n obpaTHoe NpPeobpa3zoBaHUA dypbe

-
-
-—
-

JlerexkTop

HdanbHAA 30HA
(andpakuma ®payHrocpepa)

1(q) =|A@)|"

A@) = [p(r)ed’r = |A@)e"’

p(r) =

(2n)3 jA(q)e_lqrd )




[Mpeobpa3oBaHna dypbe

1(x)= [ F(q)exp(igx)dg
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F(0) = A(q)e'”™

YTO BaxKHee —
amnnutyaa unu dasa nonda ??

Ectb Ase qoTtorpagpuu - Ncaak HbtOTOH U BputHU Cnupc.
...Ouuppossisaem uUsobpaxeHus u genaem npsambie U
obpaTtHrie Fypbe-npeobpasosaHus......

F=A(Hsioton)exp[igp(bpurnn Cnupc)]

Yt10 (KkT0) mosryuurcs 2?1




[Mpsaimoe Pypbe-npeodbpazoBaHue .

Pypbe-
aMmnnuTyabl

da3bl

D.Novikov (DESY)



Tenepb nepexoaum B Npsmoe NpOCTPAHCTBO

Pypbe-
¢da3bl, a Bce
A=11

Pypbe-
aMmnnuTyAbl
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UTepalunOHHBLIN anropntMm BOCCTaHOBNEeHUNA da3bl

FET

$ (X)

Real space constraints:

.7

FFT-

Reciprocal space constraint:

R.W.Gerchberg & W.O. Saxton, Optic (1972) 35, 237
' JR. Fienup, Appl Opt. (1982). 21, 2758
'R.P. Millane & W.J. Stroud, J. Opt. Soc. Am. (1997) A14, 568

‘A/{ (q)| — \/[exp((I)

|.A.Vartanyants (DESY)



NMpumep pekKoHCTPYKUUM (. Vartanyants, A. Efanov, DESY, 2010)

3ameHa
aMnnuTyAabl
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PacuyeTHble AgupakuUNOHHbIE KapTUHDI

OT MUKPOKPUCTAIJIOB

*Strong fringes from
facet pairs

*Streaks perpendicular
to facets

|. Vartaniants, 1. Robinson,
J. Phys. 13, 10593 (2001)



KorepeHTHOe paccessHue Ha KpucTtannax Au

A

/
1

Lan (il

-—
e

/

JKcrnepuMmeHTanbHas
SEM skcnepumenT AN PaKLMOHHAA KapTUHa
*Au film

*Quartz substrate
Annealed at 950 C for 70 hrs

|.Robinson, et al., PRL (2001) 87, 195505
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KorepeHTHasa peHTreHoBCKasa andpakumoHHas Tomorpadus

I.Vartaniants, 1.Robinson,
J. Phys. 13, 10593 (2001)
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3. OcobeHHOCTU AUPpaAKLUM
(PeMTOCEeKYHAHLIX
umnynscos PJ1C3

3aKoH Bynbda-bparra

20dSIN 9 =nA
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Laue case

=]

k, K

R-pulse T-pulse T-pulse

Sketch of Laue and Bragg diffraction geometries



45/86
3D-0cob6eHHOCTb nmnynbcoB XFEL

[MpnbnunxeHne NIOCKOU BOJSIHbI.....

Kpucrajaua (MHOrocjaoiHasi CTPYKTYypa)

....... Teopusa JIBajbaa, /lappuna, Takaru....
...... dbopmysisl Dpenesi, Ilapparra,
KosimakoBa, UrnaroBuua...



=L,
f:

A = Mygy,)Y?mCly,, | - TTyOMHa SKCTHHKIHN.

TUNUYHbIEe 3HAYeHUSA MMYOUHbI 3KCTUHKLMUU —
HeCKOJIbKO MUKPOMETPOB



10 P

" AE/E = 10

0.5

0.0
-10 0 10 20

AO | arc.sec

KO CuK_-n3mydyeHus oT KpucTajuia KpeMHUs ¢ TommuHou | =1 um
(1), 2 um (3) m 10 um (3); cumMmeTpuunoe oTpaskernne (220).
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Specific of pulse diffraction

/

Crystal

Incident pulse _’




Still no diffraction

Incident pulse

Crystal



Beginning of diffraction

2

e

Longitudinal pulse length |, = cx,,

If t,=0.1fs,
thenl,=0.03 um<<L_, ~1pm




Dynamics of diffraction in time

ho)

2

A

Crystal



Dynamics of diffraction in time

ho)

2

R-pulse

Crystal



Dynamics of diffraction in time

R-pulse

Crystal



The end of pulse reflection

R-pulse

Crystal
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Reflected pulse

Eq(x,2,1) = [[ R(K,, ) E, (K, @)e"* " dk d e
k. =k +h k= ol

A (x,2,1) = [[ R(0,Q)Ey(, Qe dqdQ

0s(0,Q) = x(X—zctgJy) —Qx (t - ) shift
csin 9

1 ()cosg : :
Q) =— — R | z|- broadening !
¢p(0,€2) TR (q - j g




Bragg case, b =-1,t,=0.1fs

0.003r7p_. I,—1.0
] A
(AN -
0.002F |1 o
| \\_7
— — 0.5
\
0.001 N \\
N ] \ A B
. Y
0.000 L1 sL M a=Jdpg
0 5 10 15 20
Time £ 1s
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1-r,=100 pm, t,=0.1fs, Al=1, A2=0.5, At =1 fs; 2 — reflected

pulse (A =0.154 nm, d =5 um, Si(220).



49/86

Bragg case
b=-1 b=-2

| (%) b=1,t=0.1fs  Bragg case | (%),b=2,=0.1fs Bragg case

10+ \
I I 0.06 -- 0.07
8 0.05 -- 0.06
0.05 -- 0.05
0.04 -- 0.05
0.031 -- 0.04

0.023 -- 0.031
I 0.016 -- 0.023
I 0.009 -- 0.016

(o))
. 1 .

N
1

N
1 .

I 0.09 - 0.10
0.08 -- 0.09
0.07 -- 0.08
0.06 -- 0.07
0.04 -- 0.06
0.03 -- 0.04

I 0.021 -- 0.03

I 0.010 -- 0.021

2 0 8 10 12 14 2 0 2 4 6 8 10 12 14
Timet, fs

Transverse coordinate z, cm
Transverse coordinate z, cm

o
1 .

T|met, fs

Space-temporal intensity distribution of the reflected pulse;
Incident pulse duration is t, = 0.1 dc.




Laue-reflection of two supershot pulses (“spikes”)

0.003 - |}, |in_ 10
— L aue case
1,=0.1fs
1-0
05 1205
0.001 28— 2
4-5
0.000 =R
Time5t,fs

1, = 0.1 e, At =1 ¢bc; A = 0.154 um, Si(220), d=7.73 um.  50/86
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2D-distribution of amplitude |A,(x,, )|
Laue case,b=1,1,=1 dc
L=2cm L=10cm

4,"7=0.14

2000 -1000 O 1000 2000 2000 -1000 O 1000 2000
X , MKM X MKM
P

v

d=23.19 pm, L, =8.2 cm, inclination angle of the reflected pulse
o, =—41.2° (1,=0.3 pm).
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0.017 -- 0.022
I 0.011 -- 0.017
I 0.006 - 0.011

o
1 .

| (tx), b=1,7 =1fs | 1) (%), b=1,¢=0.11s | 5e case
£ 5- 0 Laue case 5-
<] 5,
2 4 x4 I 0.07 -- 0.08
e L] [ 0.06 -- 0.07
S 3+ < 3 0.05 -- 0.06
S | £ [ o0.04 -- 005
Q B 004 - 005 I= ] 0.04 -- 0.04
8 2 I 0.04 - 0.04 o 21 0.027 -- 0.04
I 0.03 -- 0.04 S | I 0.019 - 0.027
5 [ 0.028 -- 0.03 P I 0.010 -- 0.019
a 14 0.022 -- 0.028 a 11
c )
S z
= S

|_

2 0 2 4 6 8 10 12 2 0 2 4 6 8 10 12 14
Timet, fs Time t, fs

Space-temporal distribution of reflected pulse at t, =1 fs (a)
and t,=0.1Ts (b).

Symmetrical Laue case, b =1, A =0.154 nm, Si(220),d = 7.73 um.
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0.0400
0.2150
0,3900
0,5650
0,7400
10,9150
s 1,090

. 1265
L e
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-60

-800 -600 -400 -200 0 200 400 800 800
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X (um)
80
| 0,0070
o oo
G |_aue-case

40
] ' 0,4445
20 5 . 0,5320
. B 05195
L 0,7000
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-20 1

-40-

-60

-800 -600 -400 200 0 200 400 600 800
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Fig. 5. Intensity distributions at different distances from the first crystal in
Laue geometry. The distances are 0.05 m (a), 1 m (b), 2 m (c), other parameters

are the same as in Fig. 3.
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Oerpapauusa (pacnag) R-umnynbsca

Incident pulse




Bragg-case, b=-1 Laue-case, b=1 >*°

| (%) b=1, T =0.1fs  Bragg case ! (X t) (%), b=1, % =0.11s Laue case
10+ =h
& e |
o o
N I 0.09 - 0.10 - 44
o 87 0.08 - 0.09 e I 0.07 -- 0.08
=] 0.07 - 0.08 L 0.06 -- 0.07
j= 0.06 -- 0.07 P 3. 0.05 -- 0.06
S 6 e £ o0t - o
o B 0.021 - 0.03 = 004 - 004
38 I 0,010 -- 0.021 o 2 0.027 -- 0.04
o 4 S | I 0.019 -- 0.027
o P I 0.010 - 0.019
3 -
n 24 L
= z
< c 0
— <
0+ - =
2 0 2 4 6 8 10 12 14 2 0 2 4 6 8 10 12 14
Timet, fs Timet, fs

poral intensity distribution of the refleciyl pulse
pulse duration is t,= 0.1 dec. ’/‘:\

N1




. 1200 m - 2100 p e

Cxema Oynyiuero X-jasepa (He B Maciurade) nmpu Buje
cBepxy U cO0oky. KpacHble u sKeJITbIe JIMHUH MTOKA3bIBAKOT
IyTH PACIIPOCTPAHEHHUSA JIEKTPOHHBIX U (POTOHHBIX
Iy4YKOB
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Two-fold Laue-reflection of the XFEL pulse fragment

Incident XFEL pulse

O
o0

fragment

R-pulse after
1st Laue-refi.

. / ) 1.0
— ~— v
35 0.6} ': o
x lnl, 0.8 é
N—’ : >
> | 0.6 &
D 0.4 I 2
c l &
E : 04 %
S o2} o c
I .lq 0.2
Hm I* ks
0.0
10 20 30 40 50 60
Time (fs)

R-pulse after

2nd Laue-refi.

Diffraction reflection of XFEL pulse fragment (by M.Yurkov calc.)
on two crystals in the Laue-geometry; crystals thickness is 98 um.
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Time coherence functions

1st: 12 fs (42 times)
2nd: 20 fs (79 times)

Incident: 0.3 fs ~ °7/86
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Pulse with narrow peak: 2 um, 50fs+5fg 58/

Incident field A (x, t) r,=2 um, ©,=50fs, 1 =5 fs Incident spectrum A (g, €2)
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Incident pulse A (x,t) Laue-case
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Laue-case
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4. Pexxum self-seeding
(camonoceB)

Llenb — NnOBbICUTbL CTeNeHb BPEMEeHHOMU
KOorepeHTHOCTU nMmnynbcoB XFEL,
YBENNYUTb UX UHTEHCUBHOCTb

Kak — coenatb KOrepeHTHyI 3aTpaBKY
ANA AanbHeuwero ycurneHus
B oHAOynATOope
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Coherent pulse, C(400), L=20um, A=0.15nm
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Pulse transmission
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[TpoxoxaeHue B reometpuu bparra

Intensity, a.u.

TP s 5
N S L T
! Diamond (400) e,
7\«(): 0.15 nm (I '-:'-:
. [=100um 1R
[ Tp=0.15fs o
0.2 F 1 U
Noncoher. Y
0.0 i 1 L ] |nC|dent .::::::' NOI’\COheI’
-0.005 0.000 0.005 ' Coher. part T-pulse
pulse
Qlay, % of T-pulse

Spectral transmission curve |T(Q)|? (1) and a spectrum of the
incident pulse S(Q) (2). Parameters: A, = 0.15nm, t, = 0.15 fs;
diamond, reflection (400), crystal thickness | = 100 um.
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Cascade self-seeding scheme with

wake monochromator for narrow-bandwidth

X-ray FELS
Gianluca Geloni, Vitali Kocharyan, Evgeni Saldin (2010)
weak chicane
T cells |—|\l 12 cells
AL / ’ .
SASE, wake monochromator output self-seeded
undulator undulator X-ray pulse

Bandwidth down to 10
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Self-seeding scheme with wake monochromator

for narrow-bandwidth X-ray FELSs
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[1] G. Geloni, V. Kocharyan, E. Saldin, DESY 10-053 (2010)
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BnusaHue TennoBoro pasorpesa Kpucrtanna
Ha andpakumo nmnynbcoB PJICI
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..[dna cpasHeHus:

1.¥1ior -5 B1/em? ; %’

2. TBDJIbI Ha ADC - 200 B1/cM?




KapTra pacnpenejiennsi HHTEHCUBHOCTH R-mMnyJibcoB
(X, Y, t, Q= 0) B pasin4HbIe MOMEHTBI BPEMEHH 1

t=0fs Rmax=0.95
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Bushuev V.A. (2013)

N = 10Y ¢poron/umn, T = 200 K, aama3s tuna lla o5,



KapTra pacnpenejiennsi HHTEHCUBHOCTH R-mMnyJibcoB
(X, Y, t, Q= 0) B pasin4HbIe MOMEHTBI BPEMEHH 1

I =100 fs Rmax=0.53| .
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Bushuev V.A. (2013)

N = 10Y ¢poron/umn, T = 200 K, aama3s tuna lla 45,



KapTra pacnpenejiennsi HHTEHCUBHOCTH R-mMnyJibcoB
(X, Y, t, Q= 0) B pasin4HbIe MOMEHTBI BPEMEHH 1
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Bushuev V.A. (2013)

N = 10Y ¢poron/umn, T = 200 K, aama3s tuna lla ;g



KapTra pacnpenejiennsi HHTEHCUBHOCTH R-mMnyJibcoB
(X, Y, t, Q2 =0) B pazin4yHbIe MOMEHTBI BPEMEHH 1
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Bushuev V.A. (2013)

N = 10Y ¢poron/umn, T = 200 K, aama3s tuna lla -,



CnekTpanbHbIN KO3 (hULUNEHT OTPaKEeHUS
B pa3finiHble MOMEHTbI BPpeMeHU

- Criextp t=0 ¢c
. [ —r—j_ -
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o
o1
|

0.0 '
6 5 -4 -3 -2 -1 0 1

Qlw, , 107 Bushuev V.A. (2013)
N = 2.8-10, T, =200 K, AT. = 8.4 K.
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CnekTpanbHbIN KO3 (hULUNEHT OTPaKEeHUS

B pa3JiuyHblé MOMEHTbl BPeMEeHU
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N = 2.8-101, T, = 200 K, AT, = 8.4 K.

>

Bushuev V.A. (2013)
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CnekTpanbHbIN KO3 (hULUNEHT OTPaKEeHUS
B pa3fiuv4Hble MOMEHTbl BpeMeH!

1.0

Koa(dduimeHt oTpakeHus
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t =300 e

T'=257K

Bushuev V.A. (2013)

N = 2.8-101, T, = 200 K, AT, = 8.4 K.
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CnekTpanbHbIN KO3 (hULUNEHT OTPaKEeHUS
B pa3fiuv4Hble MOMEHTbl BpeMeH!
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Q/w, , 10 Bushuev V.A. (2013)

N = 2.8-101, T, = 200 K, AT, = 8.4 K.
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CnekTpanbHbIN KO3 (hULUNEHT OTPaKEeHUS
B pa3finiHble MOMEHTbI BPpeMeHU
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N = 2.8-101, T, = 200 K, AT, = 8.4 K.
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CneuuanbHaga 6narogapHoCTb
B.E. AmutpueHko

3a CyllecTBeHHbIN BKnaa
B Ha3BaHUe Moero Aoknaaa

“... N opyrue MHTepecHbIle ABNeHusa”

Ho 3TO eLye He Bce....



B. bywyeB

Heckonbko cnoe u KapTUHOK
B KayecTse NOXesiaHUU
CTYAEHTAM, ACMUPAHTAM

U MOSIOALIM YUYEeHLIM
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) Kak Ber aymaerte - K10 370 Takou ??

A0

9TO TUNMNYHDbLIN
MOJI040U YYeHbIN

TTpumeuaHue:

JTIONOYXOCTb — 3TO SABMEHUE
BpeMeHHoe
(MO MOUM OLIEHKaM
oT 3-x Oo 6-Tu rnet 6e3 npasa

He YnTaTb N He nucaThb)
79/86



Dear young scientists !!
B HacTosawmun momeHT Bbl BecbMa
MariorpamMoTHbl, c5labo MHPOPMUPOBaHbLI

N He COBCEM XOpOoLUO 3HaeTe PU3UKY.....
Now you are not an absolutely competent
physicists. Now you do not know a great volume
of information and knowledge.

But it Is your advantage and strength.
In this connection | shall tell to you one story.
It Is an old good anecdote or joke.
But It IS quite possible, that it was

actually in a life.......
| very wish to hope ! S0/



\ Imagine, that the hospital burns.
A fire (noxap B bonbHUUe).

0 There come fire brigade.
They run with the water

and fire extinguishers.

Hospital

Hurray !!! Ypppa "

81/86



The commander of firemen
reports to the head medical
_ doctor: “We have arrived in
10 minutes, in 20 minutes

the fire was killed.

Unfortunately there are losses. Three
patients were lost. They have died.

to the life. Now they are alive and healthy 1”

® J'&\

The head medical doctor
slowly falls down on the
ground. It Is a faint.
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After 5 minutes he comes to the senses, N

rises and asks the main fireman: =]
“Do you know, what you extinguished ??”

i

The fireman answers:
“I do not know?™.

The doctor — “You extinguished
a morgue, near a crematorium

It is very good, when not quite competent people could make
such acts, which could not make the professional doctors.

| very much hope, that you, as a young scientists, will
make a such great discovery and inventions, which
could not make more oldest and experienced physicists!!
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BoT Takou

ONTUMUCTUYECKUW
The End I}

’Kenaro BCAYECKUX YCNEXOB
B HayKe U B XXU3HU !!
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Thank for your attention




