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SDUV-FEL

DCLS

SXFEL-UF

HERGAISIEmE RE T3

SHINE

Facility type
Status

Wavelength
Length
Accelerator
Beam energy
FEL principle
Location

First lasing

Test facility

De-commissioning

150-350nm
65m
S band
100-200MeV
HGHG, EEHG
Shanghai

2009

User facility
Operation

50-150nm
150m
S band
300MeV
HGHG
Dalian

2016

User facility
Operation

2.0nm
540m
S+C band
1.5GeV
EEHG, SASE
Shanghai

2020

User facility
Construction

0.05-3.0nm
3100m
L band/SRF
8GeV
SASE, EEHG
Shanghai

2025
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(FELMERESSAANSEIGuN)

Bioimaging ﬂ UItra-fast Phy5|cs UItra-fast Chem|stry

_ SASE beamline HGHG beamline

Energy range 1.2-12 nm (100-1000 eV) 2.4~24nm (50~500eV)
Pulse energy 330pJ @100eV,47ud 64uJ @56¢eV , 5ud @500eV
@620eV
Photon flux /pulse 4.6x10"@620eV 5x10°@500eV
~1.3x1013@100eV ~2.9x1012@50eV
Energy resolution (AE/E) 0.04%~0.2% 0.008%~0.04%
Energy resolving power - 4 - 3
of diagnostic spectrometer 3x10% @620 eV 4x10° @200eV
(E/AE)
Spot size ~3um ~10um
Pulse width (fs) 117fs@620eV 50 fs@300eV

Rep-rate 1~50 Hz 1~50 Hz
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> SHINE: Shanghai High Repetition rate XFEL and Extreme light facility
> "+=R" BREXEHEELMRERIZINE, HERLESHRRRE, MBAEARM SR
RZF, HEPH EBSFHFRREM LSRR, 2018FEHTER, fiit2025FH%.

> EEBIGNE: ESNEE (8GeV) , MHEIRSRIEAERAH 10411108, 100PWEZEH
%, BERREENAMEE, SK3I1AE,
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VHF
Gun

Heater

Beam energy/GeV

Bunch charge/pC
Max rep-rate/MHz
Beam power/MW
Photon energy/keV

Peak brightness
Average brightness
Total facility length/km

Tunnel diameter/m

2K Cryogenic power/kW

100MeV

Pulse length/fs

RF Power/ MW

BC1

BC2

M 3.9GHz H H H

1.3GHz )
Cryomodule De-chirper

NN

270MeV

8.0

100
1
0.8
0.4-25
20-50
5x1032
5x1025
3.1
5.9
12
2.28

2.1GeV

A g

8GeV

FEL Line
FEL-I
Photon energy/keV

Photon number per pulse @12.4keV

Max pulse repetition rate/MHz

FEL-II
Photon energy/keV

Photon number per pulse @1.24keV

Max pulse repetition rate/MHz
FEL-III
Photon energy/keV

Photon number per pulse @15keV

Max pulse repetition rate/MHz

SHINENER R FELIi RS S

FEL-11: 0.4-3keV

|

FEL-1: 3-15keV
FEL-11I: 10-25keV

%

Objective

3-15 3-15
>1010 >101!
0.66 1
0.4-3 0.4-3
>1012 >1013
0.66 1
10-25 10-25
>10° >1010
0.66 1



SHINES R e

(=l LR T T

+  [RFSIFRMAEIHEIL,

- BoF/REbBT T sCituh

- PIRABFEEIIEIN,

- XSRS HIRE G SEIR s

2 @1 Beamline, ~1.2km

=

3ism—  2()Hm

tReim IR Lk
FR{TRRISFSCI0u,

TEX L IRE F 300G
TEXHT 2= P HFLiRENET LIS,

AOAE R R P I,

Underground— 30m

80 100 120 140 160

»11st experimental hall

55m*50m

180

1300

2nd experimental hall

55m*76m




I S G g




SHINENE=Zf2E

*""' mu. Al v*"rﬁ\a"l\"‘ il
UL 04

i




ra
o
C o
e
I
=
’ e
j z :

e e g
7 2 #
J

FOITTr I rrr,y
i T il
V22 Tk 4

AR
N\

!l AN
i\ AN \

v/ \/\

A\

qi V‘iﬂ‘l ‘j%‘ﬂ ( ﬂ;{ﬁ \.’1\‘{

\/

E

|

e

AALELLAALEELARRAABLAAIR A e



e LB F AR FRBRE, ERNHRIEREXSEH

- opwiiEie O

 100PWERISEISNITEN - .

.

: Xﬁjﬁ,?mﬁ%ﬁﬁ S AT Q) E—rER
A ©aga oy & & ¢ _ p R -

1)

788 J:féa'a.ﬁﬁmﬂ; |
e =)

” : e;emnﬁ‘e*m'am e (O T "". m m

%ﬁlﬁl& T Y. A - 4 e - ——

.. I' .| [ - .-

ﬁ@xaﬂzﬁamaﬁum

A




. P & \

' ; Iw-hmx"*a . \ = - .
SSRF, SXFEL and SHINE®-

I?




EBRFiRaITRE



> 19035, E

> 19195, =
> 19465, =

=x=

xE

x=

BRF T RE

Bl=ZzxZWilliam Henry Bragg At FRV AR IEIIS:
Bl=3ZErnest Rutherford AZIlGEF
FEl=3<Robert R. WilsoniZ H [FFFE

BT 2INAIEN

IILIJII

- 1955%F, E[EBerkeley3tie=E, #1775 B—BlEFIGAKIGTT

- 1990, B—ATHE

ceE(rELoma Linda XZEEFZHROHREFET

> F2014%F )k, HR FEE11.8AERETHRF a7, B2021FEEIXRZEI28HA,; %
SEEAATHRASEEREESAA.

> IGAREEERIB, SHBEENEIERILRNS%LA L, STEFHEEFIL80%, HIH LT
M. BERS/INGIE,

> RSB RONIARE, BF

Lml
[T

BT A EiaT HRSIREAIER

> SITILERB LV EREERS, 1L

mFialr R EXI& e S22 Eila,;




R.R. Wikson, "Foreword fo the Second Intemational Sy mposium on
Hadrontherapy ,” in Advances in Hadrontherapy , {U. Amaldi, B.
Larsson, Y. Lemoigne, Y., Eds ), Excerpta Medica, Elsevier,
Intemational Congress Series 1144 be-xiii (1887

‘:i

Radiological Use of Fast Protons
ROBERT R WILSON
Research Laboratory of Physics, Harvard University
Cambridge, Masschusetis =

E:[EEPT FoR electrons, the particles
which have been acm:lmtnd to high
energics by machines such as cyelotrons or
Van de Graaff generators have not heen
directly . used therapeutically. Rather,
the neutrons, gamma rays, or artificial
radisactivities produced in various reac-
tions of the primary particles have been
_ “plied to medical problems. This has, in
® part, ba;nd.uctﬂthewryshﬂrt
-tion in tissue of protons, dew': .
v particles from preser
~r-priergy mach?
~ how

per centimeter of path, or specific ioniza-
tion, and this varies almost inversely with
the energy of the proton,  Thus the specific
ionization or dose is many times less where
the proton enters the tissue at high energy
than it is in the last centimeter of the path
where the ion is brought to rest,

These pmpl:rtiu make it possible to
|rmﬂlate mtew L1 su—ml}r localized
fﬂglﬂl' " LT TELFY

Radiology 47: 487-491, 1946

=

Vol. 47 RaDIOLOGICAL USE OF FAST PROTONS . 489

millionths of an erg, each proton loses 48
millionths of an erg in the last centimeter.

‘Hence, to produce 1 r.e.d. averaged over

the last centimeter of depth requires
83/48 X 10° = 1.72 million protons per
square centimeter. To produce 1,000
r.e.d. will require 1.72 billion protons per
square centimeter. This corresponds to a
current of 2.75 X 10~* amp./cm.? of pro-
tons for a one-second exposure or 4.6 X

nical and consider secondary effects. First,
the energy loss of the proton is a statistical
effect due essentially to the production of -
ions along its path; hence, not all protons
of the same energy will stop at the same
distance beneath the skin. This effect is
called range straggling and is easy to cal-
culate. The results of such calculations
can be summarized by saying that the
longitudinal width in which mest protons

1
E|
1
1200 ;
% 1000
o
o
x
& 800
w
[=} 1]
B Il
< n
E i !
w -
o H P 1
5 400 — PROTON BEAM —f L
[ . J—i—SINGLE PROTON |
//’ )
200 e

gle 140 Mev protnn The full
140 Mev protons in tissue. .
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- 103/\**%?‘“" EEH44N,

100

E ZIKE 1 8/\) :E 0 Total operating facilities:
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EFERASH

Ji e B e 70~235 MeV
NI #8 B = e 250 MeV
e B E R 190
JiT 77K SRR 0~30.0 g/cm?
SOBP (/& %5 Bragglé 7 J5) : 1~14 cm
BT E R 1 Gy/min/Liter
B HTE 4~8 X 1010
5] 20 I A 451 - 8 A&k, ZKFODOZEH)
NNIE 2R E 2 K- 24.6 m
e NIV K = W Z B RAEN I = EE S
San: AR 0.7
HEANR. 0.5~0.1 Hz a] 4%
ARG 027~1.74 T
ISPNEU R CLA S 30 cm X 40 ¢cm
RIACIE T = =R
e NFARE T 2 cm/ms
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6 Nobel Prizes based on SR based X-ray work!

Chemistry Physics

1936: PETER DEBYE 1901: WILHELM RONTGEN

1962: MAX PERUTZ and SIR JOHN KENDREW 1914: MAX VON LAUE
1997 J.E. Walker (F1 — ATPase) 1964: DOROTHY HODGKIN 1915: SIR WILLIAM HENRY BRAGG

and SIR WILLIAM LAWRENCE BRAGG
2003 R. McKinnon (Cellular ion channels) 1976: WILLIAM LIPSCOMB
, 1917: CHARLES BARKLA

2006 R.D. Kornberg (RNA polimerase) 1985: HERBERT HAUPTMAN and JEROME KARLE

1924: KARL MANNE SIEGBAHN

2009 V. Ramakrishnan, T. Steitz, A. Yonath (Ribosome)

1988: JOHANN DEISENHOFER,
BER and HART

1927: ARTHUR COMPTON

2012 R. Lefkowitz, B. Kobilka (G-protein coupled receptor)

2020 E. Charpentier and J.A. Doudna (Genome editing) : PAUL D. BOYER and JOHN E. WALKER*

1981: KAl SIEGBAHN
2003: PETER AGRE, and RODERICK MACKINNON*

BT [F PR S IR 2006: ROGER KORNBERG*

2009: VENKATRAMAN RAMAKRISHNAN,
THOMAS STEITZ and ADA YONATH

dicine
HERMANN JOSEPH MULLER

: FRANCIS CRICK, JAMES WATSON
and MAURICE WILKINS

2012: Robert J. Lefkowitz, and Brian K. Kobilk:

ALAN M. CORMACK and

2020 manuelle Charpentier and Jenni . Doudna SIR GODFREY N. HOUNSFIELD




