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Introduction of SDUV-FEL

SDUV-FEL is a test facility for seeded FELs
—> Originally designed for HGHG
- With minor modification, it is now well suited for a variety of seeded
FEL schemes
We have successfully carried out the HGHG and EEHG experiments
Now we are performlng the cascaded HGHG experlment

SDUV-FEL building tunnel
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Energy spread measurement for seeded
FELs

266.5

266 +

I
T slice energy
spread

HEEF

2B5 -

=5 Project energy spread

264 1 1 1 1 1 1 1 1 1
0 200 400 &00 g00 1000 1200 1400 1600 1800

s [um]

= The slice energy spread is a very important parameter for seeded FEL design and parameters
setting of a seeded FEL device.

= The slice energy spread of electron beam produced by a photo-injector is very small (considered
to be in the order of few keV).

= The resolution of the normal method (using a deflecting cavity followed by a horizontal
dispersive region ) may be not accurate enough for seeded FEL operation.

= The resolution of the ORS based method (suggested by Saldin, et al) may be limited by the
accuracy of the current profile measurement.

M. Huning and H. Schlarb, in Proceedings of PAC 2003, Portland.
E.L. Saldin, E.A. Schneidmiller, and M.V. Yurkov, Nucl. Instrum. Methods Phys. Res. Sect. A 539, 499 (2005).
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Energy modulation amplitude

bunch compresser

gun linac tanks linac tanks modulator radiator

radiation
23nm e

spectrometer

seed laser
1047nm

drive laser
262nm

1.0

0.0

0.2 04 0.6 0.8

z/A
—l(nDO'y)z

bn = Ju(nDAY)e ? D =kRse/ ¥

The Ay is also an important parameter for seeded FEL especially for the EEHG scheme



2R VXt AT L T L LT

SINAP Shanghai Institute of Applied Physics, Chinese Academy of Sciences

CHG based method

bunch compresser
DS

gun linac tanks linac tanks modulator radiator
CHG radiation
drive laser 523nm €
Ve ]
spectrometer

—1(;11)07)2

bn = Jn(l’lDA7)€ 2 D = ksRs6/ )4
energy modulation amplitude is directly
A7/°C V Pseea proportional to square root of laser power

The out put power of a CHG
P o< bn2



P FBTE LA BB EE

SINAP Shanghai Institute of Applied Physics, Chinese Academy of Sciences

CHG based method

a1 he optimized values of dispersion strength D will be quite different for different Ay
and oy

Conditions

— E}=]kc\-'ﬂy=]ul-;w 1 — T

0:30 | —_— Ty=tkeV Ay=10keV I ?.', =05 keV
. =1keV Ay=keV 00 | { e = L btV
wis| : F, =2 keV
I - Ty=2keV Ay=3keV [
’ \;ﬂ_ | — Ty =3 keV
"']"j — Ty =4 ke
_ m — Ty =3 keV
rI-““:I.1 ————— = = == - nl:l ....... et E P H M- .].“. . .].2. . ]-l- ]
= ByikeV)
Bunching factor as a function of Peak position as a function of energy

dispersion strength modulation amplitude
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CHG based method

To find the parameters that maximize the bunching factor, we differentiate
the bunching factor with respect to D and set the derivative equal to zero

2noy"D
JoA(nAYD) = Jn 1(nAyD) = 22 1 (nAYD)

( 2
Jn-1((nD1Ay) — Jn s 1((RD1AY) = 2nZ-y D In(nDiAy1)

1

= 2105 D>
Ji-1(nD2AY1 | C) = Jus1(nD2AN | C) = —= = Ji(nD2Ay1/ C)
/4!

\

where C — A;/l / A7/2 = \/Pseedl / Pseea?
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3D simulation results

photocathode-injector : ASTRA
main accelerator : ELEGENT

CHG FEL process : GENESIS based on the output of ELEGENT

Slice parameters distribution along the electron bunch
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Current and transverse beam size

Slice energy spread before and after
the modulator and energy
modulation amplitude
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3D simulation results

il Y 1 L P ™ SKW
| P W : | - T
Lt - -_
|
i | - : -.I . I_
N
el | : i B b
W ';;_ :
AL b __.'-I- Tl
v Lo -
w1 ! : ! : B, o 2 4 6 - . 12 14 I TR
i S 1M} 1500 2{aH 2500 e L] 15{x} RILeT] Pay, [
& lmm]
Radiation pulses for different Pulse energy as a function of
energy modulation amplitude dispersion strength

The measured energy spread is about 1.53keV and the energy modulation amplitude
is about 2.1keV. These values are quite close to the average values of energy
spread and energy modulation amplitude in the central part of e-beam (1.5keV and

2.0keV).
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Major Parameters of SDUV-CHG

SINAP
bunch compresser
linac tanks
II I
drive laser
262nm
Parameters

Beam energy

Beam energy spread (projected)
Normalized emittance

Bunch charge

Seed laser wavelength

Seed laser pulse length

Seed laser power

Modulator (EMUG65) variable Gap
Radiator (PMUS50) variable Gap

R56 of dispersion section

linac tanks

ULV r'
CHG radiation

seed laser 523nm
1047nm -

spectrometer

Measurement
135 MeV
~0.2MeV
4~Smm-mrad
100~300pC
1047nm

8.7ps
0~150uJ
10%6.5cm
10*Scm

1~70mm (16A)
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Experimental results (bunch compresser off)

/ . ‘ seed laser inleciion ‘

Dispersion section
Rs:: 0—40mm

modulator
6.5cm, K flexible |

S5cm, K flexible

Infenally [9.1.]

warnlength (nm)

2nd harmonic radiation

intensity on an OTR screen Single shot 2nd harmonic CHG spectrum.
downstream of the radiator.
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Experimenta

Intensity [a.u.]

imtensity (a1}
b

Coherent 2nd harmonic signal as a
function of dispersion strength

results (bunch compresser off)
- —1(711907)2
/7 bn p 2

intensity (arb. units)

HSE (mm)

Experimental data and fit lines for different
seed laser energy.



2R VXt AT L T L LT

SINAP Shanghai Institute of Applied Physics, Chinese Academy of Sciences

Experimental results (bunch compresser off)

I I H I H I 14 I ' I ' i ' I ' I ' I ' I ' L ' I
| @® average local energy spread‘ 518y g
ssige ) £ 12- .
E ® § 11 .
® i3 107 ]
© E 94 3l
'Q-_ 1] e 4
"= § 8] ° ]
P o J ® 74 e ]
[ =] q 1
5 2= 7
T . E 54 ]
[ 5] > E 4
£ D 4 ]
= (ﬁ & [ g 2 4] @ average energy modulation amplitude | ]
B L@ ® i g B —— fit line (y=1.02x"0.5) ]
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T T T T T T T n 0 I K I x I X I 5 I i I 2 L E Ll L 1 L
0.0 0.2 0.4 0.6 0 20 40 60 80 100 120 140 160 180
ratio of seed laser powers energy of seed laser(ud)
Measurement results of the slice energy Measurement results of the energy
spread vs. ratios of seed laser powers modulation amplitude vs.

corresponding seed laser power

The measurement error of slice energy spread is small when the ratios
of the two seed laser powers are smaller than 0.1 (or bigger than 10).
However, the error is big as the ratios getting close to 1, which means
that these two seed laser powers are too close to each other.
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Experimental results (bunch compresser off)
24 T T T T T

! ! ! !
2.2 S - -
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0.8 e — S E— S — a

06] T— A N A i

slice energy spread (keV)
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oo __________________________ @® slice energy spread

. Linear Fit of slice energy spread
: ! | ! | |
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0.0 0.2 0.4 0.6 0.8 1.0
ratio of seed laser power

The average slice energy spread of our electron beam is about only 1.2keV,
which is ~10-2 of the project energy spread and ~10-° of the beam energy.
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Experimental results (bunch compresser on)

32+ ‘\ B
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Scanning curves Calculated results according to the

Scanning curves

The slice energy spread is about 2.6keV at the exit of the linac
when the electron beam is compressed by a factor of about 2.
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CHG based method application in seeded
FEL experiments (EEHG)

The measurement results of slice energy spread and energy modulation amplitudes have
been used for the parameters set (strengths of the two chicanes) of EEHG experiment and
the corresponding simulations.

70000

: i
Hodulator 2 only: typical HOHG —— 260 [|— HGHG

soo0p 25T ng n i H[ﬁ[}l dEEEgod i i N S . o
. I | Energy chirp ass |
Experimental | effects on the . _ T—
40000 |t e . ] . . bl . . . N _‘—\—\—_\_\_\__1-:#'
spectrum for central . P
30000 - : : - b - —
EEHG z i HGHG and EEHG»|
0 —-I;IZI —'1IIZI IZII '1IEI ZIEI
330 335 340 345 350 355 360 h {m_i}
. . 1.0 —— HGHG 25:_ —— HGHG
SImU|atI0n i co-exist] [
—— EEHG 1 20 |— EEHG
spectrum for  oe Energy chirp :
both HGHG 3 ] effects on the E *5|
and EEHG 5 . bandwidth 3 4o}
£ 04 increase of 5 #, __d_____-——-’_______
ol HGHG and T ;
oo- //\\ EEHG u-_fl’ IIIIIIIII E:JI — I3IIZII — IAIE_I-
- 330 3:‘35 3:10 355 3‘50 355 360 Ah {m_i‘,‘l

wavelength (nm)

Z.T. Zhao, et al, Nature Photonics, DOI: 10.1038/NPHOTON.2012.105.
C. Feng, et al, TUPPP056, this conference.
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Characterizing Temporal Structure using
an energy chirped bunch

gl 1111 [
Prelimi Ebe b |
reliiminary -heam o erest '
experimental results mees—— V) Chicane ﬁ:fﬂn.:’.
NI Tmﬂ
9
[|[|]][[D]:| Radiator
gl Modulator
0.8 7
7 = E 6
< = o6t <
bt Lo =
S 61 E £ 5
5 %o z
o £ = 4
= &5
ol e 53
=
8 6 4 -2 0 2 4 6 8 8 6 4 —2 0 2 4 6 8 8 6 —4 -2 0 2 4 6 8
Times / ps Time / ps Time / ps

Chirp electron bunch can be longitudinally selected and excited by the resonance
relationship of the modulator. The coherent undulator radiation signal shows the
temporal structures in the electron bunch. when changing the gap of the modulator

H. X. Deng, et al, Chin. Phys. Lett. 28, 124101 (2011)
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Conclusions and Prospects

SINAP

=~ A new method for slice energy spread and energy modulation amplitudes
measurements is proposed and demonstrated at the SDUV-FEL. The
average slice energy is only about only 1.2keV at exit of the 135MeV linac

when the bunch compressor is off.

" This method is very useful for the parameters setting of an EEHG device .
%~ Since the slice energy is much smaller than the pierce parameter (2E-3, for
SDUV-FEL), it is possible to generate ultra-high harmonic radiation using

only one stage of HGHG.

“~ This method may also can be used to characterize the slice energy spread
distribution along the electron beam by adopting short pulse (30-50fs) seed
laser or using an energy chirped electron beam.
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Thanks!!!
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