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* How short, and how intense x-ray pulses can be at DLSRs ?

 Overview of pulse durations, trend, users wish list

 Short pulse schemes —
Low-a.

* Implementation aspects

* (in)compatibility with DLSR ==
Magnetic compression

0O Conclusions Laser/electron slicing

—
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& - | X-ray facilities

Examples of accelerator-based X-ray sources: 4
* 0.1 -10keV photon energy
* {# of phs. at the source
* FEL in short pulse mode
1017
dCan a DLSR target -
~ sub-ps, 2
Lo/
>10 kHz, S 10%
> 108 ph/s/0.1%bw or ¢ qou
10 ph/pulse ? &
10°
 Lattice-invasive ? 107

[ Standard user operation ?
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Trieste

& - | Wish list from TREES workshop

Opportunities for Time-REsolved Experiments at Synchrotron light source facilities, Trieste, December 2018

. E At Pump Laser .
ph FWHM Tech
Science Case keV] [ps] Rep. Rate [KHz] echnique
AMO 0.005 1-5 10 - 100 FlEs; PR, sns, Kt
e Coincidences
)
Chemistry 0@ V’e 1- S 1-1000 XAS, XES, PES, RIXS, XRD, CD
AW A0 R
Biology Q‘O 10 L 6\ 1-10" 1 XRD, CD, XAS, XES, RIXS
6v
Magnetism o 03-1 & ;\ﬁ“ PEEM, PCS, XAS, RIXS, XMCD
/-
Strongly Correlated 0.3-10 1-5 1-1C00 XAS, RIXS, XMCD, REXS
Materials

Materials science 0.1-10 1-3 1-1C00 XAS,PES,
Single bunch-turn
NO “camshaft” bunch

NO coherent harmonic generation (seeding, EEHG, etc.)
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<Y ;- | e-Bunch duration

A — ] What trend in 4" generation (DLSR) ?
- Natural e-bunch duration .
mmus (20 and 374 generation SR) | s (incl. IBS) —t— ' Vi 1480
] 80 nO |BS) + IBS 4 460
£ ?mcl IBS)
10°F . 70 (HO IBS) © 4 440
: « SOR-Ring ]
60} 1420 T
» ALADDIN — i
_ = 50} da00 €
é NSLS VUV Ring & « UVSOR 1 « UVSOR 2 [ jol
£ SPEAR e Bay Rin B | x
g @l - NSLS X Hﬂﬁsiper;qco . e ] 40 380
o I . . seEAR2 |, DELTA NOUS2 o ] 1
E Pors CEsh 'S;SF DORIS I e ] 30F 360
» ANKA "1
sEsgy ELETTRA {}S-mew (-LmLSBE'ESN"éJsu;xJ ] 20 IBS 340
- ESRF . o Max-iFLs = ASP |
ELETTRA (26&‘«"] s APS ;SPEAHE‘ ALBA 10 $| I : ® | ) | ® 4320
. SSHF
o'l SFFing's = To 20 30 40 50 60
' ' ol . Oslmm](viaLCtuning)  s.c.Leemann PRSTAB (2014)
| Martin, Ph.D. Thesis (201 Shortening the e-bunches is in conflict

with the diffraction limit

10 I
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&Iy -~ | Low-a optics

optics tunin
a, < P ’ Optics squeezes the RF bucket

\ VRrIRF~ high RF gradient

Ut,R =~ Ut,e X

@ DLSRs have natural low a

Short pulses available at all beamlines

Control of higher order-a,. with multipoles :
@ might allow the storage of short and long A

bunches. Not robust enough, yet. s, '
.. L

-0.5 0 0.5 1 1.5 2

B

25
o (@)
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OtR = Ote X

©

~— optics tuning
aC

Low-a. optics

\ VreTRFe high RF gradient

~ 104

Ocr = 4—6ps, 1.0 <25 pA, below
microwave threshold instability

Elettra 2.0: a,

RF peak voltage > 2 MV @ 500 MHz

Low flux

Machine is dark for other users
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Higher RF voltage shortens the
bucket further

I. Martin et al., PRSTAB 2011

“,l
@ f-*
<§+§’ .x" X lowe
~ — # —highe-
@® theory
X low e
— ® —high ¢
® theory
2;0 4.0 6:0 80
Bunch current (uA)
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q RF focusing (BESSY-VSR)

hilt = 0)

QW(fncL;;c T fscgllfgc,l T fsc72 ’I;CJ)

@ Short & long bunches stored simultaneously
o = 0.5-3ps, lgon ® 5 -50 MA

At least 1 straight section dedicated to
superconducting harmonic cavities

Short bunches from Booster ring (< 35 ps fwhm)

1 and // instabilities (HOMS)
@ Low injection efficiency
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Courtesy A. Jankowiak, P. Goslawski
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&) :::— | Crab cavities: “tiit-and-cancel’

MOOCMHO02 Proceedings of IPAC’10, Kyoto, Japan

E

) ym\/a,+a,<<ate

Oy,cc

—_

kCCVCC

@ electrons y'—z correlation translates into
radiation y—z correlation at the slit

or = 1—Tfewps, Iy, <20 mA

Superconducting Crab Cavities (4 Sets)

‘ Mini-pale Undulator ‘ Steerers (4 Sets)

VAN

27 /

T o [er .I

[ Quads E}ustlng} \

1‘ St

g
#1 =
[}
&

Figure 1: Planned layout of short-pulse generator at SPring-8.

Shit

#2

@ Two long straight sections occupied

Optics constraints (large B, n-phase adv.)

1 and // instabilities (HOMS)
Low injection efficiency
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Scaled down to 2.4 GeV -> approximately ~9 m length required
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& - | Crab cavities: “frequency beating’

E Oy ID
GtROC( ) 22 Vol + 6% K Op g
’ kCCVCC 0. y ,

y,cc

)
%
@ Elettra 2.0: 0,5 & 1.5-10ps, lg,ou™® 8MA | ¢
3
Both short and long pulses stored
Electron optics constraints are relaxed ‘ ‘
Z=C ’T(m)
0 | | ' o
< 5% of nominal total average flux wl 4
RF cavities in one straight section S %0}
g 20} ey 4 imaging |
@ 1 and // instabilities (HOMS) Py o2 |
Jf IVU-6, 15 keV
Low injection efficiency S e ey
0 2 4 6 8 10 12 14
FWHM (ps)
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&) ;- |By-pass(swap

OtR = Ote X (

©

Certification

E

kQ{F[(RIT

)Rse 05,0

orgr = 0.7 — 2 ps,

Short and long bunches at full peak
flux at all beamlines

Transparent to DLSR optics

Swap-out injection/extraction

SC injector, MHz stripline kickers for
high repetition rate

New ring-to-booster transfer line

db
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upgrade

S. Di Mitri, M. Cornacchia, New J. Phys. 2015
S. Di Mitri, JSR 2018
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Angular separation (~1 mrad)
of sliced electrons

O Angular separation implies modification to a SR lattice » DL optics is screwed up

O DL e-beam emittance improves slicing efficiency »

Laser-slicing

Sub-ps/fs
v =1y pulse

-
‘ Slit
—

~100 ps
X-ray pulse

i
\
\

\ |

State-of-the-art @ BESSY-II

X-ray photon energy 400-1400 eV
(linear and elliptical polarization)
Repetition rate 6 kHz
X-ray pulse length 100 fs

Photons on sample

“10°ph /s / 0.1% BW

Angular separation of the
short radiation pulse

Intrinsic X-ray / laser

synchronization

< 20 fs short term jitter
< 200 fs day-to day

uneauvenmas (57 CONGA 9-10 December 2019, Trieste

Table 1: Overview of the parameters of the BESSY |l Femtoslicing source.

Elettra 2.0: consider pure spatial / spectral
separation of radiation
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&4y -~ | Aberration, scattering, mono

Aberrations: slope error <1 prad  Scattering: roughness < 0.5 A Transverse Gradient Undulator

AE/E = 0.9%,
=100 m?

AE/E =0.9%

Flux Density [a.u.]

0.0]
0.0001

L

600 -400 200 O 200 400 600 920 960 1000 1040 1080

Photon Energy [eV]

0 200 0 - - -600 —-400
X [um] X [um]

Focal plane (um)

slicing efficiency 107
background level =~ 1071 —

SNR at the detector = 103

Additional improvements by: ns-detector gating, TGU

Certification
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<Y ;- | Pros and cons

@ Low-emittance beam increases the SNR ® Short slice survives for 1 turn only
1 0.010
SNR X O moq & ; ; turn 1 turn 2 2
\/ O-e,(x,y) + Op :‘

DE /E

@ Coherent THz emission for laser-
electrons synchronization

1.0 |

0.9 . _ . 5
0 0.8 —§ 0.1, 1 -2 -1 0 1 7 3
T 07 5 t(ps)
=3 c 0.01:
o 0.6 = )
©os € o.00] * High rep. rate laser on

0.4 @ 1042 consecutive bunches

' 3
2 9 0 1 2 3 2 4 6 8 10

* Background issues suggest
<10-20 kHz
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10"
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=
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(5,61 ”
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-10
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Laser Average Power [W]

» <P;>~50W @10 kHz
» oyp~ 0.2ps

> 108 ph/sec/0.1%bw = 105 ph/pulse @ 3 keV, at the source
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&4y i~ | Electron-slicing

1 At
Al9y 06 &— Atslice X —2
O-y,2 El Slng01,2

A. He, F. Willeke, L.-H. Yu (2014)

Short & long bunches stored simultaneously
(©) |0, ~ 0.01-0.1ps, lgo ~0.1— 1 MA

Z
Slicing efficiency can be higher than in laser- N N
slicing | Angular
separation %ON

Background radiation limits the SNR to ~10

25

@ Requires MHz e-Gun + Linac + Magnetic
Compressor

z (um)
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&)y -~ | Efficiency of emission

Efficiency of emission A Max. Photon Pulse RR:
w.r.t. multi-bunch 100 — 500 MHz
average flux, 1 +
<1MHz | s, n
@<1MHz ol e . 1 - 100 MHz
“““ C 0 “‘:.‘ .‘:
P c FOC 3.\..).‘.9.*‘) e
102 -+ ;: ‘Y“;r“' “."’ ""~.,‘ ’;' 10 — 100 kHz
.... 'h: () X ‘j': o o, 0":
. D/‘;tf CISS il
10_3 N "0, 0"’ .0‘.. “‘: 1 - 10 kHZ
..:}":'"'K")'""":r‘:“‘
104 + oy
& C ) ““"\ ()\}\] - SomehOW
10° - - compatible
_____ — .
106 I*:] tgrest o with standard
soft x-rays user mode
10'7 o E— 0._
<P
‘:‘ D\\(J\’(\‘J . “¢" I I I )
0.01T™ " 0.5 1.0 5.0 10
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&4y - | Conclusions

J All options offer short pulses at multiple beamlines

d Laser-slicing and crab cavities require dedicated beamline optics set up
[ Laser-slicing, crab cavities and RF focusing require one straight section to install new hw

[ By-pass is invasive on the infrastructure (injector, kickers, transfer line)

d Not considered here:
= Direct injection from the FERMI linac (CSR, synchrotron oscillations, availability)
= Photon pulse manipulation, e.g., fs NIR switches and CPC

CONGA 9-10 December 2019, Trieste simone.dimitri@elettra.eu

Certification

19



Elettra

Trieste

C. Masciovecchio W. Barletta A. Bianco

E. Karantzoulis

CONGA 9

cccccccccccc

e | ACknowledgments

L. Raimondi S. Spampinati C. Spezzani

-10 December 2019, Trieste

A. Zholents (ANL)

simone.dimitri@elettra.eu

20



Thank you for Your attention

Questions are very welcome!
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&y - Elettra2.0

1/24- th of the Whole ring. |
12 x 6 bend achromatlc cells

v’ Diffraction limited radiation (both x
and y plane) is guaranteed up to ~keV
photon energy

v Bunches shall be elongated up to ~30 ps
rms for acceptable lifetime.
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Parameter Units Current Elettra Elettra 2.0
Circumference m 259.2 259.8
Energy GeV 2-24 2-24
Horizontal emittance nm rad 7 0.14-0.20
Vertical emittance (1%

coupling) pm rad 70 2.5
Beam size @ ID (oX,0Y) um 245,14 43, 3
Beam size @ Bend um 150, 28 17,7
Bunch length ps 25 > 100 6 > 30
Energy spread AE/E % 0.08 0.07
Bending angle degree 15 6.6, 3.6, -1.8
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&)y -~ | Comparison

Measured Expected Measured

BESSY Il (JSR 2014) Elettra 2.0 (JSR 2019) Elettra (Hybrid)
<l,>, E, 5mA, 1.7 GeV 6 MA, 2 GeV 4 mA, 2 GeV
<P,> @RR 10 W @ 6 kHz 30 W @ 10 kHz 400 — 1000 kHz
Ot ph 0.04 ps 0.2 ps 24 ps
Slicing Efficiency le-8 le-7
Photon Energy 0.2 -1.4 keV 1 keV (h=3) 0.1-1.7 keV
#K. Holldack, JSR (2014) 21 * courtesy of S. Lizzit
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