q Elettra2.0-The next generation

Emanuel Karantzoulis

Current Elettra

! Circumference 259.2 m

12 fold symmetry

Energy 2 (& 2.4 GeV for 25%)
f Emittance 7 nm-rad

Beam dim @IDs 250/14 um

28 beam lines - 10 from dipoles
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&Y Why change it?

Elettra Sincrotrone Trieste

Elettra is a really good machine with large margins for “improvements

n

After 20 years of continuous user operations (97000 hours of light):
o Beam lines need updating and new instruments / improvements
o Parts of support engineering need replacement

o Parts of Machine subsystems are outdated (electronics, control
boards etc.)

o Machine itself will be outdated if not keeping up with new ideas

Our strategy Is to look for a new machine trying to maintain /
advance however the present one for a low cost.

Elettra2.0
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q =/ Steps taken

Discussed with beam lines scientists

3

A workshop with key users was organized in April 2014

3

Discussions with the management , SAC and MAC
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&Y Elettra 2.0: requirements

Elettra Sincrotrone Trieste

o Same building, same position C~ 259-260 m

o Energy 2 GeV

a Brilliance increase at 1 keV by more than 1 order of magnitude
a H-spot size < 60 um

o Maintain the existing ID straight sections

o Maintain the existing bending magnet beam lines

o Maintain intensity and filling patterns as before (hybrid, single
bunch etc.)

a Space for ids not less than present, Large Section: 4.5 for Ids
+ short Section: 1.3 m for short IDs / RF) in total 5.8 m

o Off axis injection
o 6+6 months downtime for installation and commissioning
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e M=bDend achromats and emittance

Lattices up to 9-bend achromats have been produced
and examined

—

Emittance vs. MBA lattices
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Elettra nominal: at 2 GeV 7000 pm-rad (and at 2.4 GeV 10000 pm-
rad)

E. Karantzoulis - 15t workshop on LER Design, Barcelona, April 23 2015 5



zZ/ Free space

Elettra Sincrotrone Trieste

Free space /achromatvs. MBA
12

10

2 4 5 6 7 8 9

Number of dipoles/achromat
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q Brilliance vs. electron beam emittance

Elettra Sincrotrone Trieste
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Elettra Sincrotrone Trieste

Coherence fraction
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0.1 KeV Elettra 22%
1 keV Elettra 2%

Elettra2.0 87%
Elettra2.0 38%
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e THE@ DESE COMPromise

Emittance oX (um)
N-bends (nmrad) ID

240
70
40
32
29
25
18

oy (um) ID

43
30
32
29
22
17

oy (um)
@1%
coupl ID

14
4.3
3
3.2
2.9
2.2
1.7

To save space elements should be
combined as much as possible:

Defocusing in dipoles

Skew quads + correctors
Sextupoles + correctors
BPM inside the quadrupoles

Lateral pumping etc

aperture ...

Dipoles have a max gradient 5 x and the quadrupoles 3.5 x of the actual Elettra

Increased chromaticity (x 2, x 3 ) strong sextupoles, non linear effects, dynamic
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vseerss A I=MBA but lack of space
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IIJHI

Ex = 187 pm-rad
e tunes (38.17, 10.37)

 nat. chromaticity (-84, -48)

Free space/ achromat 5 m and 2x

0.60 m i.e. Must use straight
sections for RF.
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q . 6=MBA - versions

.. | Investigating best configuration
M - | for minimal position change of
- |the bending beam lines

ey Emit: 0.25 nmrad
WP 33.2, 9.3

Nat. chrom -63,-50
W ———— ] dE/turn: 162 keV

- Another solution with 1.3 T dipoles for
. .2 minimal shift of dipole beam lines
// L Emit: 0.28 nmrad

st WP 33.2 9.3

Nat.chrom -81,-44
dE/turn: 202 keV

A S —— N A
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Elettra Sincrotrone Trieste

0.01 0.010
0.010
8 0.008
0.0081 o .
~ 0.004 0.004
0.006]
—
-
e 0.00 " 0.00
> .
0.0041 v
3 0.000 0.005 015 8 O s — 5 0000 0.005
> v
< (m) % (m)
0.0021 sigmaX sigmayY sigmaX sigmaY
0.01C
-0.015 -0.010 -0.005 0.000 0.005 0.010 0.015 0.020 os
s <m> 0.006
. . = J
sigmaxX sigmay
> .00 -8
SR
L]
" [ B
0.002 . »
"
M
=0.015 -0.010 -0.005 0.000 0.005 0.010 0015 0.020

% Em)

sigmaX sigmaY

With errors (but not yet optimized corrections) a 40% reduction is
observed i.e. DA £5-8 horizontally and *=2-3 mm vertically -> work
In progress
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&Y Elements list

Elettra Sincrotrone Trieste

bending
length radious tot sum [total sum °

type Magnet  [m k field T & T/m|deg |(m) tot # |with set A|with set B Orlented towards:
dipole set A |Bl-outer 0,75 -2,06| 0.683 & 14 4,4| 9,7558 24

B2 0,48 Of 1.358 & 0 5,6 4,9058 24

B3-inner 0,85| -2,187| 0.685 & 15 5| 9,7298 24

OR 72 .
dipole set B [B1-outer 0,68 -2,4| 0.77 & 16 4,5 8,6 24 A 1 d

B2 0,78 -2,5( 0.89 & 17 6 7,44 24 lr COO e magnets

B3-inner 0,88 -2,2| 0.59 & 15 4,5 11,19 24 72 °

(as many as possible)

quadrupoles T/m 24

Q1 0,13 -3 20 24

Q2 0,22 5,9 40 24

Q3 0,13 -0,4 2,7 24 o

Q3b 022| 7,89 53 24 2nd and 5th dlpoles

Q33a 0,22 7 47 24

Q33b 0,22 7,2 48 24 °

Q4 0,22 6,9 46 48 i 216 Wlth permanent
if dipole set A |QFB1 0,15 -5,5 37 48 264 . .

2 magnets if solution A

sextupoles T/m

H1 0,12 70 930 24 °

H2 012 20 300 24 1S adopted,

SF1 0,12 474 6200 24

SF2 0,18 500 6700 24

SF3 0,12 340 4500 24

SD1 0,12| -450 6000 24 o

SD2 012| 75 1000 9 240 240 All PS lndependent
Correctors in sext 240 ° o o

independe{ 0,12 48 288 288 lnCIUdlng the dlpOle
BPMs in quads 240 240 One S
camera R=14mm
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= 4 Dipoles and quadrupoles

Elettra Sincrotrone Trieste

Not final but important to
see the feasibility and the
dimensions.

Use of new materials such
as Cobalt — Iron alloys will
also be considered

Opera, D. Castronovo
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. IFICCING 1N the old tunnel

A project started to produce the conceptual design and
construct 3 prototypes, a fixed gap undulator (that can be
tested in Elettra), a 1.3 T permanent magnet dipole and a strong

Elettra2.0 quadrupole.
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Elettra Sincrotrone Trieste

10

Photons/s/mmz/mradz/o. 1%bw

U4.6 Undulator, E=2 GeV, I=100 mA

Brilliance vs. emittance for an undulator for Soft X-rays

Elettra : 7 nmrad
Beam dimensions;

X,y (245,14) um
X,y (28, 6 ) prad

Long straights - 0.25
nm-rad

Beam dimensions:

X,y (43,3.0) um

X,y (5.7,0.8 ) urad

1 1 1 1 1 1 1 1 1 1 1
2 3 4 5 6 7 8 9 2 3 4 5

10
Photon Energy (eV)

Super ESCA @ 2 GeV 100 mA

Graph by B. Diviacco

10t || 0.25 nm-rad — short
straights

Beam dimensions:

Brilliance increasing as expected

Spot size/div decreased by a factor of 5

X,y (45,3.1) um

x,y (8, 0.9 ) urad
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q Brilliance vs. emittance for a wiggler (Hard X-rays)

Elettra Sincrotrone Trieste

Brilliance W14 400 mA 7 nm-rad
1.00E+18 —— 2.0Gev7nm Beam dimensions:
—— 2.4GeV 10 nm
—— 2.0GeV 0.25nm X,y (245,14) um
z / X,y (28, 6 ) Lirad
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eV

Brilliance increasing by one order of magnitude

Spot size/div decreasing by a factor of 5
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q Brilliance vs. emittance for a short wiggler vs bending

Elettra Sincrotrone Trieste

7 nm-rad - dipole
Brilliance @400 mA ST ———— Beam dimensions:
1 00E+19 —— Brilliance 2.4 GeV 10 nm X,y (150’28) Mm
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X,y (8, 0.9 ) urad

Short wiggler: 2T , 1 m 14 cm period

Brilliance increases

Spot size/div decreases significantly
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& Elettra and Elettra 2.0

Sincrotrone Trieste

Parameter Units |Current Elettra Elettra 2.0
Circumference m 259.2 259.(5-8)
Energy GeV 2-2.4 2
Horizontal emittance pmrad /000 230-280
Vertical emittance pmrad 70 (1% coupl) 2.5
Beam size @ ID (ox,o0y) um 245 , 14 (1% coupl) 43,3
Beam size at short ID um 350 , 22 (1% coupl) 45,3
Beam size @ Bend um 150, 28 (1% coupl) 17,7
Bunch length ps 25 (100 with 3HC) 12.5 (70-100
with 3HC )
Energy spread AE/E % 0.08 0.07
Bending angle degree 15 4.4, 5.6 and 5
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=/ Outlook

Elettra Sincrotrone Trieste

o The conceptual design project should be completed by the
end of May 2016

o During this period the optics solution should be fixed with

all beam dynamics and injection studies. Magnets, vacuum

chambers and subsystems should be defined.

o Once money is found 50 persons for 4 years are estimated
i.e. the earliest possible Elettra2.0 date for users is at the
second half of 2021

a Cost ~80-100 M€ (not including beam lines)

Thank you for your attention!
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