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SVLEIL

SYNCHROTRON

Energy tuning
=Measurement with quads turned off and turn by turn BPM: AE/E = - 4 10-3
v'Agreement with the LT2 dipole calibration
v'Agreement with the booster beam extraction time

»Decision: scaling in energy of all the storage ring magnets\2.739 GeV

First ddy optics

VX VZ E)xfl.l” asz”
Model 18.20 | 10.30 0 0
Machine 17.8 10.1 | ~-1/-2|~-1/-2

Quadrupole tuning based on tune measurement
A relative scaling of all quadrupole gradients of +8 10-3 recovers the tunes
»Decision: scaling applied to all quadrupole magnets
»Coherence with nominal lattice and Chasman Green lattice
»>this new calibration gives v, = 18.23 and v, = 10.31
>Relative tune difference is proportional to natural chromaticities
»Other solution would have been to change dipole field and to retune storage ring
injection

Magnet quad. Bench
Expected abs. calibration: 2 10-3

But e-beam meas: 12 10-3

—
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suLell Natural chromaticities

SYNCHROTRON

Natural chromaticity xix = -51 4 xiz=-194

. | . ! ! | &xnaf &zna'r

w * | | Model -53 | -23

Measurement -515(-194

017 | | | i ]
-0.06 -0.04 002 ] 002 004 006

Energy offset (%)
0 N ...................... ...................... S e

Measurement of dipole field
performed using NMR probe.

The difference in the vertical
plane is mainly due to the
| 5 g 5 wrong energy dependence of
i i .- i dipole fringe fields in the
ey el 4 ~ model.

Energy offset (%)
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Reduction of beta-beating
S LEIL using LOCO code
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0.3z

Restoring symmetry of the H-dispersion function

: : : : : : iter #1
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Difficulties using LOCO :
‘Unrealistic quad values (>>%) 151Q1Q2,C
120 BPM/160 quad ratio o
‘Close by quadrupole issues

~>Modified version of LOCO w/
constraints on gradient variations
(see ICFA newsletter, Dec'07)

Relative gradient variation (%)
L]

|
| |
| 1
Lo 1
SN TR i
| |

~>Results compatible with mag. meas.
(10-3 gradient identity, Brunelle et
al., EPAC'06) and internal DCCT -2

Quadrupole gradient variations
il i i I i N i
] 20 41; Jﬁl:l ﬁ:; 'Il][ll 120 140 160

calibration of individual power supply Guadrupole number
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SLEIL Linear Model agreement

SYNCHROTRON

+Orbit, chromaticity, tune response matrices
are very closed to real machine

“*Theoretical values successfully used for

= Beam transport matrix for first turn correction
(energy calibration, ...)

= Relative tune shifts
= Relative chromaticity shifts

= Orbit correction (stable even when using all
singular values).

Laurent S. Nadolski Non-linear beam dynamics in SR, 2008, Grenoble



sJLEu_Tune shif’;s with enerqgy

SYNCHROTRON

¢ nux measured ¢ nuz measured
— nux calculated — nuz calculated

0,5

Good Agreement
. 045 = °
with model ¢
0’4 7-§ 5 \
0,35 & "

DP/P > O: loss on half
Integer resonance
(V-plane, 0.02 wide) °*

-1
03 r |

0,2
DP/P<0: losson %
longitudinal ot

beam dynamics %%

oy = 4510
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suLel Vertical Acce

SYNCHROTRON

ptance

Measured IXT vs. vertical position of scrapers (up and down)

¢ DOWN scraper ¢ UP scraper 200 mA ¢ UP scraper 11 mA V-scr'aper' is Ioca'l'ed in a |Oﬂg
IO straight section (200 ym offset)
4
»
N = Measured ~ + 4.8mm
= J =>Expected + 5.5 mm at
£ < scraper position
i *| po . Validity of used method?
200 - 2
.01 4
3‘,. e Simulated Dynamic Aperture
S K
-3 -12 -11 -10 -9 -8 -7 6 -5 -4 -3 -2 -1 O 1 2 3 4 5 6 7 8 9 10 11 12 13 5§
z(mm)

Simulations parameters:
K =1%
Zmin = £5mm in medium straight sections
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SWLEIL : N P '
SYNCHROTRON Reall‘l'y VS. mOdellng

8 bunch operation mode

Touschek dominant régime
Vee = 2 MV (1ICM, 2.9%)

Experimental conditions

312 bunches, I = 250 mA, K=0.9 %,

(53]
[8)]

Ver = 2.4 MV (1 CM, 3.7%, 6,=25ps) | | * . sl e
" L. a Fit (Vacuum+Touschek)
- 254 a n mg . o Touschek lifetime
Measurement: 17.3h %20 ¢ Cteaa,
g 171 o
Theory: 16.4 h " 10 .
Touschek (77 h) 5 | * o
i ®¢ % 40000 0 00
Gas scattering 20 h 0 ° °

0 5 10 15 20 25 30 35 40

Beam Current ImAl
P(ly [mbar] = 1.87179E-11"I [mA] + 7.89503E-10

—>Good agreement

gth [mm]
b4

->-4.6% and 3.5% momentum
acceptance
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SULEIL Experimental DA and FMA

SYNCHROTRON

Full beam losses @ x = -18.6 mm corresponding to a
transverse absorber upstream to U20 (Short SS)

Dyrnamic aperture @ riidcle of the inje::tinn straight zection
B - e e e e e e e e e _ Frequency map
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- Insertion [5evice Effects
S.LEIL .
installed and to come

Apple IT
{ 3+1x HU8O
Fast | 2+1x HUB2
switching™ . ek SMEGAES | FIRW = s 1+1x HU44
HU640 ENRRN AY' & 8 1xHU34
10 m b

Em

& a.r-ll

In vac. **% ”’ s
4+1x U20 A
1x U24 f - ﬁ N

_._,;-"'-" | e
Nt
N L=
=5
[
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SOLFIL ID building strategy

SYNCHROTRON

% Tolerances (g 4o [B,ds=+20Gem  [[B,dsds'~ [[B,dsds'= +1G.m’

<+ A 3 step-process using ID builder (O. Chubar)

1. Assembly: Module sorting according to magnetic measurements
- Minimization of first and second integrals
2. Shimming: using a merit function

- Minimization at different gap and phase values with weight factor
i. On axis first & second integral (angle & position) in H & V plane
ii. Skew and normal gradient for new IDs
iii. Phase error < 0.2°

3. Magic fingers (different gap and phase values with weight factor)
> Reduction of high field integral for large transverse amplitudes

K/

<+ Expected or unexpected effects depending on gap, phase, current values
% Orbit distortion (Feedforward)

/7

<+ Tune, chromaticity, coupling variations

/7

< Injection efficiency, lifetime variation (non-linearities, ...)

Laurent S. Nadolski Non-linear beam dynamics in SR, 2008, Grenoble 12



Undulators effects on beam parameters at maximum

SVLEIL =
SYNCHROTRON Chromaticity
Tune ShlfTS variation
Undulator Vv, v, &y g, coupling (%)
U20 PROXIMA1 + (0.0015 + 0.0015 +0.3 0 +0.1
U20 SWING - 0.0016 + (0.0019 -0.9 0 -0.1
U20 CRISTAL - 0.0010 + (0.0019 0 0 0
HU80 PLEIADES
Phase O | + 0.0016 + (0.0012 0 0 0
Phase 40| - 0.0050 + 0.0056 0 0 0
HU256 CASSIOPEE
Hor. Linear Pola. (LH) 0 + 0.0007 0 0 0
Vert. Linear Pola. LV | + 0.0005 0 0 0 0

Laurent S. Nadolski
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SULEIL Additional focusing (1): Apple IT type HU80

SYNCHROTRON Horizontal
_e Horizonta
0.006
. —e— Vertical
~ Helical Mode
00044 O | o Ccalculated from RADIA 2nd

(Phase, @ = 20 mm)

}; order kick table

0.002

Tune Shift
o

4
7/
*

Good agreement
with RADIA |

. o)
2nd order kick map o000
10 30 50 70 90 110
Gap (mm)
Lin. Horizontal Polar. Mode ((I) = 0) Lin. Vertical Polar. Mode ((I) = 40 mm)
0.002 +— —e— Horizontal —e— Horizontal
0.006
© Vertical
0.0015 4 —e— Vertical 0.004 1 — —e veriea
' O Calculated from RADIA 2nd
o Calculated from RADIA 2nd j; order kick tables
£ 0.001 order kick table g 0002
f/:) Z/C.) o P N
2 50005 | * 2 / ' -
=)
= F .0.002
0 ————— j
e -0.004
10.0005 10.006 1-©
10 30 50 70 90 110 10 30 50 70 1o 110

Laurent S. Nadolski Non-linear beam dynamics in SR, 2008, Grenoble 14



Additional focusirig (2): in vacuum U20
’SXMlLE’IL ‘ —e—deltanux  —+—delta nuz ‘ PX1

SYNCHROTRON

0.0018

0.0015-# ’A\‘
ZZZZZ \\,\\\\ The construction
| . of these two U20

0.0003

o Lo “\’\:\\‘\/k . . undulators

-0.0003 1 IS based on The same deSign

-0.0006

-0.0009 4

-0.0012 4

y 2

0 5 10 Gap15(

Gap (mm) 0.0018

-0.0015

m}) ”s SWING w0 a5 ‘ —e—deltanux  —e—delta nuz ‘ SW' N G

Tune shifts expected from design’™"] = \
—  Av, = 0.00000 oo \

— AVZ = 000169 0.0003 - \>'<::\‘/<
0 T —y——} t —

Rather large H-tuneshift

-0.0003 1
-0.0006 1
<Bx> = 18 m -0.00009 -
Bpz2m o

25 30 35

15
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Effects of undulators on injection
efficiency at maximum field

SULEIL

SYNCHROTRON

Laurent S. Nadolski

Non-linear beam dynamics in SR, 2008, Grenoble

ID configuration Inj. Efficiency (%) ID. configuration Inj. Efficiency (%)
Bare machine 96 Bare machine 96
U20 SWING 85 HU640 mode LV
U20 PROXIMA1 74 PS1= + 600A 76
U20 CRISTAL 88 PS1= - 600A 55
3 xU20 50 HU256 No significant
effect
HU80 ;-}‘EGA;\:% 90 3 x U20 + 3 x HU8O0
Phase +/- 40 94 ) I‘:S 6'1315561 %0
HU80 CASSIOPEE
Phase O 95 3xU20
Phase +/- 40 92 @ 10mm 18.200 / 10.300
HUSO PLETADES + HUBO Pléiades 40
Phase O 39 ©15.5mm
Phase +/- 40 95 + HU640 PS1 18.206 / 10.318
Phase +/- 20 87 ©r4%0A 80
3 x HUBO Phase 0 44 High sensitivity to tune shifts

16



Z {mm}

Strong DA reduction
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Laurent S. Nadolski

* Measured for 60mA in 8 bunches

VRF = 2.8 MV ; coupling=6.5%

Non-linear beam dyna
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Effects of 3 in-vacuum IDs
SWLEL | Good agreement Model/Reality |

Al
1031 F smalush s 4 g .'n.-‘ h . . 5
e . - . : I

war /" Av,=4510-3
10.295 1 1 1 1 1 i
18.2 18.21 18.22 18.23 18.24 18.25 18.26 .
% / Comblned
- T

3 2 Eff@CTS Of
IDs
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- The supposédly perfectly
SSLEIL  Jinear 10 m long HU640

» Electromagnetic insertion device with no iron poles
+ According to RADIA (model): no effect on non-linear dynamics
- Difficulty to ensure high precision magnetic measurement for a 10 m long ID
+  Assembly/disassembly of the device
*  On the beam
- Skew ferms
- Strong reduction of injection efficiency
- Hysteresis (need for cycling), compromise transparent operation
- Worst configuration: PS1=-600 A (LV mode, fast variable polarization in future)

Dynamlc aperture & middle of the injection strajght section Drvamic aper ture & middle of the injeclion 31my1l section
45 : : ; ; ;

4.5 --- -------- CEEREEELY :

; S X O .

4 5% R e S | ._.3< XY XXX X X FEREELRLO nd

32 5 ; Esy & e | : 10 0 QO ol

o e ><§<x 2 . 3 O O O O

’ S5 f e e s x;:OOO:OO‘O‘ """" +

. N T CEH A x 00000 0: O | o

rocoedy 2 3 i xxQ00 G0 o: 0 +

2.5 a5 F.*’?’?F?‘é‘.’.‘*?‘?‘x"yx“"x"'xxx"“'“"‘“”CK)OOOO e '.'“
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15
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Mg FMA HU640 & injection efficiency
S LEIL Sensi’rivify to wor'king point

10.32

10,315

1031 Fae*tan

" o
|----\.;---.-r.-:._--1'.-'--"- '- r___'_ _______ I

'.*- .I.. IV-4v--23 I

10,305 -
103F -

N 10235 |
p 3

10285 b+

10275 1 -

10,27

16.19 18.195 18.2 15.205 18.21 18215 1822 18.225
A2
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S QLElLEffec'rs of undulators on beam lifetime

SYNCHROTRON examp l es
Undulator Beam lifetime* Undulator Total | Beam lifetime*
Configuration (h) Configuration | Coupling (h)
(%)
Bare machine 13.1 Bare machine 0.6 23
U20 PX1 12.8 HU640 PS1 (A)
U20 PX1 + SWING 11.2
U20 PX1 + SWING -200 0.72 23.2
+ CRISTAL 8.7 -400 0.90 24.1
-600 1.24 242
U20 PX1 + SWING +200 0.56 20.3
+ CRISTAL 7.6 +400 0.57 17.8
+ HU8O0 Pléiades +600 0.61 15.4
* Measured for 60mA in 8 bunches * Measured for 202mA in 312 bunches
VRF = 2.8 MV ; coupling=6.5% VRF = 2.8 MV ; coupling=0.6%

Laurent S. Nadolski Non-linear beam dynamics in SR, 2008, Grenoble 21



Effect of the HU640
SQLE"_ undulator in the LV mode operation

_ SYNCHROTRON
: Magnetic field == : : .
co0l. +BbX MaxX
1.2% J1
J.__‘n'.‘.ri;_hll bk BX — O
of | S R )
e 0.6%
405
-500 |- - Bx m a.
21:2‘0:00 21:2‘5:00 21:3‘0:00 21:3‘5:00 21:4‘0:00 21:4‘5:00 21:5‘0:00 3"":": ftat "I":OD 22:5‘5:50 o
e AN - CI05 fENf L-HUG40_PS 1/ current (Y1)
ANS-C02/DG/PHC-EMIT /Coupling (Y2) C ou p | in g
_ [Ready:..
=] Device Tree 1.3 X

FIIE Edlt \I’lew Refresh Run Hi

il b % E = [\, 'IE.'Ié'

==
| 4

Non linear effects + coupling effect . , , =

+BX max 125
h-—-__.—- -l
ol / v v o
B 5

/ BX =0 e /' v

>

415

=500

=L ) /\ IIIfIX’ 5 10

Beam ||fet|me 2130:00 21:35:00 2::15 cos,fEl,sz-}-:uss:g Psmu"e:tlég) Non Ilnear effects bosas
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-
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Beam Ilfe'l'lme var'lahon dur'mg operation

N | I"II

HU640PSljde0ﬁ6COA

' Effec’r of HU640 undulator

&00

5501

I o . Y

— Effect of in vacuum U20 undulator:
/

[lh

2501 I} : : GAP U20 CRISTAL de 7 a 13 mm

k) Beam lifetime
GAP U20 SWINGdez7a5§nnn i redUCTion due

150 GAP U20. PXI;aﬁ,ﬁ L S 1.0 non hnearu

GAPHUSO 1 ' 5 '

de3‘*'ia64mm GAPHUBOdefﬂaSSImm - rm— CffeCTS fr‘om
i s e e IDs

200

100

05:00 09:30 1o:00 10:30 11:00
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suLEILConclusion &

SYNCHROTRON p e rs p eCT i Ves
* Machine without insertion devices

- Pretty good agreement with the model (H & V acceptances,
DA, lifetime)

- FMA: first experiments are positive but need further
analysis

- Insertion devices: good and bad guys

- RADIA + tracking simulation codes + magnetic measurement
in rather good agreement with e-beam measurements

- U20: still question about real physical apertures
- Difficult to anticipate all construction and assembly errors
- HU640: need to retrofit a model for our simulation

- Need strong improvement for injection efficiency and
lifetime

eFl\(l)e[l_NBworking point, coupling correction, feedforward on tunes,

- Preparation for top-up operation soon.
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