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Outline

eOverview of the SLS;
® [his year improvements:

e Multipoles, Coupling and Optics correction
[Michael Bége, “Emittance Control at the SLS”. 26th Nov. at 17:50],

eNew Filling Modes and

e| ow Alpha Operation;

¢Closing Remarks.




Current Status:

In operation since 2001

e Availability: Jan-Nov 2009 : 98,7% (from 2002-08 : 96%)

e 2.4 GeV, 288 m circunference, 12 TBA

e Emittances: ex=5.0-6.9 nm rad and ey=3-10 pm rad

e Current 400 = 1 mA (top-up), lifetime 5-10 hours

e 480 bunchs (500 MHz RF)

¢ Filling mode: 390 x~1TmA + 1xX5mA
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Optics ( B, By 1 ) in standard user operation mode at working point 20.43 / 8.74




Multipole Correctors, Coupling & Optics Correction

(1)

e All 120 sextupoles in SLS were
delivered with H&V correctors
colls =» make skew
quadrupoles and auxiliary
sextupoles. 24 skew quads for
betatron coupling correction,

skew quads for
correction and 12
aux. sextupoles for resonance

suppression.

and
non-dispersive
Skew quads
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the ov/T operator tool

Resonance Suppression v.1.0

EXIT I Help I About I b3L I-SET status
oL [SET I SC-015F || -0,24927 0,943 ok
SC-025F 0,00000 |  -0,000 ok
CS-01LF 0,02705 0,882 ok SC-035F -0,26235 0,992 ok
CS-02MF 0,00000 0,000 | CA-error SC-045F 0, 00000 -0,000 ok
CS-03MF 0,00343 0,112 ok SC-05SF -0,33209 1,256 ok
CS-04LF 0,05970 1,847 ok SC-0BSF 0,17908 -0,677 ok
C5-05LF 0,04432 1,445 ok SC-07SF || -0.,43980 1,663 ok
C5-0BHF 0,03362 1,096 ok SC-085F 0,19192| -0.726 ok
C5-07MF || -0,00213|  -0,083 ok SC-095F 0,06784 | -0,257 ok
CS-08LF || -0,02322 -0.758 ok SC-105F 0,27956 -1,057 ok
C5-03LF 0,05913 1,930 ok SC-115F 0,12333 |  -0,467 ok —1000
CS-10HF 0,00507 0,165 ok SC-195F 0,44194 -1,671 ok —1000
CS-11HF || -0,02332|  -0,761 ok |
CS-12LF || -0,01008| -0,329 ok
[0S e :I :I ;l :I :I ;I enhance
£5-015A 0,00186 0,061 ok Hode  (x+20y —s | o
£S-025A || 0.01576|  0.514 ok Anplitude: Ir Phase: |21 Qe
CS-02HA 0,00034 0,011 ok UPDATE [ T
£5-03HA 0,00535 0,175 ok —IEIIE= IEII= =) e
C5-0358 || 0.01718| 0,560 = | caew E5) 2] El=iB
C5-045A 0,02677 0,873 ok
£S-04LA -0,01623 -0,529 ok Reset all SC | req,Anp req,Ph sol ,Amp sol,Ph factor
Cs-05LA || -0.00218|  -0,071 ok TR Y 500 119 500 119 10000
£5-055A || -0.00196|  -0.084 ok ey 500 94 500 94 1000
C5-0BSA || -0,00716|  -0,234 ok Reference SC_| Dy 200 20 200 20 1000
L5 08013 R - 06 2 i Read currents SC| i 800 -180 800 -180 100
CS-07HA 0,00000 0,000 | excluded 30x 1100 40 1100 40 100
£5-075A || ©0,00000| 0,000 | CA-error Use solution SC | Tl 0| | o] - (R
ol | N R e e Set channels | 0x-20y 700 88 700 88 100
Cs-08LA || -0,02033|  -0,665 ok Chromk o 0 0 0 1000
£s-03LA || -0.00933| 0,308 ok __Channels OFF_|
C5-095A 0,01742 0,568 ok
C5-105A 0,00186 0,061 ok
Cs-10tA || -0,00608|  -0,198 ok
C5-11HA 0,01560 0,509 ok
£5-1154 || -0,00287 |  -0,093 ok
£5-125A || -0,01743|  -0,570 ok
C5-12LA 0,01877 0,612 ok




Multipole Correctors, Coupling & Optics Correction

2)

e Symmetrization of sextupole
patterns. Nonlinear optics
correction =» beam lifetime

e coupling correction
(achieved 0.05% coupling
witg an emittance of 2.8 pm)
an

e resonance tuning (restored
the 3% energf_y acceptance
=» Touschek Lifetime)

e | ifetime in agreement with
theory

* The optimization tool still
empirical =» in the future we
lan to use Bartolini’'s method
or optimization.

Normalized® life time [hrs mA / um]
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Ref.: M. Boge et al., Correction of
imperfections in the SLS storage
ring, PAC’09




Ref.: N. Abreu et al., New filling

New Filling Modes patterns for SLS FEMTO
SLS-TME-TA-2009-0317

e Filling pattern feedback allows e e S T
the use of any filling, however not 3 | 3T
every filling is stable;
e Stable operating modes: Y e oo e
b5x(36+camsharft) 5x(60+camshatft)
e Hybrid 5 (400 mA) FEMTO stable unstable

Streak camera measurement
of the “camshaft” bunch

IDL o = — =
import,/ home. sisbd. siaastreurn/ 131 tmp " HS300_caomshoft txt

upgrade?
* Comb 60 (240 mA
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Ref.: N. Abreu et al., Low alpha

. operation of the SLS storage ring,
Low-alpha Operation (1) PAG'09

e Operation with < 8 ps bunches for time resolved experiments;

e Total current: 50 mA (0.12 mA/bunch), top-up mode

e x1 =6 x10-4 = 4 x 10-5 (we can operate with two different values of x>)

e we have the fast orbit feedback running normally (after some adjustments to
the software to include non linear response)
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Bunch Length (ps)

Low-alpha Operation (2)
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Measurements with the Streak Camera:

14/04/09 o, = 3.43x 107
31/03/09 a,=1.84x10"
14/04/09 o, =1.84x 10
21/04/09 a,=1.84x10"

1 1 T B B 1 1 1 I B
3 4 5 6 7 89 2 3 4 5 6 7 89
0 100

Current per bucket (uA)

bunch length
vS. current and
o ~ [3/8 fit

C THz spectra

for dlfferent/'

currents
(H. Sigg, F. Midiller)

CTHz bursts
at 1.6 kHz

(= sync. freq.)
for 0.18 mA
bunch current

=» Low-alpha operation scheduled for 2010: 2 x 7 shifts
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Bunch Length (ps)

Low-alpha Operation (2)

| | | | | | | I | | | | | | | |
CSR bursting
Measurements with the Streak Camera: — mode (7)
* 14/04/09 o, =3.43x107
® 31/03/09 a,=1.84x10"
A 14/04/09 a,=1.84x107
B 21/04/09 a,=1.84x10"
10 - ~J bunch length
o \ vs. current and
o ~ I3/8 fit
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Current per bucket (nA)

Low-alpha operation scheduled for 2010: 2 x 7 shifts




Low-alpha Operation (2)

Frequency (THz)
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Low-alpha Operation (3)

e Beamline tests: 27/Set and 17/Nov 2009 |
5000 |- , I - bunch 465 (camshaft)
- _ . frafgrn, - bunch 135
e Filling: 50 mA (390 + 1 camshaft with the 3 x| W L bunh 7
same intensity as the other bunches) > | -
e Lifetime: 4.2 hrs @ 50 mA 2 .
= 1000 |- -, !.:
e Working point: Qx=19.42 and Q,=10.73 T N
—— T T T T T T T T delay (ps)
250_— - . - -
_ Sliced intensity for
200} 3 different bunches

[ (Paul Beaud)
150

: Longitudinal profile
measured with the

streak camera
(Helge Brands)

ma:

5a f




Closing Remarks

* Coupling suppression using 36 skew quads and 73 BPMs
achieved a vertical emittance of 2.8 pm,
just a factor 5 above the natural limit,
corresponding to 0.05% emittance coupling.

* Resonance tuning using 36 skew quads and 12 auxiliary
sextupoles restored the 3% energy acceptance
and the calculated Touschek lifetime
of the ideal lattice.

* New stable filling modes are possible for the SLS (according
to user’'s demands).

» SLS is operating in low oo mode, with 2 x 7 user’s shifts
scheduled for 2010.
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New Filling Modes: Instabilities (2)

I | | I |
Comparison of the THZ sliced =5l |
scan for the “normal” camshaft :
and for the Hybrid-5 mode 5
\ g 25¢ —
0.5 SN E
> “normal”” 5 20 g
i . bunch1 g
~ 04} = bunch2 (+0.2°T) o
= I —— bunch3 (+0.4°T) =
\.(9/ j bunch4 (+0.6"T) 1 5L g bunch increase factor = 1.95
> 03 / . Camshaft position bucket # 466, increase factor = 1.
_45 , bunch5 (+0.8"T) | | | 1
S bunch1 (+T) 0 100 200 300 400
= 0.2 bucket number
E | A | |
— 0.1 3.0+ /'Y/ — Hybr|d 3 fill pattern #0 -
. —— Hybrid 3 fill pattern #1
—— Hybrid 3 fill pattern #2
—— Hybrid 3 fill pattern #3
- Hybrid 3 fill pattern #4
0.0 —— Hybrid 3 fill pattern #5
2.5 ' -

-60 -40 -20 0 20 40 60 80 100 120
Time delay (ps)

2.0

Increase ratio of the bunch length

It is possible to have shorter <N
bunches if you increase the Ls S \\ ) .
phase transient in the 3HC | N A R T N

0 20 40 60 __~980 100 120 140 160

bucket number




Beto—x = 1516 m Beto—y = 79895 m
5 vv'[vvv'vvv]vrvyvvv'vvvs 0-0 vvvvvvvvvvvvvvvvvvvvvvv )
43 ]
4 : —-05F © ]
- |
g -1.0r o : 'E
1 - : E
2 » 1.5 ; 'g B
i 2.0 o
¢ o :
0 . i - - - —2.5 . A d
o 2 4 8 A 10 12 o 2 4 8 A 10 12
SRIMA~0OM 8—03/ X ARIMA-OMB-03 /Y

Beta function measurement:
tune change from quad variation

— calculation of current corrections
(SLS has individual quad PS!)

0

Feed forward corrections for

IDs:

orbit and, for Femto modulator, tune

Multipole Correcto
& Optics Correctio

s, Coupling

N (3)

10 20 0] 40 50 )

BPM calibration (Beé"rhﬁ based alignment)

u sway
v heave
W surge

Girder dynamic realignment
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