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Extraction at a 3" Integer Resonance
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Resonance Excitation

Q. QF32

¥, LQ32
N GQ32

D1
;*‘f(f

extraction

extraction
quadrupoles

sextupoles

» Dispersion suppression
using missing dipole concept

» Resonance extraction with
extraction sextupoles in
dispersion free straights

» Tune variation with ironless
extraction quadrupoles




Dispersion Suppression
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Choice of Betatron Tunes
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unstable

Separatrix

/e damping times:
Injection (1.2 GeV): 7z.=100ms / 7,=35ms
Extraction (3.2 GeV): 7.=52ms / r7,=2ms




Slow Beam EXxtraction

unstable

stable

Sextupole Magnets (Extraction):
Excitation of a third integer resonance "7 Separatrix \[ Septum

Ironless Quadrupole Magnets (Extraction):
Shift of the horizontal betatron tune close to a third integer value, “current feedback-loop*




Intensity & Position Stabilisation

Experiments

extr. duads l

M22M5E22\QF22 M21  qp:

<23 QD23

\ 4

extraction septa

I Y Oi" P 23
~0.5nA %&]
.- m2a  superconducting
-~ QD25 solenoid
M25
g /
QF26
M26

4= ELSA

‘ M27

10




e - Y  Meseung Tagging-Rate
Intensity —
Stability

\__ J

le+10

1e+09

1e+03

le+07

le+0E

100000

Stabilization of
“overall”
tagging rate

- 0 5 ::0 ;5 ;0 ;5 3-'0 3i5 ;cu ;5 50 \_ (tag ger-o r) J

10000 |- 7 S 0 IR W L T L B Y ST Al T e g ] 0 0% | | T I T WP |

1000




Photon Camera

-- Photon-Kamera

Kamera Fenster Bildverarbeitung Bildeigens

Fit1: h=26.5 x0=0.02mm s=2.74mm

lertikal
Fit1: h=32.8 y0=-0.06mm s=2.42mm

12



Position Measurement in the pA-Regime

Aussparung zur ! 4 pA
Wasser-  Verschraubung 1 F 350 ]..}.-'\\‘
anschluss | ! P s
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zylinder

Proise = 1,7- 107 W /Hz - Af
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Modentrenner Zusatzvolumen

AX 3 Soum @ I N 100 pAl dX = 1mm I amplification \ |

Parameter Value

Mode TMI 10
Inner diameter 242 mm
Inner length 52 mm
Opening diameter 34 mm i . 2
Resonant frequency v 1.499010 GHz | A= 2 ) i IOC k- In
Shunt impedance R,/Ax* (CST) 411 0 /mm? | Nz RAYY4 | 3 |
Unloaded quality factor Q 11090 | : : teCh ni q ue:

local oscillator
Coupling factor x 0.89

| RF-proof 19" case .







Spill Characteristics:

Beam Parameters:

* Intensity: adjustable, [ 0.1fA<I< 1...10 nA J

Beam Parameters:

* horz.: affected by extraction, [have to be measu red}

e vert, long: about the same as the internal values

Long-Term Stability:

4 )
e beam pointing stability <20 urad « photon-camera

e beam position stability < 0.2 mm <« L RF-cavity




'Horizontal Emittance
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Emittanz im Stretcherring ——+— .
Emittanz in der externen Strahlfilhrung —<—  System. Fehler intern
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Experimental R&D

@LAS'E Strommessung (Bergoz PCT)
ADC-Karte

Strom Abschaltschwelle: 5U-U4QImA, max. Strom 51.147 mA

70.000 I ma

0 sec 6.920 sec



Resonance Scan

Reguirements:

« Precise setting of the tunes (AQ, < 10-%)

— ironless air core quadrupole magnets

* Precise measurement of the tunes (dQ, < 104)
— dedicated 3D bunch by bunch feed-back system

* Precise measurement of the beam loss

— dedicated beam loss monitoring system

« Fully automatized parameter setting and data taking



Q-

4.49

4.48

4.47

4.46

4.45

4.44

4.43

143

Q@ Q, = 0.0488

4.6

1400

1200

1000

800

600

400

200

rel. beam loss / beam current / a.11.



Q, = 0.0488
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Choice of Optimum Tunes
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SR based Intensity Monitoring

H50O cooled copper " Synchrotronlicht wahrend eines ELSA-Zyklus
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Ultra-low Current Injection

Control of Synchrotron REF Generator
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Summary

Slow electron extraction at a 39 integer resonance
e resonance excitation with sextupoles in dispersion free straights
» shrinking of phase stable triangle with ironless quadrupoles

 in case of synchro-betatron coupling extraction at 3Q,+Q, = n possible

Stabilization of beam parameters
* Intensity: feed-back on extraction quadrupoles (« intensity signal)

* pointing: feed-back on extraction septum («— quadrupole current)

Dynamic range
o ext. currents 0.1 fA < | <10 nA depending on fill of the storage ring
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Beam Loss Monitoring System

pin diodes
below shielding

32X
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Bunch by Bunch Feedback
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499.67 MHz

r==-

System Layout:

revolution clock
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Broad-Band Kickers

(developed and constructed in-house)

Longitudinal: Kicker Cavity

y =1.13 GHz
Q, =3.78
R, =387 ©

BW = 255 MHz

reflection coefficient Sy,

1.0 1.1 1.2 1.3
f/ CHz

4600

4400 deales Feld ——
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CST-Simulation
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Feedback based Tune Measurement

Damping of Instabilities: Beam Spectrum:
Coherent Signal: —

T —
‘A E—
// —
———
/300
250
Jas
150
. / 100
: 1405-_‘—""/ 50 Zeit / ms
0

Amplitude / dB

fr X
32 [0oF B At e / 300
o ("! = e /250
3 A 200
E=12GeV Y Jm 7

— // 100
oy 50 Zeit / ms
. 80 900 o

Frequenz / kHz

Allows stable operation of ELSA with currents up to 200mA!




Horizontal tune fit
Gaussian fit: horizontal beam spectrum
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Vertical tune fit

Gaussian fit: vertical beam spectrum
—30 I I I I I I I

—32

amplitude / a.u.
&
N

f, = (833.107 +£0.141)kHz
36 Q; =4 +f /fey = 445685+ 0.00008 -
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Resonance scan: cooking

set values: additional parameters
@ Q A =0.0001 (kept constant)
@ Q; A =0.01 ® Energy
@ Qs A =0.00274 (5kHz) @ Mg (F sextupole strength)

@ My, (D sextupole strength)

measurements: @ M, (extraction sextupole strength)
o Qj}d ° Septumposition
Q OQA ° Se'p’[umang;]le
o QM ° .
@ Loss (normalized to beam current) @ weekday?



Tune Dependencies

air quads stroke (2.9 GeV) -

tick main quads (2.9 GeV) -
tick air quads (2.9 GeV)
error: marker

error: fit -

feedback V frac. tune

Al = 10mA -

orbit correction

Am, = 1m™ @ corr. orbit

Am, = 1m~—2 @ uncorr. orbit

L 1"

set- /actual (2.9 GeV)

E=23GeV — 29GeV A

energy ramp -

0

|
0.002

| | |
0.004 0.006 0.008

|
0.01
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| | | |
0.012 0.014 0.016 0.018

|
0.02

c
 m— T

=Q:




Measurement principle

preparation:
refill. - set Qy. Q,, Qs wait for current
> . pr—
energy ramp - configure feedback [ < 35mA
3 - diag. trigger config l

fire diag. trigger

adjust Qx "1 _. BLM measurement

| |

data acquisition |« wait 2 s

prep. for injection:
- Qx, Qz, Qs setup
- feedback config.

I<25mAT



Setting Q, with air core quadrupoles
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Horz. Phase Space with MAD-X

0.002 — .

I I
Teilchen mit Startablage x= 0,3 mm
- Teilchen mit Startablage x= 0,7 mm
0.0015 - ] Teilchen mit Startablage x= 1,1 mm
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Teilchen mit Startablage x= 1,4 mm

0.001 \:-.. 1

0.0005 - s

-0.0005 -
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o
I

-0.001 | .-

20,0015 L My=4m3, L=28.7cm
Q, =4.6585

-0.002 : : '
-0.01 -0.005 0 0.005 0.01
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Couplers

Plungers

RF Control & Stabilization

- 500 MHz, 39.2 MHz IF

- Vector sum via
two-tap FIR
gain/phase blocks

DDS: Direct Digital
Synthesis

DDC: Digital Down-
converter

O pen/ closed loop control

Station reference

A coRrpic Sin
¢ A9-21Qcos

+ Proportional
gain/ phase

+ E xcitation
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(z—r’e‘ﬁ)( z—re*'a)

72
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_|_
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+
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@ 1Q = Ag Q

Reference
DDS phase
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/ KV

RF voltage
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@fs'ﬂ - Zyklusdefinition fur Boostermode

Bitte alle Energieangaben in GeV und alle Zeitangaben in Sekunden machen.

yklusstart Rampstart Rampstop  Extr.Start Extr.Stop yklusstop
0.0s 1.060 s 1393 s 1493 s 6.487 s 6920 s
I—
- TV = Extraktions.zeit
Eﬁ:;%a;:t::%l:{r] Zykluszeit
_ 4994 s
S 6.920 s

Injektions- 72.160 %
Energie {Gelf)

| Inj.  Dampfzeit Inj. Prep.
Injektions-
schusse

Injektlons - ing

phasen Booster Elnstellung Einstellungen
Injektlonen Definition.. berechnen speichem
msgesamt

Einstellungen
In'Ektions . . e [ restaurieren
LA - nsec Aktuelle Einstellung einfrieren ? -m







Accelerator Cycle

beam current in stretcher / a.u.
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