Emittanz und Kopplung
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Introduction

* Beitrag der ESRF zum ESLS Workshop in Trieste
2010

* A. Franchiet al,,
Phys. Rev. ST Accel. Beam 14, 034002 (2011)

* ORM Auswertung von Joachim K.



Theorie

Vertical emittance in absence of coupling
Eigen-emittance:

1 jg{ﬁ’ (s)d(s)}ds . -?J[{’H ) }ds

% {hhur q)b}r }d? ‘?g' (‘3) (?Jl]gu\q]}d?

RMS emittance:| ¢ = \/ 0r(8)op(s) — 02, (s)

2(s) _ <r?(s) > —(dDy(s))?

Measurable emittance: Or\8)
Br(s) By (s)

[Kr =

The three definitions are equivalent and
Ey=&v=Ey=const. If vert. disp. Dy=0, Ey=Ev=Ey=0




Theorie

Vertical emittances in presence of coupling

Constant ej gen-em ittance [See B. Nash et al. PRSTAB 9, 032801, 2006].

1 jﬂ d(s) {C?H2(s) + [S? + 82| H2(s)} ds

&y =
? j{ {bps(8) — C*Dy(s)bsy(s) — [S2 — 87| Do(s)bsz(s) } ds

RMS projected s-dependent emittance:

v =\fou 0 —0t, = \[(C26,+ [ +.57] 8)7 - (25,5 &)

Measurable apparent s-dependent emittance:

2
- _
E, = L =C%8, + [S§% + 87 —25_S cos (¢4 — g-)| &

p):u

In absence of coupling C=1, S=S,=0 and Ey=Ev=Ey=const
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Theorie

Vertical emittances in presence of coupling

«Coupling sources
(tilted quads,
misaligned sextupoles,
ID error fields, etc.)
generate skew quad
fields J,(s)

« J.(s) generate two
Resonance Driving
Terms (RDTs) f(s)

fa:Mab(Bch) Jb,‘l'

Linear dependencell

5.02.2012

C =-cosh(2P),
sinh (27P)
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Auswertung ORM mit Kopplung (15.2.2011)
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RMS projected

Emittance ratio

Coupling vectors:

|
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eu / ev =1
Ex / Ey =1
ex / ey =1
=1

C+ = +0.010404 -0.007098*1

C- = -0.005016 -0.012153*1
[C+] = 0.012595, arg{C+} =
|[C-] = 0.013147, arg{C-} =
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[f1001], [f1010|

Auswertung ORM mit Kopplung (12.8.2011)

Driving Terms RMS Apparent, RMS Projected and Eigen Emittance
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Emittances:
Eigen eu / ev = 1.293138 nm*rad / 2.442874 pm*rad
RMS apparent Ex / Ey = 1.293057 +- 0.000847 nm*rad / 3.599118 +- 0.842716 pm*rad
RMS projected ex / ey = 1.293057 +- 0.000847 nm*rad / 3.479518 +- 0.498440 pm*rad
Emittance ratio = 0.188910 %
Coupling vectors:
C+ = +0.011798 -0.002928*1
C- = -0.001785 -0.011007*1
|IC+| = 0.012156, arg{C+} = -13.936637 deg

|IC-| = 0.011151, arg{C-} = -99.212726 deg



Verringerung der vertikalen Emittanz
mittels Driving-Term-Korrektur

Simulationen basierend auf ORM-Messungen 2010/2011

Joachim Kell
2. Februar 2012



Methode

Analyse von vier kompletten ORMs aus den Jahren 2010/2011
Ziel: Erzeugung eines effektiven-Modells von PETRA Il mit Kopplung

Fit der
— Response-Matrix (gekoppelter & ungekoppelter Sub-Matrizen)
—  Dispersionsfunktion (x- und y-Ebene)

Fitparameter:
—  Fokussierungsstarken aller 380 Quadrupole

—  Fokussierungsstarken aller 16 Skew-Quadrupole
—  Drehung aller 380 Quadrupole um s-Achse

Berechnung der Driving-Terme der Differenz-/Summenresonanz f,,,, und f,,;,

Daraus Berechnung der verschiedenen Emittanzdefinitionen

(Eigenemittanz g, scheinbare Emittanz E,,, effektive Emittanz €, ;)

x/w
Zur Minimierung der Emittanz: Kombinierte Korrektur mit 16 Skew-Quadrupolen
(SVD der Driving-Term-/ Dispersions-Response-Matrix)

—  der Driving-Terme Re/Im[f,,0,(s)] und Re/Im[f;y;0(s)]

—  Der vertikalen Dispersion D,(s)



ORM 3.3.2010 (vor Korrektur)

Driving Terms
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ORM 3.3.2010

Driving Terms

(nach Driving-Term & D, -Korrektur)
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Dispersion Function: -c. f AOrbit / Af (c=0.00122, f=499664506.345622 Hz, Af=-3000 Hz)
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Position [meters]
ances:
eu / ev = 1.1245 nm*rad / 0.53 pm*rad
pparent Ex / Ey = 1.1244 +- 0.0002 nm*rad / 0.79 +- 0.25 pm*rad

.1244 +- 0.0002 nm*rad / 0.77 +- 0.16 pm*rad
.047133 %

rojected ex / ey =
ance ratio =

o

ing vectors:

+0.002585 +0.000732*1
-0.000547 +0.000257*1
= 0.002686, arg{C+} = +15.802732 deg
= 0.000604, arg{C-} = +154.827754 deg



ORM 16.8.2010 (

Driving Terms
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Emittances:
Eigen eu / ev = 1.516 nm*rad / 3.83 pm*rad
RMS apparent Ex / Ey = 1.516 +- 0.001 nm*rad / 5.37 +- 0.92 pm*rad
RMS projected ex / ey = 1.516 +- 0.001 nm*rad / 5.24 +- 0.47 pm*rad
Emittance ratio = 0.253152 %

Coupling vectors:

C+ = +0.012087 -0.008892*1

C- = +0.004019 -0.002366%*i

[C+|] = 0.015006, arg{C+}

[C-|] = 0.004664, arg{C-

}

1

-36.341062 deg
-30.488678 deg



[f1001], [f1010|

Ex, £ €, { nm*rad

ORM 16.8.2010 (nach Driving-Term & D, -
Korrektur)

0.0t Driving Terms Dispersion Function: -c. f AOrbit / Af (0.=0.00122, {=499664506.345622 Hz, Af=-3000 Hz
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ORM 15.2.2011

Driving Terms
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Emittances:
Eigen eu / ev = 1.089 nm*rad / 11.05
RMS apparent Ex / Ey = 1.089 +- 0.001 nm*rad / 12.34 +- 0.
RMS projected ex / ey = 1.089 +- 0.001 nm*rad / 12.32 +- 0.53 pm*rad
Emittance ratio = 1.014906 %

Coupling vectors:

C+ = +0.009784 -0.006793*1

C- = +0.005769 -0.000250*1

[C+] 0.011911, arg{C+} = -34.772456 deg
[C-] 0.005775, arg{C-} = -2.479091 deg

85 pm*rad



S nm*rad
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ORM 15.2.2011 (nach Driving-Term & D, -
Korrektur)

Driving Terms
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Dispersion Function: -c. f AOrbit f Af (00=0.00122, f=499664506_345622 Hz, Af=-3000 Hz)
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Emittances:

Eigen eu / ev = 1.2311 nm*rad / 2.52 pm*rad
RMS apparent Ex / Ey 1.2311 +- 0.0008 nm*rad / 3.60 +- 0.81 pm*rad
RMS projected ex / ey = 1.2311 +- 0.0008 nm*rad / 3.50 +- 0.48 pm*rad
Emittance ratio 0.204540 %

Coupling vectors:
C+ = +0.011353 -0.002551*1
C- = +0.005554 -0.003196*
|[C+|] = 0.011636, arg{C+}
[C—| 0.006407, arg{C-}

-

-12.663379 deg
-29.915009 deg



ORM 12.8.2011 (nach Driving-Term & D, -Korrektur)
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Emittances:
Eigen eu / ev = 1.229 nm*rad / 0.62 pm*rad
RMS apparent Ex / Ey = 1.229 +- 0.0002 nm*rad / 0.91 +- 0.23 pm*rad
RMS projected ex / ey = 1.229 +- 0.0002 nm*rad / 0.88 +- 0.16 pm*rad
Emittance ratio = 0.050298 %
Coupling vectors:
C+ = +0.003054 +0.002647*1
C- = -0.000306 +0.000448*i
|[C+|] = 0.004041, arg{C+} = +40.916338 deg
[C-|] = 0.000543, arg{C-} = +124.310469 deg



