PETRA lll: Coupling - Studies Dec. 2011

and Simulations

Beam Dynamics of Circular Accelerators — Mainly PETRA I

Rainer Wanzenberg
DESY
Hamburg, Feb 03, 2012

ﬁ HELMHOLTZ

| ASSOCIATION




Skew Quad, Different Settings

gPETRA File Dperator: Compare files

File View

Help

File 1: ID= 351

File 2: ID= 1012

Timestamp: 2011-10-25T12:50:56+02

Timestamp: Z2011-12-14T18:09:18+01

Comment: 60x4 Bunche, 100ma&, optimierte vert. Emittanz (Spm)

Comment: Studien, Entkopplet, tunes 26.85 Khz

i[=] E3

SYSTEM-SET: [|ALL []EWMain (16) []EWCorr (12) [|EWegBPMs (16) [v/|PeMain (169) []PeHCor (196) []PeVCor (187) [|PeHF (10) []SeKi (24)

[ITiming (1) []oOrbitX (227) [ OrbitZ (226) []RefOrbitX (226) [ |RefOrbitZ (226) [ Scrapers (8)

Show-level = EE

1 system-set selected with 169 'data-rows". [] only writables 169 data listed in the table below.

location description file1 walue file2 value diff.
Qs sollwert AV (A) -9.00010872 -1.89997330 7.00013542 | *|
Q52 Sollwert RAV [A) -6.8998906554 -6.998906854 0.00000000
Q53 Sollwert RAV [(A) £.99590654 1.99997330 -4.99993324
Q54 Sollwert RAV [(A) 4.95993324 1.99997330 -2.99995995
QaN_S Sollwert R (A) 407.74920654 407.749206354 0.00000000
QAN_S sollwert AV (A) 448493481201 44849481201 0.00000000
Q3N_5 Sollwert RAV [A) 44225091553 44225091553 0.00000000
Q2M_5 Sollwert RAV [(A) 448.83126831 448.83126831 0.00000000
Q1M_5 Sollwert RAV [(A) 289.00048828 289.00048828 0.00000000
#7 MutiBunchfB Signals  u1.03 ZE®
FFT Input Direction Trigger File Ref
Small spot Studies

File 25.10.2011
QS1 -9 A
QS2 -7 A
QS3 7 A
QS4 ©S5A

14.12.2011
QS1 -2 A |
Qs2 -7 A |
QS3 2 A N
QsS4 2A ™

" I /
‘-H“Ull { | 7

30.11.2011
QS1 -2 A
QS2 3 A
QS3 -5 A
QS4 5 A

Mf}l tal Bl et

26.035 38036 30.038 22035
Khz

oo

-103 88
20035 22.036 241035

Qx ~ Qy ~ 26.85 kHz
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MAD-X Recent Optic

@ TITLE %16s "PETRA 111-20 DWs* Reference 72 deg optics
@ ORIGIN %19s "MAD-X 5.00.00 Linux*® 72/180=0.4=2x0.2
@ DATE %08s "14/12/11"
@ TIME %08s "14.55.20"
* NAME S BETX BETY MUX MUY DX
$ %s %le %le %le %le %le %le
"QD" 75.597 6.291921015 23.88571015 0.9814967683  0.8385974882 0.4164139895
"QF" 82.797 23.82152024 6.319937135 1.081523 0.9382176371  0.7828433349
"QD" 89.997 6.314845684 23.74737252 1.181343619 1.038168336 0.4401759248
"QF" 97.197 23.79855565 6.274666782 1.28121557 1.138539983 0.800205456
STANDARD OPTIC 1 kHz <~>0.008
Q1 36.12746545 ~ 16.6 kHz 14.92 kHz
Q2 30.28940562 ~ 37.7 KHz 37.57 kHz
Kk k *0.7028 I

QD_K1 = -0.2400210940 -0.1686868248632 439.993629 A QD :443 A

QF_K1 = 0.2402316968 0.16883483651104  440.380228 A QF: 442.3 A
k2l 2010 petrae QA 550 6.0

Magnet effective lengths
QA L =0.7028
Magnet Iron lengths

QA L =0.660
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Skew Quads

* NAME S BETX BETY MUX MUY

$ %S %le %le %le %le %le %le
"QS1" 1982.641298 14.20073158 10.98670304 31.81925815 26.14180591
"QS2" 1989.559298 13.89297785 12.02529491 31.87845871 26.28060884

"QS3" 2043.399298 16.17918728 10.10105016 32.56161631 27.01289318
"QS4" 2050.317298 11.34415067 13.52583677 32.62420494 27.14638537

Skew Settings from Studies 14.12.2011

QS1,2,3,4 is QA1_120 magnet, effective length 1.0426 m

QS1 -2A k*L=-1.29001863e-03 1/m k =-1.2373e-03 1/m**2
QS2 -7TA k*L=-4.30087324e-03 1/m -4.1251e-03

QS3 2A k*L= 1.29001863e-03 1/m 1.2373e-03
QS4 2A k*L= 1.29001863e-03 1/m 1.2373e-03

Calibratrion:
k*L= 0.01 1/m = 10.0e-03 1/m 171 A
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Skew Quads — in the complex plane

k- = %qu ks(s) Vﬁlﬁrﬂ(s) ;61;;(5) exp (7 (P(s) — (I)y(s) —2710Q s/C))

Lkgs .
RQs = 2—§\fiﬁff; ;By eXp (E ((I).’L' — (I)y — 27 5@ 5/0))
5Q=Q$_Qy+Q—
QsS4
Tune with coupling QS1

1) Random tilts
2) Skew Quads

Q.’L’ —I_ Q’y
2

Qrir = +(Qr — Q) + |k_ + Kos|’

2 2 2 ¢|jp-¢2j;-7;3jp-¢4jp
(Qr — Qu1)” = (Qu — Qy)” + [k + Kgs|
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MAD-X, simulation with tilt errors

SELECT,flag=ERROR,CLASS=QA,pattern=""q";
ealign, dpsi:=1.0E-03*tgauss(sd);
SELECT,flag=ERROR,CLASS=QA,pattern=""q",CLEAR;

2 : r i ,
Q(I) _ Q(l) — (6Q) + |k_|? Gajendar’s,
(@r i7) = (6Q) + x| seed 54008300

1.0 mrad tilt error

(QP = Q) = (6Q) + |- + k51 (6Q)
(QF = QW) = (6Q)° + |k + ks (6Q)

QS1_K1=6.7483e-04 ( 1.04 A)

Solve for

0Q), Re(x-), Im(xk_) QS4_K1=8.1034e-03 (14.4 A)
MATCH SUMMARY
Node_Name Constraint Type Target Value Final Value Penalty
Global constraint: q 4 3.62050000E+01 3.62024922E+01 6.28916040E-04
Global constraint: q2 4 3.02050000E+01 3.02075079E+01 6.28975413E-04

START MATCHING

VARY,NAME=QF K1, STEP=0.00001;
VARY,NAME=QD_K1, STEP=0.00001;
GLOBAL,SEQUENCE=RING,Q1=36.205; . .

’ ! ’ R W b B D PETRA 11l P
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MAD-X Orbit with Skew Errors, PCH (s =9 m) : 10 mu rad

x{m),y(m) [*O**-3)]
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MAD-X Orbit with Skew Errors + Quads, PCH : 10 mu rad

x{m), y(m)} [*X10**-3)]

L | i | e i |l et L Xmax:
0.4 PETRA Il SKEW ) MAD-X 5.00.00 30/01/12 14.26.15 0.3 mm
1 ¥ Y
0.3 - 5 - Ymax:
7 0.02 mm
0.2 1 7
_ | )
0.1 - 5
0.0 M THI TS T | LR i Coupling in
T Terms of tunes
0.1 - . .
| | | is corrected -
02 4 | l H | but not the orbit !
-0.3 - w .
s P T B
0.0 500. 1000. 1500, 2000. 2500.
si{m)

Rainer Wanzenberg | Beam Dynamic | PETRAIll | Page 8



Conclusion

Iwrmmmlwﬁem

Coupling could be compensated with skew quads

B e T W

* The settings deviate from a small beam spot at the interferometer beam line

* QS1 and QS4 are almost orthogonal

« Simulation with 1 mrad tilt
« Coupling can be compensated
« Strength of skew quad ~ equal to Studies in Dec. 2011

» Correcting the coupling in terms of tunes has implications on the orbit !

* This needs further studies
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