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Introduction to the AC Dipole

» An oscillating dipole field (Qd ~ Q) drives the beam.
» Optics measurements from turn-by-turn data.
* 4 AC dipoles in LHC, 2 in RHIC, and 1 in the Tevatron.

e Advantages:
1. No decoherence
2. No emittance growth

3. Large excitation (in many cases larger than kicker/pinger)
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AC dipole is suited for spectral analysis.

e Interpolation is not necessary to determine amplitude.
 All the higher betatron modes have tunes (integer)*Qd.
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Difference & Sum Resonances of Driven Motion

ey = (BOac v/ B(5ac) B(s) cos|2mQan + Y(s) — YU (s ™ — Q) sgn(s — s
sy — 4(Bp)sin(m(Qq — Q)) L R ke
(B.E)ac\/.,ﬁ(sac)ﬁ(s} i ; :
~ 4(Bp)sin(m(Qa + Q)) cos[2mQqn — (s) + ¥(sac) + m(Qa + Q) sgn(s — sac) + x|

sin[m(Qa — Q)] T

L

A= sin[7(Qq + Q)] sin(27Q)

amplitude

Sum resonance produces artificial

beta-beat and phase-beat:

« Amplitude of the beta-beat: 24
(~6% for [0| = 0.01)

e Amplitude of the phase-beat: A
(~2 deg |0| = 0.01)




A Parametrization of Driven Motion
zq(n;s) = Ag/ Ba(s) cos2mQan + Va(s) — Ya(Sac) + x|

* A(Bp)sin[r(Qa — Q)]
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On the first order of 4 (or 0)

Ba(s)
B(s)

~ 1 —2Xcos[2¥(s) — 2¢(s..) — 2mQ sgn(s — s, )]

Va(s) — U(s) = Asin[2¢(s) — 2¢(s,) — 2mQ sgn(s — sac)| + Asin[29(s,.) — 271Q] + 2756 (s — s4c)
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Diagnostics of an Interaction Point

Phase space mapping at IP
(from 2 BPM's in a collision
straight section)
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de Beta Measurement
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Sextupole Measurements from Orbit Shifts

location in the Tewvatron
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Detuning Measurements from Amplitude Response
O e\ Bac BCS)

4dsim | z(v, —v—

l‘."".'""l - P-:

Qoo 1ot e

' |'|'u'| 'l.l-t hed
: Nyl e

SATHM I :‘? ]
i“{ll.‘ﬁ;ﬂ":“:'!n:'.

Vv [ |

|

' 1 L *
[ i‘JL- o IR
|
]

4 v(l<v :l t:f"-'.f" ;t

- tnitL )
= LU L L L

" T L M ]
/1 el Prie W AR St S - -

P, i.|-- au, W,y o' 'yt !
e AR LI R Lt

# l,;“h.q“l. .lhll mht‘ l..“.: I:..i J."I:.ﬁ '.ll ]
y '*'i' TN M rfi"'l,'i'.‘a“ it
i ’ﬁ"-.I|"||Pl‘,l-&'h.h".l.'.h“'u'l I.-'t’ N - 3
By, 8 e b L s e i -/
I | 't"' ;'.r,":',-..-:J'_u,"".u:'_""'.-_""f:‘ ',‘f ' ]
AL oo T ] tan ¥ ﬁ";:l ¥ E.F' _______
i I h'"mm"“f

—— 4
AT _ '
qu:i W
;"...:*ﬂ“.:tl':,}' . - 2
'.I:Il i ‘lh L :‘i’

ot 1‘-‘1"1.‘:1.'!:'-
LI | -' l‘.i 'ﬂ:lll‘.

": -:I‘.;:‘lt-::i'i..‘r"
44§ HH ¥

g ¥ wITFLT. A
HJL l‘.‘| "h‘.ﬂ.: . v E

v [mm|j
—

i' ad

‘~||

4 E——

0 2000 4000

6000

number of revolutions

3000 0

4000

6000

number of revolutions



Effects of Sum Resonance on Coupling and
Higher Order Measurements

For instance, driving terms of the difference and sum resonances are
modified from

?(d () (5) _ i(e(9)Fvy () +7i(QuFQy )sgn(s—3)
Bﬁ"J sin[m {QT qﬁ Qy)]

to

'EUd_:F{SJ :fd_ B; {S}RKfj.T ff[ :I [ 1 E*.-,l'r,,r“fé]:FL"L.I_‘E]J—i-ri[Q.-_g?Q;_,_ﬁ:s-gn[s—s’_‘.l
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mode 3 t-vec mode 2 t-vec mode 1 t-vec

mode 4 t-vec

MIA Applied to the AC Dipole Excitation

e There are residual modes.

* Does MIA have an advantage for the AC dipole excitation?
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Beta and Phase: MIA vs. Fourier Analysis
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ICA Applied to the AC Dipole Excitation

 [CA slightly better than MIA?
e Turn-by-turn 1s not necessary to measure vibrational modes.
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ICA Applied to the AC Dipole Excitation
(FET-widowed data)
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Plan?

I can stay at CERN starting from ~June.

Local coupling measurements in RHIC.

Summarize nonlinear dynamics study performed
in the Tevatron.

MIA/ICA 1s suited for the kick excitation?

Yiton's virtual accelerator concept?
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Beta and Phase Measurements
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Sextupole Measurements from Orbit Shifts (2)
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#Generating Function of the 1% Order Mode

* A fixed sextupole current, different AC dipole current.

* The strength of the sextupole 1s determined from the step size.
* The kick strength depends on the action.

* The action 1s not factored out, here.

* The BPM nonlinearity will be considered 1in future analyses.
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Function of the 3'1 Order Mode

* A simular analysis 1s possible for the 3™ order mode (Two same condition).
« Two generating functions for resonances of 2v,—v and 2v+v.
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Effects of BPM Nonlinearity on
Resonance Driving Term Measurements
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Note for Coupled Harmonic Oscillators

Equations of motion for coupled driven harmonic oscillators:

d*x .
=+ w2z = Ky + a cos(wqt)

d?y 9
T WyY = KT

dt?

After rotated to the eigen coordinates:

d?u :

75 4 w?u = bcos(wgt)
d%v

7 4 w2y = ccos(wgt)
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MIA Applied to the AC Dipole Excitation
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ICA for a Kick Excitation
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