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- Few words about DA®NE
* €, tuning
* g, tuning

* ring impedance impact on g,
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Best DA®NE performances
Obtained during the run for the KLOE experiment (May 2004 + Nov 2005)
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DA®NE parameters

KLOE configuration

Energy [GeV] .51
Circumference [m] 97.69
RF frequency [MHz] 368.26
Harmonic number 120
Damping time tg/t, [ms] 17.8 1 36.0
Bunch length full | e’/e* [cm] 2.7 + 2.
Emittance [m] .34x106
Betatron coupling at I~ 0 [%] 2
Bxy at main IP [m] 1.7 1.017
Maximum g, .03 +.04
Colliding bunches 108
Max. coll. currents I, I" [A] 24/14




Main Rings magnetic layout

4 arcs based on 4 different bending magnets each including a wiggler

C=97m

FINUDA detector



g, tuning

e, IS tuned by a proper choice of the machine optics

Dominant source of Ag, are:
* mismatch in the horizontal n and § functions due to:
- large horizontal orbit

- large steering magnet strengths
- large values of the W, W, n functions



n matching by:
* Measuring dispersive orbit at the BPMs
* Fitting the measurement by the first order multipole in
the wigglers end-poles
» Matching the dispersion function to the required value
by using the 3 QUADSs installed around each wiggler

—— 11 model

e 1 matched

In this way the required ¢, and o, are obtained



Non-linear optics matching

» Build a reliable machine model including
non-linear terms

 design the optics in order to
minimize the second order optical
functions:
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Beam Steering by Measured Response Matrix

Response Matrix measurement 07 .
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MRS is also used to:

sunderstand & improve machine linear model
«dispersion function control

scoupling evaluation

0orbit correction

*closed bump calculation

corrector strength reduction



e Orbit Correction ) 7= éAi )
e Corrector strengths reduction (2 + Al)) = Al
e Vertical Dispersion Correction u=DAI

Dyick
Zl . .
. = g (9Zl-
Equations are least square solved 2 :
: . £ s 8
by Singular Value Decomposition &, & J
U = fm D =. .
n, %
il
is not affected by: n, :

* model imperfections
e corrector calibration constants
* offsets in BPMs alignment




Vetical orbit (mm)

Bare orbit minimization by element alignment

Lpare = Cpeam — Ly steers
« Misalignment errors are identified by fittinEg the measured bare orbit with the
machine model
« Bare orbit has been reduced in both rings by repositioning the outer
electromagnetic QUADS in the FINUDA IR
« After alignment:
- strengths of the steering magnets adjacent to the IR2 section are
considerably reduced
- bare orbit is significantly reduced and is comparable in the two rings
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g, tuning

Dominant source of ¢, are:
* large vertical orbit
« vertical dispersion
* transverse betatron coupling due to:
- experimental solenoid
- roll errors in quadrupoles
- vertical orbit distortion in sextupoles
e vacuum chamber impedance



e+ Ring Vertical Dispersion Correction
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Compensation scheme for the coupling due to
the experimental detector

FINUDA IR
II IIlPII II
FF D F FD FF

+Bdl=2.4Tm
2 superconductive compensator solenoids
* 4 permanent magnet QUADs - ¢

* 4 electromagnetic QUADs -
* Independent QUADSs rotation



FINUDA @ DA®NE




Betatron coupling correction
alghoritm

* local correction

- by minimizing the coupling term of the measured
Response Matrix by the IRs QUAD rotations A¢,
j=1..r

N, .
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- linear system solved by SVD
- after few iterations 40% reduction in rms (Cmeas)




Betatron coupling correction
FINUDA

compensator solenoid

FF DF

The main part of natural transverse coupling is corrected by
rotating the QUADs in IR2

- -

[B8I=2.4Tm

FD FF

Fine tuning is performed using skew QUADs
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» global correction by SKEW QUADs
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It's possible to reach a satisfactory k correction even in presence of
huge coupling sources and without sophisticated diagnostic tools.



Impedance Effects in the e- Ring
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e- Vertical Size Blow Up

Ved =210kV -

Single bunch (beam) effect

It is correlated with the longitudinal
microwave instability treshold:

Threshold  scales = L o« 1.27
\ VRF

the same threshold and the same
dependence on RF voltage

It is relevant for the e- ring having
higher coupling impedance

The threshold is higher for
higher momentum compaction

Data from KLOE run Apr. 05



Experiment with o, < 0

G cm]
2.4
|
2.2
|
2
|
1.8
| |
1.8
n [ ]
1.4 mu >
o a®
1.2 e
L]
1 ®ee * I [mA]
gy 5 10 15 20

320

* 2+ 3mA 100ps
300 A e+ d4.4maA G6ps

¢ e+ 1.5mA 102ps
280 * e+ 13maA 110ps %

+ e+ 9mA 98ps f L

v

240

220

200

120

G600

time [pz]

630 700 730 800 830

a00 2350

Bunch shortens as predicted by
numerical simulations

Good agreement with DA®NE optics
model

lpuncn > 40 mA is stored with negative
chromaticity

No problems with RF and feedbacks:
about 1 A of stable current in both
beams

Coupling and geometric luminosity as in
usual operation conditions

First collisions at low currents (200
mAmps) with L., =2.5 x10"

Fast growth of electron vertical beam
size with currents above the
longitudinal microwave instability
threshold => hardware changes are
needed to overcome the effect



e- Vertical Size Blow Up has been neutralized halving
the e ring impedance by

removing all broken lon-Clearing-Electrodes (ICEs)
and all ICEs in wigglers since they were, according
simulations, responsible for the difference in coupling
Impedance between e* and e ring:

(g) 0 —-""v0549 (g) 0 le
n

Milling machine to cut ICE fingers

A. Clozza, V. Lollo, A. Battisti
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Presently no beam blow up is observed for the e-
beam with RF voltage



Conclusions

Efficient tools have been developed to:
correct closed orbit, vertical dispersion and coupling
tune horizontal dispersion

Betatron coupling can be made as low as .2% despite the huge
coupling source introduced by the experimental detector

Dependence of transverse vertical dimension on coupling
Impedance, in the e ring, has been detected, studied and eventually
removed



