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The DADNE Accelerator Complex
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DA ®NE parameters

DA®NE
native
Energy (MeV) 510
0.10ss/2 (Mrad) 12.5
g, (mmxmrad) 0.34
B.* (cm) 160
o, * (mm) 0.70
q)PiWinski 0.6
B,* (cm) 1.80
c,* (um) low current 54
Coupling, % 0.5
Bunch spacing (ns) 2.7
Ibunch (mA) 13
o, (mm) 25
I\Ibunch 110
L (cm-2s1) x1032 1.6

Colliding beams have:
low E
high currents
short bunch spacing
long damping time



Luminosity at DA®NE 2001 — 2009
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lons to particle accelerat

d studies aimed at improving beam dynamics an
beam performances:

Low impedance vacuum chamber components

* innovative bunch by bunch feedback systems

* short pulse PS for injection kickers

* non-linearities mitigation in magnet fields especially in wigglers
* collisions with negative momentum compaction

* parasitic crossing compensation by current carrying wires

* collisions with very high crossing angle

* strong RF focusing

crab Waist collisions

electrodes for e-cloud compensation

Proposals:
 DANAE (1.02 GeV — 2.4
* Bunch lenght modulati

- DAFNE-VE (0.6



DAD®NE achievements

* luminosity achieved at DA®NE is by two orders of magnitude higher tha
the one obtained at other colliders operating in the same energy range

» Impedance budget is a factor 80 lower than in similar storage ring (EPA)

* Collisions with negative momentum compaction gave a 25% gain in terms
of specific luminosity at low current without sextupoles

* Longitudinal feedback kicker designed for DAFNE has been adopted at:
KEKB, BESSYII, PLS, SLS, HLS, ELETTRA, KEK Photon Factory, PEP Il

* Maximum current stored in the DAFNE electron ring, 2.45 A, is the higher
ever achieved in the world

* DA®NE is the only collider operating routinely with, and thanks to the
electrodes for e-Cloud mitigation

Crab-Waist collision scheme has become a basic design concept for f
ew projects



HOM Damped Vacuum Chamber Elements
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e-Cloud at DA

The worst case:
1. Aluminium vacuum chamber
2. Shortest bunch separation of 2.7 n
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lectron Clearing Electrodes

igate the e-cloud instability copper

des have been inserted in all

e and wiggler chambers of the

hine and have been connected to

ernal dc voltage generators.

he dipole electrodes have a length of

or 1.6 m depending on the

nsidered arc, while the wiggler ones A
1.4 m long.
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(Courtesy of D. Alesini)



ring electrodes for e-cloud suppr

the first collider operating routinely with long electrodes, for e-cloud mitigation.
es let more stable operation with the positron beam, and allowed unique measurem
loud instabilities” growth rate, transverse beam size variation, and tune shifts along the
, demonstrating their effectiveness in restraining e-cloud induced effects.

Alesini et al, Phys. Rev. Lett. 110, 124801 (2013)

Test e+ clearing electrode [Dec/03/2011]
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rab-Waist Collision Schem

hourglass effect °, ~ o,
LRBB interactions

Crab-Waist is based on:

Large Piwinski angle @

o 0
D=~—Ftol — 1
g(2)>>

X

large O
small c*,

=

B*y comparable with overlap area

B ~20".10 =

7= —>

A new collision scheme has been designed and implemented on the DA®NE
collider, the Crab-Waist collision scheme to overcome limitation in L due to:

beam transverse sizes enlargement due to BB interaction

P. Raimondi, 2° SuperB Workshop, March 2006
P.Raimondi, D.Shatilov, M.Zobov, physics/0702033
C. Milardi et al., Int.J.Mod.Phys.A24, 2009
M. Zobov et al., Phys. Rev. Lett. 104, 2010

Crab-Waist transformation by two Sext

L gain with N
low &,
&, decrease with Y oscillation amplitude

L geometrical gain
lower ¢,
Y Synchro-betatron resonances suppression

upoles _
L geometrical gain

lower &,
X-Y Synchro-betatron resonances
suppression




Beam transverse size measured at the SLM
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aist collision scheme and SIDD

angle and Crab-Waist scheme proved to be
increasing luminosity, a factor 3 higher than in the

last omiDes playSicd W fllHAn-l
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SIDDHARTA Luminosity

ONE collider, based on a new collision scheme including - o 105 bunches
Piwinski angle and Crab-Waist, has been successfully 1523 1002

missioned and has delivered: ‘
453E+32 -

..‘..u ]

Leak= 4.5%10%> cm™2 s
Lj1 gay= 15.0 pb?
L1 pour = 1.033 pb?

Lirun™ 2.8 fb™t (SIDDHARTA detector)

run

[Luminosity [em2 s-1] - on line FARM process| Luminosity [cm2 5-1] - on fine FARM process

Li; hour= 1.033 pb-?

* High rate iniection regime
« 105 colliding bunches

Ligay = 15. pb

* moderate iniection rate regime
* 105 collidina bunches.
*Lipoyr= 0.62 pb°




KLOE-2 run

Integrating the high luminosity collision scheme with a large
experimental detector introduces new challenges in terms of:
IR layout

optics

beam acceptance

coupling correction

Crucial Points:
IR optics complying with:
Low-f3
Crab-Waist collision scheme
Coupling compensation
Beam trajectory control
IR mechanical design allowing:
Large crossing angle
Early vacuum pipe separation after IP inside the detector
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minosity during the KLO

Opened at: 0902115 05:158:41 PM

Still the full potential of
the new CW collision
scheme has not been
completely exploited

885
2.13E+32

DAONE CW DAONE CW
upgrade KLOE-2 (2016)
SIDDHARTA (2009)
Lpeax  [10°2 cm=2s] 4.53 (5.0) 2.13
Ligay [PD7] 14.98 14.03
L1 hour [PD7] 1.033 0.62
I"vax in collision [A] 1.52 1.129
I*\1ax in collision [A] 1.0 0.885
Npunches 105 105
collisSion scheme including Large Piwinski angle and Crab-\Wai

lon of the beam-beam interactions has proved to be a via
ne luminosity of the DA®NE collider even in presence
ed with a high intensity solenoidal field.



KLOE-2 Run Overview
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Colliders based on Crab Waist concept

Colliders Location Status
- In operation
DADONE v Faqtory (SIDDHARTA, KLOE-2)
Frascati, Italy
- Phase Il
SuperKEKB Eunzicggg] commissioning in 2019
] C-Tau-Factory Russian me_ga—science
Superc Tau Novosibirsk, Russia Projeiy
1 Z,W,H,tt-Factory 1003
REC-ece N [a—— CDR at the end of 2018
' _ 100 km, CDR released
CEPC nggs Factory In September 2018
China
HIEPA 2-7 GeV Considered option

China




nch-by-bunch Feedback syste

ed to damp coupled bunch instabilities both in the longitudin
nd transverse plane

NE FBKs are based on iGp (Integrated
asample Processor) an innovative digital Linux10C  [SB driver = EPICSTOC |={-Ethernet o

nch-by-bunch hardware developed by a KEK / Triggrs ESe——
LAC / INFN-LNF joint collaboration. RF clock | '—# supply monitoring
} | Y ‘_T

rocessing unit can sample at 500 MHz and
mpute the bunch-by-bunch output signal for up el ADc —>| FPGA || DAC [t
~5000 bunches.

) L s
- Slow
e FBK gateware code is implemented inside emory” and digital /O

one FPGA chip, a Virtex by Xilinx.

FPGA implements two banks of 16-tap FIR
Impulse Response) filters. Each filter is
programmable through the operator

At DAONE, the Frascati ¢-Factory,

units are used to maintain control of the

Figure 1: iGp block diagram.
(A.Drago,

“Trends in Fast Feedback R&D”
arxXiv:0806.1864 , Jun 12, 20



ch-by-bunch Feedback syste

Ing high current stable and efficient operations requires
ous effort aimed at upgrading and developing FBKs syste
effects must be carefully kept under control.

verse FBKs have been equipped with new
ontal kickers having doubled strip-line length
providing larger shunt impedance at the low | -
uencies typical of the unstable modes. This i TG00 L g
ws doubling the FBK damping rate for the same S S —
up (gain, power amplifier, etc.).

S e : : : ‘ : S
software and gateware revisions have been *""[ & =~ o%"’w

A Y R . O AOT | -mereero ke LT (R PP RSRE: ....... 4
lemented in four iGp-12 units and tested with omsj
eams. 0 105 . i i i i : i . :
0 10 20 30 40 50 @60 70 80 a0 100

Bunch number

PICS client package, for Linux environment, Figure 6: Bunch-by-bunch e+ horizantal tune.
n installed in a powerful dual core personal
r used as dedicated interface for the

in control room.

allowed to develop powerful

tools.



eedback system propose

Foreseen damping rate: 0.625 turn

FCC-ee main ring

kicker4 PU4
Station1 Station4
PU1 i

NOTE: the DPU
insertion delay is

arc=25Km about 400-600 ns

Chord=22.5 Km

Chord is 8.25 us shorter
than arc going at light speed

PU3
Kicker1 Station 3
Station2 Kicker2

PU2 Beam runs counterclockwise

 However the FCC ring lenght gives a very interesting chance to build
"feeding forward" systems, producing damping rate even faster than 1
revolution turn. This can be possible applying the correction signal
quickly than one revolution period.

From A.Drago talk at ICFA mini-Workshop
d Beam instabilities, Benevento, 19-




n points & possible soluti

betatron coupling fine
tuning

. e-cloud effects

. Microwave single bunch
instability

. TMCI single bunch
Instability

1.
2.
3.
4.

. Stronger CW sextupoles
. Nonlinear dynamics optimization

. Vacuum conditioning and beam

. Feedback noise improvement

Trimming rotation of IR qua
More bunches
Higher chromaticity

Higher lattice momentum compa
factor

scrabbing

lete this plan requires a huge program involving:
eam measurements and simulation.




t Beam Dynamics at DA®NE, an
(C. Milardi LNF - INFN)

eam dynamics in present and future circu
lepton colliders ”

The proposed PHD thesis aims at studying beam dynamics and its interpla
with the beam-beam interaction for the DAD®NE configuration based on t
Crab Waist collision scheme.

The purpose of this work is twofold: to push DAFNE luminosity to its
ultimate limit, and achieve a detailed comprehension of the collider
imiting factors.

e experimental studies undertaken at the Frascati ®-factory will be
ary interest for all the other communities working at the design
colliders based on the Crab Waist approach.

rch program includes experimental and simulation acti
rascati laboratories (LNF) of INFN.
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Theses about Feedback Systems at DA®ONE ‘
(A. Drago LNF - INFN)

“Development of a simulation code for design and
optimization of bunch-by-bunch feedback systems dedicated
to circular lepton accelerators”

FBK thesis n. 1 is suitable for candidates having theorical skill in

accelerator physics and interested in developing software models
for stored beams instabilities and cures.

“Development of a real time bunch by bunch feedback
system based on FPGA technology aimed at stabilizing beam
motion in circular lepton accelerators”

FBK thesis n. 2 is intended for candidates interested in hardware

development, firmware, and software design, better if already
k aware of FPGA components and code. ‘



FBK Thesis n. 1

e proposed work aims at developping a model to study the behavior
epton beams under the effect of bunch-by-bunch feedback.

The beam model will be based on parameters from future or existing
circular accelerators.

It will implement circular accelerator concepts for describing beam
evolution and instability.

The feedback model will be used to design a system able to damp the
Instabilities based on F.I.R filter theory.

Both models should be most likely implemented in Matlab and/or Simulink
language.

Interfaces to other models written in FORTRAN or C/C++ are possible.
Some knowledges of dynamic system theory is desirable

eedback stability criteria as well as zero-pole-gain model should be
own

ab Control System Toolbox can be used as basic development t
and C/C++ working knowledge is also welcome.



FBK Thesis n. 2

goal of the thesis work is to develop a real time feedback syste
FPGA technology.

Ignals from each bunch are acquired, digitally converted and stored in
dedicated memory space to produce individual feedback correction kick a
each bunch passage.

FIR (Finite Impulse Response) filters have to be implemented in FPGA
based boards to stabilize the beam motion.

Igital electronics, FPGA programming, VHDL and/or Verilog, C/C++,
tlab languages will be used.

working experience is welcome.



Thank you for your attention



