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Introduction

Since 1992, PEP-Il and DAFNE beam feedback systeme bee
developed in collaboration, sharing common appr@achtechnologie
and Involving iIn common design and implementatideo aother
circular - lepton accelerators like ALS-Berkeley (USABessy
(Germany) and KEK (Japan).

The SuperB synchrotron and betatron bunch-by-buaedidack system
have been designed keeping in mind the previousree but als
making necessary upgrades in terms of better sigsalution, large
dynamic range, most modern and powerful componands updating
the software/firmware/gateware releases.

The upgrade - of the feedback systems designed fer ShperB is
absolutely valid also for the Tau-Charm Factory.

It is not even foreseen a scaled version respesupzrB feedback desi
In terms of power or digital processing hardwatgnaagh Tau-Char
harmonic number should be smaller than Superbsmat asks for les
computing but this variation is basically negligibl
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L Research activities that are common to DAFN

f_l and Tau-Charm feedback systems
II - Transverse feedback

|

L - Low noise analog front end: evaluation & studiethvbeam
|~ signals to have a better signal/noise ratio

el —
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_:'| - The new horizontal feedback kicker

—— - Remote signal/clock jitter control

—I - New 12-bit FPGA processing units under test dubg-NE
—!| runs

‘f - Longitudinal feedback

4; Simplified analog longitudinal back end without Q€S
modulation (only with amplitude modulation)

- 8-bit FPGA processing units tests during DAENESun

[




1 Collaboration with KEK

1 - Even If not officially signed, an informal
collaboration with Makoto Tobilyam@sponsible of
feedback at the KEK Accelerator Laboratory Is
continuing along the years with the goal to discus
;:| new ideas or to fix any problems.

| - DAFNE and KEK share same feedback systems b
— In terms of hardware and software.

S—

P his collaboration between two e+/e- collider mak

I possible an easier analysis of unexpected behavi

; - Also for SuperKekBand Tau-Charm will be possible

L | hope, to continue the feedback collaboration.
i




= L ow noise front end motivations

—— of the vertical feedback gain has been observati@beam
—— Size In collision(i.e. vertical enlargement) in some
L~ conditions.

-3

2 .
II In the past years, both at DAFNE and at KEK, sonfieence
[

——| Experiments on this topics have beam jointly cdroa by
- -3 KEK, DAFENE, PEP-Il experts to clarify better thertes of
L problem planning new strategies even if it is pbtraat it's
a beambeam effect and not a single beam behavior.

—:-[ First of all, the 8-bit Ato-D conversion for transverse feedba
processing unit has been upgraded to 12-bit toedserthe
guantization noise.

—
=
- Furthermore an R&D activity has started about aovwative
= low noise front end receiver.

|




Low noise front end motivations/2

In DAFNE main rings, to
decrease the environmental
noise effects, it has been f,g
proposed to move the parts N9 =%
of the circuits that are very
close to the pickup, outside

the main hall with the

vacuum chamber, far away
from fringe fields coming |
from magnets and RF  e+ring
klystrons.

Faraday cages with-hybrids inside
(the hybrids ‘are-parts'that make
pulse addiion & difference)



j::’ Low noise front end R&D

—

. H9 Hybrids have:been moved
—L This proposal brought to a from DAENE hall to

——1 completely new FE design instrumentation:hall
L that was tested at DAFNE in

March 2011 and Jan/Feb 2012 Tk gy
by Makoto Tobyiama and B i
myself using hardware from
—| KEK.

— - These tests done in DAFNE
were not conclusive because
needing high beam currents
and very flat colliding
bunches (conditions still not
available during tests).
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Transverse feedback front end

5
LY

—

During fall 2012, a new front end box, assembledtibNF by
Servizio SELCED with similar but not identical pangs
tested with DAFNE e+ beam by myself. Even if thel§E
pasically. common.to the two colliders, at DAENENSre

. .critical because the area needs for much longeesa@nd the

signal attenuation is higher than at KEK.
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The results of 2012 tests were verwwﬂvmw@TEﬂargement
effects on collision but with a new problem: indéetfjuent change

of the dtgltal gam was necessary with beam cunvenlatlon
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Front end conceptual schematics

1 A complete discussion on this approach with pro @

4-}
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IS beyond the goal of this talk, nevertheless we ca
summarize that:

Up and down button signal are brought from highahptkup
iIn DAFNE hall to instrumentation hall by long cable

Up and down signal are managed separately by twomb
delays and comb filters used to make 3 replicag&gsh bunch

Orbit offset correction is done by a dedicated muxgh
manual correction by using a knob

4*RF Is generated inside the front end where igmpphase
by using a manual knob

Detection Is made at 4*RF
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1+ Programmable trombone delay line
2 Colby PDL-10A

—
ﬂ-_—_ This high-resolution delay line based on the E@ediechanical
§ ;
L Trombone delay line structure has a total delage&dnom 0 to 625 ps
~= and bandwidth from DC to 18 Ghz.

el —

__‘l An internal stepper motor produces precise delgyssivith a resolution
-—J to 0.5 ps when operated in series connected mode.

——'The trombone design has an absolute accuracy ¢f psd

e ———

miam

:"'In the standard set-up (series connected), twdic812.5 ps electro-
——! mechanical trombone sections are connected inss@de short semi-
—| rigid coaxial cable on the front panel. The Se@lesnected

L configuration provides a full delay extension ranfié25 ps with 0.50

.

J__" ps resolution.

| The PDL-10A is fully programmable via GPIB (IEEE48&rotocol)
I interface or via a MicroTerminal (MT-1A).

_|_“At 18 Ghz, the frequency roll-off is typically lesan 1.0 dB.
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Colby 10A
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The core of the front end is the comb filtera
sophisticated, custom device, done by fabricating a
special pcbusing Duroid as dielectricg,=2.9).
The filter can replicate the bunch signals with the
goal to seng\j ..I_h_?_{n to a RF mixer for detection.
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= The “pcb” comb filter has very high attenuation

*L (~23dB) and, added to the cable attenuation, it mads

£J too small signals to have adequate SNR & dynamic

L range ll 2017 ruins).
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J--.l Another type of comb filter is now under test.
L This uses two 4ways splitters to replicate
£ ~ bunch signals at 4*RF by implementing
a-.ldlfferent SELCED).
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In the picture: 3 cables with different length to make
n*AT=n*(1/RF/4)=n*678 ps skews, with n=0,1,2
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Attenuation is only 3.3 dB !
L, The magnitude response has the same
—i shape of the previous pcb” comb filter
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L Nevertheless, outside the main lobe,
L, “pcb” comb filter transfer function is

—I  much more clean than with the other
1 method (splitter-combiner comb filter)

b e e e e
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< made by a signa

—I ‘get from a picku
_Jfollowed by two ¢

b 2 To have a bunch signal simulator we need ) deV|ce t
transform a S|mple pulse from the usual pulse funabn

generator to the derivative shaphat we
0. To do this, we use an invertingplitter

ifferent delayed paths, followed $ a non-
inverting combiner:- |
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300 ps rise time
for the bunch
pulse emulator.

For a

preliminary test

IS enough fast

but It's far from

the real case
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AVX-5P AND AVX-CP SERIES

0° AMD 180° POWER SPLITTERS
AND O° POWER COMBINERS
FOR NAMOSECOND PULSES

AVE-5P SERIES
0 AND 180" NANOSECOND PULSE POWER SPLITTERS
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The AVE-5F senes of pulse spiiters prowvedes o oulputs
wihéch are edther boih n-phase wath the noul sgnal (07 and 07,
nom-ivened), o with one oulpat non-nvened and with one
culpul vwened (0" and 180°). The fundion of an invering
pulse gptter 5 Busated above. A positive nput pelse is spi
o one positve cutpul pulse and me negatve ouipul pulse,
The culput vollage magmtudes are each egual 1o one-half the
gl magnauede . Oulput relatrve magniluedes and delays ane
closaly matched and stable. The 300 ps nse time AVX-SP-1
and AVE-5P-I are deshgned for vse with nanosecond spesd
lahoratory pulse generators of with Aviech unils such as the
AN and AVL senes. The B0 ps rise tme AWVE-SP-3 and AVE-
EP-d models are mlended for wme wilh sub-nanosecond
laboratory pulse genesators and with Aviach AVH, AVE, AWM
and AVN senes unils. lwvening power sphtters may also be
wsed a5 wenng transTesmers (with 50% loss of ampitude) of
the nof-evverting culpot 15 esminated o fifyy Ohms.

AVN-5P models are not reversible - that s, they can nol be
uwsed Bs power combners. See the AVE-COP senes oo
applcations requiring pulse power Combiners,

AVE-CP SERIES
0 NANOSECOND PULSE POWER COMBINERS
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The AVE-CF senes of pulse combaners can be used o add
logemer two pulse signals. They can also be used in reverse,
1o spit a sgnal npot pulse nio wo denlical culputs with 70%
of the coigenal ampliude .

‘When used to Sum o unity ampitede npuls, the combiners
will wedd an oulput eqgual 1o abod 14 temes the g
ampituds. The bas summeng actkon of an AVX-OP senes
power comibiner s Busyaled i Figune A above, Ofher possibde
apphcations for pulse power combiners are Busiated n
Fegures B and O Figure B demonsiraes how a reladvely fast
namow pulse can be superimposed on a wider pedesial base
pulse winde Figure C Susrates how o mpul pulse bnes can be
combaned oo 2 single lne.

For & 100 ns puse width, model AVE-CP-1 & raed for 3
mEETie nput voltage of 5, e AVK-OP-2 i rated a1 200, e
ANE-CP-3 5 rated a1 700, and the AVE-UTP-4 5 rated 3t 350V,
Im 38 cases (except for the AVXM-CP-4) the masimuem voltage
can be moreased if the maximoem polse widlh i3 reduced. A

Woda: Rl e ) ) models require 30 Ohm lerminations.
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Droop (maxk: 10% for 10% armpiifude’ G0 40 | S0ns /60 | S0ns ) 150Y | 100ns 350V
Lol - m}gﬁ'—ﬂ EP}F;;S'Iﬂni_ ?’E "'“!['E <300 ps L1m £ 05ns 2 1me
gt and load [
: 53 Chins oy ! 14w 14 W 12w 1%
Mmi P e and lnad
 votage: 350 v Ensedaes: 50 ks
M.il‘rll‘ﬂ Draaon: % 10 ot e inpf)
AVBRE DOWET HIw Waw Comadar: A
| Ampliude match: + 2% {OuwApist A %0 Oulput B} Sa: 35w 28 = Smm
Celay mao: 3 10 ps {OUIDUL A 1o il ) W 0 {14 x 11" x 237
Connecions. SR1A Chassis rmatsial coant aluminm. Blue arame
EE:H:‘WJ:D} 38 =R u:ﬂmﬁj"u:fj"uﬂ_g"} T e et red urd gy syrchionous, sgual avplibuct: puses apdlied Gobahinpuats.
Chasses malenal; €35 e, bise anamed



: ThIS is what we get: we pass from a
L, 400mVpp pulse to a 44mVpp (-19dB)
! derivative shape typical of a button
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IJ From the rise time point of view , this parameter$
7~ dominated by the function generator rise time

= (4.5ns) ...so we cannot see the 3 replicas of the
—




Ij To evaluate better the ‘bcb” comb filter
J-pehawor just to consider this example: a pulse
A_J of 400mYV passing through the comb filter is
~reduced to 2.5 mV; this clarify the difficulty to
—=lmanage so small signals ip a very NOISY area




IJ_In time domain the 44mVpp pulse passing through thaew
- filter became 22mVpp even if this value is given bthe
i’lf- envelope of the 3 pulses that will be separated the real
= - case (much shorter rise time) |
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~—Indeed disconnecting 1 cable we get ~15mVpp
% pulse (from 22Vpp with 3 cables)
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L And disconnecting 2 cables, we get ~8mVpp
L pulse that still is much larger that use the first
method (“pcb” comb filter) !
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= Front end conclusion
b o

I

i—-JThe iInsertion of extremely precise trombone linés w
——digital control and of a different type of comlddi
—With much less attenuation should have a positive
—Impact to understand the front end behavior wighhi
—land low current beams.

e ———

| ———

‘Probably the insertion of more diagnostic pointthie

—

—_—

[circuit would help to speed up the FE tuning.
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=1 Horizontal kicker

- A new harizontal kicker (design by D.Alesini, Alla& G.Fontana)
has been installed in DAFNE e- main ring having:

» Tapered and double length striplines;
» reduced stripline separation in the horizontal plE&mm -> 60 mm);

| » much better shunt impedance.




Transverse feedback klckers

e- horizontal kicker =>{:

As it's possible to see in th *TC. SN

pictures the new horizonta 4 w/ im,.
Kicker is much longer than
the vertical one.

e

e- vertical kicker =>

i e



L, Remote signal/clock jitter stability

J;l - In DAFNE e- transverse
=

— feedbacks, during the past

£1 operations, “long term”

L. signal/clock drift of the order

of ~ 180 ps had been

observed. - (b
n

i

— |
L - During spring 2013 DAFNE -
shutdown, thermal control has
been installed by Servizio
Fluidi in the room hosting the
electronic equipments of the
e- transverse feedback in
order to avoid or to limit

- timing fluctuations.
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The other topics

12-bit (transverse) and 8-bit (longitudinal) FPGA
based processing unit are running very efficientl
with a new EPICS operator interface and a
complete compatibility with the well consolidated
bunch-by-bunch diagnostic tools based on
MATLAB

the simplified (no QPSK modulation)
longitudinal back end Is running well up to the
achieved top beam current (1.4 A), still waiting
for a definitive test and acceptance




= Conclusion

L . DAFNE is extremely useful to test innovative idea
1 for bunch-by-bunch feedback systems for future
L~ circular colliders as Tau-Charm.

- . With the next DAFNE run (starting next Septembe

L Important conclusions are expected on the feedb
i performance.

-, |f DAENE would have a smaller emittance, the tes
L would go even more Iin depth. (This is a DAFNE
- limit!)

Possible new tests at SuperKek@xt year (?) or In
ow emittance accelerator (ESRF?, Diamond?) co

give more information to further feedback
Improvements

1
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