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Introduction

« The betratron and synchrotron bunch-by-bunch feedback
systems are largely based on the previous designs that have
given very positive results in the last 16 years.

« A new, more powerful feedback version has been installed in
last November at LNF to be tested on DAFNE beams and
basically it has described in my last talk in XVIlI General
Meeting.

« Here | present comments on the tests and new developments
based on the iGp12 system. In particular I'll speak on the
following topics:

« General behavior tests

« Decoherence measurements

« Application to manage FE saturation automatically
« Tune spread analysis programs

« Tune feedback application



SuperB bunch-by-bunch feedbacks
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Core of the new betatron and synchrotron bunch-by-bunch
feedback system is the iGp12 (i.e. DPU=Digital Processing Unit),
just upgraded from the previous iGp feedback developed in
collaboration with KEK and SLAC (2002-2005) and based on the
old longitudinal bunch-by-bunch feedback designed in
collaboration ('93-96 by SLAC/LNF/LBL for PEP-II, Dafne, ALS).
This year, during Dafne runs, we have tested the new feedback
behavior together with all the old beam diagnostics tools:
all the tests show that the iGp12 works very well, without any
compatibility troubles.
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Only minor problem:
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Dechoerence measurements done on Feb/
7/2011 by the bunch-by-bunch transverse

feedback systems
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This EPICS panel gives

In real time four data

Windows:

a) Mean values

b) Motions of one bunch

c) Max rms motion
versus bunch number

d) Averaged power
spectrum with explicit
maximum or minimum
value marker



Dechoerence measurements done

on Feb/7/2011
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Dechoerence measurements done
on Feb/7/2011 |
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spreadsheet format




Dechoerence measurements done
on Feb/7/2011 in the vertical plane
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DAFNE has not a
vertical kicker like the
injection kicker so
We use the feedback
also as excitation
generator.

A .4ms antidamping
signal is sufficient to
excite in the vertical
plane one bunch



Dechoerence measurements done
on Feb/7/2011 in the vertical plane
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In the plot it is possible
to see that the iGp12
based on Xilinx Virtex-5
(in place of the old
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more data space; 12ms
data for each bunch !
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Summary of dechoerence measurements
recorded by the bunch-by-bunch feedback
on both vertical and horizontal plans

~ readme2 - Notepad o | B[]
File Edit Format View Help
summary feb0711

file V/H Ib(ma) kick turns ms counts mm

161945 vV 12 0.2ms 19300 6.28 474 2.63

162548 V 8 0.4ms 30700 10 635 5.29

163338 V 4.5 0.5ms 38000 3237 418 6.19

163923 v 4 0.4 40000 13 418 6. 97

170303 H 7 45 12kv 325 0.1 46 0 T4

172246 H 2.6 12kv 1000 0.35 49 4.2

172740 H 7 9kv 1200 0.4 128 4 [saturated!!!]

172951 H 6.2 7kv 925 0.3 128 5.5 [saturated!!!]
H L Y S5kv 1200 0.39 108 4,36




Longitudinal frontend / backend analog module

Very simple and
compact front panel:

It is mainly analog but
it can be
programmed in the
basic functionalities
by EPICS panel and
through a digital flat
cable connection with
the iGp12 module
(having a pc inside)
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File Edit Text Go Tools Desktop Window Help
DNl iR = | S A f

Uwauay

S5 limit_wval n= -80; % typ. -80

6 step=1;

7 secondi=10;

8 while (1)

9 '. i o o ol o ol o o o o LFEE]_E e o o ol ol ol ol ol ol o ol o o o o
display('checking LFE e- FE saturation'):
[mean val,tim stamp] =lcaGet (' IGPF:LFEEle:MEAN')

max_val=max (mean_wval)
min_ val=min(mean val)
att_val=lcaGet (' IGPF:LFBEle:FE_ATTEN')

% check if front-end is too attenuate

if ((max_wal > limit_wal p) && (att_wval >.5) )
att_wval=att_wval-step
leaPut (' IGPF:LFEEle:FE_ATTEN' ,att_wval)

: check if front-end is not enough attenuat
if ((min_wval < limit_wal n) && (att_wval < 30.5) )
att_wval=att_wval+step

lcaPut (' IGPF:LFBEle:FE_ATTEN',att_wval)
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end

% e e o ol ol ol ol ol ol ol e ol o LFEEPI:IS

display('checking LFB e+ FE saturation'):

[mean val,tim stawp] =lcaGet (' IGPF:LFEPos:MEAN')

max_val=max (mean_wval)

min_val=min(mean_ val)

att_wval=lcaGet (' IGPF:LFEPos:FE_ATTEN')

% check if front-end is too attenuate

if ((max_wal > limit_wal p) && (att_wval >.5) )
att_wval=att_wval-step
lcaPut (' IGPF:LFEPos:FE_ATTEN' ,att_wval)

end

% check if front-end is not enough attenuate

if ((min_wval < limit_wal n) && (att_wval < 30.5) )
att_wval=att_wval+step
lcaPut('IGPF:LFEPGS:FE_ATTEH',att_val]

end

display('..... waiting some seconds....... ')’

pause (secondi) ;

end
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Using the new frontend,
a very simple routine has
been written in last
Febrary (using Matlab &
EPICS) to control the
iInput signal saturation
and, in the case, to
modify the FE setup.
This program has been
tested in DAFNE runs for
long time without any
troubles this year.

script Ln 1 Col 1
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Beam diagnostics
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The iGp12
performance

are clearly

better than the
previous

system in terms of
dynamic range and
internal memory

A bunch pattern (or
a single bunch)
selection can be
used (by a
dedicated external
program) to plot the
bunch-by-bunch
tune spread and the
gap transient



Tune spread measurements:

this is done using the bunch-by-bunch feedback
capability and by writing a Matlab/EPICS routine

: [=EN
@ @ e Edit Text Go Cell Tools Debug Desktop Window Help ~ | a X
Horizontal Vertical u@|$%Eﬁ')("|-§3|“@’f",‘U'@@@ﬁ@@lﬂack: BHEDEIE@

(e+) (e+) :’_g)|‘|_ x|%’ﬁ’%3§‘0.

NB Editor - /lhome/iGp/drago/tune spread.m

+|+

1 % Matlab program to read tune versus bunch number ps [
Z datestr(now)
= clear; close all; format short g; format compact
4= ave_p = 'l';
Horizontal  Vertical o= ave_e = '20';
(e2) (e:) Hi pos = 0; % O=no, l=yes
7= ele =1; % O=no, l=yes
8 - [rfl=get_RF;
9 - HH=120; %harmonic number
10 - RF=(rf/HH)/1000;  Srev.frequelSEERUTN (W RPN NCPL YY)
186 BN=1; %first buncf®" _ ,
12 - HN=60; %last bunch File Edit Debug Desktop Window Help
3 2 :E:;BJEB:NI:{N nuhp=BN:HN; nuve=B ne ‘ @9 e |“ o @ ‘ L2 i CLUEIIDISEER /nome/\Co/data HD a
15: TcaPut('IGPF:VerPos:SP_SEARCHL' || Shortcuts [&] How to Add (2] What's New
161 = TcaPut('ICGPF :HorPos:SP_SEARCHL' | current Directory w2 x Co d do
17 - lcaPut('ICPF:VerEle:SP_SEARCHL'f = = e -
18 - TcaPut(' IGPF :HorEle:SP_SEARCHL ' ® 5 j | 3 - ONewlu MATLAB? Watch this ¥ideo, see Demaos, or read Getting Started.
;g il lcaguig:%ggp\éwgﬂiggﬁgg: savell ) Files £ Size Type [Date Modified »> ad
= caPu :HorPos:SP: ,avells : >> tune_spread
21~ Tcabut('ICPF:VerEle:SP:AVG' avellm b oott Foer AT A ?
5 4 1 feb0411 Folder 2/411 7:43 PM
22 - TcaPut('ICPF:HorEle:SP:AVG' ,avelll~ 4 ans =
i : Z 1 feb0711 Folder 2/7/115:39 PM
23l e_currl=1caCet('IGPF:LFBET1e:DCC S ian2411 Fold 1/24/11 6:05 PM
24 - p_curri=TcaGet(' IGPF:LFEPos:DCCH/—= 3N et /24116 26-May-2011 15:16:53
55 - For nb=1:HN Cjan2511 Folder 1/25/11 12:12 P e
ol TeaPut(' IGPF :VerPas:ACQ: PATTERIDan28LL Foider 12811059 A [Tniiatizing 1abCa Release '$ane: Tabca_2_1 beta §'...
2l TcaPut(' IGPF:HorPos:ACQ: PATTERIC) mar oaer 231115 Author: Ti11 Straumann <strauman@slac.stanford.edus
28 - TcaPut(’ IGPF :VerEle:ACQ: PATTE[IE) 0ct0710 Folder S/3L/1LS03PMIN e 2
29 - TcaPut( ' IGPF :HorEle:ACQ: PATTENIE oct1510 Folder 5/31/11 3:03 PM 0.055048
30 - [fnu, tin_stamp]=1caCet{ ' ICPF: () fast.stat 1 KB STAT File 5/26/113:16 PM| | n e =
S [fru, tin_stamp]=1caCet{ ' ICPF: 0.21653
Sl nuvp(nb)=fnu/RF; ans =
H31 [fnu, tin_stanp]=1caCet( ' ICPF: 26-May-2011 15:18:18
34 - [fru, tin.stanp]=1caCet{ ' ICPF: o
S350 nuhp(nb)=fnu/RF;
2= [fnu, tin_stamp]=1caCet{ ' ICPF:
ST [fru, tin_stanpl=TcaGet( ' IGPF:f[«]
3B nuve(nb)=fnu/RF; z -
- [fnu, Tin.stanp]=TcaGer(' TcPF - | SOMIAAL Hoton
40 - [fru, tin_stamp]=TcaCet{ ' ICPF: iakics
seh Enz“he(”h)=f““/RF; [nean_val, tin_stanp]=TcaCet(' IGPF:LFBETe:MEAN')
il B-%-- 5/26/11 3:10 PM --%
43 - e_curr2=lcaCet('ICPF:LFBETe:DCC 1 ad/ /
3: - $Fc:;;2=1caﬁet('IGPF:LFBPDS:DCC " tune_spread
= 5 == q
46 - figure(l)
47 - plot{NB,nuvp) 4 stant
48 - hold on
49 - plot{NB,nuhp,'r') .
50 - title(['e+ current from ',num2str{p_currl),’' to ',num2str(p_curr2)]); =
ik end il
Ly if ele == =
53 - figure(3)
54 - plot{NB,nuve, 'k') ||
55 = title(['e- current from ',num2str(e_currl),' to ',num2str(e_curr2)]) v
“[[tune_spreadm x| adaptFEm x|
script Lh 1 Col 1

EEE' B Terminal - iGp@fbclient:~ X Edm [16]

%m' % @ @ @ @ E?st'[_ @ iGp@fbclie

- Shell - Kt

-

I Com-mathworks-util-Pcs

15:20
Thursday
2011-05-26



Tune spread (fake results in this case):

the tune spread analysis works in the four oscillation planes (H+,V
+,H-,V-) without stopping the feedback regular functions

@ I -) | Figure 1 )| Figure 2
File Edit ¥iew Insert Tools Desktop Mindow Help ~ | File Edit Y¥iew Insert Tools Desktop Window Help
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| ans =
e- current from 0 to 0 e- current from 0 to 0 26-May-2011 15:47:16
Lo ! ! ! ! ! e ! ! ! ! ! nuhe_ =
g 4 2 4 g 2 4 2 L 0.17982
[l ve =
03 ix 0.045681
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u 0.016514
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@ ans =
g 0.2 = 26-May-2011 15:43:34
pt = | | [>>
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SuperB Tune Monitor and Tune Feedback
| —

n  PEP-II used downconversion in a mixer, followed by:
n A spectrum analyzer
n A phase-locked loop, with single-frequency excitation and detection by
a lock-in amplifier

n Both should be good for SuperB

n  Direct Diode Detection (or “barbeque”, for Baseband Q), now
used for LHC protons, is very sensitive
n Can measure the tune of a single bunch without driving the beam.

n Tune feedback

n Tune spectrum in collision is too wide for a single value

n Need a “pilot” (noncolliding) bunch
n Unstable when colliding tune is just above 0.5
" Must shake the pilot to raise its tune above the half integer

2010-03-17 Fisher — SuperB 7
Diagnostics
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The iGp12
processing unit
can be used to
implement tune
feedback systems
that don't need a
pilot bunch out of
collision with
excitation.

The marker value
gives in real time
the betatron
oscillation frequency
that can be exported
to implement easily
a tune feedback

Betatron tunes (also in collision) from bunch-by-bunch fé@backs
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Transverse front end

1 This analog module still has to be designed

A preliminary scheme is under study in collaboration
with KEK expert (Makoto Tobiyama).

A first version of the hardware (coming from Japan) is at
LNF lab, and it is ready to be tested as soon as
possible.

d It should be completed with programmable digital parts
and interface

d This new front-end could be a base for an engineered
version to be designed together with KEK for the
SuperKEKB



Conclusions

New betatron and synchrotron bunch-by-bunch feedback
systems have been succefully tested at DAFNE this year.

The upgrade consists in using 50% bit more in
conversion (8 = 12), in having more memory available
for data tracking, in having much more powerful FPGA
with more DSP inside and, last but not least, a perfect
software compatibility with the previous systems

Three applications have been developed or are in
progress with minimum manpower and efforts.

In particular a tune feedback could be easily
implemented using the internal iGp12 diagnostics

Tranverse frontend unit is still in a preliminary design
phase in collaboration with KEK.
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