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TABELLA RIASSUNTIVA STRUMENTAZIONE DIAGNOSTICA DAFNE

TIPO

TRANSFER LINES

STORAGE RINGS

IP's

TM/TS

B
TL/TR
TT

TT
TPITE

ACC

MR e-

MR e+

D1
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Odoscopio a Emissione Secondaria

Faraday Cup

Targhetta (Flag) OTR

Flag Ceramiche Fluorescenti

Slit/Scraper Orizzontali

o Gl L L
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Slit/Scraper Verticali

RN

RN

Beam Stopper

Monitor di Corrente a Toroide

o L

gl

Wl

Wall Current Monitor (MIR)

Monitor di Corrente DC (DCCT)

e L

e L

Beam Position Monitor - Stripline (BPS)

13

Beam Position Monitor - Bottoni (BPB)

10

10

Beam Position Monitor - Speciali

Kicker Trasverso - Stripline

X/Y Tune Monitor/Transv. Feedback

Monitor a Luce di Sincrotrone (LDS)

w
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Beam Loss Monitor

14

14

Monitor di Luminosita (Macchina)
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Electron-Positron
Accumulator

Transfer lines
//./Avv 180 m)

Test Beam 4

T-Jma// _ \\\x Nogs-
, el IR2
/fs\ o
Spectrometer Main Rings

LINAC e+ 10-100 mA T~10ns AE/E £1.5% 1-....50/sec
LINAC e- 50-500 mA T~10 ns AE/E £0.5% 1-....50/sec
TRANSFER LINE LTA  Efficienza di trasporto <60% 1-....50/sec
ACCUMULATORE 10-140 <mA> [ 1nC => 9.2 <mA> ] 9.206 MHz

TRANSFER LINE ATR  Efficienza di trasporto ~95% 1-2/sec



Ficure 4. DAF NE Linac BEaM DIAGNOSTICS

Positron Converter
GUN ositron Converte

et e” Separator
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BPM "Sugar Scoop" Type
Side View

Beam Position Monitor (Capacitive Type) v o
acuum Pipe

Beam Line

D Beam Profile Monitor (Fluorescent screen) W -

Vertical Electrodes Horizontal Electrodes

Beam Current Monitor (Resistive Wall Type)
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Prino (singol o) passaggio di e- Iin DAFNE
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CDOSCOPI O A EM SSI ONE SECONDARI A

Sullo Spettronetro. Usato per |a
msura di energia e di nonocro-
maticita del fascio del Linac
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Spectrometer
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SCRAPER

Per limitare l'apertura in mode artificiale.

Serve a ridurre 1 fondi nelle zone sperimentali e
per studl accurati sulla popolazione delle "code",
misurando la vita media al wvariare dell'apertura.
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BEAM LOSS MONITOR

Due fotodiodi In coincidenza rivelano |l
passaggio di particelle cariche con buona
relezione dei fotoni e della "corrente nera".

N

Charged p-n'-rh.-\.

I

Circuito alla Wittenburg (Desy-Hera)




Panofsky Long Ion Chamber PLIC

TNLBT 5T
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RADI AZI ONE di  SI NCROTRONE
CURVA UNI VERSALE di EM SSI ONE
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ADA - Luce di SI ncrotrone
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Monitor a Luce di Sincrotrone
Di sposi zi one Schemat i ca

Linear
array of .
Vacuom v_.EEw__monom Horizontal profile
Window m splitters |
(cooled)- : _
} . .
Beam Path m Optical m Bﬂwﬂu e AW
i Inis La , -
| | Vertical profile
i Synchrotron .
Light TV
Camera

La funzione dell o specchio Aqmﬂﬁqmqamﬁov e di

assorbire |la radiazione X; |l a funzione dell a

fionestra trasparente e di separare il vuoto

del | ' accel erat ore



DENSITA TRASVERSALE MISURATA
CON LUCE DI SINCROTRONE
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et beam after

First Stored e* with compensating the
KLOE Magnet ON: KLOE Magnet Field:
45% Coupling! 1.1% Coupling!

(March 30, 1999) (April 11, 1999)

Ernittanc

2
8:(1+K)'CBTX if n,=0
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-=(0.5+£0.1) 10®* m rad
April 25, 1999
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Now Available with Multi-mode Fibers
for More Efficient Light Collection

SR 1w offers the 25-GHz photodetectors amd b-GHz
receivers (Models 141X, 143X, and 151X) with multi-mode

fibets for more efficient light collection. When vou onder the
~30" option, you receive a module which contains a 50-pm

core multi-mode fiber whose optical output is focused onto ..,_
our standand 25-pm detector using a GRIN lens assembly
With both single- and multi-mode versions, you may choose

Wodel 141Y-50

either an ST or an FC fiber
oplic input connector

- . Moded 151X 50
Specifications

_Model Number | 141X 141X-50 I

Bandwidth DC-25GHz | DC-25GHz C-25 GHz
Conversion Gan 15 mVimWw 2 mV/mW Smy/mW

143X-50 151X 151X-50
IX-25 GHz 2 MHz-6 GHz | 2 MHz-6 GHz
3 mvV/mW 200 mV/mW* | 250 mV/mw*

In addition, the Model
141X detectors now have
50-£2 terminations This

%
&
it
O
>
=
S
=
—

tmpeoves their outpul
matchy, extends their
frequency response from
2010 25 GHz, and en

hances their pulse fidelity.

Flease pole: 10 madntain a
25-GHz bandwidth, miulti
maode fibers miust be kgt less
than ! meters kg

Wavelength Range
Optical Input**

O50- 1650 nm | 950- 1650 nim § 400- 1650 nn
ST. FC, direct | ST, FC

550- 1330 nm

ST, FC_dinect] ST, FC

950- 1650 nm | 950-1650 nm
ST. FC, direct | ST, FC

Max: Linear Input

Powver Supply

Base Price***
“50" Multi-mode

2mW 5 mW ImW
Internal 9-V Battery 15V DC, <300 mA
§3,200-§4.800 $3.200-§4,200
+$100 +$100

* Inchudes inpemal Gars heterojunction-bipolar-transsstor, transimpedance amplifier of 500 V/A
** When ordering replace the "X in the model number with *17 for an ST venséon, “4” for an FC vession, or =57 for 2 dinect version
*** For exact prices, see our 1993 Catalog




Campo elettrico di una carica
stazionaria in un conduttore
cilindrico

Contrazione del campo elettrico di
una carica in movimento

FA

Il campo si restringe in un anello di
estensione angolare-~1/Y

Y = Energia/Energia a riposo
(Y ~ 1000 per elettroni a 510 MeV)

. .

Campo Elettrico e Magnetico in un
cavo coassiale




Beam Pick-up's

The pick-up transfer characteristics include the effects of the
beam distance from it. By a suitable combination of pick-up's
signals, it is possible to extract information about the longitudinal
beam profile or its transverse position.

For example, by gdding the signal from diametrical pickup’s.
one can remove the dependence on the transverse position and
refain_the intensity information. On the other haond, one can
meaqsure the linear dipole density (Beam Position Monitor), by
subtracting the signails from fwo opposing pick-up's.
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Strip-Line Monitor
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The strip-line is an electrode which forms with the vacuum pipe
a trgnsmission line of characteristic impedance Z,. By a suitable
choice of the ratio between the strip width and distance from the
pipe. Z, Is made 50 Q. The electrode is termincted at both ends
via coaxial vacuum raad-mrﬂugh‘s into loads matched to 4.

Both the electr the magnetic field contribute to the
output signal but the baﬂm electromagnetic field and the wave

field in the tronsmission line interfere constructively af one and
des%q? at the othar yielding directiongl properties.

In principle we get an usetul signal o up-stream port .
The voltage at the up-stream load resistor is a doublet of pulses of
opposing polarity and separated In time by an inferval Af = 2//c.

No signal appeors at the down-stream port as long as the
beam velocity and the propagation velocity in the strip are equal
(this means ultra-relativistic beam and a minimurm or il amount of
dislectric in the vicinity af the strip) and the lood resistor s exactly
matched to the line impedance. |n_practice, any mismatch
introduced. for example, by the feed-through's or by mechanical

imperfections. spoils the directional properties of the monitor.




The directionglity is particularly useful in colliding beams
machines. One can measure only one beam's position in the
presence of the other.

The time-domain v tage response of the matched strip-line
is, at the up-stream port and for a centered beam

”(”“‘(2n)[ t)- i ¢t -2 }

with a the opening angle of the strip, (a/2x) the factor of coverage
and iy(f) the instantaneous beam current. The strip-line coupling
impedance as a function of frequency is

Vijw) _ =4
jo [ ] 2" ¢C
Z (jo)= ) Z,(25)sn
%23.64 inoe fon 20330000000 ke
[ dBs II 1 HAG

Sup-&m ’L%\:ou.sa
(ﬂ.c:-SHL}
z._% ‘ﬂa.o-
bowch, » pwwm

Div Div START I Q00 0B0.DRR H:
6. 800 8.8 STOF S0 BOD 0DO.000 H:
REM: 30 KHz 2T7:33.2 sec RANGE:F=-10,.T= O¢Bm

The response is maximum at frequency f= c/4/, or odd
multiples. and zero at = ¢f2/ . or multiples.

The position sensitivity of a pair of difference-connected strip-
lines to a small beam displacement Az from the center line is

D AV
2 W

= AZ ,

whee b is the vacuum chamber radius and AV, IV are the
difference and sum voltages. resp.
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CAMPIONAMENTO DI UN SEGNALE RAPIDO
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CONSENTE DI VEDERE COSA ACCADE
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BUNCH LENGTH MEASUREMENTS (0.5 - 60 mA)

| Amnplilide
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False colour representation of the bunch length measurement in the Accumulator ning.
Each slice corresponds to a different stored current, increasing from left to right.
Time is on the vertical scale. The intensity scale is displayed on the lefi.



Starting from the strip-ine we can think of some \:uﬂuﬂclns {nﬂ
longer directional):

- Electrostalic monitor. A short, unterminated sirip. in the form of
a plate (or button), with ‘an outside connection in the middle is
mainly sensifive fo the beam electric field.

.'A strip. shorted to the vacuur chamber af
ma other side of the cutput port, forms g loop mainly sensitive to
the beam magnetic field.

ioop pc:_gf_-::vf an L-C _regcﬂgm GIFE.'-JE' The se nslﬁv!:,: can be ven Lf,:

high. at the expensas of g bandwidth reduction.



BPM ELECTROME
(CERAVEX - FR\

;

| SWR ~ .04 & 6 GH

i'"'
Ca—bﬂ.&i*r-i, ‘o Hf 7
vound.

C, A GSHF




Moni t or a bottone e
risposta elettrica

......... HFSS simulations
— — - analytical expression

o measurements o ]
0% e =
CGE ‘ - J . T T .-'-l-.-l-'.' -—-—E
— 9 S
NoL i
10" & IE

10—2 Cooaa e b v b e b
0 1 2 3 4 5 6

Frequency [GHZ]



| Boaun ‘:_D_’A"ﬁou MOAROT BPh
—-bdﬂm- 'h‘{,{an.

| %k;(w) Ro () 1% ¢
pril = T Loy 14+ 5/

I Zbe

Dtpe T

RoC
fo — Tomminotion wrintonce
€ - Elwelode copeerfouce ?,wau,d,
b = Voewn Shou ber tedivs
c - & WVM{T{,
- W tedivs
F - Foun r. F=l 4ora Clucolon
ey
F=20.6 %@.8 -fﬁ‘ a—

noetenpo bor  Chow bor
of- -h@lrﬂd'b



Conportanento del |l ' npedenza di
accoppi anento di un pick-up a
bottone al variare di:

- Raggio r
- Capacita C
- Resistenza di carico Ro
(1 npedenza caratteristica)

0.01 0.1 1 10 100
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TDR MEASUREMENT OF
BUTTON ELECTRODE CAPACITANCE

1 B ST s—
P
05 |
0t
—— measurements
_ — r ~exp[-(t-t )/(Z C)]
o5 L .+ .1 L T
57 57,5 58 58,5 t[nS] 59

CAPACITANCE MATCHING

| | C(pF)I

5,14
5,18
5,22
5,26

5,3
5,34
5,38
5,42
5,46

5,5
5,54
5,58
5,62
5,66

5,7
5,74



1 P Cu<m+<h|<p|<w
Mv Vi+Vo+V3+V,
Lx v =Y1tVo—V3-Vy

V, +V, + Vg +V,

ol 1 )

La posizione del fascio e’ calcolata, a partire dalle tensioni indotte sugli
elettrodi del BPM, attraverso un algoritmo ricorsivo. | coefficienti (ai,bi) (per
ogni diverso tipo di BPM) sono stati ricavati con un fit ai minimi quadrati dei
dati ottenuti dalle misure di calibrazione.
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0.8 -06 -04 -02 0 0.2 04 0.6 0.8 P 20 -15 -10 -5 m 5 10 15 20
U Wiggler 32.3 um 92.6 um
Rectangular 26.0 um 29.4 um
Round orthogonal 13.7 um 13.7 um
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14<V<20dB
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SISTEMA DI ACQUISIZIONE DELL'ORBITA
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L’errore rms della misura di posizione
dx.,c € Inizialmente inversamente
proporzionale alla corrente media del
fascio <I> e tende asintoticamente ad un

valore di circa 0.02mm sopra il valore di

soglia i*.
1 1
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Main Ring e Closed Orbit
Correction

Trajectory Analyzer
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Trajectory Analyzer
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Monitor di posizione caricato con materi ale
magnetico (ferrite)
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TOROIDAL CURRENT MONITOR
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Kickers

By phase-modulating tne voltage in an RF cavity it is possible

to drive longitudinal dipole oscillations of a bunch. By amplitude-
modulation of the RF voltage. longitudinal quadrupole oscillations

can be excited, provided that the cavity bandwidth extends over
the mode frequency.

W tu mgIng%ﬂ ip-li int [ggrj]i!ug%i al kicker b
cgpﬁg inﬁm gse deflecting v ﬂgar; gt?he own nraar':'\ p%rrts.v
0 5L
| L— L “aoorce AT ub*:rl(ﬁS
NgFT =)
= =)
04 — \"n“ofn_ M Yo lGue :
2 ‘—q——‘ V(t2) = Vo exp [T Wk-e)]

Strip-lines can also be used as transverse kicker, Two voltages
of opposing polarity are applied down-stream the beam.

PUSH-PULL

In the case of colliding beams, it is possible to excite se-

_ectively one beam without effect on the other.
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In the same way as BPM's are sensitive to electric or magnetic
field, we can deflect o beam eleci.cally by open plates driven by
a voltage generafor, or magnetically, by colls driven by a curnrent
generator.

The capacitor formed by the plates and the inductor formed
by the colis can be_part of an L-C resonant circuit to reduce the
power requirement of the driving ampilifier,

Remgrk: by combining several strip-lines in series with 1/2
delgy lines . it is possible to increase the sensitivity/strength at the

peak frequency at the expense of a reduction of the bandwidih,
but leaving the source/locd impedance constant.
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Tune Monitor Measurernaents

Coupling Measurement ‘

“« Closest Tune Approacnh

1 , B
Ag = —— LBAK

q 4nLﬁ
|

and:

lon Trapping,
Chromaticity,
Instabilities,

S | |2 SOITE



Flat Beam Coherent B-B Tune Shift
=, U133 fx Ey [11.24 fy

K.Yokoya, H.Koiso

Example: (7 +7) mA

£=500" mrad
(September 30, 1999)

k=0.029
E =510 MeV

N =142010%
B.=45m
B,/ =4.5 cm

£ = 0.0129
&, =0.0073

ENes = 0,0127
£,/ =0.0074

WARNING: Perturbative Measurement !




Beam-Beam Tune Split




Correction of coupling - Closest tune approach ~ 0.015
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Digital Analyzers

I the measurement with a conventional swept spectium or
network anglyzer. since a single frequency is onolyzed ot a timg
and because of the Indetermination relation mentioned belore,
a long observation time is involved .

The problem can be overcome by the use of a dynamic
signal analyzer, o1 digital spectrum analyzér, which is based on
high-speed digital Fourier onalysis (Fast Fourier Transform-FFT)
executed by on embedded processor.

N _voltage samples over a period T are digitized and
transformed into /2 complex Fourier coefficients. spanning o
frequency range from DC 1o N/2T, with a frequency resolution af =
W

The whole spectrum is avgilable aimost instantly, thus the 10101
measurement time s reduced by o nominal factor 2/N with
respect 10 o conventional swept anclyzer with the some
frequency resolution,

The number of frequency points |s typically ~ 400, with ¢ [egl
(no dead-time or dota loss belween SUCCosivVe
M_Q_Mi__}ﬂ Ir fions) and o dyngamic (goge nowadays ex-

tending up to ~ 100 KHz ond up to ~90 dB (good. but worse ihan
swept analyzers) respectively.

Some anolyzers provide iwo independent channels for
spectrum analysis, @ pseudo-random noise generator and

capability for complex tfransfer function caiculations.

The reigtively low gEt_Eruting frequency is no problem, as iong
as the band of interest is within the moxirnum frequency of the FFT
analyzer, For example, the IF ovtput of a conventional RF
spectum analyzer operating in the zero-span mede os a fixed
frequency detector. can be mixed down to base-band and
maasured ot nanow resolution bandwidth with the FFT anglyzer.
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M SURA DELLA FREQUENZA DI
BETATRONE ( TUNE)

ANALI ZZATORE DI SEGNALE FFT
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