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According to theTTF beam experimental program, a measurement of the time dependence of the energy spread
within the bunch train should be done by means of a standard device for profile measurements, that is Secondary
Emission Grid (SEMG). SEMG on the high-energy TTF beam is placed in the focal plane of the magnet spectrome-
ter. It should measure the total energy spread in the range from 0.1% up to a few percents for any single or any
group of electron bunches in the bunch train of TTF Linac. SEMG Profile measurements with new high sensitive
electronics are described. Beam results of SEMG Monitor test are given for two modifications of an electronic

preamplifier.
PACS:29.27.Fh

1. INTRODUCTION

According to the TTF beam experimental program
[1], a measurement of the time dependence of the
energy spread within the bunch train should be done by
means of a standard device for profile measurements,
that is Secondary Emission Grid (SEMG).

The SEMG Monitor on high-energy TTF beam is
placed in focal planes of magnet spectrometers. It
should measure total energy spread in the range from
0.1% (0, =1 mm) up to a few percents [2].

SEMG Monitor was tested to measure profiles of
any single bunch or any group of electron bunches in
the bunch train for TTF beam with the next parameters:

a) Repetition frequency of bunch trains — 1 Hz.

b) Repetition frequency of bunches within bunch

trains - 1 MHz.

¢) Bunch charge — (0,5...5) nC per bunch.

In contents of this paper SEM Grid electronics are
described. Results of SEMG Monitor test on TTF beam
are given for two modifications of the electronic
preamplifier. Some discussion of results is given too.

2. SEMG ELECTRONICS

The schematic diagram of the tested electronics is
shown in Fig.1. The electronics consists of the internal
(right near the SEMG) front-end and external (outside
the TTF linac tunnel) parts.

The front-end part is made in the Eurocard crate and
has three 16-channel preamplifier modules and one
Multiplexing module. The Multiplexing module
(MPLX) includes an analog 48-channel multiplexing
circuit and an controlled calibrator to test the electron-
ics. The external part is made in the VME crate and con-
sists of a Control Unit (CU) module. The ADC and Out-
put Register were installed in this crate also. CU in-
cludes the External Amplifier (AMP) with an Oscillo-
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scope and ADC outputs, the Timing and Control Cir-
cuits (CC).
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Fig. 1. The diagram of INR electronics

CC organizes MPLX operation for the beam profile
output to the Oscilloscope and ADC inputs. Also the CC
transmits the digital signals from the Output Register
through MPLX to the preamplifier to change the gain of
the amplification and the level of the calibration signal
on the entrance of the preamplifier. The input perma-
nent pulses 1 MHz are used for the channel switching of
the multiplexing circuit and to create a set of 48 syn-
chronizing signals.

The schematic circuits of two possible modifications
of tested front-end electronic channels for profile mea-
surements are shown in Fig. 2.
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Fig.2. SEMG electronics: a - the channel with two
switch integrator at the input, b - the channel with oper-
ational amplifier at the input

3. DETAILED TIME DIAGRAM
OF PREAMPLIFIERS

The integration time interval T1 (Fig.3) defines the
time position and the duration of charge accumulating
for the investigated group of bunches within the bunch
train the profile of which should be measured. Two
switches (or keys) are installed at every preamplifier
current integrator for organizing of the time diagram:
input key and feedback key. The keys in feedback nets
of all integrators are opened during T3 interval and
areclosed during the whole interval between bunches
being investigated or bunch groups in the bunch trains.
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Fig.3. Detailed time diagram of preamplifier switches

The keys in input nets of integrators are opened
during the T2 (T2=T3-T1) interval and are closed
during the whole interval between bunch groups. Then
the integrators in both channels have to store charges
from wires during T1 and keep stored potentials during
the time T2 needed for reading values of these
potentials by means of 1 channel VME ADC through
the multiplexing module. Hence, the closing of the input
key in the whole interval between the measurements
prevents storing of charges on the input cable
capacitance from previous bunches of the train before
T1 for the scheme with an input integrator (Fig. 2,a).
But some distortions of measurements are possible due
to charge accumulating on the cable capacitance from
last bunches of the train during T2 interval after T1.
However there are not these distortions with charge
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storing on the cable capacitance for the scheme with the
input preamplifier and the integrator as an analog
memory (Fig. 2,b).

4. RESOLUTION OF PREAMPLIFIER
CHANNELS

In Fig. 4 shown are both circuit modifications of
electronic preamplifier channels for the signal/noise ra-
tio analysis, where

Is— current source i.e. a wire in a beam, that emitted
secondary electrons,

dQ/dt — charge injection current source due to elec-
tronic switches of integrator circuit

C.av— input cable capacitance,

Cn, Rp — feedback capacitance and resistance of
preamplifiers with the gain coefficient Ko,

C. - wire capacitance,

Rini Rino — resistors at the inputs of preamplifier cir-
cuits,

Ruey — resistance of the electronic key at the input of
the integrator circuit,

Rp key — resistance of the electronic key in the feed-
back circuit of integrator,

Uin — interference source in the ground wire.

Fig.4. Front-end channel schematics

4.1. SIGNALS OF SEMG PREAMPLIFIER
CHANNELS

The signal charge q, from the SEMG wire is trans-
mitted to the input of the preamplifier by wire pair,
loaded by Ri, for resistive amplifier or Rint+Ri.y for inte-
grator. TTF bunch has duration a few ps. And we shall
take it as O-function. The wire charge will be trans-
formed on the wire capacitance to the potential U,. If
Rino o1 (RinitRuey) is the same as Ry, — wave impedance
of wire pair, then the signal on C,, will go to 0 with time
constant of T w=CyRw. That is with very short time
constant because C,= 3.5 pF and R,, = 100Q (1
w=510"9%),

For the resistive preamplifier some part of charge
can be lost for this very short input signal, therefore the
value Ri, is taken as 11R,, to prevent charge losses.
Then whole charge of secondary bunch will flow
through Ry/K, without losses. The shape of the output
pulse is defined by the time constant of an input net of
the resistive preamplifier CeRinoe=150 pF-11k=15-10"s,
and this pulse transformed into the current will be inte-
grated in the integrator. Thus very short input pulse is
transformed into the pulse with the front defined by the
bandwidth of the resistive preamplifier and the edge de-
fined by the input net. That is the resulting pulse is short
enough for measurements of the single bunch profile at
a bunch frequency of 1 MHz. The integrator used as an
analog memory device at the output of this preamplifier
stores the larger charge proportional to the bunch charge



on the detector wire. In this case the influence of the
charge injection source dQ/dt due to switch operation is
in many times smaller than for the integrator at the input
of the preamplifier because the signal charges on the
current integrator inputs is in ~10* times more. The out-
put signals for both types of channels in Fig.2 are

a)  Us = (q/Cn)*Rw/Rino — for the current integrator
preamplifier stage with the resistive operational
amplifier after it.
U U (q/Cp)*Ra/Ryy — for the resistive opera-
tional preamplifier stage with the integrator as
an analog memory, if the time constant T=R,,C¢.
biKo>>T2.

b)

4.2. NOISE

The total noise of equivalent sources is the noise
sum of all ones: the stationary noises as a thermal noise
of resistance and not stationary noises as some interfer-
ence Ujy at the input circuits. Measurements of the noise
level of SEMG preamplifiers had showed that noises of
stationary sources are smaller than the low frequency
noise of input interference. It was checked with con-
nected and disconnected input cables. That is, it was ob-
served that the nonstationary source of interference is
the main source of noises in SEMG Monitor.

The interference signal for both types of
preamplifiers is defined by the transmission coefficient
for Uin at the output of these channels. As can be seen
(Fig.2 and 4) the signals of the interference ratio are the
same for both channels approximately without taking
into account the input switch charge injection.

5. RESULTS

5.1. BEAM PROFILE ALONG THEBUNCH
TRAIN

In this test we checked a possibility to observe time
dependence of transverse beam profile along bunch
train by means of SEMG with current integrator pream-
plifier channels (Time dependence of bunch profile be-
hind spectrometer dipole is the dependence of energy
spread along the train, if the beam optics and a beam
will be adjusted for this parameter observation.) In Fig.5
(A,B,C,D) the group profiles within the bunch train of
30 bunches are shown. Bunches have charges from 2 to
3 nC and approximately 200 MeV average energy.
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Fig.5. SEMG Profiles of bunch groups within the bunch
train of 30 bunches

Bunches were focused on the SEM grid behind the
spectrometer dipole. In Fig.5 the profiles are shown on
the panels of MATLAB application after subtracting of
pedestals and with Gauss fitting in applications. Group
profile time positions were moved along 30 ps bunch
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trains from beginning to the end of the bunch train.

Integrator preamplifier channels permit to investi-
gate profiles along the bunch train by groups contained
7 bunches or more.

5.2. SINGLE BUNCH PROFILE MEASURE-
MENTS

The preamplifier in fig. 2,b was tested on a single
bunch with result resolution in ~10 times better of the
current integrator with switches. In fig. 6 the profile of a
single bunch in the bunch train is shown. This applica-
tion picture shows row profile with pedestal after digi-
tizing in ADC without MATLARB fitting for more sensi-
tive resistive preamplifier channels. That is, only resis-
tive operational preamplifiers added before the current
integrators permit to observe TTF beam single bunch
profiles, and all preamplifier channels should be modi-
fied in this way for investigations of long bunch train
energy spread in the bunch by a bunch manner.
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Fig.6. Single bunch profiles on resistive preamplifier Great thanks to B. Faatz, A. Fateev, O. Hensler,

channels K. Rehlich, E. Schneidmiller and S. Schreiber for
6. CONCLUSION fruitful discussion and help in this work.

Now the SEMG Monitor with current integrator REFERENCES
preamplifiers can be used for bunch group profile 1. TTF LINAC - Design Report // TESLA 95-01,
measurements on TTF beam with bunch charge from March 1995, item B1, p.15 and p.394.
0.5 nC at a | MHz bunch repetition rate. 2. M. Bernard, R. Chehab, T. Garvey, et al. Secondary

For single bunch profile measurement in the bunch Emission Grids for Low- and High-Energy Electron
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II. Peiinecapom-Huxynun, B. I'aiioaw, A. Mupzoan, A. Hoeukoe-bopooun, B. Kouapan, /I. Hoenne, X. Baiize

B cooTBeTCTBUM C 3KCIEPUMEHTAIBHON MpOrpaMMon TecToBoro JuHeHoro yckoputens TTF n3mepenue Bpe-
MEHHOW 3aBUCHMOCTH YHEPreTHYECKOro pa3dpoca yCKOPEHHBIX 3JIEKTPOHOB BJIOJIb MAKPOUMITYJIbCA JIOJDKHO TPOU3-
BOJIUTHCS C TIOMOIIBIO CTAaHJAPTHOTO NMpUOOpa Ui U3MEPEeHUs MPOQHIIS IydKa — MHOTOIIPOBOJIOYHONH BTOPUYHO-
IMHCCHOHHOK Kamepsl (BOMM). BOMM Ha nyuke Bbicokoii sHepruu yckoputenst TTF pacnonoxen B ¢pokanbHOH
TUIOCKOCTH MarHUTHOTO CIIEKTPOMETpPAa M JOJDKEH U3MEPSTh YHEPreTHUECKHi pa3dpoc yCKOPEHHBIX JJIEKTPOHOB B
nuamnaszoHe ot 0,1% 10 HeCKONMbKHX MPOLEHTOB. B paboTe m3naratoTcs H3MepeHust MPpOQUIIs MydKa BTOPHIHO-IMHUC-
CHOHHOM MHOTOIPOBOJIOYHOM KaMepol ¢ HOBOH BBICOKOYYBCTBUTEIbHOW 3JIEKTPOHUKOM. Pe3ynbTaThl UCIbITaHUI
BOMM Hna myuke yckoputenst TTF u ux o0cyxaeHne npuBoasaTes A1l ABYX MOAM(MUKAINI 3JIEKTPOHHBIX MIPEAyCH-
JHTEINEH.

BATATOKAHAJIBHA EJIEKTPOHIKA JIJ151 HOBTOPHO-EMICIMHOI'O BATATOJAPOTOBOI'O
MOHITOPA MMPO®LTIO TYYKA JITHIHHOT'O IPUCKOPIOBAYA TTF

II. Peiinzapom-Hukynun, B. I'aiioaw, A. Mup3zosan, A. Hoeurkoe-bopodin, B. Kouapsan, /]. Hoenne, X. Baiize

BinmoBimHO 10 eKCHEepHMEHTANBbHOI MpOorpaMH TECTOBOTO JiHiiHOTo mnpuckoproBada TTF Bumip wacoBoi
3aJIe)KHOCTI CHEPreTHYHOTO PO3KUAY MPHUCKOPEHUX EIEKTPOHIB Y3A0BXK MakpoiMmynbcy Oyne 3pobieHo 3a
JOTIOMOT0K0 CTaHAAPTHOrO MPUIaLy JJIs BUMIPY MPOQiIr0 mydyka — 6araToIpoToBOI MOBTOPHO-EMICIHHOT KaMepH
(BEMM). BEMM Ha nyuky BHUCOKOI eHeprii mpuckoptoBadya TTF posramoBannii y QoOKadbHIA IUTONIMHI
MAarHiTHOTO CHeKTpoMeTpa i OyJe BHUMIpPIOBATH €HEPreTUYHHH PO3KHI NMPHCKOPEHHX EJIEKTPOHIB Yy Jiarna3oHi Bif
0,1% 1o neximpbKOoX BiACOTKIB. Y poOOTI BUKIANAIOTHCA BUMIPH NPO(DULIIO0 Iydyka HOBTOPHO-eMiCiiiHOT
0araTopOTOBOI KaMepol0 3 HOBOI BHCOKOYYTJHMBOIO €NEeKTpOHIKOw. Pesynpratu icnutie BEMM Ha myuky
npuckoptoBauya TTF i ixHe 00roBopeHHs AaHO I ABOX MOAU(IKalil eIeKTPOHHUX TEePE I ICHIIOBAYIB.
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