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Abstract 

Ell1ittances of SPring-8 Iinac arc Il1cilsured by two 
l11f'thods. Onp is usin/!: iI slit and a profile monit.or, i1nd 
i1nothpr is using three profik monitors. Secondary emission 
wirf' is lIsf'd for profile monitor. A high gilin i1nillog proces
sor which is bas('d on a chilrge sf'nsitiv(' amplifier hilS he('n 
sllcc('ssfully developed for the emittanc(' monitor. Its maxi
Illum sensitivity is IV/pC. A control and iI dat.a i1cquisit.ion 
arc performed usin /!: a V 1\1 E compu t.er. 

Introdudion 

Gencrallv a beam emittance is desirable to bc small. 
In the Sl'rir;g-8 Iinac to minimize the beam spot on the 
positron conwrtcr and to facilitate the beam injection to 
the svnchrotron the emittance is desirabk t.o 1)(' small. 
In th"c long bealll transfer line like the linac an cmit
tance growth occurs due to the misalignment(1]. The Illairl 
purposc of cmittance measuremcnt is to optimize beam 
tram;port.ation and to minimize the emittance growth. In 
thf' linac a high current electron beam and a low current 
positron heam willlw accelerated. Especiillly the cmittance 
growth 1l11lst 1)(' minimized for til(' positron beam because 
it h"s lIominally large elllittance. 

The preinjector of the Iinac was already installed in 
Tokai Establishlllf'nt of.JAEHI[2][3]. The rest of the Iinac is 
under cOllstruction. The emittance monitor was installed at. 
tIl(' end of t.hf' preinjPctor. The emittance monit.or consists 
of a slit and a profile monitor (slit and profile method). 
No\\' t he beam energy is ~ 101\le V. \Vhen the preinjcct.or 
will he installed at Nishiharima cite an accelerat.or tube 
,,-ill he "dded in front of the emittance monitor wherE' t.he 
1)(,,,111 energy willllE' ~G01\leV. At the location in front ofthe 
positron converter and at the end of the lin"c anothE'r type 
of cllIittClnce manit ors will hE' installed. These elllittance 
lJ1('l1it ors consist ()f t hrce profile monitors in t he drift space 
(t hree-profile method). Tilble 1 shows the location and tlIP 
llwthod of clJ1it.! ance monitor. 

Eluittancc Monitor 

Slit and Profile Method 

A density distribution p(.T, J,I) at the slit is measured[1]. 
The profile monitor is placed" distancE' L=3.:n95m from 
t he slit. A lIlc"slJrf'd lwam profile Pm (X) corresponds to 
tIt(' ilngulilr distrihution at the aperture position x=x". 

p( I = I a. I') = Pm (X) = Pm (.1' a + ;J L) 

If the p(:r = In. :r') is sUTllmed up in all x, whole distribution 
p(J',:r') is obtained. 

Thp slit. is madf' of copper with water cooled. An apcr
tme width and a thickness are O<11ll1l1 i1nd 301l111l rcspee-

TABLE 1 
Emittance Monitors for SPrillg-8 Lillac 

Location Bealll Energy Method 
l'reinJector GO(10)MeV Slit and Profile 
In Front 01 250MeV Three-Profile 

I'ositron Converter 
End 01 Linae IGeV Three-Profile 

tively. This thickness corresponds t.o ~2 radiation length of 
G01\le V elect.ron. The profile monitor is composed of three 
wires which are it llleasurement wire and two ext.raction 
wires. These wires are ¢0.3111m tungsten wires. The slit 
i1nd the profile monitor are moved by a st.epping motor. 
The minimum st.ep width is 0.02mm. A lIlagnetic encoder 
is installed by the st.epping mot.or instead of a position sen
sor. Fig. 1 is a schematic drawing of the emit.tance 1I1onitor 
used in the preinject.or. 

Encord ... 

Fig. 1 
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Elllittance monitor used in the preinjector. 

Three-Profile Method 

It, is known t.hat the beam el1velope behaves quadrat.ic 
III the drift space. For an unambiguous det.erminat.ion of 
size and orient.ation of the emittance ellipse, the beam siz(' 
llE'eds t.o be known at least three locatiolls[5]. Consider 
addresses of profile monitors are #0, # 1 and #2. Twiss 
pilrarnet.ers and a beam size at. #i are Oi, (3;, 1i and (J';. III 
this p"l)('r (J'i is the half of t.he widt.h which includcs 90% 
of the distribution, but not the st.andard deviation. 'flIP 
length between #0 and #i is L;. These paranlf't ers and 
elllittance [ sat.isfy next relat.ion. 

[(3; = (J'1 

(31 = (30 - 2LI Q o + Lho 

Proceedings of the 1994 International Linac Conference, Tsukuba, Japan

920



fh = (30 - 2L2 0 0 + L~,o 
(3010 - 06 = 1 

Solving these equations, the twiss paramet.e rs and th e 
em i1t.nnce are deriv ed. Tnble 2 and Table 3 show the cal
cldated beam size when t.he positron is generat.ed and ac
celernted in th e linac (posit.ron mode). 

TABLE 2 
Beam Size: In Front of Positron COllverter 

Address L; (Ill) CT T (mm) CT y (111m) 
#0 - 7.7 7.5 
# 1 2.~5~ 4.1 ~.3 

#'2 4.9US 1.4 13 

TABLE 3 
B eam Size: End of Linac 

Address Li (m) CT r (mm) CT y (mm) 
#0 - 2.S 2.S 
#1 :3749 4.0 4.0 
#2 7.9S7 .5. ~ 5.4 

The profile monitor has fh e measurement. wir es and an 
ext ra ct.ion mesh behind t.he wires. The wire is .p0.31l1111 
t.ungsten "'ire and each wire is spaced by 2111m. The profi le 
monit.or is nlso mO\'ed by a stepping motor wit.h a magnet ic 
encoder. If t.h e beam size is smaller than t.he wi re spacing, 
1 he' profile monit.o r scans t.he beam by a small widt.h. The 
minimum st.ep widt.h is designed as :SO.Ol mm. 

Analog Processor 

An 'Inalog processor which det.ect.s t.he secondary emis
sion cha rge from t.h e profile monit.or has been devel
oped. The secondnry emission cha rge is proport.ional 
to t 11(' incident. e lect. ron beam which impinges on the 
II·ire. It s coefficient. is ca ll ed t.he seco ndary emission effi
cienc:-·. The effici ency is report ed G~7% for t. ot.a l surface 
ilt. 30l\ l eV~ lGe\'[Gl. Because of t.his low effic iency a high 
gilin cha rge scnsi t.il· e amplifier CS-507 (CLEAR-PULSE) 
lI'as emp loyed. The CS-507 has a sensit.iv it.y of I V fpC nom
innll y. The minimum chnrge is expect.ed as :SO.OlpC/pulse 
al. t.he posit.ron mode so t.he minimum signal out.put. is ex
peckd as :SIOmV. The sensit.ivit.y can be reduced by at
t.aching the ext.ra capaci t ors. T he sensitiv it.y is det.ermined 
ilS lV/pC. O.OIV/pC and O.IV/nC. A sample and hold IC 
ADl154 (ANALOG DEVICES) is used because DC volt.
<lgc signal is req uired for th e data ilcquisit.ion by t.he VME 
comput.er. 

The an<l log processor was examined in t.h e preinjector 
using the elec t.ron beam. Fig. 2 is th e out.put of cha rge sen
sitive amplifier in th e normal operat.ion. Fig. 3 is <llso t.he 
out.put.. but. th e noise appears in t.he base lin e <lnd the pe<lk 
is sat.ura t.ed hy th e noise. This noise c<l me from t,he mod
ulat.or. A semirigid cab le to t.he annl og processor t.ouched 
t.o t.he modulat.or fr ame . It. is understood t.he iso lat. ion of 
ground line is import.ant. for such hi gh gain amplifier. 

Control and Acquisition System 
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Fig. 3 Output of charge sensitive amplifier when t.he 
semirigid cable to the analog processor touched 
to t.he modulator frame. Output was saturat.ed . 
Sensitivity : 1 V fpC 

All cont.rol and acquisition processes are performed 
by the VME comp uter. The stepp in g motor is con
t.ro ll ed by a pulse generator and encoder module V-PAI<601 
(UNIDUX). The V-PAI<601 has two drive pulse out.put.s 
(cw and ccw), four sensor inputs (+Iimit, -limit, orig in and 
ot.her) and pulse encoder inputs (A, Band Z). The sensi
t.ivit.y of th e analog processor is changed by a pulse signal 
frolll the digital output.. The pulse signal is transferred by 
t.h e isolat. ion transformer t.o separat.e the ground lines. The 
DC vo ltage signal from the analog processor is acqu ired by 
the ADC with an isolation amplifier. Its range and resolu
tion are ±IOV and ~5mV (12bit). In case of the pos it.ron 
mode t.he high er resolution type (l6bit) may be employed. 

Experimental R esult 

The beam profile and emittance were measured in the 
preinjector. Fig. 4 shows the beam profile of Y (vert.ical) 
direction. It. took ~1 second to acquire one data point, be
cause a noise from t.he stepping mot.or was too large when 
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t.he mot.or was rot.at.ing. The lin e is t.h e Gaussian fit. . It.s 
st.anda rd deviat.ion u ,td is obt.ained as 6.3mm and (1 is oh
t,ained as lO.4mm=1.65 u.,td ' A charge int.egra l of a ll data 
points hecomes 21pC. On t.he other ha nd t.h e t.ot.al charge of 
t.h e incident. beam was measured as ~500pC by a CT (Cur
rent. Transformer) . Taking int.o account of the geometrical 
factor t.h e effi ciency was obtained as ~7.0%. This agrees 
with one of t.he paper[6]. 

Fig. 4 
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The noise lenl of t.he syst.em was measured. Fig . 5 is 
t.he prohabilit.ies of ADC out.put. when no signal was in
put.t.ed. The ope n r ircles are t.he probabilit.y when no cable 
was conn ected to t.he ADC. Its s t,andard deviation (noise 
level) is 2.3mV. The closed circles are t.h e probabilit.y when 
t.he analog processor was connected to t.he ADC. Its stan
dard deviat.ion (noise level) is 5.1m V. T he noise level of the 
ana log prOCf'ssor is t.hought. as 4 .5m V . This value is quite 
compa rab le t.o th e signal at. t.h e posit.ron mod e (SI0mV), 
bllt t.h e \'a lue is th ought. no more red uced. Small signal at. 
the positron mode is ohtainable by averaging it. because the 
a\'(' ra ge of noise goes to zero. 
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Fig. 5 Probahility of ADC out.put. No signal was in
putted . The s t.andard dev iat.ion means th e noise 
le\'(" 1. Sensit.ivit.y: IV IpC 

The emit.t a nce was measured using the slit, an d t.h e pro
file monitor. Fig . 6 is t.he t.ypica l density dist.ribut.ion . The 
slit, and t.h e profile monit.or scanned the beam by Imm 
widt.h. The emit.t.ance which includes 90% of the distri
bution is obt.a ined as 8.6il'mffi·mrad . The total charge of 

t.he in cident beam was measured as 10 .7nC by the CT. In 
t.his condition 67pC was expected as the charge integral of 
t.he profile monitor taking into account of the effi ciency of 
7.0% and the geometrical factor. But. t.he measur ed charge 
int.egral was 47pC . This means ~30% of the beam was lost 
at th e slit because of the small aperture width. The lost 
P;lft. of t he beam is thought the fringe part of t.he emitt.ance 
ellipse. This loss will be small wh en t he preinj ect.or will be 
moved to the Nishiharima cite because the arrangement of 
t.he preinject.or is planed to be improved. 

Fig. 6 
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Density distribution on the phase space. The 
emittance was obtained as 8.6il'mm·lmad. Beam 
condit.ion : 7.1A peak, 1.5ns FWHM and 12MeV. 

Conclusion 

The emittance measurement on the preinjector was car
ried out successfully. The components of emit.tance moni
t.or (t.he slit. , the profile monitor and t.he analog processor) 
shows t.he good performance. The control a nd the data 
acq uisition can be performed using t he V ME computer. 
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