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1. Introduction · 

The partid~ dete~tors;Which:~illb~·used at)uture iccel~rators(U~K, ·· 
·sse, or LHe) must not only have good energy an<J.spac'e resolutions but also· 
'fast re~ponse ~and high radiation resistance.·· An:·in.tense .. search is ·currently 
'underway to find ;calorimeter. t~ch.rtologi~s vvhich satisfy the~e st_ring{!nt re
.quirements. Lead-scintillating.: fiber .electromagiietic calo~::imt!ters [H ;--:-:;-[7] 
are attractive candidates.·. · . -• ·· . ·· .. . , ·.· · : · .. · .·... • : -

We built a lead scint.illating flher (SciF.i) calorimete! ·modul~ -~nd. te;te'd 
it-in electron:and pion beams in the energy region 'from 5 to}O GeV. In 

-· 'our'.experimental··and M.onte. Carlo. (Me)~studi~s Y!e .. coricent_rated on;~he 
. energy resolution ·of the calorimeter. module .. Tne energy resolution··()~ .a 
· SciFi calorimet~r is influ~nced. by: many factors, among the· ID()~~ · imp~rtant 
are:· · - ' ... · · · - . 

. ___ ~ the voluriie iati~ I(~fpassive.(abs.orber:) to activ~ (fibers) ~ateri~i; · -• 
_; • ••• /:- ""'~·' .•. '\-. ·_, ~;·--- < • ,,· .·::-; ~ • -.· •• 

'. the cnaracteristics of the fibers: transparency, fiber radius, light output; 

•• · the:Mlt angie.(i.e. ~h~ a~gleb~twe~n t~1e,~~rtic!~·di;~eti~~ ~ndth~ axis. 
' of fiber in the horizontal plane); . . . . . . .. . ' 

..... ·. ~- th~Jev~l .of light· reflecti:n at .fiber end ( refl~ctivity). 
·.The ha,;ic'experimentalst~dieswere carde'd;out ~~a tiltangle of3°:with 

·a· modti'le ofthe size 10' X .io·x· 30,(::m3• ·In the ·Me-studies .the experhnen
tal conditions were carefully simulated with the particular emphasis on the 
influence of the light atteriuatim1 in fibers and th.e level of light refl~ction at 

~ .. ' fiher'end on theenergyresolution of ~he calorimeter module. . .. 

·~ 
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:2_ Simulation Results_ 

The MC calculations we~e carried out for-a block of the size 20 X 20 X 

40 cm3 • A sub-block with ·the same dilnensions as the experimental ~odule · 
was defined (called_ in the following the experimental bl~ck). Such a·stnicture 
was chosen to study effeCts ot the energy leakage on the eiq)erimentalmodule __ • -
energy resolution~ All other parameters were taken to b_e the sa~e as in the 
real module:~ · ' · 

_,J 

1) material volume ratios (lead: glue: jibe1·): 1:0.17: 1; . 
- ~ - ' - . . ' - . 

n) fiber- diameter:- d == l mm; · 
.:· 

m)- tilt angle: () =.3°. · _:· -

We analyzed the energy re-soluti~n using the resolution formula: . . . ' ' .· . . ·•. ~ 

u a - - , -
- E' = -- -,-,;; EIJ-b.-~---~.-,,· _ _ __ (1) 

---- -· ·- vE ----
1 -~ ' ~ • 

The ~~efficient- a· ;epresents t'he comb!ned effect :of sampling fluct~atioris'( a1) 

and photostatisticsfluctu~tions (a2), namely a = '\Jaf+ar The coeffi-~ 
cient b _characterizes effects connected with energy leakage; tilt ·angle, light -

_-, 

attenuation, refleCtivity, etc. - ~ _ · __ _ - __ _ 
- The MC code isbased on the Gl~ANT3 package [8]. The passive:material

ha:s been treated as a mixture pf l~ad and epoxy- glue. The kinetic energy _
cuts for both ele-ctrons and ·gammas ha~e been taken down to·lO keY. To 
treat the light att~n~_ation in· fibers and the reflectivity,:th~ energy deposited· 
in the fibers•has been multiplied._by'a weight factor: 

__ -~ -_ _ -(- -_- z) - _ : ·1_;_ 2L:...: z) . - < ) 
w _=·e~p :-:-x + r e~px:-~ ,- \ -- - 2 -

where lis the distatic~ from the~ pl~~e ~f en~rgy release 'to the place of light 
collection, L is the fiber length; .X is the attenuation length,· and r js the 
reflectivity. _ - -- _ ' - - -- · - . -- -_- -- _ - . - - -

The results of simulation are sumi1}ariz~d in the following tables and fig
l.U:£S. In Table 1 arid Fig~ _1 are c61i1pared the energy resolution Of full block-
With that of experimental block:in tl~ecase when ideal- COiiditions are as-
sumed (no light attenuation i.e.· .X = oo ):-The~esoiutioii of the full ?lock 
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is ~lightlybett~~ than that ofth~ experimental one, but the improvement is 
not statistically significant. We c:Oncltide that if the- atten'uation arid phO-
tostatistics are ignored thenJhe energy-resolution of the experimental block 
should be: · · · · - · · · · / - · 

. -

. -. . E .. -E
u -(%)=:= 11.3~o:36\E» .. o.53-fi:o.27. 

: · - · It -is importan~ to· know how the e~erg{~olution of a calorimeteds 
-; .. affeCted by such fiber pa~ameters lik'e the fiber attenuation length and reoec

. tivity. We carried out a detailed MC analysis of this dependence. The energy 
resoluti~n for the incident energies· 5~ 10, 15, 20 arid 50 GeV 'at various con

.:ditions, characterized by the different att~nuatiori lengths. (50, 75, 150 and 
oo 'em) and

1 
reflectivity (0%1 40%, 70% and 100%) were' investigated. _The 

energy resolution of calorimeter· block for these different conditions is- given 
.. in \Table 2. From this table we see the strong dependence of bon attenuation~ 

namely the constant term b iiicre~es with decreasing atti:muation length ·l~ 
Thi~ dependence is weaker CIS the reflectivity r is increa.Sed; The cc;>efficient ~ .· 
shows iittle depende'nce 'onattelluation or reflection, though a small tendency 

·. to increase with dec~easing .Xis noticeable especially at low values of r. The 
d~pendEmce of. b. ~n 'attenuation·. at. fix~d; reflectivity an<:t· vice-veri~ is ·showil 
iri Fig.'2a .~ 2b. . _ -.: · . ·· · 1 

;:: : • < .· . · ..- , . · · 
. We conClude that the ahenua.tion of light as well as the light reflection at 

~ fiber end liave signifi:cant influtmce on energy resolution ~pecially '?n constant .. 
.· . term (b). I> · ·· · ·- · 1 

, • . • 

\"' -· ·-· - ·.· :/ ·'· \ ~ .. 
/ 

3 .· F~bricatio~- ., of. .· ~~Hitillati~g 
· '·Fiber· Calorimeter 

'\ ' ~ , .. ·. / . ~- - . ' . ' . . / ' . ~ 

3.1 Selection ofScin~illating )?ibers 'I ·, ~ • 

_, . . ' The scintillating fibers. with a polymethylmeth~lat~ (PMMA). ~ 
. - prepared and produced in the Engineering Center of Polym~r Optical Fibeu~, ' 
" (Tver, Russia). The cladding was made of fluoracrylat with fluor in differeat \ · 
. . concentrations. The fiber surface was not blackened. We measured the JiPt-. 
I. attenuation length for various types of fibers, which differred by lumin~ . 

type_ of d~ding, _etc., with diameters in _the range 0.9-:1.1 mm> The· diauam 
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oft he apparatus used is ~ho~ri in-Fig: 3. The fibers hav~ been excited i{t two_ 
_ways:: by a·~lit~ogen lMer' and by ultraviole't x'enon _lamp (UV): In botli ·cases, 
the results are practically identical, so we referonly to the results obtained in, 

-the second way:· The measurement was made both with a yellow light filter -
-placed in 'fr~nt of the photomuitjplier (PM) and ~ithout it. _The detailed· 
results'on the light attenuation measurement in different i types of fibers will 
be publish~d ~n aseparate paper. • __ _! . • _ _ - _·. --•- __ , _ .- • 

The dependi:mce of the. mean arriplit'ude ox1 the place of the excitation is 
sho~n hi Fig:·· 4 'for a fiber length of6().;~m.- Th~ experi111erital points 'we~e 
approximate4 by the, formula:· ' - · -' · 

!'',· •.• , > '}' ,. '. 

.~ · y_;;~Aexp(-X/5::t) fBexp(iX/A2)- . . _. ( (3) 
' ·: ' • • i ~ ' • • ''. ·-. ,," ' I > ~ I - .· . ' ' ' 

and the results of the approximatioti fqr various types of fibers arepresented 
in Table. 3. -. • - ' . _ . ' . f . ; , ; , 
_ 1 As:r~p~rted)n,the papers [10;)1], wlter~tlte attenm\ti~n length~ was 
measured by means. ofa radiation' source, there are hvo distinct' atten~ati_on 
' • , ' ' • ' • •• ' • ~ ! c' ' • ' : ' ' • I • • < 1 " 

,lengths A1: and A2 for thefiber.)n;our c~se _A1 is betwee1i L7and 4:2 em and . 
A2 - between 57and,98 em._ , _· : ,-<.: · _ , ... ' _ ' _ , ·. / _ '., . 

One_should notice ,that th~_ fo'rmula (3) is only. a simple itppwximatim)' f()r 
light attenuatio~in the fiber. By fitting the measurements' made on tl:le:fi,bers 

- of the·sametype,· but ofdiffereiit'lengths, one will describe satisfaCtorily. the, 
measurements with (3Yjneach' c~se. Howev~r, the' fitted, values of~Al and A2 

were found 1lot to .be the same. for measurements done on 'fibers of different 
· lengths, ascari he-seen from Table3where tlie result&.of measureme~ts.m'ade 
forfibers:o(60-~ and125'em are given.·_.Tliis can be easily understood, 
because the. process·of the light .. propagation in the fib~rs •is too c~mpl~:ic 
to be_describe~- by·~. si~p~~ .f,o~mula,.-like (3);for _example _we didn't take 
into account the light reflectior16n one end of the. fiber (see -for example 
Eq. (2) ~here the fiber le~gth 'appea~s. explicite\y and 'such a, depeni:lence is 
'propagated' in tlie. depende'nce of ~~ 'a~d A; ~n fiber i~ngth ): Th~refore, in 
this paper, the :values for .At' and. x2 _sliould be ir1terpreted as s~me l<ind of. 
effective value's rather·than as iiitrin-sic characteristics of the fiber. In order
to have. a <;orre~t. e~ti~atio~1 ~f 1light • at te~~ation_ in· a calorimeter block one 

. should' use the values of At _and ·Az obtained. frorn measurements made on 
fibers of _th~ same lengths as in that block.' Vsing results oftl~~ fit 'with . 
Eq. {3) Jrom in'easurements riiade on fiber~ with differe~1t l~IJgths than those 

in the calorimeter block can give ri1isleading results. . . 
',-- -
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3~2 , Module Structure , . 

Th~ fabri~ati~m te~l1I~ology is based on gluing p~ofil~d lead sheets. Sever~!:- __ . 
machines have been built for 'rollitig .the le~d she~ts. In Fig. 5 is shown a. 
transverse section of tlie calorinieter block. One can' see the, profiles of lead 
sheets, the fibers, and ho~v they are glued together with 'epoxy. Fibe~s with 
l_mm diameter were embedded into_the charlnels of the lead plate (71 fibers· 
for one plate) b/~ thin layer of epoxy compo~rid. . '· • · ' . 

The type of fibers u~ed in our module is pritited in bold type in. Table 3, 
, Tl~e volume ratio ~f ~b~orber (ii1chidii1g epoxy) to fiber is R · =' 1.17; : .1. 
. The~ffec.tive radiati~i1 le1igth and. inte~action lengtli are X~ = 1.05 ~ and 

· A;~i ~ 31.05 em t;espectively.· , · '· · · _- .. . ' .. ·. . ·· · - ,_ · 
. The module 'dimensions are 10 x 10 x 30 em3 • The total numb~r of the 
fibers is 5600, Th(! .length of tlie fiber end; protruding from the lead plate is· · 
20 cin. ·The fib_ers ,were bimdled ·together and glued by. epoxy; polished ~tid: · 
c9hhected through> tapered_: circular light gu,icle (lengtl~ ,..,:, 5 em) to ~ · 

·rFEU-110 photomultiplier by meabs of'6ptical grease.· As the. fibers are ex
. 'tended by 20 em from the re'ar oftlre Jno'dule, elimin'ati~nof short attenu~ 

atibn, length component is assured incfeasing' the.lo~gitu'dinal imifo~lnity c}f · 
the' calot:imeter response. : ' . < ·. : , . '' ' • ' ' ' .' . ' .•. . . 

A s~herlmti~ dia~r~m ~nhe lm1dule is shmv1i 'iii Fii 6·.-. · ' · / . 
• ' ' ' "· ..,;; . -.,_ ' '-.,,,_ \ ~ " . • ' • '1: I ' ' ' ' i ' . • :"- ' . ' ~ 

r'"__. ... ·'·· 

4 Test Beam· Res~lts', 

. ' The modui~ w~_tested in the beari1 ~f p6~itronS'aild'i+-mesons at 5 '6ev. 
i~ ~hani1el 18:of tlie-Serpukhov accelerator U-70, ~ndin the X5 -~lectron t~st 
beam of th~ SPS CERN in theenergy r~nge 5-70 Ge V: The tilt ~n&Je () v'.'a.s
·abo~t 3~ in both case-s. 'The i·esponse of the calorimeter to 5 GeV •e+ and 
hadrons(tl1ainly.7r+}'is s'l10wn it~ Fig: 7and 8 respectiv~ly.'The?r+-'spectrum 
isus~d for the assessmentof photoconver~ionfluctuations (see below). r. 

The' cal~~imeter response (the Ille&n, valiteof the signal,amplitude iil.ADC 
channels) as a function of energy is shown hi Fig. 9. The behavior o'r this ' 
dependence'- is very' close to a.linear function over the large energy range: . ', ' ', . '' ' ' \ 

'} 
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· In. Fig. 10 tlw energy r~solutionis plotted versus the incident'energy. ·The 
experimentaJ values oftheenergy resolution can"b~ approxirnated by: '· '·. ·. 

' i, - . ' > ' .... - ' • • • ' • ~ 

irf E·= {13.13 ± o.29)i~ EB (1.7~ ±.o.£)9)--c·' , 
.. 

or 
. . . . . . . . ( . .' . . : 

uf E ~ (11;23 ± 0.40)/VE. + .(0.96 ±O.OS), 
' I ' ' ' , ., 

. .\ . . ' ,, ...• { ·- t ·• '•. 

where tlie first expression a.Ssumes the two, terms are' added quadratically-and · 
the second assumes the two are added linearly. Ther~sult is in a good agr,ee-. 
ment with the simulation 'results, if photoconversion is taken into account 

: (see below). , . . . . . · ... 
In Table 4 are presented the energy resolution of the SciFi .calorime-

. ters .. A direct compari~on between these results is difficult. to dobecause ' 
their.parameters (absorber/fiber ratio), .or 'experimentalc<?nditi~ns'(tilt ·an
gle)· are different.·. However; our resultsare c?nsister~t· with those '·obtained 
with ·roughlysiiililar exp!'!rimental'co'nditions. ·: ' . . ·.·. . ··.. .· ... , 

, :lri order·. to exainin'e the behavior of ·the signal ,attemiatiori alorig the I 

module.length\ve ~xposed it to a 5 G~Ve+'~beam perpenai~ular to the fibers' 
at several'distances from the PM. Tlie mean value of the amplitude as a 
function oft he po~ition of thib beaill is shown in Fig. lL'The ~olid line i~ the 
result of the approxim'~tion_ by the· formula:'' · · · · ' 

,. ' 
;.--', 

Y·:::; A e'xp(-Xf>.f 
)' ' t ~ •: I 

0 
/ \' L ,. ' : "L :, '! 

0 

i ' •• ~ < , • • O 
0 1: 0 

• ; ' -, ' • ' ', ' 

where the parameter >. '= 81.8 'em.·· In these measurements the light reflection · 
fro~ the erid of fiber•was .. suppressed. : .· · · · . ··. i ·.. · · , 

4.1 · Comp~rison'with Monte.Carlo 
To· compare th~ .. experiment~} re~ul~~. ~ith MC .,;.e h~ve •· to< take into 

account thefollowing: .• · ... · . : ' ·: ' :: . ·.· 'r, , .• ' '· .. ,· , ;. : 

"· 

~) the reflect~~ity; .. · I. •j 

n) · the photostatistics fluctuations .. · 
'· 

l "! 
, . I 

... 
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We estimate that due-to the absence ~fa mirror at the' end of the flber, 
th~ reflectivity isitot .niore than 30-40%. So .;.,e ~an use the si~ulation 
results .for reflec~ivity: 0% arid 40% (T~ble 2) a~d i~terpolate between 'the 
values ofthe energy n!solution at >.=75 em and >.=150 em totheattenuation 

. length >. = .81.8 em for both values of the reflectivity .. As will be shown 
• :below (see Fig. 13), after the introduction of ,the effects. ofphoto~tatistics, 

. "the experimental values of.resoluti~n lay in .a corridor draw~ by the' MC 
. 'resolutioncurves for-r ~ 0% and r:= 40% in' the whole energy range:" : .. 

Fluctuations due to ph'otostati~tics are g~verned by the average number of 
ph~toelectrons created per 1 Ge V'of incident energy ( nphe), anq .t~e ~oefficient 
a2 characterizing these fluctuations (c. f. Eq. (1)) can be expressed by [12]: 

) ' ·• ' ' ' ._ .. .. . ~ .. ' ' 

. . . ·'a2 =.Jm/:Jn;i:;, 
. (' ~l{er~· j= • = . ,1.17 .. 7 1..22 is. aia~tor cl1aracterizing th~ I~crease of ph~to

.. statistics standard deviation due to multiplication of charge in PM dynode. I . . , . . . . . • .. ,.,. . . ··'' . , 
· sy~tem w~ile.the fact9r 1/..;np;;; is due to Poisson statistics.·., . . . 
.. To estimate.a2 ,we have.cmppared the·experimen~al and,MC calorhneter 
r'esp~nse_ to.pion.s. (in the .~alorimeterblo'ck,IO x lOx 30 cm3

, Fig.12).~ ·I~ ~he 
. M C simulation of the tr+. passage through. the calorimeter. block .only el~ctro~ 

magnetic proc~sseswere considered and fluctuations due .to 'photost~tistics 
··.were 'ignored ... The experimental spectr~m ,'pres(!nts. tb; ·real calorimet~r re
sponse which also h1cludes errors .due to photostatistics. rMore9vedt indudes 

· also ai"hadronic tail" corresponding to events with 'nuclear interaction of 1r+. 
< If. the "lutdr~nic tail'~ . is removed .from th~. experimental spectrum' tl~~n the 

··speetr.um can be treated as a coi1Volutionof.theMCspectrum·ancl.the PM 
:. respons·e function:·.· Hence· decorivolution • of the experime~tal spectr~in will 

. reveal the coefficient a2 : .Practically, for the purpose ofextracting a2 we fitted 
· ' tile MC spect~um by a linear'combination of two Gaussia~s and the exp~r

. imtmtaLqne by' a lin·earcombination. ofa' Gaus~ian and a gamma function. 
• Thesecond Gaussian in the MC case was used for removingthe"Landau , · 

··tail" from the spectr~m. Ori. the. otl~~r· hai1d the gamma functi~n ,\V;t; used.c . 
for. removing both the·. "l~adronic'~ and, the "Landim': .tails from the experi~ · · 
mental spectrum. ·The Gaussian part of the experimenta! spectrum is wider,· 
compared to the corresponding MC one, due tophotostatistics fluc~.uations. 
Finding the parameters of the Gaussian distributimis (i.e. , mean value and 
standard deviation) in both tqe experimental (N"', ue"') and MC spectra ( 

' 
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." ,' , ' .' ,,, ' L . ·.' l·; ."', '. ' . .:• ' : .... : :' ' :·' . , ·, <' ' 

· AM0 ;·uM0 ·) allows to define the fluctuations coilnc:_:cted with photostatistics: 

,/' 
···vk· .•. ~··~ (::)'- (~~r (4) 

where E:b. is the a:v:erage en~rgy lo.ss ~f 5 GeY 1r+ 'in the cal6rimeter blo~k.· 
From the simulation, we obtained E:b~ ' ~ 0.31: GeV and from the fitting , 
procedure ae:r: fN"' ~ (17.02 ± 1.14)% ~rid u_M~JAMC = (I3.I2 ± 0.31)%: 

·We obtained: · · · ··· · · · ·' ' · · ·· '·· / 
·;.; 

a2 == (6,04± 1.02)%,. \ 

which correspondsto app'roximatelly 400pliotoelectroris pe;l GeV; We riote 
that the value of the coefficient should be t;·eated as an •' crude' estimat~ rather ' ~' 
than an exact valU:e.; .·. . . ' . . ' ' 
, . Now, we din correct_ the MC spectra for effect due to photos.tatistics (see ,1 

Eq. (1) and below)., In Fig. I3 are. compared the corr-ec:t'ed MC resolutions. 
(dashed line,s) f0~ _.>. ,'= 81.8 I C7U • at' tWO ValueS Of reflectivity ( 7" '=:= 0• and 
r::: 40%) with the experimeritalpoints: We see'that the e'xp't.;riinental results 

' ' . ' '; ' . ' . ' ' ' .'.' . ' \ I . ~ ' ' " 

are in very good agreemen,t with MC ones .. '' I ' 
' : .. ~ ' • I ~ , : • -; '' I· 

5 Conclusions . '' 
.,,..,.·( . 

. The energy ~~solution~£~ SciFi calorimeter module I~ad~ on; t);~ ba~is of 
scintillating fibers with diameter I min and attenuation h~ngth about 80 C!Ji 
(the ~~~ad-to-fiber volumeratio 1.17:: 1) .may be express~d by theforhmla: 

• -;,·')o. \ ' '. •l I·~ <I.,' • -·~, ·:, " :_\ ,-•,\ ', -"' I :{ 

: ' .. dfE(%):;: 13.I/VEJJJ .1:7/ 
. ~ ' ·.. . . \ ' 

· ,··The resu,.lts areingo~d c;greem~nt with the simulation a~dcorr!'!s'pond t6 ·· 
the results obtained by the similar calorimeted elsewhere. ' ' ·,. . '. 

A Mo~teCarlo analysis oftlie dependenc.e of·energy re~olutimi on'light 
.attenuation' length (.>.). and light' reflection. at ·front edge of _calorimeter (r) 

·.was carried out. The significant depe1idenceofconstant term (b)mi ,\ andr 
was observed. . . . 
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· Tabl~ 1 
Monte .Carlo Energy Resolution for Caloriinete'r blocks 

20 x·20 x 40 cm3 and JO x 10 x 30 c1n3. respectively 
' . - . . 

. ' block 20 x 20 x 40 cm3 block IO X IO X 30 em" 
E;,.c (GeV) Energy resolution·(%)·± its Error(%) 

5· 4.95 ± 0;I8 . 5.07 ± O.I8 
. 10 3.47 ± 0.1'3 .. / . 3.56 ± 0.14 

I5 3.02 ± 0.14 '3~05 ±' 0.14 
I 

! 

·.20• 2,56:± 0.12 2.60 ± O.I2 ' ! 
' 

50. . ·1.6I ±0.1I 1.66 ± 0.11 i 

Resolution · . )~~ . . ,E9 0.50 ± 0.27 . ' E9 0.53 ± 0.2'1 ! , . E 

Table 2 ' 
• Resolution Par~met~rs (a; b) vs. Reflection (;~),Attenuation (.>.) 

Simulation Block ( 2Q x 20 x ,40 cm3 
) 

I 
r; . ',\ a.± ~a·.·· b ± ~b . ' 

·(em)-· ' (%) ' . (%) 
.. I.OO ·oo ~ 11.09 ± 0.32 0.50 ± 0.27 ' 

.. Experimental Block.( 10 x IO x 30 cm3 
) . 

. 0:00 , oo· .11.31 ± 0;36 0.53 ± 0.27 
,,, ! ' ' . 0.00 ... : 15Q.OO .. .11.59 ± 0.4I ' 1.21 ± 0.24. ; 

. ;' ~0.00 75.00 11.80 ± 0.53' ' 2.17 ± 0.22. 
q: .' 0.00 ·.I·· .. 50.00 . 11.99. :± 0.67 . 3;17 ± 0.22' 

0.40 fC" ·: 00, / I L3I ± 0.36 0.53 ± 0.27 
OAO .. ' '150.00 f I.45' ± 0.35 .,0.78±0.31' 
0.40 75.00 . 11.57 ± 0.42: . 1.31 ± 0.24 

I 

0.40' •. ·.· Il.64 • ± 0.51 2.01 ± 0.2I ... 50.00. 
0.70 od 11:31 ± 0.36 ~ . 0.53 ± 0.27 

. 0.70 
' " 

.150.00 ··. '11.38 ± 0.31 ·. 0.62 ± 0.35. 
0.70 75.00 • .11.46 ± 0.37 . 0.92 ± 0.27 
0.70 '· . 50.00 ,· ' 11.51 ± 0.43" •. ''1.43 :l: 0.23 : 
1.00 . 00 . ' 11.3I' ± 0.36 0.53 ± 0.27 . 

·.·• 1.00. ' I50.00 11.33· ± 0.36 ' 0.54 ± 0.27 
1.00 J.. 75.00 11.38 ± 0.36 .• ' . 0.67 ± 0.33 

.. 1.00 •, 50,00 .. 11:41 ± 0.39 . 0.99 ± 0.27. ' 
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. Table 3, · , 
Attenuation Len-gth for Some Fibers;, Influence of Fib~r L-~ngth 

; . . ..• •··· <". ·. . •· • ••· .• I 

No. 

1.' 
2 
3 

.. 4. 
5· 

c 6. 
'7 
'8 
9 

10, 
11 

180 

u \so· 
0 .. 
~ 

·N 140 
"":'--
.Ul ..... 
. c 120 

(!) 

> 
(!) 

0 100 
._ 
(!) 

· ' · Fiber Lengtl1 · 
v·:::/120 dn · .. L = 60 em 

H-111: . - 5.4··. 
H~122 ... 5.4 . ·· 124 .J 

H-130 9.0 . '. ··122 
H-137 : 4.9 115 · 

H::140 5.5 <: . ;.121· 
H-Y42 .... 5.2 . 

H--.143. ::}····.9·.· 
H-144 (9.7 
H-145 8.9 ·. 

H-141 ··· · 5.7. 
Hci36 · <11.7 

. 142'· 
·121' .. 

119 . 
132. 

-122: 
,' 142 

/ 

3.9. -
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, . .. Table 4. : .. . . . 
The Energy Resolution of f.ead/Scintillating Fiber Caloi-imeters . . 
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By~arou IO. H)ij). 
3HepreTH'IecKoe pa3peme~He ::meKTpoMamHTHC 
H3 C~HTHJJJISI~OHHlllX BOJIOKOH H CBHHIJ;a. 

. H3roTOBJieH MO~YJib KaJiopHMerpa H3 n.P<Kt>ll 
CTHH H C~HTHJJJISI~OHHlllX BOJIOKOH ~HaMerpc: 
80 CM. Ofu.eMHoe OTHomeHHe norJIOTHTeJib -
cpe~IDISI paAiiau;HOHllaSI AJIHHaX0 = 1,05 CM. Ht 
pa3pemeHIDI MO~YJISI npoBOAHJIOCb Ha SJieKTp<>Hl 
H HaSPS B CERN B ~Hana3ciHeSHepm:H 5-:-10 r: 
HHe npH 8=3" (yroJI Me~y OCbiO BOJIOKHa H HaniJ 
slllpaX<eHo <i>opMyno:Ho/ E( %) = 13,1/VE $1, 
poBaHHe SHepreTH'IeCKOro pa3pemeHHSI MeTO~Ol 
xopomee COrJiaCOBaHHe C SKCnepHMeHTOM. 

Pa6oTa BbiiTOJIHeHa u Jia6opaTopHH Sl,ll;epHlll: 

IIpenpHHT 0!1heJIHHeHHOro HHCTHT)'Ta SIJiepHbiX J 

Budagov J. et al. . 
Energy Resolution of a Lead Scintillating Fiber 
Electromagnetic Calorimeter 

A calorimeter module 'was fabricated usi 
scintillating fibers with diameter 1 mm and atten 
absorber-to-fiber volume ratio was 1.17 and 1 

length x0 = 1.05 crn. The energy resolution of the 

the electron beams of U -70 at Serpukhov and of 1 

range 5-70 GeV. The energy resolutio!lat8=3 
axis and the beam direction) may , be 
alE(%)= 13.1/..fE $1.7. Theenergyresoluti< 
Carlo and good agreement with the experiment: 

The investigation has been performed a 
Problems, JINR. 
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