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I. - J \TRODUCTJO r.; A1\lJ PHYSICAL MOTIVATIONS. 

Since few years it has bE'en emphasized that the nuclear phenomenon permits to understand so­
mething more of the hirlden dynamics which cannot immediately be seen in h-h collisions(l, 9), 

In t his sense the nucleus is a \'ery dense detector, The time scale, o\'er which the internaJ pro 
cesses developed, is very long compared to llsual time scale of the hadronic interaction or formation-: 

In princi ple the i nternaJ dynamics may be considered as lhe clue which allows to set together 
.\ tl ll c.it"'on s (wher'e A is the atomic number) and does no t generale any difference between bound and 
f l·ee tlUcleolls, 

Suppose 't" is the characteristics collision time in h-h c. m, system; in lab, frame it is Lorentz 
dil;) ta lecl in sllch n way Owl., in high energy collisions, the hadronic system formed in the primary 
c o lJil:iion may intel'act again before reaching its own asymptotic state, 

One may therefore think thaI the nuclear interactions offer the unique possibllity of studying 
the slxl.Ce-time dc\;e!opmcnl of hadronic processes. 

1,et us fl' y to .gi\-c a g limpse inside the ex pe rimental situation for bot h coherent and incoherent 
p,'odllction, 

Tlrp Glauber Theory has been proposed foJ' eJastic scattering 
diffr :lction disso cia l ion h) Kbthi/! and Margolis(12), 

I.ooking to cuilf"rE'tl t !lJ'nduction, ?ee Fig.l , 
the standaru Glau her TIr(>(H' .V may be summari­
zed ill ri ve points: 

FIG. 1 

(et) and Istlt uto eli Fisica dell ' Universita di Milano. 
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a ) elastic scatterIng of the hadron h before the production pOint 
b) i nstantaneous production of a hadronic system I X > in its asymptotic s t a t e 
c) only one production point on the nucleon Nj 
d) elastic scattering of the produced syst em \ X) after t he production 
e) the only unknown quantities in t he t heory are 0' 2 and a2 which are respect h"ely the tOial cross ­

-section and the ratio of real t o imaginary partefthe scal t ering amplitude of the syst em I X \ . 

Generally there is a good agreement between thea:.--y and exper imental data for what conc€,'ns 
the differential cross-section; the unclea r point is the dip filling .in the firsf minimum region . 

The total cross section of the instable system I x) has been de termined in many experim ent , 
cov ering few exclusive channels and large mass regions(13, lEQ . T he data may be summarized as 
follow: 
a) 11 2 i s lowe r or ....... Pinc 
b) 11 2 decreases with the number of particles in fina l state 
c) 02 decreases with increasing mass of I X> 

In Table I a resume of the present data on 0 2 derived for differ ent channels of collel'em dis-
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saciation is g i ven; in Table 11 the 0'2s for 5n 
dissociation at 15 GeV are Jisted, 

A PWA has been also performed on the ~ n 
coherent production at 9, 15 and 23 GeV(19-2 tiJ. 

Tile data show t ha i: 
3) onl ,y 1+ and 0- waves a r e present in th e 1\ 1 

region 
b ) in A ) region (1 2 (1 +) is tower tha~ the single 

parhcle cross-section and 0' 2(0 ) is more 
or l ess twice O 2(1+) 

c) 0 2(0-) again has a 10\\1 \·a lu e after the A 1 I"~ 
g ion. 

Many modifications ha ve been froposed to 
the standa rd Gl aube r 'I'h eory(27-34 , in order 
to explai n the transpar'ency of n uclear matter, 
the behaviour of 0- and 1 + waves total cross 
section a nd the dip filling, 

The common connection between t he mo­
del s is that neither an asymptotic final stal e 
i X >, nor only an elastic scattering of I X 
in the nucleus are l"equirec1. 

TABLE II - Hesults of optical morlel !"its 

to 0coh fof' 0' 2 (5 1t") (rob) and Co (arbi­
trary units). 

(G eV) 

1------,---
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Anot her experi ment on coher ent diffr action dissociation has been carried out al IW CeV( ~5) a nd 

the first data will be availabl e by the end of 1978. 

Since many years ago, cosmic ray physicists concluded that rnultiplicity produced is weakly de­
pendent from the atomic number A. 

At present the data on mult ipl e production on nuclei come fr·om cosmic ray measu rements. e­
Ill u lsion exposu r es at accelerators(36, ~7) and one counter experiment at FNAI~(4, 8, :l8, 39 ), It is con 
venient to look t he data in terms of few parameters, namely : H

A
, V, Nh 

where , n ·A is the average number of charged relativistic particles (fJ ;~ 0.7) produced ill inelastic col 
lis ions with a nucleus A; ..jt ". p is the average number of char ged rel ativi stic particles produced with 
a proton, 

v 
A 0hP (inelastic) 

a A (in elas tic) 

" 
where Ng is the number of g J~ey tracks (0. :~ fJ 0, 7 l a nd is pl'aclicaUy the number of protons co­
miJlg from quasi direct interaction. "b is the n umber of black tracks (fJ .... O. 3) and may be conside­
red the number of protons with an energy inside the evaporation spectrum. 

The energy dependence of H A is derl\·ed for emulsions. The dat a al'e consist enl wil h R em j ndp-
pendent [,"om energy when E 60 Ge\·. 

Ills well established that RA incl'eases very slowly with A . is morC' 01· less linear d ependent 
from 11 and lower than 2. 5 for very heavy nucl ei , se e Fig. 2 (frol"n ref. (381), 

At small a n gles (which means projectile fragmentation region in pseudora pidity plot) no diffe­
rence appears between nucleon a nd nucleus, as oth e r wise seen in bigger angle I·egions. see F ig. 
3 (from l'ef. (38)1. 

A linear dependence of .~ n ·· (which is th e everage number o f fast secondaries produced at 
fixed Nh, in emulsion) fr om Nh ~ay be affiemed, 

A great deal of t heoretical work has been d eveloped on multiparticle production o n nuclei (see 
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ref. (8) and references therein). 

But it is stiJ1 impossible to choose among models with the present experimental situatim-l. 

Several refined measurements arc needed; firstly it is necessary to get a rapidity distribu­
tion instead of the pseudorapi dity one, secondly an analysis of the type and the energy of nu­
cleons coming from the struck nucJeus(40). 

As genera] remark, we can say that the striking features of coherent and incoherent produc ­
tioll on nuclei are: 
a) the total cross-section of the produced system is nearly the same of the incident particle; 
b) the multiplicity produced on nuclei excludes any cascading model inside the nucleus and is can 

centrated in the tal~get fragmentation region. 

Th ese experimental data agree with the idea that the interaction on nuclei are a powerful tool 
for understanding the space-time development of hadronic sy stem. 

MoreO\·er. t he coherent. interaction supplies a simple and direct way for selecting either spin­
parity series in diffractive production or d iffractive Coulomb dissociation. 

In thc latter case the production cross-section goes ae Z2 and is increasing with the energy. 

As consequence processes such as coherent production of 0 D and Coulomb production of 11c 
(2.8 C ey f c 2) may be selected when t he photon is coherently diffracted on a target nucleus . 

2. - FRAMM EXPERIMENTAL SET UP AND N UCLEAR TARGETS. 

FRAMM experiment is expected to start its data taking in June 1978, at CERN-SPS. 

It is an Italian Collaboration of Sezioni LNFN ed Unh·ersitA di Milano Pisa e Roma and Labora­
tori Nazioni di Frascati(41, 42, 43). 

It will wor k with P. P. K!, 1£! beams in the energy region 100 ... 400 GeV and a photon beam 
with top energy of 200 GeV. 

The apparatus consists of: a forward spectrometer, a vertex detector and sensitive nuclear 
lal"gt'>t.s. 

2. 1. - Forward Spectrometer. 

Thp. spectrometer cornprises four magnets_ 

The first one bas a ga p of 50 em, I m long and a maximum bending power of 1. 3 Tm. 

The di s t ance from the target is 1. 5 11'1 and the acceptance angle of ~90 rnrad , wh ich corr es-" 
ponds to 90° in C.m. system for a particle of an average P T at 300 GeV / c. 

(41) 
The subsequent ma gnets are standard .PS beam transport magnets . 

.F'h·e sets of drift chambcrs are pos i ­
tioned as shown in F ig. 4, each set consist s 

F[G.4 - Ceneral layout of FRAMM exp~ 
riment. The sketch pr'esented below is 
a general top dew o f the forward spe£ 
I rOllleter with ,-ertex detector . In the 
drawing presented above. only first 
t hree magnets with drift chambers and 
photon det ec1 ors are shown in detaiL 

II · ···! -=~'.:' 
!'-p~.:---=-::-~:. 1--

, 
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of three chambers. each of them has two orthogonal planes with a ~..:cnse wil'e spndng 4. H crn. The 
obtained resolution on the drift coordinate is a X "" "!o. 14 mill, while tile resolution of Ill(' dclay U­
ne, flanking each sense wire, i.n Ll Y = 2'2 mill . 

Th e calculated ]'esolution is LlP / P ,..::. to, 5u,-o fa]' produced parlicles inside the acceptance con e 
of the spectrometer. 

The firs t two photon detectors (see Fig, .1) 
photons pr'oduced in the angular' r'ange s 7° 

are scintiJlaliol1 cOllllledead sandwiches. which 
{j ~ 300 and I. 7v {} 70 respecli\'cty , 

co-

T hey have an enel'gy resolution of 9% and a space r'csolution of "1"2 mrn. 
, 

The other' ones are lead-glass Cerenkov counter matdces, ('o\'e r ing the angular ]'pgioll of" ()o 

~ {J ~ 1,7°, The expecled en e rgy and space ]' esol ution is 4. 5% alld "! 2, 5 tnm ]'espec li\C' ly, 

The 1t, K.P distinction, up 10 40 G eV, is Illade possible by t wo Cerellkm' ('ount('t'S pos i t l(f ll­
ed inside the 1st tlnrl 2nd magnet. 

2.2. - Vertex Detector. 

Su]~ronding the sensitive nu c leal' target is placed t h e vertex detector , see Fig. 5, 

FIG . 5- Front view of F'RA iVIM 
Vertex detector wUh inserl­
ed 1J

c 
tar·get.. 

2, :i, - Sensili\'c "\ucieaJ' Taq::-et s. 

a consis t s of a box of four drift chambers whl('ll allow a r e-
solution on the pola t .. angles 01' .1# 3 Int 'ad, 

Irnrnedla t c ly after a box of scin tillation COUtltel' ar'p position­
ed . They pedorrn the identifi cation and th e lllf'asu l'emen1 o r the 

kinetic elleJ'gy of photons between '1' ''' 30 and T GOO Me\' . 

Finally four lead-scintillaJ ion countel's arc lIsE'd 1'01' detec:l­
ing photons outside the region co\'e l'ed b,Y the forwHnl spectro­
meter . 

Downstream from the nuclear sensith' c ta r'ge t a Sl"'J of J hl't"e 
dl'ift cl"tarnbel's measures the direction of pal'lid e::; 1)f.>lwCC'1l few 

degrees and 45°, 

Th e,), are followed by two !VJ\oVPC's for fast lr'acks cou li litlg 
and trigger pUI'poses . 

These (Cl I'gets ar'c t hought to b e placed inside Ih e \'eriex delec1.(w; tlll'f'l' of I IH'n1 nt'e lis1ed 
below follow i ng the timf' scheduled for FRAMM experim ent. 

The Milano g l' o up is also impI'oving lite sllicon [h'e-target already 118C'd in othe r- 1 wo exper-i­

ment. 

2, 3, 1. - '1/c tar-get. 

This tal'get proddes a fast trigger to FRAM M spectrometer when data are t .. ,1 en on coherent 
photo production . 

The detector' is a cylindl'icaJ plastic scinlil1ato]~, shown in Fig. 6. suhdiddcd in fOUl' st'ctm'S , 
each of them seen by two phOtOlll Ultiplicl's HC A 8575, working in coincidenC'e. 
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FIG. 6 

How these sectors have to work together will be decided after the firs t tests on the 200Ge V 
JJho t on bealil. 

600 !kIll of lead are pJaced in the cent er of the scintillator, whose forward cone is "!90 mrad. 

The secondaries produced in a coherent. reaction are expected to be inside ihis cone. 

In ge neral FRAMM forward spectrometer seems to be ideal for coherent photon or hadroproduc 
tiDn on nuclei , because: -

a ) there is a simultaneous de tection of charged particles and photons. The detection efficiency is 
nearly independent from the multiplicity of final state(42), 

b) It is possible to reconstruct t.he coherent produced mass with a resolution of 100 MeV 
(FWHM)(43) 

Wh at we ask to the rletector is a fast anticoincidence signal for incoherent event. 

With a photon beam it is possible to study both pseudoscalar and veci.or meson photoproduc 
hans . 

Th e former are produced via Prima­
koff effect, see Fig. 7, in wh ic h a virtua:! 
ph oton is exchanged and represents the in­
verse process of the PS meson decay in 
yy 

The differential cross section is : 

2 
F (ql sin 2;} 
---c;'+ 

where: 
a :;- 1 / 137 

ryy is the t wo phot on decay 
m is the photoproduced mass 
fJ. E are the velocity and the .energy of 

the particle 
1} is th e prorludion angle 
q is the momentum tranfer 
F(q) is the electromagnetic form-factor 

of th e nucleus 

Nucleus 

FlG.7 

AI ' 
l ' 

( 2.S Gev/c 1 ) 

In this formula the only unknown quantity is r yy . With the FRAlVIM it is possible to measure bo­
th integrated cross section and the branching ratio toward yy decay. 

In such a way a direct measurement of the lifetime of PS mesons may be performed , i!~ par­
ticular the 'Ie (2. 8 GeV/e 2). 

-I 
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T he lof" l c ross sec t ion 1'01' ' Ie production 

is gi\'cn in F i,.:! " !J (1'1'OIH r'cr. -t :{j a ssumini! fry 
20 K e\ , 

W e expec I j 1);]\ j he expcrimenta l m a s s o f 
col l e r' cnl events wi l] s llow the ,1c p eak super­

i t n po setl 0\ e," a cOllI illUOUS ba c k g l'ound due t o 

11 0 11 t'eSQ II <ln l \ e ctO l' l11 eSo n pr'o du ction , 

AI :( I (; C'V / (,2 il is pr esent file .rl'tp p eale 

T ill fontillLJOllS is rlrar";lrtf' l"il.cd [),\' 1 ' 1\ 12 

h eh av i ol il' n nd i tl '1J (" I ' eg i o n w e ex pect a signal­
to- llois C' r"a f i n Qf til e o l'der' o f 1. unde l' t h e as 

s Ulll p lio tl l!ta l t h e di ffJ'ncth' e photopr od li cHon 

(,J 'Ol:)S sect i OI1 i s !)~~ of t he tow J photoproducl ­

ion e r'oss-sectio J1. 

T lll, .l '1/' Iw~ k is " :1 0 lim es l at'gc ,' fh ::tll 

'1/ (' one. fJII, .. ' i delltificalion may be o bt a in ed by 
IJll~ 1- 40 \1\ , \ I'psolulion i n mass; a c Jea l'er 

'r ill Ill.! ;!('ldp\"ed if I he G p::l rit y is 

it i!o::i possible 10 sulJdidde the 
,It ,!'") of odd a ne.! even nu mber o f 

II, ('(" \ Or' lw s heel! de\"cJoped in 
'n- tl, ' " Ii ;ll-;l-i l ll' (' a \'(~I",\ high C'fficiellc) rOl" co-

11 ('I'PIl I PI' U,lt l("lioll <.111([ work at I"iggcr 1c,,"c1. 

Th e il1('ohe'"E'nl C\'cn!s 0. 1'(' (" h ~lI', l cle l" ized 

by a l::ll"gc llumhcr' of c\' apo ,'alion ]JI"ongs " 

l'lG. 8 

Cro:.s- ,; ~c~ . ::::n f~r 

_ _ - --- - '11 

10 .. )2 _ _ .l _ _ jJj_' .. _L-1_........L.l.J.............L-I __ .l. .. _~ _l_, _' .. .-1.. _____ _ 
sa leo 15) 2:;0 ?5n 2JQ 

Ph::)!~:l E-n€' ~;:' . . '~I) 

F'JG. ~) 

The 1',IIl.l!C' o f I1l1clE"a," excitatioll encl' gy , in the hundreds C eV r egion, w a s eva l ua ted by emu l ­

:-;ioll (klf'1 [II :W O C<.'\ . 

T he found \'al u e was 2 00+ 30 0 IH eV 1'01' ],p. a vy nucleus . F ig. 10 sh ows th e t'esulls o f M O N TE 

CA HLO calcllJalion 1'01' 1'\ 16;' , 
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FIG . ] 0 - :-\0. of neutrons 

emitted . 

With increasing A the neu tron e m ission in enhanced and the lead target for fi e production was 
chosen because : 
a) it has Z=--82 and the Primakoff cross section goes as Z2 

hJ when it is excited, it decays by emitting a great number of neutrons and no fission fl"agment 

Suppose En is lhe average 
ficiency of t he system is: 

efficiency for neutron detection in €\"aporation region, then the ef­

N 
I " ( 1 - En) 

wlle l 'e ;>J i s the 3\"eragc nllrnl)(~r o f neutrons coming from nucleus break-up. 

a reasonable to cX1J'acl from emulsion data thai the incoherent hackground giving all charged 
secondaries in the forward cone and only neull'ons from nucleus is:.::... 0.003 Gto! in 1J c mass re ­
gion. 

Th e scintillato)' dinl€'llsiollS (see Fig. (j) are s uc h that each neutron t,'a\'els two interaction len 
gt ll s in' he a\·el'age. 

T he Milano g r oup <1m eloped an elech'onic chai n connec ted to the PM 8.575 faced on each sec­
lor(441. 

The ,'i\"elation threshold for neutron was estimated 30 KeV e. e. and En _ 390/0. 

For 14+20 neutro ns emitted I is . ..:...... 9%00 ... 5%000' 

-2 
The incoherent background in "'c mass region is s o estimated as: (0. 2) ... (0. 8 x 10 ) ,ubarns. 

11 ::' 
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As consequence the incoherent background may be neglected in spite of lhe big difference in 
production rate. 

2.3,2. - Metallic tal~gets . 

They have been developed for taking da ta on multihadron production on nuclei and ar e capab le 
of identifying the coherent e\'ents . 

The target consists of (see Fig. 11): 

\ 2X1S0mr d --

-
40m 
I---i 

FIG, 11 - Cylindrical 1\'1 ViI PC and scintillator: 1) targets; 2) si­
gnal wi r es; 3) h . t. wires; 4) scintillator: 5) frame. 

a) Thin sheets (::.. 200 I1- m) suspended and equ a lly spaced in the centr al 20 em a long the axis of H 

cylindrical i\[W PC . These sheets may range between light and hea\'y n uclf'i. 
b) The IVIWPC has wires par allel to the beam and is supposed to work in proportiona l regime . 

The charge division method (c . d. rn , ) has been introduced for the electronic chain in order' to 
ghe th e ~oordinate along the wire (expected resolution 2-2 rnm) and a rough estimat i on of ener­
gy loss. 
In such a way it is possible to count charged secondaries between 1 Oo ~ {}o 170°, wher e the 
pseudol"apidity is a good approximation of the rapidity. The expected pseudorapidit.y r e solution 
is gh'en in Fig , 12, 

L',~ 

.' + 
i 
1 

• I ~- • -'y - , 70 - ,3 0 0 ." ." 1 ,:: ~ 1.14 ~. l~ 

130 · nO' ". 00' lO' ,.. IC' 
C 

, 
:~ "1 ~ 10~ - I -' FIG . 12 , 

\ 

i' i · 
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Another performance is the di stinction aJIowed among fas t particles and protons com ing from 
evaporation and quasi direct interaction . 

c) A cylindrical scintillator 10 em thick subdivided in 8 slabs is placed sur rounding the chamber . 
It is studied in the saine way as 'T} c target and gives: 
1) A s ignal of coherent interaction when no c h arged par tic1es are produced. 

The efficiency fo r tagging the coherent production is ~ 98+100% r anging from light to hea\'y 
nuclei . 

10 1t permits to count the numb er of emitted ne utrons , when an incoherent interact.ion happens 
in which a low number of charged secondaries or non e is s pr ead at big a ngles, 

In conc lusion tha a\"aiiabJe data will be: 
a) rapidity (inside the acceptance cOil e of forward spectrometer) for fast particles, wher e the 

pseudorapidity is a bad approximation (for resolution see ref. (4 1»; 
b) pseudorapidity up to 1700 in lab. system for any charged particles; 
c) relation s hips b etween fas t secondaries and particles (neut r ons and protons) coming from both 

evaporation and quasi direct in t erac tion; 
dl selection for coherent production. 

\\lith this detector i 5 t h erefor e possible to study in a ve r y detaiJed way any kind of interac ­
tion on nuclei. 

In particular wlJat concerns physical questions such as the existence or/ and a critical rapidity Y c 
(wit h its dependence from the Atomic number /J.,., the incident energy E and t he kind of incoming 
particle) and the behadour of projectile and targel fr agmentation region . 

2. 3. 3. - Helium target. 

The helium target i5_a detector capable to study coherent , incoherent, semicoherent and ela­
stic interact ion on 4I-1e(40, 46, 47 ). 

In the case of coher'enl production, it gives t he differential cross - section da / dt , t ht'ough a 
direct measurem ent of the reCOiling a particle. 

It is a gausses ded ce in which the gas acts Simultan eously as target and working medium. 

Three cylindr ical MWPC's are placed with a diameter of 4 ,2 0, 28 cm res pectively and no My ­
l ard ' .... al1s among them 

The c. d. m. is used as in the metallic ta rget. 

1:1 c t i u m t -'1 t 9!!..!. I 
scintillator 

lL 
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Wp (>xpect io detf'ct (l recoil for I I I (four momentum tranfer) ~ 0.017 (Ge\"j c)2. 

Tllf' possible 1" €aC'tions on helium are: 

( 1,1 h - 4Ho~ II + 4H e (coherent reaction) 
(2) 

, 
+ 4 He:'t (s ell1icoh (>1" enf whl:'J'e t h e 1$t ('.\citation le\"e l h .... Jlp -- II reaction, is 

1---. :l lic 
20. 2 ~ Ie\') 

• 11 

(:lI h + 4!!e-_ H + :3 He .. n (knock-out I"eaclion ) 

1·11 h 41 10 -- II I. rr -, p 
( ; ) h "'li e -- II + d • cl 

wl1Pre h is 111(> incident particle and II i~ t he multihadron produced state. 

Hf'::l ctiotl (4 ) and (5) may easily SE'en because two highly ionizing pal'tic!es are produced. 

The e Dses (2 ) and (:{) rnay distinguished eiTher by [1 kinemati('al rjft (afi('r Illass I'€COllstrllcti onl 
(H' by a fil III which the informations 011 dE / dX corning fr om t IlE' MW PC's <Ir e used. 

The eSlima"NI backgr'olll1 d in thE' coherent sample is --=-- 3(1'0 (see "cf. ( ~ ,5J -I7} and referC'J1cE's thp­

I'pin) , 

'J. - CO,\CIXSIO:\S. 

\Vhile targ ets d escl'ibin,e, the pei'foJ'lnance, th a t FRAI\ rI\1 experirr_ent offers, Have been given 
W il;-Il (,0l1CP 1' nS both ('o/lPI'ent and llIulfipaJ'tiC'le pl'oduction on nuclei. 

The J'a pi dity plots ;"lnd their con'elations with nucleal' pl'oduCIS will be a \ aiJahle [01" a consi ­

stenT Sf" (lei Iluclei. 

Till' pho1op,'odu c ti on of pse\ldoscalot, and \' ector mesons will be pXlensh ely studi ed, in par­
tic- ull' a}" "1 c ( 2, 3 Ce\',Ic 2 \ lifetime, 

\ 1 pt' C'g C'llt ano t her de \' it:l' is III~el' cli.!\-eiopment in order to perfor m a \' ery inter'esting rrea­
S UJ' (>171('nl such as the lif etime of lJ .. D padicles , 
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(2) J<. (;o t tf:- ied, Phys, Bp\", L ette'rs 12, 9,=)7 (1 974 ) 

(3) L, Van 1/0\ e. !JI"OC, !ill! /n1pl·n, CoM, 011 lIi ,gh Ener g) P hYSics and '\ucleal' SI,'uct ul'e, (Tprsala 
( 1973). 
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.., . 
, 1 
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