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Abstract. We report the results on the electromagnetic 
dissociation of 14.5A GeV 28Si and 200A GeV 160 pro- 
jectiles in nuclear emulsion. The overall charge changing 
production cross sections are determined experimentally 
and are found to agree reasonably well with those com- 
puted theoretically. The relative rate as a function of de- 
cay energy for various reaction channels are parameter- 
ized in terms of an exponential function. Majority of the 
events in the most prominent decay modes can be at- 
tributed to the excitation of giant dipole resonances. 
Multiplicity distributions of e particles emerged from nu- 
clear as well as electromagnetic interactions are also in- 
vestigated. 

PACS: 25.70.Np; 25.20.-x 

1. Introduction 

During the last decade, beams of heavy ions have been 
accelerated at the BNL AGS and the CERN SPS to en- 
ergies beyond those available at the LBL Bevalac, and 
consequently, these beams have been extensively em- 
ployed as powerful tools to explore a variety of collision 
processes. Depending upon the value of the impact pa- 
rameter, the collision between heavy-ions can give rise to 
two entirely different collision processes, viz., nuclear and 
electromagnetic. The former process is dominant, when 
a target and a projectile overlap even marginally. How- 
ever, the latter process involves impact parameters larger 
than the range of nuclear force so that strong electro- 
magnetic pulses are produced during a short period of 
time at the nucleus. Due to the Lorentz contraction, there 
is a considerable amount of enhancement in the strength 
of these pulses at relativistic energy. These strong elec- 
tromagnetic pulses can lead to the excitation of nuclear 
giant dipole resonances (GDR) or to the creation of par- 
ticles such as lepton pairs/pions, or to the excitation of 
new states with exotic decay modes [ 1 ]. For heavy targets, 

electromagnetic dissociation (ED) is expected to play an 
important role in the process of projectile fragmentation. 
First evidence for ED in relativistic heavy-ion collisions 
was reported in cosmic ray experiments [2,3]. Later 
Heckman and Lindstrom [4] reported the evidence of ED 
of ~2C and 160 projectiles at Bevalac energies, and sub- 
sequently, numerous experimental investigations have 
been performed on both projectile [5] and target [6] ED 
processes. Further information on this process has been 
obtained with different detectors exposed to 160, 32S 
beams [7-9] at the CERN SPS and 2asi ions [10-12] at 
the BNL AGS. 

So far, very few experimental studies have been done 
on the ED using nuclear emulsion [13-15] exposed at the 
CERN SPS. At the BNL AGS, only one emulsion work 
exists on the ED of 2asi ions [16], but with a much low 
statistics. In the present paper, we investigate the elec- 
tromagnetic dissociation of the 28Si beam from the AGS 
with a much better statistics than that given in [16]. We 
also compare the results obtained for the ED of ~60 beam 
at 200 A GeV from the CERN with the 2asi projectile 
from the BNL. 

Emulsion has the highest spatial resolution as com- 
pared to any other detector and it becomes extremely 
important especially at 200 A GeV energy, where the 
opening angles of the projectile fragments formed in ED 
events are very small (~  1 mrad). 

We shall briefly describe the classical theory of Weiz- 
sticker and Williams [17] in Sect. II. In Sect. III, we give 
the experimental technique. Section IV is devoted to the 
results, which includes the charge spectra of the projectile 
fragments (PFs), mean free paths of nuclear (2nut) and 
ED (~'ED) events, relative rates of different decay modes, 
determination of the overall charge changing cross sec- 
tions (CrED), the transverse momentum distributions (p,) 
of protons in A Z =  1 emission channel (as neutrons can 
not be detected in this experiment) and the comparison 
of multiplicity distribution of the e-fragments emerged 
in EDs and nuclear events. Finally, the conclusions of 
this work are given in Sect. IV. 
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2. Theory of electromagnetic dissociation 

To explain the reaction mechanism involved in the elec- 
tromagnetic collisions, the equivalent photon method was 
developed independently by Weizsficker and Williams 
[17]. In this method, the projectile and the target are 
treated as point objects, and the number of photon quanta 
N(E 7) per unit area at an energy as seen by a moving 
projectile from the stationary target is given by 

' N ( E~ ) - ~z fl?hc E~ (1) 

where, 

bEy 
x -  ~,/~h c" (s) 

In (2), e is the fine structure constant, Z r is the target 
charge, tic is the projectile velocity, ?J is the Lorentz factor 
of the projectile in the laboratory frame and K1 (K0) are 
the modified Bessel functions of the order 1 (0). The pho- 
ton spectrum has an adiabatic cut off at an energy 
E~n~hc/bmin, where bmin=Rp+RT, the sum of the 
projectile and target radii. At AGS energies 
(~  14.5 A GeV), E~m~x~ 300 MeV; whereas at CERN en- 
ergies (200 A GeV), Ey~X~4 GeV. For photon energies 
10 < Ey < 40 MeV, the most effective mechanism is 
through the exitation of giant dipole resonances. The 
quasideutron effect starts at energies 40 < E 7 < 140 MeV, 
and for Ey > 140 MeV pion production takes place. The 
production of lepton pairs (e+e - , p +/~ - ,  z-+z- ) and the 
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Fig. 1. The energy spectra of virtual photons for: a 2sSi beam at 
14.5 A GeV and b ~60 beam at 200 A GeV in nuclear emulsion 

A (1232) resonances are accessible for higher values of 
energies. 

For ?J >> 1, (1) can be approximately written as 

N ( E ~ ) -  2Z~c~ [ln(1.123 E~/E~,X ) _ 1/2]. (3) 
7r E ~  ax 

A quantum mechanical approach using the plane wave 
Born approximation confirms the classical results, how- 
ever, the photon spectra are distinct due to multipolarities 
[181. 

The virtual photon spectra calculated on the basis of 
(3) are shown in Fig. 1 a and b for the 288i at 14.5 A GeV 
and 160 at 200 A GeV for different constituents of nuclear 
emulsion. The major contribution to ED in emulsion 
comes from Ag ( Z r =  47) and Br (Z r=  35) nuclei, be- 
cause the number of virtual photons varies as Z 2 (3). One 
can notice from Fig. 1 that the heaviest constituents of 
emulsion contribute more than 95% of the total photon 
intensity. 

3. Experimental technique 

3.1. Exposure, scanning and selection of the events 

The present study has been done in two emulsion stacks; 
one exposed to 14.5 GeV 28Si ions at the BNL AGS (Exp. 
No. 847) and the other one to 200 A GeV ions at the 
CERN SPS (Exp. No. EMU08). The projectiles traversed 
the stacks parallel to the emulsion planes. To obtain high 
efficiency of scanning, the interactions of the beam par- 
ticles were found using along-the-track scanning tech- 
nique. The pellicles were scanned on digitized stage mi- 
croscopes under 100 x magnification. As the beams were 
very flat, the tracks were followed mostly in one pellicle. 
The primary tracks were picked up at a distance of 4 mm 
from the entrance edge of the pellicle and were carefully 
followed until they either interacted or escaped from the 
pellicle. In each interaction, the multiplicities of black 
tracks (Nb), grey tracks (Ng), the minimum ionizing 
shower tracks (n~), singly charged projectile proton tracks 
(Np) and the projectile fragments (PFs) of charge Z >  2 
(N/) were recorded. The charges of the PFs were deter- 
mined by measuring the grain density, gap density, and 
by 0-ray counting as discussed in [13]. Each event was 
very carefully examined and qualitatively classified into 
three principal categories: (i) central, (ii) peripheral and 
(iii) electromagnetic events. A comprehensive discussion 
of the selection and classification of events is given else- 
where [13]. We followed track lengths of 174.89 m and 
117.19 m corresponding to the beams 14.5 A GeV 28Si and 
200 A GeV 160 and observed 1517 and 1070 interactions, 
respectively. 

Since our analysis pertains to the EDs, it is very im- 
portant to distinguish the nuclear peripheral events from 
the electromagnetic events. To achieve this necessary dis- 
tinction, we impose a limit on the fragmentation cone 
for the PFs. The fragmentation cone is defined by 
OPF~-~Oc=Pf/Pb . . . .  where, Pbeam stands for the beam 
momentum and p/ for  the Fermi momentum; the latter 
is estimated to be ~ 160 MeV/c [19] for the 28Si ions at 



14.5 A GeV and thus giving Oc~  12 mrad. For  160 beam, 
the value of O~ ~ 1 mrad [ 13]. The electromagnetic events 
were picked up among the peripheral ones with no visible 
excitation of the target nucleus (Ng and N b = 0) and with 
an additional constraint that the sum of charges of  all 
the PFs with Z > 1 inside the fragmentation cone is al- 
ways 14 for the 28Si beam. The contribution of the nuclear 
peripheral events in our samples of the electromagnetic 
events is effectively minimized subject to the requirement 
that the number of produced shower particles (n~) in ED 
events < 1. Exclusion of low energy e+e pairs, high 
energy 0-rays and the elastic scattering events was done 
as discussed in [13]. For  200A GeV 160 beam, the EDs 
have been identified by adopting exactly the same selec- 
tion criteria as given in [13]. By applying these stringent 
selection criteria, the numbers of EDs corresponding to 
the beams 2sSi and 160 were 109 and 113, respectively. 
For  2sSi beam, all 109 electromagnetic events were found 
to be due to the clean breakup of the projectile and with 
no visible excitation of the target nucleus (N b and Ng = 0). 
However, for the 160 sample of ED events, 8 events had 
a single pion track and the remaining 105 events were 
due to the clean breakup of  the ~60 projectile. 

3.2. Space angle measurements of PFs in ED events 

The space angles of the projectiles fragments in EDs, were 
determined from the vector directions of the emitted 
tracks with respect to a non-interacting primary track 
(the reference primary track) selected in the vinicity of 
the interaction vertex. The x-, y- and z-coordinates of all 
the PFs including the vertex and reference primary track 
were subjected to three dimensional track reconstruction 
programs, which computed the space angles. This tech- 
nique gives an accuracy better than 0.1 mrad for the an- 
gles 0 =< 1 mrad, including the error due to the multiple 
Coulomb scattering [20]. 

4. Results 

4.1. The charge spectra 

In Fig. 2a, we show the charge spectrum of all the PFs 
ranging from Z =  1 to Z =  13 for the 28Si beam, while a 
similar plot for the PFs with charges Z =  1-7 emitted in 
the ~60 beam is shown in Fig. 2b. In both of these Fig., 
the most abundant PF is with Z =  1, the next one is with 
Z = 2. The least abundant are the charges in the range of 
3_< Z_< 5 for both of  the beams. For  heavier 28Si beam, 
there is a slow increase in the relative abundances of 
charges between 6_< Z_< 11. Charge Z =  13 has the rel- 
ative yield almost two times than that of Z =  12 and this 
conclusion is also valid for the PFs of  charges Z = 7 and 
Z =  6 in the case of  160 beam. 

4.2. Nuclear (2,,~c) and ED (2ED) mean fi'ee paths 

In Table 1, we present the topologies of the inelastic and 
electromagnetic interactions observed. We also include 
here the results from [15] and [16] on different types of 
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Fig. 2. a Charge spectrum of the PFs with 1 _<Z_< 13 for 2sSi at 
14.5 A GeV. b The same as a, but for PFs of charges l _<Z_< 7 for 
'60 at 200 A GeV 

interactions. Table 1 indicates that ED as a percentage 
of the nuclear events (Nnuo) increases with the total pro- 
jectile energy. For  projectiles having almost the same 
masses and different energies (s2S at 200 A GeV and 2aSi 
at 14.5 A GeV), the value of 2ED decreases as the pro- 
jectile energy is increased from 14.5 A GeV to 200 A GeV. 
For  ions having the same energy per nucleon but of dif- 
ferent masses (s2S and 160 at 200 A GeV), heavier pro- 
jectile has less value of )~ED" These observations are in 
qualitative agreement with the predictions of the virtual 
photon theory [7, 8, 17, 18]. From 2 nuc, one can calculate 
the nuclear cross sections, which is discussed in Sect. 4.4. 

4.3. Observed modes of decay in ED 

In Table 2a and b, we present a summary of the identified 
ED events in 2sSi and ~60 - emulsion collisions, respec- 
tively. Results from the [7], [10], [15] and [16] are also 
included to facilitate the comparison. In the first column 
of these Tables, the decay mode of an observed channel, 
deduced from the charge conservation, is given. The sec- 
ond column shows the threshold energy (AEth) for the 
excitation of a given mode calculated in the rest frame 
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Table 1. The data on the number of primary nuclear (Nn~) and electromagnetic dissociated (NeD) interactions of different ions in nuclear 
emulsion 

Ion Energy Length N.u~ NED )'nuc /~ eD ED as % Ref. 
(A GeV) followed (m) (cm) (cm) of N.~ c 

2*Si 14.5 174.89 1408 109 12.42_+0.33 160.45_+ 15.37 7.74 
28Si 14.6 71.69 691 46 10.37 _+ 0.39 155.85 -+ 22.98 6.66 

160 200 117.19 957 113 12.25,+0.40 103.71-+ 9.76 11.81 
160 200 69.31 591 68 1 1 . 7 3 _ + 0 . 4 8  101.91___12.36 11.11 
160 200 348.70 2934 362 11.88 -+ 0.22 96.33 __ 5.10 12.34 

32S 200 198.50 2168 476 9.15-+0.20 41.70-+ 1.91 2196 

This work 
[16] 
This work 
[16] 
[151 
[151 

Table 2a. In different decay modes for 28Si 
at 14.5 A OeV, threshold energy (AEth), 
observed number of EDs (NED) and ED 
fractions are presented 

Decay mode Threshold NEn Fraction (%) 

energy (MeV) Present work [16] 

27A1 +p 11.6 47 43.12_+6.29 

24Mg+2d 48.7 13~ 27.52+5.02 
24Mg + 5 10.0 17 J - 

23Na +~ +p 21.7 10 9.17_+2.90 

2~ + 25 19.8 2") 
2~ + c~ + 2 d 43.2 ~J  6.42 ,+ 2.43 
~~ + 4 d 70.02 

19F+2~ +p 26.8 121 
i9F +5"+2d+p 56.0 2.75_+1.59 

160+2~+2d  47.9 211 
160 + ~ + 4 d 71.8 2.75 ,+ 1.59 

'4N+3ce + d  47.9 22] 
J~N + 25 + 3 d 68.6 3.67 -+ 1.83 

iaC+~ + 6 d  102.8 1"~ 
H B + 3 5 + 2 d + p  71.0 
6ct + 2d 62.3 4.59 -+ 2.05 
5ct + 4d 86.2 
35 +8d  133.9 

[lO1 

32.61 • 8.42 

30.43 -+ 8.13 

8.70-+4.35 

8.70_+4.35 

6.52 _+ 3.77 

4.35_+3.07 

67.32+_ 19.38 

16.73 _+ 4.82 

2.33 ,+ 0.67 

1.17,+0.34 

1.17+0.34 

1.56-+0.45 

1.17-+0.34 

8.56 _+ 1.75 
(Z__<6) 

Table 2b. Same as a, but for 160 beam at 200 A OeV 

Decay mode Threshold N~n 
energy (MeV) 

Fraction (%) 

Present work [161 [15] [71 

tSN +p 11.i 54 

12C+5 7.2 101 
12C+2d 31.0 13 

UB+c~ +p 23.1 6") 
8Be +c~ +2d 47.0 
8Be + 7Li +p 32.4 

VLi + 2c~ +p 31.8 2") 
7Li +c~ + 2d+p 55.6 
7Li + 4 d + p  79.5 

4e 14.4 ~1  35+2d  38.3 
2~ +4d  62.1 
5 + 6d 86.0 

tSN +p + ~ > 200 2 
~2C+2d+ n > 200 3 
ttB + 3d+ rg > 200 1 
8Be+e + 2 d +  ~z > 200 1 
3~ + 2d+ ~ > 200 1 

49.45 _+ 6.62 

23.01 _+4.80 

10.62 _+ 3.06 

4.42 -- 1.98 

12.39_+3.31 

38.24,+ 7.50 

26.47 + 7.70 

8.82 • 3.60 

4.41 ,+ 2.55 

14.71 +4.65 

56.08 ,+ 3.93 

25.58_+2.61 

4.42+ 1.10 

2.49 -+ 0.83 

8.01 _+ 1.49 

55.00 ,+ 3.00 

17.00 _+ 2.00 

28.00 ,+ 6.00 
(Z<5) 
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of the projectile by using the mass defect formula [21]. 
The third column indicates the number of ED events 
(N~D) observed in each mode. The fourth column gives 
the relative rates for the various visible modes. To cal- 
culate the percentile abundances of various decay modes 
for [10], we have taken the values of the aED for Ag and 
Cu targets, since in emulsion experiment, the heavier tar- 
gets Ag and Br contribute almost 96% to the observed 
ED cross section. The relative rates, within the statistical 
errors, are close to those of[  16] for the 28Si data. A similar 
conclusion is also true for the 200A GeV ~60 data of 
present study and of  [7], [15] and [16] [Table 2b]. How- 
ever, there are some discrepancies between our data 
and of [7] for 2Ssi projectile at 14.5 A GeV. These dis- 
crepancies may be due to low statistics of both the data 
samples or due to different detection techniques used here 
and in [7]. We may point out that in this study 18 and 
14 decay modes have been observed for 28Si and 
200 A GeV ~60 projectiles, respectively. In Fig. 3 is shown 
the relative rate (per 30 MeV) of different decay modes 
as a function of the threshold energy ( A E t h )  in ED events 
from 28Si beam. Data of Bahk et al. for 2ssi beam are 
also included in this figure. These data can be approxi- 
mately represented by the relation Y= exp (k~ AEth 4-ks) , 
where, k~ = - 0.036 _+ 0.011 MeV-  ~ and k 2 = 0.022, with 
z 2 / D O F = 0 . 0 2 .  Here, DOF stands for the degrees of 
freedom. The value of k I determined in this work is close 
to that in [16]. 

4.4. Cross sections ~ and crEi ) 

In Table 3, we display our experimental data along with 
the data of other investigators on the production cross 
sections for nuclear [15, 16] and electromagnetic events 
[7, 8, 10, 15, 16]. The cross section is calculated from the 
relation a = f / p 2 ,  where, p = 7.898 • I0 22 atoms per c m  3 

[22] and f is a weight factor which is unity for nuclear 
interactions produced by all the emulsion targets. To 
compare experimental values of  nuclear cross sections 
a~,~ with a theoretical prediction, the semiempirical ex- 
pression for the geometrical cross section O'nu cth of[13] has 
been employed for projectiles and targets of  mass A e > 12 
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Table 3. Nuclear cross section (anus) for all targets of emulsion and 
ED cross section (aED) for the Ag target only. The weight factor 
f is explained in the text 

Beam Energy Gnu c(mb) f aED (mb) Ref. 
(A GeV) 

28Si 14.5 1019_+27 0.62 383_+ 37 This work 
14.5 1221• 0.62 394_+ 58 [16] 
14.5 - 300_+ 100 [10] 

J60 200 1033_+38 0.62 592_+ 57 This work 
200 1079• 0.62 602• 73 [16] 
200 1066_+20 0.61 670_+ 35 [15] 
200 - 652_+ 59 [7] 

32S 200 1384-+30 0.61 1680_+ 80 [15] 
200 1790_+ 120 [8] 

and AT> 12. As discussed in [9] for the validity of the 
usage of expression given in [ 13] for hydrogen target, we 
have chosen AT=0.089. Using this value of  AT for hy- 
drogen target and the other ones of heavier targets of 
nuclear emulsion, in conjunction with their number den- 
sities [22], theoretical values of  nuclear cross sections 

th O-nu c are 1460 mb, 1392 mb and 1152 mb, for 32S, 28Si and 
160 projectiles, respectively. The calculated value of  

th for 160 at 200 A GeV agrees quite well with those of  O'nu o 
measured ones (Gnuc) within the experimental errors 
(Table 3). For  32S at 200 A GeV and 28Si at 14.5 A GeV, 
theory gives a little higher values of th when we com- O-nut, 
pare these results with those obtained experimentally. To 
explain these results for 32S at 200 A GeV and 2asi at 
14.5 A GeV, theory needs some modifications. In order 
to obtain the absolute value of the cross section for EDs 
and also to compare the present results with other ex- 
periments, we converted the observed mean free path in 
emulsion into absolute cross section on Ag target (the 
heaviest and most abundant element in emulsion). The 
contribution of the elements such as iodine and sulphur, 
whose abundances in nuclear emulsion are very small, is 
neglected. The total production cross section for ED 
events on the Ag target is then computed from the above 
relation by substituting the value of 2 for the ED events 
and p = 1.01 • 10 22 atoms per cm 3 - the density of Ag 
target in standard nuclear emulsion [22]. The factor f is 
an appropriate weightage obtained for the Ag targets 
from the following equation" f = N T Z 2 r / ~ N i Z  2, where 
N r is the number of Ag atoms/ml in standard nuclear 
emulsion and Z T =  47, is its nuclear charge. Denominator 
represents a summation over all the targets (viz., Ag, Br, 
C, N, O, and H) of nuclear emulsion [22]. The value of 
f obtained in the present work is 0.62. The values of 
O-ED, thus obtained, are given in Table 3. In order to 
determine O'ED for the data of  [16], the weight factor of  
the present investigation has been employed, while for 
the data of [15], the weight factor given in that reference 
is used. Table 3 also includes the data collected with plas- 
tic foil detectors taken from [10], [7] and [8] for the 28Si, 
160 and 32S beams, respectively. In spite of the fact that 
aED obtained in the present work and in other experi- 
ments [7], [8] and [10] have employed completely differ- 
ent detection techniques, the overall agreement of the ED 
cross sections is reasonably good. This shows that a he- 
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trogeneous emulsion detector can also be employed suc- 
cessfully to measure the ED cross sections at relativistic 
energies. When we compare our measured values of the 
production cross sections (Table 3) with those computed 
theoretically in [10] and [7] for asSi and t60 projectiles, 
respectively, the agreement between the experiment and 
theory seems to be quite good. 

5. Transverse momentum distribution of protons 

In our experiment, it is possible to determine the trans- 
verse momentum (p,) of protons, released in the most 
prominent decay modes (Tables 2), from the measured 
values of the space angles (0), and consequently, the de- 
cay energy (AEa) can be determined for the excitation of 
a resonant state. The decay energy, in fact, is the energy 
transferred to the relativistic projectile (P) from a sta- 
tionary target (T) in ED process. According to the WW 
theory [17], the transverse momentum imparted to the 
projectile nucleus is given by 

2Zt,  Z r e  2 

Pt - vbmi n , (4) 

where, eZp and e Z  r are the charges of the projectile and 
target, respectively, v ~ c  is the projectile velocity and 
b r n i  n = 1 . 3 5  ( ~ / ~ / 3  q_ All3) fm [13], where A~, and Ar  are 
the mass numbers of the projectile and target nuclei, re- 
spectively. In Fig. 4a and b, we draw the Pt distributions 
of protons produced in the reactions 28Si-+27Al+p and 
160-"> ~SN +p,  respectively. The p~ values are calculated 
with the assumption that the projectile protons have the 
same longitudinal momenta as that of the incident beam 
particles. In distributions shown in Fig. 4a and b, the 
peak values of p~ correspond to ~ 170_ 25 MeV/c and 

180_+24 MeV/c, respectively, for the 28Si 0~,p) 27A1 
and ~60 (7,p) ~SN decay modes. Using (4), the calculated 
values of p, for the above decay modes are ~ 140 and 
160 MeV/c, showing that experimental values within the 
errors are in close agreement to the theoretical ones. Price 
and He [19] determined Pt value for the PFs emitted in 
nuclear interactions for the 28Si beam at 14.5 A GeV and 
obtained p~,,~ 160 MeV/c, which agrees favourably with 
our experimental value ( ~  170 +_ 25 MeV/c). Transverse 
momentum p~ of a resonant state for the decay mode 
A' --*B' + C' is p ~ = ~ ,  where A E  d is the decay 
energy of a resonant state and m 0 is the reduced mass of 
B' + C'. From the measured values of Pt, the decay en- 
ergies determined for the modes 2sSi---*Z7Al+p and 
160~ 15N + p  are, A E d ~  16 _+ 2 MeV and 17 + 2 MeV, re- 
spectively. By comparing these values of decay energies 
with those of threshold energies (AEth) given in Table 2, 
one can notice that the measured values of A E a are well 
above the excitation of the respective resonant states for 
the emission of a nucleon in the reaction A' ~ B '  + C'.  
Former studies on nuclei of mass numbers A > 130 have 
shown that the giant dipole resonance is located approx- 
imately [18] at ~cRr(~)_-80/A~/S. However, for lighter nu- 
clei the resonance energy falls off steadily from the value 
given by this equation [23]. In case of ED events induced 

>•-flO.O[ 
(1) 

~- 5.@ 
2 
>~ 
| 25 

s 
~D 

Z 

a 14.5A GeV 288[ 

200 400 600 800 

o [ b 200A GeV ~0 >> 
(/) i 

5 8 t  

V3 

q) 
EL 

4J zJ_ _ _ 
2 
q) 
> 

S 2 

7 

0 225 450 675 900 

Fig. 4. Transverse momentum (p~) distributions of protons in: a 
zsSi (?J,p) 27A1 and b 160 (~,p) 15N decay modes 

by 28Si at 14.5 A GeV, from the above equation, we have 
E(l)aR ~26 MeV. Recently, Alarcon et al. [24] have meas- 
ured the total photoabsorption cross section ay using 
photons of incident energies in the range 17_<E~ 
<28 MeV by the scattering measurements of quasi- 
monochromatic photons impinging on the 2ssi target. The 
giant dipole resonances in their experiments were ob- 
served in the range 16 < E~ < 24 MeV. From these ar- 
guments, a great majority of events in the decay reaction 
2ssi---~27A1 + p  may be explained due to the absorption of 
giant dipole resonances and similar arguments may also 
be given to explain the decay mode ~60~ ~SN +p.  Because 
of the low statistics, it was not possible for us to extend 
this analysis to the other prominent decay modes. In a 
very recent study on the reaction channel 2sSi (y,p) 27A1, 
Barrette et al. [ 12] also find the occurence of giant dipole 
resonances in the expected region for 2sSi ions at 
14.6 A GeV with a much bigger statistics. 

6. Multiplicity distributions of ~t fragments 

Finally, we study the multiplicity distributions of the c~ 
fragments produced in nuclear and ED interactions, since 
such a study is quite important in understanding the re- 



action mechanism involved. As predicted by Koba  et al. 
[25], multiplicity distributions P ( n )  in relativistic colli- 
sions obey a scaling law: 

which is an energy independent function of the scaled 
variable z = n~/(n~),  where n~ represents the number of  

particles produced in an event and (n~) is the average 
multiplicity of  the whole data sample. In (5), O'nu c refers 

to the total nuclear cross section and a,~ is the partial 
cross section for producing a state of  multiplicity n~. For  
the first time, we showed in [26] the onset of c~ fragment 
scaling and later on in [27]. It was shown that the mul- 
tiplicity distributions of  the produced ~ fragments from 
the events of different projectiles over a wide range of 
energies can be represented by a universal function of the 
following form: 

q/(z) = Azexp  ( - B z ) ,  (6) 

where A and B are constants, whose values are given in 
[26]. In Fig. 5a, we plot (n~ )P(n~)  as a function of the 
scaled variable n~/(n~) for the c~ fragments emerged in 
EDs, whereas a similar distribution is shown in Fig. 5b 
for the nuclear events. The following functional 
form has been fitted through the data points of  
Fig. 5a: ~ ( z ) = a z  b, where, a =0.28 and b = - 1.24, with 
x 2 / D O F  -- 0.38. However, the multiplicity distributions 
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Fig. 5. The multiplicity distribution of (n~)~.~/Onu c a s  a function 
of the scaled variable n~/(n~) of the ~ fragments for: a EDs and 
b nuclear events. Symbols used in these figures are for: (i) 2ssi at 
12k5 A GeV ( + ), (ii) 160 at 200 A GeV ( • ), (iii) 32S at 200 A GeV 
(zx) and (iv) for ~eO at 60 A GeV (A). Solid curves represent the 
theoretical fitting of the data as explained in text 
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of the c~ fragments emerged in nuclear events, viz. Fig. 5b, 
for different projectiles lie on a simple universal curve 
represented by (6). The values of  the constants are 
A = 4.65 and B = 2.10 with )c2/DOF = 0.03. The fact that 
two different functional forms must be fitted through the 
data points for EDs and nuclear events, may be a con- 
sequence of their different reaction mechanism involved. 

7. Conclusions 

In this paper, we have investigated the ED of 14.5 A GeV 
2SSi from the AGS and 200A GeV 160 ions from the 
C E R N  SPS. The results are compared with available data 
on electromagnetic interactions. The following are the 
important  conclusions of  this work: 
at BNL energies, the electromagnetic dissociation of 2ssi 
projectile represents ~ 8% of the total number of  nuclear 
events observed, while at the C E R N  energies, we find this 
number as ~ 12% for the 200 A GeV 160 beam. The above 
values agree quite well with those given in [16] and [15] 
for the 2asi and 160 data. A similar conclusion is also 
valid for the relative rates of  the visible decay modes for 
these projectiles. 

The absolute values of  the overall charge changing 
cross sections (aED) for the Ag target are determined 
experimentally. Within statistical errors, our results are 
very close to the observations of  other investigators 
(Table 3). The value of aED increases as a function of the 
total incident energy for the ions used in this experiment. 
The overall charge changing cross sections agree quite 
well with the theory. 

The excitations energies as determined from the mea- 
sured values ofpt  for the projectile protons in decay modes 
28Si--*27Al+p and 1 6 0 ~ l S N + p  are well above the 
threshold energies for the formation of respective reso- 
nant states. Majority of  the events in these modes may 
be attributed to the absorption of giant dipole resonances. 

The multiplicity distributions of  the ~ fragments in 
EDs and nuclear events have been fitted through different 
functional forms. This difference may be a consequence 
of the different reaction mechanisms involved in EDs and 
nuclear events. 
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