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Abstrac:t 

In this talk Wt' brit'ity ft'vit'w the basic fE'atures of th(' (J Hf, t) r('ac

tion on p and d targl'ts. thl' (n, n') ft'artion on tht> proton and cohl'rt'nt 

pion produrtion. Til.. (tt. tt') f"at'tion St'fV"S as a link b .. twl't"n th.. Illt'ch

anism or d .. lta ..xritation in th.. projt"t'tilt' and cobt'rl'nt pion ,troduction. 

The interl'sting propf'ftit's of this laUf'r ph.. nomellon are disruss..d. fi 

nally a few words art' said about roht'rent 'I production as an intrument 

to dett'rmint' tht' 'IN N roupling. 


1 	 The eHe, t) reaction on p, d and nuclear tar
gets. 

Tht:' original motivation uehiuti llludl work dOIlt> later was tilt:' ubst'rvatioll of 
tht:' shift of tht:' tlelta pt'ak ill Iludt:'i ill tht> ('Ht·.f) reactioll colllpared tu the 
reactiou ou protoll targets [1. :!J. st't' fig. 1. This shift has Ut't"ll Illudl discusst>d 
and usually a ('ollective .:lh t>xcitatioll iu the lIudt'us is iu\'ulVt"d as the reason 
(or the shift. or at least part of it [:J. -II 
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Fig. 1: ('H t'./) excitatioll 011 I>rotoll. (Ieutt'roll ami 11(' targets. 



Here I just want to recall the attention on two basic features of fig. 1: 
i) the strength in the deuteron excitation function is also considerably 

shifted. Obviously one can not invoke collective effects in the deuteron to 
explain this shift. 

Ii) the quasielastic peak for uC at large t energies in fig. 1 extrapolates 
below the ~ peak and SOUle of this strength is actually tied to quasielastic 
channels and not ~ production. 

The shift in the deuteron was naturaUy explained in terms of ~ excitation 
in the projectile [51. While the approaches of [:I, 4J consider only ~ excitation 
in the target (DET), in reof. [5} t~le authors considered also .a. excitation in the 
projectile (DEP), see fig. 2 
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fig. 2: a) ~ excitation in the target (DET). b) a excitation iu the 
projeoctile DEP. 

In [5] it was found tbat while the DEP mechanism was small ill the (:1 He. t) 
reaction Oil the proton targeot. this was not the ('ase iu a neutron target beol"ause 
the strength of the DEP lIlt"t"hauism is hll~reasffi Lya factor :J and the Olleo of 
the DET mechanism is cift"reast'tl Ly a factor :J with reosped to the real"tion 
Oil the proton. This on-urs simply Lecause of the il:lospin deopendelll-e of the 
amplitude. 011 the other hand the DEP mechanism com"entrates its strength 
at larger t t'llergies, as (-an Le easily seen Ly making a Loust in the DET 
mechanism. As a mnsequenl"e the (;~He. t) rea("tion 011 the u target has its 
strength shifted towards largest t t'llergy and the sum of the p and It strengthl:l 
reprodUl:es wt'll the expt'rimental values as it is shown iu ref. [(il. In tbis latter 
work the (:5 He,3 He) reaction is studied theoretically and it was found tbere 
that the DE P mechanism is largely dominant. Such experiments are not yet 
done and we think they would be very useful to help us gain ('.outrol 011 the 
basic dynamics of tbis readion. 

The second point is that tileore are many quasieolastic dlalluels, not tied 
to ~ excitation or pion production. retieded in the large peak in fig. :l at t 
t'uergies dose to 2000 Mdt'. A thorough lieoscriptioll of all the rbannds that 
t'Outribute to this peak is dOlle iu ref. [7]. It is not our point to discuss it here 
Lut we recall that a substautial part of the strength below the appa.rent ~ 
peak ill the uC excitation fuuction is due to these chauuels and has nothing 
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to do with modifications of the ~ properties in the medium. 

2 	 The (a, a') reaction in the ~ excitation re
gion. 

Now we come back to the (Juestioll of ~ excitation in the projectile. The 
experimental evidence for the relevance of this (hannel was given recently in 
the (a, a') experiment [81. This is an interesting reaction where the DET 
mechanism is forbidden and ouly the DEP mechanism is allowed. see fig. :I 
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fig. :1: ~ excitation in tbe p(a, 0') readion. 
a) DET mechanism, forbidden by isospin, 
b) DEP mechanism, allowed by isospin. 

The experilUeont of [8] was seoardling for the Roper excitation Lut simuita
nt."Ously found a Vf'ry largf' uackground of ~ f'xcitatioll in the projectile as is 
shown in fig. 4. Theo sulitl line in the figure is the theoretical result of ref. 
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fig. 4: Excitatioll function for the ((1. n/) ft'actioll 011 a proton target. 
Tht!Ory from [9J. 
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The shape of the eu('rgy distribution is well reproduced iu fig. 4 by the 
theoretical results of [91 lJasNI on the mechanism of d excitation in the pro
jt"ctiie. The strength is also well reproduced as one (:an see in fig. .5 for the 
energy integrated cross st"ction as a function of the a' scattering angle. 
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fig. ;'); Angular distributiou of the t"1lt"rgy iutt"grated cross section in the 
IJ(a.a') rt"actiou. Tht"Ory froUl lUI. 

The elementary N N ...... N ~ cross sections are also well reproduced with 
the Illodel which We use [9J which ("Ontains oue pion and P f>XChallge modulated 
by the indirect t'tfect of sbort range (·orrelatiol1:>. 

3 	 The alternative point of view in the (a, a') 
reaction: coherent pion production. 

The ('akulatiolls of [!.I for the (a, a') reactioll an'oullt for distortion of the N 
wave fundiolls ('rossing the n particle as well as distortion of tilt" produ('ed 
pion aud rellOrtUalizatioll of the d propt"rties in tbe medium. 

Now we would like to take in altt"ruative point of view 011 the (0, a') readioll 
which is easily \'isualizt"d if the n partide. ("He Iludeus) is assumt"d to be at 
rest and a proton is shot against it. We would th('n bavt" 

p +"' He --+ p +' He + lr° 

--+ " 	+' He + 11"+ (1) 

In botb cases we havE" a rt"action of the type (p, p) or (p, n), with pion pro
duction. leaving the nucleus ill its ground state. This is what we call (,~oherellt 
pion production in nuclei, in this case coherent pion production on "'He. Ouly, 
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in this experiment the pion is not seen and its variables are integrated in the 
measured cross section. 

The fact. however. that we r~produce this experiment with our theoretical 
tools gives us confidence to use them to Illake predictions for coherent pion 
production in different nuclei. 

4 	 Coherent pion production in nuclei. 

Coherent pion production of the type of eqs. (1) or different nuclei has been the 
subject of recent theoretical inveltigations [10, 11, 12\. Although there are still 
some differences in the input and the results in the different approaches, many 
of the features of the rt"action are c011UI10n. Particularly the peak of the t"nergy 
distribution of the coherent production cross section is shifted considerably 
towards lower excitation t"nergy, more or less peaking at the same position lUi 

the shifted peak of the inclusive cross section. In ref. [12] it was shown that 
this chanuel in addition to the other incoherent channels of ref. (9) was partly 
responsible for the shift of the d peak observed in the eHe, t) inclusivt" ('ross 
section of 1l(' in fig. 1. It was also provt"d that the reaction does not proceed 
like ordinary Bremsstrahluug, where the interaction of the proton with the 
nucleus allows a real pion to be produced, see fig. 6a. It rather proceeds as 
depicted in fig. 6b whert" tbe interaction of the pion with the nucleus is the 
responsible agent for the rt"action 
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Fig. 6: Difft"l'E'lit lllf't'banisllIs for cobt"rt"ut pion production. a) BmllsstraWnng 
likt" (forbidden for killt"lllatical rt"&sons for forward angles of the proton. b) 
Production through the interaction of the pion with the nuclear medium. 

The fact tbat tbe lIlt"t"banislll of fig. 61> i~ I1!'I:Ipollsible for the r("action allows 
us to qualify tbt" rt"adion as virtual pion production followt>d by the l"lastic 
scattering of the virtual pion with the nucleus till it berollles real and can 
be obst"rved. The study of these l'E'actions will bt"lp us t"nlarg ... our knowl
edgt" of pion nuclear phy~ks by extending the information of the pion nuclear 
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interaction to the realm of virtual pions. I 
In what follows we prt"Sellt some results obtained recently for coherent 


pion production on different nuclei. In fig. 7 we show the results for the (p, u) 

reaction creating coherently a 11"+ ou nc, 40Ca aud lOllPb as a function of the 

energy for proton beams of Tp =800MeV. 
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fig. 7: Cross sections for coherent 11"+ production with the (p,1I) reaction 
on uC:WCa.108 Pb as a function of the pion t'nergy. 

We c.'au see that tht' strength in the tliffert'ut uuclei is sim.ila.r. with Ill' 
with a little bigger ('ross st'ction than .,o('a or lOll Pb, 

The differential noss sections are intere::;tillg. They a.re rather forward 
peaked in the dirt><'tion of the (p, 11) 1ll0meutulU transfer, particularly ill heavy 
uudei. like lOll Ph. see fig. 8. 
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fig. 8: differt>utial noss se(:tions for whert"nt pioll production ill Ill' and 
lOll Pb, 
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In fig. 9 we also show how the cross sections chauge with the euergy of the 
beam. The cross sections increase as the beam eUt"rgy iucreases. 
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fig. !,: ('russ st't·tiulHi fur C'oilt'reut p procluc·tiun in the (p, 11) rpaction 011 

llC for different incident bt"<tm euergit"s. 

Experiments 011 this rt"adioll are mming, with prelilllinary rt"Sults on c:oher
ent 11"+ production on the eHt', t) reaction on ue [1:J}, which shows qnalitative 
similarities with the results of [12} rt>garding; the pO:lition of the peak aud the 
all~ular distribution. 

SUlUt" uset'ul iuformatiou 011 cuhert'ut piOll production iu the (p. 1l) readion 
is given by tht' t"xperiuwnt of [141. Thert" a ";r+ alone" was cit'tected meaning 
that uo other dlargeo partidt's wert" produced simultaneously. Hence this 
dlaund indutles coherent ;;-+ prOlludiull anti iuwherent pn -+ umr+ proc~ses. 
In fig. 10 we tihow our c'akulated rt'tiults for tbt' wht'rt"ut part of this ("fOSS 
se(,tion, adapted to tht' experimeutal t"Uts. We obst"rve that about 1/:1 of the 
noss st'(,tioll correspunds ttl wlwreut piun production and that the positiuu of 
tht" peak of the cruss st'(,tiull corrt'spOluis to tht' expt"rilllt'utal oUt'. 
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10: Experilllt"utal ("foss section for";r+ aloue in (p, 11) ur I'll'. including 
('ohert'llt ;r+ proou(·tiou and 1m -I> 1I11;r+. Tht' curve shows our calfulated 
rohert'ut cruss set'tion. 
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In ref. [l!j! there are also rect"11 t theoretical calculations of the (p,") co
herent production on 1~('. Altbough the features are qualitatively similar to 
those found here, the peak in [151 is displaced to smaller pion energies than in 
our case and the strength of the cross sectioll is about less than a factor of two 
bigger. The coheren t pion cross section of ref. [111 for the eHe, t) reaction 
is also about a factor of two bigger than ill [12] or [16]. These observations 
make us conclude that experiments 011 the reaction are really needed to help 
us understand better the dynamics of the process. 

Coherent pion production offers the possibility of changing the energy of 
the beam, or the angle aIHI energy of the outgoing Jlucleon ill order to l~rt.·ate ar
uitrary off shell initiall'Ouditions of the pions and extend our knowledge of the 
pion nucleus interaction to arbitrarily off shell pions. a ('()Inpletely new (t'ahn 
of physics. complementary to uur iuformation on real pion anll which shoul(l 
put extra constraints on theoretical models of the pion nucleus interaction. 

One can also see that the cross section is roughly proportional to 

(l/cu.q1(J + l/~iul(J)F((i- (ill. 	 (2) 

witll \:" It; tile longitudinal and tranverse parts of the N N --to N6, interadion 
and F( ij - ij')l tbe nuclear form factor (ij momentulll of the initial virtual 
pion and ii' momentulll of the final real pioll). The presence of the form 
factor makes the cross st"rtion very forward peaked and hence this stresses the 
contribution of the longitudinal part of the N N --to aN interaction. Hence 
('oht"rent pioll production is a guod source of iuformation on this part of the 
elementary amplitude. 

One should also stress the fart that one ('all 1I0W produ('e a lI'u l'oherently 
with the (p. p') reaction. This would allow us to study 11'0 elastk s('attering on 
nuclei (starting from off shell pions) and this would be the first study of lI'u 
plastic scattering UII nudt'i. 

all the other hand tht" fact that the pions are produced in a vt'ry narrow 
cone and its energy is well known by detecting the energy of tht" emerging 
lIUrit'OlI (small recoillludear euergy) shuuld stimulate thoughts to St't" if Olle 
can use this reaction to prodU('e monochromatic and uuidirediollal pion bt'ams 
like in the tagging of photons. 

Coherent eta production. 

We will be deliberaty brit'f here since a fOutribution is published in these 
procet'diug elaborating 011 this issue [17}. The topk was raised in a recent papt>r 
[18] ill whit-II is was shown that the study of roherent ,., production in nudei 
is a useful tuol to dt"tt'rmint" tht' t"lelllelltary liN N ('ouplillg, sinn' tht> ('ross 
section around the peak of the N-( 1;3:15) excitatiou is proportional to g'~NN' 
with all the other elements ill the l'rOSS st><'tioll well under coutrol. In ref [17] 
the authors report additiunal information conl'enling the depelldell(~e of the 
cross section on the angle of tht> outgoing UUdt"tlll of the (p,p') reaction, which 
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should be of use to experimental facilities planning to do this experiment, 
which is feasil>le particularly in facilities like CELSIUS or COSY. 

We would like to acknowledge finantial help from CICYT, contract number 
AEN 9:1-1205. 
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