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I - Introduction, histories and motivations 

The subject we want to review concerns the lepton3 production in 

hadronic collisions. The experimental processes are h+h' -> I +l~ + anything 
+ . 

or h+h' -* £~ + anything where the beans (h) are mesonic or baryoni0, tho 

targets (h1) is a proton or a nucleus, the leptons (electrons or muons) 

are detected in pairs or individually. 

The first motivation in the years 64/65 was the search L J for 
+ 

heavy intermediate bosons W~ decaying into u+\> so producing large trans­
verse momentum muons. Such an experiment requiring a good knowledge of the 
background processes motivated the study of the leptons pairs first carefully 

[21 done in 66 vith p+% collisions. 
+ Needless to say the search for W bosons being always negative, 

experiments detecting single leptons at large i_ «ere pursued at higher 

and higher energies, During the last fe:.' years, Serpukhov, BNL, P1IAL, Cern PS 

and Cern ISR accumulated results with an interest culminating at the London 

Conference in July 74 due to the famous and unexpected result for the 

ratio £/" =- 1<T4 in the range 0.2 < £_ < 5 GeV/o. 

Such a value is effectively muehlarger than irhat was expected theoriti-
[4] 

cally for a continuous production, for example with the Drell-Yan "• J mecha­
nism for the decay a massive photon into I C . Of course the trivial sources 
of single leptons, especially the long-lived particles and the internal conver­
sion of photons into pairs vere subtracted but there are still some uncertainties 
in these processes and discussions are running in particular about a possible 
high contribution of photon bromstrahlung . The contribution of the knoun 
vector mesons, p, w and <i was expected to be 10 times smaller even if these 
uerc produced copiously at large q_ . so one begun to imagin new mechanisms 
or particles. 

At the same tine the e e annihilation into hadrons uas shown l J 

to have an anomalously large total cross-section and many processes were 
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proposed in order to explain both reactions (modifications of the parton 

model, generalized vector dominance, charmed, particles, heavy leptons and 

many other exotic states) ; specific models for the production of large 

transverse nonentui™ particles (hac.rons or leptons) were also suggested 

(parton subprocesses, cluster models, real or virtual photon bremstrahlung...). 

Soon afti-r, the discovery of the $ particles offer the hope of 

explaining anything due to their large I £~ branching ratio. It is however 

now almost sure that they are not sufficient in order to explain both the 

+ - + 

& I mass spectra and the single £~' transverse momentum spectra, "here are 

also now some evidences for the existence of heavy leptons and charmed 

[91 + -particles in e e annihilation and neutrino scattering ; but in this case 

also tho weaîcness of their production rate in hadronic collisions whatever 

could be their leptonic branching ratio makes doubtful their importance for I 

our problem. 

On the experimental side there are d;ill many questions to answer 

which are strongly connected to the possible production mechanisms. What is 

really the beliaviour of V n a* l ° w An» * s i* really increasing when I -» 0 

or roughly constant ? What is the behaviour of //" with the total energy /s, 

is there a threshold effect or is this ratio also roughly constant down to the 

low energies ? Do we have an equal production of / and / and an equal 

i 

production of electrons and muons for all I ? Does the single lepton produc­

tion correspond completely (after substraction of the trivial background) to 

a * £ pair production and in tiiis case what is the dominant range of mass 

(continuous low or high mass or new objects)? 

Mo3t of the experimental material quoted in this lecture has been 

reviewed by Lederman L ' at the Slac Conference (Aug 75). We have added the 

observation of high mass (5.5 - 10. GeV) e e" pairs at PNAL in p+Be interac- j 
[22] tiona by B.C. Horn et al with a clustering of events between 5.8 and 
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6.1 GeV already called the % (5.97) resonance. On another hand, also with 

400 GeV protons ot FHAL, L.B. Loipuner et al claim evidence for pair 

origin of the muon production at lar0e 2 with a dominant mass range of 

0.6 to 1.0 GeV ; the muons are not polarized (which is in favor of an 

electromagnetic process)but the level of the cross-section is about 10 times 

larger than the one predicted by p and m production. Concerning the single 
[49] lepton spectra we have the results of 2.W. 3eier ei al u obtained at BKL 

-4 who confirm the rise of the ratio e/n up to 2.10 fur i decreasing down 

to 0.5 GeV/; but give values of the order of O.t to 0.5 xlO for lf > 1 

GéVfi which cnuld be consistent with vector meson decays. Such results ore 

in contradiction with the OCRS results ' obtained with the ISP. (however 

in a different energy range) which have an e/n ratio of the order of 1.X10 

constant or decreasing for low J . We quote finally results by Buchholz 
T511 et al with 300 GeV p+'-<> collisions et KJAL who detected forward muons 

(|t| = 90 and 150 GeVfc with 1^ < 0.4 GeV/c) still with a high u- /* ratio 

(3.8 ± 2.1x10~5 for 150 GeV/'c and 1.56 ± 0.40x10 for 90 GeV/o) which is 

also about 10 times larger than "liât is expected from forward p production. 

We thank D J-M Gaillard and J.P. Pansart for having let us know these last 

experimental informations. 



In the next chapters we develop the folloi/ing subjects : 

Seat.II : the Drell-Yan model for continuous Î i~ production 

1. The parton-antiparton annihilation mechanism 

2. Scaling forms ; relation with Deep Inelastic Scattering (DIS) 

3. Model calculations 

4. Results 
5. Modifications of the model and additionnai contributions. 

Sect. I l l : Vector aesons and clisters 

1. Vector mesons contributions 

2. Vector mesons production mechanisms 

3. Experimental informations on vector mesons production 

4. Lepton spectra from vector meson decays 

5. The parent-child relation 

6. Discussion of the 4/rr ratio 

7. Either vector mesons 

S. Cluster models 

Sect. IV : Other sources of direct leptons 

1. Charmed particles 

2. Heavy leptons 

3 . Vfeak bosons 
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II - The Drell-ïan model for continuous & Z production 

1. The parton-antipartcn annihilation mochanism 

The process h+h' •* !• £~ + X is supposed to be due to a virtual 

massive photon production, thic 

one decaying then into lepton — 

pairs (fi^. 1 ) h ' 

The cross-section take? the general 

form 

dC' -'-it 4m 2m 

Pig.1 

v(Q 2,s) 

3Q Q 2 ^3-CK+:;')
2)(s-(i=i-K')2) 

vhere m is the lepton mass, H tind V the hadron masses and q is the 

2 2 
photon 4-momentum of mass q = Q . The first part of this expression comes 

from the usual yZ X vertex and the function W is given in term of the 

electromagnetic current : 

H(Q2,r,) = - 16 TI 2 ESi' J'd4q 6(q
2-J}2) j'^y e" iq-y I 

spins 

< K " |j"(y) vJit(o)lPp-> 

p find p' are the hadrona 4-momenta ; s = (p+p') , 

This form has SOHCJ similarity Kith the one occuring in Deep Inelastic 

Scattering ; hovrever it doer, not possess the light cone dominance. The 

reasons are first because Q /a < 1 by kiiacsatical conditions (whereas one 

vould need £ /rs _ > «») and secondly because we deal with a product of currents 

2 
instead of a coEsutitor vanishing for space-like y separations. 

Nevertheless Drell and Yan shovrc-d that if the photon is coupled 

to a parton-antiparton pair in order to produce a high mass Q the parton 

and the antiparton must be issued separately from h and h' (diaj. 2A)« 
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k \ 

> I 

Then ft2 = ( k + k ' ) 2 = s x x \ i f the h 

t o r s e s nod t r ansve r se nononta of . 

the partoi .- ins ide each hadron are 

neglected (k"-y: p", kr,i=x' o'*). 
h' 

A hi^h mass lepton pair can be ^ ', "^^'-^r-r^^^-

produced by the annihilation of a i 

pair of hard parton (o < x,z' < 1 ). Fig. 2I'L 

This cliagraa was opposed to the one \dia£. 23} where the pair issues from 

a single hadron ; in this case a high mass requires a high momentum transfer 

between the two hadrons : „ .•- -. --r''"^-' "" £ 

K =^^2 + 4{Wl_ x ] 'K 
'•' -'^.<r 

if q^-xAqJ 

This process is therefore much less probable for high Q than process (A). 

We shall consider its possible contribution in Sect. Ill 2. 

Coning back to process (A), with an incoherent SUE of parton 

amplitudes, the cross-section can be written : 

o(h+h' -> i+r+X) =-• j'J'dï dx' S fh(x) f-'(x') o(a+â -> £T) 
a a 6(Q2-(k+k'f ) dQ

2 

where £ extends over all kin.* s of partons &nô_ antipartons one can find 
a . 

inside h and h' -, f (x) is the normalized probability of finding such a 

parton or antiparton "a" with a momentum lr= :-:p inside h. 

VJith à point-liks y-c'â coupling (like in e e~ annihilation) one gets direc­

tly the following spectra : 

The mass s-Doctrun 

&• = ^ r X 2 JJds ds- 6(XZ--T) x A x ) y.< S*'U>) 
dQ 3Q a 
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where * is the charge (in unit of e) of the parton a and T - Q /s, 
2Q L 

the longitudinal spectrum (in the Feymiar. variable % = - y = x-x1) 

da 4TTQ2 „ ,2 __ *1 X2 Ji, ^ Ji' 

dQ^dÇ 3« 4 a -1 7g 2

+4T " ' a 2 

with x. 
2 

±5 + /§â+4T 

In this simplified version of the parton model with no transverse momenta, 

the angular distribution of the photon (i.e. the pair of leptons) with 

respect to the beam is completely peaked longitudinally ; ire shall discuss in 

Sect. Ill 5 ̂ ttûrapts to take into account the possible partons transverse 

momenta. 

The angular distribution of the leptons in the photon rest system is specific 

of the pnrton model ! 1 + eos 6 for spin - -J- partons (like in e e~ annihi­

lation). Finally one can cet the single lopton (i~) spectrum : 

f do 2<? r

 2 , ,, ., r , . ,, >, _ . 2 V 2 h , Z U , h ' , V 

~ l " ~^ °\ Y y ( ^ J ( y ) 1 a » ^ ^ « " * ~J 
S°±J,, 

with z. = -^± r JL and *„, being the l ong i t ud ina l and t r ansve r se components 
2 / s 

of the single lepton momentum with respect to the beaa. The integration 

variable y is related to the mass of the pair : 

i 
^2 ' 

z z. 

y(i-y)--b?" 
2 

notice alco 4i - s 2 s and that for loptons detected at 90° (~T=o) one 

*T , has z1 = z 2 = ̂  < y . 



2. Scaling foras ; relotions with S.I.S. 

The a'jove spectra possess the following scaling properties : 

These aro already severe consequences of the parton model ;\mt in aridition 

the probability distribution- f (x) are exactly those which occv.r 

in DIS of leptons on hadrons h : 

v W* H p V ) „ T. %l x fj|(z) 
8 

and can bo in principle extracted from experiments with e, v and v 

F131 scattering . The aethotl is the following. Any parton distribution is 

written as the sum of a valence and a sea distribution : 

f a ( x ) = V7-' + S a ( z ) 

The valence term is constraint., by the normalisation condition : 

1 
J V (x) dx = ~ , the nuober of quarks of tvoe a in the valence 

Q a a -

configuration of the- hadron. 

The sea distribution is taken as SU, (or SU,...) symmetric, corresponding 

to the singlet fcr.-jo.tion of pairs pp + nn + XX" + cc +; ... : 

S a(x)ns(x). 

The total distribution is colour (SU,) symmetric : 

V ' - Ï \M-**&.*\M 

http://fcr.-jo.tion
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This way we set the hadron structure function of table I, examples : 

A * ) = § [4 Vp(x) + VB(i) + 20 S(::)] 
F" +U) -|[5 vU) +zor(-0] 

V'(x) and S'U) for mesons can be different from V (x) ̂  V U ) a n d 3 ' z ) 

for T.aryons. 

Notice the effect of Gell-Ilann colour which is exactly a reduction 

by a factor 3 of the cross-section for lepton pair protiuction uith respect 

to the uncolored case : 

Other cases like Han Hambu's integer diaries would lead to different 

Modification : 

^ x r X " 1 . s — iruitead of T. X *-. — for ordinary quarks. 

The effect of neir flavors (i.e. net' quarks like charmed onou) appears with 

additionnai terns in the soa contribution : 

f * 
However in practice the sea contribution inside the nucléons is globally 

constrained by the experimental measurements - J of DIS, such that any 

addition of new flavor will result in i corresponding reduction of the 

factor S(-c) and the global contribution o. the sea to the lepton pair 

production will be practically unchanged. 

Upper bounds of the cross-section — ~ has been established by 

Savit una Einhorn usinj po-'itivity condition.': f (;:) S 0 and the DIS 

structure functior.i aeasured *" ' at Slr.c and v.-.th neutrino scattering in 

gargamelle. The results aro given only for the conditions of the BNL experi-

ticnt but appear to be already very 'strince&t. It must be however noticed 

that they arc very sensitive to the antiquark distributions constrained by 

the oirccvielle datas -.thieh are perhaps not yet in tYie scaling region. 
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3. Model calculations 

They use well defineu expressions for the functiono V(x)andS(x). 

First their behaviours for x -> 0 and x -* 1 are generally fixed according 

to counting, rules. 

Eegge duality - J suggest that for x -» 0 (the Eej^e limit 

v » q 2) s • 
sea jp . , r "(o)" 1^: 1-«(°> . , v'.f , ,'v Im T (t=o)<* v x with o;(o) = 1 for 

the Pomeron. This means S(x) ' ~ . 
x 

And « r a l(n)or la T" 0 3'; 6 -* x 1 - 0(°) with o/(o) = i for the Rogee 
2 YP ^YP 

trajectories, means V(x)'> y- . 

T16T For x •* 1 inclusive-exclusive connections relate the 

behaviour of the elastic or quasi-elastic fora factors F(t) ~ : 
t 

(for l ->»••) for a system with n non-wee conotituents to the one of 

the structure functions : 

V,'2(x) - (l-x) 2"' 3 . 

For example : 

the valence part of a bcryor. (qoo), n=3 , r( t^ ~ —r , V(x) °~ (l-x) 
t „ 

the sea part of a baryor. (qqqi=) , n = 5, F(t) ~ -L- , S(x) =" (1-x) 
t 4 

the valence part of a meson (qq) , n-2, ?(t) ~ — , V'(x) =• (1-x) 

the sea part of a meson (qqqq) , n=4 , F(t) ~ ™ , f-'(ic) "" (l-x) . 
t ri3l The Slac and Garyanelle datad (for nucléons) suggest- J then the shapes 

rial 
of the distributions and can be fitted1" with : 

5 ij*) 
5 5 

. o i l w l ! 



(this quantity being equal to 4 S(x) in an SO description, o=p,n,X,e), 

and with the valence part s 

V (x) = j £ U-xV (1+BI) Z,=1.79 , a = 2.3 

z 
Vn£x) = ^ | ( l -x ) 5 + ? ( l+bx) Z 2 = 1.107 , b * 0 , S =" 0.1 

Meson structure functions are of course more speculative. On the basis of 

the above counting rules and by analogy with the nucléon sti-ucture functions 

one can try the gess : 

s ,. w ~ o^li-l5. 
55 

and ï'Wjjjd-i) 

4. Results 

Independently ofthe details of the x dépendance of the structure 

functions, from the preceding sea and valones properties of mesons and taryons, 

one expects first that antibaryonc and mesons beams will lead to much 

higher cross-sections than nucléon beams because of the possibility of 

finding large antiquark distributions in the valence part ; secondly from the 

quark charges one expects l ' **» the following equalities and inequalities : 

°(pp) > °(np) > o(pp) > o(np) 

o(f>p") = o(K-p) > c(tf+

p) = ofe-°p) > o &
+

p ) = O( K
0 P ) 

c(n-p) - a( K

+p) „ - (a(,t+„) _ o(K+n)) 

o-(Tr-

n) - a{K
+n) = 4 (°{"+p) •- o & + P » 

the last two equalities gives a relation for deuterium targets. 

With the explicit forms choosen for the structure functions, one 

can then conpute * exactly the various spectra ; the results are 

shown on fig. 3ï4,5. 
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The fall-off of S2. I o T l a r 3 e Q (T -» i ) and of ~â?. f o r l a r e e 

I (i ~*"fL) reflect directly the behaviour of the pjrton end antiparton 

distributions f ('/.) for x -» 1. Jlotice that this behaviour io not so 

well established experimentally by DIS of electrons and neutrinos. 

The shape of T T at fixed s and Q~ is the most stringent test of 

the model and of the parton distributions to which it is directly propor­

tionnai. If this Drell-Ycn process was the doninant one, it would be the 

best way for extracting froa experiment the antipartons distributions and 

also the neson structure functions which are not directly accessible 

experimentally. 

Comparison with experiaents can be done first for the pairs 

detection. The discrepancy- quoted ' since a longtime fcgo with the BNL 

experiaent (p+U •+)* i»~ + X at 29.5 Go?) is ouch reduced after subtrac­

tion of the nuclear effects and the H résonance. 

For higher energies (for er. n+H •• V- !'"" + X at FNAL) a conparison can be 
[211 

done for n < c. ; the Drell-Yan prediction is still a little too 

weak. For n > m. (p+Be •* e e~ + X at FKAL) one encounters the pro'nleu of 

T22] 
the I bunp • 

• Concerning the single lepton detection ; ' at Serpukhov, !77AI> 

and ISR, the £., dépendance betreon 1 and 6 DeV/C is much more steeper 

than the one predicted by the Drell-Yan stodel ; al3o the magnitude is nuch 

different uith a factor 100 at i =• 1 QsV/C and still a factor 5 at 

i,f=-5 GeV/C. 

5• Modifications of the- nodel and additionnai contributions 

a) Initial and final state interr.cticns ntiong hadrons 

It was shown J that these- ones can only aodify the distributions 

of the hadrons but not the inclusive properties of the leptons. 
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b) ifee parton effects 

Drell-Yan'- J had already noticed the possibility (diag. 2B) of 

brens trahlung of small masses Q. This was taken again by Bjorken and 

Weisberg L Jj on the basis of the piori production supposed to " e of this 
2 

type, they estimated an additionnai contribution concentrated at low 5 

(and therefore low i- for single leptons) and which could be 25 times 

larger than the Drell-ïan one. This goes in the right way but it is difficult 

to estimate precisely and to separate from the vector meson production which 

has also a large brenstrahlunç contribution and which will be discussed in 

the next section. 

c) Effect of the transverse momenta of the cartons 

He have seen that for partons with zero transverse momenta the 

single lepton transverse momentum JL and the mass Q of the pair are 

intimately connected. If one now allows a k„ spread of the parton momentum, 

it is possible to reach the same value of i_ with a smaller masa Q ; as 

2 ' 2 
the Q distribution is falling with Q one gets finally a displacement of 
the I spectrum towards the large values. This goes also in the right 

[251 
way. In order to obtain a 3hape close to experiment 

X°do /Ed"* 1 
i.e. — 5 — ~ (-.—) ~ — 5 — y — r , one needs a distribution for the photon-

S V « (**+&' 
like — 5 — r — , It can be obtained just with structure functions 

(1-xP (1-x)7 

like '' •- ' , for valence partons and — - r ' T'a for 3^a portone 
U +k T) - (a +(0^,-1^) ) 

T52] which correspond to the generalized counting rules . 

d) Charge clustering effects ; modifications of the qqv eoupling 

Many proposals had been done for this problem as well as for the 

T5] + -one ' • o f the e e annihilation into hadrons before the discovery of the 

(r particles. Some modifications of the qqv Coupling (magnetic moments, 
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form factors .,,) would occur similarly in both reactions and maintain 

totally or partly the following relation J : 

^ , = Z o ( e V - aS) a a (Q2) - °e+0~ " h * V ) G (Q2) 
d(f a 

with G (Q2) = J'dx dx' 6(Q2 - xx'c) f* (x) f|'(x*) a ? o a a 
* 2 G (Q2) 

and G (Q2) = | - 2 - S - ? . 
a b 

[24] An independent enhanceaent of the lepton pair production could coEe 

from the clustering of partons into integrally charged "proto-hadrons" before 

annihilation into one photon ; the corresponding sean squared charge "^1^ 

would be: such larger. . 

e) gluon effectr 

It is known froo iXIS that the charged partons carry only half 

of the aonentun of the hadron, the other half being attributed to tho gluor.s. 

On can then inagin that these ones could al3o play a role in lepton pair 
r27] production. For example * supposing that a time-like photon is like a rea^ 

hadron a superposition of partons and gluons and requiring the extraction of 

these configurations fron tho initial hadrons h and h', leads to cross-seci:i: 

differing froa the Drell-Yan ones by the factor : 

K = (1 * gS') e S , ( s _ , ) 

v/bere g and g* are the coupling constants of the gluons inside the hadrons 

and inside the photr/i. I t is easy to see that this factor car. strongly nodi f y 

the results ami even the shr.pe of the attr ibutions if one* allcvs the perctr.'--

of gluons with respect to partons to vary vith x. 

f ) Other garton sufaproce-sges 

Within the framework of the constituent interchange aodel ~ 

first proposed for the description of the hatfronic production at large -o't 



l taf ' 
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the massive lepton pair production has also been studied. An interesting 

subprocess is for exanple [29] meson + quark -* massive photon + quark. Vfo shall 
come back to such processes when discussing the vector meson production ; 

2 
the interesting features are a steeper Q dépendance than Drell-Ian and 
an explicit treatment of the q_ dépendance for the massive photon. 



Ill - Vector mesons and clusters 

1 . Vector mesons contributions 

Vector oesons with a lar,je branching ratio! into I I are an 

obvious possible source of lepton pair production. The corresponding cross-

sections can be written * î 

dQ 2 " V " * D

2 (Q2) 

a° j. i agi 5±îl£ 
ac 2d5 " v " ' d | * D 2 ( Q 2 ) 

£*>.??*'£&. X£=£j£l ( ^ > "» 

D 2 (Q 2 ) 

V / \ 
vhere " i s the production c ross -sec t ion (h+h 1 •* V+X) of a vec tor a e s c -

2 2 2 

V with Dcoentum q. ; 1) (Q ) = a., - Q - ioT is ita propagator and its 

partial decay width into lepton pair is siven in teres of the vector 

oeson-photou coupling ; 
p ^ 4"tt2 2 
°W"i! " = 7^~ ' gVY 

These partial width are well-known (fron e e" experiments) for p, ID, y>, i 

and 4'. It is however not the sa:se for their production cross-section in 

hadronic collisions and this is a major source of discussions in the inter­

pretations of the experiEental results. 

2. Vector oeson production nechanisms 

As the vector mesons and the photons have the same quantum numbers 

the same processes can be in principle used for their interactions. In 



particular the arguments given by Drell and Ysn for the separation of the 

annihilation {k) and bremstrahlung (B) processas can be applied here too. 

With the annihilation nechaninr. (6ft) 

Pig. 6A 

[19a 311 
the production cross-sections are again calculable ' " in terms of 

the quark distributions : 

oV

 = S- T. ?l j j - dx fix- 6 ( ; : x . - T ) x f*(x) x' fS'(x-) 
E ^ a 

dÇ ~ 2 ' , C 2 T T a P a W a l V mj "'ç +4T 

^V v 2 a ° dsl 
' 7s~ ' df, f (q) 

?1 = 1 , F = 1. 

P is the coupling constant squared of the a a pair to the vector meson V ; 

p ttl p c 
in the simplest version one can try P = P = P = P 

r ' p p n n 

f(l.) s 8(q ) for purely longitudinal partons. Any other nornaliîed function 

can be used for an extended version ; for exanple an exponential fall-off : 

f (qi ) = - e ~ for which <nL > = J . 

This process should be inportant for high masses M^ (i.e. hi^h Q and Z ) , 

perhaps already for the $'s and the higher vector mesons aa discussed 

later on. 

For light vector nosons the peripheral brenstrahlung nechanisa (63) 

is surely dominant. As for any 

other peripheral production, one 

[19n] ,., » . *. can try u J the paraaetrisation : 

•' 2 2 

d ^ = A ( £ ' « L ) c 
PiG. 6B 
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with B =" 6 Ge¥~ {by similarity with pions), this torn would bo influent 

essentially for c^ < 1.5 Go'/ md q , < 1 . 5 Co7/C. 
[28,29,32] 

For largo q, various riechnnisas already proposed for pion 

production have been considered and could compete with the above ones. 

Let us quote for example : 

jets 

V 

Fig. 7 

meson breir.:-:trahlung 

and fusion 
I'ie. 8 

I 
EiG . 9 

5. Experimental informations on rector qesons production 

They concern mainly P and * production, but even in this case, 

the experioontal results are restricted to a very United range of transvers 
the momenta. Thisisreason for the variety of conclusions uhich has been stated 

about the contributions of vector n*eson3 to lepton production. 
[33] The p production ssoe&is to bo peripheral at low q. 

U-e. 9 

A4 
-6qj 

for ^ < 1 GeV^/c2) with a t a i l for la 
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d^ ~" T̂ 2 2 ^ 
q (—o ** e for 1 . < q„ < 2.5 GeV /c."). The average transverse 

raoscntus is <o.-r* * 3«5 GeV/e to be compared with <prr> ̂  0.34 GeV/i. The 

magnitude of the p production versus " production seec to increase 

vith q™ vith a naxicun around 1 for q > 1 GeV/c in the case of ^ p 

interactions. Tho results depend in fact upon the incident beam and the ratio. 

P /" is generally larger for incident pion beans than for nucléon beams. 
[34] The a production sec-ns to be less than or equal to the p 

production. In noot of the phenonenolngical soucis they are assumed to be 

equal. 
[341 The 9 production is surely such weaker ; an upper limit of 

<p/n < 0.055 at q-, =• 2.5 GeV/c has been obtained. 

The * production has been intensively studied recently. Its 

transverse mouentua dépendance is comparable to the lon^ tail of the p one ; 

the avorage transverse nouentur. in pp collision ^Jr* °" 0.7 GeV/C . The 

magnitude is roughly Î/TI =- 10"*. The shape of the distributions depend 

also upon the nature of the beans ; for ex : 

d° j =• exp [-ax^bi^l , x,, = 2q //o 
d x11 d qT 

with a = 6.2 ± 0.8 b = 1.6 ±0.2 Gel'*1 for Tt~ 

a = 9.7 ± 1.6 b = 2.2 ± 0.5 GeV 1 for p . 

On this basis several phenor.cnolojical *• J ' - for the vector 

aeson production cross-sections have "-jeen proposed, generally of the type 

a do (h+h ' -»7+X) = f(qy) j(aJ at each valu< 

for examples : f(q ,,)'••• exp (-a :<.,,) ?..- -, 2q////s 

and g(qT) = expt-bo^) or exp (-bq̂ ,) or exp (-b ^ + 1 ^ ) or (q^cy). 

We shall see hou thesevarious types of q,̂  tails influence the lepton produc­

tion. 
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4. Leoton sooctrp. frcr: vectjr neacr. decays 

They can now he calculated with the help of equ.IXI.Î 

They posses however very interesting properties to discuss. 

The nass distribution --- reflects directly the vector ueson 

Breit-Wigner propagator hut also the e„ dépendance of the production 

cross-section o . In particular for broad resonances like the p , it 

could be possible to see the tail of the peripheral aechanism which peaks 

[l9a,37"> 2 

strongly towards low Q . 

The E distribution of the pair of leptons is directly proportionnai 

to the one of the vector neaon and provide a good test of the production ; 

mechanise, for example of the quark distributions inside the hadrons. 

The single lepton 3pectrun has more specific properties. First for 
2 2 

a given mass Q = £U and a purely longitudinal vector neson, the transvers: 
°v 

Boaontum of a lopton JC is obviously strictly limited to X < — . 
The spectrin vould have the shape (lig.- to) controlled by the kinenatical 

J 
factor J - 4 ^ / Q 2 

2 

£ss. _ où T P

v bh—r fb A) &'iX-) — — L 

„2 

2 
5 

4 a. <x y v « " v / <i c a. i —y c i , ^ . . . / ^ 

° ° °- ^ V <tjt-*fy<x 
2 ' 

= 7TTT o. 
With a t r ansve r se momentum extension ç^ _ f o r the vec to r meson, the peak at 

vhere m,, = — j - r . 
"v y <i-y ) 

—r is broaden by a tail for high iL whose steepness is the icagc of the 

q_ one and which is one of the purpose of the present discussions. 

}lo\: concerning the intensity of these vector neson contributions 

to the single lepton spectra, it is not sinply (as. can already be seen ir. 

the purely longitudinal case above) the product of the vector ceson q_ 

spectrun by the lepton pair branching ratio &. •+ I ~ . The integration-

over d,q produces an additionnai reduction effect which is known as 

the "parent-child relation" and which we want to discuss now. 
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5 . The pa ren t -ch i ld r e l a t i o n 

Suppose a parent p a r t i c l e i s produced vfith momentum p and a c r o s s -

s ec t i on -:— in some r e a c t i o n . I t decays then i n t o a chi ld with momentun i 
d,p 

j 
j . lus -.nything (p -* lU-'A). The ch i ld speotrun i s 6 i v e n by : 

i V |y£J2\ i ! M l 
& - 1 ' J d - p 7 " E ' DT 

if Q and P are the mass and width of the parent and T its partial decay 

width into £+X given in tera of the decay aoplitude D by : 

»r x = JlB|2 % . 

When the parent isproduced at sufficently high energy, its decay products 

are boosted in the direction of p such that * ™" x p and one can define-; 

. a decay distribution. : 

e(x) _ _!_ ?£i _ Ml JL 
eW ~ • !" , dx " mTz x f 

Usi ng -"-- = — . d . 4_ — a n <i - ^ = ~ i d i 4n in the high energy c ,o ,o 2 T x p 5 2 T 

l i m i t , 

S 1 " 1 S p x2 

with Bj the branching r a t i o m^JaT of the parent i n t o £fX. 

Now suppose t h a t i n some range of p ' one can wr i t e : 

£<!£ =» L. =* A — 
d,p n ,n 

3 Pm AT, 

then, 
i V ' -1 

sp -g *ti_ x « ( x ) "*• 
o 

The child distribution ha3 the saoe shape in I but with a Eagni-

tudc reduced by the factor 

r = B. J' x n~ e(x) dx . 
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,1 
Notice the normalization J g(ï) dx = 1. 

o 

The magnitude of r depends upon the shape of e(x) for large values of x 

"which in principle depends first upon the number of particles associated 

with i in the decay of the parent. Suppose (always in the high energy 

approximation) a jet of N particles (including X) with a uniform repartition 

fN {xv...,x^) = CH . 

The one particle spectrum is : 

fs(x) = C K J'dX,...dXH 6(S x.-l) 6(x.-x) = (K-1) {l-x) N~ 2 

It peaks stronger and stronger for x ** o as N is larger ; consequently 

r Kill be weaker and weaker. 

, - BX / x«-2 (N-1) , o-*r« dx - tii*afèJtfi± 

examples : 

for n = 12 , N = 2 r = y~ 

% '" 
B = 3 r= ? 6-

In our case (V -* I t , S = 2) we have an additionnai reduction by a factor 

1/10 with respect to B^. 

6. Discussion of the l/n ratio 

From the preceding properties it appears that the $ contribution i-
m, 

surely limited to the vicinity of i_ =• —^ =>• 1.5 GeV/C. Its tail for higher 

i_ depends directly upon the q dependanceof the <! production ; with 

<qî> *• 0.7 GeV/C there is no hope to fit the datas on V • Even at 

&m " 1 .5 GeV/C there i3 a factor 5 missing in the magnitude *• " a" ' ' 

(fig. 11, 12, 15). 
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Below i. = -y- t even if one hac; p/n " 1 for all <^, from the 
parent-child relation one would ̂ et 

B, K 

4/TT- (i/o°) ** jf "O.-l 10" 5 . 

In any esse the upper limit supposing that a l l pions corao from P decay 

r , n i B . B +^_+ o+B„- _- o -1 c 

woula oe i/rt = (i/p ) (p /n ) = — . ( --j— E ) =* 2.10 

The o contribution (vith B» =" 7.6 10~ ) is surely no more than the P one. 

The <p contribution (with 3 , ="3.10""* but t?/n < 0.05) is also United to 

V " < 0.15 io " 5 . 
-4 So there is no hope to reach 10 in this range of transverse momenta 

with p, m, tp and <i alone. 

7. Higher vector pesons 
The existence of series of higher vector ac-sons is suggested at 

lor energy by the possible states p'(1.3) and P"(1 .6) and at hi&her energies 
by the i'{3.7) and the peaks in the 3.9 — 4.5 GeV region. The extension of 
the preceding calculations to higher vector nesons can bo easily dor,** as 
soon as one knows or postulates rules for the vector mosons production and 
decay. Such properties had been already used for the description of the 
Deep Inelastic lepton Scattering or. nuclconô and of the e o~ annihilation 
into hadrons under the naaes of Generalized or Extended Vector dominance 

[39] model . Calculations have been carried with series of vector meson states, 
ri9"0 2 2 / 

for example with equal squared Eass spacing nu = ii. + .-. (n = 1,2,.. 
2 r^oi 3 i o 22 

.. in GeV ), or with continuous spectra L J vith a density dH = a(n ) un 

cf states. The scaling properties of D B and e e annihilation surest the following behaviour: 
2 

mrv - -f- t l r v , B r v \ i + r -» c (or e ? y % y =• ̂  A v ) 
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and a production c r o s s - s e c t i o n 

o(h+h' -» V +X) / i (h+h ' . -» V +X) =" - — 
. B V n 

With such inputs the resulting lr-ptons pair production appear to be rather 
similar to..the one predicted by the i)roll-Yan quark-antiquark annihilation. 
This is not surprising since it is known that such a'GVDH description can 
be in a sense "dual" to a parton Eiodel description. Also, in both cases the 
leptons pair production is closely related to the behaviour of the e e 

-, -, 4.. 4. 4 -, 4.- [26,40] uuiihilation total cross-section ' . 

8. Cluster ,-iodels 
The fact that the lepton/hedro:! r.itio appears to be roughly constant 

[411 
in a large range of transverse momentum; has led soue authors to conclude-
that both cone from the decay of clusters produced in h+h' collisions. 
Pokorski ar.d Siodolsky ' supposed in additio \ that the decay properties 
of such a cluster are just the ones observed in e e annihilation into 
hadrons, TJsin^ a -tasa spectrin "nr -•"' — in the production of the cluster, 

M + - sd° (l-x) the inclusive distribution in e e -* h+X , — — = C s •'*• • and the dx x 

° ( e + e ~ -* h r-d) r a t i o H - "7 ' they p r e d i c t a l ep ton /p ion r a t i o : 
°(o e ~* n IL ) 

V - a? • c 

v:hich is indépendant of &, ar.d varies between (2.4-18.) 10~ vrhen Y 
varies betvicc-n 3-7 . This is eve>'_ rjore tha.i demanded by experiments but 
this number can be reduced by taking into account clusters i;ith different 
charges and spins. 

Independently of the numerical results the icportait point in this 
model is the relation bet»- ;er. the production of high p_ hadrons and leptor. 
in hadronic collisions and tie e e~ annihilation into hijh noaentun (x ̂  ' 
hadrons (for example with formation of jets). 
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IV - Other sources of direct leptona 

1. Charmed particles 

The possible production of a pair of charmed particles 

h+h' -» M + K + X «as in fact one of the first suggestion for explaining c c 
the large number of direct lcptons. The very short-lived charned tesons 

* * / « \ 
B, B , F, F ,... candecay weakly with leptonic \*fv;, seoi-leptonic 

(.fov+had) or non-lept-.nic modes. Quantitatively this aeens presently unlikely 

because of the rather low litaits for charmed particle production in hadronic 
T43l collisions . 

First notice that for a oharmed particle of mass m *" 2 GeV, in a 

two-body decay the leoton spectrum (see IV.4) would be peaked at 

JL °* r °" 1 GeV/c, whereas in a 3-body decay it would be peaked at the origin. 

Secondly the parent child relation gives for high transverse momenta : 

t/'a * B y 11 or B./SS for 2 or 3 body decays, 

-/„ =. ,/s-4 - „ /„ _. 10 x (11 or 66) Now i/it =• 10 requires M /I =* *r ' . 
C iij, 

/ -2 -3 
B, < 1 implies >i /it > 10 to 10 which is very doubtful ever, for 
l a ree FT. 

2. Heavy leptons 

The anomalous eV- events found by the Slac-LBL collaboration 

at Spear are more likely interpreted as due to 3 body decays of a pair of 
, + _ + _ ± ± ± % heavy leptons (ee -» L L ; L -* e + ... or u +..,) with a mass close 

to 1.8 GsV and a leptonic branching ratio of the order of 10 to 20 % ; 

a point-like QSD YL L~ coupling is consistent with experiment. 

In hadronic collisions the production of heavy leptor.3 would then 

be similar to the one of ordinary pairs of leptons apart from kineDaticol 

mass effects. Chu and Gunion *• ' and Bhattacharya et al ^ have used once 
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more the Drell-Yan mechaniun ; the production cross-section has the same 

expression as before, k~'epin£ the exact kincciatics, one can irrite : 

% (h+h' - LV) = (1 - - J 1 ) (1 * -?) - , (h+h> - e V ) 
dQ +X G . Q dQ' +X 

In the limit n,/s -» 0, usine standard parton distributions of Sect. II.3, 

one obtains a total cross-rection : 

o(p+p -» L + L " + X ) -» 6x10~ 3 5 log (^ ) cm . 

± ± _ . 
Using a branching ratio, of L into I + v + v of 10% the spectra of icptor. 

+ - ± 
pairs i t. and of single leptons !• have been calculated nunerically. Beth 

spectra appear to be flatter in m and in X„ than the direct X t~ 
l*Z~ l 

production but also ouch 3ualler (about 100 tines) in absolute magnitude for 

the present ran^e of energies. 

3. l.'cak bosom; 

Finally ve coae back to ti»e first motivations for these stutUet, the 

weak bosons search. 

by Palaer et al . Using once aore the Drell-Yan aechanism with the 

invariant qqW coupling, the get a rather high cros3-section 

°(pp ->'.I+X) =" t o " 3 3 to 1 0 ~ 5 2 era for s/arf ~ 10 to 100. Houever the masses 

expected to be in the range a. " 50 to 100 GeV force us to viait for the 

next generation cf accelerators.IJith û total width of the order of 1 GeV ar/û -

leptonic branching ratio into lepton pairs (iv, I IT) of the order of 

1 o(e o "* u u } 
zr = ' u

 c , the single lepton spectrum has been calculated anr. lief 
o(e'e "> had) 

d-Laf) 

-35 2/QsV - sr for 4j, •» 50 GeV/C. 
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Another possibility would be the production of scalar Higgs mesons 

also weakly coupled to hadrons and lepton pair? ) however their nasses and 
f47l couplings are either not specified or very model dependent. Ellis et al 

have discussed thc3e properties. Hijjs r.esons could heve a mass arbitrarily 

snail (even less than 2 u ) or arbitrarily high (conparable or higher than 

'(( masses) •, would one of then exiit between 1 .5 and •", GeV, the cross-section 

°(pp -» H _ + X) would be 10~ to 10 times the direct °(pp -» n V " + x ) , 
•'V- t*~ 

which is practically unobservable ever, if the H is very narrow. 
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Tabic I : Structure* functions for baryona and mesons 

quarks 
hadrori3\..,_ ^ 

p 2V +S 
P 

V +S n S s s S S ' s 

H V +S n 2V +S 
P 

G s s S S s 

P S S S s 2V +S 
? 

V +S 
n 

S s 

•/ +S 2V +S S n p 

TT V'+S' S' S' S' S' V'+S' S' 

rr~ S V ' + S ' S ' 3 ' V + 3 ' S' S ' S ' 

K + V ' + S ' S' S ' s1 3 ' S" V ' + S ' S' 

K" S ' S ' V ' + S 1 S ' 7 ' + S ' 3 ' S ' S' 

K° S' V ' + S ' 3 ' 3 1 S' S ' V ' + S ' S' 

ÎC° S' S ' V ' + S ' S ' S ' V •+S ' S ' S ' 
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Figure Captions 

3 Kiss distribution of the pair in the Drell-Yan model for various 

energies j 

proton bean ; - - - - - TT beam 

t Longitudinal-monentLin distribution of the pair in the Drell-Yan 

model at /s = 25 GeV j 

proton beam ; - - - - - n bean 

5 Mincie lepton transverse momentum J-istrioution in the Drell-yan 

model for various energies ; 

proton beau ; - •• " bean 

10 Shape of the single lepton transverse momentum distribution due to 

the decay of a vector meson of mass n> ; 

when the vector mesor. is produced longitudinally 

when the ve-tor meson has a transverse momentur: extension. 

11 Single letter, transverse momentum distribution cue to series of 

vector mesons from ref [19a]. 

12 ' Single lepton transverse momentum distribution due to Pffj, 9 and * 

from ref [36], Bourquin and Gaillard. 

13 Comparison of expected electrons from <!r decay for various produc­

tion models with the CCRS results at /s = 52.7 3eV. 
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