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I ~ Introduction, historics and motivations

The subject we want to reviev concerns the leptons production in
hadronic collisions. The experimental processes are h+h' = !.++.t— + anything
or h+h'! = lt + anything vhere the bLeams (h) ere mesonic or baryonig, the
targets (h') 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 uas the search o] for
heavy intermediate dosons Ht decaying into u+v 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
done (] in 6B vith p+'l, collisions.

Needless to say the search for Wt bosons being alweys negative,
experinents delecting szingle leptons at large !T wvere pursued at higher
and higher energies. Uuring the last feu years, Seruukhov, BNL, FNAL, Cern PS
and Cern ISR accumulates results with an interest culminating at the Loncdon
Conference (3 in July 74 due to the famous snd unexpected result for the
ratio ‘f/m = 10™% in the range 0.2 S 4, <6 Gev/o,

Such a value is éffectively muchlarger than vhat was expected theoriti-~
cally for a continuous production, for example with the Drell-Yan (4] mecﬁa-
nism f&r the decay a massive photon into £54 . 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 ¢iscussions are runninz in particular about a possible
high contribution of pho%on bremstirahlung [531. The contribution of the knoun
vector mesams, p, » and 9 was expected to be 10 times smaller cven if these
uere produced copiously at large 95 . S0 one begun to imagin new mechanisps
or narticles.

{51

At the same time the e'e” annihilation into hadrons vas shown

to have an anomalously large total cross-section and many processes were
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propogsed in order to explain both reactions (r.i_oc".ifications of the parton
model, generalized vector dominance, chermed particles, heavy leptons and
many other exotic stﬂtes)'; opecific models for the production of large
T3]

transvers.e norentun particles (hacrons or leptons) vere also sug{;este:\_
(pérton subprocesses, cluster models, real or virtual pheton bremstrahlung...).

Soon after, the discovery of the ¢ particles {7 offer the hope of
explaining an;,;t';hing duz to their large &t branching ratio. It is however
now. almost suré that they are not sufficient in order to explain both the
£ pass specfra and the single !t transverse momentum spectra. There are
also now some svidences for the existence of heavy leptons [e] and charmed
particles (9] in e'e”™ annihilation and neutrino scattering s but in this case
also the. wesiiness of their production rate in hadronic collisions whatever
could>be their leptonic branching ratio makes douhtful their importance for
our problem.

On the experimental side there are £ill many questions to answe-r
whic‘h are strongly connected to the possible production mechanisms. What is
really the behaviour of l/rr at low ZT’ is it really increasing when l‘l‘ hed1]
or roughly constant ? What is the behavicur of /T with the total energy /s,
is there a“th.reshold effect or is this ratio also Tougnly coanstant down to the
low energies.? Do we have an equal production of £ ang £ and an equal
production af electrons and muons for all lT ? Does the single lepton produc-
tion correspond completely (after substraction of the trivial background) to
a 2t rair productioﬁ and in this cese whai is the dominant range of mass
(continuou:‘; low cr high mass or new cbjects)l

loat of the experimental matericl guuted in this leciure has been
revieved by Lederman l1o] at the Slac Confercnce (Aug 75). We have added the
observation of high mass (5.5 - 10, GeV) e peirs at FNAL in p+Be interac-

tions by D,C. Hom et al (e2] with a clustering of events between 5.8 and
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6.1 GeV already called the Y (5.97) resorance. On another hand, also with
400 GeV protons ot PNAL, L.B. Loipuner et =zl ls8) claim evidence for pair
origin of the muon production ot lar.e IT with a dominant mass range of
0.6 to 1.0 GeV ; the muons are not polerized (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 ané w production. Concerning the single
[49]

lepton spectra we have the results of Z.W. Beier el al obtained at BWL

vho confirm the rise of the ratio e/m up to 2,107 or 4, decreasing dovm
to 0.5 GeVE but give values of the crder of 0.1 to 0.5 ><‘l0'-4 for ‘:"’1‘ >1
GeVA which could be consistent with vector meson decays. Such results are

[501

in contradictionr with the CCRS results " obtained with the ISR (however
in a different energy range) which have en e/ﬂ ratio of the order of 1.xi 0—4
constant or decreasing for low ZT. We quote finally results by Buchholz
et al (5] with 300 GeV pt+fs, collisions et FNAL who detected forward muons
(12

o -4
(3.8 = 2.1x10 > for 150 GeV/c and 1,56 * 0.40x10 for 90 GeV/C) which is

It

90 and 150 GeV/Ae with 4 <0.4 GeV/c) still with a high u /7 ratio

also about 10 times larger thanp ~hat ic expected from forward p° production.
We thank D™ J-i Gaillard and J.P. Pansart for having lel us know these last

experiuental irformations.
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chapters we develop the following subjects

the Drell-Yan model for continﬁods‘ £+2ﬂ:§rodudtioﬂ -

The parton~antiparton ennihilation mechanizm

Scaling forms ; relation with Deep Inelastic Scattering (p18)
¥odel calculations

Regults

Modifications of the model and additionnzal contributions.

Vector mesons and chsters

Vector mesons contributions

Vector mesor:x production mechanisos

Experinental informations on vector mesons production
Lepton spectra from vector meson decays

The parent-child relation

Discussion of the 4/ ratio

Bigher vector mesong

Cluster nodels

Other sources of direct leptons

1. Charmed particles

2.

3.

Heavy leptons

Veak bosons
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II - The Drell-Yan modcl for continucus &' 2 production

1., The parton-antipartcn annihilation machenism

The process h+h' - £ 4% is supposed to be due to a virtual

massive photon production, thiz ==
h /
\\\‘_ /

one decaying then into lepton

S "
veirs (fig. 1) n! %Y“{z
\.1_

The cross-section takes the general
[4] Fig.1

form
2 i '-1( u)

gk [l
@ % o Jia-Giai)?)(s-

it )?)

~Li

A

Ll

vhere @ is the lenton mass, M cnd M' the hadron nasses and qu is the
photon 4-momentum of mass q2 = Q2. The first part of this expression comes
from the usual vZ'4" vertex and the function W is given in term of the
electromagnetic current :

w(e%,5) = - 16 ™ BB’ Ia,a 8(q%-3%) Jeur e"iq'y-;— »

. spins
<ept | () o L (@) lpp*>

p and p' are the hacrons 4-momenta ;s = (p+p')2.
This form has some similarity with the one [11]occuring in Deep Inelastic
Scattering ; however it does not possess the light cone dominance. The
reasons are first because Q2/s <1 by kimematical conditions (whereas one
would ncel 22/3 - o) and secondly becsuse we deal with a procuct of currentis
instead of 2 commutztor vanishing for srace-like y2 separations,

(4]

Hevertheless Drell and Yon showed that if the photon is coupled
to a parton-antijarton pair in order to produce 2 high mass Q the parton

and the untiparton must be issued separately from h and h' (dieg. 2i).
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Then @ = (k#k')? = sxx', if the n
recses npd tranaverse nonenta of .
the partoi.. inside each h;\dron are

neglected (k"= pu, kP oty

hl
A high mass lepton peir can be —_—
produced by the annihilation of a ' h
pair of hard parton (0 < x,2z' <1). Fig. 2i

Thiz ¢iagram was oppoced to the one {diag. 2B) where the p?ir_ 158ues 1rom

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

betueen the two hadrons : o 2t
g ; . L, o
X = LV —(M-) - x] ) ’ \—’\'1\-
-
; (1] 3 (]
if = XD 4 .
4 Pt q Fig. 2B

This process is thereforc much less probable for high Q2 than process (A)
We shall conzider its posaible contribution in Sect, III 2.
Coning back to process (A), with an incoherent sum of parton
amplitudes, the eross~section can be writtcn :
o{h+nt - £H074%) = Jldx ax z fh( ) f "(21) 0(a+a - 27
- 8(02(k+k'f) ail
vhere I extends over all kin's of partons ané antipertons one can find
inside Bh and h' fg(x) is the normalized probability of firiding such a
parton or antiparton "a" with a momentum = :-:pu irside h.
Yith & point-liks v.a& counling (like in efe” annihilation) one gets direc-
tly the following spectra :
The mass spectrun
@ _aned

2~ 4

£ li JJax ax' 8(xxt-1) x fh(x) %' fh'(x')
aq 307 a 8 8

|
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where A_ is the charge (in unit of e) of the parton a and T = Qz/s,
. ) 2

the longitudinel spectrum (in the Feyrman variable § = 71"' = x-x')

2 XX
oAzl —LE ) (s
aag 3* a Jiur HT B

*E + /§2+¢;1’
with )'.é =

In this simplified wversion of the parton model with no transverse romenta,
the angular distribution of the photon (i.e. the pair of leptons) with

rcspect to the bcam is completely peaked longitudinally ; we shall discuss in

Sect. 1L1 5 attcapts to take into account the vossible partons transverse

momenta,
Tho angular distribution of the leptons in the photon rest syctem is specific

2 -
of the parton model : 1 + cos” 6 for spin - ¥ partons (1ike in e'e” annihi-

+
lation). Finally one cen zet h2] the single lepton (£) spectrum :

Zn -
2 "2 2,7 2 2
£ 30 28 ¢ 2 B% n Ay w2
- =% dy y(1-y) 1.2y (1~ A - =) = (=
' e y y(1-y) D12y (1)1 Bh 5 769
2252
with z, = —7-_- , .‘.L and AT being the longitudinal and transverse componeats

2 S
of the single lepton momentum with respect to the bezm. The integration

variable y 1is related to the mzss of the pair

y(i-g) = L2 . 5,
xx' Q2 !
2 4 ap 5 .
3, and that for leptons datectecd at 9Q° (£L=o) one



2. Scaiing forms ; relatione with D,I.S.

The above spectra possess the following scaling properties :

29 0 L F(ec)
? ot

. a -
& x b (5, o¥s)

szdF Q4
£a0 »y( "1,) . 1L 2 : ;
=) and only - M G ﬂ) at 90°,
d3 A Vs 4 e
. T iy
These arc alrecdy severe consequchces of the parion model ;hut in addition N
4 A q!
(113 ;

the probability distribution. f:(x) are cxactly those which occur

in DIS of leptons on hadrons h :

{ - :
A . vwgéﬁ‘;)::lixf:‘(x). ) !

and can be in principle ezxtracted from experiments with e, v and v

scattering [13]. The method ic the following, Any parton Eistri\mtio’n is

written as the sum of a valence and 2 sea distribution :

fa(:c) = Va(z) + Sa(x)

The valence term is constrainec by the normalization condition ¢

1 . .
J v (x) ax = T‘n’ the number of quarke of tvpe a in the valence

configuration of the¢ hadron,

The sea distribution is tuaken as SU (or SU4,...) symmetric, corresponding

to the singlet fermation of pairs pp +nn o+ AL 4+ e 4 ... 2

S()E (x}

.

The total distribution is coleur S'I\I;) symmetric

Yoaq. _l
fqi(x) 3 ‘q z) 3 :R%‘l B fqi(x) . .,
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This way we get the hadron structure function of table I, examples :

() =§ (4 v (x) + v (x) + 20 5(:)3

+
o =
P {x) =-;— [5 vr{z) + 20 2' ()]
Vvt(z) and S'(x) for mesons can be different Irom Vp(x) # Vn(x) and 3{z)
for waryons.
Notice the effecct of Geli-Mann colour which is exactly a reduction
by a tactor 7 of the cross-scction for lepton pair production with respect

to the uncolored case :

1 1
T f (=) f- =3 Lz ) 7 %
5 qi( ) fqi(Z) 353 fq(x) 3

Other cases like Han Henbu's inteser charges would lead to different

wmodification :

. A .
%-x % x ? Ri = % inatead of g Ri =3 for ordinary quarks,

The offect of new flavors (i.e. naw quorks like charmed onea) eppears with

additionnal terme in the sea contribution :

s(x) T A2,

. f 1
However in practice the sea contribution inside the nucleons is globally
constrained by the experimental meusurements (131 of DIS, such that any
addition of new flavor will result in 1 corresponding reduction of the
factor S(=) and the zlobal contritution of the sea to the lepton peir
production will be practically unchangzed.

Upper ltounis of the cross-section Qﬂé has been ecstablished by

Savit ana Eiphorn M14] using poritivity conéigions f&(x) 20 and the DIS
structure runciions measured f15] at 3lzz and with neutrino scattering in
gargamclle, The results are given oaly for the conditions of the BNL expesri-
nment but appear to be already very :tringent; It must be howcver noticed

that they arc very sensitive to the antiquark distributions consirained by

the gurgemelle datas which are perhape not yet in the scaling rogion.
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3. Model calculations

They use well defineu ezpressions Tor the functions V(x)and S(x).
First their Lohaviours for x 20 and x -1 nre generally fixed accoraing:

to counting rules.

Regge duality f15] suggest that for x =0 {the Regze limit
v d) . ] ’
sca alo)-1_, 1-e(0)
v (Cx) v 1 T (t=0)X v Oy with o{o) =1 for
2 yH = Yy

the Pomeron, This means S(x)""-} .
And v‘.lval(x)of' In THY;S_:er* x! -ofo) with a(o) =3 for the Regge
trajectories, means V(x)nx’}; .

M6l

For x -1 inclusive-exclusive conncctions relate the

07 1

of the elastic or guasi-elastic form factors F(t) ~ ey

behaviour .
t

(for i1 »«) for e system with n non-wee constituents to the one of

the structure functicns
-}
v (x) = (1-x)2"7
For example :

the valence part of 2 beryon (gaq), n=3 , I{(t) ~-|7£- , V(x) > (1-x)°

the sea part of & baryon (gugq3) , n =5, F(t)~1_, s(x) =~ (1—x)7

ﬁ-&‘-l ot

the valence part of a meson (g%) , n=2, =(t) NJ’E , VH(x) = (1-x)

the sea part of a meson {gagq) , n=4 , F(t) ~'—; , Sr(x) > (1—;:)5.

[13)

The Slac and Gargamelle datad (ror nncleons) supzgest™

b g f18]
of the distributions end can be fitted*

; x o - 02 adl
4 q -

then the shapes

with :
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(this quantity being equal to 4 S(x)} in an SUq description, g=p,n,,c},

and with the valence part :

Z .
Vp(r.) =7:: (1-::)3 (1+ax) 2,=1.19 , a = 2.?

% 340 - - -
Vn(x) =7 (1=x)"" (14bx) Z, =1.107 , >0, B=>~0u.

Meson structure functions are of course more speculative. On the basis of
the above counting rules and by analogy with the nueleon stiucture functions
one can try the gess :
. 5
§ £t (x) - 0.3 1!1—}:! _
9 4q
1g) ™ Bon (g

and Vi(x) > g7 (1=x) .

4. Results
Independantly ofthe details of the x dependance of the structure

fun: tions, from the preceding sea and valenes properties of mesons and baryons,

one expects first that antib&?y:ms and mesons besms will lead to much

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

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

quark charges one ezpects (s a,b] the following ecu=lities and inequalities :

a(pp) > o(tp) > o(pp) > o(np)
" o(np) = o(E7y) > o(n'p) = (g ™%) > ol *n) = o(g°p)
o(np) - o(&'p) = 4 (o(n"n) - ofk*a))

o(nn) - o(k*n) = ¢ (a(n*p) - olk™p))

the lest two equalities gives a relation for deuterium targets.
With the explicit forms choosen for the structure functions, one
(18,19a,b]

can then compute exactly the varioqus spectra ; the reosults are

shown on fig. 354,5.
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The fall~of'f of ﬁ% for larze Q {tr » 1) and of _1__(‘1_2 for large

I.T (ZT -’éi} reflcct directly the behaviour of the parton cnd antiparton

! distributions fa(}:) for x =1, Hotice that this behavicur is not so

‘well established experimentclly 0131 by DIS of electrons and neutrinos.

The shape of g% at fixed s and Q2 is the most stringent test of
the model and of the parton distributions to which it is directly propor-
tionnal. If this Drell-Yen process was the dominant one, it would be the

best way for extraciing from 'experiment the antipartons distributions and

also the meson structure functions which are not directly acceasible ;
experimentzlly.

Comparison with cxperiments can be done first for the pairs
detcection, The discrepancy- quoted (201 since a longtime sgo with the BNL
experigent (psU - '+ X at 29.5 GeV) i3 much reduced after subtrace :!
tion (10 of the nuclear cffects and the ¥ res:ona.ncc. :

For higher encrgics (ror er n+ = '™ + X at FNAL) a comparisan can be

done H

fat] for n < L the Drell-Yen prediction is still a little too

" weak. For n > m, (p+Be » e*e™ + X at FEAL) one encounters the prohlen of

f22]

the 1" pump )
- Concernin: the single lepton detectipen 96,10] at Serpukhov, FiAL
and ISR, the LT dependnnce betrzen 1 and 6 GQV/C is much more steeper
than the one predicted by the Drell-Yan mocel ;- also the magnitude ia nmuch -
different ‘uith a factor 100 at 2,1, =1 GeV/C and §t111 a factor 5 at

£y =5 GeV/C.

9. Modificationiiz of the model and zdditionnzl contributions

a) Initial and f:innl state internctions acong hadrons

23]

It was showm that these ones can only nodify the distributicns \

of the hairons but not the inclusive properties of the leotons.
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b) ilee parton effects

Drell-Yan[4] had elready noticed the possibili‘ty (diag. ZB) of
brepstrahlung of small masses Q, Thi:z was taken again by Bjorken and
Veisberg '[24]; on the besis of the pion production supposed tu “e of this
type, they estimeted an ndditionnal contribution concentrated at low 0.2
{and therefore low ET for single leptons) and which could be 25 times
larger than the Drell-Yan 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 brenstrahlung contribution and which %ill be discussed in

the next section.

c) Bffect of the transverse momenta of the partons

Ve have scen that for partons with zero transverse momenta the
single lepton transverse nomentum JZT end the mase Q of the pair arc
intimately connected. If onc now allows a k’l‘ spread of the parton momentum,

it is possible to reach the same value of .ZT with a smé.llel‘ mass Q ; as

the Q2 distribution is falling with Q2 one gets finally a displacement of

the £ spectrun tewards ihe large values, This goes also in the right

T
(a5]

vay. In order to obtain a shape close to experiment

250 G
i.e. EAULAP EL-) ~-—2-1—-Z , one necds a distribution for the photom
4 S (%)
like —-21—-2—4~ . It can be obteined just with structure functions
(n+ag)
)3 7
like L!Z_XLZ—J, for valence partons and 2 1=z 5B for sea pertons
1 g
(o +k‘I‘) . (w +(qT ‘T) )
which correspond to the gencralized cownting rules 1:52].

d) Charze clustering effects : modifications of the _qdy coupling

Many proposals hed been done for this problem as well es for the
one f51 of the e'e™ annihilation into hadrans before the discovery of the

¥ particles. Some modifications of the gqgy ceupling (magnetic moments,
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form factors ...) would oceur similarly in both reactions and maintain

{26} ,

totally or partly the following relation

aQ®

. R
with G, (Qa) = de dx*! 6(Q2 - ax's) 1‘2 (x) f:i (x')
2 2
2 Aa Ga (e°)
and G (Q°) =F V3 .
EA

, .- 5
& cpa(ete s ad) 5, (@) =070 T 6 (2F) i
!
e |

f24]

An independent enhancement of the lepton pair production could come
from the clustering of partons into intezrally charged "proto-hadrons" before
annihilation into one photon ; the corresponding mean sguared charge 4\?

would be: auch largoer. - . L. : :

e) gluon effectr ' ‘
(133 ’

It is known from IS that the chargea partons carry only hald

of the momentum of the hadron, the other half bdeing attributed to the gluons,
On czo then inmagin that these ones could also play a role in lepton pair

¢
production. For exauple 27} supposin; thet a time-likc photon is like & rea:

hadren & superposition of partons ~nd gluens 2nd requiring tie extraction of
these configuraticns from the initial hadrons h ané h', leeds to cross-sec:i:
aiffering from the Drell-Yen oncs by the fzctor @

XK=(0 +gz') eg'(g-—1)

vhere g and g' are the coupling constants of the gluons inside the hadrons
and inside the photen. It is easy to see that this factor cer strongly modify
the results and even the shepe of the distributions if one allcws the percent.

of gluons with respect to partons to vary with =z.

f) Other parton subprocesses
rag) t

¥Within the frapework of the constituent interchange model -

first proposed for the cescription of the hadronic production at large Do
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the massive lepton pair production has also been studied. An interesting

subprocess is for example [29] mesaon + quark - massive photon + quark. Ve shall

come back to such processes when discussing the vector meson production ;

! the interesting features are a steeper Q2 dependance than Drell-Yan and

an éxplicit treatment of the g dependance for the massive photon.

e

al

tior

w

fy

tlag
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III - Vector mesons and clusters

1. VYVector mesons contributions

N s . . it g~
Vector mesons with & larze branching ratioiinto ££4 are an

obvicus vossible source of lepton pair production. The corresponding cross-—

1
sections can be written (192, 3OJ:

v
4o 1 S mlygg
= =Ix. 2 2
w v oy, Q)
o p1ogel Tyage
aclag v 48 Dﬁ(QZ)
112 !
a0 J_(fs-h—)l‘;&z I Eﬁ 8(g%-2°-2:%) (qodcv) ™ : }
1=J 2 : 572 ¢ *
d'! 4mz q° 2° d3q 2n ,fnv-4nz
m: {
3,2 '
DV(Q ) ‘

where ©' is the oroduction cross-section (h+h' = V+X) of a vector mesen
V with pomentum q ; DV(QZ) = -:»1.3 - Q2 - iml"v iz its propagator end its
partial decay width into lepton pair is given in terms of the vector
meson=-photon coupling :

4"0'2 2

Wy, == . g
Ve TS e By

+ - .

These partial width are well-known {from e e experiments) for o, w, 9, ¥
and ¢', It is however not the sawe for their production cross-section ir
hadronic ccllisions end this is a major source of discussions in the inter-

pretations of the experimental results.

2, Yector meson production mechanisms

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

the same processes can be in principle uzed for their interactions, In
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particular the arguments given la3 by Drell and Yan for the geparatizn of the
ennihiletion (&) and bremstrahlung (B) processas cen be applied here too.

With the annihilation mechanian {6i)

- "‘“-'Q\::“\-\}\. Pig. 64
(192,511

the productiocn c ross-scctions are again calculeble in terms of

the quark distributions :

h h!
o -’1-2- z Pz JJ ax axt 80— )x fn(x) 1 (x")
my &
v X, ¥,
AN 12 . V. e
oS, s T P fx)f= (x)
3 E\ZI ~}§2+4'r a ‘a a’l a "2
aol _2a® gl oy
(qu s T dE ° 4
PX is the coupling canstant erquared of the a 3 pair to the vector meson V ;
in the sinplest version one con try P i, Pf =1, Pv =1,
P P n a [

f(al) = ﬁ(zl) for purely longitudinzl partons. Any other normalized function

can be used for an extended version ; r'or exa2mple an exponential fall-off :

8q)

f(:l’l) =%e o for which <qi>=-1§ .

This process should de important for high masses y {i.e. high Q2 and .BT),
perhaps already for the 9's and the higher vector mesons am discussed
later on.

Por lizht vector mesons the peripheral bremstrshlung mechanisa (6B)

is surely dominant. As for any

i ot
A ——— .
other peripheral production, one : v AR ‘J\.'\<\//
[19a] I : =
can try the paraimctrisation @ G £
: ;2. 2
‘\dav -B .1’ mv-fqi

d5a ~ Alsiqp) e Fig. 68



-18 -

with B =6 Gev™' (by similarity with pions), this term wouid e influent
essentially for o, < 1.5 Ge¥ 2and g < 1.5 GeV/C.
[28,29,32]

For large 9 various nechanisas alrcady propoved for pion

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

Let us quote for exazple :

Jets

Fig. 7

and fusion

3. Experimentel informations onwector mesons vrocduction

They concern mainly ¢ and ¢ production, but even in this case,
the experimental results ere restricted to a very limited range of transvers:
the
momenta., Thisis reason for the variety of conclusions vhich has been stated

about the contributions of vector mesonsz to lepton production.

The p production[33] scews to be peripheral at low =1
i do -6 2 2 v2 2
(ivee =, =e for ¢ <1 GeV'/C®) with & tail for larger
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a0 24 2 2,2
q = Te for 1. <a, <2.5 GeV'/c"). The average transverse
bodgg t
L
: : [y s "}:. v/s. T
momentum i3 <q1.> 9.5 GeV/c to be coamparcd with <p1 0.34 GeV/s. The
mAgnitude of the p production versus T production seerm to increase

. +
with ap with 2 maxipun around 1 for qL>1 GeV/c in the cass of ® p

~

interactions, The results depené infact upon the incident beam and the ratio.

o . R .
p%/m ia generally larger for incident pion beams than ror nucleon beams.

{341

'fhe ©  production seens to be less than or equal to the p

roduction. In nost of the phenonenclngical medels they are assumed to Le
&

"equal,

(34}

The © production is surely much weaker : an upper limit of

©/m < 0.055 at qT > 2.5 GeV/c has been obteincd.

40351

The ¥ production has been intensively studie recently. Its

tranuverse rcocentun devendance is comparable to the lonz tail of the p one ;
the avorage transverse nmomentum in pop collision <a;> > 0.7 GeV/C . The
magnitude is roughly ¥/m = 10'5. The shape of the distridutiony depend

also upon the nature of the beams ; for ex :

8 > exp [wax, -bg.) . x,, = 2g Mo
axy 202 117057 vz

1

with a=62%0.8 b=1.6%0.20e"" for W

a=9.7%1.6 b=22%0.50CV" for p.
[1Ya,36]

On this basis several phencmenological for the vector

meson preduction cross-gections have heen proposcd, generally of the type

Yy
ng.(:: (hen' = V) = f(q//) g(q_f) 2t each value of s.
31 K

for exaaples : f(q//);-" cxp (-2 :<//,) ) Zq////s
end g(qT) = ey_p(—qu) or exp (-bq_,i) or ez (-b ,\/q,?'\‘mf) or (q,?.ﬂ-‘%)-on

We shall see how thesevarious types of 9 $3ils influcnce the lepton produc-

tion.



A

ok

b o oo

- 20 -

4. Lepton spectra from vect r mescn decovs

They can now e calculitcd with the bhelp of equ.IIL.A

They possex however very interesting rproperties to discuss.

The mass distribution Sl-q? reflects directly the vector wescn
acr
Breit-Wigner propagatur but also the Ty dependance of the production

) v . . - .
crosg-section O, In particular for hroad resonances like the o , it

could be possible to cee the tail of the peripneral nechenisu which peaks

192,377
strongly (192,577 towards low Qa.

The £ distribution of the pair of leptons is directly proportionna:
to the onc of the vector meson and provide a good test of the production :
mechanisa, for example of the quark distributions inside the hadrona.

The single lepton apectrun has more specific properties. First for

2

a given mess Q2 = fy and a2 purely longitudinal vector meson, the transvers:

momentua of a lepton 2’1‘ is obviously strictly limited to lT <i§' .

The spectrum would have the shape {(fig.- 10) controlled by the kipematical

‘factor J—.————‘- H N
I;/ .

LY Y 49)

2

Loo 2% P B (_2_1_) fh'(zz ,oom T
O A e A Tl
£ o o 0 e /e

z, 2z, S
chere -
w B, = —(——yyo ‘_‘,o .

With a transverse momentum extension G.. . far the vector meson, the peak at
4

.
.

is broaden by a tail for high i‘I‘ - whose steepness is the image of the
b S

N

one ang wiich is one of the purpese of the present discuszions.

Now concerning the intensity of these vector meson contrihbuiions
to the single lepton spectra, it is not simply {as can already be seen in
the purely longitudinal casc above) the product of the vector ceson 9
’spectru.m by the lepton pair branching ratio BV 4 85, The integratiom

(38} ..

over d3q produces an additionnal reduction effect which is known

the “parent-child relation® 2nd which we want to discuss now.
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5. The parent-child relation

Suppose a parerit particie is produced with pomentum p and a cross-
gection %El% in some reactioa. It decays then into a child with momentun £
2 .
4
jlus ~nything (p - LX), The child spectrun is given by

%40 ~ j'(EdO) »d.jn ™ 2
PR ) ‘ '
d3 3? E 'y
if m and T are the mass and width of the parent and l'z its partial decay

width into 4+X given in term of the decey amplitude D by :

nr, - ol 2

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

- -
are boosted in the direction of p such thet T~x p and one can define;

.a decay distribution

14 4 .
ine 2. _L & . 3P ; .

Using F3 = o . d2 lT il . = x} d2 AT in the high energy

limit,

with B, the branching ratio mT‘I/ml' of the parent into &X.

Now suppose that in some range of pT' one can write :

E.‘!S’_ -\-:'.“_..ﬁ}\:‘_n.

dsp o 8
- -
then,
Q 1
Bk 0l 0
!*.\‘ o

The child distribution has the same shape in ZT but with & magni-
tude reduced by the factor

1
r = BIJ 2 e(x) dx |
°



W
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Notice the normalization J oa(x) ax = 1.

The magnitude of T depends upon the shape of ¢(x) Zor large values of x
‘which in yrinciple depends first upon the number of particles associated
with 2 ix{ tho decay of thé parent, Suppose {elwnys in the high cnergy

approximation) & jet of N particles (including £) with a wniform repartitic.
£y (rpreeaxyg) =0
The onc particle spectrum is :

ylx) = Oy Jax, ..ty (2 x;=1) 8lxpox) = (1) (102

It peaks sironger and stronger for x 2 o as N is larger ; consequently
r will bc weaker and wesker, .
1 o
=B, [ ™2 (Hot) 1 (1432 4y = n-2) ! (1) ¢
r=B, Ja 70 (NA1) ¢ (1-x)"F ax = B, vTa

examples 3

for n=12 , N=2 r=A1-1£
Bz~
=3 r=-6-é-

In our case (V = & , N = 2) ve have an additionnal reduction by a factor

1/10 with respect to B,

6. Discussion of the &/m ratio

From the preceding properties it appears that the ¥ contribution i:
m,
surely limited to the vicinity of 1"1‘ ='-2—-"- = 1,5 ceV/C. Its tail for kigher

"I’ depcads directly upon the Gy dependanceof the ¢ production ; with

<q¥> > 0.7 Ge¥/C there is no hope to fit the datas on 4/ , Even at

N . 1
4, > 1.5 GeV/C there is a factor 5 missing in the magnitude (19a, 36, 10

(fig. 11, 12, 13).
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H,‘
Below 4, = El s oven if one hac /7> 1 for all q, from the

parent-child relation one woull zet

B
gm= (0% ~ & = 0.4 107 .

In any ccse the upper liwmit supposing that all pions come fromw p  decay

3 B+, + 045 - - 0o -1 "
vould ve (103 4/m® L (4/0°) (5%/n° =T§ B R B BT 3
The ® contribution (with B, > 7.6 10—5) is surely no more than the p one.

a
The @ contribution (with B, ™ 3,107 but ©/m<0,05) is also limited to
4/n < 0.45 1077 .

So there is no hope to reach 10—4 in this range of transverse momente

with p, o, ® and ¥ alone.

7. Higher vector mecons

The existenee of series of higher vector mesons is suggested et
lot energy by the nossible states p'(l.3) and p"(1,6) and at higher energies
by the ¢'{3.7) aud the peaks in the 3.9 — 4.5 GeV region. The extension of
the preceding calculations to higher vector mesons can be easily done as
soon 23 one knows or postulates rules for the vecior mesons production and
decay. Such properties had been already used for the description of the
Decp Inelastic lepton Scattering on nuclcons ané of the e*e” annihilation

into hadrons under the names of Generzlized or Externded Vector dominance

medel (39]‘ Calculaticnz have lLeen carried with series of vector meson states,
for exaunple [192] with equal smuared mass Spacing ms = =2 +a (n=1,2,,.
n a 2

. 2 R ; R 2y .

«o in GeVS), or with continuocus gpeoctrs (301 uith o density d¥ = a(a®) oo
; R, L - R .

cf states. The sceling properties of DIS und e o annihilation sugjest the

followinz behaviours :

~..D - te Y o=
oy oy smly g 20 (or gy Sy Ty oy )
!"‘.v n e Q n o
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and a production cross~section

o

a(h+h? >V 4X) / o(aent » ¥ X)) =2
n o 2
. .oV
: - n
With such inputs the resulting leptons peir production eppear to be rather
similar to_the one predictad by the Drell-Yen quark-antiquark annihilation.
This is not surprising since it is known that such a GVDM description can
be in a sense "dual" to a parton model description. Also. in both cases the
+
leptons pzir production-is closelv related to the behaviour of the e'e

4
ernihilation tolal cross-section [26"*0].

8. Clusier .odel

The fact that the lepton/hadron rntio appears to be roughly constar:

3 !
E in = lerge range of transverse momcntux has ied sowe authors (41] to corcluds

|

that both coue from the decay of clusters produced ia h+h' collisions,

. . ,
Pokorski and Stodolsky rs2) suppoiod in additio: that the decay properties

s . . . + - St 5 :
of such & clucter are just the ones ouscrved in ¢ ¢  annihilation into

. do .1 . : o i
hadrons. Using a ~asa spectrmn =3 -~ == in the production of the cluster, 1
daii FY
. . T . _sdg 1-x)P )
the inclusive distribution in e¢ e -~ h+x , as c . and the

o+ -
o - ;:) ;. R
'-(-c £ L *  they predict a lepton/pion ratio :

ratio H =
o{cte” »uhu
gna’g’ ¥yt
oYn = =, L
27 c
vhich is indescndant of &, and varies between (2.4-18.) 107 when %

T

varios Letween 3-~7 . This is ever. wore tha: demanded by experizents but
this number can be reduced hy taking into account clusters with different
charges and spins.

Independantly of the numerical results the ieportant point in this
model is the relation betw:en the production of high P, hadrons and leptaen”
4 in hadronic collisions and tue e'e¢” znnihilation into hizh momentua (x = i

E hadrons (for example with formation of jets).
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IV - Other sources of direct leptons

1. .C_hamed'gartigﬁ
. The possible production of a pair of charmed particles
h+h' - l‘-!c + lric + X was in fact one of the first suggestion for explaining
the large number of direct leptons. The very short-lived charmed resons
D, D*, F, F'*,... candecay weakly with leptonic {£+v), semi-leptonic
(Lwﬂmd) or non-lept:nic modes, Quantitatively this seems presently unlikel:-
because of the rather low limits for charmed pa.rﬁcle production in hadronic
collisions [433.

First notice that for a charmeé perticle of mass m > 2 GeV, in a

wt tuo-body decay the lepton spectrum (see IV.4) would be peaked at
e Al‘ -~ ~' =1 GeV/c, whereas in a 3--body decny il would be penked at the origin.
Secondly the parent child relation give3 for high fransverse mome:..ta :
l/l-ic = By/11 or B,/66 for 2 or 3 body decays.
Now i/m =~ 1074 requi?es Mc/ﬂ=‘ mj;i—%;—otﬁ) .
f B, <1 implies X c/"> 10 t0 107 which is very doubtful even for
large P
2. Heavy levtons
The anomalous ep events found by the Slac-LBL collaboration (a]
at Spear are more likely interpreted as due to 3 body decays of a pair of
heavy leptons (e'e™ = 1717 ; Li-' et+ wes OT ut 4+ v..) with a mass close
to 1.8 GV &nd a leptonic branching ratio of the order of 10 40 20 % ;
is a point-like GFD yL+L_ coupling is consistent with experiment.
tons In hadronic collisions the production of heavy lelﬁltoha would then
= 1) be similar to the one of ordinary pairs of leptons eperv from kinemetical

mass effcets. Chu and Gunian [44] and Bhattachorye et al (451 have used once
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more the Drell~Yan mechanisn ; the production cross-section has the ssme

expresaion as before, koeping the uxact kinematics, one can write :

2 .
- 4 M- 7 2M, 4o -
L (et 21'7) = (1 - ~ﬂéL) (1 + 52 —, (hent » ')
| +X Q. Q aQ +X

In the limit ni/s - 0, using standard parton distributions of Sect. IL.3,
one obtains a totdl cross-cection i

2
log (35 ) e .

L

+ + -
Using a branching ratio.of L into £+ v +V of 10% the spectra of icpten

o(ptp - LYL74K) - ex1072

- + '
pairs 24" and of single leptons 4 hecve been calculated numericelly, Both
specira nppear to be flatter in n , . ané in ZT than the direct A&'i~
i :
production but also much sualler (gbout 100 times) in absolute magnitude for

the present range of energies.

3. iezk bosony
Fipally we coue back to tue first movivations for these studies, the
wegk bosons search,
* 0 . .
The production of « '~ vector bosons has been reconsidered recentl
{46
.

by Paluer et al Using once more the Drell-Yan mechsnism with the

invariant Hq}'! coupling, the get a rather high cross-section
o{pp = U+K) = 10733 t0 1022 o tor s./r:f, > 10 to 100, Houever the maszes
expected to be in the range @ = 60 to 100 GeV force us to wait for the
next percration ef accelerators,.YWith o total width of the order of | GeV and =

+ -
leptonic branchin; ratio into lepton pairs (Zv, £'27) of the order of

1 ) Oge""e'- - g+u') . ) L
= A , the singlé lepton spectrum has been calculated anc lics
o(e’e” - had)
" _ .
around Lm0 o723 cmz/(}ev ~ st for 4,50 Gev/C.

44,40
4

!

1
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Another possibility woulé be the production of scalar Higés pesons
also weakly coupied to hadrons and lepton pairs ; however their masses and
couplings are either no} spzcified or very madel dependent. Ellis et al fe7]
have discussed theae properties., Higzs nesonc could heve a mass arbitrarily
soall (even less tnan ZuH) or arvitrarily high (comparable ar higher than

W masses) ; would one of them eziz% between 9.5 and 4 GeV, the cross-section

- 2 B . oo -

o(pp # H et %) would be 10~ to 10 5 times the direct o(pp = p'p” + Xx),
W

which is practically unobservable even if the H is very narrow.
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Table I : Structure functions for buryons and mesons

T

_ quarks \ - - -
hadrons\\_ » 2 ¢ ? n X ¢
P 2V 48 V 4§ 5 s s S s s
T n
T ox v +S  2V.4S 3 s s s s s
.n p
P S S S s 2V_4S V 45 S s
? n
i s 3 ] s 7 45 2V 45 S 3
n P
n -y ' st s' gt v s gt
L 3 UARTY st 3! V43! s! s! st
K Vst St st 5 3" S'  Vust s
X 5 s! Vst o 148" 3' s s
x° st Vs 51 St 51 St Vs S
K° st 3 PAFCLIE-T 5 AARY:L st st
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Pigure Captions

Mass distribution of the pair in the Drell-Yan model for various

energies ;

proton beam § - -~ = - 'T‘ bean

Longitudinal-momentun distribution of the pair in the Drell-Yen

" model at Vs = 25 GeV ;

proton teazm ; = ~ = =~ ~ T bean

Single lepton transverse npementun Jistrioution in the Drell-Yen
nodel for verious energies ; L. : (’

—~-—-—— proton bean ; - - - ~ -~ M bean

Shape of the single lepton transverse momentum distribution due to
the decay of & vector meson of mass mv H }

- - = = = when the vector meson is produced longituuinally

—————" yhen the vector meson has 2 trensverse momentur: extens

Single lesten transverse mementum distribution vue to geries of

vector nesons from ref [19a].

+

Single lepton transverse monentun distribution due to 0,m, 9 and
from ref {36], Bourquin and Gaillard.
Comparison of expected electrons from ¢ decay for various produc-

tion mocels with the CCRS results at s = 52.7 JeV.
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