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ABSTRACT

| We discuss the production of massive m'l paifs in pp 'collisidﬁs at
highvene‘rgy using the pion-exé.hange mﬁlfiperipherol model. The reoctioﬁ
is assumed to proceed through the secjuence: virfpal “+F- - Y=,
wifh_é pion form factor included at the first stage. We present both ny~
merical msulfs for.vqrious cross secﬁoﬁs of interest and soﬁie general resdlts
following fror;r a Regge expansion.; in particular, we find a scaling law for
da/o:iq2 eos.ily"distinguisha‘ble from the parton model analog. The .numer-—
ical results v&re in roﬁgh <.agreem§nf with presently available data, and we

conclude that the bulk of muon~pair production can be attributed to famil-

iar hadronic mechanisms.
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I. Introduction

An understanding of the production of lepton pairs iﬁ hgdronic collisions must
be an important facet in the study of phofon-hodron interactions, It has been shown
that the parfon model leads to specific predictions for the cfos#-secﬁqns in terms _6f
deep inelnost_ic scc.ﬁ’ering.]-‘3 However, récenf analyses have i-ndicdted a serious dis -~
crepancy between the mpde|4-7 and the dc:m.g'9 One's thoughf; then turn naturally to
alternative explohaﬁvbn;, particularly those involving‘forhil_iar strong ihferof:tion.con-
ce.pt.s,'ol"\d in this péper we use the pion-exchange multiperiph‘erol‘ model ]O_ to s.tudy
p=pair prod‘uctio.n.] ] |

Explicitly, our model is the following: we assume that p-pairs occur as the
decay products.of a rﬁdssive virtual photon which can appear along with the usual systems
of hodrons that afe produced in a multiperipheral chain. The amplitude is depicted in-
Fig.' 1, and if we square, integrate over the phose‘ spdce of the other hadrons, énd sum
“over all pos;ible produced particles besides the u-pair, we obtain the ‘inclﬁsive cross=
section of Fig.2 . Thevin'gredients which enter into the é'olcoluiion of the p-pair
Crbss—secﬁon are.then the off-shell wp absorptive parts, the pion p.ropagovtor,_ ond.'fh.'e .
~ pion electromagnetic form factor. o

This mddél,was.firsf ﬁtudied by Subbcrao]z who,‘howe_ver,_ did n§f att_eni'pt to
compc.:re_the..results to exvperimenf..' Some numerical calculations, 'usi'ng a differént_ method
but essgnfially fhg éome phy;ié.ol Ass‘umpﬁ_ong as.fhe presént calculation, Bave ‘been g:ive_n"
by VT.habcl.<er]3, but we disqgfee witﬁ some of fﬁe details of this réference. |

| »T’here are several inherent opproXirvnoﬁ»qns invélved‘:in our procedure. I_ Firsti it

is known that a multiperipheral mode! based on pion exchange alone is unrealistic in
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that the .ow-energyv-_ ] cr‘oss-se.cf'i:ons ('whiv.cvh la‘re iterated to bu:ld the 'hig.h energy =
cross‘-secf.idn)'pre‘flqo small, ar_)d thé.fesulf:a.g‘ Regge polves'are m. ch foo low.,ml'ségond,“ '
somé form fpf the off-shell exffapoloﬁon of the np absorptive -pﬁrfs,ond the  1er 've?fex
must be chosen; Wé"deq.l with both d.iff‘iculﬁes by consh;ucting an onaié_gous,rﬁod'el for
pion 'produ'.cﬁo-n. via p meson deccy. That is, we répidéé the. nw;—fx‘ -~ pp vér_ﬂces »
in Fig. 2 Ey ﬂ.}e corresponding q&:_ﬁtiﬁes for wm -' p = um ,‘b_shovén in vFig'. 3, d;n.d
odiusf the overall normalization and o'f‘f—she“;dependénce‘ ﬁ: Qgree with the pion frans-
v_evrs‘e‘ rhomenturﬁ ‘dis:f;r'ibution qf 'Elob = 300 GeV . 'Then,‘with fhe:_same .nor'mqllizvation
ﬁnd_dff—shell depéndéhce, w./e'_co'mpuvfev the - pair cross-section, This in e_fféct assumes
, uth_at 'higﬁ eﬁefgy Had@ni_c _é._ross-se'ctio‘ns dre Builf from mu-tipefiphergl' "pi,on-like“ﬂ
processés 'and, in fﬁis wa_y,‘f_he successful pred‘ictvion‘s of multiperipheral models dré-‘re- _
~ tained, | |

An additiorial; source of uncerfainty is that the pionv form factor is bnj.'wt'kr.\ngn

~ for large yo.lu'e's‘ of qz (iphotojn ‘mass squared) and we will assume tHe standard a&yn{pfofié |
behayior: F-u (qz) ~ ‘I/q2 . Lasvtly, we wi_ll'bt-a nég.ecriné p_jh\.,tc}n emi.ssi.onj_fro.mv |
: virtual ﬁuclé;n .(or'.'bcry'onv) Iifnes, as in Fig. 4, mdinly bécaQse not}\ing is know_n.abc;f
f’hé form factors of off-shell nuéleqns._ As nofed'b.y.Subbarao, ]_.2 fhis.procés.ﬂsv?:“ﬂu.ld be an. -
i‘nivportonf ingredient éf 'tvhe'p-pdir cross-ﬁecfion at lower énerg_ies ‘andr in t'he. frc'gm‘éntd- '
tion regions of the fncidénf particles. vapeful |.y, the ch_p“hgs of far-off-shél_l nucléqns.

- are suppressed, and i4n on} case the fu%:t that the foim factor of the noc_leo.n Fa‘l lsv.qut.er
with q2v V‘fhan tf\qf of the pion will reduce its contribqﬂon. In 'view_ of these oppro*ifan . |
fi»ons, _oné ;_ould not expect the resulf of the calculation to be \)ery qceprofe, 'bq‘t ftrshomd.

be correct at least in order of magnitude, and the model is such an obvious candidate



it deserves a test,

Récen't'exbperiments]»s have established the axistence of new, massive pdrfic]e's
which couple to the p = pair ch'annél. Ths pheﬁomenon has no\ been included in the |
present caleulation lérgely because the actual cross-sevcn;on for the new particles is smali,
so their effect can be omitted without dc;moge to the main fnfént of this paper. In any
case the large masses of the new particles (-~ 3-4 GeV) corre;pond§ ﬂ) values of .Qz .
where the physicdl basis of the model is uncertain and the pion form factor is.not well
known, |

In section Il we discuss kinematics and fhe‘ speéific pqramefrfzaﬁons- used, and
derive formuloev for assorted p~ pair c.ross-_sect.ions. Section lll presents the Mueller-
Regge expansions appropriate to the br’oblem, and derives, using a rather generolv argument,

the scaling law

‘ a2
= = —%— [F“(qz)] G(s/a%)
dq q

This differs frorﬁ fhe'parton model result by the factor th . In section IV we compare
the model to existing data and present its p_r'edic_t‘ions for other experiments. For reasons
- discussed Belov), fhe- theoretical results are obtained by numericél i‘n?e.grati;:n rather tHch
via the Regge expansion. B

‘ -The-resplts of fﬁe cavlcunlqtion_v are in vl"_afh‘er good og_r_ee'fﬁenf w:fh ¢ .. eriment for -
low 'andv moderate values of | photon mass and transverse mﬁmehtun},. Qhére fhé model- is
most reliable. and where most of the di're_:ct muér\ pmduc‘tion_' occurs. In view of 'fhg ap-
prbximéﬁons,mdae the detailed :numerica‘:agreemé:nt is perhaps fortuitous, but Qe Believe
we have shown that the bulk of muon pqir' produétion in pp colli;ions eon be uﬁdemtood

in terms of familiar \.uuronic procesas,



1. Kinematics

We begin the analysis by deriving expressions for p =pc.r cross-sections suit=
able for numerical integration. Consider a typical p-pair event inwhich n+m ‘qd-
ditional particles are produced, and with momenta labeled as in Fig. 5. The correspond-
iné c_ross-ééc’tion' is

)\%(S,m 2,m‘2,) do
p’"p

n+m+pil

= 4208 ey +pymp,-pi- Di- k)

, , _ .,
-wherg we u#e_ the ‘abbreviotidns' B
A(X,)‘,'Z_). = ’.‘2 +y'2 +,12 - 2(xy -l.~yz‘+‘ zx) ,'
and , . - o S
w= S’y @
By_ossu.mpﬁon, the orﬁplitude ', T takes the forrﬁ | o
T = (}; Q:'k') B i ra } : u(p)'fpv(‘pv} |
n+mfpp _ np~n 1 i QIZ_ng QZ p 2 + |
: x—————-—' '. .( Q‘k) € )
| Q2. 2 'mp-m’ Pz' L R
. -m_ .
. e " .

IWhe‘re the momenta Q| ar_é shown in the figure and r;‘ is the Y vert_ek '_Fuﬁc_t:ion .
We insert Eq. (3) into Eq. (1) and sum over l n and m; this givés fhé inclusive ‘.

fr - pair cross-section as
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As,m%,m?)de = -2 s*a@+q,+q,) d4*a d'q, d*a
p’' p” . 4 . 1 2 1T T2
@n’ | |
_ ] . ‘
A p,,Q,) —— LQ,Q,Q,)
1 n :
' 1
X — A (p,, Q,) ' (5)
2.,22 2" 20 |
ng mﬂ) .
~where we .Héve\intfodu_ced the (off-shell) mp absorptive part
| » | 4 4 n n 2 .
Awp.<p,-,a,)=%j§£<zn> ey ra- Zip e |1 [ @

and the Ieéton kernel
| - 4
o _ e , e
x \dp.dp &%p. +p -Q) T;[(,f m ) ANE -m ) ] Lo
Performing fhevfrace' and integration in Eq. (7) and neglecting terms of order m,’f/Q2 ,

N 2 2 2

| | 2 2 2
4 a2 NG5, Qf,Qf)
. e [F ,(QZ)] ‘ 1772 .

4 -

. (8)
Q Aisé

n

' 3(2w)5
1 we ihfrodu'ce into Eq. (5) the quonﬂty :

-._ 4 4
-lv.-—,gd K]clK2 ds

4 j
| oy 8 (K, +p - Q)

4 | Ny 2
X 5 (K2,+92'Q2) ) (K] .-s])‘ G(KZ -s,)

and integrdté over .Q] and Q2 , we find
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e 22— o2 O (ag a4 a2l

X 5 (KZ '52) 5 (P1+P2'K]'K2'-,Q)

1 2
x A (p,,K,=py) . L(Q%,t,,t)
xp' P11 P 2.2 17727
| (rj m.“) |
X -——-——-—2—-2- A,"p(p2 ,K2 p2) o (9
| (t,=m*) | e

2

where -t )" . We have at this point ~inserfed a normalization

L2 ("1 27K),2
constant Z whnch as descnbed in the mtroduchon, will be chosen to agree wnh pnon
inclusive data. Note that Eq. (9) is reolly_a sum of two terms inyblving_eifher o |
APk P A (BrKymp)) o A (B Kimp) A (pyKymp)
The advantage of this expression is that it takes the forn; of an integral over 5 and
52 | of a quasn-three-body phose space mtegral for which there exist standard n‘umerical
- mfegrchon routines. |

As'discussed in the infroddcﬁoﬁ, W wi" fix the no'rmvol .;df.»ion' by co’rhfputing R
the trcmsverse momeﬁtum dusfn bution of puons, as produced by p decay. This is ac- |
V_comphshed by replacmg the lepton kernel L(Q, Q] ' Q ) by a correspondmg p
- kernel , - ' : o

- . 4 2 SO

RQ,Q,Q,) = Sdpo- ap, 86 tp, - |, [ . 00
Wher_e. Py aﬁd Py are the méhento of thg prqdycéd pions énd | | |

2

: __(1_'1)? L

. “ﬂg‘mp v | | | | | i

A = - Q Q

i ; 372 ( ) (p pb) o Z il
(m —4m ) P P



we find .
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5
" When comparing the modell'_ to extant Fe'rrhila'b'datas,, which is in‘the.vform of -
a single -1 cross-section, a modified form: 'a is required. If in e preceeding develop-

o . o . , E
ment we isolate the p  phase space element while mtegrc_mng over the pu  momentum

::+ ‘=_' (21¢) s [F (Q)] X

. . ] 1 o . ,
A (p,Ki;-p,) A'.(p.K-p)
KRy 7 2 -

ek

x

X

(200 p_@-0) -p, ~ (@) ]

4 4

2 2 4 22
x 8(K\"-s)) 8(K, -s,) d'p_ 8(p] m, ); . (12).

Thie, is again an infegral o;/er 3'.- body phase Spoce, wﬁich .is perforEn’ed numeriAca“y.
FmoHy, we describe the. off—shell exfropolonon used Our chouce is (Ioosely)

mohvated by the behov:or of the mulhpenpheral model ltself lt ‘ns known]0 that if the

Iow-energy mulhpenpheral kerne! is assumed to have no off—shel'l dependence, then in

a hm:r where first fhe energy (s) becomes large and then an externol mass (u) becomes

lorge cnnd spacehke», b‘ut with s ))[ v], an off—shell forward absorpfwe part

A(s;u) has the behavior o o ,

| ' ' R S o I |
CA(s;u) - s (J-—J-“Z) | R ~--f(13)'"

where 0‘ is the leodmg Regge pole cmd m is the produced mass assocucfed wnfh the

kernel, In the present snfucmon, the kmemahc requnrements for Eq (13) are not -
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alv;qys mét, the sp_benergies in Anp' are L.a_sual-‘y not Iofge énodgh’ "fqr a $ing|g-ﬂter.r.n '
Regge expénsion to suffice, and‘a‘ronge of values for m is called for.. Furi;hermofe', .
there is no reason for the kernel itself to have no off;shél‘l depevnvdven.cfe. We then allow

“some latitude by writi_ng

| ) ' , o, , 2 ' I
" . _ ‘_ p-Q .I m -m“ i : . ) .
_'A'«P(p'Q)'_ Z: i\ S \.2_2)] ' o ‘]4)

where 5= 1 _GeV2 ; ’ri and o - are chosen to fit the on=shell dbsqrpti_ve part,

“and we experimeht with different values of m2 and n to re_produce' the observed pion
transverse momentum distribution. The normalization factor Z in Eq. ‘(9) will depend
on the particular off-shell extrapolation chosen and should properly-be written

- Z(n,m) .
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l_ill.v- The .Scoliné»‘L'ow and Rég&e_ Expansion
A mulript‘a'riphe;'ol modél naturally I'e.ods.tp’o Regge ex|. -nsion of an inclusfve

cross-section éhd,_fn the present case, to a s;::cling law for d_o'/dq2 . Wh‘ileAWé wivll‘
not make direct use of these in ;om’pori;ng the model with data, the Reggé. ex'pansi'ovn may
be useful in the c_maiysi.s c;f fthre eXperiménfs, and the scal.in‘gllovy provides an ir;ter-’i
‘esting conhdgt to the pdrfoh model fesult_.]- |

| Thve.e'ss'enﬁo!vihgredient us’ed.invfhis section is. the 0(3,1) ;ymméfry .o‘nd‘ cbr-— o
reSpondbi'ng_part‘iol d_ic:généiizoﬁon of the pion-exchange modgl; We define a pqrfiél ‘

vae amplitude oslé
Ay = S s DO iy 9
o
where A(s ;u,v) is a forward fwo-bbdy o'bs‘orpf.ivev part with external vscjucféd fmossés :
v qndv v, and |
coshB{(s,u,v) = f:_‘i_:..._ ‘ . O (16)
.. o 2 /—UV- - :

A()\.; u,v), as well as forwcr‘d ‘n-body cmplffudesg can be expressed in terms qf the
~ un partial wave amplitude as the.soldfioh of an intégrdl eéuoﬁon with respec to mo-
mentum transfer. In hor»’riculcr,‘ the contribution of ;J.-pafr p_rod.uction to | A()\.; u,v) |
enters only through the transform (1'5) of its _confvri._b_uﬁon to the mm forward absorptive: -
part; ie. through the factor
i o o T2 A e(@E ) 2 T
_L()\;u,v) = dQ” e QT , v, v) (17)
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' where L(Q , u,v) was defined in Eqs (7-8) above Wé dssume the péri‘pheralify of
~ pion exchanges, so that rypa cal momenrum fransfers enfermg mfo the mulhpernpheral

chain are bounded and thus for sufflcuently large Q2
‘ cos_h 9(0.2, u,v) “.; Q(QZ:U:V,) : Q S
The numencal results descnbed below mdlcafe that this approxlmcmon is reosonably

2

'occurafe for Q _k- 3 GeV*. ‘Thls means
LA uv) = c(u)EAHD S e [F'(Qz)] @ gy

where ¢ isa numencol constant,
lf is convement to extract parhcular values of Q2 from the porhal wave -
projected equations by the device of functional differentiation with respect to the plon_ ’

form factor. We shall later need the result

8 L vr. . o o
Stvuv) o F(q)\q) T IR )
.where the proporhonahty is up to factors mdependenf of . q“2 .

We first consider the scaling law . The idea of fhe denvahon is thof do/dq
is essentially an avgragé multiplicity, and can be computed by dlfferenhahn_g the total -
cross-section with respect to the ."coupling constant" .10 From Eq. (5) it is 'eosyv to

show that |



RN

LA xf 6mim?) L gd“Q]"_d_"Qz:
dq P | (2n)
: -

.(Qz - mﬂz')

- o4 _ ;
& (Q+ Q_' + Qz) :A"p (pys Q,)
o : , !

2 .

d*a (- L&?, @2, @)

7 AP % @
n S ’

We can express this in terms of the total cross-section as

50f

dq | A SF(q)

(21)

The total cross-section, in turn, is related to the pdrﬁal wave amplitude t'hrough' the. .

inverse transform of Eq. (15):
- o ctim

fot 'K%(s,mz,mz) ',v)‘c-ico' 2’_' '
. p' P , .
1) 6, 2 | |
(K+)(§ P’ p).. A(x , 2). -   (_22)‘
;m_ ., M ’ o 4
2m25mh9(s,m2,m ) PP U
P p'p

whei-e Re(c) s fo_tHe right Bf the singularities of A, Now the only dependence o
~on the pi,on.forn'mlfacfbr occurs through the functional depehden_cé' of A on L(N; v, v) .

Thus, from Eq.(19) ,
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a,

A2 2 w2 m?
8 A()\,mE ,mp) —_—_' gdu v s A(xlmj ITP ) [ L(X;u,v)
SFu(qz);' ST-D‘;U’V) SF“’q )
-A-1 -
= F@ G g™ . @

If we combine Egs. (21-23), and assume s >)> mp2 , »We have .

;—2- = -qj" n'd _ c-i‘oozﬁ (—qT) 87 . . f

~Here g, and 9, are functions of A but not of s or 4:]2 , SO

25 = L[] ewd L ey

In a model involving Regge poles alone we can be more explicit, Because of the dlf-
ferentiation in Eq. (23), gi(7\) will contain dipoles as well as polesvln ) whcch

leads to

q

A special case of this result w.fv'os first derived by Subbqrqo'.lzf .

, .A mulﬁperipherel model of course gives a Regge exp‘oﬁsion.fer. the vivne'-lu_si ve
(differenﬁdl) vir’tual pheton cro.r‘.s-sectien. This is nef o\)erly useful a§ piese'n'f .(IoQ) |
energnes and for very massive phoi’ons becaese non-leodmg smgulormes are hke!y to
dominate, but if p pair experlments are performed at higher energles a Regge expan-

sion may provnde a useful parametnzohon. Except for the Q2 dependence of the

wir - 6 (ages) o ow
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photon coupling, which enters through Eq. (172, this problem has been treated befm'e]?"8

and we merely state the results,

For a virtual photon in the fragmentation region, we have in the limit s— ,

S | | |
' 2 2
v 2 _ x-1 . /Q Q"
do 1 K R S

where & = o¢(0) is a trajectory intercept and T a (factorized) residue function, -

with QL and Q, measured in the rest frame of the fragmenting particle. Similarly,

1
- for the pionization region in the limit 5 = (pl-O'Q)2 ~® , 8, (p2+Q)2 - o
s, _ .
and —_ > ® , we find

Qzlf 2 o e 2 Q2 |
;dz%) . gz':[F"(Qz)] “121;2 (—5'2) (525-) ‘s (-;'2-) .o

Given a specific multiperipheral model one can explicitly determine the poles and

" residue functions r

' but the latter turns out to take the form of an in-

qnd 'r]2 '

finite sum which converges slowly, and is therefore not useful f~r numerical calcula-

~ tion,



14.

IV, Cc;mpcris_on with Eip_erirﬁenf v‘

The e%isﬁng data on p-pdir proc sction in pp collisi as consfsts of de'f'ai'led'.
disfribpfidn_s witi\ respect to virtual phofoﬁ mass and momentum at Br<:;o‘khc:ven8 and
single muon cro_Ss-secﬁons-af-Fermilob.?. More detailed resuvlts' at both Fermilab and
1SR are expected soon. We will compare the model to »thé Brool;hoven ond Fern.'_li.la._k;
expenments séparotely, and also make pred:cnons for the other expenmenfs.

First, we describe the parametrization of the amplitude and the off—she“ ex~ -
frapo‘lcﬁon. For on=shell wp absorptive parts (see Eq. (14)) wé assume “‘l =

: _ v . + |
and = 22.5 mb GeV2 ,~ corresponding to asymptoticolly constant ®~p - cross-

"
secnons of 22, 5 mb, The low energy part is interpolated smoofhly for p by
r, = 50.5 mb Gevz-_ and o, = =06 , and for ¥ p by r,=29.9 mb Gev? and
'°‘2 = .33, ]9__ A possible asymptotic increase in mp cross-sections wo uld haye a
. négliéible effect on the results. The parameters m and n inEq. (14) are found by
requiring the model. vfo yie‘d the observéd shape of pion transverse fﬁoménfurﬁ diﬁffibu_- _ |
tions at .Fermilqb,zo and a convenient cho.ce is n =‘2 and m =1 GeV .. The normal-
- ization of fhe pion inch}siv'é ‘doto is then obtained by choosihg the normalization con-
‘staﬁf Z=90 »'(s'ee Eqi. ) The fit is shown in: Fi‘g..é i Wher'e. the PQ _di#trib@fi;)n
" has been inclpde_d for reference. The vdamping in the Po dis'f‘ribuﬁon. is sighifi‘éaﬁrly_ _
| weaker than in the v dambing for kinematical reasons: _fhe-dgcdy pions must shor'g;'",, |
~ the p momentum and have the angulor distribuﬁo.n appropriate fo a J=1 _resonfcc_nc';eﬂ,2 .].
The value of Z depends véry sfro'ngl.y on the choice of off-shelln_'ext.rapoldfibh_;_ .
for example, for the choic_ésbv n=1 and m2 =3 GeV? we ‘would have 'z =5, |

Similar results on the normalization of cross-sections in a pion-exchange multiperipheral
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have ‘be_'eh found by Tan and Tow?z-. The} c'onc[ude that a literal pion exchér_mge’ model
_ i; necéssarily unre'al’i'sfic; .We, insfead, foke the point of _v.iew'thal' for the pﬁrh&e of
qurcolqul&ﬁon, the choice of Z is a phenomenological wdy of fﬁél@_im the eff.e_c_:t:
. ;f all posiblp exchanges_ leaaing to pion production. The reason we discuss pion ex~ h
: éhange at all is ro' esfimdte the coupling of virtual photo_hs to the exchanged hodronic_
Sy‘stérhs.‘ | The assertion of this paper is that a mu’lfipdriphefal m@ol thch accounts fpf
' hadronic multiparticle production, aécounfs for most direct leptons as well.
Notev fﬁaf we have fixed the pdromefers of the model by reproducing the pion
~ transverse momentum disfr.ibuﬁonfqr Py between 1 and 8. GeV/c,‘ and have thereby
ossérf?d that all such pions originate from P meson dec'ay‘.; The exﬁerim‘enfal sitpafion | i
is not completely qledr on this point, but the Bmokﬁaven data of Gordon .er'al. 23, , dé .
| exhib"i't fhe crossover at p; = 1 GeV/ c. predicted in Fig. 6. 4‘ The samé data .'avlso ih@icafe
that the P trunsVérse momentum distribution is much broader than that of.fhe pion, cbn- |
sistent with .ou,‘r feméﬁrRQ above. | |
The bcomvpariswi to the Brookhaven-Co_l_umbio r'nuon-p._ioq e‘xperiméntg is shé\&n '
in .F_igs._ 7-10. Thq numericﬁl cdlculdﬁons make no l;inémfig approximétions, bandv
s.héuld therefore c‘qrre-cﬂy repre#enf any phase space rhreshc:;ld efféct. The éd_lculafipn
also includes Ifhé effects of tﬁe éxperimental ape»rfubre (o.nly p- pairs: thh 'ldbord.tory
longitudinal mbménfum gredref than 12 GeV/c iare considered). Fié. 7shows the.ex-
perinieﬁtal M- pair mass aistribﬁtioﬁs, and two theoretical cur\?_es, corresponding to fhe. |
fwo _extropo_laﬁoﬂs of the pion form factor shqwn in #ig'.ll . ln‘ both cases, F'(Qz)' B
..was taken from storag‘eﬂ.ring data?? on . ofe” g+1r- for _Q2< 6 GeVz . For larger VI

_- Q2 , curve (q) represents a conventional extrapolation F"(Qz) ~. 1.6/Q2 , while curve -
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(b) corresponds fo an approxrmately constant cross-sechon for e'e” ~mn ™ in the region
9 GeV2< Q < 25 GeV The latter behovior can be ruled out by datc from SPEAR,

) . 3 . 25 . . .
since it would |mply that o atn- /OP+P- X 2 at s=25GeV:. All of our sub-
sequent considerations are based on form (a) for F_. If the recently discovered reson-
ance at mpﬁ = 3,1 GeV "5 is added to the curve (d) as a resolution broadened bump,
it is possible that the behavior of the distribution can be explained for the entire range
inm_ . Figs.8-10 show,vrespecﬁvely, the differential cross-seéfions with respect
to the longitudinal and frcnsw)erse26 components of virtual photon momenta and the total
virtual photon cross-section. The calculated curves are in rough agreement wifh'ex'peri— o
ment, in most cases, except for the transverse momentum distribution at larger values of

Q-L X . . .
- In Fig. .12 we compare the mode! with the single muon trqhsv_ersé momgnfum
disfribu:tivon of the Chicago-Princeton experimeﬁf9; The curve is generated using the
choice (a) in Fig. 3 for .rhe form F&cfor. Most of the ‘confribpﬁon to fhe' cross section
comes from e\)ents of low Q2 " and our prediction is not sensitng to the pre.sen,ce ‘6f
~ A the new resonance at mpi =3.1 GeV , ar least for P < < 4 GeV/c As in Fig. 9,

| ,rh,e_shape and normalization of fhe fheorefical curve are consis’vfenr wirh exPe':rimenf -Fbr (
smaHer pl (pl 3 GeV/c) , but the dampmg in the model seems too weak at Iarger '
values. It is worth noting thaf the quark-parfon model predicfions of-Ref. 4 fall well
below the data everywhere, and are almost rwo‘ordéré of mﬁgnitude fo§ smal‘l at
p.L-—-.'l..S GeV/ c . Expe-rimental_ly, the ratio of the pion and muon inc-luﬁiv'e cross
seqtiohs is independent of the transverse momentum and approximately .'104 . A multi-

peripheral model accounts for this ratio in a natural way, since the two production rates
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should be related by a roughly constant factor of order 1/ .

If indeed spin 0 exchange is fesponsible for p-pa;‘r. ;:)‘roducti'o.n',v ovne'w°ul.d_
exeecf to obserue a uuell defined angular distribution for the muqhs: in .fhe pmr resvt. freme-. '
For e)_(dmple, |f the exchanged pions are close to the mass sh‘e“,- the distribution should |
be sin29f, where 0 s the angle betwee'h‘ one of fhe huons and ohe of the hioné Since
' fhere is a sfroné domp;ng for off-mass -shell plone, and since  the exchanged pions tend
to be ahgned along the beam axis, we expect that (of lorge Qz) the distribution should
be approximately sm29' where 0' is the Gottfried~Jackson angle. This is in contrast,
to thev parton _medel-‘expectqtioh ofa 1+ coszg' disfribufion;' Our assumption that
pionsvore produced via rho mesons means that the ;;ion paire are d'.i‘stributech !ike c__esz,O' . f
fhue, a rho&el_with spin 0 exchange must preaict a muon frens've_rs_e mementum distribu-
tion Iese- damped *hdn the pion. However, fhese-effecfs rhoy be washed.ouf because ‘_
- the pion-like behovnor we assume is just an average of mulhpenpherol producnon mech—
omsm wu‘h (poss;bly) different angular dnsfnbuhons. |
In chs. 13-17, we present predictions for _fhe.model w.h‘i’ch will be res"'r_edv'vsoon
in experimehts- ot -Fem_\il‘ab and ISR. With the quali;icafions ef t_he preced'inéklparog.roph "
m mvihd,_ we show in Fig. 13 .fhe expected angular .disfrib_ufion'o'_f the rhuone as q-funvct_i_on. :
' of fhe (-;oﬂfried-.Ja.ck.soh angle, assuming pure pioh exchonge at Elah: 300 GeV ,-
The curve mcludes muon pcnrs of all possnble mvanonf mcsses |
‘. | Flgure 14 shows the expecfed invariant mass dasfnbuhons at typ»ca! Brookhaven,
| Fermilab and ISR energnes The curves are éenerated without any aperture Inmntahon-on '
- the !ongtfudmal momenfum of the muon pairs. The graph mdncafes rhuf at’ EI b -. 300 Ge\,
.th‘e mvorlahf mass dlsfnbuhon hqs very nearly scaled, at Ieaef for mpﬁ < 10 GeV/c ‘

The new resonances would appear as a sharp spike on top' of our predicted curves.
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Fi‘gure‘ l:5,vsho.w's t_he expef:fed invarionf mass divstribUt‘iorn.vot» 'EI b= 300 GeV_ o
for small invarianf mass. The doﬂ'ed curve is the resulf with an expenmenfal aperture . o
limitation (Q” in the lab > 12 GeV/c . The rho meson pe  is clearly vmble as.
>|nd|cated | | | |
| anures 16 and 17 show rhe expecfed dusrrnbuhons for Q” and Q.L of fhe muon“
pairs at E| b= = 300 GeV The dotted curve in Fig. 17 is the result with fhe same aper~

ture limitation (Q” in the Iob__‘> 12 GeV/c) .
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V Conclusions .
We conclude by suggesting that familiar hadronic procésseg m.c'_iy be responsible
for‘ m‘osf.of the production of direct lepton puirs in Hodronic-collimons. The particular
mode! we have ;tud‘ied' is in rough agreement with all available dc_qubr values of trans-
verse momentum and invariant mass thaf.are not t&o lafgé_.. Of course, at large invariant
mass, the picture is cloude.dbbvyi fhé presénc_e of the ¢ and §fher 'new pcrtfcle%. Future
expé;'iments will fés‘t the model at higher enérgies and masses. In pqrficuldr, ifsﬁquld |

soon be possible to choose between the different scaling laws éxp_ecte_'d from parton models

and mulitiperipheral models.
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' .F:igure. 2 ¥ “The p-pair_ frx}élugi_ve_ érpss sqcf@n; .vThe blobs l_a!;el Il_edvA dendfe.bff—

~ shell w-p -absorptive parts. .

: Fig’ure:‘3.~ Médel for fhe_ pion iﬁéluﬁivé cross 'wcfion S;ia rhovdecay.' o
~ Figure 4, p-pdi:rv.emis.sion f‘rom_.d virqul Vnucle;vn (negvl’ecfibe’avivh this popgr); '
'.‘FiQU"@‘ '5.  v Kiﬁéméfigs of the Q-p&ir §’mplifude.
Flgure 6. o P:onfransverse momentum d‘isfr‘ibpv'tiori.' The data is from Ref. 20 .

The curves inciicote the fitted pion distribution (solid) and the corres-

pohdin‘g rho distribution (daéhed).

Figure 7. Invariant mass distribution of thé ‘p=pair,. The data is from Ref. 8.

- The two curves correﬁpond to the two choices for F. in Fig. 11.

Figure 8. vl;ohgiru_di'nql momentum distribution in the lab frame of .the :p-_p‘af.r.‘ : |

| ) The“daf‘q is from Ref. 8 |

~ Figure 9. T'ra,nsw'/'e.rse' mom“ehtumvdi..'.tribuﬁdn of the‘p-qur‘;" T'h_e_ddtq is frém \

" Ref. 8
Figure 10. R Total p-pdir-cmsi Sec.:tio‘né T_he dofq is from Ref. 8. _ ‘_

_Figure 11, Pion form factor. The data is from Ref. 24, The fwo curves correspond |



~ Figure 12.

Figufe 13._ |

Figure 14.

Figure 15.

Figure 1.

~ Figure 17,

24,

-

| 'f_o‘fhose of Fig. 7. Atlarge s , .‘cu’rv,‘ei (a) kepie_sents'fhe behavior -

L F ~16/s .

n

Single muonj tmnsvérsé mOméntum‘distribufi_on.- The data _is’from Ref.  9. '

Ahgular distribution of the'm’uons The Gotffrled-Jockson angle 0' is
the angle befween the p and the profon beam measured in the p-ponr

resr frome.

Invariant mass distribution of the p-pair af high e‘nerg ies. The curves - -

are generated with no limitations from experimental aperture..

' '.Sn'fsal'l invaﬁonf' mass distribution of the p-poi} .~ The dashed curve is

the predlchon wnfh the expenmenfal aperfure Q“ (m fhe Iob ); 12 GeV/c .

‘The position- of the rho mass is mducafed
| Ldpgitudinal momentum distribution of the p=pair in the laboratory. o

- Transverse mdmentum dis'fribufidn of the p-pair, The da_shed curve

corresponds to Q (in the Iob_.) =12 GeV/c .
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