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C. Carimalo, M. Crozom, P. Kessler and J. Parisi

Laboratoire de Physique Corpusculaire, Collége de France, Paris

Abstract

We here consider inverge photan-photon processes, i. ¢. /\B-—)Xdrx (where A, B
are hadrons, in purticular protons or antiprotons), at high energies. As re-
gards the production of a (8 continuum, we show that, under specific conditions,
the study of such processes might provide some information on the subprocess

88 €2y involving a quark box. It is also suggested to use those processes
in order to systematically look for heavy € = + structures (quarkonium states,
gluonia, ete.) showing up in the o'd' channel. Inverse photon-photon processes
might thus become a nmew and fertile area of investigation in high-energy phy-—
sics, provided the difficult problem of discriminating between direct photons

and indirect ones can be handled in a satisfuctory way.

Résumé

Nous considérons les processus photon-photorn inverses, c'est & dire AB—)XJX
(oil A et B sont des protons au antiprotons, notamment), aux hautes énergies.
Pour ce qui concerne la production d'un continuum a’{, nous montrons que, dans
certaines conditions, l'étude de ces processus pourrait permettr» d'obtenir

des informations sur le sous-processus 3l faisant intervenir une boTte
de quarks. Nous suggérons &galement d'utiliser ces processus pour une recherche
systématique des structures lourdes C = + (&tats de quarkonium, gluonia, etc.)
apparaiysant dans la voieb’d’. Les peruocessus photon-photon inverses pourraient
ainsi devenir un dcmaine nouveau et fertile de recherches en physique des hautes
énergies, & condition que 1'on soit en mesire de résoudre de facon satisfaisante

le probléme de la séparation expérimentale entre photons directs et indirects.

+) Talk piven at the Orsay Jd’ Seminar (7/8 Oct. 1981). Speaker: (. Carimalo
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1. Introduction

luverse photon-photon processes, i. c¢. processes of the type AR —> JX

(vhere A, B are hadrons; in particular, we mean pp or pp cellisions) (fig. 1)
should be able, in principle, to provide informations similar to those obtai-
~ud Trom direct pheton-photon processes, i. v. ce ~peeX. fienerally speaking,
chey are less powerful as a tool ol investigation than the latter, where a
large variety of different exclusive hadronic channels may be experimentally
studied. Severtheless = as we shall show - in some specific cases the informa-
tion desired on two-photon interactions with matter may be easier or better ob-
Lained through the inverse process Lhan through the direct one; actually, as
will appear below, those two medes of jnvestipation are complementary to somn

extent.

Ui, !

The experimental signature of the processes here considered is the observa-
Lion of two direct photons. In this Report we shall nat go into a discussion
of experimental details. Let us only remark that apparently it has hecome pos-—
sible to measure direct photons ~ i. v. (o discriminate between direct and
indirect ones, Lthe latter being due to bremsstrahlung from quarks, to fragmen-
tation of quarks and gluons,and particularly to the radiative decay of ©°.n
vte. = in high~vnergy experiments at p{ao values of a few GeV (l). Therefore we
shall assume that one may get a pood signal/moise ratio by selecting events
with two photons emitted at large angle with respect to the incoming colliding
Heams (in their c. a. frame) and characterized by large, morually opposite aml
vqual Lransverse momenta; in addizion, those photons should he unaccompaniecd hy

anv hadrons.



2. Production of a yycontinuum
ol

The basic process for the productign of & dfdzcontinuum, at high energy, is
the one involving.the subprocess qq --—-it{a‘.(gig. 2}, Obviously that process
is very similar to the Drell-Yan effcctﬂfgram the paint of view of the dynamical
mechanism involved; therefrom one may conclude that it is of comparable physi-
cal interest; finally, it may be easily checked (see Farther belew) that it is

of the wame order of magnitude.

rig. 2 Fig. 3

Historically the subprocess qa-ﬂhaqr vas first considered, among other
"hard-scattering" processes, ten years ago in the fundamental paper of
Berman, Bjorken and Kogut 2). In the last years, several authors suggested
that it should be investigated experimentally in order to obtain various
physical informations. Soh et al. 3 proposed that the ratio ozs/m should be
determined through an experimental comparison between qa-—'-} go’ and q;|——)d’o’
Krawczyk and Ochs ® remarked that, since qq‘—)b’d/ involves the factor e !,
it should be used for checking the quark charges. Hemmi () sugpested tha(g
one should analyze the angular disctribution of the photons produced, vhich
would be a way of checking the quark propagatar: he even considered the pos-—
sibility that, going down to small angles (which would however be difficult),
2 hint on the quark masses might be obtained.

Another aspect of AB éo'd'x was recently consic(lo;;‘ed by Combridge (6) and
independently, somewhat later, by the authors (bere we will give some de-
tails on the latter work). That aspect concerns the contribution of the quark-
box diagram shown in Fig. 4. (We here systematically assume permutatidns of

lines to be implicitly included in our diagrams.)



Fig. 4
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un the basis of a QED valeulation performed many vears apo by De Tellis ( ).
. o Y . . .
it has been showa by Cahn and Gunian 5 and indcpendently by Kajantie and
)] N . . » . .
am that, asider ap jet-pair production ip photou-ph ton calli=

5> (a) is not as negligi-

Rualtio
sions, the contribution of the quark-box diagram ol fig.
fle as one might helieve a priori, vhen compared to that of the basic diagram
o i, 5 (b). Actually the ratio of dﬁdﬂ((f—-}{}p‘) to dﬁ/dﬂ(a’df—ﬂﬁ) at 90°

in LhoJ,J’ ¢. m. frame has been computed to be ’.\:QL;, i.e. 5-10 %,

La_v _g/

(a) (h)

Fip. 5

loing over to the inverse processes, i. e. specifically to thosc represented
in fig. 2 and 4, and calling R{ur/qq) che ratio of the contributions of both
mechanisms involved in photon-pair praduction, in the configuration where both

photons are emitted at 90° in the overall ¢, m. frame, ghat ratio is derived

from the above-mentiouned result as follows:
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where in the upper line the factar 2 takes account of Bose statistics, and

the factor 9/64 of colour. For simplicity, we here assume quark and gluon distri~
bution functions to scale; actually, in the configuration considered, onc has

x =x'.

In the lower line the numerical factor 0,02 appears extremely 5m311'(gﬁ%g%é%%ally
be compensated ot even over-compensated - us we are going to show - by the
factor at right-hand, involving tbhe ratio between gluon and yuark distribu-
tion functions. The latter factor may indeed bec:me large in two different con-
figurations:

' very small, i. e. in the range where practically valence quarks don't

(i) x = x
contribute, while gluons are largely predominating over sea-quarks.

(ii} x = x' large, provided one has: 2 ng(nq + nq_ , defining those various pa-

tameters through
n n _ n.
g(x) v (1 =~ x) 4 3 a(x) el ~ x) 1 i oqx) e - x) q

(again assuming that the distribution functions are scaling).

The authors have computed numerically, for both mechanisms considered, the dif-
ferential cross se.tion ds'/EH dy d(cos@}] aty =0 and 9= 90° for the reac-
tian pN-—)a'JX. Here M (= 2 pT) is theb/d’ invariant mass, y the rapidity of'ft::me
ar!r system and 9 the emission argle of either photon in the overall (or JJ/) T
The differential cross section thus obtained was normalized to the corresponding
one computed for the Drell~Yan effect (fig. 3). Such a normalization appears ve-
ry convenient since, as we checked, the ratio of Ja’ to ﬂj‘l_ production, when

the former is computed according to the diagram of fig. 2 alone, remains prac-

. . . . . . +
tically model-independent, i. e. independent of the parametrization chosen ) for
the quark distribution functions; in addition, obviously, part of the higher-

order QCD corrections vanish from that ratio.

On the other hand, we shall see that, when considering a«o’production through the
mechanism sbown in fig. 4, its ratio to the Drell-Yan effect strongly depends on

the model used for quark and gluon distribution functions.

We here cbose the following models:

+) (provided, of course, the same one is used in both processes)



Model 1 a. Here we used scale-counserving distribution functions, namely:
-1

six)vx (1 - x) , and quark distribution functions taken from the recent
experimental literature an
s -1 6
lel I b: Same as model T a, cxcept that here we chose: p(x)A x {1 - %)

(12)

iodel ] Il' scale~violating dlblrlhuonn functions were used for both quarks

and ;,luous. The vurmblu Q , on which thuse functions depend, was chosen as:

Q“’ = N /3 =4 Py /3 For coherence, we here used a running auark~gluon coupling
constant o, = 12 7[/[5 n(Q® /AZJ :n:h /1 0.5 GeV (whercas with model I a

and 1 b we simply tm‘:ka‘c:i = 0.3).

The resulls of our computations are shown in fig. O for fg-= 30 GeV and for

an isoscalar target {(i. ¢. we set: N = (n + p)/2), and in fig. 7 for a pp
collision at Vs.—- 600 GeV. obviously Fig. 7 corresponds to the configuration
(i) defined above, whereas in fig. o we see the effects of the situation defi-

ned in (11) {with nq": 3, nr,l':' 9 in model I v or I b),

We thus conclude that inverse yx vrocesses might indeed allow one to perform

a crucial test of higher-order QCD, namely showing the contribution of the quartk-

bux diapram, Let us notice that the counting rates to be expected in such an ex- ‘
periment should not be too small, since the basic process, invelving the qa l

mechanism, is by itscelf of the sawe order as the Drell-Yan effect.

+) The authors are aware that at present somewhat lower values ofl1, and
carrespondingly of o, tond to be preferred. lising those new values would
change our results to some extent (the relative contribution of the gg me-
chanism would become smaller), but not too drastically, Anyhow, Jt secms

that the value of A is still a contraoversial matter.




0O—— 71717111

Ratio of photon-pair to lepton-pair production

in a pN collision (N = isoscalar target) at |5 /

= 30 GeV, both particles of the pair being mea- /‘

sured at 90° in the c¢. m. frame, Y
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Ratio of photon-pair to lepton~pair production in a pp collision at vGT= 600

GeV, both particles of the pair being measured at 90° in the c. 1. irame.
contribution of the gq mechanism, -odel 11

—.—.—.— contributjon of the gg mechanism, nodel I a

~..—..— contribution of the gg mechanism, model [ b

~w=~===- contribution of the gg mechanism, model II

Fig. 7



3, Production of resonant structures

Another interesting - perhaps even more interesting ~ aspect of inverse
processes would be the search for structures: quarkonium siates (0++, 0_+,
2+* ..+) and glueballs coupled with two photons, and perhaps other yet un-
known structures (Higps particles, cte.).

tsing the nowatlays well-accepted pluon-tusion model of Einhorn and Lllis (IB),

we may assume that the main mechanism for the reactions here considered is

that given by fig, 8.

Fig. 8

In the following we shall be concerned with pp or pp collisions at very high
cnergy {s &,105 - '06 GeV), giving rise to massive structures (of at least

a few GeV). We are going to show that
(i) cross sections to be expected appear not toe low:

(ii) there are good chances that such resonant structures (at least, some

of them) would show up above the Jg'continuum;

(iii) inverse J( processes should be a much more efficient way to look for such

structures than direct one§;

(iv) Lhere is no better way to investigate thase structures; in particular,
looking for gluon (jet) pairs instead of photon pairs, as has been sug-
14) .
vested (¢ 3 seems hopeless because of the overwhelming non-resonant back-

ground.

+) That aspect, as well, was already considered by Combridge (6). See alsa ret.

(14).
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(i) Cross section of p X

Applying the usual factorization procedure, one gets:

— / / 1, 2 ﬂm"d’d’) \
G——fdx ax 9&) g(\’/ 6;3_,0(79‘1‘2) /7 () (3.0
where for simplicity we assume the gluon distributiva functxon to geale. Svtting:

2 s
Zk = M {s &z x x', one has (accaunting for a volour factor 1764y

q\?’ﬂ(m:) - 2 (QJEW/(B 9J) 5(7—— xx) (3.2)

6’771-6

For C = + quarkonium states, as well as for piuonia made up from two gluons,

it is presumably reasonable to assume: /QR--9 ung) & (R). One thus gets!

tot
. A
6~ ZCEDI D) [(axoigrm) o
:{’ 71LEL s _ X 6’ f? )(/) ‘
‘R
Taking, as usual, g(x) = n b ] (- )" and chaosing n = 5, assuming on the other

hand that T} is extremely small with respect to ), the integral over x beromes:

Vi .
ox | T : 4 J37 .
L ~ L (3.4)
\[Tp, X g(x) g(x) %: (Z"‘ 7, 30
Finally we get:

b 9 (2401) ["(e=q3) (0u L ~17)

(3.3)
¥y m.,
. 6 2 .
Assuming: s = 10" GeV ""R' 10 GeV; I(R —43?7 I keV (which, senerally spea-
- B
king, should be a rather conservative acsumponng, one gets: Q=2 10 3 [

Thus fairly high counting rates may be expucted ultu pp or pp colliding-beam

: - . . 2
machines in the energy range considered, if the luminnsity reaches L ':.’Io3
-
cm ~ s ! (as in the ISABELLE project), c¢veu accounting for acceptance cuts,
(ii) Resonant production vs, continuum
vor simplicity we shall here assume y = 0, i, ¢. x = x' = Yth. Tn addition,

let us assume again that Z% 1§ extremely swall: as regacds the centinuum,

the gg mechanism (fig. 4) should then tend to predominate over the qq mechanism
(fig. 2) or at least be of the same order (see [fig. 7) +). Therefore we shall pro-
cecd as follows: We-shall compute the non~resonant photon-pair preduction by
considering the gg mechanism alonme, hut we shall muleiply by 2 the cross section
thus obtained; that procedure should provide us with a higher limit for the

continuum. We are thus led to compare the subprocasses shown in fig. 9,
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;7‘71_‘ 7y’ x o’
R
g 9’ g 37 '
(b)

(a)

Fig. 9

m,

For the process represented by diagram (a) above, one gets
6 25 et 50)-< 5o
ol (cos @) S 648 M=

first
where theAnumcrical factor is duc to colour and charge; M is the total energy

of the subprocess in its c¢. m. frame, and C; the emission angle of either photon

in that frame (which, :n the configuration chosen;is also the c. m. Lrame of the

full process shown in fig. 3). EX@) is a complicated function, the expression of {
which is given in ref. (9); going from small angles to 90°, its value steadily gpes

down to X?90°) 22 1. As for the factor 2, it stands for sccurity, as we explained.

Ou the other hand, one gets for the diagram of fig. 9 (b) (assuming R to decay

isotrapically into 2 photons):

d6 @ X204 tY) e
el (cos @) 16 my /(p"’ad’d'/ J(M—mg) (3.7

where account has been taken of a colour factor 1/64.

a
The é; function is related to the resolution involved in the measurement, as

follows:
A2 2 // ~ h = A
She-mg) = dTM T g A T Wm0

where k is the energy of either photon in the ¢. m. {rame of the subprocess

(ar as well of the full process; we shall identify that latter frame with the

lab frame). Thus we get:
6(’6) 22 (2 JB-{-//) /7(,(2 —939/)
clcosl) €4 mg dk
Defining a/b (46(&) / 016(6) , we get for that ratio:
L

(3.9)

0l(cos8) f pr=m (s )
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_ 400 wfoi® JlB) Ak @3.10)
%= TEATT (2g ) [R5y

Settingals = 0.25, and assuming "R =0, It ——’d’d') = 1 keV, one obtains:

/‘0/6 S 5. %’(@) Ak[qev) 3.11)

(ky AR in GV,
With the conventional value of the photon's vnerpy resolution, Ak 22 0.1 Vk \

o
assuming that one performs the measurement jn some range near 9 = 90° (whore
-
GeVy:  r “ thus con-
g(G)Q;]). one gets at m, = 10 GeV (k = 5 GeV): ':1/b$ | One may

clude that at least same of the structures Jockued for should appear above the

continugum.

(iii) Inverse vs. direct process

. . S . . S
et us now consider, for comparison, the dirvci (Yd pracess shown in fig

~ ANE o~

2V Wa UL WAL 7 W N gk = W

’ ¥’

Using the double equivalent-photon approximation and following the nro(‘edure

[§5)]

applied by Low many years ago , ane here obtains (assuming R = mR /3 )

& gcsz?J+4)____d:L/ (e~ (é/ 5 )(2 = -3 Gy
’m e 4 |
Assuming s = 2 IOA GeV“ (1L.EP projecc),mR = 10 Gev, r'(R—’JJ) = 1 keV, JR =0
one gets: O't/; l(‘)_37 cmz; this is almost two orders of magnitude less than
the cross section found above for the inverse process in pp (pE) collisions
at s 2106 Go.V2 with otherwise similar assumptions. \t lower resonance magses,
foop. mkﬁf 3 GeV, the ratio between both processes would remain about the same,
although of course the absolute cross section of tl\ca’d' collision process would

become much larger.


http://tli.it

Acvtually Lthe-situation is even more uniavourable as repards resonance produc-

dien i vy collisions, 11 one wishes o fdentify a resonance throuph its decay
Ve

sirticles ina given channel (according to the procedure commonly used in present

(n)

seasurenents, scarching for resonant siructures in some range around | GeV U

L oehannel ehasen shoald obivivasty Leoa simple ooe, 1. ¢, invelve o small nur-

croot partieles. For heavy stroctures, it may be expected that such simple ¢han-

coowi D have small hranching ratiosy o other words, the cross scetion found

aenbhi be Torther reduced by one ov twe orders of mapni tude,

i wicht a priori imagine another proceduare Cor fdentifying resonant structures,

g omissing=mass measurement thr I tagping ol hoth electrons. Since in

o <am rhish-energy ve machine tike LEP tapging will be performed only at rinite
aboul

ancbes, fere ;\p,nin\two orders of magnitude will be Tost, Vurthermore the eVfeet

-~ 45 ocan be easily checked ~ will be totally buried below the continuum due to

(7)

toe oo val prm'css.ﬂ’——‘ hadrons. lsine the expression

Dot (lY:j—ehndrunS) a7 (0 o+ 270/M{(GeV)) ub

Uit hackavennd should be expected to predominate aver a resonant eftfect {(com=
puted with the same assumptions as before), in the mass range 3-10GeV, hy 2 or

torders of magnitede.

air vs, pluon-pair i

{in) . . . . . .
Yeohurs hern suugestoed to use gluou=-pair production for the investigation
o1 aleb-mass €= + resonant structures. I the mass looked for is high enough,

ene oway indeed expeet that either gluon would show up as a relatively well defi-

ticle-jet. e vorresponding cross sections would be about three orders

w1 owenitudge larger than tor emission of photon pairs; since the same mechani

sm

beoinvelved in pradocing the © = + structures (see [iyg. 11), the ratio

hetween hoth types of reactions would indeed simply be F(R—a:.',,;)/r'(R'*—"JJ) Az
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However it wouldbe difficult to reconstruct accurately the structure's mass
from two particle jets, ewen if they arc well defined. Morcover, as we are

going to show, cven if the mass resolution is not too bad, the resonant cfrect

. . +})
looked For would be dominated by an overwhelminy QCD nen-resonant hackground .
We shall comparc the subprocesses shown in diagrams (a) and (b) of fig, 12 [
(in diagram (a) the open circle stands [or gluon exchange in the 8, t and u
channels). Notice that we are neglecting a1l subprocesses other than yp, Wity
contributing to the 2-jet continvum. In vrder to Turther minimize that conti-
anum, wo shall assume that the gluon scattering angle is fixed at 90° in the
B¢, W, rame.
!
(a)
Fig. i2
. 18
l'm‘ diagram {a) we get ¢ ):
2
. 2
6(a) _ 243 Tt o<
= .
2 t3.13)
o (cos ©/0=50° Ae M

whereas for diagram (b) we get (assuming R to decay isorropically into 2 gluoes):
dE® ) A RE(2h) [(R—99)
o (cos O) /g=90° 32 mgt AM
i 6 (e d@’ (es
Defining Ta/b = (O[.COQ!‘@) )9 =90¢ H my d(CO-S‘ @) 0= o 1

we get for that ratio:

- 496 o’ AM 3.

(3.13)

v, i
ase
/6T N (2dp+ ) (R—39)
Assuming (¥ = 0.25, Jp = 0, [T(R—>gg) = 5Mev, gM = | GeV, cne obtains: Ca/n
2 2000 !

+) We arc a bit surprised that the anthors of ref. (14) did not reach the same

conclusion.



vooconelusion

che purpase of this Report was to show that foverse photon-phaton processes,

. i. v. divect=photon pair production, mipht become a new and fertile arca

h ol investigation in high-energy physics. As far as the 2-photon continuum is
concerned, the physical interest of those reactions should be comparable to
that of the Drell=Yan effect. In addition, they should allow one to pertorm a
crucial choek of highor=ovder QUD, repardiog the contribution of the quark=Iwe
dianram,

ses would be the

: A perhaps still more fmpartant aspect of inverse ¥g proc
svsteritlic investigation of ¢ = + heavy resonanl structures (quarkopiom stales,
Slachalls Lo0) . We have shown thal the corresponding counting rates might be noe
too smally that at least some of Lhose structures should be expected to show up
above the non—resonant backgrounds and finallys that measuring inverse photon-
aliatnn processes should really be the best wav (if not the only one) to look

1o such structures. The significance of such a systematic investigiation of

asurements mizht become comparable

inclusive )
C - ¢ osirurtures I:l\roughndxrvr't—phnlnn pair e

eriments on leptan-pair production,

to that of the Tamous Lederman=Ting tvpe of «
where the J/y}aml thurwvru discovered.

tne major prablem, however, is ot vet vompletely solved, uamely diserimipating

with sul ficient aceuracy between direct photans and iadireet ones, the tatter
A 1

- 4 . . . - .
riniy aue to A 's. The physical interest of iaverse photon=photon pro-

cesses would certalnily justily a major cfforl of the physicists {avolved o order

By i solve that problem once and Torever.

looiinish, let us mention {(without going into details) that there ave also some

ications of faverse phoion=pioten processes  Jat low onery
(19 (2)

fviesting

_—-)rd/ near the p[_) threshold

or in the charmonium ringee
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