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Abstract 

We here consider inverse photon-photon processes, i. <J. AB — ^ v"*** (where A, IJ 

are hadrons, in particulûr protons or antiprotons), at high energies. As re

gards the production of a VY continuum, we show that, under specific conditions, 

the study of such processes might provide some information on the subprocess 

gg^>vyr", involving a quark box. It is also suggested to use those processes 

in order to systematically look for heavy C = + structures (quarkonium states, 

gluonia, etc.) showing up in the VA* channel. Inverse photon-photon processes 

might thus become a new 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 satisfactory way. 

Nous considérons les processus photon-photon inverses, c'est à dire AB—^VVX 

(où A et B sont des protons ou antiprotons, notamment), aux hautes énergies. 

Pour ce qui concerne la production d'un continuum Y K nous montrons que, dans 

certaines conditions, l'étude de ces processus pourrait perroettr'-* d'obtenir 

des informations sur le sous-processus gg*—»*VV, faisant intervenir une boîU1 

de quarks. Nous suggérons également d'utiliser ces processus pour une rechcrclie 

systématique des structures lourdes C = + (états de ijuarkonium, gluonia, etc.) 

apparaissant dans la voie XK . Les processus photon-photon inverses pourraient 

ainsi devenir un domaine nouveau et fertile de recherches en physique des hautes 

énergies, S condition que l'on soit en mesare de résoudre de façon satisfaisante 

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

+) Talk given at the Orsay XK Seminar (7/8 Oct. 1981). Speaker: C. Carimalo 



1. Introduction 

Inverse photon-photon processes, i. e. processes of the type AB—^y>fX 
(where A, B are hadrons; in particular, we mean pp or pp collisions) (fig. ') 
should be able, in principle, to provide informations similar to those obtai
ned Trom direct photon-photon processes, i. v, ee —>ceX. fienurally speaking, 
LIICV are less powerful as a tool of investigation than the latter, where a 
lar^e variety of different exclusive hndronic channels may he experimentally 
studied. Nevertheless - as we shall show •• in some specific cases the informa
tion desired on two-photon interactions with matter may be easier or better ob
tained through the inverse process than through the direct one; actually, as 
will appear he low, those two modes of investigation arc complementary to sor.ii 
extent. 

rig. I 

The experimental signature of the processes here considered is the observa
tion of two direct photons. In this Report wc shall not go into a discussion 
of experimental details. Let us only remark that apparently it has become pos
sible to measure direct photons - i. e. to discriminate between direct- and 
indirect ones, the latter being due to bremsstrahlung from quarks, to fragmen
tation of quarks and gluons.and particularly to the radiative decay of X . h 

iX) (0 ^ 
etc.. - in high-energy experiments at p ° values of a few OeV • Therefore we 
shall assume that one may get a good signal/noise ratio by selecting events 
with two photons emitted at large angle with respect to the incoming colliding 
beams (in their c. r.i. Crane) ;:nd characterized by larjje, mutually opposite and 
equal transverse momenta; in addition, those photons should he unaccompanied hv 
.•nu' hadrons. 



2. Production of a yycontinuum 

The baaic process for the production of a Kt'continuum, at high energy, is 
the one involving the subprocess qq—^jf^f (fifi- - ) • Obviously that process 

(rig. 3) 
is very similar to the Drell-Yan effect from the point 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 below) that it is 
of th« same order of magnitude. 

fig-

Historically the subproc^ss qq ™'^'Y)f v ; a s first considered, among other 
"hard-scattering" processes, ten years ago in the fundamental paper of 

(2) Berman, tijorkeu and Kogut . In the last years, several authors suggested 
that it should be investigated experimentally in order to obtain various 
physical informations. Soh et al. proposed that the ratio & lOc should be 
determined through an experimental comparison between qq— > gY and qq—^Xtf-

Krawczyk and Ochs remarked that, since qq"—^>T/^ l n v ° l v e s the factor e , 
(5) q 

it should be used for checking the quark charges. Hemmi suggested that 
one should analyze the angular distribution of the photons produced, which 
would be a way of checking the quark propagator: he even considered the pos
sibility that, going down to small angles (which would however be difficult), 
a hint on the quark niasses might be obtained. 
Another aspect of AB-^V>X was recently considered by Combridge and 
independently, soinewhat later, by the authors (here we will give some de
tails on the latter work). That aspect concerns the contribution of the quark-
box diagram shown in fig- 4. (Ue here systematically assume permutations of 
lines to be implicitly included in our diagrams.) 
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du tin- b a s i s of a QKD e a l o n l a t ion performed many yea r s a^o bv Do To 11 i s , 
(y) , 

i t has boon shown by Cahn and (ion-ion and independen t ly by K a j a n t i e and 

K.iit.itt t h a t , ni'nlvv nn j - t - p a i r produr t i . m in photon-;-»» i.m c o l l i 

s i o n s , Liu- c o n t r i b u t i o n of lho quark-box diagram of f i j ; . i f;i) i s not as n u ^ l i ^ i -

i I»- a.s one inieJiL b e l i e v e a p r i o r i , \.hon compared to t h a t of the b a s i c diagram 

.'." M";-, -j ( b ) . a c t u a l l y the r a t i o of d # < l ( 2 ( £ Y - S j» s) to àfifûO. ( Jfjr-* w) at 90° 

in L l i e ^ r I-, m.' frame h a s Won computed to be ^ C f c " , £. e . 5 _ 10 Z. 

^ \ r 

-y' 

( a ) (b) 

Ooiiif, over to the inverse processes, i. e. specifically to chose represented 

in fiK- 2 and 4, and calling RCuf/qq) the ratio of the contribotions of. both 

mechanisms involved in photon-pair production, in the configuration where both 

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

from the above-mentioned result as follows: 



where in the upper line the factor 2 takes account of Bose statistics, and 
the factor 9/64 of colour. For simplicity, wc here assume quark and gluon distri
bution functions to scale; actually, in the configuration considered, one lias 
x - x'. 

f'pccasjqna I I y 
In the lower line the numerical factor 0.02 appears extremely small, but" may * 
be compensated or even over-compensated - as we are going to show - by the 
factor at right-hand, involving the ratio between gluon and quark distribu
tion functions. The latter factor may indeed became large in two different con
figurations: 

(i) x = x' very small, i. e. in the range where practically valence quarks don't, 
contribute, while gInuns are largely predominating over sea-quarks. 

(ii) x = x' large, provided one has: 2 n <f n + n_ , defining those various pa
rameters through 

n n n-
g(x)/V (1 - X ) 8 ; q( x) r^(| - x) 1 ; t| (x) A^(| - 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 dy d(cos 0)1 at y = 0 and Q = 90° for the reac
tion pN—*>JJr-X. Here M (= 2 p ) is the * V invariant mass, y the rapidity of the 

^ /\ «frame 
%V system and (7 the emission angle of either photon in the overall (or yv) c. mTl 
The differential cross section thus ubtained 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 AjV' to (f^C production, when 
the former is computed according to the diagram of fig, 2 alone, remains prac
tically model-independent, i. e. independent of the pararoetrization 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 VA'production through the 
mechanism shown in fig. 4, its ratio to the Drell-Yan effect strongly depends on 
the model used for quark and gluon distribution functions. 

We here chose the following models: 

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



Model I a. Here we used scale-conserving distribution functions, namely: 
i.;(x)'Vx ( 1 - x) » and quark distribution functions taken from the recent 
experimental 1iterature 

Model L b: Same as model I a, except that here we chose: g(x)/v x (I - :•;) . 
(1 2) ;iiHk'J__n: ;'cale-violating distribution functions were used for both quarks 

ami Kliions. T n u variable q~, on which those functions depend, was chosen as: 
y) = M"/3 = 4 p,f /3. for coherence, we here used a running aimrk-gluon coupling 
constant^' - 12 7T//25 ln(Q*"M >/ with /] » 0.5 GeV (wherenB with model 1 a 
and 1 b we simply took Oc a 0.3). 

Tlu1 results of our computations are shown in fig. I> for fs = 30 GeV and for 
«in isoscalar target (i. e. 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 sec the effects of the situation defi
ned in (ii) (with n ^ i, n„*z 9 in model I a or I b) . 

q n 
We thus conclude that inverse Vy processes might indeed allow one to perform 
a crucial test of higher-order l'CI), namely showing the contribution of the quark-
!>n:< diagram. Let us notice that the counting rates to be expected in such an ex
periment should not be too small, since the basic process, involving the qq 
mechanism, is by itself of the saine order as the Drell-Yan effect-

+ ) The authors are aware that at present somewhat lower values of/1, ind 
correspondingly of & , Lend to be preferred. Using 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, it seems 
tliar tho value of /[ is still a controversial matter. 
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3. Production of resonanc structures 

Another interesting - perhaps even more interesting - aspect of inverse 
processes would be the senrcli for structures: qaarkonium bi-ates (0 , 0 
2 .,.) and glucballs coupled with two photons, and perhaps other yet un
known structures (lliggs particles, etc. O 
I sing the nowadays well-accepted l̂uun-l'iisinn model of fiinhorn and Ellis 
we may assume that the main mechanism for the reactions here considered is 
that given by fig. 8. 

(13 ) 

rvTYrrm 

F i j i . 8 

In the following we shall be concerned with pp or pp collisions at very high 
energy (s it 10 - 10 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 too low: 

(ii) there are good chances that such resonant structures (at least, some 
of them) would show up above the XY continuum; 

(iii) inverse V/ processes should be a much more efficient way to look for such 
structures than direct oneST 

(iv) Lhere is no better way to investigate those structures; in particular, 
looking for gluon (jet) pairs instead of photon pairs» as has been sug-

(141 
jested «seems hopeless because of the overwhelming non-resonant back
ground. 

+) That aspect, as well, was already considered by Combridge 
(14). 

(6) .See also re I . 



Applying the usual factorization procedure, one gets: 

( r - Z - i ' ^ ^ i . i ^ ...» 
where for simplicity we assume Che glu™ ilisu-i buuY.i function to scale. Sri tin 

T R " mR / s f e ï x 1 , one has (accounting for a .nlour factor 1/64): 

For G = + quarkonium s t a t e s , as vieil os fov );lm>nin nuuie up from two gluons, 

i t is presumably reasonable £0 assume:/ ( R — * K « > ^ / t t (K) . One thus gets : 

(3. "I) 

Taking, as usual, g(x) = —^ (1 - x) ami choosing u = 5, assuming on tin1 OLIH 

hand that "C R is extremely small with respoi-t ti. I, the integral over x bernim
1*: 

w-, ... / ^ i ^ 2^ f ' * «^ ,

 ( 3 0 

x 7fK ' if v x J T- I '*''''• — -?/\ / 

Finally we get:; ..j we get:: 

Assuming: s = 10 GeV ; m * 10 CeV; /7(K -* rft) = I kc-V (which, generally spe;i-
. J . Jp = Û, ^ -35 •) 

king, should he a rather conservative assumption); "tic &ets: Qcs 2 10 cm". 

Thus fairly high counting rates may he expected with pp or pp colliding-beam 
3"1 

machines in the energy range considered, i! Lin- luminosity' reaches Lui'10 

cm ~ s (as in the ISABELLE project), even ai-eounting for acceptance cuts. 

(ii) Resonant production vs. continuum 

tor simplicity we shall here assume y = 0, i. e. :•: = x 1 = *£"«. Tn addition, 

let us assume again that Zl is extremely small: .is regards the continuum, 

the gg mechanism (fig« A) should then tend to predominate over the qq r.ieehanism 

(fig. 2) or at least be of the same order (see fig. 7) • Therefore we shall pro

ceed as follows: We-shall compute the non-resonant photon-pair production by 

considering the gg mechanism alone, but we shall multiply by 2 the cross section 

thus obtained; that procedure should provide us with ;i higher limit for the 

continuum. We are thus led to compare the subprnc?ssos shown in fig. <', 

+3 for photon emission angles close to 9(V 



\ 

(a) 

y 

Fig. 9 

''>& 

V 

r 
(b) 

For the process represented by diagram (a) above, one gets ( 7 > . 

d& 
foj IS JtcJ-C*.? §<B). (3.6) 

first 
where the numerical factor is due to colour and charge; M is the total energy 
of the subprocess in its c. m. frame, and Q the emission angle of either photon 
hi that frame (which, .n ere conf igunuion chosen, is also the c. m. frame of the 
full process shown in fig- •*) - *%(&) is a complicated function, the expression of 
which is given in ref. (9); going from small angles to 90°, its value steadily gjes 
down to ̂ 90°) 2£ 1 . As for the factor 2, it stands for security, as we explained. 

On the other hand, one gets for the diagram of fig. 9 (b) (assuming R to decay 
isotrapically into 2 photons): 

ri.(cosej 
X^fe^J re*-***) S(M*-S 

13.7) 

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

The Q function is related to the resolution involved in the measurement, as 
fol lows: 

^ ( ^ ~ < ) - ^ ( H - ^ > 2 ^ M -
J 

H^Ak ( 3 ' ° 
where k is the energy of either photon in the c. r.i. frame of the subprocess 
(or as well of the full process; wo shall identify that latter frame with the 
lab frame). Thus we get: 

cL(cos6) £'4 to.^ Ah 

3 / Ww^W^/ifcwfi)' 
Defining r 

(3.*) 

we get for that ratio: 



ù no o/p"/ Ak (3.10) 

Ci. Il) 

Setting£/ - 0.25, and assuming J R - 0, A R - ^ 0 ) = ' koV, one obtain: 

I (k, ûk in Gi-V), 

With the conventional value oD the photon's eiierBy resolution, 4k ft: 6.1 VÎT \ 

assuming tli.it one performs the measurement in some ninge near Q - 90° (where 

gl#)fcl>, one gets at m R - 10 GeV (k - 5 GeV): i . [ / b <£ I • One may thus con

clude that at least some of the structures looked for should appear above the 

continuum. 

(iii) Inverse vs. direct process 

Let us now consider, for comparison, the direel ^process shown in fig. 10. 

^ 

r 

Using thy douiile equivalent-photon approximation and following the procedure 

applied by Low many years ago , une here uhtains (assuming TL = niD"/$c*<j*t)
: 

v & ml k. // m / / \ t* *f/ a.vi) 

i = 10 uoV, P(R-^^) = 1 keV, J = 0, 
-37 2 

10 cm ; this is almost two orders of magnitude less than 

Assuming s ~ 2 10 GeV" (I,EP project) 

one gets: O — 

the cross section found above for the inverse process in pp (pp) collisions 
6 2 . 

at s C^IO GeV with otherwise simLLut assumptions. At lower resonance masses, 

r. g. m • £f 3 GeV, the ratio between both processes would remain about the same, 

although of course the absolute cross section of tlie Jfjr collision process would 

become much larger. 

http://tli.it


- n -

.\.-in.illy Liu- -situation is even more unfavourable as regards resonance produc-

' i.-n in i'K i'ol I is ions. If one wishes io i-leiil.ify a resonance Lhroii^h its decay 

'.i.irl i <• I es in a given channel (accord ing Lo the procedure commonly used in present. 

:rn .jsuivmenls, searching for resonant si nn-i nres in some range around I ficV ,ih. 

•...c. .-Manuel chosen should ubvi'uur. \\ '•••- .1 ..impie one, i. e. involve n small in>. >-

<i ,<i p.irl.ieles. I'or heavy s t rue t m v s . it may be expected that such simple ehnn-

• , •. will have small branching ratios; in other words, the cross section round 

.,,..il-i he further reilucetl by one nr 1 we onlers of ma uni untie. 

•ne i.ii.-.iit a priori imagine another proi edurc for identifyinj; resonant St rucl uri-s, 

,...•!'. .1 .'li ss ing-mass measurement throu.-.b Lagging of both electrons. Since in 

,i -;,iin tii i -Ji-onergy ee machine like I.hi' lagging will be performed only at finite 
about 

• m.-.Ies. Sieve again two orders of magnitude will be lost, lur thermore the e I t ee I 

- ,s 1 .in be easily checked *- will be totally buried below the continuum due to 

( I 7) 
! :.. .Mil !-.il p r o c e s s $Y—=> bât i rons . ! s i n - lite c y p r e s s ion 

(y ( n - ^ h a d r o n s ) 2? ( J'ui + 270/M((ïcV)) nb , 

l'.i.il background should he expected to preiiomi nate over a resonant effect (com

puted with the same assumptions as before), in the mass range 3-lOGeV, hy 2 or 

1 nie rs of mngni I ode . 

• I v ) !''iot en-pair v<. aluon-pair nrodue; n m 

!i lus been suggested to use gluou-nair production fur tlie investigation 

"i ni-.-h-mass C = + resonant structures. If the mass looked for is high enough, 

.-ne inav indeed expect that either gluon would show up as a relatively well defi-

.. H -.i.:ri ie 1 e- jet - 1 lie corresponding ;ross sections would be about throe orders 

.•1 ...i.-ni 111.ie larger than 1er emission ni photon pairs; since the same mechanism 

•*.'..!.: b. involved in prod-icing the 1: = + structures (see fig. 11), the ratio 

between lu.ill types of reactions would indeed simply be p ( R — * gg)//^(K—' fix) c& 

t-^- ' A.L." -

i' i K • I I 



However itwouldbe difficult to reconstruct accurately the structure's mat. s 

from two particle jets, even if they arc.1 well defined. Moreover, as wu arc 

going to show, even if the mass resolution is not Coo bad, the resonant uf ÙH-L 

looked for would be dominated by an overwhelming QCD n^n-resonant background 

We shall compare the suhprocesses shown in diagrams (a) and (b) of fig. \2 

(in diagram (a) the open circle stands Cor gluon exchange in the s, t and u 

channels). Notice that we are neglecting all subprocesses other than gy,—?g'f\, 

contributing tD the 2-jet continuum. In order ft» further minimize that conti

nuum, we shall assume that the gluon scattering angle Is fixed at 'JO8 in tlu-

g;; c. ;n. i rame. 

(a) 

( 1 8 ) . 
l-or diagram (a) we ge t 

do*-*'* ) - 21a % °^_ 

Jhercas l o r diagram (b) we get (assuming R to decay i s o t r o p i e a l l y i n t o 2 ;;Iuon 

f oL6c^ ) lfcLQaj \ 
( oLCtftr &) /e=9o°, M^ixx-i/XcL teas ô) Je = 90e " 

Defining r_ /b 

get for that ratio: 

r <x ̂ ? e °^ A H 
(3 . : '0 

ssuming Or1 = 0 . 2 5 , J R = O . ^ C R ^ B S ) - SMeV, ^M = I CcV, one o b t a i n s : r ^ 

*) Vo a r c a b i t s u r p r i s e d t h a t the a u t h o r s of rof. (14) did not r ea rh the n:mv 

none Uts ion . 



i ln purpose of t h i s Hv pttrc was lo show tlr,-tt inverse plioton-plioton processes, 

i . L . (H reet-phoum pai r p roduc t ion , mi^hc become a new and f e r t i l e art* H 

• >ï invest i une ion in high-energy physics. As far as the 2-photon iront i'.iuinii is 

. . i i cemed, the physical inu-rnst. oi' those react ions should bc comparable lo 

l l i . i l ut" tlK' Drc l l -Yan e f f e c t . In a d d i t i o n , l'hey should al low one Lu perform a 

, i-t i . : ial cheek of h ig l ier -ordor QCD» regard i iu- the con t r i bu t i on of the i|u.irw.-bov. 

diagram. 

A perhaps s t i l l more important aspect of i nvi-rsi; 3(jf processes would he i lit' 

svsUTinL U' i nves t i ga t i on of C = + heavy resonant s t ruc tures (quarkoni ni» .stales, 

- l u . b a l l s . . , ) . We have shown that Lite corresponding counting rates m ï >: h (. he not 

ion smal l ; that at least some of those s tnn: t i i rus should be expected to show up 

above the non-resonant background; and f i n a l lyj that measuring inverse pholun-

"h. ' ion processes should r ea l l y he. the best way ( i f not the only one) LO 1 ooii 

l o r such s t ruc tu res . The s ign i f i cance of such a systematic inves t iga t ion oi 
inc lus jvc 

U - • s t ruc tures through ut rect-p l io lon pa i r :;;easuremeiUK nu:;Jil heroine comparable 
A 

to that of tlie famous I.ederman-ïi ne, type ol experiments on leplun-p.'i i r p roduc t ion , 
where the J/y> and the X were discovered. 

l'iii ::ia]or problem, hm/ever, is not yet completely so lved, namely d i se r Ï mi nut i iv.; 

. . i l l : s u l f i c i e n t accuracv between d i ro< t photons and ind i rec t ones, the l a t t e r 

bei n :: ;i:a i n l y -lue to 3f ' s • ""-' phys i ca I i nt e rest a\' i n verse phot on-phot ou pro

cesses would c e r t a i n l y j u s t i f y a major e f f o r t of the phys ic is ts involved in order 

i-> solve that problem once and forever . 

lo l i n i s l i , leL us mention (without ^oinf, in to d e t a i l s ) that there ore also some 

; ;.i e;. s L ; iiu iiUp ! i ï , ; l ioiis of inverse pho; on-|"'iion.n processes at low eiier^v . i . e -

j ; ; .,;.—•ï'ifJf near the pp threshold or in the chamoniuni rany.e 
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