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Using the high-energy machine at SLAC, it has been possible to measure the proton
(and neutron, albeit less accurately) electromagnetic-structure functions (1), which has
excited a great deal of theoretical interest due to their scaling properties (2). It is the
purpose of this note to suggest the possibility of using the very high-energy «strong »
machines (e.g. NAL) to measure the =%, K= electromagnetic (e.m.) form factors and
the inelastic-structure funetions. Usually it is not possible to «see» the e.m.
interactions in a hadronic process sinee they are overwhelmed by the strong inter-
actions. But a strong process suffers from an exponential transverse momentum cut-
off (roughly of the type exp[— 3p%1). The e.m. vertex of a hadron has only a
{(~power law) damping in the four-momentum transfer. Thus, if we consider a reason-
ably large p, (say, 3GeV) and as small —t(p?) as is kinematically allowed, one easily
see that the e.m. cross-section is much larger than the strong one. One needs a
very high-energy machine (say, B,z 200 GeV) to keep-t very close to p? and yet
remain in the interesting scaling ragion (i.e. M2 > w?), thus, keeping the cross-section
not too low to measure.

Consider as a prototype the following inclusive reaction (Fig. 1):

projectile A(k) 4 proton (p)—proton (p’) + anything

(*) Work supported in part by the National Science Foundation Grant GP-23719.
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(*) E. D. BLooM, G. BUSCHHORN, R. 1. CoTTRELL, D. H. CowARD, H. DE STABLER, J. DrEms, C. L.
JOrRDAN, G. MILLER, I,. Mo, H. P1L, R. E. TAYLOR, M. BREIDENBACH, W. R. DITZLER, J. I. FRIED-
MAN, G. C. HARTMANN, H. W. KeNDALL and. J. S. PAUCHER: in Recent results in inelastic electron scalter-
ing, SLAC Report, SLAC-PUB-796 (1970). Report presented to the XV International Conference on
High-Energy Physics (Kiev, 1970).

(*) J. D. BJOREEN: Phys. Rev., 179, 1547 (1969).

202



ON THE POSSIBILITY OF MEASURING MESON ETC. 203

in the one-photon-exchange approximation. Here A is used generally for any pro-
jectile (e.g. w, K or protons).
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Fig. 1. =

This inclusive differential cross-section can be written as

dd¢ oy 1
(1) (Y)]z(p) = — S J(p) A ,
7 a°p/E, V (k- p) — m2m? Q" w
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Defining the usual «scaling functions »

(A
(3a) o =
(2my)
(3b) w = D g
2 my 2

with the Bjorken scaling variable w = 2(k-¢)/Q% we find to leading order in s

o S large o s thm(—w—) 2 dm? L,
(4) fas 0 w fixed @) @7 1 4Lm2[ - Gal@) + o G|

where Gy and Gy ave the proton form factors .

Now, for what ranges of the parameters do we expect expression (4) to be much
larger than the strong one (2)% Let us assume, to. obtain an order of magnitude estimate,
that the hadronic part goes as (%)

(5) @0~ (10 mb/(GeV)?) exp [— 3p°1

(3 The normalization is the usual one so that approximately Gy~ Gm/(1+ 1)(1/11 + Q2/0.7 (GeV)21?)
where &k~ 1.79 is the proton anomalous magnetic moment.

(*) L. G. RATNER, R. J. ELLIS, . VANNINI, B. A. BABCOCK, A. . KRISCH and J. B. ROBERTS: Phys.
Rev. Lett., 27, 68 (1971).
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For p, = 3 GeV, we obtain then
(6) (0, = 3 GeV) < 1073 em?/(GreV)? .

This is an over-estimate, since the absolute value chosen is larger than the value extra-
polated from the data of ref. (%), also the transverse momentum cut-off chosen is (prob-
ably) smaller than the expected one (for instance, the indications are that the ecut-
off is more like 3.5 (GeV)~2 (%), while dual models provide a value ~ 4 (GeV)~2 (5)).
Now, when is expression (4) large consistent with p, = 3 GeV2? Due to the dam-
pling in @2, present in the photon propagator as well as in the proton form factors, we
wish to keep Q2 small. For small angles, in the c.m. frame, we have at high energy

o @

p*p,
where p | ~ p’*0* and P* is the ¢.m. incident rnomentum. This implies that Q> pi.
Defining the Feynman scaling variable », we may write

. _ PFeosf* . ME 3m?—2¢?

’
P* s 8

where M, is the « missing mass», M2 = (p + k—p’)% Of course we wish to remain
in the Bjorken scaling region where o = (Mz—m})/Q*+ 1 is not near 1 otherwise
the function F,(w) vanishes (at least quadratically or even higher (*)). For definiteness,
consider the following values of the parameters which satisfy all the above constraints
for NAL energies:

E,=200GeV, p, =3CGeV, @2=10(GeV)?,
x = 0.87, M2=28.06, o =3.72.

For this case

1036 em?
WfO ~ FP (0 = 3.72) ¥ (W)

From the SLAC-MIT experiment (1), we know that Ff¥ ~ 0.3 for o =~ 3.7. We ex-
pect that F, for the n- or K-meson is also of the same order of magnitude in analogy
with the hadronic total cross-section.

Thus we find that even with a rather conservative p, cut-off, the one-photon—exchange
graph dominates over the strong one and more importantly the cross-section is large enoungh
to be measurable. These experiments are in principle possible at ISR where values of s
up to ~ 2500 (GeV)? are available, thus probing the proton structure functions in the
truely deep inelastic region. The present ISR luminosity (I ~ 2-10% em~2 s~%) is how-
ever too low to measure cross-sections as small as the one estimated above. Thus we
have to wait, even for the proton case, for NAL. There the usual technique of using
nuclei instead of proton can also augment the cross-sections roughly by a factor of A%,

A glance at formula (4) shows that (in general) the e.m. term, bein gproportional to
s, does mot scale in the Feynman sense, while the strong part does (i.e. becomes inde

() C. DE TaRr, K. Kang, C. I. TaN and J. WEIs; Phys. Rev. D, 4, 425 (1971),
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pendent of s for large s). Thus, apart from the transverse-momentum cut-off, it is this
factor which helps keep the e.m. contribution large. It is perhaps not without interest
to remark, however, that for the kinematic configuration M2 > Q2 :pi/m, the e.m.
part does scale in the Feynman sense, provided Fy(w) approaches a constant for large w.
That is to say

2 4 2 2 2 Am2p 2
@ w:if;:ed 0‘2 2[ . P ; ][ » ]FéA)(w = co) [Gii (&) + - G2 ( )]
(pLY Lo T dmiz||1l—= ‘ z p_L x

tends to a fanite limit, provided that F{™(w = o) is finite. Of course, this result is
a simple example of the «triple-Regge » graphs (8), which dominate when M. as well
as s/ M2 are laxge. Here one « Regge » pole is the photon with @ (@*) =1 and the other
is the pomeron (diffractive part) with «p(0) = 1, which keeps Fi(w = oo) finite.

Meson form factors. If we claim to know the proton structure functions in the scaling
region, then by performing a slightly different experiment we can try to obtain the
meson e.m. form factors. Consider (Fig. 2)

meson (k) + proton (p)— meson (k) -+ anything

in the one-photon-exchange approximation.

Fig. 2.

This inclusive differential cross-section can again be written as

d3o o2m
= = Ja;f)T ,
CR B Ay —mtug @

where the mesonic part is

T = < [l <K', oy *

and %) is as defined before in eq. (2b) with & <> p and m, <> m. (Here uy denotes the

meson mass.) To leading order in s we obtain, for @ = — (k—k")? and o = 2(p-¢)/Q?
fixed,
o2 4s F(D)( )
(y) M 8 large
fats @2, fixed (Q (@) (Qz) o

Asg expected this is very similar to eq. (4) with Gy for the proton replaced by the c.m.
form factor Fy, for the meson. Now if, as is generally believed, the meson form factors

(°) C. D TaR, C. E. JoNEs, F. I. Low, J. YaNG and J. Wxis: Phys. Rev. Lett., 26, 675 (1971).
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do fall less fast than the proton one (*), My, is even larger than in the case considersd
before and thus overwhelms even more the hadronic piece ®'fy.. For example, for
the kinematies set-up I, considered before, we can obtain an absolute value in the fol-
lowing way. Consider for definiteness the case of pions and approximate the isovector
form factor by the p pole, i.e. choose

m
(]

We obtain, for B, = 200 GeV, p, = 3 GeV, Q%= 10 (GeV)2, FP(w = 3.7) ~ 0.3
L Vo ( ) 2
M, = 1-10-% em?/(Ge V)2,

which is certainly large enough to be a measurable cross-section. Again using nueclei,
the cross-sections can be enhanced by the usual A¥-factor.

Thus it seems to us that the method is feasible to determine = and XK e.m. form
factors using NAL for large ¢2. The « contamination » from purely strong interactions
should be truely negligible for these large transverse momenta as evidenced by our earlier
expression (6). It should be obvious that the value p, = 3 GeV was chosen for
exp [— 3p7 1. If, in fact, the cut-off is even stronger, one can select a lower value for p, ,
thus resulting in larger e.m. cross-sections (for @2 ~ pJ).

As a final important point, we wish to remark that in view of the estimates pro-
vided above, the interpretation of the large energy, large p, data in purely dadronic
processes (e.g. p-+p->p+X), becomes highly unclear since the e.m. part of the ampli-
tude also comes into play. Thus, in all those processes where one-photon exchangs
can occur, the p, behaviour as energy increases should show a discrepancy.

After the completion of this work, we become aware of some related attempts by
BermaN, BJorrEN and KoeuT (|)) and by Low and TreEIMAN (°). The first of these
relies heavily on the parton picture and an abundance of details about almost all leptonie,
semi-leptonic and hadronic inclusive processes can be found here. The second work
deals with the e.m. contribution to i) elastic hadronic scattering at large transverse mo-
menta and ii) inclusive processes of the type a+b—»> X, +X,.

* % ok

It is a pleasure to thank Prof. S. DrReLL for helpful remarks.

(") See, for instance, S. VITALE: in Proceedings of the Informal Meeting on Electromagnetic Interactions
(Frascati, Roma, 1972).

(®) 8. M. BERMAN, J. D. BJorgEN and J. B. Kocut: SLAC-PUB-944 (August 1971).
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