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Previous analyses of lepton-mueleon scattering have made extensive use of the
Wesiker-Williams approximation and improvements thereof accor ding to which the
crossecetion oy, ¢%) for the absorption of {ransverse photons on.a nucleon can he
expanded in a convergent series for small values of the invariant momentum trans-
fop gt (12,

By o3(v, ¢%) = o, (11 + a4+ byt + ..) .

there ay(v) is assumed finite and ¢*-indipendent, and « is of the order of the nuclear
s a VAR

i this lotter we show, by analysis of cosmic-ray experiments, that for large values
4 flm photon energy » — co the validity of cq. (1) is doubt and a different approach

o be preferred. We further show that the Bjorken (?) inclastic sun 1ule for asyvmp-
sl cross-sections is not saturated.

Pl erosg-section for inelastic muon-nucleon scattering is given in terms of the Drell-
Selenka (4) structure funetions Wi, ¢, T,(», ¢%) by

die 47z o? 1

N i i
— q Wilv, ¢%) + (f§2-~— Ey —= (]'3\ Wolr, 1.
/ \ 4" )

drd
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The form factors 17, W, are related to the total cross-sections Oy, 0, Tor the absorp.
tion of transverse and longitudinal photons on a nucleon; one has

1
W0 6% = = Koyl g%,

4o
(3) . Q
' Wylr, ¢2) = ! o {07+ o)
PALERS 4762d - qz“-vz T YLl
where M is the nucleon mass and
q2
Kooyt
7

According to veetor dominance for small values of ¢*< m},

2 m?‘: 2
or{v, ¢*) = 57(?’) q;’z"j*é“_@ s
o

(4)

GL(”» ({2) ~0.

Substituting from (3) and (4) in (2) gives for ¢ < »®

) d*c o (1 v n 2 ) mi\?
dvdg®  wgv\ E 2B A (mé +dJ

Equation (5) is of the same form as thal obtained by means of the Weizsilker-
Williams method (8). In fact for ¢*< w:“; one can expand ox(v, ¢%) in eq. (4) in a series
as in eq. (1).

a==0 is the Weizsiker-Williams approximation and a == — 2/0.365 that of DArvasu
et al. (°). Kquations (4) and (5) are in agreement with experiment for » not too large (%),

An entirely different approach to eq. (5) is suggested here by an extrapolation to
very high energy travsfer » > 103 GeV of the information supplied by fits to the SLAC
data (7). At a scattering angle of 6° and » up to 9 GeV the group at SLAC finds that

(6) v Wy, ¢°) =~ const > 0.3

when »/g* > 5 (GeV)L. If for v—> co this holds for all rlg* > 5 (GeV)~! one finds from
eq. (3) even for small ¢

4«
) : ot o=y

c,

where O is the constant limit in eq. (6).
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IMPLICATIONS OF DERP INBLASTEIC MUON-NUCLEON SCATTERING ETC. 597

Equation (7) is very different from egs. (1) and (4) and would imply, if confivmed, a
hreakdown of the Weizsiker-Willinms approximation and of vector dowinance. Theseim-
plications of eq. (7) are surprising and
very far-reaching but, as will be shown
below, cosmie-ray data on muons with \
p> 108 GeV and ¢* about 0.1 (GeV)? ol N
secem to be fitted only using the para- 10 “\ :]
metrization (6).

We have examined the data of
the Japanese INS group (]) on large S
horizontal air showers and we find
that the vector-dominance approxi-
mation eq. (5) is unable to fit them, ~1
while the parametrization (8) gives
the only goodfit with C=0.3. The
gitnation is lustrated in Fig. 1, in
whieh the integral flux

8 I (Vi) ==
- s ~ e\
] de . o
= AdB M(E) | dv— N, AX,
dv
Ymin Vmin

d2g dne?C 1

1 ) - 1 13
= e e § 02— By —— R 10t
2 o4+ 0y 4~

is plotted against the minimum en-
crgy transfer v, in the two extreme
cases

-1
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<
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o ) ~%
—emmeegqual to zero and one. 0k

Gp 4 0y

Fig. 1. - Plot of the integral flux J(v.,)
agalnst the minimum energy transfer ryg,-
The dashed curve is the result of wector
dominance; the full curve is drawn using the ~15{ \
parametrization in eq. (6). The average ze- 10 I 4
mith angle of the INS eventsis ~ 80° and the 10 10 10
muen spectru M(E) is taken from ref. (). vm‘”(GQV)

(*y T. Mataxo, M. Nagaxo, S. Smpats, K. Svea, T. Kaurpa, Y. Tovopa, T. 3MaEps and
1L Haspeawa: Proc. Infern. Conf. Cosmic IRRays (London, 1965), p. 1045; Proc. Infein. Conf. Cosmic
Rays (Calgary, 1967), ML IV-22, Originally the disagreoment of veelor dominance with experiment
trggered speculations about an anomalous muon-nucleon coupling or that the showers observed were
of strongly interacting pavents, Cf. C. Casraeyorni, . Krow and P. ProcHrn: Lefl, Nuevo Cimento, 1,
197 (1989). A different approach bascd on the bremsstrahlung cffect caleulated according to the modified
Vtah muon spectram is given by K. Srrre: Lell. Nucvo Cimenfo, 1, €52 (1969).

(*) M, G. K. MeExox and P. V. RAMANA MURTHY: Progr in Coanric-Ray and Flemenlary-FPar-
ticie Physics, vol. 8 (Amsterdam, 1967); J. L. OsBonrNg, A, W. WOLFENDALE and N. 8. ParuER; Proc.
Plys, Soc., 84, 911 (1964).
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M(E) is the conventional differential muon spectrum, N, Avogadre’s number and
AX = 400 g em~? the mean distance from the starting point of the cvent to that of
observation. The minimwm and maximam values of ¢* used are

(iizﬂin = ?’2 ?nsli‘bj(ﬁ} - 7’)] s qrgnax = 2My »

m iz the muon mass.

Figure 1 confirms eq. (7) and gives a clear indication of the nonvalidity of eq. (5),
We have also used the parametrization {(6) to compute the integral spectrum of the
transfer ¢ for v,,>5 GeV. After normalization at ¢ =2 (GeV)? we compare our
results with the data of Hicasur ef al. (%) (Table I). Agreement is again good.

Tavre 1. — Integral spectrum of the momentum transfer ¢® jor vy, > 5 GeV.

q* : ' ' Vector | Experimental
((GOV)Z) 0p=0 o5=0 | dominance i (Higashi)
R ———— | l ’_,.-_ S e
9 10 [ 10 - 10 i 10+ 2.0
5 3 3.16 ! 0.97 | 5 4+ 1.4
|10 0.7 ! 0.9 ; ooos | 234 1.1

The fact that the parametrization of (6) seems to be valid up to energy trausfers
w108 GeV ealls for a comment on the Bjorken inelastic sum rule (3)

1
(9) f LAY OESS

That eq. (6) is valid for » > 10% GeV means that there is no finite v at which the
sum rule saturates; its usefulness 3s therefore in doubt. Written in terms of the dif-
ferential eross-section do/dg? eq. (9) reads

: d 20’ ! do’ﬁ
(10) b s> T
dg? dv d¢ q~ 4 dg?

where dog/dg® is the cross-section for scattoring off a point nucleon. If the Bjorken
sum rule were nentrivially satisfied, eq. (10) v nuld imply (quite dramatically) the ex-
istence of pointlike constituents (partons) within the nucleon (*1). There is in fact a
proliferation of attempts to explain inelastic electron-proton seattering with a parton
model (*2). Despite of this we wish to argue that the pomtlike hehaviour of the
inclastic cross-section doy,,/dg® can De casily understood conside 1 that, indipend-
cutly of what bappens at the nueleon vertex during an electron-proton collision, fhe
invariant momentum transfer g% is well defined; thévefore from the econservation of

i

(*9) 8. Theasus, T. Kreadors, Y. Misanaa, 8, Mrrant, €, Mivasoro, P, Osnuro, II, SHIBATA.
K. Warawase and Y, Warasu: Journ. Phys. Soc. Japan, 17, Suppl. A-TI1, $69 (1962).

(1) V. Wemsswory: Comam. Nwuel., Part. Phys. (Jan.-Web. 1969), p. 1,

0% 8. DrErn, D, J, Levy and T, M, Yan: SLAC PUDB 55 6 (1969).
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probability

(1) dowe _ Ao, 4
dg? dy® dg?

where Gy, Go» O AF€ Tespectively the total, elastic and inelastic ecross-scctions.
Defining the probability P(H. ¢*) for a proton not to break up in a collision with mo-
mentum transfer ¢® and laboratory energy B by the ratio

(12) P(E. qw,zi":‘ 400
‘ d¢?/ dg?

and remembering that for E. ¢°— oo,

dog, doz dro®
(13) SR 2B G () = Gl
dg®  dg g

with Gy(g?) the proton magnetic form factor, wo have from (11), (12) and (13) in the
limit 7, g% — oo,
h dglnel daﬁ G%I(qa)

(14) T T T R e
dg? dg® P(I, ¢7)

P{E, ¢) by its very definition is a form factor and therefore when &, ¢® tend te infinity
one expects Ga(q?)/P(E. ¢°) to tend to a constant of the order of unity or al most to a
function which is slowly varying. That this is so can be seen by looking at high-energy
clastic proton-proton scattering at large momentum transfers. BSince two protons are
involved here the elastic cross-section is given by

= df 0 g™ /I)(EA@ 2'
ig ) O E

The Wu-Yang () asymptotic behaviour follows from (15) if G P(E, ¢%) tends
to one or at most is slowiy varying., The peintlike nature of dog,,/dg* in eq. (14) then
follows from the above property of the ratio Gi(¢*)/P(E. ¢). According te the above
argument the remarkably large eross-scetion dop,./dg* ohserved ip the decp inelastic
region does not necessarily imply the existence of pointlike constituents of the nucleon
but is related to the fact that the inelastic formn factor (in our notation G P, )
does not vary {(or vary slowly) with ¢

(15)

We would like to thank Prof. R. Witsox for very useful conversations.

(%) TLT, Wu and C. N, Yaxa: Phys, ev,, 187, B 708 (1865); M. Guuce: Fhys. Lett, 2T B, 378 (1968).
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