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ABSTRACT
Assuming current algebra and using Bjorken's methods, it is argued
that inclusion of the strong interactions to all orders will almost

ceftainly not remove thelxharenormalizability of the weak interactions.
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I. INTRODUCTI@N

It has long been a tacit hope -that the non-renormalizability
of the we‘ak.interac.tionsl might. go away 1f, at each order in the weak
coupling, the strong interactions are introduced to all orders - that
s, strong "ferm factors" mey damp the singular weak forces. Such an
idea is extremely attractive because, if all the highér order weak
corrections can be made finite in thié way, one might have jus£ification“
for neglecting them as small. Our purpose here is to argue that, if the
(pure) strong interactions are described bj current algebra, this.hopg
is almost certainly unfounded. >

Our order of presentétion is as follows. In Section IT, we

3

use Bjorken's” methods to examine the exchange of two W mesons

between hadrons, to all orders‘in the stfong interactions. The process

is still quadratically divéfgent. In general, using a Qrudé~‘
power-counting argument, the éxchange of N W mesons between hadrons

(to all orders in the strong interactions) is diyergent likg‘

AEN—Q (A an invariant cutoff mass); that is, the degree of divergence'of
these "ladder" graphs with all strong "form factors" is still just that of
a ladder of bére nucleons. Thié is, in a sense, not surprising because,

_ after_all; the current algebra needed is true in a theory with free
elementary nucleons. 1In section III; we study the sum of all gréphs
to féurth order in the weak coupling, i.e. vertex corrections and nucleon
and W meson self-energy corrections, in addition to the "hox" graphs
of Section II. Here we note that not all ‘these graphs can be wriften_

in terms of currents with closed ‘W-loops, which keeps us from meking

universal statements: TFor some processes, such as elastic proton-proton
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scatteringg_iﬁﬁiéfciéafiﬁhét the}quadratic divergénéé cannot céncel.
For others,:such:as chargé;exchange neutroh-proton scatteiing,‘we
cannct prove that_the_divergencé*does not cancel, although‘some
simple rguﬁents make a cahcellation implausible. We do not atfempt
vertéi function_(etc.) enalysis for higher tﬁan fourth order. At the
end of this Section, we mention that the non-renormalizability persists
for semi-leptonic processes (e.g., higher order correction to B-decay

etc.), and purely lertonic processes.
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II. "LADDER" GRAPHS WITH ALL STRONG INTERACTTONS
We.begin with;the expression for the exéhahge of two W mesons

between.hadronic systems to all orders in the strong interactions (see Fig.

'l)y

YO )(p +q-p' -q' )g ja kf “LRX ,clej (x),3 T(O\}lp,w

ikex'

XA;u'(k)A;v'(k-{-p;p') d %' e <q'ld|T{JuT(x')’jV(O)}Iq’b> . | (l)

- where g 1is the weak coupling 1n the W theory, jg is the purely

hadronic weak 1nteract10n current

1+i2 htis

j“ = cos @ F“ ~+8in 6 F F =V -A : : (2)

VR M

@ 1s Cabibbo's angle, and :A;“'(k) is the usual W .meson‘propaéato?.
Note that hadronic system "a" is not necéssarily the same as "¢", nor

are they necessarily single hgdrpn staﬁes.. Assuming the absence of opera-
tor Schwinger terms, a time-ordered'prqduct between hadron states is co-
variant. This‘structurelincludes, of coursé, both,direc£ and crossed

"box" graphs whenever such are compatlble with the external quantum
nurbers. It is important to realize that Eq. 1 contains many more graphs o
than; say, just the box graph for nucleons with a strong form factor

at each vertex. Such a-parficulér'subset of graphs might well be

convergent, but, in such an‘approkimation,.the time-ordered prdducts

would not satisfy the correct divergence condition ete. - i.e. the

current algebra is not represented by such a subset of graphs.
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The "loop" in Fié, 1 is reailyvonl& a.function of one h-vector  oi
k, so we can use Bjorken's methods directly to isolate the most divergent
term. In a‘frame with ¥ = 0, each of the time-ordered products go, |

as (ko)’l; explicitly for the left-most, we have

for large ko,

-iJ[dhx g ikex <p',clT(Ju(X),'JVT(O)}-Ip,a) SR
| ' (3)

%5,/%5v (p',c[[jugﬁ,o), jvT(O)] lp,a)

As a modei;.we work ouf Eq. 3 using the recently proposed gauge-field
algebra of curreﬁts5 in the case of strangeness conservation. Any
other reaéongbie model6.gives the same degree of divergence with
different coefficiénts.‘ Doiﬁg the commutation, and going to the

covariant form, we obtain

~iJ[dhx eTHE ,cITia (x), 3 RIOY lp,a> R
o | o Sy
(p sel [ ,}v(O) - k"l }“(o) + _i_g_".kJ (o)} |p,a)

where

;}Zu 2 00829 F 3 4+ sin% (F HB B . '.f_ :"f (5)

ﬂé

With thié_in hahd, we can'isolate‘the most singular part of Eq,_l,

keeping only'the kukv " term in the W propagators,

e fde eudeF e @aleTlan)
singwlar 0t f(Paf) . (kep-p) -8 B

where M 1is the W meson mass, and we have suppressed the energy-momentum
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conserving O8-function. We see that the two-meson ‘exchange is

quadratically divergent. For exmaple, if all the hadrons are

- identical and spinless, this reduces; with all the hadrons at rest,

to
b2 ’ ' o g
‘.=§_H._[ cos e + since 1-2] 4k
Msingular 19 (2cos™@ + sin®@) + 5 sin"@ | 2

M

where p, Q, Y are, respectively, the m&ss; charge and hypercharge
of the hadron.

As mentioned in ﬁhe ihtroduction, the quadratic divergence -

.is nct surprising really, because, in general, current algebras are

true in free theories: - Certainly the box graphs for bare nucleons are

quadratically divergent. For pions, the same is true, remembering that
the time-ordered produét[now also contains contact graphs where the

W mesons meet on the pilon line.

For multiple W exchange between hadrons, we content ourselves

graphs. Graphs analogous to Fig. 1, but with N mesons exchanged,

invoive time-ordered products of N currents between hadron states.

~We can exhibit the large-momentum dépendence of such structures in

) ‘ ikx
analogy with the two-current form, e. g.,7 by replacing each e by

ik -1 e e:ka and integrating by pafts'to generate a power series in
0 0 - _

: k'--l. In the case of three currents,
0 . | rents

(7)

Wwith a rough power counting argument, just as we would for the bare ladder
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NS :" lkl’& lkzx.e P
't e <BIT(J (x);j (x o) 3 (0))]a)
L 2 2 Ha L
S _[ _[ | i}vl Xl }EQX e
"_'0:1.02 o o
(3| [[a, ()13, (s )] »3 -.<o>] ~+’T[a' (x [ ()i, <>]] 2) (®)
Hp T R .“2‘”2_ B
and, in general for N currents, we find the tlme-ordered product
_goes down like (k ) N+l.. Thus, counting momenta, the exchange of
'N W.,mesons between hadrons is divergent like AQN-Z where A 1is an
-invariant cutoff mass. As above, we note that this degree of divergence
isiexactly'thafndf,_éay,_a laddér Of bare nﬁcléons. Inclusiqn of the
strong interactionsvdgésn't seem‘td help at all.
" ’ !..
.
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ITI. NUCLEON-NUCLEON SCATTERING TO FOURTH ORDER
In Section II, our discussion was limited to ladder-type

grayhs to all orderé in both the weak and the strong interactions.

" At each 6rder in the weak interactions, there are however, other graphs,

namely vertex and self-energy corrections, which could conceivably cancel

. the ladder graph ‘divergences. In this Section, we want to study these

other graphs, for definiteness, in the case of nucleon-nucleon scattering

.. to fourth order. We note that, in general, the cancellation is not

possible.

The processes that need to be considered in addition to the ladder

grephs ere shown in Fig._Q.' All blobs are time?ordered products of

purely hadronic cﬁrrents. Because the usual theoryh has only charged W

mesons, we have no 3-W vertices. Moreover, the L-W vertex that

might contribute toc the W renormalization is absent by normsl ordering.
Note that we cannot write all the graphs as Currents with closed W-loops,
so, at least in the case of Fig. 2.d, we cannot make a definite statement -

about divergence.

It is best to consider separate cases. For proton-proton

scattering, none of the graphs of Fig. 2 are present_(by quantum
- numbers), so the quadratic divergence of the box graphs persists.
|  In the case of charge-exchange neﬁtron—proton scattering, on the other

hand, all the graphs of Fig. 2 contribute (along with the graphs of'Fig;

1), so we proceed to discuss them. Fig. 2a is quadratically divergent.

by our previous methods. After the vertex renormalization however, the
v \

divergence is only logarithmic and cannot céncel the box-graph divergence.



‘ ' ;.-ﬁef;_uit.
A s1m1¢er statement applies uO ube .W-renormeldzatlon‘graphs of Fig. 2c.ft
'The graphs of Fig._zb are quadratically dlvergent ‘with a coefficient
dependlng on’ the hadronlc s+ates ’H, but agaln, after nucleon
renormarlzatlon, uhe divergence rs ooly logarlthmic. The graphs of
Flg. 24 are not obv1ously dlvergent a* all (because our methods only |
‘work for closed W loops) In perturbatlon‘theory, with say, a
nucleon-antl-nucleon loop, the process would agarn be logarlthmlcally

»'dlv-rgent af er renormellzation. . We consider it highly unllkelj, e
. although no ﬁconcervable, that the graphs of F1g._2d can cancel the’ “;\.‘
dlvergenee of Fig. 1ffor n-p scatterlng, most probaoly, the quadrat1e"
dlvergence persist' '~ast as for P-p scatterlng

In- conclus1on, we have argued that the non-renormalizability

'~fof the weak 1nteractioms persists for non-reptonlc processes, even

1mh all strong "form ”actors ' The arguments clearly go through as
well for semi-lepionic processes;,e.gf,_in thelcase of p-decay, the
N-W exchenge process is alsc AQN;2 divergent. In the case of
v;foorth:order purelyvieptohic proceSses.oﬁrfreasoning elsosapplies,
© _with the obserVation that there are ro strong‘form'faotors in any
graphs exceptkfig. 2¢,d. | | | _
n We would like to‘thank K. Bardakci,ji; Brpwh,,H};Pegels,gGii-‘."

‘Sengr;and@W;wWeisbergerxfor;helpfulhconyersations; ‘
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fof'whiph:ﬁhéTééﬁﬁuf;tof infEd.'j ?éﬁishéd;aﬁhich would appear to 5
,'diéagieef%i££ éxperiment,' e o |
‘ .Alterhately’ubne;éan write spethalfeprésenﬁafiéns following
Bjorken..lEéséntially, for each " Q-fﬁnéfioﬁ in fhe‘time-Ordering,

there is another energy denominator in the representation.

N
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FIGURE CAPTIONS
Two W meson exchange beiween hadrons.

Other strong corrections to fourth order nucleon-nucleon

J

.scattering: ‘H stands for hadronic intermediate states.



'_.(a)

.-12-"v

by - (e)

. UCRL-17681

L (d)

XBLE77-3515



This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained 1in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, '"person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that’
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.






