L ]

P

Submitted to
Physical Review Letters

Leping Yu UCRL-20646
Preprint

d. o

PREDICTIONS OF THE PARTON DUAL RESONANCE
MODEL FOR THE TOTAL CROSS SECTION OF
ELECTRON-POSITRON ANNIHILATING INTO HADRONS

Loh-ping Yu

March 29, 1971

AEC Contract No., W-7405-eng-48

f
TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

N




DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Page 9,

A\

|

'UNIVERSITY OF CALIFORNIA "
_Lawrence Radiation Laboratory
Berkeley, California 94720

diction indicates that the total cross section for the process

e + e - hadrons is of the same order of magnitude as the

. ERRATA

_ p01nt hke mteractlon "

lines 1, 2, 3, 4, 5:

-delete entirely.
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TO:- All recipients of UCRL-20646
FROM: T echnical Informatlon Division
SUBJECT: - UCRL-20646: Predictions of the Parton Dual Resonance
. Model for the Total Cross Section of Flectron-Positron
“Annihilating into Hadrons,.. Loh-ping Yu, March 29, 1971
- Please make the foll'owi_ng'cor'rectibns on subject report:
Page 1, Abstract, line 5: C(lq?fnlq?])" ! should readCq ¥(1q% enld 1y
Page 1, Abstract, line 6: C'(4n '|'q2|)' should read C'q “4(4n 1q%1)” -1
Page 1, fext,‘ lihe_ 3:. e + N= N + Hadrons should ‘read e + n—+ e + Had-
' rons ' |
| e s 3 . -3
Page 2, last line: «~ should read wfn ~w
v - 2
‘Page 3, in Eq. (1): an’a should read 4"4‘2
. o L I 1 q o -
Page 4,“in'Eq. (6): x 12 should read x 12
. 1 : 4
Page 7, in E‘q (16) ————5— should read —f—7s—
. _ 2 4 2
_ znlq | | q 4nlq”| ‘
Page 7, first paragraph, next to last line: Delete sentence ''This pre-
~ diction is in consistency...' - and replace with: '"This pre-
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\ -1- ' UCRL-20646 _ ' -e-

PREDICTIONS OF THE PARTON DUAL RESONANCE MODEL .. experimentally? Motivated by this, we have proposedlva six-point
FOR.TEE TOTAL CROSS SECTION OF ELECTRON-POSITRON ' function dual resonance model for the virtual forward Compton scattering
ANNTHILATING INTO HADRONS* . ‘ amplitude, in order to ‘take the final-state interaction into account

~and hegce to resolve the puzzle.. in_this model,l the two virtual

Loh~-ping Yu : C
: photons are point-like coupled to two pairs off-shelled partons of field
Lawrence Radiation Laboratory - L . :
University of California - ' ~theoretical type. One then integrates two loop momenta over the stand-
Bérkeley, California . 94720 ' B S L o o
. . - ard six-point generalized Veneziano formula (withgfour legs:- off the .

March 29, 1971 | o o . mass shellsj. We briefly summarize the qﬁtcdmel of this "parton dual
| resonance model.” "The model furnéshes explicit formulas for W, and
ABSTRACT ‘ yWe_ over the whole range of the scaling variable w .betweenwlo and
sased on the ideahﬁhat . heavy‘virtu&l shoton ’ »; and, through the dg&lity property of the sig-point function? it

: . . 2),-1
behaves like a parton-antiparton pair in participating correctly reproduces, apart from a nonscaling factor of. (a +b mla®})7

the strong interaction, we predict that the.total. cross the Bjorken scaling law, the regge limit w —«, the "fixed-angle"

section for e'e” - hadrons, as q2 — @, behaves like limit w1 f_e,'and the threshold behavior w 5alt of Bloom and |

Gilman. For e+‘+ e" - N + Hadrons process, it further predicts the
5

pionization (nucleonization) limit w — O to vanish like w”.

'C(lqelzn[qzl)_l for spin-0 partons, and like
q'(znlqzl)_l for.spig-% partqns, where q2 is the
virtual photon's mass square. This provides a simple,
yet:important test of the parton dual resonance model
for the deep inelastic lepton-hadronic scattering, '

proposed in a previous paper.

ﬁecause the final-state interaction among pértons has not.been
taken.into account, all preyious parton models for the scatterings
e + N - N + Hadrons and et + e oW+ Hadfohs, consider a parton
successively coupled (péint-iike) to a pair of heavy_virtual'photons;
and to obtain the structure functions Wi, vW2, an imaginary part cut.
across this parton is necessary. On doing this, one immediately faces

A i

the puzzle: What is a parton? Why the parton is not observed



‘It is-also suggested” that the final-state

interaction among the partons is of diffractive type (Pomeron exchange

in the parton-parton channel), and it breaks the scaling law by a factor

Cof '(d_+ib_£nlq2|)-l. . Two ciucial:assumptions}Jin constructing that

'm6d§i5§ré: that the parton ié'poiﬁt-like-coupled_ﬁoithe]heayx:virtuql ,

» photon, and that the final-state interaction effect dﬁés‘hotvallow.the

ilparficulaf parton, whiéh absorbs fhe virtual photon, to be observed
experimentally. Because of these two assumptions, a heavy virtual
photon is naturaliy pictured as a rarton-antiparton pair in partici-
pating the strorg interaction. In this note, we suggest a simple.
experimental test to this interesting idea. .

We considef the meesurement of the total cross éection for ﬁhe
process e'e” > hadrons. Within the framework of the partén dual
resonance model discuséed in Ref. 1, we therefbre consider a four-
parton-leg Veneziano formula (with two looﬁ integrations) for the total
cross section ceE’ shown in Fig. 1; in which the dotted line indicates
the imaginary part in the virtual photon mass variable q2. We formu-

late the model for the total cross section as

. q qv 1 . . .
00 el W] o
with

S
Tﬁt) = |d%, d%

Kﬁi) §L(q - k2, sz 33; -q - k3)

[k, - @)F - 010057 - 0°) (k" = o)[(g + @) - m

where‘ m is the common mass of the four partons, (2)

X

-(2k, - a), (25 + @),

(1) . - . S . _

K , 4, (3)
-(2k,y - ) (2 +q), + q‘ €,y Z )’

for spin-% partons, (i =2),

for spin-0 partons, (i =1),

and »
1 - — o
| EL, .  ‘dx.x-012(??f¥(1 7_i)-q??(%2+#3?_1.'-_
Jo - S
As in Ref. 1, and again in Eq. (b4), the q2 variable belonging to the
legs 1,2, must be analytically continued in opposite directionﬂto that
belonging to.the legs 3,&, in crbssing the q2-plane cut. We indicate

this by a "bar" over the ordinary four-point Veneziano formula.

Substitute Eqs. (3), (4) in Eq. (2), and use the identity

0

. 7 ,
5 12 = - daJ exp[ad(ka - m°) + i€}, J =1,2,3,k,
(k,“ - m" + ie€) (5)
J 0 ~ 5
we can perform the double-loop integrations over k2 and k3, and
obtain2
® = -1 N
1) _ 1, e L T (1)
Tpv = da, da, da3 da), d(n 3) x (1-x) Kuv
0 0
b 2, 1 Dvyogmy :
X |“|2 explq”(4n 3 + 3)] exp(-J), ’ (6)
c
where

c = (al +a, + a3 + ah) Zp(l x)'l + (al + ae)(a.3 + &h)’

D = (s +®,)C - (2ays, (L - ) + e, ’ley + ey + s - 1))

+ a,lz[a,3 + gy + m(1 - x)-l]], (7

)

-
1

ce

N 2
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‘and  J = me(al + a

v,lexpand (1 -x) =p(1- Bl = Bg); ﬂn(l - K)

-5
5+ a3‘¥ ah)'+ ie.

We now take the limit q2 — =, where the Veneziano formula

convergents nicely. From Egs. (6), (7), we see that the important

. region is when £n %, a;, @), are small. We thus make the scale

_transforma.tion5
. a'l = Dﬁl: N . 7 :
-8 .= By - o ER o : _ (SX
1 S . 5 : -
g o= p(l'Bl'Be)

zn\qe, and put p.z 0.

'7'everywhere else except the coefficient of q2 in. the exponent of Egq.

(6). We then do the p integral, and seth Oz

Ref. 1. We find -

© 2
» - +.8,)]
(1) /5\../ n : da, da (1) el e, 3)
uv . 3 uv | a, + (a, +a,) fn 2|2
q —9-w 0 ay 3 a, a.3 n q
a23-l : .

-+

~1-8 , :
dal ;dsg' —r (9)
[q (l = Bl - 82) ie]
1-—2 il

2 3
~(1) N ( __E_) ' : (10)
i= 2.

where

- The- ié prescrlptlon in Eqs. (9), (10) is from the Feynman's, field

'vpropagators prescrlptlon for the four parton legs, It is crucial to

have it here, otherwise the imaginary part in q2 vanishes. Because.

. . . . -
the Bl’ 32 integrals divergent, a further enhancement in the q

- asymptotic behavior comeg from the region 51 z.O; 52 ~ 1. We make

the seéond scale transformation

=1, aé suggested from

-6-
Bl = o'al’ o
' (1)
| 1-8, = o' (1-x).
We then integrate p' over a small region, i.e.,
1 i 1-81
s 7 L
1 2 .
0 0 [a°(1 - 8; - B,)" + i€]
“. d"1 ' dp' 5 - = :
L (a% + i)
= znce—iiT*ie-) ~ znq 2[1 + o(en™t 2)] N (12)

_Thé double integrals over a, and aj, in Eq. (9), can also be reduced

~to a single integral over x = a, + aa, as has been shown in the

Appendix_c of Ref. 1. We thus find,? from Eq. (9),

(1) /\/ g - q'Eqv) ﬂhf ax e:{p(-mzx) K(i) £n q2> (13)
p.v v 2 X 2 2 ’
q 2, - q o IE + £n q°| q

a23-
" with
2
1o, 1-=1,
) . - S (14)
qg, i=2. ' - -

Now we analytically continuge6 Eq. (13).to 'q.2 ~ 4w + i€ and

take its imeginary part in q-. Remember that, the > variable

~ belonging to the legs 1,2, must be analytically continued opposite

to the q? variable beloﬁging to the legs 3,&. This is reflected in

the fact that the £n q2_:facﬁor is changed into Zn|q2| % ix. On the

" other hand, the denominator factor in Eq. {13), being_contributed only

to the residues of the resonance poles in q2, must remain real and

positive definite when it is analytically continued to q2 >+ o + i€



. _7.—
.région. This is due tp the optic theorem for cross section. Therefore
the denominator factor is changed into [f + (£n2|q2| + nz)%]. We thus S *
take the imaginary part in q° from Eq. (13), resulting in

-
i qq . i
-kvyY S
guv > > T f ax
\ q Jo
. I ’

exp(amex)

o (1)
Im T o - - T
‘ [} + (00®]d] + )]

B g2

==, i=1, o A .
X - ) 2.
1, 1=2, '

We thus predict, from Eqs. (15), (1), that

3.
|C2|, for spin-0 partons, (i = 1),
q
i), 2 1
U(_)(q ) /:;\_,/ 5 | (16)
ee q —E+w £n]q”| ¢c', for spin-% partons, (i = 2).
znlq I—)w ‘ :

The C,.C' are two constants. This prediction is in consistency with

the models of compound field algebra or scale invariance.7’8
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is equivalent to putting the tﬁo partons on the mass Shells, which
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The determinant factor C must be real and positiée;aefinéte,
since we are making a model for the cross section.

Contrary to Ref. 1, here we don't ﬁeed to coﬁsider the extra pieces
of imaginary part cutting across the two partons. Because taking

the imaginary part along the line cutting through the two partonms,

(N
then vanishes by the energy-momentim cohservatidn atcthe Tpﬁ» -
vertex. 5 ) ) ' ';i
This crucial step was used in Ref. 1 to obtain g_result consistent
with the scaling law. We have interpreted this by saying that the
final-stgte interaction amoﬁg partons is diffractive in nature,

" see Ref. 1. v
The exact enlqel depéndenée, as shown in the.Apéendiiic.ovaef.';,.
is > :

. (B v &+ x mla®])?
7 L 4 2 = - o
§—+x Zn|q2| 2 -}25- (if—+x Alenlqzl)E I;?
We have approximated the complicated £n[ ] factor by assuming _i
. 3;

En|q2[ large.
We take the usual smooth average assumption in the +« direction

of the Veneziano amplitude. -
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Positron Annihilation and the Hadronic Contribution to the Muon FPig. 1. The four legs off-shelled parton dual resonance model for the
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