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Diffractive photo- and electroproduction of 7°

e Consider
v*Ng) + N(p) — 7°(¢') + X(»)

at high energy /s > m,,.

e Photon has ' = —1, pion has C' = +1. Hence at high energies the reaction is due
to exchange of an Odderon:

m(¢) ‘ v (q)




The Odderon

e Consider
a+b — a+0b

and
a+b — a+b
with the latter obtained from the former by crossing from s- to u-channel.

Define | )
A:I:(Sa t) — 5 (Aab(sa t) + Aab(sa t))

A is unchanged under crossing & has positive C-parity, dominated by Pomeron.
A_ changes sign under crossing & has negative C-parity.

Odderon (O) is contribution to A_ which does not vanish rapidly at high energy.
Lukaszuk, Nicolescu



Experimental evidence for the Odderon

e QCD (or at least pQCD) predicts existence of the Odderon: 3-gluon exchange

e only experimental evidence for Odderon so far is difference in differential cross
sections for pp and pp elastic scattering at ISR:
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Odderon search in exclusive processes

e Problem: in elastic pp and pp scattering Odderon is only one of many contributions,
difficult to pin down

o Better strategy: look for processes in which Odderon is only contribution (maybe
besides photon)
— exclusive processes!

e Good process for Odderon search should be diffractive pion production.
Schafer, Mankiewicz, Nachtmann
Barakhovsky, Zhitnitsky, Shelkovenko
Kilian, Nachtmann



(Early) Expectation for diffractive neutral pion production...
e Note that single-pion production has largest kinematical phase space of all reactions
in which hadrons are diffractively produced.
e (naive) prediction based on model of nonperturbative QCD dynamics:
o(vyp — 7 X) ~ 300nb
at /s = 20 GeV, with weak energy dependence expected.

Large uncertainty due to nonpert. model: ~ factor 2
Berger, Donnachie, Dosch, Kilian, Nachtmann, Rueter



. and experimental nonobservation

e HI1 does not see a signal
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e Resulting upper bound at 95% CL: o(yp — 7N*) < 49nb

e Striking result in view of large phase space! There must be a dynamical mechanism
for this.



Possible reasons for failure of prediction

Dosch, Donnachie, Nachtmann

low nonperturbative Odderon intercept

small coupling of Odderon to proton (sensitive to proton structure!) - but this should
not apply in break-up reaction

nonperturbative model good for Pomeron but not for Odderon?!
small coupling of Odderon in v — 7" transition due to chiral symmetry

CE, Nachtmann
— this talk!



v*p — 7% and ~p— A3p

e Amplitude M, (7% ¢".p.q) for

v q,v) + p(p,s) — 7°(¢) +p(p', )

satisfies with LSZ reduction formula

Cm) WD +¢ —p—q) MY (7% ¢ p.q)

_ . i/d4:1:’ d4x eiq’x/e—iqa: (Dm/ i m72r) <p(p/, S/)|T*¢3<CC/)JV($)‘}?<}?, S)>

where ¢? is neutral pion interpolating field operator,

JY(x) = ¥ (x)y*Qup(x) is hadronic part of e. m. current,
Y is quark field operator, and Q quark charge matrix.



e Consider further reaction

v q,v) +pp,s) — A%, ) +p(p',s")

with isotriplet of axial vector currents

Al(z) = (@)1 Tatb(z)  (a=1,2,3)

- ()
‘ 0 |0

Amplitude M’ (A% ¢', p, q) is defined by

where

2m)* W + ¢ —p—q) ML (A% ¢ p.q)
— l /d4x’ d4gj eiqlxle_iq$<p(p/78/)| T*AB'LL(.I'/)JV(pr(p, S)>
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PCAC

e Using PCAC (partially conserved axial vector current) relation

2
nANa) = T2 (o)

and integration by parts we can relate the amplitudes for the two reactions to each
other:

27Tmp\/§
frm?2

M (7°d s pq) = (—q” +m2)ig, M (A% ¢ p,q)

Note divergence factor on r.h.s.



Leading diagrams at high energy

e At high energy the leading nonperturbative diagrams are pure gluon exchanges:

e We have
M (A% g ) = (Uws(d',p) A" (d.0))e
MOM(A%q pa) = (Ugs(p'.p) B"(d') B (q))¢ -

U, represents scattering of proton on gluon field.



e Consider only part (a) here: ((b) can be treated similarly)

AM (¢, q) = /d4a:’ Az 0" eIy [Py T3S p(2, 23 )Y Q S p(z, 25 G)]

with Sp(z, 2/, ) = diag (Sl(?u)(a:, ' G), SI(;d)(a:, G, ..., Sg)(a:, x'; G))

e Divergence of this gives with Dirac equation for S

v 1 ig'x’  —iqx
q/{LA“ (d'sq) = —§/d4:€/d4x6q e Y4

{2mOE" (@, 2/;G,m ) + m) B (z,2/; G, m") |

with

B (w0 Goml) = Tr [ (2, 0/ G mi s S0 (! ;. Gomi )y |



e With Lippmann Schwinger equation for S one finds to all orders that the trace in

EY(x,x";G m(g )) contains at least one factor of m( ),

EY(z,2";G, mg())) = mgO)E’”(az, z;G,0)+ O ((mgo))z)
and £’V contains only massless propagators.

% Similar observation made in perturbation theory for process +*) + p — 1. + p for
arbitrary number of gluons in t-channel: quark loop with ~5 is ~ m..
Braunewell, CE

e With the quark mass factors from the Dirac equation hence:

» 1 S A
q;LA“ (¢ q) = —§/d4x’d4wezq$e L

2B (w2 GmD) + (m) ) B (w2 Gym )

+O ()% (m)’)



No anomaly contribution

e Divergence of axial vector current in external gluon field in general gives anomalous
contribution,

(9'?)?

S we G (1) G ()

0,4(z) " y5q(z) = 2im{Pq(z)vsq(z) +
But anomalous gluonic part is independent of quark mass.

e Hence anomalous piece cancels in divergence of A3, because

1 -

A() = Su(@)ysu() — Sd(@)ysd(@)

N | —



Renormalisation

e Going from bare to renormalised quantities we have

mf = mg())Zn_%é (¢ = u,d)
and
(q(x)q()" = Zmqd(z)q(x),
(G(@)75q(x) = Zmgq(z)ysq(x) (¢ = u,d)

e After renormalisation we find similar dependencies on then renormalised quark masses,
now for contributions (a)+ (b):

g MU (A3 g pq) = (mE)2 S (¢ prg) — (mE)2 e (¢, p, q)

where C(9” have pion pole but are otherwise finite.



Results

e Average quark masses 1 are related to pion mass via

m = %(mf} +mi) = %mi
with 5
B = =5 (0] (a(e)u()) " [0)

Note that m,, pion decay constant f,, and B are finite in the chiral limit mfir — 0.

e We further define




e |In summary, we have

a-+b)v m™m . w)r
/\/li,;r) (¢, p,q) = mif BQZ\QE —r2i(q"* —mi)Ci,S) (4", p,q)

) d)v
+r2i(g? —m2) (¢ p, Q)}

2

2) are cancelled by the pion poles in (9.

e The factors (¢’ —m

e Our main result is that the

2

2 in the chiral limit.

amplitude for diffractive neutral pion production vanishes ~ m

e We still expect strong suppression for approximate chiral symmetry as realised in
Nature .

e A rough numerical estimate suggests that this implies a suppression by a factor ~ 50
from m?2 for the cross section, explaining the discrepancy of the early prediction with
data.



e Similar considerations hold for breakup reaction

A a4t

8

7'("

e An even stronger suppression, o ~ m:, is expected in the diffractive process

Yty —

at LHC or at a future ILC.



