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The s-channel helicity conservation (SCHC) in diffractive DIS is known to break down despite
the exact conservation of the s-channel helicity of quarks in high energy QCD. Here we demonstrate
that the s-channel helicity nonconservation (SCHNC) in diffractive vector meson production survives
strong absorption effects in nuclear targets. This must be contrasted to the classic 1959 result of
Glauber that the spin-flip phenomena caused by the conventional spin-orbit interaction do vanish in
the scattering off heavy, strongly absorbing nuclei. The intranuclear absorption often discussed in
terms of the saturation effects introduces a new large scale Qi‘ into the calculation of diffractive
vector meson production amplitudes. Based on the color dipole approach, we show how the impact of
the saturation scale Qi‘ changes from the coherent to incoherent/quasifree diffractive vector mesons.

Coxp Henue s-k H JpHOU crup jbHOCTH (CCKC) B mucp kumonnom 'HP H pymn ercs HecMo-
TpS H TOYHOE COXp HEHHe S-K H JIbHOH CIUp JIBHOCTH KB pKoB B KXJI mpy BEICOKHX HEprusx. Mel
JIEMOHCTPHpPYEM, 4TO HecoxXp HeHue s-K H jbHOi crup jbHOcTH (HCCKC) B nucp kKumonHom obp -
30B HHHM BEeKTOPHBIX ME30HOB BBIKUB €T IIPH ydeTe CHIIBHOTO ITOITIOLICHHUS B SAEPHBIX MHILECHIX, YTO
KOHTp CTHpYeT ¢ K ccudeckuM pe3ynsT Tom 1 yoep (1959 r.) 06 oTcyTcTBUH CITHMH-OPOUT JIBHOTO
B3 MMOJIEHCTBYUS NPU P CCESHNM H TAXENBIX CHIIBHO TONIONI IIMX a1p X. BHyTpnsgepHoe mormomte-
HHe, 94 CTO 00CYXI eMOe B TePMHH X H CBHIIIEHHS, BHOCHT B BBIYVCIICHHE ME30HHBIX MIUIUTYX HOBBII
Gompuoii M et 6 Q. B p MK X NPUOMIKeHHs LBETHBIX AMITONEl MbI NOK 3BIB €M, K K BIIHSI-
HHe Qi‘ MeHSIeTCSl OT KOTEPEHTHBIX K HEKOTePeHTHBIM/KB 3UCBOOOIHBIM AU(P KIHOHHBIM BEKTOPHBIM
ME30H M.

INTRODUCTION

The spin-orbit interaction is of fundamental importance for the electron struc-
ture of atoms. Still in their 1954 classic study of high-energy electron scattering
Yennie, Ravenhall and Wilson noticed that «for a spherically symmetric potential
the scattering in a given direction will be the same for both spin orientations» [1]
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which is a manifestation of the s-channel helicity conservation (SCHC) of elec-
trons in QED (for this interpretation of the YRW finding see the v.4 of the
Landau-Lifshits textbook [2]). In the realm of hadronic scattering, the 70’s—80’s
were dominated by the Gilman et al. idea of SCHC in high-energy diffraction
scattering ([3], for the review of early tests of SCHC see [4-6]). An explicit
assumption of vanishing pomeron-exchange contribution to certain helicity am-
plitudes at high energies is behind the celebrated Burkhardt—Cottingham (BC)
sum rule for the spin structure function go(z, @?) [7]. However, the high-energy
spin-physics proved to be much more fertile. It is by now well understood
that the SCHC for quarks in high energy QCD does not entail the SCHC for
hadrons because the helicity of hadrons differs from the sum of helicities of its
constituent quarks the difference being due to the orbital angular momentum of
constituents [8]. The explicit realization of this mechanism of s-channel helic-
ity nonconservation (SCHNC) in diffractive DIS into continuum [9] and vector
mesons has been published in [10-12]. This mechanism, in conjunction with
the same mechanism for SCHNC for the Pomeron-nucleon coupling [8] and
multipomeron-exchange unitarity corrections, was shown to break the assump-
tions behind the BC sum rule [13]. Similarly, the mutipomeron exchanges in DIS
off deuterons give rise [14] to the tensor polarization of sea quarks in the deuteron
which does not vanish at small z and invalidates the Close-Kumano sum rule [15].
A review of many aspects of the single- and double-spin asymmetries in high en-
ergy DIS, Drell-Yan and hadronic processes is found in [16,17] and references
therein. Here we focus on a still another new feature of SCHNC in diffractive
DIS off nuclear targets — we demonstrate that in striking contrast to the familiar
spin-orbit interaction effects it persists in the regime of strong nuclear absorption.

The further presentation is organized as follows. In Sec. 1 we explain briefly
why the effect of the spin-orbit interaction vanishes in elastic scattering on a
strongly absorbing target. In Sec.2 we formulate the color-dipole approach to
the calculation of helicity amplitudes for diffractive vector meson production. In
Sec.3 we introduce the scanning radius, describe the Q? dependence of helicity
amplitudes in terms of an expansion in powers of the scanning radius originating
from the color dipole cross section and the overlap of the lightcone color dipole
wave functions of the photon and vector meson. In Sec.4 we start a discussion of
nuclear effects on an example of coherent diffraction v*A — V' A when the recoil
nucleus remains in the ground state. The nuclear effects in the black nucleus
or the saturation regime are described by the new hard scale — the saturation

scale Q% — and we demonstrate how the dependence @_4 ~ (Q*+ m%/)*2
which is common to all helicity amplitudes, changes to the mixed o @726222
for @2 < Q%. Here the factor QZQ describes the blackness of the target nucleus,

2 .
whereas the factor () still comes from the photon-vector meson overlap. Even
stronger impact of saturation is found for quasielastic (incoherent) diffractive
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vector mesons considered in Sec.5 — the saturation scale Q% becomes the sole

hard scale for @2 < @Q%. In the Conclusions we summarize our principal findings
and comment on the possibilities of the COMPASS experiment at CERN.

This contribution is a humble tribute to Anatoly Vasil’evich Efremov, one of
the world experts in high-energy spin phenomena, the author of such celebrated
discoveries as the fundamental role of the axial anomaly in the helicity structure
function ¢ (z, QQ) of the nucleon [18] and handedness [19] and of many other
important works on spin phenomena in hard reactions [20,21], on the occasion
of his 70’s birthday.

1. THE FATE OF SPIN-ORBIT INTERACTION FOR HEAVY NUCLEI

Heavy nuclei are strongly absorbing targets. Whether the spin-flip effects in
high energy scattering are washed out by this absorption or not is not an obvious
issue which we address here on an example of diffractive vector mesons.

The standard argument for vanishing of the spin-flip in elastic scattering of
spin 1/2 particles off strongly absorbing nuclei goes as follows: In the presence
of the spin-orbit interaction the scattering amplitude f = fy + 2f1Sn, where
§ is the spin operator, n is the normal to the scattering plane and the partial
wave expansion of the helicity-non-flip, fo, and the helicity-flip, f1, amplitudes,
reads [2]

fo = 5 S+ Dlexp (2i5]) ~ 1] + lfexp (2067) = 1]} Pi(cos 0)
1 (H

fi QLP Z [exp (2i5;r) — exp (Ziéf)]Pll (cos 0),
l

where 5li are the scattering phases for j = [ & 1/2. In the presence of strong
absorption the scattering phases acquire large imaginary parts, exp (22’5?) — 0,
and, consequently, for the momentum transfer A within the diffraction cone
f1/fo — 0. More detailed treatment for elastic scattering of protons off nuclei
is found in Glauber’s lectures [22], the net result is that the small contribution
to the spin-flip amplitudes comes only from the periphery of the nucleus, so that
fi1/fo oc A=1/3, where A is the mass number of a nucleus.

2. SCHNC IN QCD
In high-energy QCD the diffractive production of vector mesons,
Yp =V,

proceeds via the exchange of colorless system of gluons in the ¢-channel.
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a, b) The subset of two-gluon tower pQCD diagrams for the Pomeron exchange contri-
bution (¢) to the Compton scattering (DIS) and diffractive vector meson production. Not
shown are two more diagrams with ¢ <> @

The fundamental property of such (multiple) gluon exchange is an exact
conservation of the s-channel helicity of high-energy quarks. Nonetheless, QCD
predicts a nonvanishing helicity flip in diffractive production of vector mesons
off unpolarized nucleons [10, 11]: the origin of this SCHNC is in the subtle
possibility that the sum of helicities of the quark-antiquark pair in the diagrams
of the figure can be unequal to the helicity of photons and vector mesons. In the
nonrelativistic case the pure S-wave deuteron with spin up consists of the spin-up
proton and neutron. However, in the relativistic case while the longitudinal virtual
photon contains the ¢g pair with A\, + Ay = 0, the transverse photon with helicity
Ay = *£1 besides the ¢g state with \;+A3 = A\, = £1, also contains the state with
Aq +Ag =0, in which the helicity of the photon is carried by the orbital angular
momentum in the ¢q system. Furthermore, it is precisely the state Ay + Ay = 0
which gives the dominant contribution to the absorption of transverse photons
and the proton SF F,(z,Q?) in the Bjorken limit. From the point of view of the
vector meson production, it is important that the transverse and longitudinal ~+*
and V' share the intermediate qq state with A;+\g = 0, which allows the s-channel
helicity nonconserving (SCHNC) transitions between the transverse (longitudinal)
~* and longitudinal (transverse) vector meson V. As a matter of fact, this
mechanism of SCHNC does not require an applicability of pQCD. B. G. Zakharov
was the first to introduce it in application to nucleon—nucleon scattering [8]. The
theoretical prediction of energy-independent SCHNC in diffractive vector meson
production has been confirmed experimentally at HERA [23, 24], the detailed
comparison of the theory and experiment is found in [25].

Now notice that the argument about exact SCHC of quarks and antiquarks
applies equally to a one-Pomeron exchange in the scattering off a free nucleon and
to multiple Pomeron exchange in the scattering off a nuclear target. Then for a
sufficiently high energy such that the lifetime of the ¢g fluctuation of the photon,
often referred to as the coherence time, and the formation time of the vector
meson are larger than the radius of the nucleus R4 (for instance, see [26,27]),
the above described origin of SCHNC must be equally at work for the nuclear
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and free-nucleon targets. In this communication we expand on this point, from
the practical point of view one speaks of the values of

o <A <0.1-A7Y3, )

x
Another property of interactions with nuclei is the so-called saturation scale Q) 4
which for partons with z < x4 defines the transverse momentum below which
their density is lowered by parton fusion effects [28-30]. It is interesting to
see how the emergence of the saturation scale affects the Q? dependence of
diffractive vector meson production, in particular, its SCHNC properties. Here
one must compare the saturation scale )% to the usual hard scale for diffractive
vector meson production [31,32]

2

Q ~ - (Q*+mi). G)

=

3. THE FREE NUCLEON TARGET

For the purposes of our discussion it is convenient to resort to the color dipole
formalism: the production process depicted in figure factorizes into splitting of
the photon into ¢g dipole way upstream the target, s-channel helicity conserving
elastic scattering of the dipole off a target, and projection of the gg dipole onto
the vector meson state. We restrict ourselves to the contribution from the ¢g
Fock states of the vector meson which is a good approximation for x ~ x 4.
The momentum-space calculation of the helicity amplitudes has been worked out
time ago in [12,25], the crucial ingredient in preserving the rotation invariance is
the concept of the running polarization vector for the longitudinal vector mesons.
Following [33], we make the Fourier transform to the color-dipole space and
represent the helicity amplitudes Ay;(z, A), where ¢ = A, and f = Ay are
helicities of the initial state photon and the final state vector meson, respectively,
in the color dipole factorization form

Agi(a, A) = (Vi|Agq(r; A)vi7) =
= i/o dz/erU(r,A)exp {5(1 — 22)(1‘A)} Iri(z,r), (4)

where A is the transverse momentum transfer in the v* — V transition;
Ifi(2,r) = Uy, ;(2,1)¥, (2, 1) and the summation over the helicities A A of
the intermediate ¢ pair is understood. The wave function ¥y, ¢(z,r) of the final
state vector meson contains the spin-orbital part and the «radial» wave functions,
defined in terms of the vertex function I'v (2, k)gS,,qV,,, where S, is the relevant
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Dirac structure and V), is the running polarization vector which must be so defined
as to guarantee the rotational invariance for the fixed invariant mass M of the
lightcone qgq Fock state of the vector meson [12,25],

2 2
2_mf+k

M z2(1—2)’

where k is the transverse momentum of the quark in the vector meson and z
and (1 — z) are fractions of the lightcone momentum of the vector meson carried
by the quark and antiquark, respectively. In the momentum-space ¥y (z,k)
I'v(z,k)/(M? — m2,), the Fourier transform to the dipole space depends on the
Dirac structure .S,,. For the sake of simplicity, here we take S, = v, the exact
form for the pure S and D wave states is found in [12,25], the major conclusions
on the impact of nuclear absorption on helicity flip do not depend on the exact
form of S,,. If one defines the radial wave functions for the transverse (') and
longitudinal (L) vector mesons as

Yr(z,r) = /kow(z,k) exp (ikr),

(5)
Yr(z,r) = / d’k M) (z, k) exp (ikr),
then
I, = 4@22(1 — Z)QK()(E?“)Q/JL (z,1), (6)
Irr = m?Ko(er)wT(z,r) — [22 + (1 = 2)Ye K, (er)p(z,7), 7
Inr = —i2z(1—2)(1 — 22)¢L(z, r)EKl(er)(e—:), (8)
Ity = —i2Qz(1— 2)(1 — 22)Ko(er)yy(z, T)@, 9)
, (er)?

ITT’ = 42(1 —Z)&Kl(nﬂ”)wT(Z,T)r—Q, (10)

where 7.(z,7) = OYr(z,7)/0r, the polarization vectors e and V are for the
transverse photon and vector meson, respectively; €2 = 2(1 — 2)Q? + m?», the
Bessel functions Ko(z) and K; = K{(z) describe the lightcone wave function of
the photon, I and Ir7s describe the helicity-non-flip and double-helicity-flip
production of transverse vector mesons by transverse photons, in the latter case
V* = e and we used (V*e) = e? = 0.
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The off-forward generalization of the color-dipole scattering amplitude has
been introduced in [34]

o(r, A) = %”/ (K - ;A;;'ER - %A)Q}"(x,m, Aas(K2)x

X {[1 — exp (ikr)][1 — exp (—ikr)]—

_ |:1—exp (%iAI'>:| {1—exp (—%iAr)]}. (11)

Here F(z, k, A) is the off-forward unintegrated differential gluon structure func-
tion of the nucleon, the gross features of its A-dependence are discussed in [34].

The analysis of [34] focused on the LL and 7T amplitudes, in which case the
dominant contribution comes from z ~ 1/2 and corrections to the A-dependence
from the factor exp [i/2(1 — 2z)(rA)] in (4) can be neglected. This factor which
is due to the Fermi motion of quarks in the vector meson is crucial, though, for
the helicity-flip transitions. For small dipoles and within the diffraction cone the
leading components of the LT and T'L amplitudes come from the second term in
the expansion

exp (%m —2:)(An)) =1+ %m —92)(Ar) (12)

so that upon the azimuthal averaging the effective integrands take the form

Inr = %z(l — 2)(1 = 22)*p(2,7)er K (er) (eA), (13)
Irn = %Qz(l (1= 222 Ko (er)ri (2, 1) (V7 A). (14)

In the case of the double-flip 7T’ amplitude e? = 0 and one needs to expand the
integrand up to the terms o (rA)?,

exp (%i(l—Zz)(Ar)) (e:; oz, 1, A)= %(eA)%Q (000, 0)+(1—22)20(r,((i)5]),

so that the corresponding integrand of the double-flip amplitude will be of the
form

I = %52(1 — 2)er® Ky (er)p(z,7) (€A)?[o(00,0) 4 (1 — 22)%a(r,0)]. (16)
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4. THE SCANNING RADIUS AND HARD SCALE EXPANSION

Consider the pQCD regime of large Q2. The useful representation for small
color dipoles is [35]

w2 10
o(r,0) = Zrlas(@)G(z,¢%), ¢~ . (17)

Then, because of the exponential decrease, Ko 1(er) o exp (—er), the amplitudes
for the free nucleon target will dominate the contribution from r = rg, where the
scanning radius [36]

rgm B8 08 245 g (18)

e Q JQrimy
The simplest case is that of the LL amplitude:
1
Arr x Qr%a(rS,O)Ko(as)/ dzz2%(1 — 2)*¢p(2,75)
0

QG(z,0")as(@")
(@24 mi)?

19)

The expansion in powers of the scanning radius rg is an expansion in inverse

powers of the hard scale Q). Here one factor 1/(Q* + m?,) is the same as in the

Vector Dominance Model, in the color dipole language it can be identified with

the overlap of the photon and vector meson wave functions, the second factor

1/(Q?* + m#,) derives from the pQCD form (17) of the dipole cross section.
The helicity-flip amplitudes will be of the form

1
Arr o (eA)rio(rs, O)aSKl(aS)/ dzz(1 — 2)(1 — 22)%¢r(2,75), (20)
0

1
Arp o< (V*A)Qrio(rs, O)Ko(as)/ dzz(1— 2)(1 — 22)%Ph(z,75).  (21)
0

Finally, the leading term of expansion in powers of rg of the double-helicity-flip
amplitude is of the form

1
Appr (eA)QrgasKl(as)a(oo,O)/ dzz(1 — 2)Y(z,rs). (22)
0

Notice that it is proportional to the dipole cross section for the nonperturbative
large color dipole and as such is of a manifestly nonperturbative origin [11].
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5. THE SENSITIVITY TO THE SHORT DISTANCE WAVE FUNCTION
OF THE VECTOR MESON

Notice the sensitivity to the short-distance behavior of the vector meson wave
function in the last result. The soft, oscillator-like interaction would give the wave
function which at short distances is a smooth function of r2, so that

r

WT(ZJ”) ~ _R_QwT(Z7O) (23)
v

whereas the attractive Coulomb interaction at short distances suggests [31,37,38]
«hard», Coulomb-like ¢7(z,7) ox exp (—r/R¢c) when

W (z,7) ~ —Rich(z,o). 24)

In the case of the soft short-distance wave function the helicity-flip amplitude Ary,
would acquire extra small factor rs/Ry o« 1/(RyQ). The similar discussion is
relevant to the contribution to the Apr from the term o« —eKi(er)i(z,7)
in I7r, Eq.(8), which for the hard short-distance wave function is larger and
somewhat enhances the transverse cross section op and lowers oy, /o, see also
the discussion in [39].

6. NUCLEAR SATURATION EFFECTS: COHERENT DIFFRACTION

In the coherent diffractive production of vector mesons the target nucleus
remains in the ground state,
v*A — VA.

For heavy nuclei such that their radii are much larger than the dipole size and
the diffraction slope in the dipole-nucleon scattering, only the forward dipole-
nucleon scattering enters the calculation of the nuclear profile function. Com-
pared to the conventional derivation of the Glauber formulas for the nuclear
profile functions, there are little subtleties with the presence of the phase factor
exp [i/2(1 — 2z)(rA)] in the color dipole factorization formula (4), but a careful
rederivation gives the nuclear diffractive amplitudes of the form

Ay, = 2i / &b exp (—iAb)(V;|T(b, r) exp [%(1 _ 22)(rA)] D), (25)

where

I'(b,r) =1—exp [—%a(r, O)T(b)} (26)
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is the nuclear profile function and T'(b) = [ dzna(b, z) is the standard nuclear
optical thickness at an impact parameter b.

A comparison with the free nucleon amplitude (4) shows that the nuclear
profile function T'(b,r) can be regarded as the color dipole cross section per unit
area in the impact parameter space. The color dipole dependence of the overlap of
wave functions of the photon and vector meson and the calculation of expectation
values over the orientation of color dipoles, see Eqs. (14)-(16), does not change
from the free nucleon to the nuclear case. The r dependence of the integrands
changes, though.

Ref.29 gives the detailed discussion of the reinterpretation of the nuclear
profile function in terms of the saturating nuclear gluon density [28,30] and of
the limitations of such an interpretation for observables more complex than the
single particle spectra. For the purposes of our discussion it is sufficient to know
that in terms of the so-called nuclear saturation scale,

2
Qib) = a5 (@A)G(QAT(b) o A2, @)

the nuclear attenuation factor in (26) can be represented as

o(r,0) }

exp {—%o(r, O)T(b)} = exp [—W

1

A exp [—g %(b)rQ] . (28)
where o(r4(b),0) = 2/T(b) is an implicit definition of r4(b), a useful approx-
imation is 7% (b) ~ 8/Q%(b). We denote by Q% the value of Q% (b) averaged
over centrality b, which is appropriate for typical DIS events. For estimates of
Q% for realistic nuclei see [29]. The new large scale Q% must be compared to
@2 of Eq. (3), or the scanning radius rg must be compared to the saturation
radius r4.

First, there is a trivial case of @2 > @%. In this case the scanning radius is
very small, 7% < 7%, so that

2I'(b,r) = o(r,0)T(b), (29)
i.e., the nuclear attenuation effects can be neglected and the impulse approximation

is at work. Then the nuclear amplitude has precisely the same structure as the
free nucleon one,

AD(a) = AN (A) / b exp (~ibA)T(b) = A (A)AGun(A),  (30)

apart from the overall factors A and Gepm(A) — the charge form factor of a
nucleus.
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Much more interesting is the case of coherent diffractive DIS at Q? < Q%,
when the color dipoles in the photon have the dipole size r ~ 1/Q > ra. It
is the regime of nuclear opacity and I'(b,r) ~ 1 independent of the dipole size.
When cast in the form

QF(ba I‘) = O(TA (b)a O)T(b) (31)

and compared to (29), that can be interpreted as a saturation of color dipole
cross section per unit area in the impact parameter space. Then, repeating the
considerations leading to (19), one finds the nuclear amplitude

1
AP(A) o« AQriotra, 0)Foas) [ =21 = 2 (eyrs) AR
0
AQ Ji(RaA)
Q%QQ RATOKS (Qi‘)G(x, Q,24) (32)

Here R 4 is the nuclear radius. First, all tIE arguments of Sec.2 for the dominance
by the contribution from r ~ rg = ag/Q) will be applicable but because of the
change of the r dependence of the integrand the scale ag will change to

aS|cohz 1.

Second, for the same reason the common prefactor of all helicity amplitudes, r$,
of Sec. 2 for the free nucleon target will change to r3r% for diffraction off nuclei
in the saturation scale, i.e.,

1 1 1 1
—— — (33)
QY @@,

Third, the nuclear mass number dependence, A/ Qi x A2/3, corresponds to that
for elastic scattering off a black disc. Fourth, the A-dependence given for the
impulse approximation by the nuclear charge form factor G, (A) changes to the
familiar black disc form Jy(RAA)/RAA.

We emphasize that although the presence of those nuclear form factors limits
the practical observation of coherent diffractive DIS to the momentum transfers
within the nuclear diffraction cone, A? < RZQ, and these small A cause the
kinematical suppression of the helicity-flip within the coherent cone, there is
no A-dependent nuclear suppression of helicity flip even on a black nucleus.
The finite, A-independent, renormalization of the relative magnitude of different
helicity amplitudes is possible, though, because of the change of the  dependence
of the integrands of helicity amplitudes and the resulting change of the scale ag
for the scanning radius from ags ~ 3 for the free nucleon to the A-independent
as =~ 1 for the nuclear target.
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7. NUCLEAR SATURATION EFFECTS:
INCOHERENT/QUASIELASTIC DIFFRACTION

In the incoherent (quasielastic, quasifree) diffractive vector meson production,
YA — VA

one sums over all excitations and break-up of the target nucleus without produc-
tion of secondary particles. The process looks like a production off a quasifree
nucleon of the target subject to certain intranuclear distortions of the propagating
dipoles. The relevant multichannel formalism has been worked out in [40], the
generalization to the color dipole formalism for z ~ 1/2 is found in [26, 27].
Here we notice that in the color dipole language, the calculation of the helicity
amplitudes will be exactly the same as for the free nucleon target but with the
extra attenuation factor of Eq. (28) in all the integrands, i.e., the incoherent
differential cross section equals

do(vfA — Ve A* doge
WxMQf):/fwwuz; (34)

where doger/ dA? = | A2 /167 and the helicity amplitudes of the quasielastic
production off a quasifree nucleon are given by

Aﬁ”@Jﬂ—ili&/ﬁ%dnAMm)P%danmﬂx

X exp B(l - 22)(1‘A)} Iti(z,r). (35)

These results hold for the momentum transfer A beyond the diffractive peak
for coherent diffraction off nucleus but within the diffraction cone for the free
nucleon reaction.

In the genuine hard regime of Q2 > Qi, i.e., for 7"% < 7“124, the nuclear
attenuation can be neglected and one recovers the free nucleon cross section
times the number of nucleons A. In the opposite regime of strong saturation,

—2 . .

Q < Q%, the r dependence of the attenuation factor is stronger than that of the
photon wave functions Ky 1(er). Then, repeating the derivation of the scanning
radius in Sec. 2, one will find

3
7@%5&. (36)

The functional dependence of helicity amplitudes on the scanning radius rg
will be the same as for the free nucleon target with one exception. Namely, the
Bessel functions in the photon wave function shall enter with the argument

V3Q

A

as = €erg ~ < 1. 37
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In this limit

Ko(as) ~ log (%) (38)

which shows that some of the amplitudes will have a logarithmic enhancement,
whereas
Q

Q

is indicative of even stronger enhancement. However, the closer inspection of
the helicity-flip amplitude A (14) shows that K;(as) enters as a product
asKi(ag) which is a smooth function at as < 1. The helicity-flip amplitude
Aryp of Eq. (14) exhibits only the weak logarithmic enhancement (38). The case
of the helicity-non-flip A7 and double-flip Ar7 is a bit more subtle. Here one
encounters

Ki(as) ~ (39)

1
—eKi(ers)r(z,7s) ~ —E?//T(Zﬂ“s) (40)

which for the soft short-distance wave function can be estimated as
! Yr( ) (41)
5 Y1 2, Ts),
Ry,

whereas for the hard Coulomb wave function one finds an enhancement factor

94 (2. 42
Re
To summarize, strong nuclear absorption does not generate any special sup-
pression of the helicity-flip amplitudes compared to the non-flip ones. Fur-
thermore, the estimate (42) suggests even a possibility of an enhancement of
the double-flip transitions depending on the hardness of the short-distance wave
function of the vector meson. Finally, this discussion shows that in the satura-
tion regime precisely the saturation scale Q% sets the hard factorization scale for
incoherent diffractive production. Namely, for Q2 < Q% this amounts to the
substitution
1 1

_ :> JRE—

—} 7!

Qly @

in the common prefactor of all helicity amplitudes. Similarly, the diffraction slope

for the vector meson production will be the same as that for the free nucleon target
but taken for the hard scale @ 4.

Here we focused on the single incoherent scattering approximation. The

higher order incoherent interactions can readily be treated following the technique
of Ref. 40, they wouldn’t change major conclusions on the interplay of the DIS

(43)

A

—2 .
hard scales @~ and the saturation scale Q3.
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CONCLUSIONS

Our principal finding is a lack of nuclear suppression of the helicity-flip
phenomena in hard diffractive production off strongly absorbing nuclei, which
is in striking contrast to the familiar strong nuclear attenuation of the spin-orbit
interaction effects as predicted by the Glauber theory. The QCD mechanism be-
hind this finding is that absorption only affects the color dipole-nucleus scattering
amplitude in which the s-channel helicity of the quark and antiquark is anyway
conserved exactly. The helicity flip originates from the relativistic mismatch of
the sum of helicities of the quark and antiquark and the helicity of the vector
meson and photon. Within the color dipole approach we demonstrated how the
expansion of helicity amplitudes in powers of the scanning radius and satura-
tion radius changes from the free nucleon to coherent nuclear and to incoherent
(quasielastic) nuclear diffractive production.

The coherent and incoherent diffractive vector meson production off nu-
clei can be studied experimentally in the COMPASS experiment at CERN [41].
Whereas we are confident in our predictions for perturbatively large saturation
scale %, the numerical estimates for the saturation scale give disappointingly
moderate Q% ~ 1 GeVZ2. Nonetheless, the qualitative pattern of predicted changes
of the Q? dependence of diffractive vector meson production from the free nu-
cleon to coherent nuclear and incoherent nuclear cases must persist even at mod-
erately large Q3.

Acknowledgements. This work was partly supported by the grant INTAS
00366.

REFERENCES

1. Yennie D.R., Ravenhall D. G., Wilson R. N. // Phys. Rev. 1954. V.95. P.500.

2. Landau L.D., Lifshits E. M. Course of Theoretical Physics. V.4. Relativistic Quantum Theory.
M.: Fizmatlit, 2002.

3. Gilman F.J. et al. // Phys. Lett. B. 1970. V.31. P.387.

4. Bauer T. H. et al. // Rev. Mod. Phys. 1978. V.50. P.261; Erratum // Ibid. 1979. V.51. P.407.
5. Amaldi U., Jacob M., Matthiae G. // Ann. Rev. Nucl. Part. Sci. 1976. V.26. P.385.

6. Alberi G., Goggi G. // Phys. Rep. 1981. V.74. P. 1.

7. Burkhardt H., Cottingham W.N. // Ann. Phys. 1970. V.56. P.453.

8. Zakharov B. G. /] Sov. J. Nucl. Phys. 1989. V.49. P.860; Yad. Fiz. 1989. V.49. P. 1386.

9. Nikolaev N. N., Pronyaev A. V., Zakharov B. G. /| Phys. Rev. D. 1999. V.59. P.091501.

10. Ivanov D.Y., Kirschner R. // Phys. Rev. D. 1998. V.58. P. 114026.

11. Kuraev E. V., Nikolaev N.N., Zakharov B. G. // JETP Lett. 1998. V.68. P. 696; Pisma Zh. Eksp.
Teor. Fiz. 1998. V.68. P.667.

12. Ivanov I. P., Nikolaev N.N. // JETP Lett. 1999. V.69. P.294.



SATURATION AND s-CHANNEL HELICITY 71

13.
. Nikolaev N. N., Schafer W. // Phys. Lett. B. 1997. V.398. P.245; Erratum // Ibid. V.407. P.453.
15.
16.

21.

22.
23.
24.
25.

26.
217.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

Ivanov I. P. et al. // Phys. Lett. B. 1999. V.457. P.218; Phys. Rep. 1999. V.320. P.175.

Close F. E., Kumano S. // Phys. Rev. D. 1990. V.42. P.2377.

Anselmino M., Boglione M., Murgia F. // Phys. Rev. D. 1999. V.60. P.054027; V.67. P.074010;
Anselmino M. et al. // Nucl. Phys. Proc. Suppl. 2002. V. 105. P.122; Intern. J. Mod. Phys. A.
2003. V.18. P. 1365.

. Barone V., Drago A., Ratcliffe P. G. // Phys. Rep. 2002. V.359. P. 1.
. Efremov A. V., Teryaev O.V. Spin Structure of the Nucleon and Triangle Anomaly. JINR Preprint

E2-88-287. Dubna, 1988; Proc. of the Symp. on Hadron Interactions — Theory and Phenom-
enology, Bechyne, Czechoslovakia, June 26 — July 1, 1988.

. Efremov A. V., Mankiewicz L., Torngvist N. A. // Phys. Lett. B. 1992. V.284. P.394.
. Efremov A. V. // Sov. J. Nucl. Phys. 1978. V.28. P.83; Yad. Fiz. 1978. V.28. P. 166;

Efremov A. V., Teryaev O.V. /| Sov. J. Nucl. Phys. 1982. V.36. P.140; 557; Yad. Fiz. 1982.
V.36. P.242; 950; Yad. Fiz. 1984. V.39. P. 1517, Phys. Lett. B. 1985. V. 150. P.383;
Efremov A. V., Goeke K., Schweitzer P. // Phys. Lett. B. 2003. V.568. P.63.

Anselmino M., Efremov A., Leader E. /| Phys. Rep. 1995. V.261. P.1; Erratum // Ibid. 1997.
V.281. P.399.

Glauber R. J. Lectures in Theoretical Physics / Ed. by W.E. Brittin et al. N. Y., 1959. V. 1. P.315.
Breitweg J. et al. (ZEUS Collab.) // Eur. Phys. J. C. 2000. V.12. P.393.
Adloff C. et al. (HI Collab.) // Tbid. V.13. P.371.

Ivanov 1. P. Diffractive Production of Vector Mesons in Deep Inelastic Scattering within k(t)-
Factorization Approach. PhD Thesis. Univ. Bonn, 2002; hep-ph/0303053.

Nikolaev N. N. // Comments Nucl. Part. Phys. 1992. V.21. P.41.

Benhar O. et al. // Phys. Rev. Lett. 1992. V.69. P.1156.

Mueller A. H. // Nucl. Phys. B. 1999. V.558. P.285.

Nikolaev N. N. et al. // JETP. 2003. V.97. P.441; Zh. Eksp. Teor. Fiz. 2003. V. 124. P.491.
Iancu E., Venugopalan R. I/ QGP3 (to be published); hep-ph/0303204.

Nemchik J., Nikolaev N.N., Zakharov B. G. // Phys. Lett. B. 1994. V.341. P.228.

Ivanov 1. P. // Phys. Rev. D. 2003. V.68. P.032001.

Nikolaev N. N., Zakharov B. G. /] Z. Phys. C. 1991. V.49. P.607.

Nemchik J. et al. // JETP. 1998. V.86. P. 1054; Zh. Eksp. Teor. Fiz. 1998. V.113. P. 1930.
Nikolaev N. N., Zakharov B. G. // Phys. Lett. B. 1994. V.332. P. 184.

Kopeliovich B. Z. et al. /] Phys. Lett. B. 1993. V.309. P. 179; Phys. Lett. B. 1994. V.324. P.469.
Nemchik J. et al. // Z. Phys. C. 1997. V.75. P.71.

Nemchik J. et al. // Phys. Lett. B. 1996. V.374. P.199.

Nikolaev N. N. /I Acta Phys. Polon. B. 2000. V.31. P.2485.

Nikolaev N. N. // JETP. 1981. V.54. P.434; Zh. Eksp. Teor. Fiz. 1981. V.81. P.814.

Sandacz A. (COMPASS Collab.) Invited talk at 10th Intern. Workshop on High-Energy Spin
Physics (SPIN 03), Dubna, Sept. 16-20, 2003.



