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We describe a new way to access the chiral odd transversitgrpdistribution in the proton
through the photoproduction of lepton pairs on transvgnselarized target. The basic ingredient
is the interference of the Bethe Heitler or Drell-Yan amyli¢és with the amplitude of a process,
where the photon couples to quarks through its twist-2 Gloida distribution amplitude. This
approach permits to scan experimentally the shape of theueasity distribution in a nucleon as
well as the photon distribution amplitude.
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Transversity quark distributions in the nucleon remain agihe most unknown leading twist
hadronic observables. This is mostly due to their chiral clalaracter which enforces their decou-
pling in most hard amplitudes. After the pioneering studiismuch work [2] has been devoted to
the exploration of many channels but experimental diffiealhave challenged the most promising
ones. The recent focuses on transversity dependent obgesia single inclusive deep inelastic
scattering propose to assume the factorization of traseveromentum dependent parton distri-
butions (TMDs) and fragmentation functions. This allowexing first extraction of chiral odd
guantities, demonstrating, although in a weak sense, tiogizero value. Here we restrict on the
use of leading twist factorizable quantities, such as natiegl parton distributions and distribution
amplitudes.

A new way to access the chiral odd transversity parton digion in the proton emerges
thanks to the observation that the photon twist 2 distrisutimplitude (DA) [B] is chiral-odd. This
latter object is normalized to the magnetic susceptibditthe QCD vacuum. It is defined as

(01G(0) 0 pa(x)|y'M) (K)) = ieqx (G0 (Sc(r kB_g /dzelz (k%) (1)

where the normalization is chosen fadz¢,(z) = 1, andz stands for the momentum fraction carried
by the quark. The product of the quark condensate and of tlymatia susceptibility of the QCD
vacuumy (qq) has been estimated to be of the order of 50 MeV.

q

Figure1: The partonic version of the procegk, €)N(r,sr) — |~ (p)I T (p)X(=q)

The basic ingredient of our propos§] [4] is the interfereatéhe Bethe Heitler or Drell-Yan
amplitudes with the amplitude of a process, where the phodoples to quarks through this chiral-
odd DA. We thus consider the process illustrated in Big. 1:

y(k, &)N(r,sr) — I~ (p)I " (p)X, (2)

with g = p+ p in the kinematical region wher®? = ¢ is large and the transverse component
\QL] of g is of the same order &3. sr is the transverse polarization vector of the nucleon. [fig. 1
shows a partonic version of the procegs (2) in which theesdrijuark carries fractionof nucleon’s
momentum and which leads to the final state containing angpaé and a jet/ which balances the
lepton pair momentum. Such a process occurs either throlBgthe-Heitler amplitude (Fig] 2a)
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where the initial photon couples to a final lepton, or throlykll-Yan type amplitudes (Fig] 2b)
where the final leptons originate from a virtual photon. Amdhese Drell-Yan processes, one
must distinguish the cases where the real photon couplestiginthrough the QED coupling) to
qguarks or through its quark conteng. the photon structure function. Gluon radiation at any order
in the strong couplingrs, does not introduce any chiral-odd quantity if one neglgo&rk masses.
We next consider the contributions where the photon coujgldhe strong interacting particles
through its twist-2 distribution amplitude (Fid$. 2¢ drid.2@ne can easily see by inspection that

(b)

Figure 2: Some amplitudes contributing to lepton pair photoprodurcti(a) : The Bethe-Heitler process.
(b) : The Drell-Yan process with the photon pointlike couagli (c) -(d) : The Drell-Yan process with the
photon Distribution Amplitude.

this is the only way to get at the level of twist 2 (and with \&mihg quark masses) a contribution
to nucleon transversity dependent observables. We calhthplitude;z{(p :

Ap(yq— 11q) = 2|4—|\|C(-:v§e4nors

Ay — ,
W9 [ a2 Xzsm,g) + e MOT R,
with t; = (zk— )2 andt, = (Zk— q)2. Ay = xF 8kyH + y*kéq and Ay = Eqy* k+ ky* G2 do not
depend on the light-cone fractian.=7, develops an absorptive part proportional to

[ da @it o) + o) Tpyv(e).

4V

This allows to perform the—integration, the result of which, after using the Zsymmetry of the
distribution amplitude, yields an absorptive part of thepéimade <7, proportional tog, (== N Qz)
wherea is the component along the photon momentuot the lepton pair momenturm, seet|4]
This absorptive part, which may be measured in single spimagetries, as discussed below, thus
scans the photon chiral-odd distribution amplitude.

The cross section for reactiofj (2) can be read as

do . dognH dopy dO}p >d0int
d4QdQ  d4QdQ  d4QdQ  d4QdQ  d4QdQ’
where Zdgi; contains various interferences, while the transversityeddent differential cross
section (we denotAto = o(sr) — o(—sr)) reads

d*QdQ ~ d*QdQ’
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where dagine contains only interferences between the amplitudg and the other amplitudes.
Moreover, one may use the distinct charge conjugation ptiege(with respect to the produced
lepton part) of the Bethe Heitler amplitude (Hif. 2a) verthesDrell-Yan amplitude (Fid]2b). The
charge asymmetry selects the interference betwggand the Bethe-Heitler amplitude :

dATO'(l_) —dATO'(|+) B dO}pBH (4)
d*Qd0 T dQda

as illustrated in Fig[]3 (plus its complex conjugate). Théappation average oflogsy, i.e.
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Figure 3: Interference of the BH contribution with the amplitude itwing the chiral-odd photon DA

352 dogen(y(A)p — I717X) is proportional to the producmy[Qg’fé2 |- h‘f(% + %5) of the pho-

1
ton distribution amplitudeg, and the transversity distributidnﬁ. This product depends only on
the external kinematical variables of the procéss (2). Wettaws in a position to scan either the

transversity quark distribution or the photon distribatamplitude.
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