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Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionTransversity of the nuleon using hard proessesWhat is transversity?Transverse spin ontent of the proton:
| ↑〉(x) ∼ | →〉+ | ←〉
| ↓〉(x) ∼ | →〉 − | ←〉spin along x heliity statesObservable sensible to heliity �ip thus give aess to transversity ∆T q(x).Very poorly knownTransversity GPDs are ompletely unknownPSfrag replaements PDF

p p

x x

−→

PSfrag replaements GPD
p p′

x+ ξ x− ξFor massless (anti)partiles, hirality = (-)heliityTransversity is thus a hiral-odd quantitySine QCD and QED are hiral even, the hiral odd quantities whih onewant to measure should appear in pairs



Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionTransversity of the nuleon using hard proesses: using a two body �nalstate proess? How to get aess to transversity?the dominant DA of ρT is of twist 2 and hiral odd ([γµ, γν ] oupling)unfortunately γ∗N↑ → ρT N
′ = 0this is true at any order, beause this would require a transfer of heliity of2 from photon: impossible!lowest order diagrammati argument:

PSfrag replaements γ∗

N N ′

ρTGPDPSfrag replaements γ∗

N N ′

ρTGPD vanish: γα[γµ, γν ]γα = 0



Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionTransversity of the nuleon using hard proesses: using a two body �nalstate proess? Can one irumvent this vanishing?this vanishing is true only a twist 2at twist 3 this proess does not vanishhowever proesses involving twist 3 DAs may fae problems withfatorization (end-point singularities)the problem of lassi�ation of twist 3 hiral-odd GPDs is still open:Pire, Szymanowski, S.W. in progress, in the spirit of our Light-ConeCollinear Fatorization framework(Anikin, Ivanov, Pire, Szymanowski, S. W.)see talk of L. Szymanowski on Friday (11:50) for an appliation beyond leading twist ofthis LCCF sheme at small-x (here for hiral-even DA and GPD):Exlusive proesses beyond leading twist: gamma*T -> rhoT impat fator with twistthree auray in Session 3 - Perturbative QCD, Jets and Di�rative Physis



Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionOur proess: γN → π+ρ0
T N ′

γN → π+ρ0
TN

′ gives aess to transversityFatorization à la Brodsky Lepage of γ + π → π + ρ at large s and �xedangle (i.e. �xed ratio t′/s, u′/s)
=⇒ fatorization of the amplitude for γ +N → π + ρ+N ′ at large M2
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t ≪ M2
πρ hiral-odd twist 2 GPDa typial non-vanishing diagram:
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hiral-odd twist 2 GPD
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πρ plays the role of γ∗ in usual DVCS, and an be sanned



Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionMaster formula based on leading twist 2 fatorization
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Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionNon perturbative ingredients GPDs and DAsOne needs to enode the matrix elements of two kinds of hiral-odd operator:transversity GPDs (twist-2 level):
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whih thusdominates in the small t domainin the forward limit it is the only transversity GPD whih survives:
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Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionKinematis Kinematis to handle GPD in a 3-body �nal state proessuse a Sudakov basis :light-one vetors p, n with 2p · n = s
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Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionKinematis Pertinent physial parametersTotal enter-of-mass energy squaredof the γ-N system
SγN = (q + p1)

2

PSfrag replaements
TH

t′γ(∗)

π+

ρ0
T

M2
πρ

x + ξ x − ξ

N(p1)
GPDs

N ′(p2)

t ≪ M2
πρ

Hard sale: invariant squared massof the (π+, ρ0) system
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≃ −t′= −(pπ − q)2 ≃ −p2
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Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionComputation of the hard partTypial Feynman diagrams (62 in total)PSfrag replaements φπ
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Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionPSfrag replaements
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Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionA model based on Double DistributionRealisti Parametrization of Hq
TGPDs an be represented in terms of Double Distribution (Radyushkin)based on Shwinger representation of a toy model for GPDs whih has the struture of atriangle diagram in salar φ3 theory
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Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionUnpolarized di�erential ross setionDi�erential Cross Setion and Physial Cuts
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Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionPreditions Di�erential ross setion for M2
πρ = 6 GeV2windows: dotted: t = tminsolid: t = −.5 GeV2
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Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionPreditions
M2
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Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionPreditions
SγN -dependene of the di�erential ross setion σWith our uts
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Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionMuoprodution at Compass (CERN)Very sizable ratesdenote Γµ
T (Q2, ν) the quasi real (transverse) photon �ux (Eµ = 160GeV).Total ross setion for the muoprodution µN → µπ+ρ0
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T
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R ≃ 6 10
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Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionRate estimates at JLab Very high ratesCLAS12 Hall B:with a photon (7 - 10.5 GeV) �ux Nγ ∼ 5 107 photons/sExperimental rate: R ∼ 0.1 HzHall D (12 GeV)photon (8 - 9 GeV) �ux Nγ ∼ 108 photons/snumber of protons per surfae unit Np ∼ 1.27 b−1 (target : liquidhydrogen (30 m))Experimental rate: R = σ ×Nγ ×Np ∼ 5 Hz



Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionConlusionPhotoprodution of a πρ0
T pair with a large hard sale M2

πρ sensitive tothe transversity GPDs even for unpolarized target and at twist-2 levelParametrization of the dominant hiral-odd GPD Hq
T based on doubledistributionPromising way to get informations on the generalized hiral-odd quarkontent of the nuleon:large enough rates to extrat transversity GPDs, at COMPASS andJLab�12 GeVPossibility to aess to :Spin density matrix of ρ0

TChiral-even GPDs H and H̃ with ρ0
Lπ+ and π0π+Polarized beam and target asymmetriesEl Beiyad, Pire, Szymanowski, S.W. to appear soonSuh proesses with 3 body �nal state are also promising for nontransversity GPD measurement, on top of the now standard DVCS basedstudies
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Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionTensorial struture of the amplitude
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: aess to the spin density matrix of ρ0
T ,polarization asymmetries, ...



Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionPlots of our model for transversity GPD
x and ξ-dependene of Hq
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Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionPlots of our model for transversity GPD
x-dependene of Hq

T (x, ξ, t = 0) for �xed values of ξ
Same order of magnitude but signi�ant di�erenes with other parametrizations(Pinetti et al.) and lattie alulations (Gökeler et al.)

Au
T10(t ∼ 0) ≃ 0.4(0.9)

Ad
T10(t ∼ 0) ≃ −0.1(−0.2)
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Transverse polarization of ρ0
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Introdution Aess to GPD through a 3 body �nal state Unpolarized Cross Setion ConlusionTransversity PDFs
∆Tu(x) = 7.5 ∗ 0.5 ∗ (1− x)5(x ∗ u(x) + x ∗∆u(x))

∆T ū(x) = 7.5 ∗ 0.5 ∗ (1− x)5(x ∗ ū(x) + x ∗∆ū(x))

∆T d(x) = 7.5 ∗ (−0.6) ∗ (1− x)5(x ∗ d(x) + x ∗∆d(x))

∆T d̄(x) = 7.5 ∗ (−0.6) ∗ (1− x)5(x ∗ d̄(x) + x ∗∆d̄(x))Polarized PDFs
∆u(x) =

√
x u(x)

∆ū(x) = −0.3 x0.4 ū(x)

∆d(x) = −0.7
√
x d(x)

∆d̄(x) = −0.3 x0.4 d̄(x)
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