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We evaluate the impact of recent developments in hadron phenomenology on extracting possible
fundamental tensor interactions beyond the standard model. We show that a novel class of observables,
including the chiral-odd generalized parton distributions, and the transversity parton distribution function
can contribute to the constraints on this quantity. Experimental extractions of the tensor hadronic matrix
elements, if sufficiently precise, will provide a, so far, absent testing ground for lattice QCD calculations.
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High precision measurements of beta decay observables
play an important role in beyond the standard model (BSM)
physics searches, as they allow us to probe couplings other
than of the V — A type, which could appear at the low energy
scale. Experiments using cold and ultracold neutrons [1-4],
nuclei [5-8], and meson rare decays [9] are being performed,
or have been planned, that can reach the per-mil level or even
higher precision. Effective field theory (EFT) allows one to
connect these measurements and BSM effects generated at
TeV scales. In this approach that complements collider
searches, the new interactions are introduced in an effective
Lagrangian describing semileptonic transitions at the GeV
scale including four-fermion terms, or operators up to
dimension six for the scalar, tensor, pseudoscalar, and V +
A interactions (for a review of the various EFT approaches,
see Ref. [10]). Because the strength of the new interactions is
defined with respect to the strength of the known SM
interaction, the coefficients of the various terms, e;,
(i=S,T,P,L,R) depend on the ratio m3,/A?, where A;
is the new physics scale relevant for these nonstandard
interactions, and m3, enters through Gp = ¢%/(4v/2m3,).
Therefore, the precision with which €; o m%,/A?, is known
determines a lower limit for A;. The scalar (S) and tensor (T')
operators, in particular, contribute linearly to the beta decay
parameters through their interference with the SM ampli-
tude, and they are, therefore, more easily detectable. The
matrix elements or transition amplitudes between neutron
and proton states of all quark bilinear Lorentz structures in
the effective Lagrangian which are relevant for beta decay
observables, involve products of the BSM couplings, €;, and
the corresponding hadronic charges, g;, i.e., considering
only terms with left-handed neutrinos,
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where Cg = GV, 4V 2€5gs, and Crp = 4GV 4\ 2€e7r.
9s(r)> characterize nucleon structure; however, at variance
with the electroweak currents, there exists no fundamental
coupling to these charges in the standard model. Therefore,
they cannot be measured directly in elastic scattering
processes. This Letter is concerned with an alternative
approach aimed at extracting the hadronic charges from
experimental data obtained in electron scattering. In pre-
vious work, various approaches have been developed to
calculate these quantities including lattice QCD [11-15],
and most recently, Dyson-Schwinger equations [16,17].
Lattice QCD provides the most reliably calculated values
for the isovector scalar and tensor charges with precision
levels of Agg/gs ~ 15%, and Agy/gr < 4%, respectively.
Following the analysis in Ref. [18], these values are well
below the minimum accuracy that is required not to
deteriorate the per-mil level constraints from decay
experiments.

We focus on g7 that appears at leading order in the
hadroproduction cross section, and we evaluate both the
uncertainty from the experimental extraction of this quan-
tity and its impact on the determination of the elementary
tensor coupling, e7. In order to extract g from experiment
at the scale t = (M, —M,)? =0, which is relevant for
BSM physics searches in nuclear and neutron beta decay,
we call attention to the fact that this quantity is also the first
moment of the transversity distribution [19,20], and that
transversity can now be measured in deep inelastic proc-
esses. This novel development emerges from recent exper-
imental and theoretical advances in the study of the 3D
structure of the nucleon. Current and future planned
experiments on dihadron semi-inclusive and deeply virtual
exclusive pseudoscalar meson (z° and 7) electroproduction
at Jefferson Laboratory [21,22] and COMPASS [23,24]
allow us to measure gy with improving accuracy. The main
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outcome of the analysis presented here is that the new, more
precise measurements of the tensor charge provide, for the
first time, a constraint from experiment on the hadronic
matrix element in BSM searches.

The tensor form factor is derived from an integral
relation involving the transversity (generalized) parton
distribution function, or the probability to find a quark
with a net transverse polarization in a transversely polarized
proton,

g%@%a[wwwﬁmywH%@m¢»<m

1 _
%@Q5=AcMWWQ5—W®QW, 3)

where, 1/ (x, 0%) [19,20] and H4? (x, &, 1; Q) [25] are
the quark (antiquark) transversity parton distribution func-
tion (PDF) and generalized parton distribution (GPD),
respectively; ¢ = (p — p’)? is the four-momentum transfer
squared between the initial (p) and final (p’) proton, r = 0
for a PDF which corresponds to the imaginary part of the
forward amplitude; Q2, is the virtual photon’s four momen-
tum squared in the deeply inelastic processes; x and & are
parton longitudinal momentum fractions which are con-
nected to xp; = Q?/2Muv, v being the energy transfer.

The occurrence of these types of integral relations in the
chiral-odd sector parallels, in some respect, the Bjorken
sum rule [26] connecting the nucleon’s helicity structure
functions and the axial charge. For the tensor form factor
and charge, however, given the nonrenormalizability of the
tensor interactions, current algebra cannot be applied.
Notice that the QCD Lagrangian does not allow for a
proper conserved current associated to the tensor “charge”
which is, in itself, somewhat a misnomer. In fact, the tensor
charge evolves with the hard scale Q?, in perturbative QCD
(PQCD) [27,28].

Summarizing, to evaluate the hadronic tensor charge,
one needs to specify two scales, the momentum transfer
squared, which is taken as r = 0, and the renormalization
scale, which is taken as the scale, Q2, of the deeply virtual
process used to measure the transversity PDF and GPD.
When extracting gr from different sources, it is important
to evolve all values to a common scale. In this work, we
used next-to-leading-order PQCD evolution equa-
tions ([27,28] and references therein) to evolve the exper-
imental values of the tensor charge (all in the range,
0%~ 1-3 GeV?) to the scale of lattice QCD, Q% =
4 GeV? [12-14], in order to be consistent with the previous
analysis in Ref. [13]. Although the effect of evolution in the
given range of Q7 is not large compared to the uncertainties
of the present experimental extraction, this will become
important as the experimental extractions become more
precise while spanning a wider range of Q? values.

The transversity distributions in Egs. (2) and (3) para-
metrize the tensor interaction component in the quark-
quark correlation function which reads

dZ_ ixPto=/ 1ol | =
/Ee’“’ “(p'S"1q(0)07q(2)|pS )|+ —gy—0.  (4)
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where |pS | ) represents the proton’s “transversity state,” or
a state with transverse polarization obtained from a super-
position of states in the helicity basis; the quark fields
(g =u,d) tensor structure, OF = —i(c"! +ic"?), is
chiral-odd or it connects quarks with opposite helicities.
By working out the detailed helicity structure of the
correlation function, one finds that the relevant combina-
tion defining transversity is the net transverse quark
polarization in a transversely polarized proton.

The isovector components of the tensor hadronic matrix
element which are relevant for beta decay correspond to the
same tensor structure in Eq. (4), taking the quark fields
operator to be local, namely, g(0)O7¢(0),

<P;,, S/p|ﬁ6;wu - aUmzd'ppv Sp> = gT(t’ Q2)Up’6;wUpv (5)

where gr = g% — g%; g% represents the tensor form factor
for the flavor ¢ in the proton, g% = ¢*/”, and g% = ¢¥/".

From isospin symmetry, one can write
<pp’Sp|ﬁ0/wd|pmSn> :gT(t’ Qz)[_]ppa/wUpn’ (6)

where p, = p,, and p, = p,/.

Transversity cannot be measured in an ordinary deep
inelastic scattering process because it is a chiral-odd
quantity, but it has been measured with large errors in
one-pion jet semi-inclusive deep inelastic scattering
(SIDIS) with transversely polarized targets (see review in
[29]). Recent progress in both dihadron SIDIS and exclu-
sive deeply virtual meson electroproduction (DVMP)
experiments have, however, relaunched the possibility of
obtaining a precise experimental determination of g#. The
main reason why these processes can provide a cleaner
measurement is that they are not sensitive to intrinsic
transverse momentum dependent distributions and frag-
mentation functions, and therefore, they connect more
directly to the tensor charge while obeying simpler
factorization theorems in QCD.

Dihadron SIDIS off transversely polarized targets

I+N—-I+H +H,+X,

where [ denotes the (unpolarized) lepton beam, N the
nucleon target, H,; and H, the produced hadrons, allows
one to access the hj, through the modulation from the
azimuthal angle ¢ of the target polarization component Sr,
transverse to both the virtual-photon and target momenta,
and the azimuthal angle of the transverse average
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momentum of the pion pair ¢ with respect to the virtual
photon direction. In this process, the observable can be
written as the product of 47 and a chiral-odd fragmentation
function called H; [30, 31]

sm ¢R+¢s xz th . 0%) |RL;HI9HTU]' (7)
h

Data for the single-spin asymmetry related to the modu-
lation of interest here are available from HERMES [32] and
COMPASS [23,24] on both proton and deuteron targets
allowing for u and d quarks flavor separation, whereas the
chiral-odd DiFF have been extracted from the angular
distribution of two pion pairs produced in e" e~ annihila-
tions at Belle [33]. Using these data sets, in Refs. [34,35],
the transversity PDF has been determined for different
functional forms using the replica method for the error
analysis. As for future extractions, the dihadron SIDIS will
be studied in CLAS12 at JLab on a proton target and in
SoLID on a neutron target [21] that will give both an
improvement of ~10% in the ratio Agy/gr thanks to a
wider kinematical coverage and better measurement of the
contribution of the d quark. The results from this extraction
are shown in Fig. 1.

Deeply virtual exclusive pseudoscalar meson production
(DVMP)

[+N -1+ +N,

was proposed as a way to access transversity GPDs
assuming a (twist three) chiral-odd coupling (x y5) for
the 7°(57) prompt production mechanism [36,38-42]. Three
additional transverse spin configurations are allowed in the
proton besides transversity, which can be described in
terms of combinations of GPDs called E;, Hr, Er [25].
The GPDs enter the observables at the amplitude level,
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FIG. 1 (color online). Values of the tensor charge, g7, Eq. (5),
as obtained from Lattice QCD at Q% =4 GeV?, and
experiments, evolved to Q? =4 GeV? from their original
scale in the range Q> = 1 — 3 GeV?. (1) DVMP [36], (2) DiFF
(flexible form) [35], (3) Single pion jet SIDIS [37], (4) RQCD
[14], (5) LHPC [12], (6) PNDME [13]. The full line is the
weighted average value of gr.

convoluted with complex coefficients at the leading order,
thus, forming the generalized form factors (GFFs). The
various cross section terms and asymmetries are bilinear
functions of the GFFs. A careful analysis of the helicity
amplitudes contributing to DVMP has to be performed in
order to disentangle the various chiral-odd GFFs from
experiment [43].

The ideal set of data to maximally constrain the tensor
charge in the chiral-odd sector is from the transverse target
spin asymmetry modulation [36]

FinO=0s) — [z (2Hy + 1)), (8)

where ¢ is the angle between the leptonic and hadronic
planes, and ¢, the angle between the lepton’s plane and the
outgoing hadron’s transverse spin. In Ref. [36] the tensor
charge was, however, extracted by fitting the unpolarized 7°
production cross section [22], using a parametrization
constrained from data in the chiral-even sector to guide
the functional shape of the, in principle, unknown chiral-odd
GPDs. Notice that the tensor charge was obtained with a
relatively small error because of the presence of these
constraints. The results from this extraction are also shown
in Fig. 1.

Finally, in Fig. 1, we also quote the value obtained in
single pion SIDIS [37], although this is known to contain
some unaccounted for corrections from perturbative evo-
lution [44,45]. The impact on the extraction of e, of both
the lattice QCD and experimental determinations of gr is
regulated by the most recent limit [46,47]

lergr| < 6.4 x 107 (90% C.L.). (9)

Assuming no error on the extraction or evaluation of g7,
yields Aeg pnin = 6.4 x 107*/gy. Since the errors on g7 in
both the lattice QCD and experimental extractions are
affected by systematic or theoretical uncertainty, alternatives
to the standard Hessian evaluation have been adopted in
recent analyses [18] which are based on the R-fit method
[48,49]. By introducing the error on gy, we obtain
Aer > A€g min. Tight limits on e require a small relative
uncertainty in gy. We acknowledge that our method cannot
reach the precision of a theoretical prediction in lattice QCD.
However, as long as e stays consistent with the standard
model value zero, a moderate Agy/gr ~20%—which is
achievable with these methods using experimental data
being taken presently—does not deteriorate the limits set
by current beta decay experiments (future JLab experiments
will determine Agy /gy even more precisely). This situation
is illustrated in Fig. 2, where we show €7 vs Agr/ gy for the
various determinations. Let us stress that such per-mil level
bounds on the nonstandard tensor coupling are more
stringent than those obtained at the LHC [50].

In conclusion, the possibility of obtaining the scalar and
tensor form factors and charges directly from experiment
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FIG. 2 (color online). Bounds on €7 evaluated using the values
of g7 listed in Fig. 1 plotted vs the relative uncertainty Agy/gr.
The color coding for e corresponds to the one for g7 in Fig. 1.
The dashed lines are for the future projections of the experimental
extractions. The grey band gives the uncertainty in €7 assuming
Agr = 0 and the average value for g from Fig. 1. Notice that the
lattice evaluations from Refs. [12,13] are indistinguishable.

with sufficient precision gives an entirely different leverage
to beta decay searches. While lattice QCD provides the
only means to calculate quantities that are unattainable in
experiment, for the tensor charge the situation is different.
In this case, the hadronic matrix element is the same as that
which enters the DIS observables measured in precise
semi-inclusive and deeply virtual exclusive scattering off
polarized targets. Most importantly, the error on the
elementary tensor coupling, €7, depends on both the central
value of gr as well as on the relative error, Agr/gr;
therefore, independent of the theoretical accuracy that can
be achieved, experimental measurements are essential since
they simultaneously provide a testing ground for lattice
QCD calculations.

We are grateful to H. Avakian, A. Kim, S. Pisano, and J.
Zhang for details on the experimental extractions at
Jefferson Lab, and to L. Barrén Palos, M. Engelhardt, P.
Q. Hung, E. Peinado, and D. Pocani¢ for fruitful discus-
sions. This work was funded by the Belgian Fund F. R. S.-
FNRS via the contract of Chargé de recherches (A. C.), by
DOE Grant No. DE-FG02-01ER4120 (S.L.) and by NSF
PHY-1205833 (S.B.). M. G.-A. is grateful to the LABEX
Lyon Institute of Origins (ANR-10-LABX-0066) of the
Université de Lyon for its financial support within the
project “Investissements d’Avenir” (ANR-11-IDEX-0007)
of the French government operated by the National
Research Agency (ANR).

*aurore.counoy@ulg.ac‘be
"baessler@virginia.edu
imgonzalez@ipnl.in2p3.fr
§sl4y@virginia.edu
[1] H. Abele, Prog. Part. Nucl. Phys. 60, 1 (2008).
[2] J.S. Nico, J. Phys. G 36, 104001 (2009).

[3] A. Young, S. Clayton, B. Filippone, P. Geltenbort, T. Ito
et al., J. Phys. G 41, 114007 (2014).

[4] S. Baessler, J. Bowman, S. Penttila, and D. Pocanic, J. Phys.
G 41, 114003 (2014).

[5] O. Naviliat-Cuncic and M. Gonzilez-Alonso, Ann. Phys.
(Amsterdam) 525, 600 (2013).

[6] N. Severijns, J. Phys. G 41, 114006 (2014).

[7] J. Hardy and I. Towner, J. Phys. G 41, 114004 (2014).

[8] J. Behr and A. Gorelov, J. Phys. G 41, 114005 (2014).

[9] D. Pocanic, E. Frlez, and A. van der Schaaf, J. Phys. G 41,
114002 (2014).

[10] V. Cirigliano, S. Gardner, and B. Holstein, Prog. Part. Nucl.
Phys. 71, 93 (2013).

[11] M. Gockeler, Ph. Higler, R. Horsley, Y. Nakamura, D.
Pleiter, P.E.L. Rakow, A. Schifer, G. Schierholz,
H. Stiben, and J.M. Zanotti (QCDSF and UKQCD
Collaborations), Phys. Rev. Lett. 98, 222001 (2007).

[12] J. Green, J. Negele, A. Pochinsky, S. Syritsyn, M. Engelhardt,
and S. Krieg, Phys. Rev. D 86, 114509 (2012).

[13] T. Bhattacharya, S.D. Cohen, R. Gupta, A. Joseph, H.-W.
Lin, and B. Yoon, Phys. Rev. D 89, 094502 (2014).

[14] G.S. Bali, S. Collins, B. Glissle, M. Gockeler, J. Najjar,
R.H. Rodl, A. Schifer, R. W. Schiel, W. Soldner, and A.
Sternbeck, Phys. Rev. D 91, 054501 (2015).

[15] M. Gonzalez-Alonso and J. Martin Camalich, Phys. Rev.
Lett. 112, 042501 (2014).

[16] N. Yamanaka, T. M. Doi, S. Imai, and H. Suganuma, Phys.
Rev. D 88, 074036 (2013).

[17] M. Pitschmann, C.-Y. Seng, C.D. Roberts, and S.M.
Schmidt, Phys. Rev. D 91, 074004 (2015).

[18] T. Bhattacharya, V. Cirigliano, S. D. Cohen, A. Filipuzzi, M.
Gonzélez-Alonso, M. L. Graesser, R. Gupta, and H.-W. Lin,
Phys. Rev. D 85, 054512 (2012).

[19] J. P. Ralston and D. E. Soper, Nucl. Phys. B152, 109 (1979).

[20] R. Jaffe and X.-D. Ji, Nucl. Phys. B375, 527 (1992).

[21] Jefferson Lab CLAS Collaboration, Report No. PR-12-12-
009, 2012 (unpublished); Jefferson Lab SoliD, Report
No. E12-10-006A, 2014 (unpublished).

[22] I. Bedlinskiy et al. (CLAS Collaboration), Phys. Rev. Lett.
109, 112001 (2012).

[23] C. Adolph et al. (COMPASS Collaboration), Phys. Lett. B
713, 10 (2012).

[24] C. Adolph et al. (COMPASS Collaboration), Phys. Lett. B
736, 124 (2014).

[25] M. Diehl, Eur. Phys. J. C 19, 485 (2001).

[26] J. Bjorken, Phys. Rev. 148, 1467 (1966).

[27] V. Barone, A. Drago, and P. G. Ratcliffe, Phys. Rep. 359, 1
(2002).

[28] M. Wakamatsu, Phys. Rev. D 79, 014033 (2009).

[29] M. Burkardt, C. Miller, and W. Nowak, Rep. Prog. Phys. 73,
016201 (2010).

[30] A.Bianconi, S. Boffi, R. Jakob, and M. Radici, Phys. Rev. D
62, 034008 (2000).

[31] M. Radici, R. Jakob, and A. Bianconi, Phys. Rev. D 65,
074031 (2002).

[32] A. Airapetian et al. (HERMES Collaboration), J. High
Energy Phys. 06 (2008) 017.

[33] A. Courtoy, A. Bacchetta, M. Radici, and A. Bianconi,
Phys. Rev. D 85, 114023 (2012).

162001-4


http://dx.doi.org/10.1016/j.ppnp.2007.05.002
http://dx.doi.org/10.1088/0954-3899/36/10/104001
http://dx.doi.org/10.1088/0954-3899/41/11/114007
http://dx.doi.org/10.1088/0954-3899/41/11/114003
http://dx.doi.org/10.1088/0954-3899/41/11/114003
http://dx.doi.org/10.1002/andp.201300072
http://dx.doi.org/10.1002/andp.201300072
http://dx.doi.org/10.1088/0954-3899/41/11/114006
http://dx.doi.org/10.1088/0954-3899/41/11/114004
http://dx.doi.org/10.1088/0954-3899/41/11/114005
http://dx.doi.org/10.1088/0954-3899/41/11/114002
http://dx.doi.org/10.1088/0954-3899/41/11/114002
http://dx.doi.org/10.1016/j.ppnp.2013.03.005
http://dx.doi.org/10.1016/j.ppnp.2013.03.005
http://dx.doi.org/10.1103/PhysRevLett.98.222001
http://dx.doi.org/10.1103/PhysRevD.86.114509
http://dx.doi.org/10.1103/PhysRevD.89.094502
http://dx.doi.org/10.1103/PhysRevD.91.054501
http://dx.doi.org/10.1103/PhysRevLett.112.042501
http://dx.doi.org/10.1103/PhysRevLett.112.042501
http://dx.doi.org/10.1103/PhysRevD.88.074036
http://dx.doi.org/10.1103/PhysRevD.88.074036
http://dx.doi.org/10.1103/PhysRevD.91.074004
http://dx.doi.org/10.1103/PhysRevD.85.054512
http://dx.doi.org/10.1016/0550-3213(79)90082-8
http://dx.doi.org/10.1016/0550-3213(92)90110-W
http://dx.doi.org/10.1103/PhysRevLett.109.112001
http://dx.doi.org/10.1103/PhysRevLett.109.112001
http://dx.doi.org/10.1016/j.physletb.2012.05.015
http://dx.doi.org/10.1016/j.physletb.2012.05.015
http://dx.doi.org/10.1016/j.physletb.2014.06.080
http://dx.doi.org/10.1016/j.physletb.2014.06.080
http://dx.doi.org/10.1007/s100520100635
http://dx.doi.org/10.1103/PhysRev.148.1467
http://dx.doi.org/10.1016/S0370-1573(01)00051-5
http://dx.doi.org/10.1016/S0370-1573(01)00051-5
http://dx.doi.org/10.1103/PhysRevD.79.014033
http://dx.doi.org/10.1088/0034-4885/73/1/016201
http://dx.doi.org/10.1088/0034-4885/73/1/016201
http://dx.doi.org/10.1103/PhysRevD.62.034008
http://dx.doi.org/10.1103/PhysRevD.62.034008
http://dx.doi.org/10.1103/PhysRevD.65.074031
http://dx.doi.org/10.1103/PhysRevD.65.074031
http://dx.doi.org/10.1088/1126-6708/2008/06/017
http://dx.doi.org/10.1088/1126-6708/2008/06/017
http://dx.doi.org/10.1103/PhysRevD.85.114023

PRL 115, 162001 (2015)

PHYSICAL REVIEW LETTERS

week ending
16 OCTOBER 2015

[34] A. Bacchetta, A. Courtoy, and M. Radici, J. High Energy
Phys. 03 (2013) 119.

[35] M. Radici, A. Courtoy, A. Bacchetta, and M. Guagnelli, J.
High Energy Phys. 05 (2015) 123.

[36] G.R. Goldstein, J.O.G. Hernandez, and S. Liuti, ar-
Xiv:1401.0438.

[37] M. Anselmino, M. Boglione, U. D’Alesio, A. Kotzinian, F.
Murgia, A. Prokudin, and S. Melis, Nucl. Phys. B, Proc.
Suppl. 191, 98 (2009).

[38] S. Ahmad, G. R. Goldstein, and S. Liuti, Phys. Rev. D 79,
054014 (2009).

[39] G.R. Goldstein, J. O. G. Hernandez, and S. Liuti, J. Phys. G
39, 115001 (2012).

[40] G. Goldstein, J. O. G. Hernandez, and S. Liuti, Phys. Rev. D
91, 114013 (2015).

[41] S. Goloskokov and P. Kroll, Eur. Phys. J. A 47, 112 (2011).

[42] S. Goloskokov and P. Kroll, Eur. Phys. J. C 74, 2725
(2014).

[43] A. Kim and H. Avakian (CLAS), Proc. Sci., DIS2014
(2014) 208.

[44] J. Collins and T. Rogers, Phys. Rev. D 91, 074020 (2015).

[45] Z.-B. Kang, A. Prokudin, P. Sun, and F. Yuan, Phys. Rev. D
91, 071501 (2015).

[46] R. W. Pattie, K. P. Hickerson, and A.R. Young, Phys. Rev.
C 88, 048501 (2013).

[47] F. Wauters, A. Garcia, and R. Hong, Phys. Rev. C 89,
025501 (2014).

[48] A. Hocker, H. Lacker, S. Laplace, and F. Le Diberder, Eur.
Phys. J. C 21, 225 (2001).

[49] S. Gardner and B. Plaster, Phys. Rev. C 87, 065504 (2013).

[50] V. Cirigliano, M. Gonzalez-Alonso, and M. L. Graesser, J.
High Energy Phys. 02 (2013) 046.

162001-5


http://dx.doi.org/10.1007/JHEP03(2013)119
http://dx.doi.org/10.1007/JHEP03(2013)119
http://dx.doi.org/10.1007/JHEP05(2015)123
http://dx.doi.org/10.1007/JHEP05(2015)123
http://arXiv.org/abs/1401.0438
http://arXiv.org/abs/1401.0438
http://dx.doi.org/10.1016/j.nuclphysbps.2009.03.117
http://dx.doi.org/10.1016/j.nuclphysbps.2009.03.117
http://dx.doi.org/10.1103/PhysRevD.79.054014
http://dx.doi.org/10.1103/PhysRevD.79.054014
http://dx.doi.org/10.1088/0954-3899/39/11/115001
http://dx.doi.org/10.1088/0954-3899/39/11/115001
http://dx.doi.org/10.1103/PhysRevD.91.114013
http://dx.doi.org/10.1103/PhysRevD.91.114013
http://dx.doi.org/10.1140/epja/i2011-11112-6
http://dx.doi.org/10.1140/epjc/s10052-014-2725-6
http://dx.doi.org/10.1140/epjc/s10052-014-2725-6
http://dx.doi.org/10.1103/PhysRevD.91.074020
http://dx.doi.org/10.1103/PhysRevD.91.071501
http://dx.doi.org/10.1103/PhysRevD.91.071501
http://dx.doi.org/10.1103/PhysRevC.88.048501
http://dx.doi.org/10.1103/PhysRevC.88.048501
http://dx.doi.org/10.1103/PhysRevC.89.025501
http://dx.doi.org/10.1103/PhysRevC.89.025501
http://dx.doi.org/10.1007/s100520100729
http://dx.doi.org/10.1007/s100520100729
http://dx.doi.org/10.1103/PhysRevC.87.065504
http://dx.doi.org/10.1007/JHEP02(2013)046
http://dx.doi.org/10.1007/JHEP02(2013)046

