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Introduction

The box diagram, crucial for the study of T = K 7%
DIS and deep-virtual Compton scattering is
closely related to the axial current, that is A Y
not conserved even in the chiral limit *
(massless quarks) due to an anomaly term: g y « g y

(a (b)

Anomalous term

/!

(N _
040 = ) 2img G0 Y5 9(3) = =L Tr (PP (0 F ()




Introduction

Altarelli-Ross (1988)
Carlitz-Collins-Muller (1988)

During the spin crisis, it was proposed that the measured spin AX = AE - @ Nf AG
contribution of the quarks could be separated as follows: 2

Problem 2: Ill defined in the collinear limit?

Problem 1: Ambiguity on the prefactor depending on the IR regulator

Problem 2: was revisited and expanded in recent works by Tarasov-Venugopalan (2021) and
Bhattacharya-Hatta-Vogelsang (BHV) (2023)

The claim is that there is an “anomaly pole” in the collinear limit.



PDF results
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Perturbative results to the first order in perturbation theory with two IR regulators
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Local Current: first moment of PDF

Related to the anomaly
see next slides)
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Local Current: direct calculation

The non-conservation of the axial current due to the anomaly and explicit breaking of chiral symmetry
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Some limits:
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T:}U 0, The mass term cancels the anomaly term in the infinite quark
mass limit.
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So far, we encountered ambiguities to define some functions depending on the IR regulators. This
behavior has a common root: we find dimensionless quantities that can only depend on the ratio of the

regulators.



Graphically

Anomaly term cancels with the mass term (infinite
qguark mass) and chiral symmetry restorage.
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Local current: full calculation with physical
polarization vectors

Single form factor: determined by the

/ anomaly relation
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Two form factors, it is important to stress that the collinear limit is well defined:
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Local currents: some remarks

G1(0; m, pz) + G»(0; m, pz) = G1(0;m, pz) = D(0; m, pz) We unambiguously relate the classic
result of Carlitz et. al with the divergence
I of the axial current current.
f dx gi(x;m, pz) = G1(0; m, pz) This single form factor is related to the
-1 divergence of the current as well.

Thanks to this we can understand the zero result in their paper as a cancellation of the operators
appearing in the anomaly equation in the infinite mass limit:
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Angular momentum conservation
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Helicity preserved structure Helicity flip structure
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In the real photon case, only the second term is present, and due to

conservation of angular momentum, it must vanish in the collinear limi Rl
2T
—DI(7)

This holds for a finite quark mass:
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GPD calculation with massive quarks
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Here we consider the external gluons to be real.

In this case, for the analysis of the GPD we find the same similar features, we have two
independent GPDs the second one related to helicity flip, that must vanish due to conservation of
angular momentum in the limit of momentum transfer to zero.

Taking the first moment of the GPDs lead

to a relation with the form factors:

1 This is the GPD related to the
f divergence of the axial current

dx Hy(x,&,4%) = G(4?).
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GPD calculation with massive quarks: full results

LA4+a + ENK — 2x(k + 2) 1 " Vi + 4+ ik
1-& Vek+4)  Vk+4— +k T T

Hi(x, &, 4% m) = 4_’<_(1 —HE+[1 mz‘ _E+x

260+6 e @] %
£2-x-x, { (1—5,}(§+x)(§2+§(1—x)—x)K‘
—2———— " In|l+
26(1 - &%) 482(1 - x)?
+4+(1+§2)K—2x(x+2) M
2(1 - £2) Vkk +4)  h-

2(1—x)[_1+ 2 Nkxd+ vk
@ 1 -¢2 Ve(k+4)  Vk+4 -k

2 E+x 1-x 1 hy
1 +&

+ (x> —x) —-£<x<é€.

]
2% 1-¢ vk d

with the auxiliary functions

ha =41 = x) = (1 = E)(E +x) Ve (Ve +4 = V).



GPD calculation with massive quarks: results
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Remark: our results in the massless limit agrees with BHV (2023)

T+ (x = —x) + O(1%)

E<x<1,
Zero momentum transfer
transverse limit: consistent
—& < x < &. results with conservation of

angular momentum.

Massless limit
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Conclusions

We state that the cancellation of the anomaly term with the mass term in the anomaly relation
plays a crucial role for the conservation of angular momentum in all our calculations.

We don’t find an ambiguity when taking the collinear limit more than the ambiguity related to
having a function depending on a ratio of two mass scales (for instance: slide 9). No “anomaly

pole” when considering physical polarizations.

There is a clear connection of the divergence of the axial current and the pdf even in the
collinear limit (slide 11).

16



