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Analytic Perturbation Theory ("Minimal Approach")
» Q2 analyticity
> preserve RG-invariance
v/ Landau singularity removed
Power series is replaced by non-power functional series?,?
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Later generalized to the non-integer powers of «s - Fractional AP
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The series of derivatives 4,(Q?) can successfully replace the corresponding series
of as-powers (see, e.g. (Kotikov, Zemlyakov:2022)). Indeed, each derlvatlve
reduces the as power but is accompanied by an additional B-function a5. Thus,
each application of a derivative yields an additional as, and thus it is mdeed
possible to use a series of derivatives instead of a series of as-powers. In the LO,
the series of derivatives a, — ag.
Beyond LO, the relationship between &, and ag was established in (Cvetic,
Valenzuela: 2006), (Cvetic, Kogerler, Valenzuela: 2010) and extended to the
fractional case, where n is a non-integer v, in (Cvetic, Kotikov: 2012)

. ® m) /s
D@2 = Z ” o (Rl @) (3)
(1) 2y 1) 20 = T(vEm) (s z(1) 2
AMA v(Q )= Ana~(Q7) + O (RmAMA v+m(Q )) (4)
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Bjorken polarized sum rule

Bjorken sum rule is defined as the 1st Mellin moment of the g; by the Bjorken
variable of the difference for proton and neutron for the fixed Q?:

1
@) - [ 60D e Q)] ax (5)
0
BSR in the OPE form (twist-2 + twist-4):
Q) - |gA6/V| {1 - DBJ.(QZ)] n > Q‘ész , (6)

where |g, | = 1.2762 + 0.0005
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Higher twist resummation

Non-perturbative HT resummation via spectral function?:

oo < 2
Z Honi2 (MHT> = fogM® dx, (7)

oo Q2 —xM?
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5-like like spectral density? Breit-Wigner like spectral density?
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1/L FAPT expansion

BSR twist-2 perturbative series with couplants from?@ (we assume f — 3
active quark flavors)

k
4 (. s
D](3ks)(Q2) ~ Bo (a(lk) + Z dm]_ar(rl]()> ) (10)
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1/L expansion with the massive twist-4 HT representations®
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Figure: The results for F{”“(QZ) in the first four orders of APT with o = op.
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Low Q2 behavior
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Figure: The results for F{”“(Qz) in the first four orders of APT for Q2 < 0.6 GeV2,

rP I (Q?) takes negative unphysical values for low Q% < 0.02GeV?
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The Gerasimov-Drell-Hearn sum rule

The GDH’,8 sum rule for the nucleon connects it's anomalous magnetic moment
and the difference of the photoabsorption cross sections for parallel - op and
antiparallel o spins of the photon and the nucleon

2mey? / o (v) oa(v)), (12)
0
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8S. D. Drell and A. C. Hearn. In: Phys. Rev. Lett. 16 (1966), pp. 908-911.
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Photoproduction limit

Following? and analogically to? we take into account Gerasimov-Drell-Hearn sum
rule and get the equation

d pn/A2 ~(up— 1) + 13
—TP =0)=G, G= —————= =0.0631, 13

also finiteness of cross section for real photons implies:

Q? =0)=0, (14)

). Soffer and O. Teryaev. In: Phys. Rev. Lett. 70 (1993), pp. 3373-3375.

bkhandramai, Teryaev, and Gabdrakhmanov, “Infrared modified QCD couplings and Bjorken sum
rule”; Gabdrakhmanov, Teryaev, and Khandramai, “Infrared models for the Bjorken sum rule in the APT
approach”.
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Photoproduction limit

For MA coupling:

A®Q2—0) =A% (@ =0) -1, A% (@*=0) -0, (15)
By definition Q2 dngx Q%) ~ A, 1(Q%). so
%AH(QZ 50) 5o (16)

thus every term in DMA’BS(QZ) becomes to be divergent at Q2 — 0.
So we assume the relation between twist-2 and twist-4 terms, that leads to the
appearance of a new contribution.
Taking into account GDH sum rule and (15) possible modification to improve low
Q? behavior is:

ﬁMA,4M2
Q2 + M2

ﬁMA,6M4
(Q%+M?)2’

2
Tida (@) = 2 (L Duaps@)- %) +

(17)
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Photoproduction limit
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Figure: The results for F{”“(Qz) (17) in the first four orders of APT for Q2 <0.6 GeV22
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Conclusion

> As previous studies showed: while conventional PT fails to describe BSR data,
APT with the massive twist-4 HT term gives a good agreement with the data

» However the fits extended to very low Q? values produce negative results

» We successfully solved the issue modifying of the OPE and found a good
agreement in the whole experimental region with the help of the GDH sum
rule

» The distinctive feature of the solution is continuation of the BSR down to the

photoproduction limit with a finite derivative dinl‘ll\'jI’A“’l
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