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Motivation

Deeply inelastic scattering (DIS) at large 4—momentum transfer Q2
offers the possibility to probe the partonic sub—structure of the nucleon.

All calculations of high energy processes with initial hadrons, require
parton distribution functions (PDF's) as an essential input.

Presently the next-to-leading-order is the standard approximation for
most important processes in QCD.

For quantitatively reliable predictions of DIS and hard hadronic scat-
tering processes, perturbative QCD corrections beyond the next-to-
next-to-leading order (N°LO) and the next-to-next-to-next-to-leading
order (N2LO) need to be taken into account.
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Padé approximations and 4-loop anomalous dimen-
sions

In spite of the unknown 4-loop anomalous dimensions, one can obtain
the non-singlet parton distributions and Agcp by estimating uncalcu-
lated fourth-order corrections to the non-singlet anomalous dimension.

Padé approximations have proved to be useful in many physics appli-
cations.

Padé approximations may be used either to predict the next term in
some perturbative series, called a Padé approximation prediction, or
to estimate the sum of the entire series, called Padé summation.

Padé approximations are rational functions chosen to equal the per-
turbative series to the order calculated:

ao+ a1z + ... + a.__.a.,.-‘m"f‘“"‘
1+b12+ ...+ bwﬂiw

5

IV /M] =

to the series
S = So+ Sz + ... + SN TM
where we set
N/ M] = S + O@N+HMFL

and write an equation for the coefficients of each power of .
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A generic QCD anomalous dimension expansion in term of as then
may be written in the form

(V) = as(1© 4 a2y 4 4242 f ¢3,3))

In N-Mellin space M > 1 and N' 4+ M = n, where n stands for
the maximal order in as at which the expansion coefficients ~(") have
been determined from an exact calculation.

This expansion then also provides the [N/ M] Padé approximations
for the (n+1)-th order quantities ~ 1)

In N-Mellin space it is easy to obtain the following results for M =

N=1landfor M=0,N =2

- (V)
5 [1/1](N) = [1/1)(N) = W
) > ,}__(1) N ,?_.(2) N ?,.-(1)3 N
FEEIN) = [0/21(V) = q,((o>)(i\r)( - f:iOPENi

A.N.Khorramian (IPM & Semnan University) SM and BSM physics at the LHC meeting




At N LO the scale dependence of as is given by

.
d:inazgz = Bywro(as) = — I; ag+2 G .

Bo = 11-2/3ny,

B1 = 102-38/3 ny,

B> = 2857/2—5033/18 ny + 325/54 n?,

B3 = 29243.0 — 6946.30 ns + 405.089 n? + 1093/729 n}

Up to N3LO this expansion yields

. ] I
as(Q") BoLa  (BoLa)? AT (BoLa)?

(GoLr)? |ihf (— In® Ly + B In? La+2InL, — E) — 3bybyIn Ly + ?:;

[h.‘f (IHQLA —InLj — 1) + hg]

where Ly = In(Q?/N?), b, = B1/Bo, and A is the QCD scale
parameter. To be capable to compare with other measurement of
A we adopt the matching of flavor thresholds at Q2 = m? and
Q? = 'm% with m, = 1.5 GeV and m;, = 4.5 GeV.

A.N.Khorramian (IPM & Semnan University) SM and BSM physics at the LHC meeting




The theoretical background of the QCD analysis

We choose the following parameterization for the valence quark den-
sities in the input scale of Q5 = 4 GeV?

2qu(e, Q) = Ny 2% (1 — 2)"(1 + cqv/z + dg 2)

where ¢ = u, d and the normalizations A, and N, being fixed by

-1 | .
’o Updr = 2 and ’0 dydxr = 1, respectively.

In the above the 2 term controls the low-2: behavior parton densities,

and the (1 — 2)? terms the large 2 values. The remaining polynomial
factor accounts for additional medium-2 values.

A. N. Khorramian and S. A. Tehrani. Phvs. Rev. D 78, 6740149 ( 2005)
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The non—singlet (NS) parts of the structure functions fld(x Q?) in
the LO approximation for z > 0.3, where valence quark dominance
is adopted, given by

5 _
iz, Q%) = E[ﬁf(u —u) + z(d - d)]
—|—% z(u—7) —z(d - d)]
— iﬁfﬂ-@ —I— éi’dv

The combinations of parton densities in the valence region x > 0.3

for f9(x, Q%) is

[ Q) = = [o(u-m) (@) +2(d - )z, Q)]
5
— E :I:‘(’U,q; + dv)

where d = (p +n)/2.
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In the region x < 0.3 for the difference of the proton and deuteron
data we use

N, Q%) = 2(F" — F5Y)

= S [ +m — 2@+ D] + 0@ - D

1 2 —
3 x(u, —d,) + 3 x(u—d)

where now sea quarks cannot be neglected for x smaller than about
0.3.

M. Gluck, E. Reva and C. Schuck, Nucl. Phys. B 754, 178 {2006)
A. Vogt, Comput. Phys. Commun. 170, 65 (2005)
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The evolution equations are solved in Mellin-N space and the Mellin
transforms of the above distributions are denoted by fN>(NV, Q?),
(Y, Q?), respectively.

The non—singlet structure functions are given by

Fi(N,Q?) = [1+4 a,(Q*)C1(N) 4 aZ(Q*)Ca(N)
+a2(QH)C3(N) ] fr(N, Q3)

for the three cases above. Here as(Q?) = a.(Q?)/(47) denotes
the strong coupling constant and C';(/V') are the non—singlet Wilson
coefficients in O(al).

S. Moch, J. A. M. Vermaseren and A. Vogt, Nucl. Phys. B 688 (2004)
101 [arXiv:hep-ph /0403192].

J. A. M. Vermaseren, A. Vogt and S. Moch, Nucl. Phys. B 724 (2005)
3 [arXiv:hep-ph /0504242].
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The solution of the non—singlet evolution equation for the parton den-
sities to 4—loop order reads

a Fs(N) /3o
}':R(Nﬁ QQ) - f1k‘(Na Q%) (CL_)

{1 - S(a=a0) [PJ(N) - %Pol

k- [pro0 -2t + (5 -2) o)

280 (a a'o) Py (N) — [j + 2 7o Po(N)
)2 [Py - P2

g (a—ao)® (PN - 2 Po)

—350 ((L ao) P (N) — o P (N) + [32 o P"(N

33 BiB2 | B3

282(a ao) (a O_a)(P+(N)
31 87 B2\ A
[PQ(N)_ﬁ_Pl( ) — (%—E) PO(N)]
B1a s ’
6[33 (a — ao)?® (p+(N) ﬁOPo(f\ )) } .

Here, P denote the Mellin transforms of the (k + 1)-loop splitting
functions.
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One of the simplest and fastest possibilities in the SF reconstruction
from the QCD predictions for its Mellin moments is Jacobi polynomials

expansion.

S. |. Alekhin et al., Phys. Lett. B 452, (1999) 402.
A. L. Kataev, et al. Nucl. Phys. B 573, (2000) 405.
A. L. Kataev, et al. Phys. Part. Nucl. 34, (2003) 20;

???,G(‘I'

Fe(2,Q%) = 2°(1 —:1)329“3(:1)2 " (a, 8)

n=0 j=0
XJ\'[FQ(J —I_ 23 Cg )3

where Nyq2 1s the number of polynomials and @O“J(:z:) is Jacobi
polynomials with the weight 2%(1 — )",

In above My, (j + 2,Q?) are the moments of non singlet structure
function. It is obvious that the Q2-dependence of the structure func-
tion is defined by the (Q%-dependence of the moments.

S. Atashbar Tehrani and A. N. Khorramian JHEP 07 (2007) 048

A. N. Khorramian, A. Mirjalili and S. A. Tehrani, JHEP 0410 (2004)
062.

A. N. Khorramian and S. Atashbar Tehrani, JHEP 0703 (2007) 051
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NLO NNLO N3LO Padé[1/1] | N3LO Padé[0/2]
uo| @y | 07434+ 0009 | 0.7772 £0.009 | 0.7917 £ 0.0106 | 0.7917  0.00992
b, | 3.8007 +£0.040 | 4.0034 +0.033 | 4.0264 +0.0402 | 4.0268 + 0.0327
Cu 0.1620 0.1000 0.0940 0.0940
d, 1.2100 1.1400 1.1100 1.1100
dy| aq | 07369 £ 0.040 | 0.7858 £ 0.043 | 0.8093 £ 0.0611 | 0.8093 % 0.0405
by | 35051 + 0225 | 3.6336 £0.244 | 3.7685 + 0.3499 | 3.7685 + 0.2276
ca 0.3899 0.1838 0.13990 0.13990
dg -1.3700 -1.2152 -1.1200 -1.1200
AN MeV| 2638 £ 30 230.9 + 27 241.4 + 29 2415 + 27

| x%/ndf [523/546 = 0.9578|506/546 = 0.9267|491.07/546 = 0.8994]491.12/546 = 0.8995

TABLE 1I: Parameter values of the NLO, N*LO and N3*LO (Padé [1/1] and Padé [0/2]) nonsinglet
QCD fit at Q% = 4 GeV?.
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N3LO Padé[1/1]

bu

bg

Ng=4

ay ad D

y 1.13x10~*

by 235x107* | 1.62x1072

aq 1.09x1074 [ -1.59x1073| 3.86x1073

bg 1.67x1074 [ 8.84x1073| 2.11x1072| 1.23x10!

AE,%D 1.71x107% | -3.49x107*| 5.04x107% | 2.61x1073 | 8.65x1074
N3LO Padé[0/2] au ba - ba AN

ay 0.98x10 4

b, 1.83x107% [ 1.07x1072

ag -5.07x107%| -6.01 x107#| 1.66x10—3

ba -1.11x1074| -3.30x10~3| 8.58x10~% | 5.19x102

AEQ. 1.59%1074 | -1.09x107*| 1.94x107* | 8.07x107*| 7.53x107*

TABLE II: Our results for the covariance matrix of the N*LO nonsinglet QCD fit for padé [1/1] and
[0/2] at Q2 = 4 GeV? by using MINUIT([54].
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BBG [44]

N3LO Padé[1/1]

N3LO Padé[0/2]

0.3006 £ 0.0031
0.0877 £0.0012
0.0335 £ 0.0006

0.3081 £ 0.0028
0.0878 £ 0.0011
0.0332 = 0.0006

0.3081 £ 0.0026
0.0878 + 0.0010
0.0332 £ 0.0005

0.1252 £ 0.0027
0.0318 £ 0.0009
0.0106 £ 0.0004

0.1249 £ 0.0028
0.0301 £ 0.0008
0.0099 £ 0.0004

0.1249 £ 0.0026
0.0301 £ 0.0007
0.0099 £ 0.0005

N
2
3
4
2
3
i
2
3
4

0.1754 £0.0041
0.0559 £0.0015
0.0229 £+ 0.0007

0.1831 + 0.0038
0.0577 £ 0.0014
0.0233 £ 0.0007

0.1831 =+ 0.0034
0.0577 £ 0.0013
0.0233 + 0.0006

TABLE III: Comparison of low order moments from our nonsinglet N*LO QCD analysis at Q2 = 4 GeV?
with the N®LO analysis BBG [44].
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The parton distribution zu, at some different values of Q2.

A N. Khorramian and S. A. Tehrani, Phys. Rev. D 78, 074019 (2008)
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A N. Khorramian and S. A. Tehrani, Phys. Rev. D 78, 074019 (2008)
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IPM & Semnan Universi

H. Bottcher

and A.

Guffanti,

Nucl. Phys. B 774,
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Conclusions

We performed QCD analysis of the non-singlet world data up to NNNLO

by using Jacobi polynomials expansion and determined the valence
quark distributions zu.,(z, Q?) and zd,(z, Q?).

In spite of the unknown 4-loop anomalous dimensions, one can obtain
the non-singlet parton distributions and Agcp by estimating uncalcu-
lated fourth-order corrections to the non-singlet anomalous dimension.

as(M2) = 0.1139 4+ 0.0020, N°LO.

+0.0019

s (M2)=01134 T 0007

BBG

Parameterizations of these parton distribution functions were derived
in a wide range of = and Q2 as fit results at LO, NLO NNLO and
NNNLO.

http://particles.ipm.ir/links /QCD.htm
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EXTRAS



Experiment x Q% GeV2 | FPIEY cuts| N
BCDMS (100){0.35 — 0.75( 11.75 — 75.00 | 51 29 [|1.005
BCDMS (120)]0.35 — 0.75( 13.25 — 75.00 | 59 | 32 ||0.998
BCDMS (200)]0.35 — 0.75(32.50 — 137.50| 50 | 28  ||0.998
)

BCDMS (280)(0.35 — 0.75[43.00 — 230.00| 49 | 26 0.998
NMC (comb) |0.35 — 0.50 7.00 — 65.00 | 15 14 ||1.000
SLAC (comb) |0.30 — 0.62| 7.30 —21.39 | 57| 57 |[1.013
H1 (hQ2) 0.40 — 0.65 200 — 30000 | 26 | 26 1.020
ZEUS (hQ2) (0.40 — 0.65| 650 — 30000 | 15 15 1.007
proton 322 227
(a) Number of F} data points.
Experiment T Q?, GeV? Fg FQd cuts|| N

5[13.25 - 99.00 | 59 32 1.001
5(32.50 — 137.50| 50 28 0.998

BCDMS (120)[0.35 — 0.7
BCDMS (200){0.35 - 0.7

BCDMS (280)]0.35 — 0.75]43.00 — 230.00| 49 26 1.003

NMC (comb) [0.35 — 0.50| 7.00 — 65.00 |15 14 1.000

SLAC (comb) {0.30 — 0.62| 10.00 — 21.40 | 59 59 0.990

deuteron 2321 159

(b) Number of F¥ data points.

Experiment T Q?, GeV? Féw's Féw's cuts|| N
BCDMS (120)(0.070 — 0.275| 8.75 — 43.00 | 36 30 0.983
BCDMS (200)]0.070 — 0.275[ 17.00 — 75.00 | 29 28 0.999
BCDMS (280)]0.100 — 0.275]32.50 — 115.50| 27 26 0.997
NMC (comb) {0.013 - 0.275[ 4.50 — 65.00 | 88 53 1.000
SLAC (comb) [0.153 — 0.293| 4.18 - 5.50 | 28 28 0.994
nonsinglet 208 165

(¢) Number of F}V¥ data points.

TABLE I: Number of experimental data points (a) £5, (b) F¥, and (c) F3'* for the nonsinglet QCD
analysis with their 2 and @ ranges. The name of different data set and range of = and Q? are given in
the three first columns . The fourth column (F3) contains the number of data points according to the
cuts: Q2 >4 GeV?, W2 > 125 GeV?, © > 0.3 for F¥ and FS and z < 0.3 for Fiws. The reduction
of the number of data points by the additional cuts (see text) are given in the 5th column (F5 cuts).

The normalization shifts are listed in the last column.



In the QCD analysis of the present paper we used three data sets: the structure functions
FP(x, Q%) and Fﬁ.i(;?:, ?) in the region of # > 0.3 and the combination of these structure
functions F2'o(z, Q%) in the region of # < 0.3 . Notice that we take into account the cuts

Q% > 4 GeVZ, W2 = 12.5 GeV? for our QCD fits to determine some unknown parameters.

W2 = [% —1)Q* +m¥ > 125 GeV?
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