International Journal of Scientific and Research Publications, Volume 3, Issue 11, November 2013

ISSN 2250-3153

Particular and Unique solutions of DGLAP evolution
eqguations in Next- to-Next-to-Leading Order and
Structure Functions at low-x

Rasna Rajkhowa

Physics Department, T.H.B. College, Jamugurihat, Sonitpur, Assam, India

Abstract- We present particular and unique solutions of singlet
and non-singlet Dokshitzer-Gribov-Lipatov-  Altarelli-Parisi
(DGLAP) evolution equations in next-to-next-to-leading order
(NNLO) at low-x. We obtain t-evolutions of deuteron, proton,
neutron and difference and ratio of proton and neutron structure
functions at low-x from DGLAP evolution equations. The results
of t-evolutions are compared with HERA and NMC lox-x and
low-Q? data. We also compare our result of t-evolution of proton
structure function with a recent global parameterization.

PACS No.: 12.38.Bx, 12.39-x, 13.60Hb.

Index Terms- Particular solution, Complete solution, Unique
solution, Altarelli-Parisi equation, Structure function, Low-x
physics.

I. INTRODUCTION

n our earlier works [1-4], we obtain particular solution of the
Dokshitzer-Gribov-Lipatov- Altarelli-Parisi (DGLAP)
evolution equations [5-8] for t and x-evolutions of singlet and

non-singlet structure functions in leading order (LO) and next-
to-leading order (NLO) and hence t-evolution of deuteron,
proton, neutron, difference and ratio of proton and neutron and x-
evolution of deuteron in LO and NLO at low-x have been
reported. The same technique can be applied to the DGLAP
evolution equations in next-to-next-to-leading order (NNLO) for
singlet and non-singlet structure functions to obtain t-evolutions
of deuteron, proton, neutron, difference and ratio of proton and
neutron structure functions. These NNLO results are compared
with the HERA H1 [9] and NMC [10] low-x, low-Q? data and we
also compare our results of t-evolution of proton structure
functions with recent global parameterization [11].

The DGLAP evolution equations with splitting functions for
singlet and non-singlet structure functions in NNLO are in the
standard forms [12-14]
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(2)( )
Here results are from direct x-space evolution and is calculated using Fortran package [15]. Except for x values very

(2)
close to zero of ( ) , this parameterizations deviate from the exact expressions by less than one part in thousand, which can be
consider as sufficiently accurate For a maximal accuracy for the convolutions with quark densities, slight adjustment should done
using low integer moments [16].

2
The strong coupling constant, a5 (Q7) is related with the g-function as [17]

B ):aas(Qz)z_&az_ Py ol — B, od T A
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Let us now introduce the variable u = 1-w and note that [18]
zziﬂgk
w 1-u Y

The above series is convergent for | u|<l. Since x<w<1, so O<u<1-x and hence the convergence criterion is satisfied. Now,
using Taylor expansion method we can rewrite F,°(x/w, t) as

WWWw.ijsrp.org



International Journal of Scientific and Research Publications, Volume 3, Issue 11, November 2013
ISSN 2250-3153

2S
oFS (x,1) 0°F; (xt)
S S © k S L k72 1.2 ky2” "2
F Iwit)=F D=F(Xt)+x>u =X u
5 (xIw,t)=F (X+Xk§1u )=F; (x1) kzl x 32 (kzzl ) o2

which covers the whole range of u, 0<u<1-x. Since x is small in our region of discussion, the terms containing x*and higher powers of
x can be neglected as our first approximation as discussed in our earlier works [1-4], F,*(x/w, t) can be approximated for small-x as
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Similarly, G(x/w, t) and F,"*(x/w, t) can be approximated for small-x as
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Using equations (9) and (10) in equations (3), (4) and (5) and performing u-integrations we get,
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here,
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Let us assume for simplicity [1-4]
G(x, D= KX F2* (¢, 1) 13)

where K(x) is a function of . In this connection, earlier we considered [1-3] K(x) = k, ax’, ce™, where k, a, b, c, d are constants.
Agreement of the results with experimental data is found to be excellent for k =4.5,a=4.5,b =0.01, ¢ =5, d = 1 for low-x in leading
order and a =10, b = 0.016, ¢ = 0.5, d = -3.8 in next-to-leading order. Also we can consider two numerical parameters To and T, such

that
T2 (t) = ToT (t) and T3(t) = ToT () T (t) = T.T (1), (14)

T))=2®

where, 2n
By suitable choice of T and T4, we can reduce the error to a minimum. Hence equation (12) becomes

m P (X )5':—()“) Q. (¥R’ (xt)=0
o , (15)

where,

Ps() =TOI(A, + KA,) +T (B, + KB,) +T,(C, + KC,)]

oK oK oK
Qs (X) _T(t)[(Al + KAS + A4 &) +T O(Bl + KBS + B4 &) +T1(C1 + KC3 + C4 &):l

Secondly, using equations (11) and (14) in equations (6), (7) and (8) and performing u-integration equation (2) becomes

M NS( )M_QNS (X)|:2N5 (x,t) =0
ot ox (16)

where,
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PNS (X) :T(t)[Az +ToBz +T1C2],

Qs (X) = T(t)[A.'l +T OBl +T1C1]
The general solutions [19, 20] of equations (15) is F(U, V) = 0, where F is an arbitrary function and U (x, t, F,") = C;and V (x, t,
F,%) = C,where, C, and C, are constant and they form a solution of equations

d_dt_dEa(xt)
Ps(x,t) -1 —QS(x,t) an

We observed that the Lagrange’s auxiliary system of ordinary differential equations [19, 20] occurred in the formalism can not be
solved without the additional assumption of linearization (equation (14)) and introduction two numerical parameters Toand T,. These
parameters does not effect in the results of t- evolution of structure functions. Solving equation (17) we obtain,

(1+b ¢ Int]

t o2 N (X)

S t o2 S b 1(c dj
U(xt, F =t e S ==
) Xp{ a t 2\2 2
an

VxtLFP)=F5 (x)ep[Mg (X)]

where,
azi’ b:ﬁ1 C:ﬁ_}l’ d:'g_z,
By By Py £o
dx

NS(X)ZI[( +KA,)+T (B, +KB,)+T,(C, +KC,)]

Ay + KA HT o(By +KBy)+T, (C, +KC,
and

(A1+KA3+A48—K)+TO(Bl+KB3+B48—K)+T1(C1+KC3+C48—K)
MS(X)=J’ OX OX OX dx.

(A, +KA,)+T (B, +KB,)+T,(C, +KC,)

2. (a) Particular Solutions
If U and V are two independent solutions of equation (17) and if o and £ are arbitrary constants, then V' = aU +  may be taken as
a complete solution of equation (15). Then the complete solution [19, 20]

(HE_L.MJ
s t o2 s® b 1(c d)
Fy (xt)exp[Me (X)] = ot e ===+
> (xt)ep[Mg ()] =« X'{a RIEREY I
(18)
is a two-parameter family of planes. The one parameter family determined by taking 8 = & has equation
b ¢
(l"'?——z In tJ (X) b 1 q
S 2t S c 2
F M = — == .
SHeRIMg (] = exp{ 1t zﬂ“" .

Differentiating equation (19) with respect to «, we obtain

(1+9—ilnt]
ot 2 ex{ S(X)+b 1(3 dﬂ

2 Ta 120272

Putting the value of « again in equation (19), we obtain envelope
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b

Cc
1+————Int
5 —_i( toa? J Ns®) b —1(£_ﬂj
Fy (x.)exp[Mq (X)] = nk exp[ a +t+t2

Therefore,

(20)
which is merely a particular solution of the general solution. Now, defining

b ¢ 2N (X)
FS(xt)=—= Ity {exp| 224 2(C_9), 258y ()
2 Xl a S

Ll 21+ =-—
410 0 2 t tg 2 2

att =ty where, to= In (Qy°/4%) at any lower value Q = Q,, we get from equation (20)
2

(1+b/t—%lnt)

2t
FS (61 = By (x,tg) — exp 2b{}_i]+2 iz_iz (E_Ej |
(1+b/t0—ilnto) t 1 o 5 )2 2

2
2t0

t
0 (21)

_ 2
which gives the t-evolution of singlet structure function F,(x, t) in NNLO for p=a .
Proceeding exactly in the same way, and defining

2142 C pe| [ 2 (E_Q}ZNNS(X)

O)Z_Z tO to ot 2 exp _+t_2 2 9

F2NS (x,t
0 t()

—MNS(X)

dx T,B +T.C
Ny (X) =] M _ (AT B +TC,
NS (x)=]
where, A2 T OBZ +T1C2 and NS A, +T B, +T,C,
we get,

(1+b/t—%lnt)

2t

F2NS (X,t): F2NS (X;to) t exp 2b[1‘i}+2 iz_i [E_g] ,

(1+b/tg—<_Int.) t i ¢ 2 \2 2
g2 0

¢ 0

0

which gives the t-evolution of non-singlet structure function F,"°(x, t) in NNLO for g = &%

(22)

We observe that if b, ¢ and d tends to zero, then equations (21) and (22) tends to LO equation [1] and if ¢ and d tends to zero then
these equations tends to NLO equation [2-3]. Physically b, ¢ and d tends to zero means number of flavours is high.
Again defining,
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b ¢
2| 1+————Int

S 1 { t o2 J 2 2(0 d] 2Ng (x)

Fy (X5, t)=—=|t exp| —+—| ——— |+ —M (x

2 Uol="4 Pl 222 a s ()

X=XO

we obtain from equation (20)

S S X2

FS () =F5> (Xq.t)exp [ | =N (X)—M(x) [dx,

2 2 Yo a 'S S

0 (23)
which gives the x-evolution of singlet structure function F,*(x, t) in NNLO for g = .
Similarly defining,
b ¢
2| 1+ ————Int
NS (o1 [ t 2 ] 2 2(c d) 2MNns®)
F) (xo,t)_ 4t exp t+t2 575 + " MNS(X)
X=XO
We get
X[2
FS (x,8) = FVS (xg.)exp | {E.N Ns 0 ~M e (x)}dx,
0 (24)

which gives the x-evolution of non-singlet structure function F,"5(x, t) in NNLO for £ = o

Deuteron, proton and neutron structure functions measured in deep inelastic electro-production can be written in terms of singlet
and non-singlet quark distribution functions [21] as

FA(x, t) = 5/ 9 F,°(x, 1), (25)
F°(x, t) = 5/ 18 F,(x, t) + 3/ 18 F," (x, 1), (26)
Fo"(x, t) = 5/ 18 F,(x, t) - 3/ 18 F,™° (x, 1) (27)
and FP(x, 1) - F2"(x, t) = 1/ 3 F,™ (x, 1). (28)

Now using equations (21) and (23) in equation (25) we will get t and x-evolution of deuteron structure function F,%(x, t) at low-x in
NNLO as

2
(1+b/t—%lnt)
2t
Fh ot = Ff () — e e |
(1+b/ty—<_Int,) t g e g )2 2
o2 0
) 0
0 (29)

and

d d ¥12
Fy (x)=F5 (xg.t)exp | — N () =M (x) dx,
a
%0 (30)
where, the input functions are

d 5 S d 5 8§
Fz(x,to)ngz(X,tO) F2(X0,t)=§F2(XO,t)

and

Similarly using equations (21) and (22) in equations (26), (27) and (28) we get the t — evolutions of proton, neutron, and
difference and ratio of proton and neutron structure functions at low-x in NNLO as
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FY (1) = F (x.ty)

FJ (1) = ) (x.t)

F (6= Fy (6 8) =[F) (% tg) = F7 (x to)]

and

FRO) FR(xt)

(1+b/t—%lnt)

FO(t)  FO(xt,)

where R(X) is a constant for fixed X. And the input functions are

p
F2 (%, to)— 8|:2(X t0)+—8|:2 (%, to)

n
F2(xtg) =23 (X’to)‘E Fp (X'to)’

18
and

F2 (X to) F2(X to) =

2 (X to)

2t
t 11 1 1(c d
c eXp 2b(———}+2 —2——2 (E—E) ,
(+b/ty—=Inty) t 1t t° ]
o 2t
(31)
2
(1+b/t—%lnt)
t 2t 1 1 1 1lc d
(L+b/t—C Int.) 0 et
0 ot 2 0 0
0
t
0 (32)
2
(Lb/t—C Int)
S D A NI N FRE T3
c P 2 212 2)[!
(1+b/t0——2IntO) 0) |t to
' 2,
(33)
=R(x),
(34)

For the complete solution of equation (15), we take # = o in equation (18). We observed that if we take £ = « in equation (18)
and differentiate with respect to a as before, we can not determine the value of «. In general, if we take § = o’, we get in the solutions,

t

(L+b/t—C_Int)
ot2

t

the powers of 0

(1+b/t,— S Int

0 2 O)
2t0

and the co-efficient of

11 (c djl 1
2222
tty) \2 2)¢2

in exponential part in t-

evolutions of deuteron, proton, neutron, and difference of proton and neutron structure functions be y/(y-1) and the numerators of the
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first term inside the integral sign be y/(y-1) for x-evolutions in NNLO. Hence if y varies from minimum (=2) to maximum (= <) then

y/(y-1) varies from 2 to 1.

Thus by this methodology, instead of having a single solution we arrive a band of solutions, of course the range for these

solutions is reasonably narrow.

2. (b) Unique Solutions

Due to conservation of the electromagnetic current, F, must
vanish as Q? goes to zero [21, 22]. Also R—0 in this limit. Here
R indicates ratio of longitudinal and transverse cross-sections of
virtual photon in DIS process. This implies that scaling should
not be a valid concept in the region of very low-Q? The
exchanged photon is then almost real and the close similarity of
real photonic and hadronic interactions justifies the use of the
Vector Meson Dominance (VMD) concept [23-24] for the
description of F,. In the language of perturbation theory, this
concept is equivalent to a statement that a physical photon spends
part of its time as a ‘bare’, point-like photon and part as a virtual
hadron [22]. The power and beauty of explaining scaling
violations with field theoretic methods (i.e., radiative corrections
in QCD) remains, however, unchallenged in as much as they
provide us with a framework for the whole x-region with
essentially only one free parameter 4 [25]. For Q*values much

larger than A2, the effective coupling is small and a perturbative
description in terms of quarks and gluons interacting weakly
makes sense. For Q7 of order A°, the effective coupling is infinite
and we cannot make such a picture, since quarks and gluons will
arrange themselves into strongly bound clusters, namely, hadrons
[21] and so the perturbation series breaks down at small-Q? [21].
Thus, it can be thought of 4 as marking the boundary between a
world of quasi-free quarks and gluons, and the world of pions,
protons, and so on. The value of 4 is not predicted by the theory;
it is a free parameter to be determined from experiment. It should
expect that it is of the order of a typical hadronic mass [21].
Since the value of 4 is so small we can take at Q = 4, F,°(x, t) =
0 due to conservation of the electromagnetic current [22]. This
dynamical prediction agrees with most ad hoc parameterizations
and with the data [25]. Using this boundary condition in equation
(18) we get =0 and

£1+b ¢ Intj
t 2 Ne(X) p
S 2t S 1(c d)
F5 (x,t) =at (S — +—+—|——=[-M.(X) |
S (x.) 0| S ttz(zz {9
(35)
Now, defining
b C N (x)
S B 1+ ————=Int b 1(c d s\V_
F2 (x,to)—oct0 tO 2t02 0 expt + 2(2 2) " MS(X)
0 to
att = tp, we get from equation (35)
(1+b/t—%lnt)
2t
5 00 =5 tetg) ol {5 [ 55
(L+b/ty—Int,) o) |[t5 t
2 0 0
2t
t 0
0 (36)
which gives the t-evolution of singlet structure function F,5(x, t) in NNLO.
Proceeding exactly in the same way, we get
C
(L+b/t—="Int)
2t
P (0 = B (1) olb -+ -5 55|
(L+b/ty—_Int.) th) |t¢ t2\2 2
20 0
2t
t 0
0
@37

which gives the t-evolution of non-singlet structure function F,"*(x, t) in NNLO.

Again defining,
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b ¢

)
S _ 2t b,Ljc_9
F2 (xo,t)—at exp[t +t2[2 2j+

N. (X)
S
a -M S (X)J

X=XO

we obtain from equation (35)

X
FS () = FS () [ | SN (=M (%) [dx,
2 2 Yo a 'S S
0 (38)
which gives the x-evolution of singlet structure function F,*(x, t) in NNLO.
Similarly,

b ¢

o)
NS _ 2t b,2(c_¢d
F2 (xO,t)_at eXp(tthZ(Z 2)+

N, (X)
N: _MNS(X)j

we get
NS, v _ NS X1
Fm () =F," (xg.t)exp XIO{E.NNS (x)-M NS (x)}dx,
(39)
which gives the x-evolution of non-singlet structure function F,*(x, t) in NNLO.

11

Therefore corresponding results for t-evolution of deuteron, proton, neutron, difference and ratio of proton and neutron structure

functions are

(L+b/t—C Int)
ot2

Fd oty = F9 (x 1) —

2 XU =Fy X

c 2
(1+b/t0—2t—2Int0) 5
¢ 0
0 (40)
(1+b/t—%lnt)
2t
FPot =FP(xty) t exp|b| 1- L |+ iz_iz (E_Ej,
(1+b/ty—_Int.) tl) |t g )2 2
ot 2 0
¢ 0
0 (41)
(1+b/t—%lnt)
2t
It =Fl (xty) t exp b(l_i} iz_iz (E_ﬂj |
(1+b/ty—<Int.) tt) (15 15 )2 2
ot 2 0
¢ 0
0 (42)

WWWw.ijsrp.org



International Journal of Scientific and Research Publications, Volume 3, Issue 11, November 2013 12

ISSN 2250-3153

2
¢ 2t

(Lb/t—C Int)

FP(xt)=F; (xt) =[F, (xt5) — F, (xty)]

C
(1+b/ty——= Int
2ty
fo
and
PR PR oy
FO(0)  FR(xt)

Again x-evolution of deuteron structure function in NNLO is
X
FIt) = FI (o t)om | SN (0—Me (%) [dx,
2 2 %0 Xpla s S

Already we have mentioned [1-4] that the determination of
x-evolutions of proton and neutron structure functions like that of
deuteron structure function is not suitable by this methodology. It
is to be noted that unique solutions of evolution equations of
different structure functions are same with particular solutions
for y maximum (y = «) in g = o’ relation.

I1l. RESULTS AND DISCUSSION

In the present paper, we compare our results of t-evolution
of deuteron, proton, neutron and difference and ratio of proton

0

exp bl =—— i_i (E_gj
to) |2 tg 2 2)f

(43)

(44)

(45)

and neutron structure functions with the HERA [9] and NMC
[10] low-x and low-Q? data. In case of HERA data [9] proton and
neutron structure functions are measured in the range 2 < Q*< 50
GeV2. Moreover here Pr < 200 MeV, where Py is the transverse
momentum of the final state baryon. In case of NMC data proton
and deuteron structure functions are measured in the range
0.75<Q°< 27GeV2We consider number of flavours N; = 4. We
also compare our results of t-evolution of proton structure
functions with recent global parameterization [11]. This
parameterization includes data from H1-96 \ 99, ZEUS-
96/97(X0.98), NMC, E665 data.

1.6
1.2
=08
L
04
0 a
0 5

Fig.1:  Results of t-evolutions of deuteron structure
functions for the representative values of x given in the figures

for y = 2 (solid lines) and y maximum (dashed lines) in g = o’

Q*(GeV?)

10 15

relation. The dashed line also represents results of unique
solution. For convenience, value of each data point is increased
by adding 0.2i where i = 0, 1, 2, 3, ... are the numberings of
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curves counting from the bottom of the lowermost curve as the 0-
th order. Data points at lowest-Q? values in the figures are taken
as input to test the evolution equation.

In Fig.1, we present our results of t-evolutions of deuteron
structure functions for the representative values of x given in the

13

figures for y = 2 (solid lines) and y maximum (dashed lines) in
= o relation. The dashed line also represents results of unique
solution. Data points at lowest-Q? values in the figures are taken
as input to test the evolution equation. Agreement with the data
[10] is found to be good. NNLO results for y = 2 are of better
agreement with experimental data in general.

18
3 x=0.00329, z=0.732 I
p L NS S S
1.6 =
'{ x=0.00104,2=0.878
e S 2
14
I x=0.00104, z=0.829
B 3
12
3 x=0.00104, z=0_780
- 3
1
E x=0.00104,2=0.732 T
---------------------------- i
08
[
w'
!_I..,I x=0.00033, z=0.878
0.6
l_?....& %=0.00033. z=0.829
0.4
F_.. x=0.00033.z=078
0.2
3___3 x=0.00033,2=0.732
u i L . i
0 2 10 15 20 25 30 35
Q?(GeV?)

Fig.2: Results of t-evolutions of proton structure functions
for the representative values of x given in the figures for y = 2
(solid lines) and y maximum (dashed lines) in g = o relation.
The dashed line also represents results of unique solution. For
convenience, value of each data point is increased by adding 0.2i,
where i = 0, 1, 2, 3, ... are the numberings of curves counting
from the bottom of the lowermost curve as the 0-th order. Data
points at lowest-Q? values in the figures are taken as input to test
the evolution equation.

In Fig.2, we present our results of t-evolutions of proton
structure functions for the representative values of x given in the
figures for y = 2 (solid lines) and y maximum (dashed lines) in j
= o’ relation. The dashed line also represents results of unique
solution. Data points at lowest-Q? values in the figures are taken
as input to test the evolution equation. Agreement with the data
[9] is found to be good. NNLO results for y = 2 are of better
agreement with experimental data in general.

In fig.3 we compare our results of t-evolutions of proton
structure functions F,” with recent global parameterization [11]
(long dashed lines) for the representative values of x given in the
figures for y = 2 (solid lines) and y maximum (dashed lines) in
= o relation. The dashed line also represents results of unique
solution. Data points at lowest-Q? values in the figures are taken
as input to test the evolution equation. Agreement with the
results is found to be good.

In Fig.4, we present our results of t-evolutions of neutron
structure functions for the representative values of x given in the
figures for y = 2 (solid lines) and y maximum (dashed lines) in j
= o relation. The dashed line also represents results of unique
solution. Data points at lowest-Q? values in the figures are taken
as input to test the evolution equation. Agreement with the data
[10] is found to be good. NNLO results for y = 2 are of better
agreement with experimental data in general.
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3.5

2.5

1.5

0.5 | x=0.0045

0 . .
1 10 Q*(GeV?) 100 1000

Fig.3: Results of t-evolutions of proton structure functions  at lowest-Q? values in the figures are taken as input. For
F.? with recent global paramatrization (long dashed lines) for the  convenience, value of each data point is increased by adding 0.5i,
representative values of x given in the figures for y = 2 (solid where i = 0, 1, 2, 3, ... are the numberings of curves counting
lines) and y maximum (dashed lines) in g = o’ relation. The  from the bottom of the lowermost curve as the 0-th order.
dashed line also represents results of unique solution. Data points

$ x=0.00329
T > A
16 F = = - z=0.5
3§ x=0.0010
K I z=09
x = T x=0.00104
12 § ®*" T TTTTTTTTTTTTTTT = z=07
- x=0.00104
S }
1l x=o0.00104
= ] z=03
0.8
-—n—2E x=0.00033,z=09
o S x=0.00033,z=0.7
0.4
> 3 _3 x=0.00033,2=05
I I x=0.00033, z=0.03
0
0 10 30 40

20
Q2(GeV?)

Fig.4: Results of t-evolutions of neutron structure functions  convenience, value of each data point is increased by adding 0.2i,
for the representative values of x given in the figures fory =2 where i =0, 1, 2, 3, ... are the numberings of curves counting
(solid lines) and y maximum (dashed lines) in g = o’ relation.  from the bottom of the lowermost curve as the 0-th order. Data
The dashed line also represents results of unique solution. For
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points at lowest-Q? values in the figures are taken as input to test  the evolution equation.

12
x=0.00329
g
0.8
:::I ------------- =0.00104
w06 -
[ ]
04
0.2
! - i x=0.00033
0
’ 10 ” - |

Q¥GeV?)

Fig.5: Results of t-evolutions of difference of proton and  point is increased by adding and 0.4i, where i =0, 1, 2, 3, ... are
neutron structure functions for the representative values of x the numberings of curves counting from the bottom of the
given in the figures for y = 2 (solid lines) and y maximum lowermost curve as the O-th order. Data points at lowest-Q?
(dashed lines) in p = & relation. The dashed line also represents  values in the figures are taken as input to test the evolution
results of unique solution. For convenience, value of each data  equation.

8
p
6 P
L ]
[ x=0.00329
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J— ==
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Fig.6: Results of t-evolutions of ratio of proton and neutron
structure functions F.’/ F," (solid lines) for the representative
values of x given in the figures. Data points at lowest-Q? values
in the figures are taken as input.

In Fig.5, we present our results of t-evolutions of difference
of proton and neutron structure functions for the representative
values of x given in the figures for y = 2 (solid lines) and y
maximum (dashed lines) in g = &’ relation. The dashed line also
represents results of unique solution. Data points at lowest-Q?
values in the figures are taken as input to test the evolution
equation. Agreement with the data [10] is found to be good.
NNLO results for y maximum are of better agreement with
experimental data in general.

In fig.6 we present our results of t-evolutions of ratio of
proton and neutron structure functions F,*/ F," (solid lines) for

the representative values of x given in the figures. Though
according to our theory the ratio should be independent of t, due
to the lack of sufficient amount of data and due to large error
bars, a clear cut conclusion can not be drawn.

Though we compare our results which y = 2 and vy
maximum in B = &’ relation with data, agreement of the result
with experimental data is found to be excellent with y = 2 for t-
evolution in next-to-next-to leading order.

In fig.7 we plot T(t) (solid line) and T,T(t) (dotted line),
T3(t) (solid line) and T;T(t) (dotted line) where T(t) = as(t)/2n
against Q% in the Q? range 0.75 < Q< 50 GeV? . Though the
explicit values of Ty(t), To are not necessary in calculating t-
evolution of, yet we observe that for T, = .0028 and T, = 0.05,
errors become minimum in the Q? range 0.5 < Q°< 50 GeV?2.

0.021

_ T®+0.015
--- T T()+0.015

0.014 f

0.007

T(t), To.T() and T(t), T.T(t)

05 10 Q* (GeV?)

Fig.7: T(®) (solid line) and T,T(t) (dotted line), T3(t) (solid line) and T, T(t) (dotted line),where T(t) = ay(t)/2x against Q? in the
Q?range 0.75< Q°< 50 GeV2.

REFERENCES

[1] R.Rajkhowa andJ. K. Sarma, Indian J. Phys., 78A (3) (2004) 367.

[2] R.Rajkhowa andJ. K. Sarma, Indian J. Phys. 78 (9) (2004) 979.

[3] R.Rajkhowa andJ. K Sarma, Indian J. Phys. 79 (1) (2005) 55.

[4] R.Rajkhowa, U. Jamil and J. K. Sarma, hep-ph/1002.1589 (2010).

[5] G. Altarelli and G. Parisi, Nucl. Phys. B126 (1977) 298.

[6] G. Altarelli, Phys. Rep. 81 (1981) 1.

[7] V. N.Gribovand L. N. Lipatov, Sov. J. Nucl. Phys. 20 (1975) 94.

[8] Y.L. Dokshitzer, Sov. Phys. JETP 46 (1977) 641.

[9] C. Adloff, H1 Collaboration, DESY 98-169, hep-ex/9811013 (1998).

[10] M. Arneodo, hep-ex / 961031, NMC, Nucl. Phys. B 483 (1997) 3.

[11] A. D. Martin et. al, hep-ph/0110215 (2001).

[12] W. L. van Neerven and A. Vogt, Nucl. Phys. B 588 (2000) 345 (hep-
ph/0006154); Nucl.
Phys. B 568 (2000) 263 (hep-ph/9907472); Phys. Lett. B 490 (2000) 111
(hep-ph/0007362).

[13] S .Moch, J. A. M. Vermaseren and A. Vogt, Nucl. Phys. Proc. Suppl. 116
(2003) 100, (hep-

ph/0211296); Nucl. Phys. B 688 (2004) 101, (hep-ph/0403192).

[14] S Moch, J A M Vermaseren, Nucl. Phys. B 573 (2000) 853 (hep-
ph/9912355).

[15] T. Gehrmann and E. Remiddi, Comput. Phys. Commun. 141 (2001) 296,
hep-ph/0107173.

[16] S. Moch, J. A. M. Vermaseren and A. Vogt, Nucl. Phys. Proc. Suppl. 116
(2003) 100, (hep-

ph/0211296); Nucl. Phys. B 688 (2004) 101, (hep-ph/0403192).
[17] A. Cafarella et al. Nucl. Phys. B 748 (2006) 253 (hep-ph/ 0512358).

[18] I S. Gradshteyn and 1. M. Ryzhik, ‘Tables of Integrals, Series and
Products’,ed. Alen

Jeffrey, Academic Press, New York (1965).

F. Ayres Jr, ‘Differential Equations’, Schaum's Outline Series, McGraw-
Hill (1952).

[20] F.H. Miller, ‘Partial Differential Equation’, John and Willey (1960).

[21] F. Halzen, A. D.Martin, ‘Quarks and Leptons: An Introductory Course in
Modern Particle

Physics’, John and Wiley (1984).
[22] B. Badelek et. al, ‘Small-x Physics’, DESY 91-124, October (1991).

[23] G. Grammer and J D Sullivan, ‘Electromagnetic Interactions of Hadrons’,
eds. A Donnachie

[19]

WWWw.ijsrp.org



International Journal of Scientific and Research Publications, Volume 3, Issue 11, November 2013 17
ISSN 2250-3153

and G Shaw, Plenum Press (1978). AUTHORS

24] T. H. Bauer et. al., Rev. Mod. Phys. 50 (1978) 261. . . .
[24) v eV ys. 50 (1978) _ First Author — Dr. Rasna Rajkhowa, Ph. D., Assistant Professor,
[25] E. Reya, ‘Perturbative Quantum Chromodynamics’, DESY 79/88, DO-TH

79/20 (1979). Physics Department, T.H.B. College, Jamugurihat, Sonitpur,
Assam, India., E-mail:rasna.rajkhowa@gmail.com

WWWw.ijsrp.org



