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Motivation

e The final HERA-II data, together with the world data, will allow to reduce
experimental errors on o, to ~ 1%

e On the other side the theoretical error on the determination of the strong coupling
constant in NLO analyses is Aag ~ 5%

e |In order to match the claimed experimental accuracy NNLO results are necessary
on the theoretical side

e Our aim is to perform both a Standard and a Scheme Invariant analysis of
unpolarized DIS structure functions in order to:
— Determine a4 with an accuracy of O(1%)

— Extract the parton distribution functions with fully correlated errors
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QCD Evolution Equations

e Evolution Equations of DIS Structure Functions do exhibit factorization and
renormalization scheme dependencies

e Renormalization scheme dependence is removed only if the perturbative series is
summed to all orders

e When considering factorization scheme dependence we have two viable
approaches

— Consider process-independent scheme-dependent evolution equations for
PDFs (Standard QCD analysis)

— Consider process-dependent scheme-independent evolution equations for
observables (Scheme Invariant analysis)
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Std. vs. Scheme Invariant Evolution

Standard QCD analysis

¢ Introduce a parametrization of the PDFs at a given reference scale

e Evolve the PDFs to the scale ? via evolution equations for mass factorization

e Build structure functions as a combination of PDFs and Wilson Coefficients

e Perform a multi-parameter fit to the data to determine the PDF parameters and ag
Scheme Invariant Evolution

e Extract the parametrization of observable quantities at the initial scale Q3 from data

e Determine the value of the observables at the scale Q? using evolution equations
with physical anomalous dimensions

e Perform a one-parameter fit to the data to determine oy

The two analyses are complementary and performing both of them will help
reduce the theoretical and conceptual errors
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Interlude - The Coupling Constant

Our notation

as(MQ) = aS(MQ) ,u das Zﬁn n+2

where, for SU(3) we have

9 38

2857 5033 325

— _ Ny + 222
g 9 18 T gt

The expanded form for the coupling constant up to 3-loop is

1 In L 21n? L — 321In L — (32
CLS(QQ) 1 — /81 2Il 4 61 n /61 il —l_ﬁZﬁO /61
ﬁoL oL OL2
where ,
L =1In 52
AQCD
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Interlude Il - Mellin Transform

e We work in Mellin space, where the Mellin transform of a function is defined as
1
FOV) = [ daa® (o)
0
while anomalous dimensions are related to DGLAP splitting functions through
1
’yg = —2/ dxa:N_lPij(a:)
0

e Working in Mellin space is instrumental (almost necessary) for numerical
Implementation

(PD) " (@)@ f(z) = 4f(2) - 20f' (@) — 4p(e) © £ ()

VT 3 . (VT
p(z) =V [COS (2 lnx) V;, sin <2 lna:)]
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Physical Anomalous Dimensions in a Nutshell

e The coupled evolution of the singlet and gluon parton distributions can be mapped
Into the evolution of a pair of structure functions

Py (f) — Cj}{z Ci{g »N 0
Fg Czy Cg, G"

e The observables, then, satisfy the matrix evolution equation

) R P 2 | a.(Q?)
dt \ py 4 Fy Bo  as(Qf)

and the physical anomalous dimensions are

oCT., -1
iy = (2 (00 0 e @) 0)

The physical anomalous dimensions K7, are factorization scheme invariants

&l

A. Guffanti 8 HERA-LHC Workshop - March 215 2005



Physical Anomalous Dimensions - Properties

The physical anomalous dimensions are observables and thus free of soft or
collinear divergences

They can be expanded in powers of the coupling a,(?)

oo

KY =" (as(p?)" K"

n=0

When computed in fixed-order perturbation theory the remainig dependence on the
renormalization scale can be used to estimate the error due to higher order
corrections
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SyStem: Fs5, aFg/at - LO

e When considering scheme invariant evolution different pairs of structure functions
can be chosen:

— Fy, OFy /0t
— by, I,
— g1, 0g1/0t (in polarized DIS)

Leading Order:
[W. Furmanski and R. Petronzio, Z. Phys. C11, (1982), 293]
Ky =0 Ko = —4

N 1 N
Ko = ; (%171(0)7912(0) _ 7qz§<o>,yélg]<o>) KN© = 4N(O) 4 N(©0)
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Fy, OFy /0t - NLO
Next-to-Leading Order:

N(1 N(1
K22(): KQd():O

N1 _ L NN N(1) N (0 N(1) N (0 N(0) N (1
Koo = 4 (’qu( )799( ) +799( )qu< = ng( )ng( = ng( )ng( ))
N(0) _N(1
_@ N(1) ’qu( )’qu( )
5 | Taa %%(0)
_%( NONO) _ VO NO) | @Cm)( MO N0 g5)
280 Taq " Vgg Tag " Vgq 9 2.4 Tqq Tgg 0
N(1)
5002,9 N©))? N(0),,N(0 N(0),,N(0 N(0
9 _N(0) <7qq( )) - 7qq( )799( )+ 27(19( )79q< = 250761(1( )
Yag
N(1) _ _N N N(1) Br( N N
Kyq ' = qu(l) T 799(1) +450Cs, " — 201 — Bo (VQQ(O) T 799(0))
260 [ A~NQ) (N0 N(0 N(1
_WN(O) [C2,g (qu( - 799( - 260) - 7qg< )}
a9
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Iy, OF,/0t - NNLO
Next-to-next-to-Leading Order: —

N(2) _ pN@) _
K22 K2d =0

N(2) N(O)_i_,yN(O) N(2) _  N(2)_ N(O) ___N() N(2)+’7N(1) N(1) _ N N(1)

N@) _ L
K = - (’Y gl gl Yag 7 )
a2 4 qq g9 qq g9 a9 g4 g g4 aq g9 9 94

Bo | ~N(1) (_N(1) N(1) N(1)\2 [(_N(0) N(0) N(1) _N(1)
+7 Caq (7qq T Vg9 )_(02,q ) <7qq T Ygg )_302,9 Vgq

N(2) N(0) { ~N(2) N(1) ~N(1) N(2) {_N(0) N (0)
—ho [’y‘lq T 24 (02,9 B 02,9 C2,q ) a C2,q (’qu T Ygg )]

2 N(1))2 N(2) B1 1 N N(1) {_N(0) N(0) N(1)_ N(0)
oo {3 (C ) ~ 405, } ) [7 -C (7‘1‘1 T 250) +2C5,5 Vg ]

2,q aq 2,9

b1 N(1) _N(0) N(0) _N(1) N(1) _N(0) N(0) _N(1)
_%(qq Ygg +7qq Y99 T Yag Yga T Yag Vgq )

35% N(0)  N(0) N (0)  N(0) B2 N(0)  N(0) N(0)  N(0)
Zﬂ_g(qq Ygg = T Tag gq )_%(qu Yog = T VYag Vgq )

1
L {E’YN(O) [CN(l) (VN(O) N(O)) _ 7{;\2(1)} +2ﬂgc£§1)0é\fél)

_l_

N(©) )| 9 'aa 2,9 aa  ~ Tgg

ag
2 N(0) { ~N(2) N (1) ~N(1) N(1) ~N(1) {_ N(0 N (0) N(1)_ N(1)
+50 [47‘1‘1 (Clg —Cy 4 Cay ) —Chy Cay (’qu( ) — Ygg ) +C5y "Vag

N(1) _N(1) N(1)\2 _N(0)
+C2,g Yaq +<02,g ) Yaq }

N(1) ~N(1)_N(0) N (0) N (0) N(0) N(1)_ N(1) N(2)_ N(0)
+Bo [02,9 C2,q Vaq (qu — g9 )+7qq (02,9 Yag +C2,9 Tgg )]
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_|_

2 2,9 aq ’YQQ gq ,qu E'qu fyqq a4 gq

Po {CNu) (,YN<1> N@©) | N©), N1 3 N N(l)) 4NN ()

N(1)\2 [(_N(0)_N(0) N(0) _ N(0) N(2) _N(0) N(1) _ N(0) N(2) {_N(0))\?2
+(02,g ) (’ygg Vgq _S’qu Vaq )}_Fﬁofng Vaq +’816002,g Yaq _6002,9 <7qq )}

280 2 ( ~N(1)\2 _N(0) N(1)_N(0)_ N(1)
* N(0))2 {—50 (C2>9 ) Yaq + Bo [_02,9 Yaa " Vag
(vas'™”)

2,9

5 ’YN(O)’YN(O)
N (1) N(0) N(0) N(0) aq Vgg
+ (C ) Yaq Yag =~ Ygg = T 2

1 N(1)\2 _N(0) {_N(0) N(0))?2 N(0) (_N(1)\2 1 _N(1) N(1)_N() {_N(0) N(0)
4 [(C ) v (fqu ~ Ygg ) ~ Yaq (fqu ) +502,g Tag  Vagq (fqu ~ Ygg )

4 2,9 qq
KN@ _ N (@) N@) oNWY2 _ 5 N @) 4 B B2 N(0) N(0)
dd = Vgg T gg  —4bo ( 2,q ) T “Y2,q — 4Pz + 5_8 - % (7qq T Vg9 )
Bi( N1 , N 450 N(2) _ ~N(1) ~N(1) N (2)
T A (qu T Y9 "~ 251) + N (0) 4po (02 g —C24 Coy ) T Yag
180 ’ng ’ y s
N (0) N(0) N (1) ~N (1) N(2) N (1) N (1) N (1) N(1)\2 _N(0)
+ (’qu — Ygg ) (02,9 CQ,q - CQ,g ) _ C2,g (qu —Tgg T Qﬁl) - (02,9 ) Yaq }
200 2 [ ~AN(1)) 2 N(1) [_N(1) N(1) {_N(0) N (0)
+( N(O))2 {_450 (CQvQ ) — 460C; [7‘19 —Coy (’qu — Ygg )}
Yag

_ (7(%(1))2 £ 20N DN (LNO _ N©) [N (8O N ©)] 2}
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F21FL-|£

Instead of F';, we consider

~ FL(Q%)
FrL(Q%) = - (QQ)CiV(U
§ .9

which is also factorizations scheme independent due to the fact that the first order
Wilson coefficients Cﬁ f;) and Cﬁ gl) are scheme invariants.

Leading Order:
[S. Catani, Z. Phys. C75, (1997), 665]

oN@)
Kg(o) _ %%(0)— % 7(%(0) Kﬁ(0)27$(0>
L.g
oV 2 N
Krp” = vp® - (%) ’vq]i,(o)Jr%(%%(o)_&(og
CN(Ll,)g o
KiVL(O) _ 7gl\g(o) 4+ % %Z(O)
L.g
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F5, Fr, - NLO

Next-to-Leading Order:
[J. Blumlein, V. Ravindran and W. L. van Neerven, Nucl. Phys. B586, (2000),349]

CN(l)

N1 N1 B1 N L, N1y B N N(1) {_N(0 N (0 N(1)N0

K22( = ’qu( ) — %qu( ) — CNEIl) [%19( ) — E’ng( ) — Cs.q ('qu( ) — ’Vgg( ))] + G5 gq( )
L,g

N(2) N(1)\ 2 N(1) ~N(2)
C'L,q n <CL,q ) CN(l) B CLq C L,g

(0) ON Cry’ V()
N (0 1)  “YLg
7 _|_ 26 2 ,q CN(l) C

C,N(1) CN(l) 2,9 CN(l) C,N(1)

L7g Lag L g L’g
N(1) N (2)
V@) _ NP1 NO) N (o N©) Vo) o 4 Cha ey _ Cra ) vo)
Ko™ = Vag _ﬁ_ng —Ch9 (Yaa ~ — g9 = +260) + T =ND N |7
N(1) B Cf{j(l) 1) _ Bi_n(o N(1),N(0) CN(l) N(1),N(0)
1 N(1 N (0 N(1 N(0 N(0 : N (0
Kyp = gg( ) ﬂ07 O N?l) < Q9 E’ng ) o 0279 Yoq = T CNE]UC Yag
L,g L,g
N(1) N(2) N(1) N(2) N(1)\ 2 N(2)
CL,q CN(l) N(O)_|_ Clq _ Crqe CL n CLg oN) N(O)+26
N(1 N(1 N(1 N 1 N(1 2,9 N 1
o oy ~erpery ey
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F5, Fr, - NLO (contd)

N (1) N(1)
N _ N &’Yé\;(m n CrL 4 (,yN(l) B N(O)) B Cr 4 ( N(1) &ny(o))

L2 — lgq 50 N(1) qq 50 qq C’N(l) gg 50 gg
L,g Lag

N(1)\ 2 N(2) N(1) N(1)\ 2
B CL.a <,VN(1) B é,yN(O)) n Cr.q B Cr 4 oV | Cr 4 oNW | N©)
N(1 q9 q9 N(1 N(1) ~ 2,9 N(1 2,9 9
oty Bo oyt oty oty
N\ 3 N(1) ~N(2) N(1)\ 2 ~N(2) N(1)\ 2
. CL,q CN(l) +20L,q CL,q . CL,q CL,g . CL,q CN(l) N(0)
N(1 2,9 N(1 N(1 N(1 N(1 N(1 2,q a9
oty oyt o oy ] oty oty
Ci\f(l) CN(Q)
4 ~N(1) N(1) L,g N(0)
+ (CN(l) C2,g o C2,q + N Tga
L,g L’g
N(2) N(1)\ 2 N(1) N(2) N(1) ~N(2)
. C(L,q 4+ CL,q CN(l) . C(L,q CN(l) 7N(O) 4+ 260 CL,q . CL,q CL,g
N(1 N(1 2,9 N(1) ~2,q 99 N(1 N(1 N(1
oty oty oty cytv oyt oyt
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F5, F;, - NNLO

) CN(Q)CéV(l)
N(2) _ _N(2) N(1)_N(1) N(@) { ~N(2) N(1) ~N(1) N(2) N (1) L,q .9
Koy ™' = Yqq +C2,g Yoq = T Ygq (02,9 _02,9 C2,q )+2ﬁ0 202,(1 _(02,61 ) - oN (1)
L,g
Ci\f(?) CJL\’(l)
g N(1) (. N(0) N(0) N (1) g N (2) N(1) ( N(1) N(1) N(1),N(0)
+CN(1) [C2,g (7qq — Ygg )_’qu } - UN(1) ag _CZ,g (7qq — Ygg +C2,g Yaq )
L,g Lag
oV @) _ CN(l)CéV(l)
N(0) N(0) N (1) ~N(1) N(2) N (0) L.g L.q 9
+ (qu —Tgg T 450) (02,9 Cag —C24 ) T Yag ( oN @) )]
L,g
(c25”)” z
.q N(1) N (0) N(0) N(1) _N(1) N (0) N (1) ~N(1) N(2)
b (O (R =y —3m) -GS 4210 (el - o)
L,g
cN @) C’év(l)CN(l)
L,g N(1) _N(0) N(2) _N(0) N(1) ~N(1) {_ N(0) N(0) .9 “L.g _N(0)
+ N(1))?2 [CL,q Yag +CL,q Yag _CQ,g CL,q <7qq ~ lgg _250)}_2 N(1))2 Yag
(CL,Q ) (CL,Q )
3 CJJ__JV(Q) C«i\f(l)
1 N(1) N (0) N(1) ,q ,q N(1) {_N(0) N(0) N(1)
e ’qu +7qg CQ,g o N (1) + N(1) |:02,g (’yqq _fygg ) _’ng :I
Bo C C
L,g L,g
CN(l) 2 CN(l)
L.,q N(0) (~N(2)  ~N(1) ~N(1) ] N(©)  “L,g _N(0)
+ (CN(1)>2,YQQ <CL,Q CL,q C’2,9 ) + (18(2) 50) ,qu CN(l) fng
L,g L,g
A. Guffanti
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N(2) _ N(2) N(l) N(l) N(Q) N(O) N(l) N(l) N(2) N(0) N(0)
Ky = +C; + Oy By 80 = 2800V — B (410 = 1O = 25,)
N(1) (_N(1) _ N(l) N(2) AN (0) N [ BT Do
—Cag (7qq + o Vg ) T Yag (@ - ﬁ_)
0 0
By | o N(2) N (1) ~N(1) N(1) {_ N(0) N (0) N(1) _N(0) N (1)
Tag
+5_ N1 (CL,g —Coy CLy )+C (fqu — Ygg )_02,q Yag =~ T TYag
0 CL,g
’YN(O)
ag N@) _ gNOD gNO) N EN@) _ gND NE@) 4 GN @GN
+ N (1) 2( L,g _CQQ o5 ) +CN(1) [(02,9 o5 C2,q CL,g +CQ,9 CL,q )
(CL’g ) L7g
AN ()
N(1) { ~N(1) ~N(1) N(2) N(0) N (0) qg
_02,9 (02,9 CL,q _CL,g )(’qu ~ lgg _260)_ N(l)]
2,9
3 N (@)
N(2) _ _N(2) N(2) N(O) N(l) N(1) _N(0) N (1) 1 AN @) L,g N(1) N(0)
Kr2™ = g4 _CQq +C, <C2,q ga ~ Tgq )_'_% Ygq =T oN M _CQ,q Vgq
L,g
CN<2) CN(l)
L,q N (0) N(0) L,q N (1) N (1) N (1) N (0) N (0) N (1) N(O)
+CN(1) <,qu — Ygg )+ N(1) [ ga  ~Vgg  — Cag ('qu — Ygg )+C Ygq ]
L,g L:g
CN(l)
L,q N(2) AN N(l) N(1) N(1) N(l) N(0) N (0) N(1) ~N(1)_N(0)
o N(1))2 [2 L.q Vag + Vag CLq C, (/qu — Ygg )_CLq C, 2,q Tag
(CL,Q )
N (1) N(1) N (1)
_C’L,q CN(2)7N(O)] } n (5_% _ @) [ N(O) Cr “L,q (ny(O) _ _N(0) _ Cr.a ,_YN(O)>]
N(1) “L,g Tag 2 Vgq N(1) aq aq N(1) 'ag
cp ¢ Bs  Bo Cr., L.g
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oN @)
L,q N(2) N(2) N(1) (,N(1) N (1) N (1) N(2) N(1) ~N(1)) ,N(0)
+CN(1) ag ~ ~ Tgg = T C2,g (/qu ~ Ygg = T Ygq ) + (CZ,g - 202,9 C2,q )79q
L,g
(1))2 ) CJLV(Q) )
N (1) N (2 N (0) N (0) 9 N (1) N(1) _ N(0)
+ |:(02,q ) _CQ,q } (’qu — Tgg )} + oV (’qu _02,q Vgq )
L,g

cN(®2) (CN(2))2
L,q N (1) N (1) N(1) _N(0) N (1) N (0) N (0) L,q N (0)
+ oN@ [7qq ~Ygg T C2,g Ygq = T C2,q (qu ~Vgg T 260)] —2 N(1))\ 2 Vag
L’g (CL’Q )
9 CJJZV,(QQ) cNM AN _ AN(2) 5 CJ]:V,SJZ)CZLV,(ql) N ( N(0) N(0)
+200 N(1))2 ( L,q ~2,q ~ YL,q )"’ N(1)) 2 [ 2.4 (’qu — Yqq -I—Bo)
<CL,9 ) (CL,Q )
(c2s”)”
N(1) N(0) N (1) L,q N(2) N(2) N(0) N (2) N (0) N (0)
+02,q Yag T Yag ] N2 ) Yag = T C2,q Yag =~ T C2,g (7qq ~ Ygg )
(Cng )
N(1) ( N(1) N (1) _N(0) N(1) (. N(1) N(1) N (1) _N(0)
+C2,q (ng o CQ,q Yag ) + 02,9 (qu ~Vgg T C2,9 Vaq )
N(2) N(1) ~N(1)\ 2
_CN(l)CN(l) ( N(0) N(O)) . CL,g B CL,q 02,9 N (0)
2,¢ 2,9 \TYagq Tgg oN@ Yag
L,g

1 N(1))3 N (1) ~N(1) N@) | B N@ ) N N(1) _N(1)
+(CN(1))3 {(CLaq ) C2aq 02>9 _02>9 +ac2,g Yqg _02,9 Yqg
L

b
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2
CN(1)> |:CN(2)’YN(1) . (CN(l)CN(Q) +30[Jj((12)cévél)> (JI\;(O)

(C%ny (fyé\;m) _'yé\g(o)):| +( L.a Lo Yag 2q CL.4

N(2) ~N(1) (_N(©0) _ _N(0) N (1) ~N(2) N(2) | ~N(2)_N(0)
—Cp @y (73 =40 +280) | + e ey P (Bocy B+ o Dy, )}

L,g qq

2 CN(l)
N(2) _ N N1 | (CNg(l)Cé\’fél) B CN(Q)) Vé\;(o) + (%12) B %) (75;(0) n CJLV,(ql) 7(JI\;(O)

N(2) _
KLL g9 2,9 Vaaq 2, 2,9
L,g
N(2) N (1) N(1) ~N(1)
_|_@ CN(l) N() _N(1) C2,q N(0) CL,q N (1) + C2,q 02,9 ( N(0) N(O))
Bo 2,9 '94 Yag CN(l) Tag N(1) Tag CN(l) Taq Tgg
L,g L,g L,g
N(1) N (1) N(2) N(1) ~N(1)\ 2
. C’L,q (CN(l)CN(l) _CN(Q) _|_CN(2)) N (0) + CL,q C’L,g B C’L,q C2 g N (0)
N(l) 2 L,q 2,9 2,9 L,g ,qu CN(l) CN(l) fng
(CL’Q ) L?Q L,g
1 N(1)_N(2) N(2) _N(1) N(1) ~N(1) {_N(1) N (1) N (1) _ N(0) N(1) _ N(0)
+CN(1) [CL,q Tag +CL,q Tag _CL,q 029 (qu — Tgg +C2,g Vgq +C2,q Taq )
L,g
N(2) ~N(1) N (0) N (0) N(1) ~N(2) N (0) N (0)
_CL,q 02,9 (Fqu ~ Tgg _260) _CL,q CQ,g (Fqu — Ygg )}
1 N(1))2 N(2) N (1) ~N (1) N (0) N (1) N (1) N (0) N (0) N (1)
(CN(l))2 {(CL"I ) <CQ’9 ~Cag Cog )’qu —Cag | Cay (7qq ~ Tgg >_7q9
L,g
N (2) N(1) ~N(1) N (2) N (1) N (1) ~N(2)_N(0 N (1) ~N(2) N (0 N (0
+260Cp P () (VoD — eV ) + oV facy VoY@ 4N O L oN WO @ (48O 4 NO)

N (2) N(2) _N(0) N(1)_ N(1)
_CL,g (CL,q Yqg +CL,q Yqg )}}
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Solution of the Evolution Equation: U-matrix formalism

[J. Blumlein and A. Vogt, Phys. Rev. D58, (1998), 014020]

e We write the solution as a perturbation around the LO solution

as _KO/2BO
Fro(N,a,) = (22) F(N, a0) = L(N, as, a0)F(N, ao)
ao
F(N,a)=| 2 | (@
FY

e The expansion reads

F(N,as) = U(N,as)L(N,as,a0)U (N, as)F(N,ao)

1+ ZalgUk(N)] F(N, ao)

k=1

1+ Za’;Uk(N)] L(N, as, ao)
k=1

e Up to 3-loops the solution is
F(N, CLS) = [L +asU1L — agLU;
+as UL — asa0U LUy + agL (U — Uz) | F(N, ao)
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Heavy Flavours

e Heavy flavour contribution to DIS structure function in the kinematic regime of
HERA is known to be sizable

e Any analysis of DIS structure functions aiming to ~ 1% accuracy needs to take into
account heavy quark effects on F, and 0F; /0t

e Implementation of Heavy Flavour contributions in evolution codes in Mellin space is
possible thanks to the parametrization of heavy flavour Wilson coefficients derived

by Alekhin and Blimlein [S. I. Alekhin and J. Blumlein, Phys. Lett. B594, (2004), 299]
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F 0015 [
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Numerical implementation - Status

e NNLO evolution with massless flavours is implemented
e Renormalization scale variations are used to estimate the theoretical error
¢ Inclusion of heavy flavour contributions is on the way

e Incorporation in scheme-invariant analysis requires the computation of the first
and second derivative of the heavy flavour Wilson coefficients w.r.t. the evolution
variable t

e Structure Functions at the initial scale are not yet extracted from data but
parametrized in terms of PDFs and Wilson Coefficients (at the moment we use toy
PDFSs)
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Numerical results - Fy, 0Fy /0t

e 5 as obtained from LO, NLO and NNLO scheme-invariant evolution with 4
massless flavours

< 5r R 5r < 5¢
L ot O
sl sl a5l
4l 4l 4
35} 351 35f
LO L NLO : NNLO
3t L Q?=10 000 GeV? S @?=10 000 GeV? S Q?=10 000 GeV?
- o - Q*=100 GeV* S N Q*=100 GeV* i ; N Q*=100 GeV*
25 T @*=10 GeV? 25 .. Q*=10 GeV* 25} T @*=10 GeV?
S\ g — Q5=40GeV i — Q5=40GeV i — Q5=4GeV
2[ 2[ g 2| '
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F,S(%)

Sl

— 10 GeV*

.. NNLO
______ NLO

Lo

F,S%)

Numerical results -

Fy, OF, /0t

F£&™ in LO, NLO and NNLO at 10, 100 and 10000 GeV?

Sl
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_ NNLO i
______ NLO 5|
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SI — 10* GeV*

- NNLO
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Numerical results -

Fy, OF, /0t

e The slope of F¥-™ as obtained from LO, NLO and NNLO scheme-invariant

evolution with 4 massless flavours

R 20 X 20 R 207
B B B B o
Zﬂ?.s - LO %17.5 - NLO 217.5 - NNLO
© - © S © 3
e Q*=10 000 GeV* CoL Q*=10 000 GeV* S @*=10 000 GeV?
o v R @*=100 GeV* 151 S 0*=100 GeV* 15k S Q*=100 GeV?
A Q*=10 GeV* C Q*=10 GeV* R Q*=10 GeV?
125 | — (g=40eV 125, — (=406eV 125 % — (g=40eV
10 |- 10 | 10
7.5~ 75F 75L
5F 5 b 5@
-25L ‘ e -25 ‘ S -25 e S
0% 107 107 107" X 107 10 107 10" X 10 107° 107 107" X
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e The slope of Fs-™

Numerical results - Fy, 0Fy /0t

in LO, NLO and NNLO at 10, 100 and 10000 GeV?
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e The longitudinal structure function F;, in LO and NLO as obtained from scheme

Invariant evolution of F5, F,

G 25
o
Zo LO
-
- 2 — —— Q®=4GeV
175 — fffffff Q” = 20 GeV?
15 _ —————————————— Q% = 100 GeV?
125 — fffffff Q% = 10000 GeV*
N .
0.75 — \\

5xQ°)
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125 |

075 |
05 |

025 |

Numerical results - F, FT
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——————— QF = 10000 GeV*
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Conclusions & Outlook -

e Upcoming measurements of DIS structure functions will allow to reduce
experimental errors on oy to the level of 1% — NNLO analysis is necessary

e Combining standard QCD analysis and fits based on scheme-invariant evolution
could provide a method to reduce theoretical and conceptual errors in the

determination of o

e We aim to perform a combined analysis up to NNLO of DIS structure functions to
extract as and a set of parton distribution functions with fully correlated errors

Status and Outlook

e Implementation of NNLO scheme-invariant evolution for massless quarks
(completed)

¢ Inclusion of heavy flavours (being performed now)
e 3-loop scheme-invariant fit to data and comparison with M .S analysis (only F5)

e One parameter fit to Agcp using experimentally measured input for F, and 0Fy /0t
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