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Motivation

Problems with PDFs

» Parametrize non-observable quantities
» Scheme dependence

Physical basis = set of linearly independent DIS observables

DGLAP evolution of observables in a physical basis
> Free from the problems with PDFs
» More straightforward to compare to experimental data

Previously discussed e.g. in Harland-Lang and Thorne 1811.08434, Hentschinski
and Stratmann 1311.2825, W.L. van Neerven and A. Vogt hep-ph/9907472

@ The novelty of our work:
» Momentum space

» Full three-flavor basis in NLO
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Straightforward example with only two observables in LO

Singlet and gluon approximation

ng

Y (x, Q%) = Z [a(x, Q) + g(x, Qz)] . where nf =3

q
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Straightforward example with only two observables in LO

Singlet and gluon approximation

ng

Y (x, Q%) = Z [a(x, Q) + g(x, Qz)] . where nf =3

q

Express F, and Fr, in terms of X and gluon PDF:

1
F 2 — 2 b 2 h 2 = 2
2(x, Q%) = x(e)X(x, Q°), where (€°) p Eq e
Fr(x, Q2
% = x(e?) [C,(Ei)z X+ nfC,(_—i)g ® g]
271

) . Fr
First non-zero order in g —> F, — x 1
S
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Straightforward example with only two observables
We need to invert [ F } | x(e» 0
this linear mapping Fu/52] x(eQ)C,(ElL)Z x(e2)nscH

g8

L/ 2

3/10



Straightforward example with only two observables
We need to invert R xe 0
AR

this linear mapping X<e2>C:(f1L)z X<“-’2>”fC;(clL)g

b
g8
Singlet and gluon PDF in physical basis

(x, @) :@1@

L = 2
g(x,Q2):/ dzza(l—z){CF [Xd_2] M

4Trng(e?) |z d%

n 27 1 x2 (2 2Xd
as(Q?) 8Trns{e?) Z2d(§)2 zd%

1 e - = _— ~
- _ ~ N o )
" ng(e?) {ng OF2+Cp, ®Fa+ Cop @FL+ C s ®FL+ G, ® FL}

Notation:

Fa(x, Q%)

- 2
—'E2(X7Q2)Ef, Fu(x, @) = 2r_ Fu(x, Q%)

as(Q2) X

= d ~ —_ d2 -
Flon(x, @) = x-—For(x, @), F/i(x, @) = X Fu(x, Q)
dx dx
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Results for two observable basis

DGLAP equations of F, and Fr,/«ag in physical basis:

dR(x, @) _ as(@) = = =

+ P ®18F2+ 2Py ® [C 77, ® F2 + C,p, @ o }

d FL(x, @)\ _
dlog(Q?) s(Q?) N

27

as(@?) 1 1
27 X{ [2 C‘(E L)Z ® Pqg + C;L)g

® ng] ® [Cg,:;,L ® F''t, + Cg;__V,L ® F'1, + Cglt_L X FL:|

+ [ @ (Paa @14 2Py @ G ) + CE) @ (niPea @ 1+ Py @ iz )| @
b ru o Rl 0607

Scheme dependence of PDFs only at next order in ag
— Should agree with evolution in terms of PDFs
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Comparison with conventional DGLAP evolution
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Six observable basis

o Full three-flavor basis: u,@,d,d,s =5, and g
— Need six linearly independent DIS structure functions
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Six observable basis

o Full three-flavor basis: u,@,d,d,s =5, and g
— Need six linearly independent DIS structure functions

@ We choose structure functions: (again in first non-zero order in ay)

Neutral current Charged current

V" =2x(u+d+3)
V" =2(u—d—73)

W_ _ —
F3=2 Z - R2)(q—7), Fae  =2x5

an
F :Xzeg(q+ﬁ)

= T3 _5e sin2 _
where Lg = T¢ —2eqsin® 0w perive DGLAP equations for these

and Ry = —2egsin® Oy Again, should agree with conventional
FL(x, @) 1 & - DGLAP evolution
as(@2) [ % ® Xq: eq(q o q)
27

ng
+ Z escﬁi)g ® g]
q
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Comparison with conventional DGLAP evolution
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Inverting g at NLO without going to Mellin space
(Work in progress)
Simple case without quarks

(X Q2) = _2m FrL(x,Q%)

as(Q?)  x

Invert g(x) from F, = C( ) e @8+ aS(Q )Cl(fig
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Inverting g at NLO without going to Mellin space
(Work in progress)

Simple case without quarks

- 2
Fu(x, Q2) = _2r_ FL(xQ@)

Invert g(x) from F, = C( ) Q8+ aS(Q 1c® ® as(@) T x

FLg

Define differential operator ls(x) = m X2dd722 _ 2x% + 2}
Notice g(x) = P(x) [ {1, @ ¢]
Get C ¢ © g from Fi: CglL)g ©g=F — ocb(O )Cl(:L)g ®e

) = (o) [Fu) - 4P e o

Plug in g(x) = P(x)F(x) + O (as(Q?)) to the right hand side

5(x) = POOFi(x) — 259

Pl @ PRL] + 0 (e2(@2)
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Scheme dependence at NLO (work in progress)

DGLAP evolution in physical basis
dFi(Xa Q2) 2
— s = E P @ F;
dlog Q2 — 7 ® K@)

Kernels Pj; are independent of the factorization scheme

9/10



Scheme dependence at NLO (work in progress)

DGLAP evolution in physical basis
dFi(Xa Q2) 2
— s = E P @ F;
dlog Q2 — 7 ® K@)

Kernels Pj; are independent of the factorization scheme

Pjj's determined by:
@ Splitting functions

o Coefficient functions
— The scheme dependence exactly cancels between these two
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Summary

@ Goal: formulate DGLAP evolution directly for physical observables
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Summary

Goal: formulate DGLAP evolution directly for physical observables

@ We have established physical basis in first non-zero order in ag for six
observables; F>, Fr,, F3, iV, BV, and FY

@ We have implemented these equations numerically — agree with
DGLAP-evolved PDFs

@ Scheme dependence of PDFs starts to play part at NLO in ag
— By using a physical basis in second non-zero order in ag, we will be able
to avoid scheme dependence

@ What next:

» Establish physical basis at NLO (ongoing work)
» Study how LHC cross sections, e.g. Drell-Yan, are expressed in physical basis
» Obtain physical basis including also heavy quarks
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Backup: Inverting the gluon PDF

Gluon PDF in mellin space

g(n) = fc(l ® [<1> L(n) — R (n)X(n)
NtCr g
1 _ 1 ! n+2 g1
cm 8TRz5/o dz2""0'(z = ),

where zy €]0, 1] is an arbitrary constant that cancels in final result.

1d G d F (%, Q?
A e e

2
27 1 |:x2 d? 2Xd+2:| FL(%Q)}
z

T (@) 8Trn(@) |2 a(2)?  zdE

I:4

1 —
= {C;2®F'2+C ®F2+CF,, ®F”L+CF, ®FL+CF ®FL}

ng(e?)
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Backup: Comparison with MSTW2008 PDF set

DGLAP evolution for F, and Fy, in two observable physical basis
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Backup: PDFs in six observable physical basis

,’:: 2 xe3 xe3 x€2 xe2  2xe? d
3 2A;, —2A; 2A, -2A, 0 d
FV =10 2% 2x 0 2x | x| v |,
F3W7 0 -2 2 0 -2 T
A 0 0 0 0 2x s
F2c

where we have defined Ag = Lg — Rg in order to simplify equations.

1 e2 Au(2€2 + e2) — Age2 -

dx, )= ———— | AuFa(x, Q%) + -2 xF5(x, Q%) — u T S 4EWT (x, Q2
xd(x, @) e+ Age? uFa(x, Q%) + i xFs(x, Q°) 2 2 (%, Q)
Au(2e2 — €2) + Age? - Au(e? —2e2) — Age? -

- 4") LN (x,@7) + 2L {) R (@)

xd(6 @) = 3R (0 @) = AV (0 @) - SR
sl @) = 3 A (6, @)+ R (. @)

1 2 Ad(2€] + €]) — Auej EW™
- 2

e
— = |A4F 2y _ Zd «F, 2 2
A+ Az | 2(x, Q%) 2 % 3(x, Q%) 2 (x, Q%)

xt(x, Q%) =

A 2e2—el2, + Ay€e? — _
+ 202 4) —ExFY (x, @) + Aa(ef — DR (x, Q%)

X506 @) = x5l @) = LAY (6, @)
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Backup: Results in six observable basis

dFa(x, Q%) _as(Q?) = N2 = oty = P20 @)
1108(Q?) = > qu®F2+2;eqqu®g ,  where F(x, Q%) = —
dxF3(x, Q%) _as(Qz)XP ® Fs
dlog(Q?) 2 «“
dRY (x, Q%) _as(Q) =W , Zw— o 2y BV (@)
diog(Q?) ==X [qu ® Fy"  + 6Py @Qg] , where /¥ (x,Q%) = -
xRV (x, @) _as(@) W
= Poq ® V" — 2Py ®
dlog(Q?) o [ aq ® F3 15 ® g]
dRY (x, Q%)  as(Q?) = P— V" (x, Q%)
Soa@ = 2n X [Pea®FY +2Pu 0], where BY (0% = 2t

~ ~ 1 1 1d ~
P @ 5 = —F2+2(z—1)®F2] {(—) FL(X,Q2)+1®FL

CF [ +
4 ng eg 4 ng eg x 2dx
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Backup: Results in six observable basis

4

d FL(X7 QZ) _
d log(Q?) O452(02) B

F ® FL]

as(@) e ) ~ —
Ton [2CFLF2 ©Pag + Cpp ® ng] @ [Cgﬁ’L ®@F'L+Cm ®FL+C

(1) _ (1) _ =
l [CFLFZ ® (qu + 2Py ® CgF2> + CFLg ® Peg ® Cng] ® F

ng
) m = 2 (1) _
1 [2CFL?2 ® Pag+ C), ® Peg| ® Cr @ F2+ 3 e2CH) ©Peq® Y (a+ q)}
q q

where 3 (g +q) can be expressed in physical basis (see slide 13/10)
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Backup: Comparison with conventional DGLAP evolution

Comparison for structure functions F;¥ and F,Y in six observable physical basis
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