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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

Physical basis previously discussed for example in Harland-Lang and Thorne
1811.08434, Hentschinski and Stratmann 1311.2825

@ The novelty of our work:

» Momentum space

» Full three-flavor basis

1/8


https://arxiv.org/abs/1811.08434
https://arxiv.org/abs/1311.2825

Straightforward example with only two observables

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

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:

ng

Fa(x, @) = x()X(x, Q2), where (2) = = &2

ng q
Fr(x, Q2
% = x(e?) [CFLZ QL+ nCre® g]
27

) . 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(e)Crs  x(e?)nCr g
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Straightforward example with only two observables
We need to invert { F, } _ [ x(€?) 0 } [Z]
this linear mapping Fu/52] — [X(e)Crs  x(e?)nCr g g

Singlet and gluon PDF in physical basis

1

o0 —
Z(X7Q )_<ez>1®F2
Ldz G x d F> (5,Q2)
oy [Py ) G [xd ) R(G.@)
Ao )_/x = Z){4TR”f<52> [z dx 2] §
+ 2n ! X—2 d2 _in 2 M
as(Q?) 8Trne(e?) z2d(§)2 zd§ §

1 = F =7 e ~
:nf<ez> {Cgf:v/2 ® Flo + Cg.‘?z ® F> + Cg:ET’L ® F''y, + CgHL ® Fly, + Cg;T-L ® FL}

Notation:
= o\ F2(X, QQ) = 2\ — 27 FL(X,Q2)
PxQ)=—"-" AKxQ)= (@) x

— d ~ — d2 ~
Floi(x, Q) = x—Far(x, @), F'r(x, Q%) = x*— FL(x, Q%)
dx dx?

3/8



Results for two observable basis

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

dF2(X7 QQ) _ as(Qz) = = ~
dlog(Q?) _ 2n xq2Pgg ® [CgFN”L @F'L+Cm ®F L+ ® FL]

+qu®1®/~:2+2pqg®[Cg;:72®7:v’2+cg,~_-2®f~:2]}

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

27
Qs Q2 — — ~
( )X{ [2CFLZ®qu+CFLg®ng] X |:Cgl:_’v’L ®F”L+C"’ ®F,L+CgFL ®FL]

21 gF'L

+ [Crs @ (Pag®1+2Pgg ® Gz ) + Crig @ (niPeq @ 14 P ® Cp )| @

+ [2Crx ® Pgg + Cr g @ Pgg| ® ngz ® F’z}

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)

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

and Rq = —2eq sin” Again, should agree with conventional

Fuix, @) _ DGLAP evolution

— [ FLF2®Z (a+79)
27 o
+Ze<27CFLg®g]
q
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Comparison with conventional DGLAP evolution
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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
» 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
1
ne Crg(n)

11
CFLg(n) 8TRZ(’)7

g(n) = [@;)FL(n) ~ Crx(n)E(n)

1
/ dzz""25"(z — z),
0

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

2 2 F; X 2
o 1 {x d 2xd+2] L(ZX7Q)}

+ as(Q?) 8 Trne{e?) §d(§)2 - ;g

Ldz Cp x d F (%,Q%)
g(x, Qz) =/X 25(12){47_Rnf<e2> de 2] - x

z

1
= {C~ ©@F 2+ Cp®F+Cm ®@F L+ Cm ©FL+Cp ®FL}

gF’
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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

dd':l";(g(’g)) :aséff) Paq @ F2 +2 i:: 2Py @ g|, where Fa(x, @) = LXX’ &
ot
dgvro;izz?z) :aséfz)x [Paa @ Y + 6Py @g|, where BV (x, @) = R @) (XX’ &)
E LI
diiv{g((ggz) :aséff)x [Paa @ FY ™ +2Py @g|, where Y (x, @) = R @) E(X’ )

Cp = = 1 1 1d 5 ~
P = —— |-BE+2z-1)8Rk|+——|(=-— ) Alx 19 F
e ® & 422*@3[ 2+2(z-1)® z]+4zgfe§{(x 2dx) L(x, @) +1® Fr,
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Backup: Results in six observable basis

d FL(x,@) ) _
dlog(Q?) \ =@ |

T
as(@) Jloc - @py+C P Co ®FL+C= @FL+Cr ®F
o [ FLF, @ Fag + CrLg ® Peg| ® gF"'L ®F L+ gF'L OF L+ Cep, @M

aF |:CFLT:2 ® (qu aF 2qu ® Cgt'?z) 4 CFLg ® ng ® Cg'EZ] ® F2

ng
. ) -
4F [2C,:LF2 ® Pgg + Crg ® ng] ® Cg;,z ® F'p + E €;Cri g @ Pgq ® E (q+ q)}
q q

where 3 (g +q) can be expressed in physical basis (see slide 11/9)
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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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