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LHC processes
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Parton luminosities

Change of kinematic variables: § = z1z2s, y = 1/2log (x1/x2)
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One example

Gluon-Gluon, luminosity
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LHC kinematics

LHC parton kinematics
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PDF uncertainties for Higgs physics

Uncertainties from Parton Distributions are one of the
limiting factors of theory predictions of Higgs production,

degrading the exploration of the Higgs sector ATLAS Simulation Preliminary
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PDF uncertainties for new physics
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PDF from DIS

" k' kinematics:
& 1 ) + qlt
X Q=7
v=p-q

in the lab frame: p = (my,0)

Q* =2EE' (1—cosf), v=my (E—FE)
r=Q*(v), y=+tY -1 _E/E
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do =
K| 25(Q% —m%,)

LW’(]{;’ k/)W/w (p> Q)
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Hadronic tensor

1

W (P 4) = 5= D _{pliu(O)1X) (X1 (0)[p) (27) "8 (px —p — 0)
X
417r dy ¢V (plju(x)'5,(0)[p)

W, parametrized in terms of structure functions

W (p,q) = <—9W - qu”> Wi(Q*v)+
+ <pu - QM;) ( v (Iz/;;) WZ(Q27V)

F1($,Q2) = Wl(Q2,V)
Fg(x,QQ) = I/WQ(Qz,V)
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Factorization theorem

F(z,Q%) = Z/dz 2,Q% /g, as(pr)) fz( 75

_ Z Ci (2, Q1 as(pd)) © film, ih)

e (; coefficient function, process specific - computed in perturbation
theory in a given scheme

° fi(x,;PF) PDF, universal, nonperturbative dynamics

e using the equation above, f; can be fitted from experimental data
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DGLAP evolution

e Independence of F' of the factorization scale:

d

2 2
v —

WE——s F(z,Q%)

hence:

d
b g FeE) = 3Py () © S k)
J

P (a:, as(u%)): Altarelli-Parisi splitting functions - computed in
perturbation theory -

e Solution of the evolution equation:

(z, u7) er (z, a5, 09) @ fi(z, pfy)
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Non-singlet PDF

Simple example:
F2Ns(x7 QQ) = F2p(x7 QQ) - Fg(%‘, QQ)
1
:/ @CNS(%QQ)QNS (x,Q2>
Yy Yy

X
where

ans(7, Q%) = [(u(z, Q%) + u(z, Q%)) — (d(z, Q%) + d(z,Q%))]

combining the evolution and the coefficient function

1
F5(z,Q%) = / OZJKNS (y, 05 (Q%) , s (QF)) ans <z,Q(Q)>

T
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Fitting the data

e parametrize the PDF at some initial scale by some set of coefficients w:

gNs (96'7Q3) = ¢($§W)

¢ denotes the parametrization (NNPDF, fixed functional forms)

e minimize the x? function:

Naat

Elw] = Z (Fl(dat) - FINS[oJ}) (cov_l)U (Fﬁdat) - FJNS[w])
I,J=1

where:
FINS[W] = Kns(or, as,1, ag’) ® ¢ (rr;w)
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Error propagation

e PDF fitted from data = data error propagates

¢ MC method (NNPDF): create an ensemble of replicas of data
distriburted according to the correlated errors of the real data.
Perform a fit for each replica, and study the distribution of the replicas.

e Hessian method: quadratic expansion of the y? around its minimum
e systematic errors/bias

e lattice determination independent of the data
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Current dataset

LO NLO NNLO

Naat  Xexp  Xig | Ndat  Xexp  Xig | Ndat  Xexp  Xig
Total 4258 242 217 | 4276 1.23 1.25 | 4078 1.29 1.27
NMC d/p 132 141 1.09 | 132 092 092 | 132 093 093
NMC 224 283 33 | 224 163 1.66 | 224 152 155
SLAC 74 329 296 | 74 159 1.62| 74 113 117
BCDMS 581 178 178 | 581 122 127 | 581 129 135
CHORUS 862 155 1.16 | 862 111 115 | 82 1.09 1.13
NuTeV 79 097 103 | 79 070 066 | 79 086 081
HERA-I 592 175 151 | 592 1.05 116 | 592 1.04 1.12
ZEUS HERA-II 252 1.94 144 | 252 140 149 | 252 148 152
H1 HERA-II 511 3.28 209 | 511 165 1.65| 511 179 1.76
HERA ofic 38 180 269 | 47 127 112 | 47 128 120
E886 d/p 15 204 110 | 15 053 054 | 15 048 048
E886 p 184 098 164 | 184 119 111 | 184 155 117
E605 119 067 107 | 119 078 079 | 119 090 0.72
CDF Z rapidity 29 202 38 | 29 133 155| 29 153 1.62
CDF Run-II & jets 76 151 212 | 76 096 1.05| 52 1.80 1.20
DO Z rapidity 28 135 248 | 28 057 0.68 | 28 061 0.65
ATLAS W, Z 2010 30 594 320 | 30 119 1.25| 30 1.23 118
ATLAS 7 TeV jets 2010 | 90 2.31 062 | 90 107 052 | 9 136 085
ATLAS 2.76 TeV jets 59 38 061 | 59 129 065| 3 033 033
ATLAS high-mass DY 5 130 156 | 5 206 28| 5 145 181

ATLAS W pr - - - 9 113 128 - - -
CMS W electron asy 11 109 095 | 11 087 079 | 11 073 0.70
CMS W muon asy 11 768 225 | 11 1.8 180 | 11 172 172
CMS jets 2011 133 1.83 174 | 133 096 091 | 8 19 1.07
CMS W + c total 5 112 258| 5 096 130 | 5 084 LIl
CMS W + ¢ ratio 5 204 217 | 5 202 202| 5 177 L77
CMS 2D DY 2011 88 411 128 | 88 123 156 | 110 1.36 1.59
LHCb W rapidity 10 317 401 | 10 071 069 | 10 072 063
LHCb Z rapidity 9 514 617| 9 110 134| 9 159 1.80
o (tf) 6 421 115 | 6 143 168 | 6 066 061
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Change from new data/methodology

comparing NNPDF2.3 and NNPDF3.0

Central Value Uncertainty
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Different perturbative orders

NNPDF3.0, g = 0.118, GF = 2 GaV? NMPDF3.0, o = 0.118, O° = 2 GeV?
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DIS and OPE: analyticity

e deep-inelastic limit of W, related to
the short-distance limit of 7,,:

Ty = / d*y €Y (p|Tj,(y)j»(0)|p)
W = 2Im T,

e T}, can be expressed in terms of
form factors T;

L‘c

e For fixed Q?, T; are analytic in the
complex v plane, — TLA-—‘—}
cuts from the threshold v = £Q? /2

r
1<
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DIS and OPE: dispersion relations
e Cauchy’s theorem:

1 dv’
T: Q2 _ = i, Q2 /
(@) 27Ti/y’—y H(@%v)

e Expanding T; in 1/2 = 2v/Q?

Ty => Tin(Q)a~

9 1 av' [Q*\" 2
zn(Q) 277@/1/’ <21/’> Tz(Qa”)

yields

and finally

)= —2i / dz' 21 [Fy(a', Q%) £ Fi(a', QD) = Fin(QY)£F0(QP)
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DIS and OPE: small-distance expansion

T, ~ —2z/d4yew2 Wliofe , 1Ip) (—i)

X y#l yﬂJ —g 62 o 62 CJa(yZ o M)"’_
.. puayQ ayuayy 1 y sy
0? 0?
Ha — ) ... (P,
Yy (gu o7 8y“8ym> 54 (Y7 s, ) +
where
“ B R =
(’)J py =Vt Dy 0D AP
ng = GuwiDy, ...iDy, Gl

(ol O3 )] |p> (| [O7] 1p) Dy - - - Py
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moments of structure functions
transforming to momentum space

T ~ (=G + 4/ 7°) [ 21235 (ol [07°] ID)CT*(@* /1, ) | +

+ (pu — quv/ ) (pv — quu/q ) x

X [—2i > 2t (pl [07] |p>Cé]“(Q2/M2,as)]
Ja

hence

Py 1(Q%) £ Fa Z C{*(Q*) (p[07]|p)
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PDF moments
introducing Mellin moments

o / dz 20 folz, i3)
CIQ i ) = / dz 2710y (2, Q2 1%, )

Fi(@Q%) =) f7 (k) C7 (s, Q* /i)

a

vl [079] Ip) = / de 27 [fule 1) + fale, 1))

renormalized operators
(0%) = 2407, flg)2
al b ag
renormalization of the lattice operators
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PDFs from non-local operators

alei®) = [ o eI PN

<Pesp (~ig [ar 4o wio

time-independent non-local expression:

dz

alasn P) = [ e Pl

« Pexp (—ig / i AZ(z')> #(0)|P)
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Lattice correlators
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Bare quasi-distribution

1.5
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Connection with PDFs

One loop calculation at the partonic level

Qs

o

AP,
)\2

()2

q(x, i, P;) = P,

+ P(z)log

where

A=+ (1=2)PP2 - (1-a)P,

limit P, — oo: recover the standard Altarelli-Parisi kernel
limit 42 — oo: linear divergence

“factorization theorem”:

d x
a2 = [ 22 (£ aloun) + Oy P2) + 0o P2)
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Renormalized quasi-distribution
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Systematic errors

Z ( , P2> computed in perturbation theory at one-loop
subtraction of power divergences? matching to which scheme?

extrapolation in m3, /P2, Agcp/P?
large physical P, are needed, fine lattices? noisy observables?

quark mass? continuum limit, (aP) artefacts?

Minkowski to Euclidean rotation - recent paper by Briceno et al
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Outlook

e precision determinations of a; and PDFs needed for LHC

e kinematic regions not constrained by data - quantify this statement?
e renormalization and matching to MS scheme

e what is actually being computed?

e lattice input incorporated in global fits?

e limitations/opportunities in the computation of moments

e limitations/opportunities in the computation of quasi-distributions
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