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PARTON DISTRIBUTION FUNCTIONS

Parton distribution functions (PDFs) are important ingredients in LHC phenomenology
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POF EVOLUTION

The evolution of the PDFs in Q? is described by the Dokshitzer-Gribov-Lipatov-Altarelli-Parisi (DGLAP) equations
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DGLAP EQUATIONS

For PDFs f = g, g the DGLAP equations in QCD are given by

Gripoy, Lipatoy,
Sov.J.Nucl.Phys. 15 (1972)

Dokshitzer, Sov.Phys.JETP 46 (1977)
Altarelli, Parisi, Nucl.Phys.B

126 (1977)
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SPLITTING FUNCTIONS

In the SM, LO QCD, the splitting functions are given by

1 Gripoy, Lipatoy,
/ f Sov.J.Nucl.Phys. 15 (1972)
q > P,,(2) g Pag(2) q > Pyq(2) 9 Pyg(2) Dokshitzer,
4 Sov.Phvs.JETP 46 (1977)
Altarelli, Parisi,

q q q g Nucl.Phys.B 126 (1977)
P,(2) = Cr ((f fj)+ . 25(1 _ z)> P (2) = Tp(22 + (1 — 2)%)
Pyo(2) = Cr (1 i (12_ Z)Z) P, (2) = 2C.4 ((1 _ZZ)+ = —Z a1 - z)> T (nng ‘;’Tan) 5(1— 2)
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SPLITTING FUNCTIONS

In the SM, LO QCD, the splitting functions are given by

1 Gripoy, Lipatoy,
/ f Sov.J.Nucl.Phys. 15 (1972)
q > P,,(2) g Pag(2) q > Pyq(2) 9 Pyg(2) Dokshitzer,
4 Sov.Phvs.JETP 46 (1977)
Altarelli, Parisi,

‘ q g Nucl.Phys.B 126 (1977)

5(1 —z>) Poy(z) = Tp(22 + (1 — 2)?)

P,y (2) = 2C.a ((1 S —Z 4201 z)> | (nng ‘;’Tan) 5(1— 2)

Could the DGLAP evolution be affected
by SMEFT contributions?
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STANDARD MODEL EFFECTIVE FIELD THEORY (SMEFT)

In the SMEFT we supplement the SM Lagrangian with towers of higher dimensional operators

LomuerT = LM + Z Q(6) T
B. Grzadkowski et al.

We will parametrise the SMEFT using the Warsaw basis (59 operators without generation indices) ArXiv:1008.4884
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OUTLINE
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SMEFT CORRECTIONS TO THE DGLAP EQUATIONS

Remember that DGLAP at LO QCD is given by

mog(ﬂz) (qgw,ﬁ)) _as(?) / d: (pqq@ z]zjg(z)

We find 3 ways in which new physics can affect the DGLAP evolution equations:

1) New particles (for general BSM models)

2) Modification of the splitting functions Pl-j

3) Modification of the running of ag
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SMEFT CORRECTIONS TO THE DGLAP EQUATIONS ;

1) New particles

A new particle X will induce new splitting functions P,y and Py,

ol ) B ol I I L ey

T, (1° P P P Tz, 1?
0 qgaj Iu2g - &S(:uz) : dz qu qu PQX qu;Z “23
(910 ( 2) g 7lu T 27_‘_ > gq gqg gX g 7lu
g\ X(ZIZ,,[LQ) T PXq PXg - X(ZE/Z,,LLQ) Berger etal., 1010.4315

Becciolini et al., 1403.7411

The DGLAP equations are coupled. The inclusion of X can change the way in which PDFs evolve. McCullough, Moore,
Ubiali, 2203.12628

In the SMEFT, however, there are no additional degrees of freedom apart from the SM ones
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SMEFT CORRECTIONS TO THE DGLAP EQUATIONS

2) Modifications of the splitting functions Pij

The evolution of the PDFs is characterised by the splitting functions P;, the coefficients of the evolution matrix

oy (f) = oo [ (Gl Bl (s

The P.. splittings are related to SM matrix elements in the collinear limit:
ij P g

. q g g
q > /qu(z) I Pag(2) q > {jzgq(z) 9 A‘—“{}}/(Z)
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SMEFT CORRECTIONS TO THE DGLAP EQUATIONS

We wonder what SMEFT operators could affect P;,
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SMEFT CORRECTIONS TO THE SPLITTING FUNCTIONS

The relevant operator are

Quc = (QUWTAU)PIG;?V q :

Qac = (qo"'TAd)HGY,, w,d -

Quc = H'HG,,GA™ H :
Qa = g [1PCGGIPGLH Gl

How can we assess if they change the
matrix elements?

LH doublets
RH singlets

Higgs doublet

SU(3) field strength
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SMEFT CORRECTIONS T0 THE SPLITTING FUNCTIONS

It is instructive to define an expression }A)l-j to study the matrix element before we take the collinear limit

lim (Py(2)) = Py(2)

kT —0

For example, in the SMEFT P calculation we have

We see that

lim (pqq(z)) = Pyq(2)

kT —0

and therefore the higher dimensionality of the operator keeps the collinear limit safe
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SMEFT CORRECTIONS TO THE SPLITTING FUNCTIONS

What we have seen far:

¢ This argument based on dimensionality is also observed in the other dimension 6 operators
& . . . 9) 9) L T A ARV
® Some SMEFT operators have effective dimension-4 parts (v-/A?) Qnc=H'HG,, G

¢ We are exploring higher order splitting functions, and assessing loop effects
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SMEFT CORRECTIONS TO THE DGLAP EQUATIONS

3) SMEFT modifications of the running of aj

e () =S4 [ £ (33 09) (723)

The running of ay is calculated from the vacuum polarisation of the gluon

—e mmg::gmm

= Blas) = —bo% + O(a) as(u?) = —— (@)

At 1-loop in the SM

H 12 = ;
H 1+ as(Q?)blog (47)

33 — 2
= i 0 : reference scale

127

b
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SMEFT CORRECTIONS TO THE DGLAP EQUATIONS

The running of oy is therefore described by

as(pu’) = 2s(Q) >
1 4+ ag(Q?)blog (%)

Q) =myz ~91.2 GeV

ag(my) ~ 0.118

A\

0.1253-
0.120;
0.1156-
o.11of—
0.105§

0.100 |

Running of agin the SM

0.095 |

What happens if we include
SMEFT corrections?
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SMEFT CORRECTIONS TO THE DGLAP EQUATIONS

The running of ag is now calculated from

MQM mmﬁww+m®m+

Que = HHGS,GA™

The f function changes:

(retaining only leading contribution)

Hoapz — PN T T ep2 A2 T T s TGS 112
b= 331_22nf Jenkins, Manohar, Trott, Q : reference scale
-

1308.2627
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SMEFT CORRECTIONS TO THE DGLAP EQUATIONS

The running of ag is modified by SMEFT corrections

Running of ag

Running of ag
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CONCLUSIONS AND OUTLOOK

- The SMEFT can affect the DGLAP evolution equations through

[ New particles (for general BSM models)

[ Modification of the splitting functions P;;

M Modification of the running of ag
- Work being carried to determine

[(JHow to address these calculations at higher orders
[JHow field redefinitions can help

[J Possible UV models to compare and contrast
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Thank you for your attention!
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