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Theoretical description of proton scattering

Example: Deep Inelastic Scattering

o(x@?) = 3 /70, ,as,Q°)fi(2,0°)

i€{q,q.9}

Q*=-
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Theoretical description of proton scattering

Example: Deep Inelastic Scattering

(@)= 3 [ Fa(fend)i(z)
i€{q.q.9}
Q? 2 2
X=-——, Q =-—
2(q-p) I
Coefficient function C:
e Computed from QCD in perturbation theory
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Theoretical description of proton scattering

Example: Deep Inelastic Scattering

( = > /—C, ,as,Q )f,-(z,Qz)

i€{q.q.9}
Q? 2 2
X=-——, Q =-—
2(q-p) I
Coefficient function C:
e Computed from QCD in perturbation theory
Parton distribution functions f (PDF):
e Q°scale dependence is governed by DGLAP equations

@ et (2.@) = [ et (.6°) = i) 01(@),

with the splitting functions P being perturbatively determined themselves
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Theoretical description of proton scattering

Example: Deep Inelastic Scattering

( = > /—C, ,as,Q )f,-(z,Qz)

i€{q.q.9}
Q? 2 2
X=-——, Q =-—
2(q-p) I

Coefficient function C:

e Computed from QCD in perturbation theory
Parton distribution functions f (PDF):

e Q°scale dependence is governed by DGLAP equations

Tdw z
st (0°) = [ Spitm i (2,7) = Piten) o1 (@),
with the splitting functions P being perturbatively determined themselves
hadronic-cross section o
e can be predicted given the two above

e must be provided as experimental input in order to determine PDFs

e PDFs are a large source of theoretical uncertainty — refine theory and
include more data to improve results
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Collider physics at small-x

LHC parton kinematics
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e Proper description of small-x

requires accounting for a special X

class of logarithms Figure: "W.J. Stirling, private communication”
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Features of small-x logarithms

Single logarithm enhancement: one extra power of the logarithm at each
successive order of perturbation theory.
e When aslIn(x) = O(1) — breakdown of fixed order pert. theory — resum to all
orders in ass

e In DGLAP splitting functions

e Controlled via the so called BFKL equation.
e Known up to NLL
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Features of small-x logarithms

Single logarithm enhancement: one extra power of the logarithm at each
successive order of perturbation theory.
e When aslIn(x) = O(1) — breakdown of fixed order pert. theory — resum to all
orders in ass

e In DGLAP splitting functions

e Controlled via the so called BFKL equation.
e Known up to NLL

e In coefficient functions

e The resummation algorithm is based on the k;-factorization, an alternative
factorization scheme
e This operation can be carried out exclusively to LL accuracy

C = asIn(xX)bn + asbo

X)bao + a§ In(x)b1 + Oégbzg
X)baz + a3 In?(x)bay + a3 In(x)ba1 + abso

2,2
+ ag In

+ch In®

— ==

(LL) (N.LL) (N.NLL)
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How to resum mall-x

e k-factorisation': a(x, QZ) = /dkt2 (o (WS, Qz,kf) ® Fqg (Qz,krz) )
e Definition of PDF-evolutor®:  §, (z, Q?, kf) = Uyg (ktz, Qz) Qfy (Qz>

e By comparison: Cq4 (z, Q?, as) = /dkt2 ¢y (Qz, K2, as> ® Ugg (ktz, Qz)

TCatani and Hautmann: hep-ph/9405388
zBonvini, Marzani and Peraro: hep-ph/1607.02153
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Differential cross sections in proton-proton collisions

At hadron colliders, two PDFs and suitable variables must be introduced

Si(x1,Q2) Si(x2,Q2)

parton i parton j

dequz()_ 2 / /y Q2dydq( Y)Y -y)

ije{q,9.g}

_ Z dCU ® Li

o 27 i
etamey 997 dy dat

Ly(z.9) = i(vVZe 7, Q%) (Vze, Q%) o(e 2 —x)
2
X = % Q? = final state invariant mass V'S = collider energy
y ~ 1 X
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Resummation for triple differential cross sections

Oijdqz( / dkiy / ki de S:ggd z(k%,ké) © Lag (I, )
S0 (2,9, K2, k%) = o (Vze ™ K2 3q (VzeH K ) 9(e 27 — x)

Sy S
8o (V2e™, Q2. KE) = Upg (K20, Q%) @ 15 (@2)
- ]

o o7 ayaaz &Y /dkn/dkzr dodegg (k12t zz) ®Ugg(k12tv02) ® Ugg (k%noz)

dQ2 dy dg? 2 dy dg?

3 A similar result, achieved with an equivalent approach is reported in hep-ph/1010.2743 and hep-ph/1710.0937
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Application to QQ) production
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e Why? Recent measurements from LHCb for charmed mesons down to
X ~ 10~% + resummed prediction — accurate small-x PDF fit
e Final state has been studied as both

e quark-antiquark pair — simplified kinematics
e single quark — useful for phenomenology
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Application to QQ) production

New result: resummed triple differential coefficient function
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e Why? Recent measurements from LHCb for charmed mesons down to
X ~ 10~° + resummed prediction — accurate small-x PDF fit
e Final state has been studied as both
e quark-antiquark pair — simplified kinematics
e single quark — useful for phenomenology
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Conclusions and outlook

New results

e Expressions for the resummed differential coefficient function in any combination of
invariant mass, rapidity and transverse momentum was devised

e A direct application of the previous result to heavy-flavor pair production for both
single quark and pair final state kinematics

“see hep-ex/1302.2864
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Conclusions and outlook

e Expressions for the resummed differential coefficient function in any combination of
invariant mass, rapidity and transverse momentum was devised

e A direct application of the previous result to heavy-flavor pair production for both
single quark and pair final state kinematics

QOutlook

e Small-x determination of PDFs including LHCb B/D mesons data *

e Extension of resummation strategy to NLL

e currently underway in collaboration with Anna Rinaudo, Simone Marzani and
Giovanni Ridolfi (University of Genova) as well as Marco Bonvini (INFN Roma 1)

“see hep-ex/1302.2864
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Conclusions and outlook

e Expressions for the resummed differential coefficient function in any combination of
invariant mass, rapidity and transverse momentum was devised

e A direct application of the previous result to heavy-flavor pair production for both
single quark and pair final state kinematics

o Small-x determination of PDFs including LHCb B/D mesons data *

e Extension of resummation strategy to NLL

e currently underway in collaboration with Anna Rinaudo, Simone Marzani and
Giovanni Ridolfi (University of Genova) as well as Marco Bonvini (INFN Roma 1)

Thank you for your attention!

“see hep-ex/1302.2864
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