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@ Towards N31.O accuracy e

® Standard approach to LHC computations: QCD factorisation
+ perturbation theory:.

L S = E%OM
ppoax(8) = 3 [ dovdes filw i) filan i) iox o)
i ] 0 S = :13133‘25
Giisx = 00+ as(ur) 61+ as(pur)® 62 + . .. as(m%) = 0.118
® Naive counting: NLO — 10% NNLO — 1%

= We know several examples where this naive counting fails

(e.g. Higgs production).

® Goal: Compute N3LLO corrections (at least for a selected class
of processes.



@ The cross section Lero

® The NLO cross section:

P >R

Virtual corrections (‘loops’) Real emission

® The NNLO cross section:
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@ The cross section Lero

® The N3LO cross section:
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@ State-of-the-art e"c

® Available (inclusive) results at N3LLO at hadron colliders

[ Anastasiou, CD, Dulat, Herzog, Mistlberger;

=) nggs Production iIl gluon-fusion. Anastasiou, CD, Dulat, Furlan, Gehrmann,
Herzog, Lazopoulos, Mistlberger]

= Higgs production in bottom-fusion 1n 5 flavour scheme.
[CD, Dulat, Mistlberger; CD,

(+ matChing to 4FS) Dulat, Hirschi, Mistlberger]
= Drell-production (photon and W). [CD, Dulat, Mistlberger]
= di-Higgs in gluon fusion. [Chen, Li, Shao, Wang]

= VBF (in DIS approach). [Dreyer, Karlberg]



o e .
........
.......

@ Energy variation e
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@ Q-variation (photon) ero

1.25

LHC 13TeV | |- LO iNLoi
PDF4LHC15_nnlo_mc | | |
PP—>y+X(ee+X) | - NNLO —_— N3LO
ﬂcent =0. SXQ | | |

O /ON3LO

S
-
en
S | | s | | | | | | | | | | |
=09 I S S - LHC13TeV J— S S S
PDF4LHC15 _nnlo_mc
08 fffffffffffff ,,,,,,,,,,,,, R  PPoyX(etedX) ,,,,,,,,,,,,, fffffffffffff fffffffffffff fffffffffffff
b | . . . . . l,[cent—Q . . . . . .

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
Q [GeV]



O-vaniation (W)
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@ Scale dependence (photon) Lero
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Scale dependence (W)
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E Variation per channel (photon) e
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Scale dependence oo

&

® For Higgs (ggH & bbH): Scale bands overlap very well
(for smallish ur).

® For DY (photon & W): Scale bands do not overlap over a large

range of virtualities.

= Ditference in central values: few %.

= For both yurand ug .

= All results obtained with pdf4lhec nnlo me.

® Observation: Large cancellation between channels for DY at
NNLO and N3LO (both photon and W).

= No cancellation for Higgs.



@ Cross section ratios e

Rxy(Q) = X,Y e {W= ~*}.

® Prescriptions for ratios:

= A: Ratio of expansions, correlated scales.
= B: Ratio of expansions, uncorrelated scales.
= A’: Expansion of ratio, correlated scales.

= B’: Expansion of ratio, uncorrelated scales.
= (C: Progression of series, correlated scales:
R (Q)

o) x 100%
Ry (Q)

o(pert.) = £ |1




[@ Cross section ratios
Ry +w-(Q = mw)
NLO NNLO N3LO

peent mw myy /2 mw myy /2 mw myy /2
+0.10% +0.07% +0.12% +0.15% +0.05% +0.04%
A 1.34218'(1)353 1.34218'(1)(5)53 134818'%8? 1.34918%:13;) 135018'83%’ 1.35018'8?53
/ . 0 . 0 . 0 . 0 . 0 . 0
A 1.3431%%3;) 1.3441(1).225? 134918‘82? 135118’%2? 1.350188%? 1.35018'(2}1)?
B 1.3421?8%;? 1.342;%1635‘3 1.3481%:%%5 1.34913:%;‘3 1.35013:%61;‘3 1.35();21%45%?
/ . 0 . 0 . 0 . 0 . 0 . 0
B 134318'38? 1344;8%%% 103491%'?3? 135113'%%? 135018'%?% 1.3501(2){9;)
C [1.3427099% 1 349+058% 11 349+0.52% 1 349+0.53% |1 350+0.15% 1 350+0-117%

= Almost no difference between “expansion of ratio” or
“ratio of expansions already at lower orders.

= [arge difference for scale variation between correlated

and uncorrelated.

= Ratio 1s extremely stable in perturbation theory.
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= (Central set: pdf4lhc_nnlo_mec.

= Uncertainty band obtained following PDF4LHC

recommendation.
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= Red band obtained scale variation (pdf4lhc_nnlo_mec).

= Strong coupling taken from PDF set.



® We do not have N3L.O PDFs

® This introduces a mismatch 1n our calculation.

® LEstimate of the uncertainty: .

104 - Pho, .:

. on
3 1 O.NNLO . O.NNLO i s
5N LO _ - NNLO-PDF's NLO-PDFs . NLO/NLO il
PDEF 9 gNNLO _ |
NNLO-PDF's (mL —— NLO/NLO |

® The factor 1/2 takes into account that this B o
/ \\\\y_

estimate 1s most likely overly conservative. |

= cf. convergence pattern of DIS. 098F 0o n i
| O =UL NS

[ Moch, Vermaseren, Vogt]



E Missing N3LLO PDFs
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[€] Summary
N°LO 3
Q[GGV] KQCD 5scale 5PDF 5§DIEJ‘O
H +0.21%
55 104 FO2% £3.2% +1.16%
bbH 0.978 1300 485% +2.5%
30 0952  Flor +4.1% £2.7%
50  0.966 T1il £3.2% +2.5%
70 0973 TUNF 12.7% +£2.4%
DY/W 00  0.978 T 125% +2.4%
110 0.981 T20%% +2.3% +2.3%
130 0.983 00T 122% +2.2%
.50%
150  0.985 ol £2.2% £2.2%
+0.66%
ggHH LOS _5k%
[Chen, Li, Shao, Wang]
+0.05%
VBF®Is, 14 Tev) 0999 _glo5%

[ Dreyer, Karlberg]

5 N3LO

N°LO
= Rqep' = NNLO
~ 0.95 — 1.05

= Ogcale "~ few 70
[except for VBF (DIS)]

= O0ppr ~ 2 — 9%

N3LO



