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m New Monte Carlo event generator for pp — lvl'v/j7 at
NLO EW accuracy matched to QED PS and
supplemented with QCD PS

m The generator relies on the POWHEG-BOX-RES framework

m Code, documentation, and examples are available in the
POWHEG-BOX svn repository:

vbs—-ssww—nloew
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Vector boson scattering at LHC (1)
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VBS at NLO: technical aspects
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NLO corrections to VBS
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POWHEG!

he maﬁling of NLO QCD corrections t
:

in the POWHEG-BOX-V2 framework s

S. Frixione et al. arXiv:0709.2f S. Alioli arXiv:1002.2581

G-BOX-RES

Nason, arXiv:1509.09071
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NLO EWH+QED PS in POWHEG: current limitations

The implementation of NLO EW corrections in POWHEG-B0OX-V2/RES
is not general:

m it only works if a process can be identified using particle flavours
(NOT the case of pp — WWj with LO contribs O(a®), O(a'ad),
O(a’ag))

m the subtraction for mixed interferences is missing

One-loop: O(g24°) Tree: O(g")

cannot be used to compute the full NLO corrections to VBS!
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Approximations

|
Limitations of NLO-EW corrections in
POWHEG

1 Strategy:
0 m consider only LO O(af)
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Approximations: important remark

m the exact matrix elements at O(a%) and O(a”) are used
m NO on-shell approximation for the W bosons

m the approximation consists in neglecting all contributions but the O(af)
one at LO (and O(a”) at NLO)

|
Even if POWHEG generates events in the full phase-space, the code MUST be
used ONLY for VBS-like event selections. Otherwise the selected
contributions might not be the dominant ones.
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Tools

m Recola: ME provider (full matrix elements O(a®) and O(a7))

s. Actis et al. arXiv:1211.6316, arXiv:1605.01090

m Collier: library for the calculation of one-loop tensor and scalar
integrals
A. Denner and S. Dittmaier arXiv:1604.06792

m POWHEG-BOX-RES: phase-space generation, integration, event generation

T. Jezo and P. Nason, arXiv:1509.09071

m PYTHIAS.2: QED and QCD PS, hadronization

T. Sjostrand et al. hep-ph/0603175, arXiv:1410.3012
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Resonance histories (1)

partonic channel interferences at O(asa5) kinematic channels
uwu = ptyetrdd yes t,u
uc/cu — ptyetreds no t
cc — pry et vess yes t,u
ud/du — ptyetveda yes t,s
ud/du — pty et vese no s
us/su — ptyetrede no t
cd/de — ptvetvesi no t
cs/sc — ptyetredu no s
cs/sc — ptyetiesc yes t,s
dd  — pfyetveun yes t,u
ds/sd — ptyetvetic no t
55 — ptyetece yes t,u
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Resonance histories (2)

Richest s-channel history: the others can be obtained by removing internal
propagators

m in principle, all possible histories should be declared

m each history is integrated as an independent process:
too many histories slow down the calculation considerably

m the history will be written in the LHE event:
simplified histories could lead to (small) recoil mismodeling in the PS
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Validation: LHE level
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MOC&NLO |S the ﬁXed—Order integrator Used in B. Biedermann et al. arXiv:1611.02951,

arXiv:1708.00268
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Validation: LHE
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In principle, LHE events and fixed-order NLO results are NOT comparable :
m contribution from Sudakov form factor at the LHE

m additional radiative kinematics (RES radiations)

POWHEG and MoCaNLQ agree very well because the NLO EW corrections are
dominated by virtual corrections
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Approximated O(aga®) corrections: 1st strategy (1)

5 (%]

m O(agab) corrections < 0.25
O(aT) ones

m We can approximate O(aga®)
corrections running a QCD PS

Starting scale for the QCD-PS:
scalup=L0_scale#pt_rad_powheg
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Approximated O(aga®) corrections: 1st strategy (2)

scalup=L0_scale#pt_rad_powheg

m we don’'t have ME for real QCD radiation:
POWHEG Sudakov only tries to generate - radiation

m setting scalup to pt_rad_powheg for the QCD-PS will unphysically
suppress the QCD radiation

It is set to /DTy, p1j, (NOT /s), as the relevant invariants for the QCD
corrections are t/u (NOT s)
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Approximated O(ag
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) corrections: 1st strategy (3)

dofb]/dAy;

0.25 1

107%3 0204 ey
0151 __|-=1 T
10-41 ot
— MoCaNLO LO — MoCaNLOLO  lee-
- MoCaNLO NLO EW 0.051[-- MoCaNLONLO EW ==
-~ POWHEG NLO EW + PS -~ POWHEG NLO EW + PS
s 0.00
10
3% 3%
0[ 0] 710[ 0]
-0 -M 0
—201
—301
—301
—40
500 750 1000 1250 1500 1750 2000 3 4 5 6 7
mj;[GeV] Ay

Mauro Chiesa

737 at NLO EW in POWHEG-BOX-RES

pp = WW



Approximated O(aga®) corrections: 2nd strategy

Combination with the results at NLO QCD+QCD-PS accuracy

[da} _[do N [da [ do
do EW&QCD dO |gw+ps dO QCD+QCDPS doO LO+QCDPS
[(%} can be computed with other tools

QCD+QCDPS

(e.g. POWHEG-BOX-V2/vbf_wp_wp/)

The LO contribution is subtracted to avoid the double counting of the QCD

PS in [g%} EW+PS

Non-factorizable QCD corrections are NOT included
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Conclusions and perspectives

m We developed a MC event generator for pp — [vl'v/j5 at NLO EW
accuracy matched to QED PS in the POWHEG-BOX-RES framework

m only O(a") corrections to the LO O(a®) are included

m O(asa®) can be included in a approximated way (PS or combination
with factorizable NLO QCD corrections+PS)

m our approximated treatment can be easily applied to the other VBS
processes at the LHC

m in order to implement the full NLO corrections to VBS at the LHC, the
general structure of POWHEG-BOX has to be generalized and the
subtraction formulas for the mixed interferences should be derived
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Backup Slides
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Approximated O(«

Dijet invariant mass (LO+PS)

) corrections: 1st strategy (4)
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Resonance histories

To implement a process in POWHEG-BOX-V2, the user should provide
m B, V, R matrix elements
m phase-space

m list of Born and real processes (flavour lists)

In POWHEG-BOX-RES the user should also provide the resonance histories for
each process

all regions: 7 11
SEEG ==> W+

<]
all regions: 8 14
SEEG ==> W+

0
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NLO PS matching

m NLO QCD corrections: do = dog [1 4 da]
m QCD-PS: all order parton radiation in leading log approx.

do = doo [14+3232,

= NLO QCD+QCD-PS: do = dory [1+ g + 3525 8]

matching replaces first PS radiation with NLO real radiation

many matching strategies are available in the literature: we used the
POWHEG? method

2P, Nason hep-ph /0409146, S. Frixione et al. arXiv:0709.2092, S. Alioli arXiv:1002.2581
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NLO PS matching (2)

POWHEG matching:

m the PS must be pr ordered:

PS PS PS PS
Pr1>DPr2 > PT,3>PT,4> """
m POWHEG generates one parton radiation at NLO accuracy

m the scale of the POWHEG radiation (phV©) is set as starting scale for

the PS

PWG  , PS
pr T >Ppr >
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POWHEG (1)
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POWHEG (2)
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POWHEG (3)

POWHEG-BOX-V2 POWHEG-BOX-RES(*)

m try to generate one radiation from
each o, (p7¥)

m try to generate one radiation from
(033
each o, (pT")

m find the hardest radiation (p7***) m for each resonance 7, find the

hardest radiation emitted by the

is the starting scale of the PS resonance (pmo®

max
pTﬂ“

m Py
m proT s the starting scale of the

PS radiation from r

(*) T. Jeyo and P. Nason, arXiv:1509.09071
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