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Basics & NLO Matching

Part |l
(N)LO multijet merging &
combining with NNLO

Warning
This will be very pictorial, as most of the formulae underlying
the actual algorithms rapidly become very complicated.
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Motivation: Multiple Shower Emissions
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Basic idea: replace approximate matrix elements with exact ones,
but keep Sudakov factors which regularize divergences.



LO Merging - Phase Space Considerations

Cut phase space into matrix element and parton shower populated regions.
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LO Merging - Phase Space Considerations

Cut phase space into matrix element and parton shower populated regions.
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LO Merging - Phase Space Considerations

Cut phase space into matrix element and parton shower populated regions.
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LO Merging - Phase Space Considerations

Cut phase space into matrix element and parton shower populated regions.
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Traditional LO Merging Algorithms

1) Generate matrix element configurations
2) Cluster back into a parton shower history
3) Apply Sudakov weights

4) Add vetoed (possibly truncated) showers



Vetoed Showers and Sudakov Form Factors
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Truncated Showers

[Hamilton, Richardson, Tully 2009 + Hoche, Krauss, Schumann, Siegert 2009]



Truncated Showers - Do they matter?
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[Hamilton, Richardson, Tully 2009]



Exclusive and Inclusive Jet Cross Sections

Expectations from the shower:
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Matching - worse in NLO Merging ...

Basic motivation is similar to LO merging, but now use exclusive NLO
cross sections instead on exclusive LO cross sections as input to clustering.
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Double counting subtraction more involved:
Expand merged cross sections including Sudakov factors.
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Paving the way to combine with NNLO
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Available Multi-purpose Frameworks

Acronym

NL3

MINLO / MINLO'
MEPS@NLO
FXFx

Vincia
UNLOPS/Pythia

UNLOPS/Sherpa
UNLOPS/Herwig

Geneva

Xsec Shower
event files Ariadne, Pythia 8
internal/BLHA any, Pythia in practice

internal/BLHA Sherpa CSS

internal Herwig6/++, Pythia 6/8
internal Vincia (FS)
event files Pythia 8

internal/BLHA Sherpa CSS
internal/BLHA Herwig 7 Dipoles

internal/resum any, Pythia in practice

NNLO combined

no

yes

no

no

no

no

yes
no

yes



Scalar sum of jet transverse momenta

%w 1T T L L T Eé
Q == BFGLP hj NNLO 15
M M 2 GOSAM+SHERPA g
— —1
State of the Art Predictions for H+Jets ' == o
I - nNLO 18
5 rf 1+
© 1072 L 43
3 e
E I
L =
L o
£
1073 =4
- Powheg NNLOPs B
- i == SHERPA NNLOPs )
Les Houches 2015 Tl = e
== SHERPA MEPs@NLO
Higgs boson transverse momentum (1; > 3) B HERWIG 7.1
'% TT 1T ‘ TTTT ‘ TTTT TTTT { TTTT { TT 1T l TTTT | TT 1T é 1075 _} ‘ ‘ } } ; ‘ } ‘ ‘ | ‘ ‘ ‘ ‘ | ; ‘ ‘ .
o = 1.4 — —
%‘ 1072 |- GOSAM+SHERPA hjjj —|& o E ]
= E 1§ 2 12| ,r..l_'ﬁ—[_'_'_'_'_' =
N L ]9 g BT J‘_r 1—-----------| 7
L 42 H it { T EE LTI T Tt 1] Skb—————————
s 1B 5 = :
] L 1% 2 osb ]
Higgs boson transverse momentum (VBF2 cuts) - BN £ F =
= 1077 L L B B I = ) = 0.6 [ =
2 2 { o ] n T T T T TS IS M M e e e
CDI) 2 —3 - [T T T ‘ [ T ‘ T T i & T T T | T T L
< g 1075 = Powheg NNLOPs I 14 b A , o
-, g F~ — Surrea NNLOPS :“‘ w0 L 3
o S L ——— MG5_aMC FxFx A: = 5
= 2 F ——— SHERPA MEPS@NLO K i
g 103 T HERWIG 7.1 £
= | ceees Hg 2
T B &
i~
- L EE R
r —— Powheg NNLOPs & fanl
]
104 L === SHERPA NNLOPs ~ ® 15 w
E —— MG5_aMC FxFx 3 E g
F —— SHERPA MEPs@NLO ] & z
F —— HERWIG 7.1 e g &
r seeee Hgy B "3 o
L ] S é
1075 b b b b b b by
C T ‘ T ‘ LI ‘ L j L ‘ L | I T | T T
00 r
o 1.5 0
g E g &
L 5 g
5 1 & g
< £ 8 = L] o
2 F 2 S 2
S o5 - ] . 8
& 05 E 3 = S
= . ~
H .
w0 al
g L § 15} w
] E £ o
2 E 3 C o
% 1 A C ml g
2 g 1F == g
£ = 9 C 8
S 05 — S r S
& ] g o5 - §
Covv b bev b b b by 09 C
Ll J |- J I J L1 ‘ L1l \ L1l | 1 11 1111
o 50 100 150 200 250 300 350 400 o 50 100 150 200 250 300 350 400

pi(h) [Gev] p1(h) [GeV]



Summary & Outlook - Part Il

LO merging is established technology.
- As for NLO matching, all major generators provide it.

Multitude of NLO multijet tools.
- Different algorithms, need to be addressed in detail.

NLO multijet merging allows for combination with NNLO.
— Matching requires showers to be pushed to higher orders.



