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DY Process

o Drell Yan process i o o NLO is omi.j qu&ii&&&ive,
need NNLO for high

precision and reduced
theoretical uu&er&amﬁj

very &mymr&o\m& ak
hadron collider

o Detector Calibration | A o ilable fully

: ; : differential code ok NNLO
o Lu,mmos&j Mownikor

o FEWZ, DYNNLO
o TDhF Deberminakion

o Fixed order only, Le.
& New ?’hvsws Search no auktomakic

resummatbion from
o QCD and EW S&u,civ Par&om shower



Implementation of
NNLO i Sherpa

o Use qT subkraction method bj Cakani and Grazzind

| Catani, Grazzini hep-ph/0703012
g @-Qsj to do Cakani ek al. arXiv:0903.2120

o Sherpa aireaci:j has W/Z+1jet ok NLO from Blackhat -
very stable

o low qT behavior obtained from existing SCET results -
well established

o generically compatible with PS matching

o qt cubtotf roughly torr@.s!ﬂomds to parton shower cubtotf
scale

o Implementation in Sherpa: event generation, interface with
Rivet
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Merqgiing

o Merging

o combining ME of processes with different jet
mu&ipu«ti,&ies

o higher order virtual matbrix elements are
approximated by expansion of Sudakov factor

o real radiation is resummed by parton shower in soft/
collinear region

o unitarity of the inclusive cross section of lower jet
mulkiplicity is broken

o Example for LO merging: MLM, CKKW

o Extension to NLO merging: MEPSE@NLO, UNLOPS, MINLO
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Matching

o Combining fixed order NLO calculation with parton shower
o Most mac{ebj used approaches: MCENLO, POWHEG

o modified subtraction methods, which remove the first order
expansion of the PS from the NLO, and add the shower on
top, therefore restoring the NLO real emission pattern

o Here we will use UNLOPS approach: essentially unhitarized
merging of processes with n and n+l jet mulkiplicities

o respect unitarity of inclusive result for n jet process: real
matrix element is used for the first emission in the parton
shower

o inclusion of 1-loop virtual correction to the n jet process

Loennblad,Prestel arXiv:1211.727%
Hoeche, Prestel, YL arXiv:14-08.3607



Unitary ME+PS Merging

o For any infrared observable “0” under parton shower:
o "B” is the btree level makbrix element
o “F” is generating function of parton shower

o “I1” is the Sudakov factor, corresponding to probability of
ho emission; "K” is the splitting kernel used in partoin shower
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Unitary ME+PS Merging

o To Lmytemem& NLG matching

o use actual makrix element for the first
emissionn BoKo — wiBy

o “w” adjusts the renormalization and
foctorization scale of the real radiation
makbrix element ko makch par&os« shower

Oés(t) fa(xaat) fb(xbat)
és(Lae (Za iy ) ele: 4

wq =

o add virtual correction to the zero bin bj
using jet-vetoed NLO cross section
BO 0 BBC — BQ = / d(I)lBl

te
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Unitary ME+PS Merging

(O) :{ /dcbo Bic 4+ /t do; [1 — Mo(t1, 14%) wl]Bl} O(®o)

+ / d®y Mo(t1, up) wi B1 Fi(ty, O)
te

o Easy to implement using truncated shower

o Exbtension ko NNLO

o Use standard MCE@NLO for the first kwo emission

o su,bﬂeﬁv arises in mapping two-emission events to zero
bin since parton shower always yields ordered emission
while actual matrix element does not, leaving sub-
leading Logarithms of the cutoff not fully resummed:
mininmum impact given a reasonable cut-off

o Promote veloed cross seckion ko NNLO
11



Fuaal Formula
(O) = /d¢o Bi O(®o)
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Tree level amplitude and subbraction from Amegic or Comix
[Krauss,Kuhin,Soff] hep-ph/0109036, [Gleisberg,Krauss] arXiv:07092% %1, [ GleisberqgHoeche] arXiv:oxog. 3674

One loop virtual matrix element from Blacikhak
[Berger et al.] arXiv:0¥03.41%0, [Berger et al.] arXiv:0907.19%4 arXiv:1004,1659 arXiv:1009,233%

NNLO vetoed cross section using recent SCET resulks
[Becher,Neubert] arXiv:1007.4008, [Gehrmanin,Luebbert,Yang] arXiv:1209.06%2 arXiv:1403.6481 arXiv:1401,1222
Parton shower based on Catani-Seymour dipole
[Schumanin Krauss] arXiv:0709,1027

Combined in Sherpa event generation framework
[Gleisberg et al.] hep-ph/0311263 arXiv:0¥11.4622
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o Grood agreement with S-MCENLO at low W F?T

o W+ljet K factor at high W al
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Comparésom wikh
exper&mem&at daka

Hoeche, Prestel, YL arXiv:14-08,3607

Z pr reconstructed from dressed electrons
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o Generic setting of sherpa used, no tuning of the
shower performed
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Inclusive Jet Multiplicity

ATLAS (arXiv:1201.127%

UNZLOPS

mp, /2 < Ho < 2my,

BAANANNLINDNNNNND
ENCNINININININININ Y

ARSI v
SRRRIEIRRRL

XK/ 0'0'0'0;0‘0'0'

5

16

0.0.0.4.0.0.0.0.0,

16%%%% %% % %%
\/\/

A’A’ |

o bExcellent
agreement i the
zero jeb bin with
reduced scale
umaev&aim&v

o Easily merge

with NLO resulks
of processes
with higher jet
muiﬂpiwéﬂm



Impact of PDF
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Impact of PDFs
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Impact of PDFs
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Other Application: Higgs

Hoeche, Prestel, YL arXivi14-07.xxxx
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o Based on an independent implementation of gluon
fusion process ab NNLO: verified wibh HNNLO
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Gutloolk

First practical implementation of NNLO+PS for DY processes
o Matching scheme can be easily appiie.d to a variety of processes

o Ay NNLO code can be used in the matching by providing a jet
vetoed cross section in the interface

Event generation abt bobth NNLO and NNLO+PS and interfoace with
o\sr\od.:jsi,s tools such as Rivet available, thanks to the Skerpa
ffra\memorw

o Released as part of Sherpa soon

Interesting Fahevxomevxotogv (NLO vs NNLO PDFs), may hint towards
usefulness of NNLO PDFs for parton shower

PS improvement desired for better overall accuracy
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