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Outline

» brief motivation

» method used (POWHEG+M1iNLO)

> results:
- “validation” / standard observables
- comparison with data and analytic resummation
- comparison with original POWHEG (NLOPS)

» other available methods

» conclusions & discussion
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NNLO+PS: why and where?

NLO not always enough: NNLO needed when
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Q: can we merge NNLO and PS? plot from [Anastasiou et al., ‘03]
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Q: can we merge NNLO and PS? ! plot from [Anastasiou et al., ‘03]

IS realistic event generation with state-of-the-art perturbative accuracy !
I5~ could be important for precision studies in Drell-Yan events

» method presented here: based on POWHEG+MiNLO, used so far for

- Higgs production [Hamilton,Nason,ER,Zanderighi, 1309.0017]
- neutral & charged Drell-Yan [Karlberg,ER,Zanderighi, 1407.2940]
> | will also present some results obtained with UNNLOPS [Hoeche, Li,Prestel, 1405.3607)

> preliminary results also from the GENEVA group [Alioli,Bauer,et al. —"PSR2014]
2
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towards NNLO+PS

» what do we need and what do we already have?

V (inclusive) | V+j (inclusive) | V+2j (inclusive)
V @ NLOPS NLO LO shower
VJ @ NLOPS / NLO LO
V-VJ @ NLOPS NLO NLO LO
V @ NNLOPS NNLO NLO LO

5" a merged V-VJ generator is almost OK
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towards NNLO+PS

» what do we need and what do we already have?

V (inclusive) | V+j (inclusive) | V+2j (inclusive)
V @ NLOPS NLO LO shower
VJ @ NLOPS / NLO LO
V-VJ @ NLOPS NLO NLO LO
V @ NNLOPS NNLO NLO LO

=" a merged V-VJ generator is almost OK

» many of the multijet NLO+PS merging approaches work by combining 2 (or
more) NLO+PS generators, introducing a merging scale

» POWHEG + MiNLO: no need of merging scale: it extends the validity of an NLO
computation with jets in the final state in regions where jets become unresolved

(what you have been using so far is V@ NLOPS)



MiNLO

Multiscale Improved NLO [Hamilton,Nason,Zanderighi, 1206.3572]
» original goal: method to a-priori choose scales in multijet NLO computation

» non-trivial task: hierarchy among scales can spoil accuracy (large logs can appear,
without being resummed)

» how: correct weights of different NLO terms with CKKW-inspired approach (without
spoiling formal NLO accuracy)
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Multiscale Improved NLO [Hamilton,Nason,Zanderighi, 1206.3572]
» original goal: method to a-priori choose scales in multijet NLO computation

> non-trivial task: hierarchy among scales can spoil accuracy (large logs can appear,
without being resummed)

> how: correct weights of different NLO terms with CKKW-inspired approach (without
spoiling formal NLO accuracy)

Byio = as(un) [B+al™ OV (ur) +al™ [ o] |
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Multiscale Improved NLO [Hamilton,Nason,Zanderighi, 1206.3572]
» original goal: method to a-priori choose scales in multijet NLO computation

> non-trivial task: hierarchy among scales can spoil accuracy (large logs can appear,
without being resummed)

> how: correct weights of different NLO terms with CKKW-inspired approach (without
spoiling formal NLO accuracy)
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MINLO

Multiscale Improved NLO [Hamilton,Nason,Zanderighi, 1206.3572]
» original goal: method to a-priori choose scales in multijet NLO computation

> non-trivial task: hierarchy among scales can spoil accuracy (large logs can appear,
without being resummed)

> how: correct weights of different NLO terms with CKKW-inspired approach (without
spoiling formal NLO accuracy)

Byro = as(IJ«R)[B+OééNLO)V(;LR)+aéNLO) /d@rR]J

Buinvo = as(qr)A2(qr, mv) [B (1 = QAE-,I)(QT,WLV)) + oM™ V(ag) + o™ /dérR] J

Algp, my)

gr Algr,ar) ¥ Sudakov FF included on V+j
/ my Born kinematics

Alqr, my) Alqr. qr)

» MiNLO-improved VJ yields finite results also when 1st jet is unresolved (g — 0)
> BMiNLO ideal to extend validity of VJ—-POWHEG [called “v7-MinLo” hereatter] J
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“Improved” MINLO & NLOPS merging

» formal accuracy of vJ-MiNLO for inclusive observables carefully investigated
[Hamilton et al., 1212.4504]

» VJ-MiNLO describes inclusive observables at order ag

» to reach genuine NLO when fully inclusive (NLO)y, “spurious” terms must be of relative
order o2, i.e.

Ovi—miNnLo = Ovenro + O(ag) if O is inclusive

» “Original MiNL.0” contains ambiguous “O(«al®)” terms
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[Hamilton et al., 1212.4504]

» VJ-MiNLO describes inclusive observables at order ag

» to reach genuine NLO when fully inclusive (NLO)y, “spurious” terms must be of relative
order o2, i.e.

Ovi—miNnLo = Ovenro + O(ag) if O is inclusive

» “Original MiNL.0” contains ambiguous “O(«al®)” terms

> Possible to improve vJ-MiNLO such that inclusive NLO is recovered (NLO(®)), without
spoiling NLO accuracy of V+j (NLO(M).

» accurate control of subleading small-py logarithms is needed
(scaling in low-pr region is asl?~1,ie. L~ 1/v/as )



“Improved” MINLO & NLOPS merging

» formal accuracy of vJ-MiNLO for inclusive observables carefully investigated
[Hamilton et al., 1212.4504]

» VJ-MiNLO describes inclusive observables at order ag

» to reach genuine NLO when fully inclusive (NLO)y, “spurious” terms must be of relative
order o2, i.e.

Ovi—miNnLo = Ovenro + O(ag) if O is inclusive

» “Original MiNL.0” contains ambiguous “O(«al®)” terms

> Possible to improve vJ-MiNLO such that inclusive NLO is recovered (NLO(®)), without
spoiling NLO accuracy of V+j (NLO(M).

» accurate control of subleading small-py logarithms is needed
(scaling in low-py regionis asL? ~ 1, i.e. L ~ 1/v/as )

Effectively as if we merged NLO® and NLO®W samples, without merging different
samples (no merging scale used: there is just one sample).




Drell-Yan at NNLO+PS

» VJ-MiNLO+POWHEG generator gives V-VJ @ NLOPS

V (inclusive) | V+j (inclusive) | V+2j (inclusive)
v/ V-VJ @ NLOPS NLO NLO LO
V @ NNLOPS NNLO NLO LO
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Drell-Yan at NNLO+PS

» VJ-MiNLO+POWHEG generator gives V-VJ @ NLOPS

V (inclusive) | V+j (inclusive) | V+2j (inclusive)
v/ V-VJ @ NLOPS NLO NLO LO
V @ NNLOPS NNLO NLO LO

» reweighting (differential on &) of “MiNLO-generated” events:

» by construction NNLO accuracy on fully inclusive observables (ctot, yv, My, -..) [/]

» to reach NNLOPS accuracy, need to be sure that the reweighting doesn’t spoil the
NLO accuracy of vJ-MiNLO in 1-jet region [ 1]



Drell-Yan at NNLO+PS

» VJ-MiNLO+POWHEG generator gives V-VJ @ NLOPS

V (inclusive) | V+j (inclusive) | V+2j (inclusive)
v/ V-VJ @ NLOPS NLO NLO LO
V'V @ NNLOPS NNLO NLO LO
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» by construction NNLO accuracy on fully inclusive observables (ctot, yv, My, -..) [/]

» to reach NNLOPS accuracy, need to be sure that the reweighting doesn’t spoil the
NLO accuracy of vJ-MiNLO in 1-jet region V]



Drell-Yan at NNLO+PS

» VJ-MiNLO+POWHEG generator gives V-VJ @ NLOPS

V (inclusive) | V+j (inclusive) | V+2j (inclusive)
v/ V-VJ @ NLOPS NLO NLO LO
V'V @ NNLOPS NNLO NLO LO

» reweighting (differential on &) of “MiNLO-generated” events:
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» to reach NNLOPS accuracy, need to be sure that the reweighting doesn’t spoil the
NLO accuracy of vJ-MiNLO in 1-jet region V]

> notice: formally works because no spurious O(ag/Q) terms in V-VJ @ NLOPS



Drell-Yan at NNLO+PS

» VJ-MiNLO+POWHEG generator gives V-VJ @ NLOPS

V (inclusive) | V+j (inclusive) | V+2j (inclusive)
v/ V-VJ @ NLOPS NLO NLO LO
V'V @ NNLOPS NNLO NLO LO

» reweighting (differential on &) of “MiNLO-generated” events:

do
(d¢3) co + cras + c2a? co—da 3
W(dp) = NNLO _ _ 5 1 O
(®z) ( ) co + cras + d2a + co o5+ Olas)
4®5 /v j_MiNLO

» by construction NNLO accuracy on fully inclusive observables (ctot, yv, My, -..) [/]
» to reach NNLOPS accuracy, need to be sure that the reweighting doesn’t spoil the
NLO accuracy of vJ-MiNLO in 1-jet region V]

> notice: formally works because no spurious O(ag/Q) terms in V-VJ @ NLOPS

» Variants for reweighting (W (® 5, pr)) are also possible:
» freedom to distribute “NNLO/NLO K-factor” only over medium-small p region



settings for plots shown

inputs for following plots:
» used pr-dependent reweighting (W (® 5, pr)), smoothly approaching 1 at
pr 2 mv

- scale choices: NNLO input with © = my, VJ-MiNLO has its own scale
- PDF: everywhere MSTW2008 NNLO

- NNLO from DYNNLO [Catani,Cieri,Ferrera et al., '09]
(3pts scale variation, but 7pts in pure NNLO plots)

- MINLO: 7pts scale variation (using POWHEG BOX-V2 machinery)
- events reweighted at the LH level: 21-pts scale variation (7 X 3nn)
- tunes: Pythiaé6: “Perugia P12-M8LO” , Pythia8: “Monash 2013”
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Z@NNLOPS, PS level

350 T T T 10° T T
a00 | LHC 14 TeV | o LHC 14 TeV
250 B B
=y %1y - 4
£ 200 - 1 ¢ -
> ]
S 150 | B - 2
° 100 - DYNNLO ] 5 ‘ = —
= ZiMINLO —— = 810 P — g
50 -
NNLOPS —— -
J I I I I f I I L ZIMINLO —

» (Tmi X 3nn) pts scale var. in NNLOPS, 7pts in NNLO

» agreement with DYNNLO

» scale uncertainty reduction wrt zJ-MiNLO

my [GeV]

8/23



Z@NNLOPS, PS level

120

o
15y

do/dpr 7 [pb/GeV]
@
o

[ LHC14Tev

T 102 T -
DYNNLO —— 7] = DYNNLO ——
Z-MINLO —— | \ = Zj-MINLO ——
NNLOPS —— ] E 10 -!! NNLOPS ———

] E 100 E

N
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Q

g ]
1 310
B} LHC 14 TeV

2
10 i

pr.z [GeV]

150
prz[GeV]

NNLOPS: smooth behaviour at small &+, where NNLO diverges
at high pr, all computations are comparable (band size similar)
at very high pr, DYNNLO and zJ-MiNLO (and hence NNLOPS) use different

scales !
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Z@NNLOPS, PS level

T T 2 T 3
140 - = DYNNLO —— | e DYNNLO ——
120 | Zj-MiINLO —— | \ = Zj-MiNLO ——
s __ | swE = s
3100l = NNLOPS 13 - NNLOPS
2 1 8.
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= : : : : :
11 F
] j—»—y—:gﬂ::ﬁ_v_v_F T
11
i
09
038 El
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» NNLO envelope shrinks at ~ 10 GeV; NNLOPS inherits it
» notice that in Sudakov region, NNLO rescaling doesn't alter shape from MiNLO
» at pr ~ myv /2, NNLOPS has an uncertainty twice as large as fixed-order:

- | will show how it compares with analytic resummation
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W@NNLOPS, PS level

10° T
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» not the observables we are using to do the NNLO reweighting
- observe exactly what we expect:
pr,¢ has NNLO uncertainty if pr < My, /2, NLO if pp > My /2
- ng is NNLO everywhere

10/23



W@NNLOPS, PS level
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» not the observables we are using to do the NNLO reweighting
- observe exactly what we expect:
pr,¢ has NNLO uncertainty if pr < My, /2, NLO if pp > My /2

- smooth behaviour when close to Jacobian peak (also with small bins)
(due to resummation of logs at small pr v)
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W@NNLOPS, PS level
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» not the observables we are using to do the NNLO reweighting

- observe exactly what we expect:
pr,¢ has NNLO uncertainty if pr < My, /2, NLO if pr > My /2

- smooth behaviour when close to Jacobian peak (also with small bins)
(due to resummation of logs at small pr v)

> just above peak, DYNNLO uses u = My, WI-MiNLO USES i = pr,w
- here 0 < pr,.w < My (so resummation region does contribute)
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W@NNLOPS, PS level

103 T T
DYNNLO ———
= Wj-MNLO ——
3 ﬁ ™ NNLOPS ——
- : > only cut here: Mz > 40 GeV:
% Mrw = /2pr.epr,. (1 — cos Ag)

» all well-behaved: important for My,
determination

Mrw [GeV]
i —— , » with leptonic cuts, situation is more
E o oWexoans
[ ve=1.96 TeV, MSTW2008 SUthe:
102 -
Hp=pg=my
pr.e > 20 GeV , pry > 25 GeV
CIRT . . egs
£ : - » perturbative instabilities
s S [Catani,Webber, '97]
10 P » should be better using a (N)NLO+PS
e approach
w07t 20 4‘0 ‘ elo slo 100 plot from [Catani et al., 0903.2120]
- my (GeV)
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Vector boson pr: resummation

do/dpr z [pb/GeV]

Qres = mz [7pts]

Qres = {0.5mz, mz,2mz} [7+2pts]

80 T T T 80 T T T T
70 NNLO+NNLL ——— 70 NNLO+NNLL ———
NNLOPS (Pythias) —— NNLOPS (Pythia6) ——

60 - = — 60 [~ 1
S
o

50 B 1 sk 1

= g =
40 — 1 2w — ]
= N =
30 = 4 830F = B
= 5 =
= T o0 b =

20 - b
LHC 7 TeV
10 - b

LHo7 Tey E\

0 I I

pr.z [GeV]

» DyQT: NNLL+NNLO
pr =pr =mz [7pts], Qres = mz [+ Qres =2mz,mz/2]
» agreement with resummation good (PS only), but not perfect

- formal accuracy not the same!
- shrinking of bands at 10 GeV makes it looking perhaps “worse” than what it is...
- at 30-50 GeV, bands similar to DyQT

10 20 30 40 50
prz[GeV]

[Bozzi,Catani,Ferrera, et al., "10]
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Vector boson pr: resummation

do/dpr 7 [pb/GeV]

Qres = mz [7pts] Qres = {0.5mz, mz,2mz} [7+2pts]
80 T T T 80 T T T T
7oL NNLO+NNLL ——— 1 ol NNLO+NNLL ——— 1
E% NNLOPS (Pythia) —— NNLOPS (Pythia6) ——
60 [ 1 = 60f B: B
3
50 = 1 8 sf B s
= g =
40 — 4 T4k — 4
= N =
30 = 41 8 80F = B
= [5) =__
20 |- - 4 © 20t E_ e
LHG 7 Tey E\\ e Eg%%.\
10 g 10 g
0 f f f f 0 [— f f f f
1.2 = B 12 H B
11 F B 11 B L L |
1 :’_’—‘— I 1] 1 I S P e e iy ———r
09 | = E 09 | i e
08 F = 08 F —
L L L L 1 1 1 1
0 10 20 30 40 50 0 10 20 30 40 50
pr.z [GeV] prz[GeV]
» DyQT: NNLL+NNLO [Bozzi,Catani,Ferrera, et al., '10]

MR = Hp =Mz [7pts], Qres = Mz [+ Qres = 2mz,mz/2]
» agreement with resummation good (PS only), but not perfect

I¥" understanding (or improving) the formal logarithmic accuracy of NNLOPS is an open
issue. Nevertheless, the observed pattern seems (to me) qualitatively consistent
with known differences between LL, NLL, and NNLL resummation
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Vector boson pr: resummation

do/dpr z [pb/GeV]

Qres = {0.5mz, mz,2mz} [7+2pts] Qres = {0.5mz, mz,2mz} [7+2pts]
80 T T T T 80 T T T T
o NNLO+NNLL o NNLO+NNLL
NNLOPS (Pythia6) —— NNLOPS (Pythia8) ——
60 |- 4 < 60f .
S
[+
50 ] 4 O 50 -
= o
40 = 4 Z a0 % = ]
= N =
30 = 41 8 30F = B
= 5 =
20 - = 4 ® 20t S= .
LHC 7 TeV LHC 7 TeV =
10 ] 10 - EE%%E;
0 | | | : 0 : : : 1
12 | e
e e T
1
09 | | .
08 4
1 1 1 1
0 10 20 30 40 50 0 10 20 30 40 50
pr.z [GeV] prz[GeV]

» similar pattern, although some differences visible between pythiaé6 and
Pythia8

» NP/tune effects are not negligible
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Vector boson: comparison with data (pr z)

T T T
101 F LHC 7 TeV 101 F LHC 7 TeV
—_ == —
2 02 b ————ﬁ 3 102 b —_‘“ﬂg 4
5 10 - 5 10 -
= e = T
N ) N EE
E 103 £ E 103 & 4
§_ 10 - !9_ 10 -
3 3
o == o ==
2 o4 = 10
= ATLAS [PLB B705 (2011)] —— = ATLAS [PLB B705 (2011)] ——
NNLOPS (Pythia6) —— NNLOPS (Pythia8) ——

10° £ } } == 10° £ ; ; ==

14 F 14 F ]

12 - 1.2 E_I 1

= —%‘S&W\M\@T 1 it %é&ﬂﬂéﬂ’\
4'—_'—| ! T ——— i
08 F i ; 08 | ]
1 10 100 1 10 100
prz [GeV] pr.z [GeV]

» good agreement with data (PS+hadronisation+MPI)
» band shrinking at ~ 10 GeV

» Pythia$ is slightly harder at large pr, and in less good agreement at small pr
- part of this can be considered a genuine uncertainty (different shower)

- specific tune likely to have an impact at small pp
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¢*: resummation and data

102 T 102 T T
NLO+NNLL ATLAS [PLB B720 (2013) ——
10! —”&H‘TLOPS (Pythias) ] o NNLOPS (Pythia6)
s
B0 T Togwp T, ]
St | = 13 -
= 'y =107 F . 3
102 £ = T
= 102 F ]
0ok LHCTTev B LHC 7 TeV =
14 : : : 10 : : :
12 - 4
! I e i i 2
0.9 MLLH—D:D—
0.8 L L L
0.001 0.001 0.01 0.1 1
@ @
—Ad - 0™: angle between electron and beam
¢* = tan ( ) sin 0* axis, in Z boson rest frame
- ATLAS uses slightly different definition:
cos 0% = tanh((y;— — y;+)/2)
» NLO-+NNLL resummation [Banfi et al., '11]

» agreement not very good at small ¢*

» NP effects seem quite important here; comparison with data much better when
they are included
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" NP effects

100 F
107
‘0-2 E

NNLOPS [PY8-PS] ——
NNLOPS [PY6-PS] ——
NNLOPS [PY8-all] —o—
NNLOPS [PY6-all] —=—

T T
ATLAS [PLB B720 (2013) —+—
k|

Lo E
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» NP effects observed here have same pattern as
those discussed in Banfi et al.

> large interval of ¢* is dominated by low values of

PT,Z

> looking at (pr) vs. ¢, difference Pythia8g vs.

Pythiaé is consistent with pr 7 result

Data/Theory

1/0 do/do”

W lyl<t

T
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NP effects
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1000
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Vector boson: comparison with data (prw)

» data comparison both with Pythia6 and Pythia8

1/0 do/dpr w [1/GeV]

106
1.3

T T T 107 T T T
£ ATLAS [PRD 85 (2012) —— E ATLAS [PRD 85 (2012)] —+—
- NNLOPS (Pythia6) NNLOPS (Pythia8)
_—— <102 E
2
— 3 —
E —_— i = 109 & = i
= = =
— I ——
E = E 5 10% £ = 3
—_— 3 —_—
—_— ) —
3 E =105 ¢ E
— e
[ LHC7Tev ] 6 [ LHC7Tev ]
| I | | | 10 I | I I |
= T T T T I = 13 F I I I T T =
L 4 12 - 4
L 14 =
N sl L] b e I R A |
= == i 1 e SO e 1 e e
E I | I ! I = 08 & ! I I I I =
0 50 100 150 200 250 300 0 50 100 150 200 250 300
prw [GeV] prw [GeV]

» differences small (but visible) at low pr: different showers, different tunes...

IZ" in the contest of My, measurement, a detailed study and tune (like e.g. the one
performed recently by ATLAS [1406.3660]) probably useful. To be discussed...
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NNLOPS vs. NLOPS

140 | ' NNLOPS PY6—PSOﬁlv] — ] 100 . . .
LC 3 i NNLOPS [PY6-PSonly] —
120 NLOPS [PY6-PSonly | o NGRS [BY G-Psoﬁlﬂ

do/dprz

do/dpr 7
I

0.01 e

0004
1.2

ratio
ratio
—

0.8
0.6

» different terms in Sudakov, although both contain NLL terms in momentum

space
- in NLOPS: ag in radiation scheme; in NNLOPS: MiNLO Sudakov

» formally they have the same logarithmic accuracy (as supported by above plot)

» at large pr, difference as expected
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NNLOPS Drell-Yan with UNNLOPS

» NNLOPS obtained also upgrading UNLOPS to UNNLOPS [Hosche,Li,Prestel "14]

(0) = /«14»‘,1’3{; 0((1>,,)+/ d®1 By (1 — willy(t, 1)) O(o)
& Ji,

@i / d® w1 By T (t, pugy) Fa (t, O)
Ju,

— t
B{e (®0) = Bo(®o) + Vo(Po) +/  B1d®,

» inclusive NLO recovered

» notice: contributions in “zero-jet” bin are not showered:
- in POWHEG(+M1iNLO) , all “no-radiation” bin is Sudakov-suppressed

» scheme pushed to NNLO
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NNLOPS Drell-Yan with UNNLOPS

[pb/GeV]

dofdp,

,Eumumumu
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Hoeche, YL, Prestel arXiv:1405.3607

E 5=7TeV
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NNLO

mhl2<y <@emy,
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m, /2< u <2m,
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1 1GEV) ]

dc/dlogm(p

(s=7TeV

— RIS

NNLO

m,, /2< <2,
m,, /2< qu<2m‘V

Sherpa+BlackHat
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/Ge\;)5

Iogw(p

Comparison with MCENLO in Sherpa (S-MCE@NLO)

o UN2LOPS essentially merges MC@NLO for H/W/Z + © jet with H/W/Z + 1jet, and

o Good agreement with MCENLO at Low W pT

o W+ 1 jet K factor at high W pT

retains inclusive NNLO accuracy for H/W/Z + o jet

courtesy of Ye Li
20/23



NNLOPS Drell-Yan with UNNLOPS

& 200 prrrrprr e
o E ]
= 180[ f5=7Tev 3
o ' 50 Gev<m <120 GeV ] Z pr reconstructed from dressed electrons
S 1601 " B o107 T —
(o) L ] o
© 140F E g
120 103
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60F — Mo 1 = ATLAS PLB705(2011).
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F 4 |
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Impact of PDFs

Impact of PDFs

dofdy,, [pb]
dofdy,, [pb]
o
[=]
S

RS — WS

— NNLO — NNLO

m,/2<u_ <2m m,/2<u_ <2m
\/2<u <2m, \/2<u <2m,
= m, /2<u <2m, =\ m, /2<u <2m,

Sherpa+BlackHat Sherpa+BlackHat

o

Ratio to NNLO

© . o
Ratio to NNLO

» S-MCONLO with NLO PDFs S-MC@NLO with NNLO PDFs

Using NNLO PDF for MCE@NLO also gives rise to rapidity distribution
of W boson identical to NNLO resulk

42

courtesy of Ye Li
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Conclusions / discussion

> shown results for Drell-Yan at NNLOPS using MiNLO+POWHEG
» distributions and theoretical uncertainties match NNLO where they have to

» resummation effects important when close to Sudakov regions
- good agreement with data
- with resummation good agreement, but not always as good as one would have
hoped (especially for ¢*)

> shown also how NNLOPS compare with NLOPS
> other approaches on the market
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Conclusions / discussion

> shown results for Drell-Yan at NNLOPS using MiNLO+POWHEG
» distributions and theoretical uncertainties match NNLO where they have to

» resummation effects important when close to Sudakov regions

- good agreement with data
- with resummation good agreement, but not always as good as one would have
hoped (especially for ¢*)

> shown also how NNLOPS compare with NLOPS
> other approaches on the market

1. at the level of precision needed for My, measurement, (dedicated ?) tune on Z data ?

2. how strong is the case for including inclusively NLO QED/EW corrections ?

3. other theory uncertainty not mentioned: 8 (NNLO/NLO K-factor), include other NNLL
terms [notice: will not improve any formal claim]

4. subtleties and subleading effects in (N)NLOPS:
some of these issues can be addressed by comparing with analytic resummation as well
as by having many measurements available
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Conclusions / discussion

> shown results for Drell-Yan at NNLOPS using MiNLO+POWHEG
» distributions and theoretical uncertainties match NNLO where they have to

» resummation effects important when close to Sudakov regions

- good agreement with data
- with resummation good agreement, but not always as good as one would have
hoped (especially for ¢*)

> shown also how NNLOPS compare with NLOPS
> other approaches on the market

1. at the level of precision needed for My, measurement, (dedicated ?) tune on Z data ?

2. how strong is the case for including inclusively NLO QED/EW corrections ?

3. other theory uncertainty not mentioned: 8 (NNLO/NLO K-factor), include other NNLL
terms [notice: will not improve any formal claim]

4. subtleties and subleading effects in (N)NLOPS:
some of these issues can be addressed by comparing with analytic resummation as well
as by having many measurements available

Thank you for your attention!
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Extra slides




few technical details

Code will be out very soon

» we use as input distributions from DYNNLO

v

POWHEG+MiNLO events generation is highly parallelizable: grids (30 cores) +
generating 20M events (+ reweighting to have 7-pts scale uncertainty) (400
cores): ~ 2 days

» “MiNLO-to-NNLO” rescaling takes few hours (for all 20M events)
» showering (+ hadronisation + MPI): ~ 2 M events/day (on 1 core)
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Polarisation coefficients

idig =i [(1 + cos? 8*) + A 1(1 — 3cos? 9*) + Aqsin20 cos ¢™
o d(cos 6*)do* 167 O3

1
+ AQE sin? 6* cos 2¢" + Az sin 0 cos ¢* + Ay cos 0™

+ Assin 0% sin ¢™ + Ag sin 20™ sin ¢* + A7 sin? 0 sin 2¢*} ,

LHC 8 TeV! I 016 4
oA B LHC 8 TeV
0.14 -
08| A =; ]
==
06k = i 0.12 N
0.4 - 0.1 -

o
o N
Lk
L
o o
o g9
3 ®

|
f
0.04 ]
B IS
r , 0.02 S
L ]
0.05 ‘ ‘ = ‘ {
of ‘ 1 0 1
L L | r——
1 10 100 1 10 100

prz(GeV] prz(GeV]

» all angles in Collins-Soper frame
> no dedicated comparison, but reasonable qualitative agreement with results obtained by
FEWZ authors [Gavin,Li,Petriello,Quackenbush, "10]

> we have also reproduced quite well recent study on “naive-T-odd” asymmetry in W +jets
[Frederix,Hagiwara, et al., '14]
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Collins-Soper frame

Differential cross section in cos8 and ¢

® Collins-Soper frame : the F:enter of mass frame of dilepton

+x axis is
along Z pt

qG — Zfyx = L0 +y

/ 8 inlepton plane

g — et g

"
) Topen e 17

® Differential cross section of cos8 and ¢

FIG. 1 The Collins-Soper frame.

Pty _

1 2 c0s?8:
- _ —_—
+ 2 Ao(1— 3eos”6) higher order term

1
+ Alsin2|9cos¢+5A251n29m2¢»+1435in3ms¢—> (8, ¢) terms
+ — | LO term: determine Ap |
+ | Aasinzﬂsin‘lqb+A55in265iu¢+A7sinGsinqﬁ| s small terms > zero

when we add positive
and negative Phi

***All higher order terms are zero at Pt=0 4

slide from A. Bodek’s talk [2010]
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UNLOPS

o To meLemav\k NLO matching

o use actual matrix element for the first emission
“w” adjusts the o _ as(t)  fa(®@a,t) fo(xet)
renormalization Bokose wibign as(p%) fa(@a, 1) fo(ms, 1)
and factorization
scole of bic T (0) — / d®oByO(®y) — / d® 1wy BTIo (¢, p1y) O (o)

radiation makrix Jitc

element to matkch 9

parton shower +/ d®1w1B1Ilo (¢, pg)Fi(t, O)
Jt.

o add virtual correction ko the zero bin bj using
Jjet-vetoed NLO cross section: achieve NLO
accuracy By =B, — Brer / AP, B,

Jt.

the “bar” on “8”

inclusively NLO

urate

Rl ing (O = /d‘T’(JB(LfO(‘T’()) +/ d®1B1 (1 — willo(t, 1)) O(o)
: t

Bori process

+/ d®yw By Tlo(t, ugy) Fi(t, O)
ol

27

courtesy of Ye Li
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UNLOPS

(0) —>/d<1>01330(<1>0)+ /t d®1By (1 — willp(t, 13)) O(®o)

+/ A1 B Tlo (¢, 1gy) F (¢, O)
T
o Easy to implement using truncated shower
o A few remarks
o The NLO accuracy of inclusive cross section is easily seen
o jet-vetoed cross section from the cut-off method enters the zero jet bin
o The one jet bin is made finite in zero jet Limit by the Sudakov form factor
o Sudakov factor is humerically realized by assigning a parton shower

I'\Lshorv to real emission events, which decides whether the events are
discarded or not

° Apo.rb from the Sudakov and reweighing factor, which are of higher order in
QCD, the one jet bin undergoes standard parton shower

o full parbon shower accuracy maintained

¥

courtesy of Ye Li
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UNLOPS

(©) ~ [ d0aBO@0) + [ doiBi(1~ (e i) O(20)

i

+/ d® 1w BiTIo(t, 1)) Fi(t, O)

o More remarks

o The virtual contribution of the zero jet bin does not go through parton

shower
o original parton shower accuracy are hot affected
o the zero jet bin is finite and requires no resummation
o this is the difference with MCENLO/POWHEG
similar to the difference of NLL/NNLL and NLL//NNLL in SCET

additional shower can be added to make up the difference, but treat
it as theoretical uncertainty instead

o a better way is to improve the generic accuracy of the parton shower

29

courtesy of Ye Li
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UNRLOPS

(0) a/d@oBg-o(@oH / ;B (1 — wIo(t, 13)) O(®o)

+/ d@1w1B1Hn(ts#é)f1(t70>
o Extension ko NNLO ot

o the zero jet bin is promoted to NNLO with a cut-off
o the one jet bin is promoted ko NLO and showered using MCENLO/POWHEG

o the one jet bin is no longer finite in zero jet Limit in UNRLOPS because
the Sudakov form factor does not contain enough Logarithms

o the Sudakov is numerically generated bj the parton shower, which is only
partially NLL accurate

o the parton shower has no unordered emissions
o consequence: sub-leading logs of the cutoff not resummed

o however, minimum impact given a reasonable cub-off value

30

courtesy of Ye Li
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UNNLOPS

Final Formula

(0) = /d% B 0(®0)
+ /, A%y 1= Mo(es, w3) (wa + wd” + N0 (11, 13)) | Br O(0)
+/& A%y Mo(ty, ) (wr + ") I'Ié”(n»u?;)) B1 Fi(t1,0)
+/tc do, [1 - no(:l,ué)] BE O(dg) + /( A91Mo(tr, 13) B Fi(t1, 0)
+/& o, [1 - Mo(t1,13)] HE O(00) + /! A%, Mo (11, 1) HR F(ta, 0)
+/ dd, HY Fo(tr, 0)

o Tree level amplitude and subkrachoh from Ameguc or L.omx.x

soff]

° Ona LooP vv.rkual maknx eLemev\E from Blackkak or mkernal Sherpa

o Combined in Skerpa evan& 3e\r\erahon framewcrk
[Gleisberg et al.] hep-pl 126 22

courtesy of Ye Li
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NNLL vs. NLL (analytic resummation)

do/day (pb/GeV)
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plot from [Bozzi,Catani et al., 1007.2351]
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NNLOPS vs. NLOPS (all included)
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PY8 vs PY6: small pr

doldpr z [pb]

T T
NNLOPS (Pythia6) ——
NNLOPS (Pythia8) —— 7|

LHC 14 Tev

prz[GeV]
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