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NNLO+PS: What do we want to achieve!?

» NNLO accuracy for observables inclusive on radiation. [do /dyF]

» NLO(LO) accuracy for F' + 1(2) jet observables (in the hard region). [do/dpr ;]
- appropriate scale choice for each kinematics regime

» resummation from the Parton Shower (PS) [o(pT,; < PTveto)]
» preserve the PS accuracy (leading log - LL)

- possibly, no merging scale required.
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not talking about recent progress in improving parton showers to (N)NLL
[Forshaw, Holguin, Platzer "20] [Nagy, Soper ’19], [Dasgupta, et al.’20; Hamilton, et al. ’20; Karlberg, et al.’21]
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NNLO+PS methods

+ seminal approaches for NLO+PS many years ago (POWHEG, MC@NLO)

MINLO+reweighting Geneva

[Hamilton, Nason, Oleari, Zanderighi '12, + Re '13], [Karlberg, Re, Zanderighi '14] [Alioli, Bauer, Berggren, Tackmann,Walsh '| 5 + Zuberi 'l 3]

+ no new unphysical scale (i.e. physically sound) + slicing cutoff (missing power corrections)

+ numerically very intensive + numerical cancellations in slicing parameter

+ applied beyond 2— | processes + applied beyond 2— | processes

MINNLOps UNNLOPS

[Monni, Nason, Re, MW, Zanderighi '19], [Monni, Re, MW '20] [Hoche, Prestel '14 '15]
+ no new unphysical scale (i.e. physically sound) + extension of UNLOPS merging of event samples

+ numerically efficient + two-loop corrections entirely in O-jet bin

+ applied beyond 2— | and even beyond colour singlet + only applied to 2— | processes

there was also some recent progress on NNLO+PS for sector showers [Campbell, Hoche, Li, Preuss, Slands 21]
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NNLO+PS timeline

MIiNLO+reweight ’ 5\%53) WH(2vH) ZH(22H)
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NNLO+PS timeline
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MINNLOps: 2— | colour-singlet processes

[Monni, Nason, Re, MW, Zanderighi 'l 9], [Monni, Re, MW "20]
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MINNLOps: 2— | colour-singlet processes

[Monni, Nason, Re, MW, Zanderighi 'l 9], [Monni, Re, MW "20]

2 3

o . /c* 3 y /c*

o 1 0

do/bin [pb]

+Q|
<

T T T T T T Ll Ll I I E T T T I

pp— 270" @LHC 13 TeV

1 ! T T T T T ‘ T I 3 350 [ T T T [ T T T ' -
s . - - : : ' . : . : :
10 = ~ — MINNLOpg — MINNLOpg ; =
—y 777" NNLO (MATRIX) 1 o --== NNLO (MATRIX) 1 300 = é f
N | [( o R SR E— TR — T <

A

ol e L

Al .................... ............ ...................... \\\\\\\\\\\\\\\\\\\ _ j | | | | | ; | :
R ey, 150 fof |

ol i S
| e B S B e e T |  — MiNNLOpg
102 Ry 100 === NNLO (MATRIX)

107" I P S S Y0 J) HFUPN R N N N N P B
e rere e 1.3¢ | T T T T T T ] 1.3d?/-d?|\|/m-\“\-“_-ofs---

T e
1 1 : : P : : :
1 |
L ——— 09 1
o6k DU SN S T S _ VF ] — s = B — : | | | | | | | :
0B 100150 200 2O 800 07 f———ee e 7 e

Pru Pr ot Yo

do/dOMINNLOps

Marius Wiesemann (MPP Munich) Progress on NNLO+PS matching February 15th, 2022



similarly for Geneva,e.g.:

[Alioli, Bauer, Broggio, Gavardi, Kallweit, Lim, Nagar, Napoletano, Rotolli 21]
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[Alioli, Bauer, Broggio, Gavardi, Kallweit, Lim, Nagar, Napoletano, Rotolli "21]
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Isolated photon production at NNLO+PS

+ large cross section, clean process, well measured

+ power corrections need to be controlled well

+ important background to Higgs and BSM
[Alioli et al.'20]

z (4 relatively large cross section, clean in Z— 20
— AL, y larg ’

Y + relevant BSM/DM background (especially Z—VV)
v

+ inclusion of anomalous triple gauge couplings
[Lombardi, MWV, Zanderighi 20 21]

q____fv-\"f-\/\q + reasonably well measured

v
v + important SM probe

q_—-’\/\f\/

+ background to very specific BSM searches
[Cridge, Lim, Nagar 21]

Photon i1solation requirement:
“* Lxperumentally needed to identify 1solated photons

“* Theoretically delicate infrared-safe definition

1 —cosé \"
Z Eylfad/part < E]quaX(a) — E;ef : ( cos ) , V6<9,

1 —
had/part€d COS&O

Frixione
tsolation

Marius Wiesemann (MPP Munich) Progress on NNLO+PS matching

February 15th, 2022 |



Geneva: yy production

+ photon processes feature large power corrections

pp — vy @ 13 TeV
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see also: [Ebert Tackmann '19], [Becher, Neumann, 20]

[Alioli et al. '20]

+ cutoff dependence of differential Geneva yy results
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MiINNLOeps: Zy (£¢y) production

[Lombardi, MW, Zanderighi 20]
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MiINNLOeps: Zy (£¢y) production

[Lombardi, MW, Zanderighi 20]
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MiNNLOps: Zy (vvy) production

[Lombardi, MW, Zanderighi 211 / (p? —
| F“ﬁ”(ql, G, D) = i(p my hlv<qétgaﬂ _ qzagﬂﬂ>_|_

ZyV
* presence of 1solated photon — theoretically challenging " hzv
AZ

* highly relevant as a probe for BSM (especially Z — vp)
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Massive VV production at (n)NNLO+PS

[Lombardi, MWV, Zanderighi 21] [Buonocore, Koole, Lombardi, Rottoll, MVV, Zanderighi 21]

+ largest cross section of massive VV processes + smallest cross section of massive VV, but very clean
+ no full event reconstruction due to neutrinos + relevant background for Higgs and BSM

+ |et-veto requirement to
suppress top backgrounds

* remove diagrams with external b's

* not finite for massless b's => 4FS

(top-free 5FS in good agreement)
[Grazzini, Kallweit, Pozzorini, Rathlev, MW '17]

s?uttmg ~ NNLO+PS using MiNNLOps* ~ NLO+PS with POWHEG *

+ important Higgs background SM \ /

| couplmg n on ()_ |
+ direct access at LO to anomalous p —> f f f f

triple gauge couplings

Incoherent combmatzon — nNNLO 'I'PS

* also in [Alioli et al.’21] * also in [Alioli, Ferrario Ravasio, Lindert, Rontsch "2 1]
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MiINNLOps: WW (£ 'V") production

[Lombardi, MWV, Zanderighi 21]
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/7 (") production
Geneva: NNLO+PS
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MiNNLOps: nNNLO+PS (x EW) for ZZ (£££'¢")

[Buonocore, Koole, Lombardi, Rottoli, MWV, Zanderighi 21]
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v  ntNNLO+PS predictions in good agreement with CMS results, based on the al37fb1 131eV analysis ([arXiv:2009.01186])!
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MiNNLOps: nNNLO+PS (x EW) for ZZ (£££'¢")

[Buonocore, Koole, Lombardi, Rottoli, MWV, Zanderighi 21]
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v  ntNNLO+PS predictions in good agreement with CMS results, based on the al37fb1 131eV analysis ([arXiv:2009.01186])!
v anclusion of W corrections (through fixed order NLO K factor) to describe tails of distributions
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MiNNLOps: Higgsstrahlung with H — bb decay

[Zanoli, Chiesa, Re, MWV, Zanderighi 211

» NNLO+PS accuracy in both production and decay

see also [Alioli et al.’|9]

see also [Alioli et al.’20]

% needed for precision measurement in the Higgs sector

% main production channel to observe H — bb (largest branching fraction)
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MiNNLOps generators publicin POWHEG BOX

| MiNNLOps for 2 — 1 processes (H, 2, W) in POWHEG-BOX-V? |

The POWHEG BOX [Monni, Nason, Re, MW, Landeright 19/, [Monni, Re, MW °20]
| "NEW(‘ Top-quark pair generator now available [Mazzitells
Project oA & Monni, Nason, Re, MW, Landeright °20]

The POWHEG BOX is a general computer
framework for implementing NLO calculations
in shower Monte Carlo programs according to
the POWHEG method. It is also a library, where
previously included processes are made available
to the users. It can be interfaced with all modern
shower Monte Carlo programs that support the
Les Houches Interface for User Generated
Processes.

L ~Mz’NLOP512dS been étena’ed 0 2 —> calour—singlet processes -
(built in POWHEG-BOX-RES). |

First implementation of Zy generator (both Z — €¥¢~ and Z — vv +
Index: oo L JdIGC @NNLO) [Lombardi, MW, Zanderighi °20, °21]

e Available NLO+PS processes

wI¢

. . J ..

» BNLOps using MINNLOps L NEW | New approach to the existing WW generator [Lombardi, MW, Zanderighi *21]

e Proper references aA_r

e Downloads )«J( . . . . —

 Verion 2 J N ZZ generator with incoherent combination of qq and gg channels [Buonocre,

~ _~ Roole, Lombardi, Rottolr, MW, Landeright °21]

e Version RES ol
wJ¢ , .

* Bugs Y NEW VH generator interfaced with H—bb decay (t.b.a.) [Zanoli, Chiesa, Re, MV,
e Licence )A‘ ,/( Zandeﬂg/li ‘Ongoingj
e Contributing Authors - J(

)

S NEW . More to come ...

' ~



MiINNLOps: heavy quark production

qf>n‘m‘a<t ? gyﬂ‘ov'c‘( t
q ¢ o t

[Mazzitelli, Monni, Nason, Re, MW, Zanderighi '20]

4+ substantial complication due to final-state radiation and interferences

' (accordingly for gg initiated)

A: operator/matrix in
colour space that
encodes soft emissions

d A
colour singlet: dGF o~ {e—S H (C ®f) (C ®f)} of 1t and interferences

Ics de
‘ /\/
heavy quark pair:  do.

d
s ~ ——1e7 TI(HA) (C® /) (C® f) }

[Catani, Grazzini, Torre '14] de

4+ compare resummation formulas (very schematic):

Marius Wiesemann (MPP Munich) Progress on NNLO+PS matching February 15th, 2022
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MiNNLOps: tt production

[Mazzitelli, Monni, Nason, Re, MW, Zanderighi '20]

+ total cross section: pp — ¢t Q 13 TeV
! — MINNLOpyg -
MiNLO' NNLO MiNNLOpg 000 I "
oo [ MINLO/
572.9(2) 2% pb  719.1(8)TT 0% ph  719.8(2) T 8% pb ——— NNLO
MiNNLOps and NNLO agree at permille level 2 400!
(note: different scale settings) = |
=3
+ excellent agreement of MiNNLOps with NNLO =
for 17 rapidity = 2000 S o B
4+ substantial reduction of scale uncertainties w.r.t. - e
MiINLO’ —_
S 1.2 :
= e = 3
- 100
= o S J
S (.8 freereeeree e, 7
S OO 7
§ 0.0¢ l
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do /dA¢e,, [pD]

ratio to MiNNLO

1.2}
1.0f
0.8}
0.6

[Mazzitelli, Monni, Nason, Re, MW, Zanderighi '21]
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MiNNLOeps: tt production with decay
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Summary

NNLO+PS for 2 = 2 becoming available for colour singlets
Combination with other relevant corrections in ZZ (NLO gg, NLO EW)

First coloured process at NNLO+PS: Top-quark pair production

MiNNLOps generators publicly available in POWHEG BOX

Outlook

NNLO+PS becoming available for "all" colour-singlet processes
SMEFT effects at NNLO+PS
Sophisticated treatment of top-quark decays at NNLO+PS (spin correllations, higher orders)

NNLO+PS for other process classes (heavy quarks + colour singlet, final-state jets, ...)
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Summary

NNLO+PS for 2 = 2 becoming available for colour singlets
Combination with other relevant corrections in ZZ (NLO gg, NLO EW)

First coloured process at NNLO+PS: Top-quark pair production

MiNNLOps generators publicly available in POWHEG BOX

Outlook

NNLO+PS becoming available for "all" colour-singlet processes
SMEFT effects at NNLO+PS
Sophisticated treatment of top-quark decays at NNLO+PS (spin correllations, higher orders)

NNLO+PS for other process classes (heavy quarks + colour singlet, final-state jets, ...)

Stay tuned!






MiINNLOeps for 2— | colour singlets

[Monni, Nason, Re, MW, Zanderighi 'l 9], [Monni, Re, MW "20]

Process | NNLO (MATRIX) MINNLOps Ratio
pp— H | 39.64(1)1 15" % pb | 39.1(5)F%2% pb | 0.987
pp — X6~ | 1919(1) 9% pb | 1917(1)T 1% pb | 0.999
pp — 77 | 8626(4) 7100 pb | 8643(4)T1 7% pb | 1.002
pp — | 11677(5)T990% pb | 11693(5) 112 pb | 1.001

Marius Wiesemann (MPP Munich)
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MiINNLOeps for 2— | colour singlets

[Monni, Nason, Re, MW, Zanderighi 'l 9], [Monni, Re, MW "20]

2
>----H
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MiINNLOps for 2—2 colour singlets

do/dn ooy [fb]

[Lombardi, MW, Zanderighi '20]
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MiINNLOps for 2—2 colour singlets

[Lombardi, MW, Zanderighi '20]
Z (
i— AL,

_ ¥
q——\ N\
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MiINNLOps for 2—2 colour singlets

[Lombardi, MW, Zanderighi '20]
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MiINNLOps for 2—2 colour singlets

[Lombardi, MW, Zanderighi '20]
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MiINNLOps for 2—2 colour singlets

[Lombardi, MW, Zanderighi '20]
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MiINNLOps for 2—2 colour singlets

[Lombardi, MW, Zanderighi '20]
Z (
A AN

_ ¥
q——\ N\
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MiINNLOps for 2—2 colour singlets

[Lombardi, MWV, Zanderighi '21]

9

9

W (
NV
W (
NV

o(pp = LTv 0~ vy) [fb]

setup-inclusive

fiducial-1-JV

fiducial-2-JV

MINLO’
MINNLOpg
NNLOPS
NNLO 1o = (g, s + g y-)/2
NNLO o = mr,ww

[arXiv:1805.09857]

1156.6(4) T34

1292.2(7)15-5%

(

(
1308.9(3) 1177
1306.5(5) 1157

(

1284.9(10) T14%

185.0(2) 887

( —6.5%
207.7(2) 1} 5%
206.4(1)122%
206.5(1) 1595

+4.9%
143.2(2) 149%
159.2(4)11.0%
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( —1.4%
(1)1 8%

158.9(5
(

+0.8%
—0.6%

+1.0%

+1.7%
160.8(3) F1 9%

N’ N’ N N

ATLAS—gg [arxiv:1702.04519]
ATLAS—gqg [arXiv:1905.04242]
CMS—gg [CMS-PAS-SMP-16-006]

CMS—gg [arXiv:2009.00119]

].481 + 59(stat) + 154(syst) + 108(1umi)

1289 £ 68 (stat) s ygrn” 2 & 42(tums)
1316 + 65(stat) + 23(syst) + 38(1umi)

2365 + 10(stat) + 25(syst) + 5.5(1umi)

1785 + 2.5(stat) + ].2.7(syst) + 4(lumi)
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MiINNLOps for 2—2 colour singlets

[Lombardi, MW, Zanderighi 2]
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—0.8%

\_/\_/vv

(
(
(
(

> 0% 143.2(2) 475 > 10% |

—14% i

ATLAS—gg [arxiv:1702.04519]
ATLAS—gqg [arXiv:1905.04242]

CMS—gg [CMS-PAS-SMP-16-006]

CMS—gg

[arXiv:2009.00119]

].48]. + 59(stat) + 154(syst) + 108(1umi)

1289 £ 68 (stat) s ygrn” 2 & 42(1ums)
1316 + 65(stat) + 23(syst) + 38(1umi)

2365 + ].O(stat) + 25(syst) + 5.5(1umi)

1785 + 2.5(stat) + 12.7(syst) + 4(lumi)

o s1zeable NNLO corrections + improved accuracy
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MiINNLOps for 2—2 colour singlets

[Lombardi, MW, Zanderighi 2]

o(pp — LT~ vp) [fb]

setup-inclusive

fiducial-1-JV

fiducial-2-JV

MINLO' 1156.6(4)+§ ol 185. 0(2)+2 SZ) 143°2(2)+§ (i)g)
MINNL Ops 1292.2(7)+8 gg I 139 207. 7(2)+1 gg 159.2(4)+1 ZZS IO o
| NNLOPS  [arXiv:1805.09857] 1308.9(3) 1 7% ' 206.4(1)22% 159.0() 1 %% v
| NNLO s = (mg 5+ )/2 1306.5(5) 1 Gt I 179 206.5(1) 475 18.95) Ty Il 2 %
1284.9(10) +14% — 160.8(3) 1 0% v

E,‘IQtPJIQ(:) ILO TTbr VVDV',“:,;;,_ ,

ATLAS—gg [arxiv:1702.04519]
ATLAS—gq [arXiv:1905.04242]
CMS—gg [CMS-PAS-SMP-16-006]

CMS—gg [arXiv:2009.00119]

1481 + 59(stat) + 154(syst) :l: 108(1um1)

1289 £ 68 (stat) 1 ygrn” 0 & 42(1ums)

syst)

1316 + 65(stat) + 23(syst) + 38(1umi)

2365 + 10(stat) + 25(syst) + 5.5(1umi)

i)
D8 oireieiisai
: =

178.5 & 2.5(stat) £ 12.7(syst) = 4(1umi)

o sizeable NNLO corrections + improved accuracy

* good agreement among NNLO predictions (differences induced by scale settings)
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MiINNLOps for 2—2 colour singlets

[Lombardi, MW, Zanderighi 2]

ATLAS—gq [arXiv:1905.04242]

| CMS—gg [CMS-PAS-SMP-16-006]

L CMS—gg [arXiv:2009.00119]
P il i T O O S S5l Ll 0 i i S

I~ S e~ —v xv;-vrvrv ~

ATLAS gg [aerv 1702 04519] | 1481 :I: 59(stat) + 154(syst) + 108(1um1)

1289 £ 68 (stat) 1 ygrn” 0 & 42(1ums)

syst)

o sizeable NNLO corrections + improved accuracy

* good agreement among NNLO predictions (differences induced by scale settings)

* 1-2 6 agreement with data in all setups

2365+ 106ua0 £ 256w £ 550w |

vV
_ W (
9 Ny
o(pp — LT~ vp) [fb] setup-inclusive fiducial-1-JV fiducial-2-JV
MINLO' __1156.6(4) 7% T __185.0(2)* %27 8% 143.2(2)14%7 %o
;AMINNLOps | '1292 2(7)+8$Z’ o _207 7)1 ?Zf’ - - 159.2(4) " 23%,_
NNLOPS  [arXiv:1805.09857] 1308. 9(3)+1 I 206. 4(1)+2 3(; 159. 0(1)+1 S0
NNLO o = (11 s + 11519 )/ 1306.5(5)* 1% 206.5(1)* 4% 158, 9(5)*8 >
NNLO uo = mr.ww 1284.9(10 )+} 35’ - — -
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MiINNLOps for 2—2 colour singlets

102

107"

1072

1.1
1.05

0.95¢
0.9F
0.85

[Lombardi, MWV, Zanderighi '21]

do/dp, w- [fb/GeV] pp—£L%vy £7vp@LHC 13 TeV
L L D e -
;inclusive-setup | ' ? |

. — MiNNLOpg (PY8) e
- - MiNLOpg (PY8)

- -—- NNLOPS (PY8)

do/doniNNLOps (PY8)

0.8F

0.75
0.7

P P P PP B
100 150 200 250
Prw- [GeV]

v At high pryw+ NNLO+PS and MaNLO' predictions agree

v Improved description in the low pr .y region (both normalisation and accuracy)
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MiINNLOps for 2—2 colour singlets

[Lombardi, MWV, Zanderighi '21]

dcr/dmWW [fb/GeV] pp—’Q*vg 0 Vg @LHC 13 TeV

I | I I | I

.l,ncl‘u.swe.,‘s‘etup — MiNNLOpg (PY8) |
g MiNLOpg (PY8)

e NNLOPS (PY8)

100 E_ """ """""""""""""""" - NNLO po=(mT,W++mT,W—)/2 (MATRIX)
; .l.[._:.z ----- NNLO /Jo=m'|',WW (MATRIX) _

200 400 600 800 1000 1200 1400 1600 1800
Myw [GeV]

v Duifferent predictions between NNLOPS and MaNNLOps at large my,y, due to

scale settings
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MiINNLOps: WW (£ 'V") production

[Lombardi, MWV, Zanderighi 21]

102 do/dp; y+ [fb/GeV] pp— 807 vy £"vy@LHC 13 TeV
L L L e
- Inclusive-setup | : :
10! 3 B _
100 L TR i
107 J— Mi-NNLOpS'(PY8) ------- ------------------------
e MiNLOpg (PY8) 5 ]
[ - NNLOPS (PY8)
10-2 IR B R i |
do/dOMINNLORs (PY8)
. S L L e I e
1.05 i
1 C
0.95¢
0.9¢
0.85 . .
0.8 E 777777 | E
075 S RN R e _— 3
0.7 - PRI I U SR T A NN SN SR T RS SR S S MU S SR T R o]
=0 100 150 200 250 300
Prw [GeV]

v At hgh ppy. NNLO+PS and MaNLO' predictions agree

v Improved description in the low pyy. region (both normalisation and accuracy)

Marius Wiesemann (MPP Munich) Progress on NNLO+PS matching February 15th, 2022



MiINNLOps: WW (£ 'V") production

v Different predictions between NNLOPS and MaNNLOps at large my,y, due to scale settings

[Lombardi, MWV, Zanderighi 21]

do/dmWW [fb/GeV] pp—»Q*vg 0" Vg @LHC 13 TeV

I I I I ! I

10" .lnclwu.swe_,s,etup — MiINNLOpg (PY8) |
= ™ == MiNLOpg (PY8)
- NNLOPS (PY8)

— - _NNLO_ Ho=mT,ww (MATRIX)

R i
.........
777777777777
]

I NNLO [Jo=(mT’W++mT’W—)/2 (MATRIX)

o7 ; z ; | o T —

200 400 600 800 1000 1200 1400 1600 1800

my,w [GeV]
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MiINNLOps: WW (£ 'V") production

[Lombardi, MWV, Zanderighi 21]

v Analytic resummation only partially cures

perturbative instabilities

10 do/dp; ww [fo/GeV] pp— 2% vy £7vyp@LHC 13 TeV
T'T!""'7""|""|""|""|""l""!""!""
L MINNLOps (PY8) )

8 _“ ....... l_; ............ NNLOPS (PYB) ..... -

0

el e
= i

FE by NNLO po=mrww (MATRIX)
s NNLO+NNLL (MATRIX+RADISH)
1 NLO+NLL (MATRIX+RADISH)

1.3
12F
11 o p

09f |
0. 8

: ‘\L*\E
|||||||||| i |

. 35GeV
jet-veto cut

15 20 25 30 35 40 45 50

<—pwwlrrvr>
T

v  NNLOA+PS results provide a more physical
description also above jet-veto threshold
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MiINNLOps: WW (£ 'V") production

[Lombardi, MWV, Zanderighi 21]

(PTJI< p%"’}f) [fb]

pp—'Q+Vg 0"vp@LHC 13 TeV

7777777777777
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: ’ """"" MINLOPS (PY8)

e NNLO+NNLL (MATRIX+RADISH) 1

--== NLO+NLL (MATRIX+RADISH)

50 |
! —e— ATLAS data (-gg)

250 Hiducial-2-nodv. [ -------------- B

- : : it : : -
o : : 7 : s : : : -
N N —2 e A - e
- . . /,/1‘1_-" et - - . .
: - Z PET Sty 3 S : : : :
- - P .® -
n : : : : : : : -
= : i i -

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

.. e w  m - =

— — el el —
— - - : ER L L e
-

020 30 40 50 60 70 80 90
Prj; [GeV]

100

veto

P, ;) do
0(Prj, < Pryl) = / dpr,;
0

vJ 1
dPT,jl

V' Excellent agreement between NNLOPS and

resumed results down to typical veto-cuts

Y Reasonable agreement to data (almost
within one sigma) — relatiely large

dependence on choice of PDIF set (not
included in the uncertainty bands)
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MiINNLOps for 2—2 colour singlets

[Lombardi, MWV, Zanderighi '21]

v Normalization and accuracy
improvement by including NNLO

Corrections

v Parton shower cures perturbative

10

; do/dp; 4, [fb/GeV] pp— L vy £7vp@LHC 13 TeV

101 E |
— MiNNLOpg (PY8)
--------- MiNLOpg (PY8)
————— NNLOPS (PY8)

102 | — NNLO po=(mr w++mrw-)2 (MATRIX)

———
fiducial-1-JV

”””””””””””””””

instabilities due to a fiducial py ;.
cut of 20GeV
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MiINNLOps for 2—2 colour singlets

(PTM< p%‘?f) [fb]

[Lombardi, MWV, Zanderighi '21]

pp—'Q+Vg 0"vp@LHC 13 TeV

: : = .
B - - g ‘_,-"-- N /_/,«»“‘/ :
150 S T IR RRRRRRS. - AT San i
: N

PP
P er®
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200f 5

250 _—fld-ucl-al 2 no-JV ------------- SR o :

. s
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o 7

- oo — s
et et L
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,,, o -
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-

veto

Pr.j, do
o(pr;, <P —/ dpr
( T, ) 0 T, de,jl

b LT — MINNLOps (PYE)

50 [

H—e—i

MiNLOpg (PY8)
NNLO+NNLL (MATRIX+RADISH)
NLO+NLL (MATRIX+RADISH)  ~
ATLAS data (-gg) :

020 30 40 50 60 70 80 0 100

pr; [GeV]

Y Excellent agreement between NNLOPS and

resumed results down to typical veto-cuts

Y Reasonable agreement to data (almost
within one sigma) — relatwely large
dependence on choice of PDIF set (not
included in the uncertainty bands)
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Geneva: ZZ (£C¢'C") NNLO+PS

[Alioli et al.'21]

0.7
——— MATRIX ‘ t CMS o
0.6 —— GENEVA + PYTHIAS }
: —— GENEVA | __ )
> : {
— v :
% 0.51 Q : . 101 : +
< = * =,
< ! S pp = L0 + X
ﬁ 0.4 :n § VS =13TeV, 36.1 b1, }
IQ.)P‘ % E % 66 GeV < Mg+g—, Myp+p- < 116 GeV
% 0.3 <_ 107° E lye| < 2.7, pre > {20,15, 10,5} GeV
~_ . L S
N pp—ete utu +X =

S (qq channels only) S +p— it pr— 107

0.2 ~_ pp = 0000+ X ]

VS =13 TeV, 1= My — VS = 13TeV, 1377, } } ATLAS
50 GeV < Myro-, Mye,- < 150 GeV 60GeV < Mgy Mep- <120 GeV
0.1 lye| < 2.5, pre>{20,10,5,5} GeV —— GENEVA + PYTHIAS
10~ 0.50
0.04 1 [ 0.3 .
1 0.2

;E 0.021 EE 0 &E 0.25 |
e, e ' : e,

- 0.00 L4 e | 007 1 L { 0007 [ T [ } | } ]
= — | 3 ~ 1
= (.02 ~ 0.1 < - )

- = 9. = 0.5
—004 —0.3- —0.50
20 40 60 80 50 100 150 200 250 300 00 04 08 12 16 20 4.6
ps [GeV] pr, 40 [GeV] ]
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1/O'd0'/dARZ1Z2

Ratio to nNNLO-+PS

MiNNLOps: nNNLO+PS (x EW) for ZZ (£££'¢")

[Lombardi, MWV, Zanderighi 21]

IIIIIIIIIIIIIIIIIIIIIIIIII ||IIIII|||||||||||||||||||||| 10_2 !!!!'!!!!'!!!!i!!!!i!!!!:!!!!:!!!!:!!!!:!!!!
. . 10-2 == NnNNLO+4+PS (MINNLOpg) | == nNNLO+PS (MINNLOpg) 3
% HH CMS data ] HH CMS data .
9 - -
~ - >
3 1
- 10—3
N - oy
o s
& L - N
107! = 3 3
N 3
© s
ﬁ 1073 - ? 4
o - . 10~ =
N B 7 i 3
—~ _ i b .
b - i ~ -
- o i =
== nNNLO+PS (MINNLOpg) S i .
HH CMS data § s
| L [ N 1 0 R R N W N TN TN TR TN [N TR TN SN SO NN SR SN TN N NN SN SN S NN NN SR SN S U)lo | | I by v by oo by ooy by by
er_ 1.4 1 1 1 1 1 A 1.4 I I 1 1 1 1 1 ]
o ., nNNLO+PS (QED off) X K\ pw 1 g . nNNLO+PS (QED off) X K\ gw 1
= L - = e -
Z. . Z.
4 1.0 4 1.0
S I—I—I o
. 0.8 *; 0.8
;;g’ 0.6 | | | | | | | % 06| | | | | | | | T |
0 50 100 150 200 250 300 ae 100 200 300 400 500 600 700 800 900 1000
AR2122 Pr, 2z, [GeV] (i =1, 2) my, [GeV]

v  ntNNLO+PS predictions in good agreement with CMS results, based on the al37fb1 131eV analysis ([arXiv:2009.01186])!
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MiNNLO#ps for tt production

[Mazzitelli, Monni, Nason, Re, MW, Zanderighi '20]

pp — tt Q 13 TeV

20
< — MINNLOps | * NLO accurate observable
TN~ .. MINLO’ :
201 ] 4 MINNLOFps agrees well with MiNLO’
— |
e - :
= 15} + shows that the way NNLO corrections
3 | included does not alter |-jet observables
§ : T (especially not in terms of shape)
S | =
= + note: relatively large jet p; threshold
| (not to become sensitive to NNLO effects)
e U S
S _
R U St S :
2 e —————
=2 |
—4 —2 0 2 4
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MiNNLO#ps for tt production

[Mazzitelli, Monni, Nason, Re, MW, Zanderighi '20]

4+ total cross section:

pp — tt @ 13 TeV

MINLO' NNLO MINNLOps 600 874~ — MINNLOps -
_ U s MINTL O’
695.6(3)T72% pb  769.8(9) 150 %% pb  775.5(2)T25% pb Y e NNLO
. . _ [ e —:l_— | M
MiNNLOps and NNLO agree at permille & ,,,l boOMS
level (note: different scale settings) g |
=
4+ excellent agreement of MiNNLOps with g 200'
NNLO for ¢t rapidity (especially |
in terms of shape)
+ upper MiINNLO#ps band slightly larger Y
(reflects additional sources of scale variations) S 19l
= |
= |
4+ substantial reduction of scale uncertainties = 1.0f
! / 2 | |
w.rt. MINLO £ U8F 1
+ perfect agreement with CMS data 00 05 10 15 920
Y]
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MiNNLOps for

[Mazzitelli, Monni, Nason, Re,

4+ total cross section:

MINLO’ NNLO MINNLOpg
695.6(3)T72% pb  769.8(9) 150 %% pb  775.5(2)T25% pb

MINLO’

572.9(2) 2%

NNLO

pb 719.1(8)1r 0%

MINNLOpg

pb 719.8(2)1 7 6%

pb

do /d|y.| [pb]

overall factor in Born: asz(mﬁ)

MiNNLOPS scales:

ratio to MiNNLOqp

+ perfect agreement with CMS data

pp — tt @ 13 TeV
—— MINNLOpg -

--- NNLO
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O O
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=
00
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w
=
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MiNNLO#ps for tt production

[Mazzitelli, Monni, Nason, Re, MW, Zanderighi '20]

pp — tt @Q 13 TeV

—— MINNLOpg |
...... MINLO’ '

--- NNLO
¢ CMS

1.2}

—_
-

0.8k !

ratio to MiNNLOpg

500 1000 1500 2000 2500
(7 [Ge\/]

4+ good description of measured #f invariant-

+

mass spectrum

except for first bin at ¢f threshold
(finite width & non-relativistic effects)

MiNNLOps and NNLO compatible within
uncertainties

slightly different shape

(different treatment of higher-order terms)

slightly larger uncertainties in tail
(reflects additional sources of scale variations)
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ratio to MiNNLOpg
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MiNNLO#ps for tt production

[Mazzitelli, Monni, Nason, Re, MW, Zanderighi '20]

pp — tt @ 13 TeV
. — MINNLOpg -

el MINLO’
e | - --- NNLO
: ¢ CMS

-

}—\
-
¥

do /dpry,, [pb/GeV]

ratio to MiNNLOpg

o
co O
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—_
DO
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............ =

—— MINNLOpg

...... MINLO/
--- NNLO
¢ CMS
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MiNNLO#ps for tt production

[Mazzitelli, Monni, Nason, Re, MW, Zanderighi '20]

oL, pp — tt @ 13 TeV 0L, pp — tt @ 13 TeV
— MINNLOps . — MINNLOps
: ,,,,,,,,,, ...... MINLO/ ...... : ....... MINLO/
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~— [ gy I
= t == Q
2 = 7
I Ll Tk
S = r
~— ~—
b b .............
s ' s
1072 sssss—
S 5
3 1.2 =
2 1.0 2 1. e
8 -8 7 S T |
S 08 | = o08f I e :
o | < e -
0 200 400 600 300 0 200 400 600 300
pra |GeV] pr.2 (GeV]
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MiNNLO#ps for tt production

[Mazzitelli, Monni, Nason, Re, MW, Zanderighi '20]

pp — tt Q 13 TeV

do /dpr st [pb/GeV]

— MINNLOps -

...... MINLO/
--- NNLO
¢ CMS

1.2¢

- —
Q0 -
- |

ratio to MiNNLOpg

_____

+ NLO accurate at large p;and full
agreement of MiNNLOps with MiNLO’

4+ also here: larger uncertainties in tail
reflect additional sources of scale
variations

+ fixed-order unphysical at small p;
+ MiINNLOps improves shape w.r.t. NNLO

4+ good description of data
(especially in terms of shape!)
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