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Outline:

e Overview of high-accuracy Monte Carlo event generators
(NNLO+PS)

« MINNLOps and GENEVA: similarities and differences

e Shower interface: status and challenges for new NLL showers

e Extension to processes with jets: roadmap and preliminary
results
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What is a precision MC ?

Fully differential event generator

producing hadronic final states,
at high accuracy

Precision enters in multiple
ways:

Perturbative accuracy of integrated
total xs (N"LO)

Perturbative description of radiation
pattern (resumm./shower)

Description of hard tails (multi-jet)
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Why accuracy is important for SMC ?

Already the dominant § 005 oo rev aon DT 45 0,05 5T mev anw £ ety
source of uncertainty for §  pZizoce  Eooronsce g EZHLZom  huonscal
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LHC affected by 1-2% luminosity unc.
but ratios cancels luminosity & other
common systematics

At this level of precision need to start
guestioning every ingredient: perturbative
calculations, nonperturbative PDFs,
hadronization corrections ...
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NNLO matched to parton showers

The increasing experimental precision of LHC measurements challenges
existing generators, pushing the request for higher accuracy

The state-of-the-art is the inclusion of NNLO corrections into

parton-shower Monte Carlo

Three main approach to the problem:

UNNLOPS

Z py reconstructed from dressed electrons
1

1/ d()'/dpr_z [1/GeV]

—=— ATLAS PLByos(2011)415
—— UNZLOPS

1073 m”/Z(\;‘rMF(\Zm”

[ o004 iy /2 < g < 2my

MC /Data

[Hoeche et al. ‘15]

Also NNLO+PS with sector showers available for e*te™ and H — b[_g
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do [dpry,, [ph/GeV]

ratio to MiNNLOpg

[ TR S Y
o O N

MINNLOPS

pp — tt @ 13 TeV

— MINNLOps
------ MINLO’
-- NNLO

¢ CMS

[Nason et al. ‘12 - ‘24]

10!

100

dO’/d‘Ayzlz.z‘ [fb]

frac. diff.

[Campbell et al. 2108.07133]

GENEVA

%

pp = L0+ X

VS =13TeV, 36.1th 1,
66 GeV < My, My=p- < 116 GeV
lyel < 2.7, pr.e > {20,15,10,5} GeV

! ATLAS
—— GENEVA + PYTHIAS
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Accuracy goals - Example for gg — H

» NNLO accuracy for observables inclusive over extra radiation,

e.8. do/dyy

» NLO accuracy for H+1 jet observables do/dp’

» LO accuracy for H+2 jet observables do/dp? or do/dm; ;

» Resumm. accuracy (or
Shower Sudakov) for
small p#

» Further emissions only
in shower soft/coll
approximation.

SIMONE ALIOLI - ZPW 6/1/2025

do/dp, [pb/GeV]
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Timeline of NNLO + PS results

T _ i bbH
MiNNLOpsé H Zy oy gg — H(m,)
W oWW Wz g

2z - gg—> H{T
UNNLOPSE HZ Z(P/”O)

ZH H—bb
WH H— gg

wzzwy 1 WWipr)
Z S

NNLOPS H W WH ZH H—>b13

....... e a 5 i : : ; i i i i 5 iy
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Geneva Z

[Adapted from table by M.Wiesemann LoopFest’24]
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Geneva and MIiNNLOps : comparison

GENEVA MiNNLOps
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How to build a NNLO + PS : GENEVA example

» Need a set of resolution parameters to measure hardness of
first emission pf,pl, 7,. For second emission p2,7 ...

b, | b, | P,

I I
.>§<><. : : + -

I I
l |

To < Tg™ | To > TEM | To > Tou
I I
| Tl < TlcUt I Tl > TICUt

Tcut Tcut

0

» Partonic fixed-order weights
have alog dependence on the
resolution parameters

1

» Results at partonic level
can be further evolved

by different shower
» Dependence is resummed either matching and

explicitly or by the shower e oot o e B TR
Sudakov -
B
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From resummation to event generation

. . dO'MCO cut dUNNLL, cut do.nonq cut
Final GENEVA partonic formulae e (Tg™) = %0 (To™) + e (7o)
combine resummation and matching to
fixed-order dgpons o dog Q0 [dgNNLLT
——(Tg") = (7o) — (76™)
d®g d®g d®g NNLOg
. L : : v <
Lacking multi-differential resummation Aot o rent. ety — G921 g ety e 5 et 4
. o Cr d‘I)l d(I)l
at this order, resummed results in J R,
: : . d® 0o
need to be made more differential via . 40, '
. . . . g 2 cut cuty _ cut,
splitting functions, capturing the qa, (o> T T > T = g P UHOL T 0T > T8, _ o,
. . . match
singular behaviour of different P(®2) 0(T1 > T™) + ———(To > Tg"%, T1 > TE™)

ddo
resolution variables as best as they can.
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Implemented color-singlet processes

Method has been tested and validated with several color singlet production processes:

DY, 2z, Wy, VH, yv, ggH, ggHH, WW using both 7, qr and pjet
T

IooMs CMS
~—— GENEVA + PYTHIAS ~—— GENEVA + PYTHIAS
0
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4,05 LATLAS fiducial b P OO+ X =
) I . = V5 =13TeV, 1371h71, =
E’: uncertainties with jug, jpup. @ varis E 60GoV < Myer-, Murp < 120GeV. %
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¢« [B88 CENEVA, . partonic i = VS = 13TeV, 137 b1,
== GENEVA, . hadronized E 10-! 60 GeV < M-, Mpsp- < 120 GeV
- 7 ¢ E lye| < 2.5, pre > {20,10,5,5} GeV
& 10-3 -
Z~ 0.50 0.50
¢ —
; EE 0.25 E:E 0.25
z = 0.00 { ; ! M } = 0.00 B R i T : |
ol (S} & L L ) - - Q . - -
- 56 :@
2 =025 =025
it —0.50 —0.50
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0 30 60 90 120 150
- A@Z]Zz prye [GGV]
VE=TTV, p= M
Jo fiy = 0GeV. pr 2 250V 1.3 1.3
- Ml 3 A ga] 1A L 1ET < ] <20 —— SCETlib+GENEVA ¢ NNLL ~——— SCETLib | GENEVA ¢g NNLL' | gy NLI.
= - ook cone [aodation SCET1ib+GENEVA g¢ NNLL' v #®  MCFM g7 N*LL, 1 gg NLL
= % i l F L5 Gy, R =0 L2 % MCOFM ¢g NNLL L2
2z . - 11 11
S L | —
= : —= =
15 5 < 1.0 <2 1.0
S - } =) )
S~
- . -
. OIS
" ! | 2209 2209
| = GENEVA + PYTHIAR 2 2
GENEVA | PYTHIAR (DIP-REC) + = ) = )
g 0.8 S 0.8
0.4
Y _ 0.7 pp— e vepty, 0.7 pp— e vopty,
= b —J= | VS =13TeV, , = Uu VS =13TeV, = My
on ' N ' . 4 . . N y
S ' 0.6 MSHT20nnlo_nf4 0.6 MSHT20nnlo_nf4
L: —1).2
: 0‘51[) 20) 30 40 5l 0'51() 20 30 40 a0
3 ] 3 ] 2 N
—i1.4 il | : | At iGey At Gy DEGLI STUDI
.0 0.2 o 0.6 0.8 1.4 pJ_ T C pJ_ T CV g
| cos 07|

Method also extended to top-quark pair production with
zero-jettiness resummation
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MINNLOps

To draw the parallel with GENEVA, let’s start from an additive approach

do" = dop* + [dogl;,, — [dop ],

The resummed component is recasted as a total derivative (exact up to the 2nd order)

d Iés d
T = T {eSLy = eSS+ P

o

—~

& ~HCRC®S)

7 4
>
e

2

© dg 0
S(pr) = J — | Ala(g)In — + B(ay(9))
pr 4 q
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i.e. the ingredients of a ¢ resummation (one needs them up to NNLL' accuracy)
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MINNLOps

Turned into a multiplicative approach by factoring out the Sudakov

dO' dO'reS + [dO-FJ]f_O [d reS]fo -

e—S

Re-expanding up to @(0{3) gives the MiNNLOps formula

d O.MlNNLO

a,(pr) dO'(l)

o=S(py ){
ded(I)B

27 ded(I)B 27

D A

[dogyle,  [dop”le,,

[e=°] f.0 [e=°] f.0

(1 + 250 + (as<pT>

2T

oy
d pTd(I) B

O(a(py))

A
D(pr) — 2—D( )(PT) = (
T

(Xs(p T)
2T

O(a(pd)

2
) D% (p;)
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O(a(pr))

+ regular terms O(a?) }
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MINNLOps

MiINLO’ formula = NLO F+j generator which is also NLO accurate for F

' S (1) 2 d6®
_Lo—Sp); a(pr) doy; ( o T)) + (as(pT)> doy;

e~ S(Pr L+ —=8SU(p
dedq)B | : 27 ded(I)B 27 27 ded(I)B

/ O(a(pp) O(ap})

| %pr) ) 2 D®(py)

MiNNLO
doy.

o
—

Sudakov factor

exp. suppression
when g — 0

/ 6 (pr))

Additional terms that give NNLO accuracy upon
integration over g,

%s (1)
D(PT) — > D (PT) = (
/A /A

Terms beyond
NNLO accuracy

DEGLI STUDI
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MINNLOps

The actual implementation starts from POWHEG implementation of F+j production

do
d¢F»]

Where the MiNNLOps normalization is obtained spreading the integrated formula over F+J ps

do

{ a
| BMINNLOPS(qy ) ~ o=S(pr) 5
L7 27[

The second emission is *geerd with the standard POWHEG mechanism

do
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AP,

MiNNLOpr prg( prg) + Jd¢radA(pT,rad)

— BFJ X Apr(Apr) + [dcbradA(pT,rad)

R ((DFJ’ (I)rad)

= a a
(1 +—S[S(pT)]<”> + (
27

+(D(pp) — DV (py) — DP(py)) X} |

A)

B(®p,

s

R((I)Fﬁ q)rad)

B(®g,

2%

do
iy,
:
g
5
B

\

\
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MINNLOps results - color singlets

10!

do/dpT A [fb/GeV]

pp—'e“vg 2 -Vg @LHC 13 TeV

109 |

fldumal 1 -JV

MiNLOps (PY8)
-~ NNLOPS (PY8)

107

— MlNNLOps (PY8) :

1.1

1.05E

0.95

0 9 :__.“_”.4,,» e \.;

0.85E

075

100
Pre, [GeV]

120

do/dp, , [fb/GeV] pp—'z—»m Y@LHC13 TeV o do/bin [pb] pp—Z-* (on-shelll@LHC 13 TeV
e ] — MlNNLOps (Pve)‘ Py, > 120 GeV
10! : = ATLAS data 1 o0
] 1 | .
. S o
i 1 0
b 1
; gl | — S———
:r B
dO/doMiN‘NLOPS PY8) ‘ 03
] 14f
o g o SR E
P S e o s et .
R 3 & o o g = — _. 0.8 o
030720 50 60 70 80 100 120 150 200 300 5002000 0-6 : ; sy 1 - | &4
Py [GeV] 6 4 2 0 2 4 6
Ay, ,

Many color singlet production processes implemented: diboson,
Higgs, Drell-Yan etc.
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MiINNLOps results - heavy quarks pair

Method extended to top-quark (and bottom-quark) pairs relying on
transverse momentum resummation expansion up to NNLO
(no need to resum color matrices in Sudakov factor)

pp — tt @ 13 TeV

1 pp — tt = [ + jets @ 13 TeV
10' ‘, 60 4
, — MINNLOps : — MINNLOps
.. MINLO' o0t «+ MINLO'
=3 1078 == NNLO L \ $ CMS (35.8fb71) ]
3 CMS (35.8fb7") 2 40}
=10-1 | 3
;1() = 30 A
| — S s
<y S
) S~ I
T ‘ % 20t
= 1072 _
10t

semi-leptonic

p—a
~~
(-

|
L
—_
S

O —_— (=9 L

= L4 - Lol :
, z 1.

< 1.0=N. Z 2 2 !

2 0.8 . =~ 0.8}

2 2 i

e s e S 06t
0 100 200 300 400 500 600 700 8000 0.0 0.5 1.0 1.5 20 2.5

pr 1 [G(\V] |TI | bhml

DEGLI STUDI
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[Mazzitelli et al. 20-°21, 23 ]
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MiINNLOps results - heavy quarks plus boson

Recently extended to 2->3 processes with massive colored partons
(Zbb and Hbb) o $ 75 By

:l]lllIlllIlllllllllllllll'lll]lll:

Z Q = —4+— CMS
—+— MINNLOpsg
q \c 10~2 M —— NLO+PS —
. Q - $ i
g — | i -
Q 103 T =
5 i =
T
55 40/dPTH [/GeV] bGH@LHC 13TeV __  doldyy [fb] bbH@LHC 13 TeV ,
------------------------ MMM A B N R BLRLELELE BN RN —4 | —
0 i —— NNLO+NNLL (5FS)] 160 [ ] 0 | E
P U MINNLOps (SFS) 4 0| . IR I S SR SV T S .
[ e MiNNLOps (4FS) ! I 0 | I | | | | l I 1
15 1 120 . anEEem = 5 15 S
L 100 |- - Dl o N ! =
10F Ll I I N = =
= i . . \ 3
5F R ] 0T —— NNLO (5FS) = B= ‘ ' =
o B 1 A0F e MIiNNLOpg (5FS) S 05 ; =
20 — MINNLOpg (4FS) s plogyaudags Pepplopelaovnalognall ppplppps
S ] e by by b b by 0y 40 60 30 100 120 140 160 180 2()
2 dO/doNNLO+NNLL (5FS) dO/dUNNLo (5FS) prietz (GeV]
1.2 . .
. [Mazzitelli et al. ‘24 ]
1
08F
0.60 *

[Biello et al. 24 ]

Massification procedure for double virtual amplitudes.
State-of-the-art NNLO calculations immediately available as NNLO+PS
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MINNLOps: extension to N-jettiness

Using a different resolution variable allows to study the robustness
of the method and assess the uncertainties associated to its choice

The choice has important consequences for the interface with the

parton shower and for the extension to more complicated processes

MiNNLOps recently has been extended to use I  as primary resolution

g

do

BMiNNLOPS((D ) ~ 6—5(90)
i 27

+(D(Ty) - DT ) — DPUT ) x ‘@((DFJ)}

MiNNLOps for V+j using | as primary resolution formulae presented.
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(1)

a a
(1 + —S[S(P/'O)](”> T (
21

[Ebert et al. 24]

27

;

do

2)
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MINNLOps: extension to zero-jettiness

13 TeV, pp — Z/~* (= 107) + X 13 TeV, pp = Z/v" (= ¢1e7) + X
10~ T T T T T T : 10°! T T T T T
102 1 1072
5 10~ 1 % 10
5 NNPDF3.1 (NNLO) 3 5 NNPDF3.1 (NNLO)
= 107" FATLAS fiducial E =~ 107" FATLAS fiducial G OOd ag ree m e nt fo r
10 - 310-
s} = =
5 10 1 s transverse momentum
b E b
~ 10~ - ~ 10~ °
B MiNNLOps-To+ PYTHIAS E - BN MiNNLOpgs-pT+ PYTHIAS T d g d N N O
107" F wuf  ATLAS data [arXiv:1912.02844] E “Fefr ATLAS data [arXiv:1912.02844] ain Inte rate L

1 1 1 1 1 1

109 1

distributions

i T T T T ] 0
<« - - <
o [ % -
= - [ 4 =
< L "H AE/H «
1.0 LIX 0900 4
2 o 9
0 1 0
% 0.8 F . b
= 1 1 | 1 1 1 ] s
0 10 20 30 50 100 200 500 1000 0 10 20 30 50 100 200 500 1000
Pr,ee [GUV] Pr,ee [GeV]

‘70 qT . ' " ES MiNNLOps-pr + Pv;ums_:_
MiNNLOpg-To + PYTHIAS 3
_ NNPDF3.1 (NNLO)
NLO F+j quantities seem more .
problematic and dependent on the N
details of the implementation (e.g. on
how the resummation and the higher- U
order terms are spread out to the full 2 S /
F+j phase space) 2 "”" st gt U L
o 0 25 50 75 100 125 150 175 200
P} [GeV]
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Shower interface

Interfacing to the shower is one of the most dedicated points of NNLO+PS,
even for simple LL showers. The problem starts already at NLO+PS.

Calculating the cumulant k,
>(0 < eb), L =log E

Correct LL given by area in black triangle
lO kt .
i /Q)I Event generator ordering vetoes red area (fg; = 1)

n Parton shower vetoes green area (fpg = 0)

-

DEGLI STUDI
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Shower interface

Mismatch of ordering could spoil LL
accuracy.

In MiNNLOps-qT (POWHEG) or GENEVA
with pT jet no such mismatch because
ordering variables are similar

For NLL showers things get more

complicated ! Boundaries in the hard-

required after shower to avoid collinear regions have to match as well
double counting (simulating a

truncated-vetoed shower)

In Geneva I, explicit veto is

MiINNLOPS- , formally breaks LL

because a change in the POWHEG
mapping is required to handle 2nd
emission

Boundaries
mismatch
spoils NLL

SIMONE ALIOLI - ZPW 6/1/2025



Extension to processes with jets
AN VAS 1 Jetl .7

Soft \ R
» Focus of color-singlet plus jet production v //
Jet b \\\ /,’/ Jet a
:‘A*' //
p e el Y
2% Pk 20p - Pk 24 - Pk T T IO
7—1 - Zml { , } ,’/ / \\
o oy : . -

» To remove energy-dependence and minimize only along directions Vooa
Q. = 2E’s must be frame-dependent

] . Mg Dk M- Pr N - Pi
T — min , ,
= 2 min{ Pa Db pJ !

» The choice of the p;’s determines the frame in which the one-jettiness

resummation is performed. Possible choices:
LAB or CS-frame Y;, =0

v
Po=¢€",
% DEGLI STUDI
Pp =€ v 5 =}
SIMONE ALIOLI - ZPW 6/1/2025 eV (py)s + eV (py)-

o 2,
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GENEVA to-do list for color-singlet plus jet:

Derive factorization theorem and perform the resummation of the
main resolution variable (at least at NNLL)

J Implement GENEVA formula and validate NNLO accuracy of
results for fully differential distributions (NNLO integrator)

Construct the maps that preserve the main resolution variable (),

building a true NNLO event generator with events whose weights are
=== |R-finite and properly resummed.

‘ Add (N)LL resummation of secondary resolution variable and
interface with the shower.

-

DEGLI STUDI
g
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Resummation of one-jettiness for Z+jet

Factorization formula in the region 9, < Q hard scale:

do

x={9q9,999,999}
la

X SK, (na,b | nJ77-1

1-jettiness g9 — g C_1nab

500

Qa Qb

Hard, beam and jet functions all known 3\ -

300¢ \“ Campbell et al. fit

200}

The 2-loop Soft provided by SoftSERVE ™

of

-100}

nyz/2

interpolation gric 2000~

e our numerics

15000/ iR - - - leading power app
[ N\

Reproduces leading power behavior at =~
extreme angles, important for N3LL and *~

107 10° 10%® 107 10° 107

for N3LO singular contribution o

SIMONE ALIOLI - ZPW 6/1/2025

1 300
f 200

1 100

1 -100

collaboration in the form of an IR

VS, Mpip-s My pipsT o

War, -~ 2 @) / dtadteds;s By, (ta) Br, (ts) Ji, (57)

ni3/2

1-jettiness q—g C 1-jettiness qg — q C_1nab
7 500 50
. e our numerics
R 400- YUs
ower
et -501-
4 -100F
-1507 1 1N
o _200F eadin W
am
S ey =250 oA
10 0.010 0.100 10 0.001 0.010 0.100
ny3/2 ny3/2
1 20000
. -5001
1 O\ e our numerics
-7 150001 - lea OWEr apP- 7 1000}
b Car et fi
| 10000 ~1500
] -20001 ume
| 5000: ~2500 leading power app
[ Campbell et al. fit
* == 23000
107 10° 10°® 107 10°% 10° 2 107 10° 10°® 107 10°° 107

ni3/2




Hard evolution

For every channel (qqg, ggq,£2%,..-), hard anomalous dimension has the form [T. Becher and M. Neubert 1908.11379]

f(a,) and gR(as) start at @(a‘?) and @(af) computed in [Henn, Korchemsky, Mistlberger 1911.10174], [Von Manteuffel,
Panzer, Schabinger 2002.04617]. Evaluated these contributions as functions of N, using the colour space formalism

Dz]kzl d%deT?T?TzT? ykl fade fbce (TaTch Td)
di- = Tep(T™...T™), = — Z Tr(Ty ... Ty ™)
Using color conservation and symmetry properties of dgde, we found the following relations
S(Dfm +’D1§m) +4(Dfm -I—'Df”z) = (DkR — D;p — DjR) 1 i £ j £k

Quartic Casimirs

Similarity to the quadratic case T, Ty,=[T?-T?-T}]/2 Jabed gabed
Cy(R;,R) = " =D,
4( ) ) - = iR
X DEGLISTUDI N R,
% = SIMONE ALIOLI - ZPW 6/1/2025
BICOCCA



N3LL resummed formula

Combine the solutions to the RG equations for the hard, soft, beam and jet functions to obtain

=) exp {4(Ca + Cv)Kr oy (4B, prr) +4Cc Ky, (107, o) — 2(Ca + Co + Ce) K., (5, p11)

—2C.Ly ., (1, i) — 2(Calp + CoLlg)nr...., (155 1) + Ko, Up to NNLL
2 2
X [Ca In (Q‘;u) + CpIn (Qb ) + Cy, 1 (%) + (Co + Ch + CC)LS] M cvep (4S5 LHT)

S u

+ Z [8( ar + Dyr) Kgr(pp, pim) + 8 DerKyr (o, pumr)
R=F,A

— 4 (Dar + Dor + Der) Kyr(ps, pr) — 4DcrLyngr (g, pr) — 4 (DarLe + DorLg)ngr (1B, i)
2 2
+ 2 [DGR In (Q;tu) + Dygr In (Qb ) + DcgIn (t—js> + (Dar + Dyr + DcR)LS] Mgk (1S, MH)] }

u
X H,{((I)l, /*LH)SW (8775 + Ls, ﬂS)Bna (ar]B + LB; La, “B)Bnb (817’3 + LIB Lp, /'LB) jn,] (877,; + L.Ia 'u])
y Q—mot ntot e—’}’E'ntot
7—11—77tot ]_"(1 + ntot)

vl

where we defined ot = 1B + 0B + 107 + 215 _ W day g @ da/
Kyr(pm, ) = 9" (as) ;
as(,uH) /B(QS) Ozs(p,H) B[as]

Ly =In (Q_j) , Lp :1n<Q“2Q> , Ly :1n<Ql;Q) () Ja

Hu 'LLB2 HB ngR(:UJHmU’) E/ B(as)gR(aS)
L.,:1n<Q’Q> Ls —ln(Q) o)

.UJ ,US

SIMONE ALIOLI - ZPW 6/1/2025
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Resummed results

» Summing in quadrature profile scales variations and fixed-order ones

» Nice convergence and reduction of theoretical uncertainties

2.25 T T T T , r : 1.5 :
[ ] — NLL/

I — NNLL |
2.00F NNLL' |
[ — N3LL
1.75}
%' 1.50:’ \
@) : o
2 1.25} .
o [ —
= _‘ _: | .
5 0.75; - o =
o — = iy R o
0.50} pp > L~ +j+ X 1 pp =€~ +5+ X
= | 50 < Myi, /GeV < 150 ; 50 < My+e-/GeV < 150
0251 /8 =13TeV; T > 50 GeV f V8 =13 TeV; qr > 100 GeV
F | CS frame 1 i CS frame
- 0.0
0.2
L y— 0.1
|
: 2 0.0} — : —
© E B S e e e ]
- —0.1¢ s A
’—‘:I_,_I—‘ T i g g i s : ?_EDEGLISTUDI
[ - i —— e g
. ik — 1 _0.2 N e I IR o Ry E U S | R G Sy SR S G S N S ::/ﬂ) E
02755 5.0 7.5 100 125 15.0 17.5  20.0 25 50 75 100 125 150 175 & =
Ti [GeV] Ti [GeV] £ Z
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Matched results

10°

[pb/GeV]
5

do / dTy
p—
I

10—3 L

10—

pp > L +5+ X
50 < Mg—}—e—/GeV < 150

VS =13 TeV; Ty > 50 GelV
CS frame

— NLL' + LO,

— NNLL + LO,
NNLL’ + NLO,

— N3LL + NLO, A

-1

rati

o 0.0F=

50

100 200 300

d O.match.

do's ddf'o' d o eS-EXP:

— e —
dD,dT, db,dT, db,dT, db,dT,

» O(a) gives sizable contribution, important to
include it for small values of 7,

— NNLL —l- N3LL '
== Nonsingular LO ==+ Nonsingular NLOy
10° B 10} =

> >
[ (]
O O
2 10-1 2 10-1
2 10 2 10
[ [
o o
~ ~
2 10-2 3 10-2

1= pp— LT +j+ X 10 pp— LM +j+ X

50 < M+ /GeV < 150 50 < Mt /GeV < 150
VS8 =13 TeV; Ty > 50 GeV V§ =13 TeV; Ty > 50 GeV
CS frame CS frame
103 103}
1.00 1.00
3 Q

Q 2
+ 075} 2 0.75
3 +
— -
Z 0.50 = 0.50
Z zZ
) 0
¢ 0.25} < 0.25

0.00 0.00

T [GeV]

» Nonsingular divergent for 5, — 0. Joint (9,9 ,) resummation required to
handle both divergencies

SIMONE ALIOLI - ZPW 6/1/2025



NNLO validation - 1-jettiness slicing

» Crucial to check the NNLO accuracy: expand matching formula to

NNLO (I |— slicing) and compare with NNLOJET the pure @(af) coeff.

;- max
d GN?)LL I 1 dq)z d 65NL02

05NNL01((I)1) — (537?“) O((I)l) + J 0((1){2’3})

NNLO; (a2 coeff) NNLO; (a2 coeff)

¢ NNLOJET

¥ NNLOJET
, ¢ GENEVA, 77"'=1072 GeV ¥ GENEVA, TU=1072 GeV
§ GENEVA, 7fU'=1073 GeV al § GENEVA, 7f4=1073 GeV

$ GENEVA, 774t=10"% GeV

b b e % ;] '

$ GENEVA, 77'=10"% GeV

- -
L i
9 S 2
= =
=2 =2
9 0 4 o [
Re) % R
E E 1 4 ..i, ........................ [ EEEEI Y D IEEEEEEEEEEEEE. SRR :.:..
I ==
-1 -
o4 =
¢
-1 A < DEGLI STUDI
=27 ! 1 & =
4 7 =4
24 z
T T T T T 1 1 T g :
o (To>1 GeV) o (7o > 10 GeV) o - >50GeV) o (7o > 100 GeV) o (gr>1 GeV) o (gr> 10 GeV) o (gr>50 GeV) o (gr> 100 GeV) =Z %
o) C
SIMONE ALIOLI - ZPW 6/1/2025 BICOCCA



NNLO differential distributions 5 | —slicing

10°

NNLO; (a2 coeff)

105_
104_
103_
102 4
101_
100_
107! -

do/ d logi10(To/GeV) [fb]
o

———

—— NNLOJET
—— GENEVA, 7{'=10"2GeV
GENEVA, 7f9t=10"3 GeV

1.5 2.0 2.5 3.0

ratio to NNLOJET - 1

i

0.0

y Small T

increased stat errors at large g, due to larger numerical cancellations

15 2.0

l0910(70/GeV)

1.0

SIMONE ALIOLI - ZPW 6/1/2025

do/ d logi10(q7/GeV) [fb]

ratio to NNLOJET - 1

NNLO; (a2 coeff)

needed to correctly capture the low g behaviour, but

i
186
16 — e
103 - ‘
1 —
180_
10-3 .
_19—(1) ]
:101:
_18§ ] —— NNLOJET
2%8;12 —==_  —— GENEVA, 77"=10"2GeV
- B —
—% © ' S GENEVA, 78t=10"3 GeV
:1 8 _ I I ) I 1
0.0 0.5 1.0 1.5 2.0 2.5
2.0
1.5 -
1.0 -
0.5 1 T
0.0 —m=—=x=——— — j: 3: —_— = _::1 | j:
_05_
—1.0 A
—1.5 -
_20 T T T T T
0.0 0.5 1.0 1.5 2.0 2.5
log10(gr/GeV)
éDEGLI STU%I
= =
z 2
z 2
o) o
BICOCCA



J - slicing and subtraction with dynamic cuts

» Solution is to dynamically adapt the 5’7?“ value according to the kinematics (multi-
f(ar)

60+

100

scale problem).

One can use m%, T 0: 47> - - -

40+

T = min{107 f(gr), To/2}

qr

1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
10 20 30 40

» Additionally we can subtract the singular spectrum locally in

N3LL T d®. d oNLO,
o o
05NNL01 D, = gcut O(d _|_J 2 O(®
(P)) ey (T | O@)) L d®, 4o, (Pr3))
O(a?) 71

Allows for larger 7 " while 7 dD, | do®NLOo doN3LL

. L 0((13{2,3}) — P(z, p) O(CD1)
still providing complete g dD; d®d, d0,dT |

1

inclusive power corrections - Oa) _

down to 97111% < 97‘1“”
P(z, ) normalized splitting functions szdcpg’(z, @) =1

DEGLI STUDI

SIMONE ALIOLI - ZPW 6/1/2025
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do/ d 10g10(7To/GeV) [fb]

ratio to NNLOJET - 1

I, slicing and subtraction with dynamic cuts

NNLO; (a2 coeff)

—

—— NNLOJET
GENEVA, 7{R =10"*f(qr) GeV, 7t = f(q7) GeV

I:..,— GENEVA, 7/R = 754t = 10~4f(qr) GeV
0.0 0.5 1. 0 2.5

0 1.5 2. 3.0

i
|
;
j
|

0.0

0.5

1.0

T T T

1.5 2.0 2.5 3.0

l0910(70/GeV)

slicing —

do/ d log10(q71/GeV) [fb]

ratio to NNLOJET - 1

[eoo/ooeoeele
HFORNWAUION ®

PR RO ORI

I
T o I o B I B B
o/cleslolole«le)
O~NOUVBEWNHF O
1 1

1.00

0.75 -
0.50 A1
0.25 A

0.00

—0.25 A
—0.50 A
—0.75 A

-1.00

NNLO; (a2 coeff)

(@]
PN TR T N T N N N B

—— NNLOJET

GENEVA, 7R =10"*f(q7) GeV, 7" =f(qr) GeV
—— GENEVA, 7R =754 =10"*f(qr) GeV

1.5 20

Hi-

Ho

-
-

T

0.0

1.5 2.0

l0g10(q7/GeV)

1.0

» Complete agreement with NNLOJET and statistical errors comparable

SIMONE ALIOLI - ZPW 6/1/2025

with similar running times (~ 80k CPU hours)
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[do/d log;, o

Validation with & ; and g; singular spectra

104§ I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIIE 1045.. I I IIIII| I I IIIIII| I I IIIIIE
103 - ,pp—)Z/'y — €76 (13 TeV) - 1032_"- .. pp— Z/~y*— €76~ (13 TeV) -
I 50<Q<150GeV S : E;: lie=, 50 < Q < 150 GeV =
10%4 [ S I 3 S 10%: IT P L E
f RS R DR I L LR N L PNy
101§_ I b l 1 i _ _g %D 1012— .|- I.':'-?? li%;;;"::-!ﬂ;;j
10 oy |- A 10° o S 1
1 :_ + SCETIib singular 9 ) _: o) -1 :_ SCETIiY singular] : ) _:
10 § '—I—' Genevla FO ‘ § < 10 § '—I—' Geneva FO §
102 __ '—I—' Geneva nonsingular K> d z 102 _ + Geneva nonsingular _;
§ NNLOjet nonsingular § § NNLQOjet nonsingular ?
10—3 | IIIIIII| | IIIIIII| | IIIIIII| | Ll 10—3 | IIIIII| | | IIIIII| | I I I
101 10° 10! 102 103 101 10° 10! 102
To [ GeV] qr [ GeV]
» Comparison with @(af) singular spectra in & ; and g tells us how much we can push
our approach before it breaks down, due to internal technical cuts or just by large
numerical cancellations.
» GENEVA nonsingular well behaved for 5, down to 0.5 GeV, this NNLOJET run has
generation cut at 1 GeV.
» Both approached more demanding for g, seems OK down to ~ 1 GeV but singular gpeustuo
still decreasing.... SIMONE ALIOLI - ZPW 6/1/2025 % %
BICOCCA



Inclusion of fiducial power corrections

« Using P2B it is possible to completely capture all fiducial power corrections
of any observable @ and only neglect the dynamical (inclusive) ones below
the IR cutoff &

. doRhNEO ) Resummed-expanded
Osnneo(Pn) = /dTN (1;(1) “— O(dy) (TN (I)N—i—X) < TCUtﬁ P
J PN ~_ /) cumulant
d SNNLO dgéﬂELO
Neglected inclusive | /dTN o _ G0N | gy 9<TN(<I>N+x) - 7:5)
PpWr corr. dPn dPn
" dPnyq doRLOT 3
1 / ‘ O@Pni+x) — O(PnN) U(T\'(‘l’\' LX) < 'T(»>
, d¢ l’ dPn oy
4 SNLO ] SNNLO ’ A
N-jettiness subtraction || / dony [0 g 0 D by ) o)
dbyx | dPyoy dd

ovcut |
between 7 s;and T L

X 9(7?5 < TN(‘I)N+X) Tﬁ”t)
Standard NLO N+1 —

SNLO
d@N+1dgN+1

O((I)N+X) H(TN((I)N+X) > T]\C,-Ut) .

calculation with / ST A6
greut N N+1
s <
> 3
SIMONE ALIOLI - ZPW 6/1/2025 El Coe [:i



Inclusion of fiducial power corrections

« Using P2B it is possible to completely capture all fiducial power corrections
and only remain with the dynamical (inclusive) ones

NNLO Z+j V pT log10x FO

1000000000
FORNWRARUON®

—— NNLOJET

o

|
L
PRRRHEERRRO ORI

OO OOOOOO0O |
ONOURA WNRF OR

] —— GENEVA 1lem4 dyn logi2 otf qTdef fpc

dsigma / dx [pb/ GeV]

: | T
1 — GENEVA 1lem4 tlc 1 dyn logi2 otf gTdef jp

w

N

&

1 -
PO W S

ratio to NNLOJET - 1
o

T T D 3 T T
0.0 0.5 1.0 § 2.0 2.5 3.0

= =
T
+
—1 -
-2 -
_3 T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0

ratio to NNLOJEI -1

Drell-Yan Z

hardest lep pT FO

4_
2_

01 =—=—mum____

dsigma / dx [pb/ GeV]

|

‘

—— NNLOJET
GENEVA

2.0

40 60

80 100

1.5 4
1.0 A

0.5 ~ _L
0.0 -
-054 1

—1.0 A
—-1.5 4

-2.0

40 60

80 100

* Drell-Yan can use FKS mapping for P2B, but for Z+j one needs a defining-

cut-preserving mapping.
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Conclusion and outlook

The inclusion of state-of-the-art theoretical predictions in SMC generators is
mandatory to match the experimental precision and fully exploit the
discovery potential of LHC measurements

MiNNLOps and GENEVA methods allow for event generation with NNLO
accuracy matched to parton showers.

Several color-singlet processes implemented, using different resolution
variables: N-jettiness, gT, jet veto...

The availability of multiple approaches is crucial to get an handle on
theoretical uncertainties

Next challenges are the interface to more accurate parton-showers (NLL and

beyond) and the extension to more complicated processes with jets. Work in
progress ...

A’

<CDEGLI STU

Thank you for your attention.
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Partitioning phase space with resolution cuts

cut

7‘1=0

cut

cut

2 jets

do
d®d,

t _cut
(ry > rgu 4 rf“)

(ry > rg“t, ry > rlc“t)

Ao,

When emissions become unresolved, cuts must be resummed.
Differential information below cut is lost during projection.
No difference for preserved quantities, in general can be

made a power correction. do
] _ . . . R ( ],-Cllt) < DEGLI STUDI
Mapping that preserves singular behavior is required for dd, 0 Z =
L = S
correct event definition. Z Z
SIMONE ALIOLI - ZPW 6/1/2025 BIGOCCA



Resummation of resolution parameters

Resumming resolutions parameters not really a new idea, SMCs have been doing it since
the ‘80s with Sudakov factors

Using resummation at higher orders has several benefits: systematically improvable
(NLL,NNLL,N3LL,...), lowering theoretical uncertainty at each step.

Higher accuracy allows to lower the cuts without risking missing higher logarithms being

numerically relevant.
The lower the cut the smaller the nonsingular power corrections due to phase-space

projections will affect the results differentially.

10 = 0.5%
For NNLO event generation N pp > £, VB = 13TV PR — 1
'—E MR = pp = V/Ad'%' + P:;,, e ; ./_,-"/ \.\‘ "
one needs at |east N 00 < M < 110 Gev . \ :
QF: ’ 5\5 s \ 5%
NNLL, + NNLO accuracyto °~ 2 e S
! £ 0 \\ 0 §
— d o)
control the full asz singular 14 gg - HH Ve
0.2 ‘-\
contributions. LHC} 13 TeV \
-04 \'\‘ 1.5%
\.
\
SIMONE ALIOLI - ZPW 6/1/2025 0.00 0.25 050 0.75 1.00 1.25 1.50 1.75 2.00 - - ; 1 I

log, o (45" /GeV) log,(Ty™/GeV)



Using the jet pT as resolution variable

GENEVA recently extended to jet veto resummation in [Gavardi et al. 2308.11577].

Factorization most easily derived for cumulant of the cross-section. SCET Il problem.
Numerical derivative to get the spectrum. For hardest-jet we have

do

ddy ([)%t s V ZHab o, u’) ‘1(Q pcut;R Lay H, V)Bb(Q pcut R, xy, p, V)Sab(p(igt»R:ll'a V)

Two loop Beam and Soft functions recently computed in [Abreu et al. 2207.07037, 2204.02987]

Focuson WTW~ — ,u+vﬂe_176 with jet veto, in 4-flavor scheme to avoid top contaminations.

Massless two-loop hard function taken from ggVVamp [Gehrmann etal. 1503.04812]

Interface to SCETlib [Tackmann et al.] allows to perform also resummation also for pT of the
second jet at the cumulant level. Refactorization of soft sector into global soft, soft-coll and

nonglobal contributions [Cal et al.]

dU t cut cut cut
(p7", s v § H, (®1, 1) Bo(Q, pT", R, Tq, b, v) By(Q, 07", R, xp, 1, V) S (DT Y, 1, V)
d<I>1

DEGLI STUDI

cut
x S; (PP R, 1) Jj (pr R, 1)85C (pT

SIMONE ALIOLI - ZPW 6/1/2025 pT ) [Banfi et al. hep-ph/0206076]
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Resumming second jet resolution at NLL' in GENEVA

Extension of the GENEVA approach to include resummation of rfUt to NLL" accuracy

d O.NNLL'7-0 d UNNLL’,.0

Po o1 (®1) Uy (By. 7o
ddodrg Ay drg 0-1(®1) Ur (@1, 77")

Now truly capturing the correct d;gsl (r") = {

NLO1q

nonsingular behaviour when L dUNLLf,.l( . dUNLL,m( | y |
. . . . . Ut /r.,lt . ,r,_(:ut T > Tcut
approaching the single-jet limit de; de; @ ' e,
do—rl;gllproi cut
T L0(rg < 71g")
. MC NNLL/ NNLL/
] 1\NLL;()—'_NLLH (102 = dO’ ’ — dO’ ’ P[)_)l((I)l) U{(‘bl,’rl)Pl_;z((I)g)
0.6 ] , ) d®, d®q dry d®odro |y,
E — I\NLL.,,0+NLL,,1: . 1or0: (TR
. + 1D, + d®; dry — A, dr LOJ ’P1—>2(‘I’2)}9(7'1 > Ty )9(7’0 > 70 )
N 0.4 =2 LO
: 1 non2pr0j cut cut,

% ﬁﬁ + (G(Th O(ry < ri™)0(ro > rg™).

=~ L

E _ b

=5 o - NLL accuracy of the second jet only maintained
N~——~" . . . .

= 1 in presence of an hard first jet.

ED 00_,,." qq — e vpty, + X

= 0

S VS =13TeV, p= My Resummation formula not able to handle the
o

T > 30 GeV : i
Pir ry ~ 1 < g hierarchy, double resummation

021 MSHT20nnlo_nf4
0.25 0.50 0.75  1.00 1'.'25 150 175 2.00 required there. < DEGLISTUDI
logy, (pg/wj / Gc\/) : :
SIMONE ALIOLI - ZPW 6/1/2025 %I COC B?



Validation of WW pro_duction

We include the resummati
channel at NNLL and the gg channel

at NLL

Jet veto resummation avai

MCFM up to partial N3LL accuracy.
Different treatment of uncertanties.

[Campbell et al. 2301.11768]

10!

NNLO validation
against MATRIX

[Grazzini et al. 1711.06631] =& '

do/dp}¥ [th/GeV]

10~
0.10

0.05
0.00
= —0.05

ac. diff.

f1

—0.10 "

SIMONE ALIOLI - ZPW 6/1/2025

1.3
f h _ —— SCET1lib+GENEVA 7 NNLL ~—— SCETLib| GENEVA ¢ NNLL' | gy NLI,
SCET1ib+GENEVA gg NNLL' % MCFM g7 N3, | gg NLL.
Ion o t € qq L2 % MCFM ¢g NNLL 1.2
1.1 1.1
. /r/ —
:8..' 1.0 // i 1.0
2209 /‘/ Z2,09
Iable in g U8 /“ S 0.3
74
0.7 i pp — 6_’7«#+Vu 0.7 pp — € 1/, u,—l_l/“
VS = 13TeV, = My VS =13TeV, = My
0.6 MSHT20nnlo_nf4 0.6 MSHT20nnlo_nf4
04 20 30 10 50 04 20 30 10 50
L~cut APV cut VT
Pir [GeV] P [GeV]
L] .
—— MATRIX -
40
~— GENEVA
=)
= 200 g7 — e opty, + X
= VS = 13TeV, i = My
Iy NNPDF31 nnlo as0118 nf4
qq = e vy, + X < 150
VS = 137TeV, p = My —~—L ——— MATRIX
NNPDF31_nnlo_as0118_nf4 —— (GENEVA
100
0.10
o = 0.05 .
e S = |, . ) .
"""" .. R L e e R
2 7 3 3 i _
= —0.05
— : - -y —0.10 DEGLI STUDI
0 25 50 75 100 125 150 175 200 225 250 T3 -2 -1 0 1 2 3 E
W CleV e 2
Pr [C'e\] Y E
BICOCEA




Showering

0.26
0.60
= GENEVA
&= (GENEVA+PYTHIAS 0211 0.55
=107 (.92
L o 0.50
= 2,020 =PE
2, - " q “wut
= . 4q — e vep' v, + X qq — e Vv, + X
e LD e — et
L& = VS = 13TeV, = My *;HOAO VS =13TeV, pu = My
. 14 ~ . o
%l(] N 0.16 MSHTQODDlO_Df4 3/0 a5 MSHT20nnlo_nf4
— — - .
= 97— e Tptv,+X < S
¢S T 0.141
VS =13TeV, p= My Gt 030
MSHT20nnlo_nf4 0.121 TRNEYA —— GENEVA
=~ GENEVA+PYTHIAR 0.251
10~ 0.10 —— GENEVA+PYTHIAS
0.10 0.10 0.20
e 0,057 . 0.21
" gy 005 :
< g M | = | | &
ez = _ L ///7/‘ A TIT7 e ‘
S 0.00 R /W T 000 E— B s Sy s
= —0.05 E 0051 §
. —0.21
0105 50 1?‘({ | 150 200 250 0.10%5 - - ; i 5 3
i A\ 910 10 20 30 40 50 60 70 80
Pr [Gt‘\ ] Y, cut [GGV]
Pir

Inclusive quantities well-preserved by the shower, pT of the hardest jet is extremely
sensitive to shower effects and gets mildly shifted. Few percent effect at 30 GeV.

This is entirely due to FSR emissions (the shower splits the hardest jet above pT cut into
2 jets below pT cut). Placing constraints to avoid this preserves pTis:but not physically

motivated.

Investigating resummation of different 1-jet resolution variable
SIMONE ALIOLI - ZPW 6/1/2025
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Data comparison
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Zero-jettiness factorization for top-quark pairs

Factorization formula derived using SCET+HQET in the region where Mz ~ m, ~ 4/ § are all

hard scales. [SAetal.2111.03632]

In case of boosted regime M- >> m, one would instead need a modified two-jettiness
[Fleming, Hoang,Mantry,Stewart ‘07][Bachu,Hoang,Mateu,Pathak,Stewart 21]

do
i M 2
%8 1j7={94,99.88 }

Beam functions [Stewart, Tackmann, Hard functions SOﬂ functlons

I tri color matrices
Waalewijn, [1002.2213], known up to N°LO (color malgiees) ( )

It is convenient to transform the soft and beam functions in Laplace space to solve the
RG equations, the factorization formula is turn into a product of (matrix) functions

d [ M [ M M? 2
Z i =M Z B, In —K,za B;{ In —K,zb Tr(Hy( In —, @, S ln'u— D,
d(podTB N //lz / //12 //l K2

j=1{99.99.88}
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Zero-jettiness resummation for top pairs

Resummed formula valid up to NNLL accuracy

do
=U 87L 7LS
X Tr{u(ﬁta 97 Hh s ,UJS) H(Ma Bta 97 ;uh) uT(ﬁta 6)7 I, ,us) gB(anS + LS? Btv 97 ,us)}
~ a 1 e TETtot
X Ba(anB + LB) Za s :uB)Bb(anlB + LB) Zb /LB) 1—Ntot F( ) .
where Th Ntot

U(,uhnu'Ba s, Lha LS) —

exp [45(%, uB) +4S (s, uB) + 2a8 (s, uB) — 2ar(pn, uB) Ln — 2ar (s, pB) Ls

and L, = In(M*/u?), L, = In(M*/u), Ly = In(M*/pz) and 1., = 2ng + 11 + 1

DEGLI STUDI
g

The final accuracy depends on the availability of the perturbative ingredients
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Resummed results

NNLL’, is our best prediction, it includes NNLO beam functions, all mixed NLO x NLO terms, NNLL evolution
matrices, all NNLO soft logarithmic terms. Resummation is switched off via profile scales

30

pp — tt
VS =13TeV, = My

NLL
—— NNLL

frac. diff

5 10

15

To |GeV]
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—— NLIL/
rZzz 7 NNLL;
pp — tt
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Matched results

Matching to t7 + j @NLO improves the ] match Jgresum 1 5FO " Joresum

perturbative accuracy across the whole — i
spectrum d76 d76 d76 d76 FO

30
NNLL/+NLO, 100 = NNLL/+NLO, ~— NNLL/+NLO;
251 ——— NNLL4+LO; ~——— NNLL+LO, 0.1001 ~—— NNLL+LO;
— — ~——— NLL'+LO — ~——— NLL'+LO
= NLL/+LO, = ! = !
O D @)
~— ~ ~
0 M) o)
= & 1.0 e
s S
= =
o o 0.010
= - as i
5 pp —> Ut pp — tt
VS =13TeV, = My 0-11 VS =13TeV, u = My VS =13TeV, u = My
’ 0.50
] 5 1
0.5 0
= OO[M S e e o
I | 2 2
& H —0.251 =
—0.5]
—0.51 —0.501
5 10 15 20 25 40 60 80 100 120 140 160 175 200 225 250 275 300 325 350 375
To [GeV] To [GeV] To [GeV]
H ) : . . < DEGLI STUDI
Extension to full NNLL and to event generation is in progress. = g
(=4 'z
[£3] =]
>
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Interface with the parton shower

<
A

—

I n(D@p,1) measures the hardness of the

o R ti
N+1-th emission oo

» If shower ordered in ky, start from

Ink, (7Tx)

largest value allowed by N-jettiness

» Let the shower evolve unconstrained.

» At the end veto an event if after M > 1
shower emissions
T N @pip) > T y(DPy + 1) and .
retry the whole shower.

In 7,

gN+M—1((DN+M) < ‘07N+M—2((DN+M) <. S ‘CIN((DN+M)

Ensures the relevant phase space is correctly covered to avoid spoiling the
resummation accuracy for . Shower accuracy for other observables is more
delicate for dipole shower, effects numerically negligible .

O-jet and 1-jet bins are treated differently: starting scale is resolution cutoff.
Method rather independent from shower used: PYTHIAS8, DIRE & SHERPA.
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Interface with the parton shower

Effect of shower on resolution variables different from what is resummed more marked,
albeit shower accuracy is maintained.

GENEVA framework allows this comparison for DY when resumming g or

Best approach here would be joint (&, Z]’T) resummation, avoids need of splitting func.

T T T T T T
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~ B ey -
2 i by ]
e - = .
—-
¥ -
w10t E E
o] - ]
~ C ]
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. uncertainties with pg, pr, Q variations l 3
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Dimensionless definition

Nonsingular behavior 0 =29\1\/M2, + 3

» Different 7, choices have different subleading power corrections

» Investigated for one-jettiness subtraction at LL NLP [Boughezal, Isgro’, Petriello “20]
102 — : . L!—';i_. : :
T —— [ - —- Fixed order CS  —- Fixed order LAB
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Two dimensional profile scales

A final state with N particles T1(Pn) N1 )12, N=2
is subject to the constraint To(Pny) = N 2/3, N=3
I I | I IE Singular
S (7'1 /MFO 7ﬂ /76) = KFO [(frun (7_i /“FO) — 1)8(p,k) (7-1 /76) + 1] : iiir;‘geglz'rzzi 0.5
103 R — N3LL

~— N3LL cut 0.5

Behaves as smooth 1

(p,k) —
Theta function 5 (71/7T0) 1 + epk(7T1/To—1/p) _
cl
tH 102}
)
T
~
b
T
o+ + X
GeV pp = £ J
100 Hs [ ] 10! | 50 < My+,-/GeV < 150
| VS =13TeV;Ts > 50 GeV
CS frame

|
2
0.0 g0 :
We use p = 2 (determines the transition point) G E T S Y a—
%DEC’” *U%and k = 100 (slope of the transition) T/ To 4 T
% = u
2 . . .
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