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Motivation

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:
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Also NNLO+PS with sector showers available for ¢te~

[Campbell et al. 2108.07133]
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The Geneva method

» Monte Carlo fully-differential =%
event generation at higher- Ty < Tomt
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» Resummation plays a key role
in the defining the events in a
physically sensible way

da'/d'TN

» Results at partonic .
level can be further -
evolved by different
shower matchingand -
hadronization models

Resummation
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Resolution parameters for N extra emissions

p The key idea is the introduction of a resolution variable ry that measure the hardness of the
N + 1-th emission in the @, phase space.

y For color singlet production one can have ry, = g, pJT, kr-ness,....

p N-jettiness is a valid resolution variable: given an M-particle phase space point with M > N

TN((DM) — Zmin{QAa 'pk’anb°pk7qA1 'pka"'anN pk}
k

» Thelimit 7y — O describes a N-jet event where the unresolved emissions are collinear to
the final state jets/initial state beams or soft

b ' + 1 Jet1 .-
p For color-singlet final states, it reduces to O-jettiness Soft *\
N g el NSy
To= ) |pkrle / Jet a
k A —
[Stewart, Tackmann,Waalewijn 09, 10] P S ————— p
A7 0
» When an extra jet is present 1-jettiness used for 7, ) \
/ \ AN
. (2Ga "Dk 2Qb Dk 247 - P 2 /! 3 B
7'1 = min , , Jet 2 , Jet 3 AN a
g { Qa Qb QJ }
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Partitioning phase space with resolution cuts

NNLO example : start with two widely separated emission.
Can be described well with LO, matrix elements.

What happens when emissions start growing closer and closer ?

do
do,

(7"0 > rgut, 7'1 > I”lcut) -

The logarithms of the resolution parameters grow larger
and larger. They need to be resummed to give a physically-sensible
description. This takes care of their IR divergencies.

Generated events must have integrated cross section LO, accurate
and the full N+2-body kinematics must be retained.
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Partitioning phase space with resolution cuts

Next: one hard and
cut
one unresolved o > 1)

d e r=0
AP,

(”1 ut) —

When one emission becomes unresolved rc’” must be resummed.

Integrated quantities require NLO, accuracy via local subtraction

2 t
(9(1’1 < I’lcu .
1
®, differential information below rlc”’ is lost during projection to @;.

No difference for preserved quantities, in general can be made a power correction in r

Mapping that preserves r;, singular behavior is required for correct event definition.
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Partitioning phase space with resolution cuts

7‘0 = 0
Last: two unresolved -~c=

d I"<I’8m §I’O=O
cuty M. 4 I
d(DO( 0 )=

Zero jet bin must have
NNLO, integrated accuracy.

N-jettiness subtraction used.

The resummation of both rC”’

cut

and r;™" ensures physically

sensible xsec and IR-finite
events.
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Resummation of resolution parameters

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

The key difference is that using the proper resummation at higher orders has several
benefits: systematically improvable (NLL,NNLL,N3LL,...), lowering theoretical uncertainty at

each step. Including primed accuracy captures the exact singular behaviour at o(ry).

The higher the accuracy the lower the cuts can be pushed without risking missing higher
logarithms being numerically relevant. The lower the cuts the smaller the nonsingular
power corrections due to phase-space projections will affect the results differentially.

0.4

For NNLO event generation b €7, VS = 13Tev Lozsn g | e .
one needs at least NNLL', + = 6 < My £ 116GV g \ v
0 a2 0 - 0%~ 02 / \'\
\Eq__ oz = -7 d 0.5%
NNLO accuracy to control s [ gasn o \\
. . \ g
the full & singular 10 Foon gg — HH \ L
\
- -0.75% 02 LHC 13 TeV \

contributions.

SIMONE ALIOLI - GGI 31/8/2023

—20 -

T
0.00 0.25

T T T
1.00 1.25

0.50 0.75

T T T
1.50 1.75 2.00

log,((¢""/GeV)

-04

-1 0
10%10(7-0M/G0V)



From resummation to event generation

100

Resummed formulae need to be made ] "

’; 0 % —250
more differential via splitting functions, % W DIEX S cmalh i v
. . . _ o VS =13TeV rEFT e, 70 S =18 oV sBET
capturing the singular behaviour of 5 ¥ .

different resolution variables as best as T EEeorss

singular X Porig singular X Porig

they can. s e SR
Final GENEVA partonic formulae K ok ﬁf;’f//
combine resummation and matchingto ¢~ w £ — ool ()

— nonsingular (Porig)
fixed-order Y S oG]
do’MCO 7 dO'NNL'L’, do.nons
Tcut — Tcut + TCUt
d(I)o(O) T (75™) d%(o)
nons NNLO !
d(f ( (:ut) — dO.O 0 (Tcut) _ doNNLL (TCllt)]
dd, ° d® 0 d®g 0 NNLOg
C
dCTMCl (7- > 7—cuf 7-('11‘() do Z U ((I) 7—0111)9(7~ 7-(7111,) +
4%, 0 0 1 = dd, 1 1 0> /o
do.match
(7- > Tcut 7-1(:ut)
dd,
C
dM“%%>rmT>Twyf“1- T1)6(To > Tg™) %
d®s d®, 0 D1=07 (P2)

match

P cut >2 cut cut
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Interface with the parton shower

I n(Pp, 1) measures the hardness of the |
. Resummation
N+1-th emission

» If shower ordered in k, start from

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 @uypy) > T y(Dy + 1) and
retry the whole shower.

Ink, (7%)

In TN

T Nim-1Pnia) £ T N2 @) £ oo S T N Ppyny)

Ensures the relevant phase space is correctly covered to avoid spoiling the
resummation accuracy for  and the shower accuracy for other observables.

O-jet and 1-jet bins are treated differently: starting scale is resolution cutoff.

Method rather independent from shower used: PYTHIAS8, DIRE & SHERPA.

DEGLI STUDI
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Implemented processes

Method has been tested and validated with several color singlet production processes:
DY, ZZ, Wy, VH, vy, ggH, ggHH, Higgs decays using both zero-jettiness and gr
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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

d(I)() (pfcll’lt 22 V ZHab (I)O U) a(Q pmt R Ly Hy V)Bb(Q pwt R::L'b:lufa V)Sab(p%lt R: Hy V)

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

Focus on WHW~ — ,u+1/ﬂe_176 with jet veto, in 4-flavor scheme to avoid top contaminations.

Massless two-loop hard function taken from ggVVvamp [Gehrmann et al. 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.]

do
dq)l p%lt oy, V ZH (I)la Q pcut, R La, by V ) Bb(Q pmt, R Tpy M, I/)S (p’(}'lta Yi, kb, V)

cut < DEGLI STUDI

x S (pF R, 1) J; (PR, 1)S;S (pT ) :
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 r

fUt to NLL accuracy

Now trul turing th t A oy _ [ Ao T e
ow truly capturing the correc 07 ") =\ | eede  adgdn |y, | P @) U
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& N . . .
~— it in presence of an hard first jet.
i:ﬁ 0.0, qq — e Vv, + X
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Validation of WW production
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Showering
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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, choice of resolution variable preserves partonic
accuracy when only ISR emissions are allowed.
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Data comparison

Inclusion of gg

channel necessary for
agreement with data. o
b
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Zero-jettiness factorization for top-quark pairs

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

hard scales. [SAetal. 2111.03632]

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

do
dd,dz, =M Z
095 i={94.99-88}

Beam functions [Stewart, Tackmann, Hard functions Soft functions

olor matrice color matrices
Waalewijn, [1002.2213], known up to N°LO (c ices) ( )

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 g M. M M? u?
L|l———=m Y B,.<1n —K,za> B, <ln —K,zb> Tr|H,, <ln i <I>0> S, <ln P (I)O)
ddydzy L u? AN u?

K

ij={94.49.88}
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Zero-jettiness resummation for top pairs

Resummed formula valid up to NNLL accuracy

do
=U y sy Liny L
X TI’{U(ﬁt, 97 Hh s MS) H(M7 Bta 97 Mh) uT(Btv 97 Hh s :us) SB(ans + Ls, Bta 97 :us)}
~ ~ 1 e~ YETtot
X Ba(anB + LB, zq, ILLB)Bb(anjB + LB, 2, :LLB) 1—Ntot F( ) :
where 'B ok

U(,uh,,uB, Ms, Lha LS) —

exp [4S(uh, pB) + 45 (s, 1B) + 2a8 (1s, k) — 2ar(ph, pB) Ln — 2ar(ps, pB) Ls

and L, = In(M?*/u?), L, = In(M?*/u), Lg = In(M*/ug) and 1,0, = 2105 + 115 + 11

< DEGLI STUDI
=}

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 30
NLL == NLL/
2% === NNLL 25 zeze: NNLL
S
55 20
~—
o)
(@
15
S S
=3 =3
~ ~_10
S S
= 7 : = \ _
_ pp — tt _ pp — tt
’ VS =13TeV, u= M 7 VS =13TeV, u= M,
0 0
1 0.5
= =
0p—— 0.0 _'#H_,J——f”—_ :
2 2
S i \
-1 —0.5
5 10 15 20 25 5 10 15 20 N —
Ty [GeV] To [GeV] e~ £
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Matched results

Matching to t7 + j @NLO improves the do.match doresum dO’FO doresum
perturbative accuracy across the whole @——— = -+ —

spectrum d76 d76 d76 d76 FO

NNLL/+NLO, 10.0 = NNLL/+NLO, =~ NNLL/+NLO,
2% ~ NNLL4LO, ~~ NNLL+LO, 0.100 ge=== NNLL+LO;
— — ss== NLL+LO — &= NLU+LO
= NLL/+LO, = L = !
@ @ ©
~ ~ ~
Q <Q Qo
2, a2 1.0 a,
< <
S N S 0.010
=3 _ = - = .
. pp —> tt pp — tt pp — tt
7 VS =13TeV, p= M; 0-1 VS =13TeV, p= M; VS =13TeV, p= M,;
£ 0.50
0.5 0.5
= w5 0.25 o
< oof M e A sy
g : 2 2
B £ —0.25 =
—0.5
—0.5 —0.50
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 4 Q Q 0 < DEGLI STUDI
Extension to full NNLL and to event generation is in progress. £ o
g z
>
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Extension to processes with jets

L y
Soft \ e
» Focus of color-singlet plus jet b //
production Jet b ' /// Jeta
P ————
2% Pk 2qp - pr 29 - pr T TN
Zml { ? } /’// // \\
Qb QJ //// / \\ e_

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

] . (Mg Pk M- Pr Mg - Dk
T = min , ,
= 2 min pa Py }

» The choice of the p,’s determines the frame in which the one-jettiness
resummation is performed. We focus on 3 choices: )
LAB, UB-frameY,;=0 and CS-frameY, =0 e -

P =€
eV (ps)r+eV(ps)-
2F,;

DEGLI STUDI
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Resummation of one-jettiness for Z+jet

Factorization formula in the region 5 | < Q hard scale \/E,Mﬂf_, My pip, T

do
W — Z H&((I)l) /dtadtdeJ B/{a<ta)Bl€b(tb>‘]l€J(SJ)

x={939,999,999}

t t S
X Sk (nab nJ,Tl——a——b——J)

We left the choice of the frame free, keeping in mind the issues for GENEVA.

It is convenient to transform the soft, beam and jet functions in Laplace space to
solve the RG equations, the factorization formula is turn into a product.
The color factorizes trivially in soft and hard functions for 3 colored partons.

[ | = D@0 38) B (wE3E) B (32 ) d (wE28)

E
>
Z
o
A
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Hard, soft, beam and jet functions

Hard functions known analytically up to 2-loops.  [Gehrmann, Tancredi et al. “12, 22

From NNLL accuracy include the loop-squared gg — Zg

Beam and jet boundary conditions known up to 3-loop [Mistlberger etal. "20]
[Becher, Bell '10]  [Gaunt et al. "14]

. 2 7.‘.2
We Compute the One-|00p SOft S’Tl(,lzl :26’; [Lgb - % + 2(Iab,c + Iba,C)} + 20? [L<2zc - F + 2(Iac,b + Ica,b)]
2
boundary terms as on-the-fly 1265 [ LR, = 7+ 2(0hea + L)

integrals using results in ;, uenus etal 1]

. . . é'm §im =§‘m =§‘m éim
Also studied for different jet Lijn = (2%, 5 ) 1n 22 4 gy (2, S
measures in

Sij Sij Sij Sij Sij

[Bertolini et al. "17]

K (2)
The 2-loop contribution ST s provided by SoftSERVE collaboration

(thanks to Bahman Dehnadi), in the form of an interpolation grid [gell, Rahn, Talbert 18]

We validated the approach comparing to the interpolation used in MCFM.
[Campbell, Ellis, Mondini, Williams "18]

SIMONE ALIOLI - GGI 31/8/2023




Resummed formula

We can combine the solutions for the hard, soft, jet and beam functions to obtain

do
— Z eXp {4(C/€a —|_ C’ib)KF(tusp <ILLB7 /’LH> + 4:C;fl'{u]‘l:(vrcusp <ILLJ7 ILLH)

d®,d 7Ty
_ 2(0’{41 + C"@b + Cf"CJ)[('Pcusp (/’LS? /"LH) o 2Cv"LJZJJ 77]~_‘cusp (/"LJ? ILLH)
: Qzu ot
— Q(CmaLB + C,.ibLB)?]pcusp (,[LB, I[LH) + C,.;a In of + C’@b In E
Q2

tu

—I_ CK/] ln ( ) + (Cﬁa —I_ CYK/b —I_ CK/J)LS] nl—‘cusp(us7 IU’H) —I_ K’Ytot}
X Bfia(amg + LB7xa7,UJB>me<a7793 + LlBaxbaluB> jﬁJ(anJ + LJ)MJ)

) Q Mot oy € VML T
H, (. [ ) Ls, Ol —
X Ho(®1, pirr) T1< ns T Lis ,us) 7‘11_77“’t (1 + Neot) i Q

where we have defined

2
wen() uen(%)  nen(%)

B QQ B 2
LJ =1 B LS =In —
'U/J 'U/S lrltOt = _2(CKQ + C’/”b)nrcusp (/’LB? /’LJ) + 2(Cﬁa + CV"’Qb + CHJ)nrcusp (/’1’57 /’I’J) '

Ky = —2ngK s (s, ) +2(ng — 3) Kya (s, pimr)
- (ng - nZJ)K,y:q] (MJ? :uB) - ngK'yg (/1137 MJ)
+ (ng — 2 = ng?) Ko (g, ps) + (ng — 3) Kya (ps, )

DEGLI STUDI
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Resummation formula up to NNLL accuracy

do.NNLL’
a2 P {4((1&& + O, KR (1, 1) + 4Cse, KR (0, )
1 1
— 2(Cho + Ch, + Ci) ) K0 (155 o) — 2C, Ly iy (1, i)
2
Providing — 2(Cro L + C, L) (15, piar) + lCna In (Cit ) +Cp, In ( >

2
. + Cy; In (Q > + (Cx, + C, + C’,W)LS} n;i\j];) (s, prr) KVN:;I;L}
3-loop cusp an. dim tu

X {Héo)(q’l, frr) lfna (Ta, 1B) fry (Tb, 11B) (1 + ST W (85 + L, pis) + )(3 + Ly, pr)

2-loop non cus - - ) i
p p +S7'1(1) (8775 +L57NS) Jfglj)(a + Ly, NJ)+S & (8775+LS7/15)+J1£21)(8771 +LJ,:UJJ)>

2-loop boundary terms + <B£?(<9n3 + Lp, Ta, i5) (1 + S5 By + Ls, ps) + JP By, + L, w))

(Hard,, Soft, Beam, Jet) + BP (8, + LB,ﬂfa,MB)> fro @0y 1B) + fro(Ta, iB) (B( )(3 + L'z, v, 1B)

we can reach NNLU + B By, + LB,a:b,uB)(l + 870 (8 + Ls, ps) + I (9, + LJ,uJ))ﬂ
accuracy + HM (@1, pgr) {fna (Za, 1B) fry (T0, B) (1 + g%(l) (Ons + Ls, pus) + féi)(am + LJ,MJ))

" (B&)(a + L, Ta, 11B) fr, (@b, 1) + fro(Ta, p15) B 1)(3 + LBaxb’:uB))]

LHO @y, i) .. (0, 115) o (0, uB>}

NLL

NNLL N.
Q) et NNLL e VEMot

NNLL
SIMONE ALIOLI - GGI 31/8/2023 Tp ot F(1 + or")




Nonsingular behavior

» Different &

1 choices have different subleading PC

» Investigated for one-jettiness subtraction at LL NLP [Boughezal, Isgro’, Petriello “20]

_— - —— fixed-order
__"'""“"“---n,.m,_____ —1 ﬁ.xed—order ~1.. --- singular
wib | | [TThT - :_1.::!:"_.1 _ sg;gular —'L""'I — Cs
== h-"-.l 104 :___1 [ ey =l UB_-x.5
—'——1_.__,__*_‘__\“- _'--i —— o i ik 'i___ — LAB x 25
e BN sy = T i —— e t
I R R R N I A e o L 2= e  — e sy
B 10— i 3 N e Tan B v B s i R N
=asgs - 10%F g Ex5 | i
. "'_"_'-"77"——.___, : — -..-._I ;._.;' | ....... | P 1
= i i S L— -t e i b
1 e o e St o o B 1 v e | IO [
9 102} -] S T RS  ——+— |
E BB Pt £ Wi
= E
%D éﬂ .......
) 1l o
= 10 : Toawphle bbbt
5 pp— £ +j+ X < pp— £ i+ X
100 50GeV < My < 150 GeV ey L0 0GeV < My+p- < 150 GeV Send
VS =13TeV; Tp > 10GeV; O(a?) 13TeV; To > 10GeV; O(a?)
10~ 10-! - ‘
0.3F— nonsinlgular (CS) —— nonsingular (CS)
8 — nonsingular (UB) 8 0.5 | — nonsingular (UB)
.g 0.2 F — nonsingular (LAB) ..g —— nonsingular (LAB)
~ ~ 0.0
0.1 @
3 S —0.5F
0.0
101 1 107 10° 10~ 1 107 10
T [GeV] T [GeV]
» CS frame as good as UB across different
SIMONE ALIOLI - GGI 31/8/2023 cuts. LAB consistently worse
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Dimensionless definition

Nonsingular behavior
Tl — 2571/ ML%"'Lﬂ_ + q]z-'

» Reduced differences when cutting on Z boson trans. momentum g

—— fixed-order —— fixed-order
5l - singular - - singular
A ———— = — cs 10°F 1""‘---—-L_ — cs
'""""“--:—1_,__‘_ — UB x5 Ty — UB x5
F R S — LAB x25 | — LAB x 25
10%¢ ... T T
&= R = MR P 104} 1
3‘ e ‘—h"\" u—_ ”'!-_L— :.“:_—I_ E g E”" T H
&' ].03 F i Hhn '—'-.—.11__,_l I_1-—| 1_| E‘ Sy T .
—= g H - _ N
l’i < 103} i ]
9 S moptod e g
g 1% ¥ ey U
o = .
~ ~ 0 1
b 1 b 10 =t E
< 10 3 : h
pp— L +54+ X ]
109 50GeV < My+p- < 150 GeV ; Lo 50GeV < My~ < 150 GeV P
VS = 13TeV; gr > 10GeV; O(a?) =13TeV; gr > 10GeV; O(a?) i
10~ 1¢ E E
: 10° i
o 0.3F— nons?ngular (CS) —— nonsingular (CS) .
g. —_ nonsrngular (UB) 0.5 F — nonsingular (UB) 1
-5 0.2 — nonsingular (LAB) —— nonsingular (LAB)
\m 0.0 ——_|==‘=
Z
b
© —0.5 —
— - — 1 < DEGLI STU[{)jI
10 10 10 10-3 10—2 10— 1
1
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N°LL resummation for 3 colored partons

channel (¢qg, qgq,£88,--.), hard anomalous dimension has the form [T. Becher and M. Neubert 1908.11379]

({ } ,U) %u%w [(CRs — Cgr, — CRQ) In 4-loop
k,am
| 1 2 3 C
i(*_ Y (Q/S) + Y (Qs) + Y (Oés) + g : 3-|OOp

o ' 2
- 1
+ Z - f(Qs) ﬁijj 52 gR(as SDzIz%]] + 4D5@]) ln _S'J
R )

(i.5) d

ngkl d‘}l%deT?T?Tsz jkl fadefbce(TaTch Td)

dy " = Trg(T"... T™), = — Z Te (T ®. .. Tar™)
R R
We found the following relations Fg Z 7R (o) 3(D;i;;) + 4(Diiij)
R=FA (MIM)

syrrTmet;)ized re” = 3" g%(ay)|Cu(Ra, R) + Cu(Ry, R) — Co(Re, R)
ina, R=F,A - A

[ 1~ Quartic Casimirs
F{a(} Z g Oés C4(Ra7 R) + C4<R(;, R) — C4(Rb, R) d(}{b,Cdd%)Cd
R=F,A L i Cy(Ri, R) = }VR.

T = Z 9" () | C4(Ry, R) + C4(Re, R) — C4(R,, R)

SIMONE ALIOLI - GGI 31/8/2023



N°LL resummation for 3 colored partons

do
d(I)ldt]‘l - ; eXp {4(C/€a + Cﬁb>KFcusp (IU“B7 ,LLH) + 46”‘CJI(Fcusp (IU’J7 IU“H)

—2(Cr, + C, + Cr) ) Kroysy (s, ) — 2C5, Ly M, (17, 115

2 Zt
- Q(CHaLB + C"ibL/B)T]Fcusp (luB7 ILLH) + [Cﬁ?a ln <Qt ) + Cﬁb 1 <Q—b)

S SU

» Final 0%
resummation + Cy;In ( y ) +(Cha + C, + CKJ)Ls] M eusp (155 ) + F00
formula at + ) [ (C4(Ra, R) + Cu(Ry, R)) K yr (g, p1rr) + 8 Ca(Rey R)K yn(pig, fir)
N3LL R=F.A

o (04(Ra7 R) + C4(Rb7 R) + 04(RC7 R))KQR(IU’S7 lLLH)
—4 ngR(:qu MH) (04(Ra7 R)LB + 04(Rb7 R)L/ ) o 477gR (:uJ7 /'LH) 04(R07 R)LJ

2 2
+2 ((14(Ra, R)In (Q‘;“) + Cy(Ry, R) In (22 ) + Cy(R.,R)In (%)

S
+ (C4(Ra, R) + C4(Ry, R) + Cu(R., R))Ls) Ngr (s, MH)] }
X Bl‘ia(aﬁB + LB7xa7:uB)Bf‘éb(8 ro+ LlB)‘rba,uB) ~nJ(877J + LJ,,U'J)

- Ntot e YETtot T
X Hﬁ((bla:uH)SK(a + LS)/'LS) 76,21 Ttot nt(tl 1, t) +O (51) ’

ntot = 2(0’33(1 + CHZ))nFcusp (lu“S7 ILLB) + 2C1"Ccr'7]~—‘cusp (II’LS7 /’LJ>

+ > [ (C4(Ra, R) +C4(Rb>R))ngR(MSaMB)+4C4(R07R)ngR(MS7MJ):|
R=F,A
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Resummed results

, Using profile scales to switch off resummation at uy, = \/M§+f_ + q%

» Summing in quadrature profile scales variations and fixed-order ones
» Nice convergence and reduction of theoretical uncertainties

2.25 . . . . . . . . 102
= CS, NLL/ == Cs, NLL/
—— €S, NNLL ~— €S, NNLL
2.00 —— CS, NNLL' 7 —— CS, NNLL'/
== CS, N3LL
1.75} —_
el
)
571501
Q —_—
U % 101 |
= <
i 1.25F 3
g
% 1.00F =
~ )
2075 =
b
el
0.50 +p— - T 100 +p— -
pp—> T +5+X pp—= L~ +5+ X
50 < Mj+s-/GeV < 150 50 < My+,-/GeV < 150

0.25
VS =13 TeV; Ty > 50 GeV VS =13 TeV; Tp > 50 GeV

0.00

' i
2 °
- . . . | : : —0.5 § DEGLL STUD!
S A S i i v Bl
T [GeV] Ti [GeV] Z %
SIMONE ALIOLI - GGI 31/8/2023 Blcoceh




Matched results

4
match. res. f.o. res.exp. 1o j = .10, - N
do do do do p T3
—_— + _ == CS, NLO, + NNLL’
(o 7 (o (o
d@ldg/ 1 d@ld(/ 1 d@lde/ 1 d@ld{/ 1 Elo“-
10t . ; , , : . . . 10° >
== Cs, LO, + NLL’ == CS, LO, + NLL/ g
== CS, LO, + NNLL = CS, LO, + NNLL \< 102
== CS, NLO, + NNLL’ == CS, NLO, + NNLL/ ~
5
=
= : pp— LT~ 45+ X
= < 10't 50 < M+ p-/GeV < 150
> 10°f 1 V5 =13 TeV; Tp > 10 GeV
> —
S g .
2 2 10°
- - [
. 10° = | 1.0f
l_; a2 ~ 0.5F
~ :‘j é 0.0
3 10ty 1 E_osf
b —1.0
~ X 1 107 102
pp— £ +j+ X pp—= - +j+ X Ti [GeV]
50 < My+p-/GeV < 150 50 < Mpy+p-/GeV < 150
V8 =13 TeV; Tg > 50 GeV V5 =13 TeV; Ty > 50 GeV 1ot e
== CS, LO, + NNLL
101 10° - — €S, NLO, + NNLL'
LoF . . . : . . . . LoF
- 0.5} ] - 0.5F g10°
I — | EE )
o 00 ?E_ o 0.0 — o
g = 3
g _osF S _os5F S
—1.0} : | ; ; : | : : ~1.0 1 E
1 2 3 4 5 6 7 8 9 10 1 10! 102 e
Ti [GeV] T: [GeV] Z
'3101 pp— - +j+ X

50 < My /GeV. < 150

> @(0‘3) gives sizable contribution, important to include TRITN .

. 1.0—\_‘——'_'_,_,—
it for small values of 7,

g 00

K]
=—0.5

» Nonsingular divergent for 7, — 0. Joint (7, T {)

Ti [GeV]

resummation required to handle both divergencies (| '\ o cersis/a0




Matched results Dimensionless definition

Tl = 25’71/ M§+f— + q%

102 103 103
: gz Eg, + gII:IIE,L == CS, LO, + NLL’ == CS, LO, + NLL’
- CS. NL20+ e == CS, LO, + NNLL == CS, LO, + NNLL
. NLO, + = CS, NLO, + NNLL' = S, NLO, + NNLL'
1 102} 102F
E 10% | = =
& ) i
£ | £ €
2 s 10!} ERUR
2 W @
o 0 = S
10°F ° N
N Iy 5
< +0— 4 ] ]
pp—= e+ 4+ X 9 pp— € +j+ X o pp— T +j+ X
50 < My:p-/GeV < 150 10°} 50 < Mysp-/GeV < 150 100F 50 < Mjy+4-/GeV < 150
V5 =13 TeV; gr > 100 GeV VS = 13 TeV; gr > 50 GeV V5 =13 TeV{ 10 < gr < 20 GeV
10—1 3
: 101 107 : :
1.0F 1 oF ] 1.0} ’—’ ‘—|_|_\_,_I_
T 0.5 -~ 0.5F v-|< 0.5F
g 00 : 2 00 =
£_05 S o5k E_o5f
—1.0F —1.0f
] —1.0f
— ; . = =
10 1 10-2 101 1 10 10 1
‘rl 1
T1

» Similar issues with nonsingular behaviour when g — 0
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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

» GENEVA method allows for interfacing higher-order resummation of
resolution variables in event generation with NNLO accuracy and parton
showers.

» Several color-singlet processes implements, using different resolution
variables: N-jettiness, T, jet veto...

» First steps in extending the method to massive colored particles and jets
presented.

» Implemented one-jettiness resummation, prerequisite for V@NNLO+PS in
GENEVA. Studied different 5| definitions, performed resummation up to

N3LL and matched to corresponding fixed-order. Observed nice
convergence and reduction of theory unc. in presence of an hard jet.

DEGLI STUDI
=}

» EW and QED corrections will also play an increasingly important role.
SIMONE ALIOLI - GGI 31/8/2023 Thank you 'FOI" your attention.
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Spreading out the resummation to other variables

Splitting functions are required to make do p o do
. . N—>N+1
resummed spectrum fully-differential. d®ydry d®y,
. Py ny1(PNs1) =
New on-the-fly evaluation and better Fis (s s 2)
functional forms captures better the singular ¥z iievm) ; nopie
_ _ _ > /V dz' Ju(On T 2) IE (On T, ) Y frojo(Bn. T, 2)
behavior of matrix elements also for different «=1/=l@~.7) =1
resolution variables.
100
% 0 ,_lﬂ_ % —250}
% pp— H+ X % —500f GENEf/i ;NHLJ:;NLL'
=1 GENEVA NNLO-+NNLL/ =
—100 VS =13TeV rEFT _750f V5 =13TeV rEFT
S 5
I —200 — fixed order : o i — fixed order
T ——- singular X Pimpr T 1250 - ——- singular X Pimpr |
singular X Porig singular X Porig
—300 —1500
6} —— nonsingular (Pimpr) E 150
= — nonsingular (Porig) 5 100 r},']"—l-l—._y-l-u__x .,
§ ! ﬁ 50 -L—L——Ll—
i 2t i 0 H_L—_"“—ﬂ__‘ S
g O:Iﬁ_{t‘-# o ) 5°¢AHJ/
b%’_z- 4 o ¢ DEGLI STUDI
< ..g —150f ——- nonsingular (Pimpr) 1 E . g
—4r 200k — nonsingular (Porig) ] & 4
102 101_l i lb 102 ld_l i 110 102 % %
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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 gy or 7,

Best approach here would be joint (5, Q’T) resummation, avoids need of splitting func.

25(,]0l|||||||||||||||||||||||||||l 35()“l||||ll||||lll||lll|||ll[l||l

&% CENEVA, , partonic  NNPDF3.1 (NNLO) 13 TeV] ## GENEVAL . partonic  NNPDF3.1 (NNLO) 13 TeV3
#= GENEVA, | showered | pp = Z/~*(— £/ € )+ X 3000 &= GENEVA_, . showered —pp — Z/~" (= £7) + X
&= CENEVAf, showerad 66 < mge <2 116 GoV S GENEVAL , showered 66 < mg << 116 GeV

(3]
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One-jettiness in GENEVA

» For the correct IR definition of an NNLO

dGMC
event weight one needs to
d®dT dzde

preserve the resolution parameter when (I)z 1
performing the @, — @5 splitting in the Cé -
NLO, calculation, J - preserving map

required 7 1(®,) = T (P3)

» Using a jet-algorithm to find the directions or using the exact I,
definition makes it impractical to find this map. Alternatively, use

similar variable that has the same log structure and different afé(?fl)

» We introduce a fully-recursive version of one-jettiness FJfR which

we use for the fixed-order calculation. The idea is that at each step
one finds the closest particles in the one-jettiness metric, merge .
them and continue. N-jettiness as a clustering procedure.

SIMONE ALIOLI - GGI 31/8/2023
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