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Overview of the talk

» Geneva Monte Carlo ,EB.ENEVA‘

» Recently implemented processes: single and double Higgs production
) Zero-jettiness resummation for top-quark pair production at the LHC
p One-jettiness resummation for Z+jet production at the LHC

p Conclusions & Outlook

g% universitat
< Wien Alessandro Broggio 07/06/2023



N-Jettiness and Factorization

p N-jettiness resolution variables: given an M-particle phase space point with M > N

Tn(®ar) =Y min{da - Prsdb - P @1 Dhs - -, N * Pi )
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» The limit 7y — Odescribes a N-jet event where the unresolved emissions
be either soft or collinear to the final state jets or initial state beams

p Color singlet final state, relevant variable is O-jettiness aka “beam thrust”

To = |pir|e” ™"
k

p Colour singlet case: cross section factorizes in the limit 7o — 0[Stewart, Tackmann,Waalewijn
'09,'10], three different scales arise

pg =Q, pu=+QTo, pns="7To
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N-Jettiness and Factorization

» When an extra jet is present the relevant jet resolution variable

Is 1-jettiness b o+ 1 Jet 1
\\ // Jeta
2% pk 2qp - Dk 247 * D
T, = E min { : } p ——XX <
Qb Q) | 1.
/// e_
Jet2 2 ,’/ Jet3 3 . a

p Class of geometric measures Q; = p, 2 E; (p; dimensionless parameter), remove the

dependence on the energies E; and only depends on the directions g,. Introduce frame
dependence.

p Choice of the p; determines the frame in which the 1-jettiness is evaluated. We focus on 3
choices: Laboratory frame, Underlying Born (UB) frame (YV]- = (), Color Singlet (CS) frame

(Y, = 0).
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Monte Carlo implementation

p GENEVA [Alioli,Bauer,Berggren,Tackmann, Walsh "15], [Alioli,Bauer,Tackmann,Guns "16], [Alioli,Broggio,Lim,
Kallweit,Rottoli *19],[Alioli,Broggio,Gavardi,Lim,Nagar,Napoletano,Kallweit,Rottoli *20-'21] combines 3
theoretical tools that are important for QCD predictions into a single framework

» fully differential fixed-order calculations, up to NNLO via O-jettiness or g subtraction

» up to NNLL resummation for O-jettiness in SCET or N>LL for g7 Vvia RadISH for colour singlet
processes

» shower and hadronize events (PYTHIAS8)

p IR-finite definition of events based on resolution parameters 7, and 7"

MC
dao

| |
d events: P (T3, ®o | |
doyie = .
®, events: dCIil (To > T T & : : N
| | o
cu ! ! cu
(10-1\>/I§J cut cut 7-0 < ’Z'O t : : TO > TO t
Py events: 1o, (To > Ty™, T1 > T™) . : T, > Teut

T ut T ut

0 1

» When we take 75" — 0, large logarithms of 75", T appear and need to be resummed

» Including the higher-order resummation will improve the accuracy of the predictions across
the whole spectrum
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Higgs Pair production

Based on arXiv:2212.10489, S. Alioli, G. Billis, AB, A. Gavardi, S. Kallweit, M.A. Lim, G. Marinelli, R. Nagar and D. Napoletano

Input parameters: my = 125.09 GeV, T = 1 GeV, T, up = up = Myy
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Higgs pair production

» Interface to three different showers:
» Pythia 8
» Pythia 8 Dire
» Sherpa

» Need to include top mass corrections for
phenomenology
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Higgs boson production via gluon fusion

Based on arXiv:2301.11875 S. Alioli, G. Billis, AB, A. Gavardi, S. Kallweit, M.A. Lim, G. Marinelli, R. Nagar and D. Napoletano

p Calculation done in the Heavy Top Limit (HTL). Rescaling of HTL result by a factor equal to the

ratio between the LO m -exact result and that obtained in pure EFT (rEFT)
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Higgs boson production via gluon fusion

NNLO validation

b uiversitat
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Zero-jettiness resummation for top-quark pair
production at the LHC

Based on arXiv:2111.03632, S. Alioli, AB, M.A. Lim
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0-jettiness resummation for 77 production

» NNLO+PS for tf production available in MINNLOPS framework [Mazzitelli, Monni, Nason, Re, Wiesemann,
Zanderighi “20, "21]. GENEVA will include higher-order resummation.

p To reach NNLO+PS accuracy in GENEVA: NLO calculations for ¢f and ff+jet and resummed calculation at
NNLL in 7o

p Definition of O-jettiness has to be adapted with top-quarks in the final state, we choose to treat them
like EW particles and exclude them from the sum over radiation. First develop resummation framework.

We derived a factorization formula (see 2111.03632 Appendix A) using SCET+HQET in the region 7o — 0 when

M;: ~m, ~ \/§ are all hard scales (in case of boosted regime M,; > m, situation similar to

[Fleming, Hoang,Mantry,Stewart ‘07][Bachu,Hoang,Mateu,Pathak,Stewart ‘21])

Hard functions (colour matrices)

known to NLO [Ahrens, Ferroglia, Neubert,
Pecjak, Yang, 1003.5827]

do "

—M dt dt ({3. ‘|

d(I)()dTB .. Z [ a=b l( :
y={99,99.88}

| Do R (MTB M

Y

a’ /’t) Bj(tba Zba

Beam functions [Stewart,
Tackmann, Waalewijn, [1002.2213],

known up to N>LO
Alessandro Broggio 07/06/2023 N

Soft functions (colour matrices)
computed to NLO
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Singular vs Fixed order

p» We have: beam functions at NNLO (both for gg and gg channels), hard functions at NLO, soft functions at

NLO, by knowing the two-loop soft anomalous dimensions we can solve the RG equations order by order and

obtain all the NNLO logarithmic contributions, we miss (7o) terms at NNLO

» We can resum to NNLL. We are missing (7o) terms (NNLO hard functions and NNLO soft). If we include

everything we know we obtain a NNLL; result

p We construct an approximate (N)NLO formula which reproduces the fixed-order behaviour of the spectrum

(for To > 0) o —— 1O ful — NLOj full
= —— LO; sing. = 10°1 =g NLO; sing.
2 = .
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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
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frac. diff.
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Matched results to fixed-order
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One-jettiness resummation for Z+jet production
at the LHC

work in progress...
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1-jettiness

) Start from expression for 1-jettiness in the Born frame, where p; = 1

~ . Ga Dk Qv Dk q4j-DJ
T = min : :
zk: { Pa Pb PJ }

p 1-jettiness in the color singlet frame by making a different choice of the p;’s (similar way
to go to the laboratory frame)

Pa = eyv )
Pyb = 6_?‘/ )
P = eV (Ps)4 + erv (D) -

2F;
» We also employ a Fully-Recursive (FR) version of one-jettiness which is used in the fixed
order calculations. Closest particles in the one-jettiness metric are merged together.

» Factorization formula in the region 71 < My ~ /s ~ My [Stewart, Tackmann,Waalewijn
'09,"10]

do
d(I)l d,7-1 — Z {\ e ‘,;-»;7’:'
Ii:{qqgaqgf]’g_"g;ga}%g—_—-g

4
JJ

X@ (na,b ) 7’LJ,7-1

__

»Dependence on the
frame
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Hard, Soft, Beam and Jet functions

Hard functions: two-loop amplitudes for gg — Zg known from [T. Gehrmann and L. Tancredi
1112.1531]. Recently available also the axial vector couplings [T. Gehrmann,T. Peraro,L. Tancredi
2211.13596] but not-included yet. IR-finite functions taken from [T. Becher, G. Bell, C. Lorentzen, S. Marti
1309.3245]. y*/Z* — [*]™ added, squared amplitude complete analytic result. At NNLL" accuracy

included the 1loop squared gg — Zg.

Beam and quark Jet functions known up to N3LO [M. Ebert, B. Mistlberger, G. Vita 2006.03056] and [R.
Bruser, Z.L. Liu, M. Stahlhofen 1804.09722], only needed up to NNLO here Beams [J.R. Gaunt, M.

Stahlhofen, F. Tackmann 1401.5478, 1405.1044] and Jets [T. Becher and M. Neubert 0603140], [T. Becher and G.
Bell 1104.4108].

Soft function boundary terms at NLO implemented as on-the-fly integrals using results in [TT.
Jouttenus, I.W. Stewart, F. Tackmann, W. Waalewijn 1302.0846], kept full dependence on J; frame
dependence.

Frame dependent NNLO soft function boundary contribution is provided by using the SoftSERVE
[G. Bell, R. Rahn, J. Talbert 1812.08690, 2004.08396] method (thanks to Bahman Dehnadi, Guido Bell,

Rudi Rahn) in the form of an interpolation grid over the parameters {cos 0,,1/p_,1/p;}

Validation against NLO result in different frames, at NNLO validated in UB frame against the
interpolation in MCFM [J. Campbell, K. Ellis, R. Mondini, C. Williams, 1711.09984]. In CS and Lab frames
new results.
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Resummation formula to NNLL’

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

do
d®,dT,

ZGXP{ Cro +Cr)Kroo, (1B, o) +4C, Koo, (1, fr)

o 2<C’1a —l_ CY""3b + CK/J)KFcusp (ILLS? II’LH) o 2C('%JIJJ 7/}Fcusp (,UJ, ILLH)
2 Qt
—2(Cr. L+ Cy, L)ren, (10, pirr) + [CKQ In (Q;u) + C, In (—Cjz )

S

+ O/ij 11’1 (QZL ) _|_ (Cﬁla —i_ Clib —|_ CKJJ>LS] nFcuSp (IuS? luH) + K’Ytot}
B/‘éa (8773 + Lp, T4, :LLB)EI%(&)}; + LlB? Lb, :LLB) jﬂj(am + Ly, MJ)

—MNtot o e~ VETtot ’7'
Ql_ Ntot Lo ( J1 )
7’1 Ttot F(l _|_ T]tot) Q

X Hm<q)1a NH)g% (8775 + LS) MS)

where we defined

2
Ly =In (Q ) Lp=1n (QGQ> . Lz=In (QbQ> Koo = —2ngK s (s, porr) + 2(ng — 3) Ky (ks frr)

My Hp Hp .
L,=In <QJ2Q> Le=1In (Q_j) _ (ng - ng )Kfyg (MJa :uB) _ ngK’yg (,us, /’LJ)
1 Hs + (ng —2 —ng? ) K a(pg, up) + (ng — 3)Ka (s, py)
ntOt — _2(C’fa —|_ Cﬁb)nrcusp (/’LB? ILLJ) —|_ 2(C(Kfa + CYffb —l_ CY’ﬁ'u]>771—‘cusp (ILLS7 ILLJ)
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Singular vs Nonsingular

» Different frame choices for one-jettiness definition have different sizes of power corrections

(fully-recursive results below, only fixed-order is different for 7| > 0)

» CS frame as good as UB frame for different cuts, Lab. frame is worse

f—— ey e

e e — —= fixed-order
““"‘_':'-"__.'I_._ --- singular
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Singular vs Nonsingular

» Reduced definition 71 = 27'1/\/Ml2+l_ +q7

» When we use as born defining cut the Z boson transverse momentum ¢,

differences in power corrections among the different definitions are reduced

10°
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a
=)
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8
o0
S
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100:
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fixed-order
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Resummed results up to NNLL

» We use profile scales to switch off resummation at yy = \/Mlzﬂ_ + q%

102

[pb/GeV]

do / dT;

L Ll Ll Ll T L U
== (S, NLL’
~— CS, NNLL

= CS, NNLL'/

pp—> € +5+ X
50 < M¢+¢_/GeV < 150
VS =13 TeV; T > 10 GeV

ratio — 1
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10%

10?}

[pb]

101}

do / dlogy, (71/GeV)

10° -

pp—= € +j+ X
50 < Mg-{-z—/GeV < 150

VS =13 TeV; Tp > 10 GeV

== (S, NLL’
~— CS, NNLL
=~ CS, NNLL/

ratio — 1

07/06/2023

T [GeV]

21



N-LL Resummation

For every channel (qgg, ggg,ggg,...), hard anomalous dimension has the form [T. Becher and M. Neubert 1908.11379]

P({s},p) = o2 [( R

/" —

we explicitly evaluated these contributions as functions of V. using colour space formalism
R bed b d de b b d
Dijkl — d?zc T?TszTl 7;jlcl — fa ef CG(T’IC:LTjTZTZ )+

daRl'"an = TI‘R<TCL1. . Ta”)+ = % Z TI‘(T;W(U_ B Tgw(n))

R R
We found the following relations 'Y/ = — Z gR(&S)3<Diijj> +4Djj;)
R=F,A (MIM)
svmi:lzt;?ized — Féab} _ RZF:A g () _04(Ra, R) + Cy4(Ry, R) — 04(R6751
, | T Quartic Casimirs
Féac} _ Z gR(OzS) C4(Ra, R) + C4(Rc, R) — C4(Rb, R) d%),Cdd%)Cd
fi=hA ] - Calfi, R) = —
) ] R,
Iy = 3" ¢"(ay)|Cu(Ry, R) + Cu(Re, R) — Cu(Ra, R)
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Resummed results up to N°LL

» We use profile scales to switch off resummation at yy = \/Mlzﬂ_ + q%

101 . . . . . . . . 10%y
i = CS, NLL' ! == (S, NLL'
sm CS, NNLL s= CS, NNLL
~— S, NNLL/ ~— S, NNLL'
== (S, N3LL == (S, N3LL
= 101}
& [
z _
Q o
< @]
~ ~
= 10°
S E
T 50
~ °
b gol
T ~
b
< 107!
pp—> L +j+ X pp = €T +3+ X
50 < M£+e_/GeV < 150 50 < Me+e—/GeV < 150
VS =13 TeV; Ty > 50 GeV - VS =13 TeV; Ty > 50 GeV
102

ratio — 1
ratio — 1

1 100 102
T, [GeV]

Very Preliminary!
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Matched results

= +

da.match doresum dO.FO doresum
FO

d7: d7 d7: d7 —
== CS, NLO, + NNLL/
101 T T T 103 . 5 103}
= s, LO, + NLL/ == CS, L0, + NLL’ =
== CS, LO, + NNLL == CS, LO, + NNLL — —';_
== CS, NLO, + NNLL’ == (S, NLO, + NNLL/ %
<4
5 102
2 £
= 102 I ——— E
% 3 10t
o ‘_\_ pPE- i+ X
g 50 < M[+£—/GEV < 150
E VS =13 TeV; Ty > 10 GeV
Eﬂ 10°
T 101 | 1.0F
: — - 0.5F
tp— o x o 0.0
pp = €70 +5+ X pp— - +j+ X '%
50 < Mj+e-/GeV < 150 ~—0.5F
/5 — 13 Tov- 50 < Mp+e-/GeV < 150 Y ]
Dt ¢ VB =13 TeV; Tp > 50 GeV 1 101 102
10— : : : : : : : : 0 . Ti [GeV]
1.0F T T T T T T T T ] 10 :
1.0F 7
-~ 0.5EF : 104 :

— == S, LO, + NLL’
zla 0.0 f———— - T 0.5¢ ] ~— €S, LO, + NNLL
2 . T‘jﬁ o 0.0 : = €S, NLO, + NNLL/
S _o05F 1 £ :

~—0.5F :
—1.0f 1 ! I I 1 I I I ] : = 10° _—‘_1_ E
1 2 3 4 5 6 7 8 9 10 —1.0 ! 1 B2 e

T [GeV] 1 10t 102 —~
T [GeV] >
Q

5 102}
Oad) | t ially f Il val f geut ;
> (XS darge corrections especially 1or smali vaiues o 0 £
g

—8 101 L

pp— € +j5+X

» We know that nonsingular in 7, is divergent for 7 ; = 0 50 < Mynp-/GeV < 150

VS =13 TeV; Tp > 1 GeV

. . . L. . “’u
» We sum in quadrature profile scales variations and fixed-order - o !
scale variations

=3 . o 00 —1.0F . ]
> iniversitat i i T0°
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Outlook

» Calculate and extract all the missing ingredients to reach NNLL" accuracy for the top-

quark pair production process (hard and soft functions). Implement in GENEVA event
generator

» Extend top-quark pair to study associated production of a top-pair and a heavy boson ¢tV

(V = H, Wi, Z) [AB,Ferroglia,Pecjak,Signer, Yang "15], [AB,Ferroglia,Pecjak,Ossola "16],

[AB,Ferroglia,Pecjak,Yang 16],[AB,Ferroglia,Pecjak,0ssola,Sameshima "17],[AB,Ferroglia,Frederix,
Pagani,Pecjak,Tsinikos "19]

» Implementation of Monte Carlo event generator for Z+jet production.

Thank you!
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N-Jettiness and Resummation

» At NNLO one needs a O-jet and a 1-jet (for Z+j also 2-jet) resolution parameters

» Emissions below Tx" are unresolved (integrated over) and the kinematic considered is
the one of the event before extra emissions

» Emissions above Ty are kept and the full kinematics is considered

» When we take 73" — 0, large logarithms of Ty, Ty appear and need to be
resummed

» Including the higher-order resummation will improve the accuracy of the predictions
across the whole spectrum

A
Resummation Transition Fixed Order
pert. accuracy pert. accuracy
Z
WS
5=
~
S LL
N"LL
N"LO
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Matching to a parton shower

Parton shower makes the calculation differential in higher multiplicities by filling the 0- and
1-jet exclusive bins with radiation and by adding more emissions to the inclusive 2-jet bin

-~
-~

A=
(,%,,
\J

Not allowed to affect the accuracy of the cross sections reached at partonic level

T constraints must be respected by the shower

®, events have Ty = 0. The shower should restore the emissions which were integrated, but
should respect the constraint 7o(®n) < 75" . The shape is completely given by PYTHIA

®, events, the first shower emission should satisfy 7;(®,) < 7™ and To(®2) = To(P1)
(map) First emission is done in GENEVA after that 7:(®n) < T

®, events (>95% of total cross section) with nonzero values of 7y and 71 : PYTHIA first
emission affects the 7, distribution only beyond NNLL' [Alioli,Bauer,Berggren,Tackmann, Walsh “15]
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Factorization

We derived a factorization formula (see 2111.03632 Appendix A) using SCET+HQET in the region 7o — 0

when M,z ~ m, ~ \/§ are all hard scales (in case of boosted regime M,; > m, situation similar to

[Fleming, Hoang,Mantry,Stewart ‘07][Bachu,Hoang,Mateu,Pathak,Stewart ‘21])

Hard functions (colour matrices)

known to NLO [Ahrens, Ferroglia, Neubert,
Pecjak, Yang, 1003.5827]

S [l e s, (e
= I s X ; s Chys . ‘15‘ ii Tp —
d(I)OdTB H =7 « , ‘ a” _«T“' I\ J B L M
y={99.99.88}

~

—

Beam functions [Stewart, Soft functions (colour matrices)
Tackmann, Waalewijn, [1002.2213], computed to NLO

known up to N°LO

Hard function anomalous dimension: split into a cusp (diagonal in colour space) and non-cusp (not diagonal) part

M2
I‘H(]W7 B¢, 0, ,u) — Fcusp(@s) <1n — — 2'71') + fyh(M, By, 0, Oés) [Ferroglia, Neubert, Pecjak, Yang, 09]
L4

One can average over the two hemisphere momenta, soft function satisfies the RG equation in Laplace space,
. . . . s __ __h B
we used the consistency relation among anomalous dimensions v~ ="+~ 1

d

dln u
g% universitat
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SB(La Bta 97 :u) — [FCUSpL _ ’YST] SB(L7 5?57 97 /’L) + SB(La Bta 97 :u) [FCUSpL _ ’yS]
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Beam functions

The beam functions are given by convolutions of perturbative kernels with the standard PDFs f;(x, i)

1
dé 3
B{(t,z,p) = Z J — [ij(t, 7/ &, ﬂ)]?(é, ) Il-j kernels are known up to N°LO,
i Yz S process independent

RG equation in Laplace space is given by

d
dln p

Bi(LC’ ) 'LL) - [ - T ’YiB(OZS)] B’i(ch 2 :LL)

"

Ckl-ycusp - Cki}/cusp +2 Z C4(Rkl., R)g R(as) At N3|_|_
R

with solution in momentum space

t )”B 6_7E77B
I'(ngB)

5 1
B(t,z,p) = exp |[—4S(up, 1) — dyB (5, 1)) B(Oy Z’“B>? (

where 175 = 2ar(ug, 1) and the collinear log is given by L, = ln(MK/,uz)

7 niversitat
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Hard functions

The hard functions arise from matching the full theory onto the EFT, they can be extracted from colour
decomposed loop amplitudes. At NLO it was first computed in [Ahrens, Ferroglia, Neubert, Pecjak, Yang,
1003.5827]. They satisfy the RG equations

d
dh’l/jH(M, Bta 97:“) — FH(M7 Bta Q,M) H(Ma 6757 97:“) T H(Ma Bta 97:“) I‘L(M7 6757 97#)
Solution:
H(Mv Bt ealu) — U(M7 Bt Q,Mh,M)H(M, Bt 97/’Lh)UT(M7 Bt Hvluhmu)
M2
U(M, Bt,0, pip, 1) = exp [2S(uh, ) — ar(pn, 1) (ln e W)] u(M, B, 0, pn, 1)
h

We have split the anomalous dimension into a cusp (diagonal in colour space) and non-cusp
(not diagonal) part

M2
FH(M, Bt, 9, ,u) — Fcusp(()zs) (hl —5 iﬂ) + ’7h(M, @5, 9, Ozs) [Ferroglia, Neubert, Pecjak, Yang, 09]
7
as(l)  da , We evaluate the matrix exponential
U(Ma Bt, 0, i, M) =P eXP/ pyaneli (M> Bt, 0, Oé) U as a series expansion in a, [1003.5827],
as () B(@)

[Buchalla,Buras,Lautenbacher 96]
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Soft functions

We computed the soft functions matrices at NLO which were unknown for this observable

Ség)re,ij(kjv k(j? Bb 97 €, :u) — Z w%ﬁ j-ozﬁ(kcj—a k;_, 6757 97 €, ,u)
a, B

e

. 2(p*e)" Va - Ug
Tog(kt kF 38,6 — _ /ddk 52O (K
B(ka ) v 76257 7671u) Tl—e Vi - kvﬁ K ( )6( )

x [6(kF —k-na)Ok - ny — k- na) 6(k;7) + (ki — k- np)O(k - ng — k - np) 3(k;H)]

a

One can average over the two hemisphere momenta, the soft function
satisfies the RG equation in Laplace space

d
dln

gB(L,/Bt,H,/L) — [FCUSpL _ IYST] SB(Laﬁheau) + SB(L,/Bt,H,M) [FCUSpL T ’YS]

Solution in momentum space, where we used the consistency relation
among anomalous dimensions ~° = ~yh + VB 1

Sp(I™, B, 0, 1) = exp [4S (s, i) + 2a.5 (ps, 1)

T ) 1 l+ 2ms 6—2’7Ens
< u (ﬁta 97 L, ,us) SB(87737 6157 9, ,us) u(ﬁta (97 M :uS) l__|_ <E> F(Qns)

@ iversitat —
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Resummed result for the cross section

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

do
d(I)()dTB

— U(Mh? HUB; Hs; Ly, LS)

where

U(,uhnuBa s, Lh7 LS) —

exp |45 (pn, pB) + 4S (s, pB) + 2a8 (s, pB) — 2ar(pn, 4B) Ly — 2ar(us, uB) L

and L, = In(M?/u?), L, = In(M*/u}), Ly = In(M*/u3) and i, = 255 + 1 + np
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Singular vs Nonsingular contributions

10°
—=—== LO; full
LO; sing.
104 ) —-.—- LOj nonsing.
- pp — tt
2.10%)
= V.S =13TeV, = My
£ LN
~— 9 \ AN
% 10 TR e .
\. / \\\\
| - S
¥
1]t s
10 \’ \\\\
0 | . . RN
10O.O 0.2 0.4 0.6 0.8
B
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10°
-—-- NLO; full
NLO; sing.
104 —.—- NLO; nonsing.
\ pp — tt
105\
\\ \/§ =13 TeV, o= Mtf
\\\
N
P e —
1044/
7/ S
| |
¥ I
101 ] ” \\\\
! T
Y . . . .
1OO.O 0.2 0.4 0.6 0.8 1.0
B
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NNLL" is our best prediction, it includes NNLO beam functions, all mixed NLO x NLO terms, NNLL

Resummed results

evolution matrices, all NNLO soft logarithmic terms. Resummation is switched off via profile scales

g% Lniversitat
<y wien

30 30
NLL ms== NLL
251 === NNLL 251 zeee NNLL
= =
650 201 CG; 20
~ ~
e @)
o, o,
= —15
= =
= 10/ = 10/
S) S)
= 7/ = _
| pp — Ut n pp — tt
’ VS =13TeV, u = M, 0 VS =13TeV, u= M
0 0
1 0.5
5= fffd—\ 5=
FO. 01 Hd 0.0 B
—1 —0.5
5 10 15 20 25 5 10 15 20 25
To [GeV] To [GeV]
( 2
yoll+ (y/yo)?/4] v <2yo,
HH = UNS
- ’ M Y 290 <y <uy1,
— . _ . 2
s (To) = s J:;m( o/ M), frn(y) = v+ SoEBy <y <,
1we(To) = uns / fran(To/M _ (2—y1—y2)(y—y3)*
(To) ron {To/M) L Sy 2 SY S
|1 Y3 < Y-

Yo — 1.0 GGV/M,
Alessandro Broggio 07/06/2023
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Resummed results

The evolution matrix u is evaluated in a, expansion, we can choose to expand or not expand U,
the difference is quite small

30 30
~—— NNLL —— NNLL;
251 —— NNLL not expanded 251 NNLL; not expanded
% Z
20 20
= sl oF T
=< = 9% i__—__‘“——
= 10 <10 55
E s
pp — tt - pp — tt

V'S =13TeV, u= M; V'S =13TeV, u= My

0 0

0.5 0.5
E= E=
) )

0.0 0.0
() Q
< <
S S

—0.51 0.5

5 10 15 20 25 5 10 15 20 25
To |GeV] To |GeV]
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Singular vs Nonsingular

103

[pb]
[a—
<

|do / dlog,,(71/GeV)|

1

[
o 9
[WV]

dO'NS / dO'FO
o
i

» Result for exact one-jettiness in CS frame, very similar results to FR

10t}

100

—= fixed-order

- singular

pp = €6 +5+ X

50 GeV < Mﬁ—(— < 150 GeV
VS =13TeV; Tp > 10GeV; O(a?)

[ —— nonsingular (CS)

e
[

e

0.0f

101 1 101 102
T: [GeV]
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9 __-i.__ | ' —= fixed-order
10 F = +-+» singular
T — Cs
p— ,___—_—l__...
1 - — I
— I
,.8' _______ { [Py 1
S e
¥}
s 1 e
E —_—
\-é 10! F
1) .
S
< [ L
~
ﬁ o0l pp—o LT +5+ X
- 50 GeV < M£+[— < 150 GeV
VS =13 TeV;[Tp > 10GeV; O(a?)
101
0.5F . : '
—— nonsingular (CS)
é?‘ I
z [
wn
Z
< 0.0F |
101 1 107 10
Ti [GeV]
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I n(DPp 1) measures the hardness of the
N+1-th emission

» If shower ordered in ky, start from

largest value allowed by N-jettiness vj
» Let the shower evolve unconstrained. =
» At the end veto an event if after
shower emissions
T @pyir) > T y( D@y + 1) and retry
the whole shower. &
k=

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

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.
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