0- and 1-jettiness resummation for processes
with coloured final states at the LHC
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Overview of the talk

p Motivation

» Geneva Monte Carlo ..G.ENEVA"

) Zero-jettiness resummation for top-quark pair production at the LHC
p One-jettiness resummation for Z+jet production at the LHC

» Conclusions & Outlook
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Motivation

phenomenology

MC event generators are essential tools for particle physics

combined with parton showers and hadronization modelling

predict the evolution of the event down to very small

(nonperturbative) scales O(1) GeV

State-of-the-art is the inclusion of partonic

NNLO corrections. Several methods are

available for colour-singlet processes

(UNNLOPS, MiNNLOPS, GENEVA)
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They provide realistic simulations: first principles QFT calculations are

They start from a perturbative description of the hard-interaction and
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N-Jettiness and Factorization

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

Tn(®a) = Y min{da - prsGo - Pr>G1 - Phs - - 4N - Pk}

o . -k o b Nt 1 Jet1 7
The limit 7y — 0 describes a N-jet event where the unresolved emissions .
can be either soft or collinear to the final state jets or initial state beams /
\\\ p Jeta
Color singlet final state, relevant variable is O-jettiness aka “beam thrust” — <
[Stewart, Tackmann,Waalewijn 09, 10] 22 W
~ =Y \ £
_ Z Dt € nk—Y| ; .
k Jet2 2/ Jet3 3 . a

When an extra jet is present the relevant jet resolution variable is 1-jettiness

Z min 2qa Pk 2qp - Pk 247 - P !

Qs Q.
Class of geometric measures Q; = p; 2El- (p; dimensionless parameter), remove the dependence on the
energies E; and only depends on the directions g,. Introduce frame dependence.

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 (YVJ- = (J), 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)

» IR-finite definition of events based on resolution parameters 75" and 7"

MC
dao

! I
®y events: % (7601113) ’ d, : :
doj” 55— |
(I)l events: d(g (’7' > TCllt Tcut) ’ . :J 7_ : : ‘
1 I [ -
da-l\>/lg cut cut 7-0 < ’Z'OCUt i i TO > Tocut
(I)z events: d(I)—2 (76 > 76 ’7-1 > 711 ) 1 I 71 > Tlcut

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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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

» Top-quark properties are very interesting, interplay with the Higgs sector

p Itis desirable to have a NNLO+PS calculation. Extrapolation from fiducial to

inclusive phase space is done using NLO event generators [Behring, Czakon, Mitoy,

Papanastasiou, Poncelet "19]

} NNLO+PS for ZZT production available in MINNLOPS framework [Mazzitelli, Monni, Nason,
Re, Wiesemann, Zanderighi 20, 21]

» Including higher-order resummation can improve the description of observables
(this is the case of the GENEVA generator)
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0-jettiness resummation for 77 production

» To reach NNLO+PS accuracy in GENEVA

» NLO calculations for ¢f and tf+jet

» Resummed calculation at NNLL in the resolution variable 7

» g7 resummation via SCET (NNLL in [1307.2464]) or direct QCD [1408.4564], [1806.01601]

NNLL ingredients (soft functions) in [s. catani, S. Devoto, M. Grazzini, J. Mazzitelli 2301.11786],
[Angeles-Martinez, Czakon, Sapeta 1809.01459]

» O-jettines resummation is used for colour-singlet in GENEVA, has to be
extended for tf production

» 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

» We first need to develop the resummation framework
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Factorization

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

To = 0 when M,; ~ m, ~1/5 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])

Three different scales arise py =Mz, pug=+/T Mz pus=9

Hard functions (color matrices)

o known to NLO
do ~ AN |
=M ) |d, drbﬁBi( Za //t) B (tb, 2 ,u)Tr Hl](cpo, IS
dq)odTB . o ) ~ 4 ‘ - AN
y=1{99,99.88}

Beam functions [Stewart, Soft functions (color matrices)
Tackmann, Waalewijn, [1002.2213], known to NLO

known up to N°LO

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 functions

[ M [ M M? p?
=M Z B;| In —K,za B;{ In —K,zb Tr|Hy( In —, @, S ln— D,
e p? AN p? K>

j={949.99.88}

Alessandro Broggio 10/05/2023 9



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]

g% universitat
ey wilen Alessandro Broggio  10/05/2023 10



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 — [l_j(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 - ~
Bi(L&Za:u) — [_ 2FCUSp(OéS) LC _I_,VZB(O‘S)] B’i(L67zau)

dln

with solution in momentum space

t )”B 6_7E77B

R 1
B(t,z,u) = exp |—4S(up, 1) — : B(0,,, z, -
(t,z, 1) = exp |—4S(up, 1) — a5 (up, 1)| B(Ony MB)t (MQB T lng)

where 175 = 2ar(ug, 1) and the collinear log is given by L, = ln(MK/,uz)
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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)
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Resummed result for the cross section
» We have

» 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

» beam functions at NNLO (both for gg and gg channels)

» two-loop anomalous dimensions

» We can resum to NNLL. We are missing 9(70) terms (NNLO hard functions and

NNLO soft). If we include everything we know we obtain a NNLL, result

» We construct an approximate (N)NLO formula which reproduces the fixed-order

behaviour of the spectrum (for 7o > 0)

g% universitat
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Singular vs Fixed-order

Fixed-order comparisons, approximate NLO and approximate NNLO vs LO; and NLO;

— LOyfull —— NLO; full ﬁ
25001 : 102 N

= —— LO; sing. = —— NLO; sing.
e )

2000 \
= _ pp — tt = 10 \
) | 5)
5 1500 VS =13TeV, p= My S 0 \
L= | = 10 \
\21000- tg
g g
= 500 = 10 \
S S AN
= S pp — tt

—L0H e V'S =13TeV, u= My

0.10 . 0.10

ANENNWN =l AN 1]
. OOO NN\ \‘-\Q“ “L.J‘

L 0.05] . 0.05- x\\\&\\\\\\\x N

frac. diff

—0.091 x\ § \\\ §§ x\ N\

0 1 ¢ B S
log,(To/GeV) 10%10( 0/ Ge\/)
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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/

25 == NNLL 251 == NNLL;
= =
@) 201 @) 20
= =
e e

151 151
= =
=101 =0
o o
=] 7/ =] _

pp — tt pp — tt

VS =13TeV, = M,; VS =13TeV, = M,;

0 0
1 0.5
e =
01 , o.of;;—;‘*ﬂ*
= 2
S =
—1 —0.5
5 10 15 20 25 5 10 15 20 25
To |GeV] To |GeV]
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frac. diff.

0.0¢

—0.51

Matched results to fixed-order

do_match

d7o

~ NNLL/4+NLO;
~ NNLL+LO,
~ NLL'+LO,

pp — tt
VS =13TeV, = My

B St e
ﬂ R AR R R R
5 10 15 20 25

do.resum

d7o

dUFO
-|—d,76

d7o

100, ~— NNLL/+NLO,
——— NNLL+LO;

— ~—— NLL/+LO
> 1
D)
@)
~—
@)
2, 1.0{
=
=
~—

B
= _

pp — tt

0.1 VS =13TeV, u= My

0.501
& 0.25]
=

~0.00
Q
<
= —0.251

—0.50

40 60 30 100 120 140 160
To [GeV]
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do.resum

FO

[pb/GeV]

do /dTy

frac. diff.

0.100

0.0101

~ NNLL/4NLO,
we=z NNLL+LO;
=== NLL'+LO;

pp — tt
V'S =13TeV, = My

0.51

0.0

—0.51

...............

175

200

275 300 325 350

(GeV]

250

To

225 375
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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 = e?v )
Po = 6_?‘/ )
eV (ps)+ + eV (Pg)-

» 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.

Alessandro Broggio 10/05/2023



Resummation formula

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 ° e~ VEMtot ’7'
Ql_ Ttot Lo < J1 )
7’1 TNtot 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 (g, 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
104 e e e e G 1-:.7.1‘""" — CS
T T e L. — uB x5
—_— VWSS PSSEESVUREN RSV SRV SIS WU SHOVSE SRS ORS00 S . VNI TP 9“3 :—'—"—* ______ L
"8. 108 "~ P =
W E —n-ml__\“ ...... -h__; I
i i S ; I :
’:>'\ ...... [LLLI “__'l -—-i
8 ..... JI._ P ey l
S 107 Lt
- i R !
= ~H g T &= e
&0 . :
9 :
o 10! F — s
~ : =
< pp— - +j+ X
o 50GeV < Myip- < 150 GeV g 1an
107 E :
: VS =13TeV; Ty > 10GeV; O(a?)
101
N 0.3 - —— nonsingular (CS)
= [ — nonsingular (UB)
-g 0.2 - —— nonsingular (LAB)
=~ [
2 0.1
&0 1
0.0F
101 1 10! 102
T: [GeV]
wniversitat
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—= fixed-order
1 ingular
- --- singular
4 j"""“"‘i — CS
10 7 '---—-I S e P — UB x5
r ___i___ | l——-‘!““ .................... s e
= L beeeed : LT Le—q
EREN iR W Ny i O
0 S IO e | l
= E —||_ ___I I : S I___I
> i — b= T i
@ | ccsesss : JNE NN TR N W S . | |
S | L b
H“ 102 i Ok __'_,:' :
\-é E ....... . .
&0 I_\_,_ ....... - ——
i) -
gl 1l - ——
~ 10 B e mme e e st e e
S T pp— £ +j+ X |
I 30 GeV < M2+£— < 150 GeV el
100} —— | 7 i~ Tl
F V'S £ 13 TeV; Tp > 10GeV; O(a?)
10—1 L
[ —— nonsingular (CS) ; l
8 0.5 ‘_ nonsingular (UB) —  |_ '_#z’
-g —— nonsingular (LAB) e
~ 0.0
2] L
zZ [
S —05F
101 1 107 102
Ti [GeV]
10/05/2023
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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 g,

differences in power corrections among definitions are reduced

| | I —= fixed-order —=— fixed-order
10° k --+- singular 5 '_"'1__‘— - singular
E T N o e — CS 10 § "1.__,"_ — CS
[ Tma_, . — UB x5 I-_-1 — UB X 5
P e S "737-“-,73_ — LAB x 25 g B s — LAB x 25
10} S ™ - e
i 104 2 L-ML,HI l - i"_l """"" I_qu_l
) T b LB e T
= = "—'|_._‘L =3 5‘-’ .:__‘ ______ (T __!——l
— — -“Iunl L_!I__, ............... ~-j_-L—'| L L—g
P 107 el =cim=ca
— = - e PTEE —Cam L e L—
%0 %D -l__ l—-’__] ........ shod 1_—l_ . |__;
o ao] | hamdecss l.-..-,
~ ~ .. —
b b 10%} ==
= : ©
pp—=> LT +5+X S pp = 00— +j+ X
100 50GeV < Myi,- < 150 GeV L0t 50GeV < Myip- < 150 GeV
5 VS =13 TeV; gr > 10GeV; O(a?) ‘ : = 13TeV; gr > 10GeV; O(a?)
10~} : 1
: 10° : : -
o 0.3 '_ nonsingular (CS) o —— nonsingular (CS)
t[.; [ — nonsingular (UB) = 0.5 - — nonsingular (UB) ]
< 0.2 '— nonsingular (LAB) -g [ —— nonsingular (LAB)
\m i ~ 0.0}
£ 0.1} z |
© 0 0: -8 —0.5¢
103 102 101 10-3 10-2 101 1
T1 T
2 UNIVEIs1ac
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Resummed results

: : : . ) 9)
, We use profile scales to switch off resummation at uy; =1/ M;,_ + g7
1()2 I 1 1 1 1 T Ll 1 1 103 - 1
! = CS, NLL' [ = CS, NLL’
~— CS, NNLL ~— CS, NNLL
= CS, NNLL'/ = CS, NNLL/

= 10%}
2, i
3 ~
o >
= O
B, <
= 10t
K E
© 60
~ 2
o) o
"U ~
"g 100}
pp = €6~ +5+ X : pp—= €6 +5+ X
50 < My+p-/GeV < 150 50 < My+p-/GeV < 150
VS =13 TeV; Tg > 10 GeV - VS =13 TeV; Ty > 10 GeV
10°
0.5
Lo Lo |
| I
g 00 T —— kel
— e .- —
© ®
- -
—0.5
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Matched results

10! T T T
= CS, LO, + NLL’
== CS, LO, + NNLL
== CS, NLO, + NNLL’

>
[}
O
~
o) y
= -
10°F
1ty
o
~
b
o
pp—> € +5+ X
50 < Mj+e-/GeV < 150
VS =13 TeV; Ty > 50 GeV
10—
1.0F
i p
|
.2
-~
g

5 6 7 ) 9 10
T [GeV]

> @(0{3) large corrections especially for small values of 5’70

do.rnatch

do.resurn

d7

10®

[pb]

ratio — 1

do / dlog,, (T1/GeV)

102}

[
(=}
3

10°

1.of
0.5
0.0 —
—0.5F
1.0}

= +
d7;

dO.FO B [do.resum]
R AR

= CS, LO, + NLL/
== CS, LO; + NNLL
== CS, NLO, + NNLL/

pp—> € +5+ X

50 < Me-f-[—/GEV < 150
V/§ =13 TeV; Ty > 50 GeV

1071 102
Ty [GeV]

cut

» We know that nonsingular in I, is divergent for 7, = 0

» We sum in quadrature profile scales variations and fixed-order

scale variations
s Lniversitat
7 Wlen
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ratio —

104

102

do / dlog, (71/GeV) [pb]

104

do / dlog,e (Ti/GeV)  [pb]
5

-
(=)
-

10°

1
|
© o o =
oo wm o

|

—

=)
L T

[y

=]
©
T

== S, LO, + NLL'
—— CS, LO, + NNLL
== CS, NLO, + NNLL/

pp—> € +5+ X
50 < My+p-/GeV < 150
VS =13 TeV; T > 10 GeV

1 107 102

Ty [GeV]

102}

== CS, LO, + NLL’
== CS, LO, + NNLL
== CS, NLO, + NNLL/

pp— -+ 4+ X
50 < M[{-[—/Gev < 150

V5 =13 TeV; Tp > 1 GeV

107 102
Ti [GeV]



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]

» Extend resummation to N°LL for Z+jet production. Implementation in Monte Carlo event
generator

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

TN
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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
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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
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S) S)
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’ 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)*
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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
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» Result for exact one-jettiness in CS frame, very similar results to FR
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