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Particle physics at the Large Hadron Collider (LHC)

» LHC about to resume operations:

® Peak luminosity =Integrated luminosity

- Huge boost in experimental precision foreseen orss | Creelminosty Snegtedlminosty
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Broad spectrum searches for NP signatures

o Detailed scan of accessible regions parameter space
- e.g. global EFT fits, dedicated searches & specific NP models
- test of consistency structure of the theory (op. mixing and correlations)
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e.g. SMEFT global fit using LEP+SLC+Teva
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Vast technological progress (jointly Theory  Experiment)
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Understanding
of QFTs

non-perturbative (ACD) corrections
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E.g. Impressive progress In theoretical calculations
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E.g. Impressive progress In theoretical calculations

[Chen, Gehrmann, Glover, Huss, PM, Re, Rottoli, Torrielli '22]
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Ratio to NNLO-+NNLL
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Fiducial Drell-Yan distributions at N3LO
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This talk focuses on another crucial aspect: Event Generators

: Understanding )
of QFTs




Anatomy of a scattering reaction at the LHC

» Short distance (hard)
- scales probed: 0(10%)-0(10°%) GeV

- stage sensitive to NP




Anatomy of a scattering reaction at the LHC

» Short distance (hard)
- scales probed: 0(10%)-0(10°%) GeV

- stage sensitive to NP

evolution towards a
é physical observable state

(mainly QCD)

» Long distance (soft)
- transition from 0(102)-0(103) GeV to O(1) GeV

- hard scattering gets “showered”
with soft [and/or collinear] radiation

- Qutput: what is actually measured
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Event generators simulate all stages of the event formation

» Not a standard theory calculation:

- return events, 1.e. particle momenta with a physical
probability distribution

- allow the computation of many (~any) observables at once,
as opposed to a few of them In perturbative calculations

- deeply different mathematical formulation, difficult
to exploit state of the art QFT technology

» Crucial pillar of modern collider physics, e.g. full simulation
of experimental analysis, phase-space extrapolation, training
of tools (e.g. Machine Learning)
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Strength: Back bone of nearly all LHC analyses

[ATLAS "22]

Search for new phenomena in multi- lepton final states
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(e.g. searches with rich background)

O) J ' ' ' i ' ' T '

X 12—

an 1 "“""’"’."""f""/‘"‘f///ff//w WW‘NM‘WWW/ mmwﬁyﬁﬂyﬂfw}/ﬂ%f%%ﬂw/?

=~ 08¢ _ * I I + g

< N & © © A F © © & & © © N < © < < <

© vc{,&/\vc{,&/\v({,&/\vc\,qAVAV/\V/\
m. [10° GeV]

12



Weakness: Inaccuracies are now often the leading systematics

Jet energy scale (JES) measurement
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- The improving experimental performance Q "L £Hel L = up
highlights limitations of event generators S p Ant-x, 7=04
SIS ° 5’) 0.05() EM+JES
» Soon to be the bottleneck of LHC physics LI -1 15%1<0.8
programme % 0.04 |
C N, }
- Jet Energy Scale uncertainty 9 | MC generator |
(= affecting many measurements) S 0.03r MC unc . = | Pythia8 — Sherpa| -
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Robust training of Machine Learning (ML) algorithms

AK8 jets+recurswe oD - pT~1 5 TeV mJ~80 GeV
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Extrapolation of experimental measurements

« MC generators used to extrapolate experimental Spin correlations in top-pair leptonic decays
data from fiducial to inclusive phase space (easy co 1.08f e e
comparison with theory and interpretation) -E 1 063_( Inclusive ATLAS -

» |Inaccuracies may lead to dangerous biases né, I /s =13 TeV, 36.1 fb” _

21.04=—9 [ATLAS 19] —
- e.g. discrepancy In ¢t spin-correlations: / - -
new physics or mis-modelling ? (more later) o 1.02- ! -
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The overarching question:
Can we do better?



How do we even define the accuracy of event generators?

o Evolution spans several orders of magnitude In
energy scale

- Different perturbation theories needed in
different regimes (e.g. fixed-order, logarithmic
power counting, subleading power corr.ns)

- We should demand that event generators
reproduce these limits correctly

- This talk addresses the two main elements:
‘the hard scattering & the parton shower
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The parton shower stage



« Large hierarchy of scales (u. 4 > u..¢)

- Yet, fully perturbative regime (u ¢ > Agcp)

- Initial conditions for hadronisation

o Several successful public tools:
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How do they work?

o Algorithms based on concepts invented in the mid ‘80s. Many variants built across the years
e. g. [Sjostrand ’s5; Marchesini, Webber ’ss; Lonnblad ’89]

e.g. H-bb decay

o Schematically

-Recursive iteration of 2-3 branching
probabilities

H
- Evolve towards smaller values of a resolution =~ =~ =~ ~
variable
- Kinematic map to restore on-shellness
. L . Energy scale
- |terate until hadronisation scale is reached I | I

102 GeV 10 GeV 1 GeV
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How do they work?

» Algorithms based on concepts invented in the mid ‘80s. Many variants built across the years
e. g. [Sjostrand ’s5; Marchesini, Webber ’ss; Lonnblad ’89]

e.g. H-bb decay

B
o Schematically

-Recursive iteration of 2-3 branching u
probabilities H T

- Evolve towards smaller values of a resolution =~~~ P
variable K

/A

- Kinematic map to restore on-shellness s

Energy scale

- |terate until hadronisation scale is reached

102 GeV 10 GeV 1 GeV
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What's the logarithmic accuracy of a PS?

» |dentify the appropriate QCD perturbative expansion in the multi-scale regime

Perturbation theory: small coupling, large scale

hierarchy [logarithmic counting]

» How can we formulate the concept of accuracy for whole classes of observables at once? e.g. for
- fraction of events passing a jet veto in a rapidity window?
- azimuthal correlation between two sub-jets?

- event shapes?

-
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A geometric definition of leading-logarithmic (LL) accuracy

» Radiation phase space conveniently organised in the Lund Plane (LP)

[Anderson, Gustafson, Lonnblad, Pettersson ’s9]

» LL - emissions widely separated in both directions of the LP - ©(50 — 100%) uncertainties

E

0
k. =Esin0; n=-—1In (tan5>

Each new emission is parametrised by a new leaf.
Event has an self-similar origami structure

Area — Jdln k.dn ~ L*/emission

T«

Definition used in QCD resummations, e. g.
[Banfi, Salam, Zanderighi '04; Banfi, McAslan, PM, Zanderighi (JHEP 2015)] ”



A geometric definition of NLL accuracy

» NLL - emissions strongly separated in a single direction of the LP - ©(10%) uncertainties

e.g. Iin rapidity at similar transverse momentum e.g. in transverse momentum at similar rapidities

/93 4/'
e
gs3

Definition used in QCD resummations, e. g.
[Banfi, Salam, Zanderighi '04; Banfi, McAslan, PM, Zanderighi (JHEP 2015)] -

Line — [dln k, ~ [dn ~ L/emission



A geometric definition of NLL accuracy

e NLL - emissions strongly separated in a single direction of the LP - ©(10%) uncertainties

e.g. in rapidity at similar transverse momentum

Criterion: a parton shower Is expected to
M reproduce correctly all these limits at once
[+ consistent treatment of virtual corrections]

e.d. In transverse momentum at similar rapidities

Aln kt

Do existing showers satisfy this?

93 y y 2

Line — Jdln k, ~ [dn ~ L/emission
Definition used in QCD resummations, e. g.
[Banfi, Salam, Zanderighi '04; Banfi, McAslan, PM, Zanderighi (JHEP 2015)] ”7



The double-emission matrix element LallieleGIctEITENCHRITIRINEETIEER A

o Simplest check: probability density for radiating
two (soft) gluons

o Compare the result of common showers
(e.g. Pythia8, DIRE) to that of a QCD calculation

o Ratio Is expected to be =1 for NLL showers

=
[Dasgupta, Dreyer, Hamilton, PM, Salam (JHEP 2018)] E—
o 0.2
_|
o
|
0.1
0.05
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The double-emission matrix element Ratio of PS (Py8) radiation pattern to QCD result @ NLL

o Simplest check: probability density for radiating
two (soft) gluons

o Compare the result of common showers
(e.g. Pythia8, DIRE) to that of a QCD calculation

o Ratio Is expected to be =1 for NLL showers
[Dasgupta, Dreyer, Hamilton, PM, Salam (JHEP 2018)]

0.2

P12/ Py 1

r

Common parton showers are
only LL accurate

0.1

- large uncertainties ©(50 — 100%) [EE:
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Consequences for accuracy: a jet substructure example

Ratio of Pythia8 to exact NLL (should be 1)
1.6 | | | - AY
=== jets from Z — qQ
1.5 F ,° LL"\M ’)))
- o
& 14T Y
=~ v
F 13r o
Y R4 . . .
~ 127F / o Consider azimuthal distance between
3 1L e two hardest sub-jets
% R {/'( ,,,,,,,,,,, NLL (q jets) - e.g. Z-boson decay: “quark” jets
wco Ac — O limit . _ _
0ol e 0.3 < keplke( < 0.5 - 0(60%) differences with NLL result
-0.6 < 0 In ki1/Q < -0.5 (large theory uncertainty)
0 4 w2 314 n
AP
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Consequences for accuracy: a jet substructure example

Ratio of Pythia8 to exact NLL (should be 1)
1.6 —1 — | - AY
=k K !etsfromZ—>qq y "\,‘%\

1.9 = = jetsfromH — gg s },?)
- o
I/\% 1.4 ./ -
= 7
Sc: 1.3 ’{ - ®
o s ,° . . .
< l2r A : o Consider azimuthal distance between
—2 A > _.
I 41| Lt | two hardest sub-jets

o - ' ) .,

g Lo messr NLL(qvs. gjets) - e.g. H-boson decay: “gluon” jets
i --" ag — O limit | |

09 b e 0.3 <kio/kis < 0.5 - unphys_lcal_dependence_on jet fla_vour

-0.6 < ag In ki1/Q < -0.5 (potential bias for machine learning)
0.8 | ' '
0 /4 V2 31/4 1
AP
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Formulating NLL parton showers

o Connection between parton showers and perturbative calculations (i.e. resummmation) has been an open
problem for the past 30 years, i.e. different mathematical language

Ma|

Alisa¢;
rbu ahOn
P equati()ns

» Mapping of one field into another leads to criteria (e.g. backup) for the building blocks of a PS#

o Methods to create novel algorithms with higher formal accuracy: the PanScales showers
[Dasgupta, Dreyer, Hamilton, PM, Salam, Soyez (PRL 2020)]

¥ QCD resummation provides guidelines, more than one architecture is possible 31



Back to sub-jet's azimuthal correlations
Ratio to exact NLL (should be 1)

PanLocal(B= Odipéle)
PanLocaI(B dlpole)

PanLocaI(B—— antenna)

PanGIobaE(B 0) }(

PanScales showers perfectly agree

- Dlpole(Py8)
Dlpole(Dlre)

with NLL, while Pythia/Dire do not

2mcl Zni (A2, Kz |Ker)

[Dasgupta, Dreyer, Hamilton, PM, Salam, Soyez (PRL 2020)]

x-—’( :
06<aslogt—1< -0.5, 03<k_ﬂ<05
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Repeat the test across several collider observables (e+e- collider case)

[Sjostrand et al. (2020); Hoeche, Prestel (2015)]
Dipole
(Py8/D|re v1)

Plot: relative deviations from exact NLL

[ 1 . . C o
Yz [® i [taken In the relevant kinematic imit]
Bt I not +:
BW_NLL +i i
SR LSRR AN (ply LL accurate
FCi - r S /
max[uB 2] Bobs = 1/2 f .
Thrust A
max[uﬁ ' Bope = 1 f
S||Ce _NGLS AI -

O Mot

[Dasgupta, Dreyer, Hamilton, PM, Salam, Soyez (PRL 2020)] 33
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A new generation of NLL showers: PanScales

Dipole PanLocaI PanLocal PanGlobal PanGIobaI

(Py8/Dire v1) (B= dip.) (B=%,ant.) (=0  (B=
VY23 L+ i 10 + I ? T + +
Brhot W oArnce TN TN TN !
B, | NLL H 1L OK : OK * 1 OK ¢ OK $
FC1 =0 ® 1 s * T ' ¢
G b T ¢
max[u’ " 2] FBope = 112 IP alE ? ? T ?I ?I
Thrust 4: 1 ? ? + ? ?
e R S, bt ?
sice s 4 T 4 m. +
NSUPIEt (ki-alg) T $ - N ¢ d d
0.05 0.00 -0.05 0.00 -0.05 0.00 -0.05 0.00 -0.05 0.00

[Dasgupta, Dreyer, Hamilton, PM, Salam, Soyez (PRL 2020)] 34



A new generation of NLL showers: PanScales

Dipole PanLocal PanLocal PanGlobal PanGlobal
(Py8/Dire v1) (B=s3.dip.) (B=3,ant) (B=0) (B=1
ERTTTE TR ; ! ;
BT I ot +E 17 NLL -+ §
NLL | OK
Bw [ +: BIE 1
|
FC]‘ _Bobs=0 + i BIE §
FC T b ¢
max[u,-B=7] [Bobs = 1/2 IP 1T *.
Thrust | AoAr ?
!
I”ﬂax[ulﬁ=1:I —.Bobs=1 * 10 ?
S“Ce INGLs AI 1 ?
[\Jsubjet (kt-alg) I g 1t h g
-0.05 0.00 -0.05 0.00 -0.05 0.00 -0.05 0.00 -0.05 0.00

[Dasgupta, Dreyer, Hamilton, PM, Salam, Soyez (PRL 2020)] 34



Further developments: towards a full NLL PanScales shower

[Haml|t0n, MedveS, Salam, SCybOZ, SOyeZ (2020)] NLL accuracy tests — NODS method

: , Dipol PanLocal PanLocal PanGlobal PanGlobal
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T {ranciobel o] Il Jseomem W[ & 1T ¥ ¥ ¥f ¥
¢« 1 gz D s =5 om0 . 5 Br 1 o T L $ T *T $10
. 1 _ oo, | | l Inob By | ﬁi i $+ $+ o e\ $:
i In%:—lo ODS FCy } é LT . " . _ e *-F ._C}f
: Sg-of ® i 1 , _ ‘ 1 t _ !_ g
P T ] T | : 1segment Mg=o| @ LT - 1LAT i 1
g q - |n% = —60 : E FC% L * - + - } L ' 4 + - g
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Neut,s = 24 1 l NODS Mpg=1r t T IT"* I i 1 i I 15
uo | 1segment Sp_1f B ) i i i 1
i,_txwa&w : L MB=1 [ *-—. I S *--. I S R * I } B I +- S
L SLALG I T RRRBRREE=E ST A1NODS -0.1 0.0 -0.1 0.0 -0.1 0.0 -0.1 0.0 -0.1 0.0
: : ”STO IN[ Zps/Zn ] forA= —2
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.............................. — Oy
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Towards few-percent accuracy: NNLL building blocks

differential collinear fragmentation NNLL soft (non-global) evolution
[a 20 years old problem]

[Dasgupta, EI-Menoufi (2021);
van Beekveld, Dasgupta, El-
Menoufi, PM, Salam (in progress)]

A

Radiative corrms to hard scattering [Banfi, Dreyer, PM (JHEP 2021 + JHEP 2022)]

[preserving PS accuracy]
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The hard scattering




The hard partonic scattering

o QCD well described by the radiation of a fixed
number of partons (quarks & gluons)
[and corresponding virtual corrections]

Perturbation theory: [fixed-order]
NLO ~ 10 %

aM,) ~0.118 — {NNLO 1Y%
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The hard partonic scattering

o QCD well described by the radiation of a fixed
number of partons (quarks & gluons)
[and corresponding virtual corrections]

Perturbation theory: [fixed-order]
NLO ~ 10 %

aM,) ~0.118 — {NNLO 1Y%

Target: (At least!) Next-to-next-to-leading order
corrections with respect to Born approximation:
up to two extra emissions

38



Radiative corrections & interplay with parton showering

o Computation of radiative corrections to the hard process, while

- Avoiding double-counting with parton shower [PS emits further radiation]
e.g. illustration for Higgs-+jet production at NLO

(one order less than our target) : H
P W — p

39



Radiative corrections & interplay with parton showering

o Computation of radiative corrections to the hard process, while

- Avoiding double-counting with parton shower

e.g. illustration for Higgs-+jet production at NLO
(one order less than our target) : H

Vi b e Vel
P

4( 00000@DHOO0O0Q0

Radiation included by

radiative corrections
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Radiative corrections & interplay with parton showering

o Computation of radiative corrections to the hard process, while

- Avoiding double-counting with parton shower
e.g. illustration for Higgs-+jet production at NLO

(one order less than our target)
: { o
= Ji S

Radiation included by

Radiation included by parton showering

radiative corrections (soft/collinear approximation)
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Radiative corrections & interplay with parton showering

o Computation of radiative corrections to the hard process, while

- Avoiding double-counting with parton shower

Dok »

| (S
‘\
000000000000 “ 0000000000

Accuracy broken by double counting

a1 ‘
0000000000 000000000000

across radiation phase space [and virtual corrections]

NLO solutions: [Frixione, Webber ’02; Nason ‘04; Jadach et al. ‘15; Nason, Salam ‘22] 40



Radiative corrections & interplay with parton showering

o Computation of radiative corrections to the hard process, while

- Avoiding double-counting with parton shower

Dok »

| (S
\\
00000RDOOO0Q0 000000000000 “ 00000RDPOOO0OO0

- Not tampering “too much” with the parton shower

a X\ "
000000000000
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Radiative corrections & interplay with parton showering

o Computation of radiative corrections to the hard process, while

- Avoiding double-counting with parton shower [PS emits further radiation]

- H

Explosion of complexity at NNLO
[many contributions/configurations,
@i double counting more convoluted] S

- Not tampering “too much” with the parton shower [i.e. without spoiling Its accuracy, so far LL]

At the same time, we want to keep computational aspects
under control [e.g. fraction of negative weights, stability, .. .] "



An LHC example: top-quark pair production

o Main top-quark production mechanism at LHC [Ferrario Ravasio, Jezo, Nason, Oleari 1]
- Several NP scenarios couple to top quark. M dependence on Partﬂn shower
Important ingredient of EFT fits 156 I/ 172.5007074 Gy SV
. T +0.810
o |naccuracy of generators already a nuisance 184 | “;3 673+8 = gex _
- 1 175.3547-g» Ge
e.g. Extraction of top pole mass s 5y = 177.0314088 Gey _
> f ' ' .
Combinations per experiment ATLAS 5 180 ]
Mg, *+ Stat. = syst. (total) T | | | |
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NNLO event generation

o Variety of methods to handle the production of colourless systems (e.g. EW bosons, Higgs boson)

[Hamilton, Nason, Re, Zanderighi "13; Alioli, Bauer, Berggren, Tackmann, Walsh, Zuberi '13; Hoeche, Li, Prestel '14;
PM, Nason, Re, Wiesemann, Zanderighi '19; PM, Re, Wiesemann ’20; Campbell, Hoeche, Li, Preuss, Skands ’21]

« NNLO event generator for top-pair production has remained a challenge for many years

- Colour charges in initial and final state: involved quantum interference

- Interplay with parton shower highly non trivial b U 4
- Many body decays: computationally hard | _
|jets 14

p Additiona

E.g. first NLO generator for ¢ formulated

In 2003, it took more than 17 years to
achieve NNLO!

43



The M I N N LUPS mEthOd [PM, Nason, Re, Wiesemann, Zanderighi (JHEP 2019); PM, Re, Wiesemann (EPJC 2020)]

» Main observation: exploit link between perturbative methods and Monte Carlo language

- Recast NNLO calculation as the first two steps of a parton shower
[ ] Perturbative

methods
- Fix d.o.f. by matching it to a NNLO perturbative calculation

[ ]

Event

generators

o Advantages:

Accurate: Fully differential NNLO QCD
/] Fast. Marginal loss in complexity w.r.t. NLO computation

/] Flexible: Possible to tackle complex reactions

b4



MiNNLOps: NNLO generator for 77 production

[Mazzitelli, PM, Nason, Re, Wiesemann, Zanderighi (PRL 2021 + JHEP 2022)]

» Validation: verify agreement with perturbative QCD pp — tt @ 13 TeV

calculations for inclusive observables (i.e. without 600 — — ﬁ‘ifgf)% '
_ _ _— L 1 |
experimental selection cuts) 1 sl -~ NNLO
- total cross section: B oag0b
g . ........
s | e
MINLO' NNLO MINNLOps N
2001
572.9(2)T2 % pb  719.1(8)FT9% pb  719.8(2)T7 5% pb | _—— .
e e . 2 g """""""""""" -
- rapidity distribution of the top pair gt - |
R ——
Excellent agreement with pQCD, drastic o 08 |
reductlon Of theory UnCEI‘taIntIES Wl‘t NLU' _% ()6 ................................................................................................................................ 11
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MINNLOps: broad comparison to experimental data

| — MINNLOpsg | 100l — MINNLOps
50} - MINLO/’ :EEEt-—' __________________ - MINLO' :
N o s ¢ CMS (35.8fb7Y) - = F ¢ CMS (35.8fb7") |
2, 40] ¢ -i S — |
- B + | S S
= R g
= 30} A + .§1O :
= | e > —
? 20_ S &
S - . =
| — S
o 0f % .
3 3 1.2/
z 1.0 ZZ
z Z 1.0
= 0.8 | =
S 1 Q 08 .................................................................................................................................
= | : e |
s06¢ - g06p
0.0 0.5 1.0 1.5 2.0 2.5 100 200 300
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Possible resolution of a long-standing tension in spin correlations?

o Ongoing studies show good theory/data agreement for correlations
[Mazzitelli, PM, Nason, Re, Wiesemann, Zanderighi (JHEP 2022)]

0! pp — tt — ep + jets @ 13 TeV M, < 80GeV 80GeV < m,, < 120 GeV 120 GeV < my,, < 200 GeV 200 GeV < m,, < 500 GeV
i — MINNLOpg — MINNLOpg — MINNLOps — MINNLOps |
-+ MINLO’ -+ MINLO' - MINLO'/ ~ MINLO’ -
. ¢ ATLAS (36.1fb7 ") | ¢ ATLAS (36.1fb7%) | ¢ ATLAS (36.1fb7%) | ¢ ATLAS (36.1fb7 ")
2
— 10%
3 .
?] .
=
~
o)
!
10_1 - MINNLOPS
. MINLO'

¢ ATLAS (36.1fb™")
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Conclusions and Qutlook

» Modern problems in collider physics demand rethinking the approach to a crucial bridge between theory
and experiment: Monte Carlo event generators

» Novel ideas are paving the way to a new generation of tools with a higher and controllable formal accuracy,
led by powerful techniques in connection with perturbative QCD:

- New methods to diagnose parton-shower (PS) accuracy and design NLL algorithms

- PS@NLL is today a nearly-solved problem, accessible via public tools in the future. Gearing up for higher
orders (NNLL) corrections requires tackling many intriguing conceptual challenges

» Considerable progress in the matching of PS to NNLO calcn for coloured final states. Open problems ahead:
- Consistently preserve higher-order PS accuracy (e.g. matching to PanScales showers)

- First considerations about higher (N3LO) orders matching have started to emerge
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An example: local-recoll dipole showers

 (planar) squared amplitudes built recursively via a Markovian chain of emissions (& virtuals via unitarity)

CMW scheme

E |
Evolution from a state with n particles S, to S (cusp anom. dim")
dPpsni1 dé as(k) + Ka?(k,)
dlnv Z o / @ 27T T
- dipoles {7,7}

Soxlg (7?)%13 i—ik(ak) + 9(=1)bk Lk (0k)], |10 splitting functions
Evolution variable, €~~~ . A
e.g. krin the dipole '.‘. PTTmmmmmemmmme '

v
C.0.m. frame Dipole partitioning (rapidity within the dipole)

Recoil assigned according to a map Sy = S+
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An example: local-recoll dipole showers

o Keep the recoll local, I.e. for each new emission use the map
Pk = arP; +bgp; + k.,
dipole {p;,p;} —— pi = a;ip; +bip; — fk1,
pj = a;pi +bpj — (1 — fkL

» Typical problem (source of the issues in the heat plot): dipole partitioned in the dipole c.o.m. frame

e. g. Pythias / DIRE

° In the limit of strong angular ordering
and commensurate ks, g2 can still

take the recoll from g

= |.e. violation of locality in the LP

N
p—t

2 o1



The PanLocal algorlthm [Dasgupta, Dreyer, Hamilton, PM, Salam, Soyez (PRL 2020)]

o Keep the recoll local, I.e. for each new emission use the map
Pk = arP; +bgp; + k.,
dipole {p;,p;} —— pi = a;ip; +bip; — fk1,
pj = a;pi +bpj — (1 — fkL

o Key element #1: partitioning (37=0) occurs at equal angles to the dipole ends in the event c.o.m. frame

and commensurate kr's, g, takes the

E ° In the limit of strong angular ordering
recoil from the hard quark

K
p—t
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The PanLocal algorlthm [Dasgupta, Dreyer, Hamilton, PM, Salam, Soyez (PRL 2020)]

o Keep the recoll local, I.e. for each new emission use the map
Pk = arP; +bgp; + k.,
dipole {p;,p;} —— pi = a;ip; +bip; — fk1,
pj = a;pi +bpj — (1 — fkL

o Key element #1: partitioning (37=0) occurs at equal angles to the dipole ends in the event c.o.m. frame

° However, if g2 Is produced at larger angles

than g1, the recoll is still taken from g1 In a

logarithmic (NLL) region of phase space
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The PanLocal algorlthm [Dasgupta, Dreyer, Hamilton, PM, Salam, Soyez (PRL 2020)]

o Keep the recoll local, I.e. for each new emission use the map
Pk = arP; +bgp; + k.,
dipole {p;,p;} —— pi = a;ip; +bip; — fk1,
pj = a;p; +bip; — (1 — f)kL

o Key element #2: modify the evolution variable (instead of dipole kr)

In k¢

8585 2
P — 5
Q Sfl'j'

kr ordering corresponds to f=0



The PanLocal algorlthm [Dasgupta, Dreyer, Hamilton, PM, Salam, Soyez (PRL 2020)]

o Keep the recoll local, I.e. for each new emission use the map
Pk = arP; +bgp; + k.,
dipole {p;,p;} —— pi = a;ip; +bip; — fk1,
pj = a;pi +bpj — (1 — fkL

o Key element #2: modify the evolution variable (instead of dipole kr)

In ky

° Ordering in v now implies that ki << ki1 [i.e. no recoil]

° |Interplay of partition®ordering ensures that the recoil Is
always taken from the hard extremities [OK at NLL]

v




