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Core component of MC event generators

Need for improvement in theoretical accuracy
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https://link.springer.com/article/10.1140/epjc/s10052-021-09402-3
https://link.springer.com/article/10.1007/JHEP01(2022)036

NLL-accurate ete~ showers

PanScales

Goal: Improving theoretical accuracy of parton showers
Full colour at NLL for global

event shapes
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The PanScales Parton Showers
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Differential splitting
probability

Phase space
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Parton Shower

General-purpose resummation framework

Ordering scale v =k, exp(—f,|n|)
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Resummation & the Lund plane
NNLL~ O(a,)

2(0 < e™) = exp |Lg (a,L) + gy(a,L) + ags(a,l) + . . . |
NLL~ O(1)

Splitting probability




Resummation & the Lund plane
LL~ O(l/a,)

2(0 < e™) =exp Lg (L) + gy(a,L) + a,gs(a,L) + ... |

Splitting probability
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Resummation & the Lund plane

>(0 < et =exp [Lgl(aSL) + g (al) + ag:(al) + .. ]

R ~ O(1
Ink /Q NLL~ O(1)

Splitting probability
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Recoll in standard Parton Showers

Where does the k, go?

Py = @p; + byp; +

| ocal recoll f

Pi = 4;p;

Py = @p; + byp; +

Global recoll f B
G pi:aiﬁi_l_biﬁi_ :>

—




The PanLocal Shower

Partition dipole in event CoM frame Previous emissions at smaller |7
are unaffected

Implementation of a

In kt/ O “standard” shower In kt 1O 4 ﬁ

PanlLocal

n( > 0) n( > 0)



The PanLocal Shower v = kexp(—f,,|1])

Emissions at large| 7 |occur later
— Recoil always taken from the hard leg

Partition dipole in event CoM frame

Ink/Q 1

n( > 0) n( > 0)



The PanGlobal Shower

Always distribute recolil globally

Py = qp; + by p; +

o

p; = a;p;




Ratio to NLL
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Ratio to NLL
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NLL tests for global event shapes

NLL accuracy tests - pp—»Z2
Dipole-k; Dipole-k; PanlLocal PanLocal PanGlobal PanGlobal
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Spin Correlations



Spin Correlations
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Spin correlations lead to azimuthal modulation i
i T (2Ay,) :> Ent I ithmic struct t NLL
X d > COS
dAy, 0 ? Y12 nters logarithmic structure a

Implementation in shower
* Modulate azimuthal distribution of branchings

e | eave all else the same



Implementing Spin Correlations

» Store amplitude during shower evolution? |:> O (2N) INn memory

* Redo contractions at every step? :> 0, (Nz) iIn compute

» Collins-Knowles algorithm [——> 6 (N) in memory

Collins Nucl.Phys.B 304 (1988)
Knowles Nucl.Phys.B 304 (1988)
Richardson, Webster Eur.Phys.J.C 80 (2020)

O (Nlog N) in compute




Spin Correlations

Comparison with NLL resummations
(toy shower)

Pa
Ay, - All-order observable using -
Lund plane declustering Avia 5
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Chen, Moult, Zhu Phys. Rev. Lett. 126 (2021)
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Matching and Logarithmic
Accuracy

(in eTe™)



NNDL Accuracy /

Hard function
~1+Ca,+... NLL~ 6(1)

3(0 < e™) = H(a,) exp |Lg,(a,L) + g(aL) + ags(aL) + . . . |

NNLL~ O(a,)

N
DL ~ aj'L*" NNDL ~ a'L*"~*
2(0 < E_L) — hl(a LZ) 4 hz(a L2) L—l 4 h3((,¥ L2) L—2 T Contribution from C, and &>

NDL ~ L2

NLL shower with NLO matching should be accurate up to NNDL



NLO Matching in Parton Showers

MC@NLO
Regular shower

Rps(P) dD
By(®p)

doni o = BS((I)B)(A(cht) d®g + A(vg) ) +(R(®) — Rpg(P)) d®

Powheg
Separate “shower”

dq))

doni o = BS((DB)<A(VCU'[) d®p + A(ve) By(Dp)
o\®p

ME as the branching kernel

Shower-dependent
Negative weights

Preserves log accuracy

Shower-independent

Careful with log accuracy!



Preserving Logarithmic Accuracy (Powheg)

Avoid double-counting Partitioning of collinear gluon splitting

In lnv(PanLocal)

1

an§Powheg)

S )

P'(z) = P(2)
P,'(z) = P,"(2)




vy —>qg NNDL accuracy tests, a.L? =

H-gg NNDL accuracy tests, a.L? =

NNDL Accuracy Results
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Conclusions

PanScales: a project to bring logarithmic understanding & accuracy to parton showers

NLL accuracy ——)> ete- and colour singlet production in pp

Spin correlations ——> NLL accuracy for sensitive observables

Matching + NLL shower —> NNDL accuracy, first step to NNLL

Next steps include

® Extension of pp showers to more complex processes, i.e. Z+jet and dijets
® NLL showers for deep-inelastic scattering

® Interface to Pythia: retuning of hadronisation model

® Heavy quarks: needed for pheno + interesting resummation

e Jowards NNLL showers: higher-order kernels, I.e. double soft, triple collinear






Dipole showers in hadron collisions

QCD in large-N. limit — several dipole types
Initial-Initial (11)
Initial-Final (IF)
Final-Final (FF)

Initial-state radiation
— pbackward evolution

T. Sjostrand, Phys. Lett. 157B (1985) 321-325. Final-state radiation
ﬂ — forward evolution
2 i
: |-
A O

Hard
Scattering i
Q) ~ 100GeV

[Courtesy of Silvia Ferrario Ravasio]
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Dipole-£.: Fixed-order tests

In k:/Q

Phase-space contour of first emission
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Phase-space contour of second emission
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PanGlobal: Fixed-order tests
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Mistakes
beyond NLL

Always use local map In |IF dipoles

P = @.p; + byp;

Already known:
Wrong p/ at NLL

p; = a;D;

[Parisi, Petronzio, NPB 154 (1979) 427-440]
[INagy, Soper JHEP 03 (2010) 097]
|Platzer, Gieseke JHEP 01 (2011) 024]
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https://link.springer.com/article/10.1007/JHEP03(2010)097

Mapping from logarithmic to physical

Q [GeV] as(Q) prmin [GeV] E=asl® A=asL T
91.2 0.1181 1.0 2.4 —0.53 0.27
91.2 0.118&1 3.0 1.4 —0.40 0.18
91.2 0.1181 5.0 1.0 —0.34 0.14
1000 0.08860 1.0 4.2 —0.61 0.36
1000 0.0886 3.0 3.0 —0.01 0.26
1000 0.0886 5.0 2.9 —0.47 0.22
4000 0.0777 1.0 5.3 —0.64 0.40
4000 0.0777 3.0 4.0 —0.560 0.30
4000 0.0777 5.0 3.9 —0.92 0.26
20000 0.0680 1.0 0.7 —0.67 0.45
20000 0.0680 3.0 5.3 —0.60 0.34
20000 0.0680 0.0 4.7 —0.560 0.30




ratio Zps(A, as)/ZniL(A, as)
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