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» Ultimate goal: systematically to go beyond
leading colour in an event generator

Plan of this talk
1. The algorithm we have currently implemented
2. Beyond the soft approximation
3. Factorization

4. A remarkable(?) result concerning the loop
corrections
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Parton showers with more exact color evolution
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Davison E. Soper
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Parton shower event generators typically approximate evolution of QCD color so that only contri-
butions that are leading in the limit of an infinite number of colors are retained. Our parton shower
generator, DEDUCTOR, has used an “LC+” approximation that is better, but still quite limited. In
this paper, we introduce a new scheme for color in which the approximations can be systematically
improved. That is, one can choose the theoretical accuracy level, but the accuracy level that is
practical is limited by the computer resources available.

We expect that the algorithm presented here will not
be the last word in algorithms for this purpose. Surely
it is possible to do better. Indeed, Angeles Martinez, De
Angelis, Forshaw, Plitzer, and Seymour [16] have pro-
vided a formalism for the description of soft gluon emis-
sions that is similar in some ways to the general formal-
ism [4, 7] on which this paper is based. If the approach of
Ref. [16] can be extended to include the collinear singu-
larities of QCD, then it will be of great interest to see if
there can be a practical implementation of the resulting
formalism. Perhaps such an implementation will be able
to outperform what this paper provides.



Soft gluons

Colour factor is nasty
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Collinear emissions

Colour structure is easier. It is as if ]

emission is off the parton to which it is 2
collinear. @7{

Qg dq2
21 g2

dz Py, (z)

do,41 = don

Simulation codes exploit the fact that in the “large N¢” approximation both
wide-angle soft and collinear emissions can be included via a classical
branching algorithm, i.e. quantum interference included by clever re-
arrangement of the interference terms = the HERWIG project.




https://sciencenode.org/feature/sherpa-and-open-science-grid-predicting-emergence-jets.php
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Angeles Martinez, de Angelis, JF, Platzer, Seymour
JHEP 05(2018) 044
arXiv:1802.08531



Co(*b\.( wol% Eon

LN

hndi - o - -

)
&
Iy
\Y
A
—»
N
V

v e T
{ \ (o]
2o T
212 oO
4 1o 2
l
2
cﬁ' <'7' ‘2> = N'c,
<2 (i 7,> = ‘\(c,




Sl = A [e]lc> =<e|T] = 24

> [k(alel<sl=>

]

52 [&[D 50 | v (e D (= 1< v 11w [ ] |
f.- ‘IT] !"'_‘_ { 1L—-:-3
z :_] 1[7’ ] .

—

=0

2

B=312) %=(2V g=(2) T=(z1) T,=(2 1) T,=(231)



eo-l <nmysSoa

AP,
. b
> N+
N+t
s
CP‘ %
<
) 2.
}\L: V\Ta o.CI" %/ x 6‘(") "—(2')
7\-; =0 " ‘ﬂ
—_— = ‘ o «
A= o0 wq G ()l
PR -

G"(q\)
n Nl
G‘(\q) 6‘(0(




Tley e <l T = g > <

;S. 6. 2 Th ‘-‘l; ﬁzd La' n "[Tew\rs ?os:.'l*;oa,;
then B & T cli{f;( \p} n or NtZ 'hms'»sil'ims

or n+]| '("Mnsros'{{':-oﬂ-s / ’Q‘t
& t ...t -E

ee-e S
t S ... S

no{‘e t CNMGG (educe H# {?uw;?os?-b‘ms e f“bl <migeiong
/-



st = ts =4

T = |L
+-t = l\{cﬂ, or 4 'l'fﬂ\ﬂ&?bs;('l‘dv\ % E

[-‘c(rl€> = NCS.”..E_ + Zo'-; +
,t'rs._r lﬁ(b’t):_{_

| t 0,




Platzer: Eur. Phys. J. C (2014) 74, arXiv: 1312.2448







Collinear emissions

InV, =Wy, +1InKg,

In W — Z'Jrg TQ/ dE/ (
energy i<
= Z'Irg TY / o
1<J

In K.

% $\(9) /dE /dQ 2
energy 4 n; -

—MNi*MN—"N45"N
‘NN

5th form factor of

Dokshitzer & Marchesini
Phys.Lett. B631 (2005) 118-125

Collinear divergence isolated in abelian Sudakov
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Going beyond the soft approximation

- Hard-collinear emissions / loops
- Recaoills
- Spin

Z(M):/Zdanun(QIa---aQR)a
= /Z (Hdnz) TrAn(,u; {p}n) un(Qla---aQn)a
n i=1

JRF, Jack Holguin, Simon Platzer: arXiv:1905.08686

do;



dog = Tr (Vu,QH(Q§ {p})V’L,Q) = Tr Ao(p: {p}).

npy+1

doy = / H d4pi Tr ( a1 D1V, |, QH(Q {p})thL QDJ{V" Q1L) dih
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Factorization
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One loop
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Two loops
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Three loops

(=
4+ e--... .
- M
S? v [Ac)EAc) ]]
ﬂO uufe. !

Only cancels if we integrate over the full green (“eikonal”) gluon phase-space, i.e. no breakdown
of the factorization theorems as originally proven.

JRF, Kyrieleis, Seymour, arXiv:08081269
JRF, Seymour, Siodmok, arXiv: 1206.6363
Catani, de Florian, Rodrigo: arXiv: 1112.4405



The impact on “gaps between jets”
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lgnoring Coulomb/Glauber exchanges

Factorisation

Soft evolution scale  Collinear evolution (tCol})




Factorisation
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Factorisation
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Factorisation
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ordered expansion around the “im” terms.
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Factorisation

Soft evolution scale  Collinear evolution (tColg)

S e ﬁa practical calculation, this means we can \

,., include Coulomb terms by using the factorised
- @ e — - algorithm and terminating the evolution at the
4
A coulomb scale. After this you then perform a

second evolution, using the output of the first as
‘ T the hard process (initial condition). This second
<~ @ Ry evolution runs from the first Coulomb scale and
e mmm === - terminates on a second. Etc.
R Finally we must integrate the Coulomb scales

....... et Q/er the full ranged allowed by the ordering. /




Factorisation
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A remarkable result?
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Double emission & one-loop case

e Limit 1: Both emissions are at wide angle but one gluon is much softer than the other,
ie. (& ~ qir) > (g5 ~ qor). Specifically, we take g2 — Aga and keep the leading

term for small A.

e Limit 2: One emission (gz) collinear with p; by virtue of its small transverse mo-
mentum and the other (q;) at a wide angle, i.e. g5 > qor and g ~ qi7 > qor.
Specifically, we take g2 — (g3 ,A%q31/(2¢5 ), Aqar) and keep the leading term for
small A.

e Limit 3: One emission (g ) collinear with p; by virtue of its high energy and the other
(q2) at a wide angle, i.e. ¢ > qiT and qiT > qor ~ q3 . Specifically, we take®
q1 — (7 /A Agir/ (247 ), qur) and g2 — Aga, and keep the leading term for small .

|
2
1 ~ 2 P"’f/’

Limit-1 Limit-2 Limit-3

René Angeles-Martinez: PhD thesis

Angeles-Martinez , JRF, Seymour: JHEP 1512 (2015) 091; Physical Review Letters 116 (2016) 21 212003




Eikonal cuts
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Soft-gluon cuts
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Note this iIs NOT the dipole ordering that has
oreviously appeared in the literature.”

This Is occurring at amplitude level.
No statement on the ordering of the real emissions.

Originally proved for imaginary part of loops and
Drell-Yan but now proved for real part too and for
general hard processes at one-loop with any number
of real emissions. ngeles Martinez, JF, Seymour, in preparation

“A new aspect of QCD coherence”

* e.g. Caron-Huot, Neill and Vaidya, Hoche and Prestel



Conclusions

 Hopefully we will soon have a publicly available
sub-leading colour parton shower

* Coulomb/Glauber exchanges make factorisation
highly non-trivial

 Loop integrals are limited by real emissions in an
iInteresting way



