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Introduction: Shower Monte Carlo generators

e Shower Monte Carlo (SMC) event generators can simulate
fully realistic collider events, being able to reproduce much of the
data from LHC and its predecessors at high accuracy.
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Introduction: Shower Monte Carlo generators

e Shower Monte Carlo (SMC) event generators can simulate
fully realistic collider events, being able to reproduce much of the
data from LHC and its predecessors at high accuracy.

@ The core of SMC is given by the Parton Shower.

Silvia Ferrario sio — DrcemBER 2041, RECOIL EFFECTS IN ANGULAR-ORDERED PS



Parton Showers in a nutshell (I)

@ When a collinear parton or a soft gluon is emitted, we
have a logarithmic divergence:
dop41 d|k| dcosbp d|k| d cos Op,
x 2

do,, (p+k)2—m2 k&

(VIp1? +m? = [P|cos Opr)
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Parton Showers in a nutshell (I)

@ When a collinear parton or a soft gluon is emitted, we
have a logarithmic divergence:
dop41 d|k| dcosbp d|k| d cos Op,
x 2

do,, (p+k)2—m2 k&

(VIp1? +m? = [P|cos Opr)

o in the (quasi-)collinear limit, the cross-section factorizes:
o dt do

— 5P 2 2 2p2
don1(Q) = dan(Q)ﬂpij_mj(z) r o where ¢ = {pTvqi*]wE 0%, ...}
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Parton Showers in a nutshell (I)

@ When a collinear parton or a soft gluon is emitted, we
have a logarithmic divergence:
dop41 d|k| dcosbp d|k| d cos Op,
x 2

do,, (p+k)2—m2 k&

(V1P + 7 = |F|cos Opr)
o in the (quasi-)collinear limit, the cross-section factorizes:
As dt do 2 2 12p2
d0n+1(Q) = do’n(Q)ﬂpfj—n’J(z)T% where ¢ = {pTqu’]vE 0 P }

o Factorization can be applied recursively:

2 k+l+m 4y k

N Uﬁ < e, o v

2. 1 m 1

L e

m
o We define an ordering variable ¢t: @ > t1 >to >1t3 > ... > teutoft

dt d
o Emission probability dPy;_,; ;(, 2,¢) = Z]_n](z t)dz v 2¢
e Sudakov form factor
Zmax (t') P- z.t
A(ts, tit1) = exp / dt’ / s %()
tit1 Zmin (t') t
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Parton Showers in a nutshell (II)

@ When a collinear parton or a soft gluon is emitted, we
have a logarithmic divergence:

dop1 o d)k| d cos O, d|k| d cos O,

doy, (p+k)2-—m> |I;\ (VP12 + — |P|cos Opk)
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Parton Showers in a nutshell (II)

@ When a collinear parton or a soft gluon is emitted, we
have a logarithmic divergence:

dop1 o d|E| dcosOpr £ d cos O,

doy, (p+k)2-—m> |I;\ (VP12 + — |P|cos Opk)

# logs @ emission of n additional partons — at
A .
LO o most 2n logs: leading log
LL @
®C
@O
| JOX@)
@00 _
@ O O C»pow
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Parton Showers in a nutshell (II)

@ When a collinear parton or a soft gluon is emitted, we
have a logarithmic divergence:

dop1 d|k| d cos Opk d|k| d cos O,
X = —
dop (p+k)?2—m? |k (/P2 + m? — |F|cos Opk)
¥ logs @ emission of n additional partons — at
LO o most 2n logs: leading log
LL @ @ (quasi-)collinear splitting functions
®C correctly describe all the LL (collinear
QO AND soft) but only the collinear
@O0 lim Py o (2,1) 2C; 1 (1—2)*m?
- im P; ,(z,t) = -
. JOXO; o 251 Y 1—2 (1—2)2m? + [p2]
® O Orpow
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Parton Showers in a nutshell (II)

@ When a collinear parton or a soft gluon is emitted, we
have a logarithmic divergence:

dop1 d|k| d cos Opk d|k| d cos O,
X = —
dop (p+k)?2—m? |k (/P2 + m? — |F|cos Opk)
¥ logs @ emission of n additional partons — at
LO o most 2n logs: leading log
LL @ @ (quasi-)collinear splitting functions
®C correctly describe all the LL (collinear
QO AND soft) but only the collinear
OO0 i P (20) = 290 ) (1—z)%*m?
L JOXON s s e G I
® O Orpow
S oS 67 5

allows to mimic all LL and , except for those due to soft
wide angle gluon emissions.
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which is the logharitmic accuracy of parton showers?

@ The naive expectation is that parton showers are LL accurate,
almost NLL.
From Pythia manual: “While the final product is still not
certified fully to comply with a NLO/NLL standard, it is well
above the level of an unsophisticated LO/LL analytic calculation.”
From Bewick etal. (v2) “In general defining a strict
logarithmic accuracy for a parton shower algorithm is difficult.
Formally the parton shower is only accurate at leading, or double
logarithmic, accuracy. However, a number of phenomenologically
important, but formally subleading effects are included.”
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which is the logharitmic accuracy of parton showers?

@ The naive expectation is that parton showers are LL accurate,
almost NLL.
From Pythia manual: “While the final product is still not
certified fully to comply with a NLO/NLL standard, it is well
above the level of an unsophisticated LO/LL analytic calculation.”
From Bewick etal. (v2) “In general defining a strict
logarithmic accuracy for a parton shower algorithm is difficult.
Formally the parton shower is only accurate at leading, or double
logarithmic, accuracy. However, a number of phenomenologically
important, but formally subleading effects are included.”

@ Need for a framework where evaluate the accuracy of a PS:
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which is the logharitmic accuracy of parton showers?

@ The naive expectation is that parton showers are LL accurate,
almost NLL.
From Pythia manual: “While the final product is still not
certified fully to comply with a NLO/NLL standard, it is well
above the level of an unsophisticated LO/LL analytic calculation.’
From Bewick etal. (v2) “In general defining a strict
logarithmic accuracy for a parton shower algorithm is difficult.
Formally the parton shower is only accurate at leading, or double
logarithmic, accuracy. However, a number of phenomenologically
important, but formally subleading effects are included.”

4

@ Need for a framework where evaluate the accuracy of a PS:

Logharitmic accuracy of parton showers: a fixed-order study,
by Dasgupta, Dreyer, Hamilton, Monni and Salam, introduced
approach for assessing the logarithmic accuracy of PS algorithms
based on the ability to reproduce:

@ the singularity structure of multi-parton matrix elements

@ logarithmic resummation results
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Logharitmic accuracy of parton showers: a fixed-order

study (I)

@ Case of study: double gluon emission, well separated in rapidity,
in eTe™ — ¢ (all massless):

C2 £ 20, (pr2) dpri 0
dPy = —r Mﬂdm where n; = —log <tan (2>>

2! P T DT,i
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Logharitmic accuracy of parton showers: a fixed-order

study (I)

@ Case of study: double gluon emission, well separated in rapidity,
in eTe™ — ¢ (all massless):

C2 £ 20, (pr2) dpri 0
dPy = —r Mﬂdm where n; = —log <tan (2>>

2! P T DT,i

e Dipole showers implemented in the Pythia8 and Sherpa

generators were considered.

Silvia Ferrario R ) ECE o RECOIL EFFECTS IN ANGULAR-ORDERED PS 6/28



Logharitmic accuracy of parton showers: a fixed-order

study (II)

Issue with dipole showers

< - M —> @ Dipole frame: there are
IRRENY,- - ol T i region where the

second gluon looks

closer to the first gluon

q = emitter g = emitter

@ When the gluon is
identified as emitter:
Qo ﬁT,1 — pra *p_'T,Q
g = emitter q = emitter e WI‘OIlg colour CA
instead of 2Cr
(subleading N¢).
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Logharitmic accuracy of parton showers: a fixed-order

study (II)

Issue with dipole showers

< - M —>»> @ Dipole frame: there are
IRRENY,- - ol T i region where the

second gluon looks

closer to the first gluon

q = emitter g = emitter

@ When the gluon is
identified as emitter:
G’ﬁ%@‘#ﬁ%@**ﬁhQ
g = emitter q = emitter e WI‘OIlg colour CA
instead of 2Cr
(subleading N¢).

What happens for the angular-ordered shower implemented in
Herwig7??
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Herwig7 angular-ordered parton shower

e The (anti-)quark is identified as shower progenitor and the
anti-quark (quark) is its colour partner: each shower progenitor is
showered independently in the frame where it is anti-collinear
with the colour partner.
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Herwig7 angular-ordered parton shower

e The (anti-)quark is identified as shower progenitor and the
anti-quark (quark) is its colour partner: each shower progenitor is
showered independently in the frame where it is anti-collinear
with the colour partner.

@ Single emission from the quark:

q2
- qq : 4 ﬁs}
Pg : Pq Q
@ = zpg + Bipg + pr 2= % _ 2@ _ Py
@2 = (1= 2)pg + Bapg — pr 2(1-2)  2(1—-2) 2%(1-2)?
Gq =pq+ (B1+B2)pq ~ E§92
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Herwig7 angular-ordered parton shower

e The (anti-)quark is identified as shower progenitor and the
anti-quark (quark) is its colour partner: each shower progenitor is
showered independently in the frame where it is anti-collinear
with the colour partner.

@ Single emission from the quark:

ki E qq (f@

-< >
Pg : Pq Q
g1 = zpq + Bipg + pr 7 = q(? _ 2q1 - @2 _ P2
@2 = (1—2)py + Bapg — pr 2(1-2)  2(1—-2) 2%(1-2)?
Gq =pq+ (B1+B2)pq ~ E§92

o Soft limit: 1 —z2=e¢—0, |pr—e¢eg n—log (9)
q

dpheris 90, 0D dade 1o aslpr) dpr |
™

q € ™ pr
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Herwig7 angular-ordered parton shower

@ two emissions:

Q |72 <0 two “indepent” emissions

LI NP
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Herwig7 angular-ordered parton shower

@ two emissions:

Q |72 <0 two “indepent” emissions

g m s

Q ’172 >0, |m — n2| >>1‘:
| — m2| > 1: this suppress the gluon splitting;

angular ordering z2§3 > §3 imposes that the one with smallest
rapidity comes first;

We achieve the correct colour factor, we need to check the recoil
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Herwig7 angular-ordered parton shower

q2

0]

~ q4
21,41, P11

22, G2, PT2

g0 =pg+ (B2 + B3+ Ba)pg

@1 = z1pq + (B3 + Ba)pg + P11

g2 = (1= z1)pg + Bapg — p11

q3 = z221pq + B3pg + 22PT1 + P2

qa = (1= 22)z21pq + Bapg + (1 — z2)p11 — P12

2 2
q(z) —_Pm + EfY = Impossible to preserve simultaneously qg and p2T1

2’1(1—21) Z1

The choice of the preserved quantity determines the recoil scheme
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pr-preserving scheme

The original (and simplest) choice of hep-ph/0310083 (Gieseke,
Stephens and Webber) is to preserve the transverse momentum:

@2:71)2”

CoR )
2 _ 2 22 22 Q
o (pr; =2 (1-2)°qG — €4; n; — log qT
1

= correct soft limit by construction.
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pr-preserving scheme

The original (and simplest) choice of hep-ph/0310083 (Gieseke,
Stephens and Webber) is to preserve the transverse momentum:

@2:71)2”

CoR )
2 _ 2 22 22 Q
o (pr; =2 (1-2)°qG — €4; n; — log qT
1

= correct soft limit by construction.

z2(1 — 22)33

o gy =2(1-2)f +——
21

= too much hard radiation in the parton shower as there is no
compensation between the transverse momentum of the
branching and the virtualities of the partons produced in the
branching
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@2:71)2”

CoR )
2 _ 2 22 22 Q
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1

= correct soft limit by construction.
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pr-preserving scheme

The original (and simplest) choice of hep-ph/0310083 (Gieseke,
Stephens and Webber) is to preserve the transverse momentum:

@2:71)2”

CoR )
2 _ 2 22 22 Q
o (pr; =2 (1-2)°qG — €4; n; — log qT
1

= correct soft limit by construction.

z2(1 — 22)33

o gy =2(1-2)f +——
21

= too much hard radiation in the parton shower as there is no
compensation between the transverse momentum of the
branching and the virtualities of the partons produced in the
branching

Silvia Ferrario Ravasio — DrcemBer 204, 2019 RECOIL EFFECTS IN ANGULAR-ORDERED PS




g*-preserving scheme

In Ref. 1708.01491 (Reichelt, Richardson and Siodmok) the
virtuality-preserving scheme is introduced:

q;
Zi(l — Zi)

@ The transverse momentum of the first emission is reduced

=max [0, (1 — 21) [#7(1 — 21)GF — z2(1 — 22)35]]

— max [0, €1 [€1dF — €233] ]

1 2
m — 5 log <~Q~>
2 @ — 243

the pr is set to 0 and the virtuality increases if the reconstruction
is not possible; we need €5 < €1 to be sure the soft limit is ok;

i =
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g*-preserving scheme

In Ref. 1708.01491 (Reichelt, Richardson and Siodmok) the
virtuality-preserving scheme is introduced:

q;
Zi(l — Zi)

@ The transverse momentum of the first emission is reduced

=max [0, (1 — 21) [#7(1 — 21)GF — z2(1 — 22)35]]

— max [0, €1 [€1dF — €233] ]

1 2
m — 5 log <~Q~>
2 @ — 243

the pr is set to 0 and the virtuality increases if the reconstruction
is not possible; we need €5 < €1 to be sure the soft limit is ok;

o Better description of the tail of the distributions and in general
better agreement with data

i =
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Dot-product preserving scheme

In 1904.11866 we suggested something with intermediate properties

ot
Zi(l — Zi)

@ The transverse momentum of the first emission is reduced by
subsequent emissions

Pri=(1—2) @ =D (1 - Zi)ﬁ?]

but ¢;+1 < 2;¢; implied pr1 > 0 even for infinite emissions;
the double-soft limit is correct

. - - Q
P = @@ — ] = R |m — log (q
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Dot-product preserving scheme

In 1904.11866 we suggested something with intermediate properties

7= 2q1 - g2
Zi(l — Zi)

@ The transverse momentum of the first emission is reduced by
subsequent emissions

Ph=(1—2) [A@° =)zl - Zi)ﬁ?]

but ¢;+1 < 2;¢; implied pr1 > 0 even for infinite emissions;
the double-soft limit is correct

. - - Q
P = @@ — ] = R |m — log (q

o However, the virtuality still increases ...

\q% =21(1 — 21)@ + 22(1 — 22)d5 ‘
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Phase space

o In dipole-showers, the phase-space factorization is exact;
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Phase space

o In dipole-showers, the phase-space factorization is exact;

o In the Herwig7 angular-ordered parton shower, the phase-space
factorization is correct only in the soft or collinear limit. The
exact formula for the case under analysis

d(I)n(q q ) q? (]? n ~2
@On\G:5--) _ [ %o g (1= 2)d
d®2(q, ) s s H )2 z;)dz;

i:l

where A(1,a,b) = /1 —2(a +b) + (a% — b2)2.
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Phase space

o In dipole-showers, the phase-space factorization is exact;

o In the Herwig7 angular-ordered parton shower, the phase-space
factorization is correct only in the soft or collinear limit. The
exact formula for the case under analysis

d(I)n(q q ) q? (]? n ~2
@On\G:5--) _ [ %o g (1= 2)d
d®2(q, ) s s H )2 z;)dz;

i:l

where A(1,a,b) = /1 —2(a +b) + (a% — b2)2.
@ )\ = 1 if the emissions are all soft or collinear and is far from 1 in
the hard region of the spectrum.
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Phase space

o In dipole-showers, the phase-space factorization is exact;

o In the Herwig7 angular-ordered parton shower, the phase-space
factorization is correct only in the soft or collinear limit. The
exact formula for the case under analysis

d(I)n(q q ) q? (]? n ~2
@On\G:5--) _ [ %o g (1= 2)d
d®2(q, ) s s H )2 z;)dz;

i:l

where A(1,a,b) = /1 —2(a +b) + (a% — b2)2.
@ A\ ~ 1 if the emissions are all soft or collinear and is far from 1 in

the hard region of the spectrum.

@ We can accept the event with probability A to improve the
description of the tail of the distributions, (large virtualities)
without spoiling the soft-collinear region (small virtualities).

Silvia Ferrario Ravasio — DrcemBer 204, 2019 RECOIL EFFECTS IN ANGULAR-ORDERED PS




Global recoil

e Prior the shower p; = {\/m? + |¢;|,pi} that satisfy

doym Il =5 D op=0
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Global recoil

e Prior the shower p; = {\/m? + |¢;|,pi} that satisfy

SomEalml=vs Y pi=0

@ After the parton shower, the shower progenitors have acquired
some virtuality and their three-momentum changed:

q; = { %2 + |q:i|27(j:i}7 where (TZ || ﬁb
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Global recoil

e Prior the shower p; = {\/m? + |¢;|,pi} that satisfy

SomEalml=vs Y pi=0

@ After the parton shower, the shower progenitors have acquired
some virtuality and their three-momentum changed:
qi = { %‘2 + |(7i|27(7i}7 where ¢; ” Pi

o To achieve three-momentum conservation we can define for each
particle a boost so that

B — L
@ = q; = {\/ @ + N|Pi|*, i} ﬁZ@:AZPiZO
i i

and the daughters are boosted along the direction of the
progenitor
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Global recoil

e Prior the shower p; = {\/m? + |¢;|,pi} that satisfy

SomEalml=vs Y pi=0

@ After the parton shower, the shower progenitors have acquired
some virtuality and their three-momentum changed:
qi = { %‘2 + |(7i|27(7i}7 where ¢; ” Pi

o To achieve three-momentum conservation we can define for each
particle a boost so that

B — L
@ = q; = {\/ @ + N|Pi|*, i} ﬁZ@:AZPiZO
i i

and the daughters are boosted along the direction of the
progenitor
@ ) is found by solving

@+ VIl = 5.
7
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Global recoil

e Prior the shower p; = {\/m? + |¢;|,pi} that satisfy

SomEalml=vs Y pi=0

@ After the parton shower, the shower progenitors have acquired
some virtuality and their three-momentum changed:
qi = { qi2 + |(7i|27(7i}7 where ¢; ” Pi

o To achieve three-momentum conservation we can define for each
particle a boost so that

B — L
@ = q; = {\/ @ + N|Pi|*, i} ﬁZ@:AZPiZO
i i

and the daughters are boosted along the direction of the
progenitor
@ ) is found by solving

@+ VIl = 5.

If only soft-emissions take place g7 = m? + O(e), thus this boost gives
subleading contributions
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Selected LEP results

Thrust, DELPHI 1996

1 — Thrust

1 — Thrust, zoom
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—4— Data
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Selected LEP results

Energy distribution of weakly-decaying b hadrons from DELPHI 2011

b quark fragmentation function f( x‘é\'eak
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Masses

Last plot is one of the reasonw why we are currently studying
processes involving heavy quarks:

Q@ @ — Qg: radiation from hvq (important e.g. for b and ¢ jet
modelling)

@ g — QQ: gluon splitting into hvq pair (ttg — tthb is an
important background for ttH — ¢tbb)

What follows is still work in progress.

Suggestions are welcome!
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Coherence: massless case

Coherence in the massless case

I=i+j i
J

Definitions: )
W—-——ﬁ pi P - 1 — cosb;;
Y 2 \pirg pirq)  (1—cosf;)(1—cosb;)
_ i/l [4] Ly ©(0;; — 0;)
Wij = Wi + W5, where (W) = T cosh,

so that, after averaging over the azimuthal angle:

dPsoty < — T; - Tj (Wiz) — T; - Tiy (Wige) — T - Tie(Wig)
=T2(W) + T2 W) + 2w + T2 W)
that means ”@%

i.e. ‘92 < 6 S < Zldl‘
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Coherence with massive quarks

@ When the emitter or the recoiler is massive, the ©-function gets
smoothed out:

1]
Wi

= N s+
1 — cosb; 2(1 —wvi)cosb; | vid; +1— 03 \/B.2+sin29-(1—v2)
7 ? J
with

A; = v; — cosb;,

0.8

W} x (1 - vicos6))

0.01

B; = cosf; — vj; cos b

1 — vi=y;=0.95

vi=y=1
— V=095, =1
— vi=1,v=0.95
=== €0s6;;=0.25

-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00
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Coherence with massive quarks

@ When the emitter or the recoiler is massive, the ©-function gets
smoothed out:

1 — cos0; 2(1 —wvs)cosb; | viAs +1—; \/B.2+sin29-(1—v2)
7 ? J

iy
Wij) =

with
A; = v; —cosb;, B; = cosf; — vj cos b,

@ In the dipole picture large angle radiation is emitted from the gg
dipole: v; = 1.

é Emission from the g colour line

In the AO PS, the gluon is emitted from the quark: v; < 1.
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Gluon emissions from top

@ Use always the massless splitting kernel and accept the last
emission with probability:
P(z,q,m)

P(z,4,m =0)
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Gluon emissions from top

@ Use always the massless splitting kernel and accept the last
emission with probability:
P(z,q,m)

P(z,4,m =0)

o When the last emission is discarded, try to generate a new one in
the previous “forbidden” region

G>q >z

which was screened due to the angular-ordering condition
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No emission probability in eTe™ — ¢t events.

recon = modified AO PS
trunk = Hw7.2 default

o The Sudakov remains un-
changed.

® (o, argument:

P vs ph 4+ (1 — 2)?m?

No Emission Probability. log v scale

10%

No Emission Probability

10°

Ratio with numeric calculation of ¢ shower

10°

This is check 0, much work is still needed!
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Heavy quark pair production

Heavy quark pair production from gluon splitting:

@ The choice of a,(pr) comes from the renormalization of the
gluon field: so we must use a(pr) every time we generate a new
gluon line.

When we have g — ¢qg? The virtuality of the gg-pair seems a

more natural choice: m.
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Heavy quark pair production

Heavy quark pair production from gluon splitting:

@ The choice of a,(pr) comes from the renormalization of the
gluon field: so we must use a(pr) every time we generate a new
gluon line.

When we have g — ¢qg? The virtuality of the gg-pair seems a

more natural choice: m.

@ Which ordering condition shall we apply here?

m2

0y >0 = |5 < 220 + v
1 2 q2 1q1+zg(1_23)
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Heavy quark pair production

e Herwig overestimates QQ production

Q =1TeV, g =420 GeV,
m=4.2, 2z =0.15

ag dQQ deo
2 (j% 2

ag d(h d¢y
2T ? 2T

donw = 00— —5 ——dz1 Pyyqe(21, G) == —5 ——dzo P " —sbb (225 %)
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Heavy quark pair production

e Herwig overestimates QQ production

as dgi de
2r ¢4 2m

ag dQQ deo

d _ 2
o (j% o 2P, —>bb(22aQ2)

dg}lw =007 dzlpq%qg(zlv Q1)

e The g — QQ splitting can lead to a substantial increment of the
virtuality of the gluon’s mother. Re-weighting factor that takes
into account the variation of the virtuality of the first splitting?

2 2 2
a1 orig — M1 a1 orig — M1

) 2 2 = "3 2 2
T ovig T 02 —MT ~ Q7 opig T 4mg —my
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cc pairs at LEP

@ Analytic calculation (NP B 436, 163 Seymour) at the Z pole:
(17.13 £ 6.7(As) + 4.6(m.)) x 103

o Final input parameters for the LEP/SLD heavy flavour analyses:
(29.6 +3.8)10 3

ete™ — qg, charm pairs, prmin(g — QQ) = 0.0

Nee/Nias

132, a.(q®)
2GeV, A = 87.8 MeV

7). a(a®) + gt A = 8781575 MeV, M. Seymour

104k el . m = 1.2 + 0.2 GeV, M. Seymour E

@ data

1 -5
<%0
Q
: {
g _\A_ e0go0tsy
.E —t—————o- oty —g—o—o-0-0-D000000es!
g 10 — T el
R SRt ee
g 0.5 an v

T T
10% 103
Q[GeV]
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bb pairs at LEP

@ Analytic calculation (NP B 436, 163 Seymour) at the Z pole:
(2.31 £ 0.71(A5) £ 0.23(my)) x 10-3

o Final input parameters for the LEP/SLD heavy flavour analyses:
(2.544+0.51) x 1073

ete — qq, bottom pairs, prmin(9 — QQ) = 0.0

m = 4.25 + 0.2 GeV, M. Seymour

@ daa
(P} )+rwgt
1 ]7(;

- 90
i3
S
T 1.5
£
£ 104 — 2oppeetesty
Z 10
o
T J
Sos {

T f

10% 10%

Q [GeV]
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Summary and Outlook

@ We need a recoil scheme for final-state radiation able to describe
multiple soft-collinear emissions that does not overpopulate the
hard region of the spectrum,;

@ The dot-preserving scheme together with the phase-space veto
seems to achieve this task;
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Summary and Outlook

@ We need a recoil scheme for final-state radiation able to describe
multiple soft-collinear emissions that does not overpopulate the
hard region of the spectrum,;

@ The dot-preserving scheme together with the phase-space veto
seems to achieve this task;

@ The user needs to implement its own phase-space veto for more
complicate processes (see e.g. FullShowerVeto documentation);
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Summary and Outlook

@ We need a recoil scheme for final-state radiation able to describe
multiple soft-collinear emissions that does not overpopulate the
hard region of the spectrum,;

@ The dot-preserving scheme together with the phase-space veto
seems to achieve this task;

@ The user needs to implement its own phase-space veto for more
complicate processes (see e.g. FullShowerVeto documentation);

@ Open issues:

e ordering condition in case of massive recoilers:
pr can become negative also in the dot-scheme;
e g — qq: argument of as and ordering condition
for massive g;

e b-quark fragmentation (does it depend on the PS or on the
hadronization model?);
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BACKUP
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@ Brief introduction to Parton Showers

@ “Logarithmic accuracy of parton showers: a fixed-order study”
by Salam etal.
= analysis of the formal accuracy of dipole showers

12019 RECOIL EFFECTS IN ANGULAI



@ Brief introduction to Parton Showers

@ “Logarithmic accuracy of parton showers: a fixed-order study”
by Salam etal.
= analysis of the formal accuracy of dipole showers

© Angular-ordered Parton Showers

e possible interpretations of the ordering variable and impact on
the formal accuracy
e selected LEP results
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@ Brief introduction to Parton Showers

@ “Logarithmic accuracy of parton showers: a fixed-order study”

by Salam etal.
= analysis of the formal accuracy of dipole showers
© Angular-ordered Parton Showers

e possible interpretations of the ordering variable and impact on
the formal accuracy
e selected LEP results

© Heavy quarks
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@ Brief introduction to Parton Showers

@ “Logarithmic accuracy of parton showers: a fixed-order study”

by Salam etal.
= analysis of the formal accuracy of dipole showers
© Angular-ordered Parton Showers

e possible interpretations of the ordering variable and impact on
the formal accuracy
e selected LEP results

© Heavy quarks

@ Conclusions
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Tuning

Each modification of the PS requires a new tuning of the hadronization
parameters: interplay perturbative & non perturbative

Preserved [ v | & | a4 [4q- q+tveto
Light-quark hadronization and shower parameters
AlphaMZ (aS™V(Mz)) | 0.1074 | 0.1244 | 0.1136 0.1186
pTmin 0.900 1.136 0.924 0.958
ClMaxLight 4.204 3.141 3.653 3.649
ClPowLight 3.000 1.353 2.000 2.780
PSplitLight 0.914 0.831 0.935 0.899
PwtSquark 0.647 0.737 0.650 0.700
PwtDIquark 0.236 0.383 0.306 0.298
Bottom hadronization parameters
ClMaxBottom 5.757 2.900 6.000 3.757
ClPowBottom 0.672 0.518 0.680 0.547
PSplitBottom 0.557 0.365 0.550 0.625
ClSmrBottom 0.117 0.070 0.105 0.078
SingleHadronLimitBottom 0.000 0.000 0.000 0.000
Charm hadronization parameters
CIMaxCharm 4.204 3.564 3.796 3.950
ClPowCharm 3.000 2.089 2.235 2.559
PSplitCharm 1.060 0.928 0.990 0.994
ClSmrCharm 0.098 0.141 0.139 0.163
SingleHadronLimitCharm 0.000 0.011 0.000 0.000
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Double soft-emission kinematics

@ Phase-space veto and global recoil at the end give subleading
corrections if only soft emissions take place.

@ For two soft-collinear emissions we thus have the following Lund

variables
| Preserved quantity || P> \ q° | @2 |
Py 1 q; €1 [6197% — EQ(E] €141
1 Q) |1 Q? 1 (Qj)
n 2108 ( 7 ) 2108 <qq> 2log (&
2 723
D12 €292 _
772 3108 (%)

@ The kinematics of the second emission is always correct;

@ The kinematic of the first emission is correct in the pr and
dot-product preserving schemes.
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Double soft-emission kinematics

Emission of two-soft gluons with Lund variables k%, 7, and k%, .

dP2exact &% [dkTad :| [dkad :|

2! w2 | k2 k2,
dphervis C2 a2 e [di2deis] 0
dk2 _d . dk2. d = 27?72 |: } G(Q% - qg)
Ta @Ma ARy AT T @ e

x [6(m — 1a)8(kT1 — k7a)8(n2 — )3 (kT — k) + a ¢ 0]

ratio of g-shower double-soft ME to correct result, ¢*> scheme

@ The p2 and ¢; - g2 preserving
schemes yield the correct
double soft limit;

o For the q2 scheme: 10 ]

e a=first-emission lower-boundary 0.945

b=first-emission upper-boundary
— ey = 0.1 0.840
2.3; pra = 107°Q; ¢, = 1075

10° 4

1074
0.735

0.630

0.525

1

= kro . —
1_|_ k;z efa =" 10-1

k 1072
X @(ka — 2sinh(n, — nb))

100 4

P16/PTa

0.420
0.315
0.210

0.105

Ta

+a+<b

1074

0.000
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