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Introd

>

uction and Motivation

The jet substructure studies allows to test fundamental
predictions of QCD.

One of such predictions is a suppression of collinear radiation
around massive relativistic quarks (the dead-cone effect).

Theoretical predictions were made in early 1990s but direct
observation was made by ALICE only in 2022 .

The jet substructure observables are sensitive to collinear
radiation and hence can be used to explore the dead-cone effect.
The resummed predictions for jet angularities A at

NLO + NLL’ accuracy level are available as a plugin to
SHERPA

We aim to reach NLO + NLL' accuracy in for the massive
quarks

The NLO + NLL' predictios for jet angularities in the approximation of

massless partons were obtained in collaboration with S. Caletti, S. Marzani, D.

Reic

helt, S. Schumann, G. Soyez, V. Theeuwes, see 2112.09545, 2104.06920
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We study two-point energy correlation functions

The energy correlation function is defined as

)| :ZEQ(@)Q or el zzﬂﬂ(ARij)a
2 lete i<j E;E;\R 2 lep i<j PT, PT, R

SoftDrop groomer:

min(E;, Ej) —_ (9’5)5 o min(pei, pej) > Zeut (AR,-J- )ﬂ

Ei + E; Pti + Ptj R

» We are interested in the higher order large logarithmic
contributions coming from the soft and collinear regions of the
Q(q1) + Q(g2) production.

» The EFT (SCET. and bHQET) results were obtained by Lee
et al in 1901.09095 for « <1 and 5 =0.

» We aim to obtain results for all IRC safe combinations of

a and 8.
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https://inspirehep.net/literature/1717194

Dead-cone effect:

Consider v°/Z*(q) — q(q1) + G(q2) + g(k) process: if quarks are

relativistic and emitted gluon is soft and quasi collinear then

as (2sin 6/2)%d(2sin6/2)? dz "0 62d9>  dz
il =

do~ Cr —
T [(2sin0/2)2+ 2] 2 T [02+62] 2

Dead-cone is defined as
Op = lim (2mq/\/s) = mq/Eq
g—)

If & > 0p we have di-log enhancement
do ~ d(log6?) d(log z)

If 0 << 0p we have no collinear enhancement

do ~ (%)2 d(%)Q d(log z)

See Dokshitzer et all 91, Ellis et al 96 and recent ALICE measurements
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MC predictions for e21 % at parton level (preliminary)

> PYTHIAS takes into
account qaurk
masses in
PS-evolution
(partially accounts
for dead-cone)
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We observe strong
shape difference
between b-jets and
light-jets

> The difference
between c-jets and
light-jets is smaller
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MC predictions for €3 at parton level (preliminary)

> PYTHIAS8 takes into
account qaurk

light-jets

—— DPYTHIAS PS ¢* e~ — bb masses in.
| pymHASPSete 5 ce PS-evolution
LSF —— PYTHIAS PS ¢* e — dd (partially accounts

NQS\I === logy(0p/R*) Op = 27"13/\/§ for dead_cone)

(= 1

= !

¥ : > We ob

e observe stron

3 R =04, /5 = 200GeV : &
3 A rod shape difference
~1.0F ij ~ Vij .

% between b-jets and
—~

S
\

—
=

> The difference
between c-jets and
light-jets is smaller

f=1
[
T

> |f single hard
emmision dominates
N

N e e

2 = - =] -~ z1 > Y. z; then the
9 i—
log €3 dead-cone boundary

is log1o(6p/R™) 025



MC predictions for e21/2 at hadron level (preliminary)

o =) o
T T

(1/0) do/dlog, es?

—
o
T

—— PYTHIA8 HAD e¢* e — bb decaying hadrons

—— PYTHIAS HAD e*e” — bb stable hadrons

—— PYTHIAS PS

R =04, \/s = 200GeV
Aij ~ bij

ete” — bb shower only

1 1
081 €2

/2

We expect some
low-momentum
transfer effects

~ Aqcp, however...

Hadronization
significantly change
shape of &3

If we keep B-hadrons
stable the changes
are not so dramatic,
see Lee et al in
1901.09095

B-hadron
reconstruction
techniques should be
applied
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MC predictions for e at hadron level (preliminary)
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Our workflow (general formalism)

We use Catani and Seymour approach
The squared amplitude factorization is given by

n qq
Mg ax,....a0 (k; G1, -y an)|? = —4madpd® > T T; kl . p Moy, an (q1s s @) +
ij=1 qik qj
8mad pu2e mt, e
2
[May,....am,...(q15 s Gm, )| = [ﬁ I;ju(XPa "')P:i,.“,am +
m
where the spin-averaged splitting kernels are given by
~TL 1+ 22 m%) 5TL 1+(1-2)? m%
Pog = Cr -e(l1-2z)- s Pos = Cr —ez— ,
1-2z PQPg z PQPg

2
2 m z 1-z
BTl = Tp|1- 1-z)-—92 ﬁTL=2C[ + +z(1- ]
gQ R[ 1—6{2( Z) (pQ"’Pé)Z ) gg A 1_2 2 Z( Z)

See Catani and Seymour and Catani et al.
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Our workflow (simple case of massless partons)

We use the “method of regions” to explore the log-structure

=2x ds, s_ef T dzz€(1-2)" ¢ x
deéa) 167T2r(1 - E) Ségin 9 ag Zmin ( ) “

[ 2q1k %
xé(eé)—z(l—z)( ) ),
EqEg

doR2 _ agug(2m)> o f d 'k qiqe a(eW _ EglK| (quk)‘;)

del® w2 k| qikaak \ 2 E? \ Eglk|

doa (4rm)°€ Sog Zm |:87ragugé ﬁTL:|

98

doR1  doRz  doV Crf 4fine® 1
g 97,9 _osCr) _2(1N% +| —— [—§+4In2]
deéa) deéa) dega) ™ « eéa) N eéa) N «

2 2 _
+5(e§)|:_L+E7T 9+a(7r2_24ln22)+;(5+6ln2)]}.

3 3 « 12
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Our workflow (massive partons and grooming)

We consider the most general SoftDrop case

02 \ 2 62 \2
RlleEZZZC\Jt(R?zg) ,ZgEl—ZZZcut(R?zg) s

0%\ * 0%\ 2
'RziZQ—ZZZcut(RZg) ,zg_lzszcut(Rzg) with cosR<cosf <1,

R5:zq=z€[0,1], zg=1-2z¢€[0,1], with0 < cosf < cosR,
8

02, \? 02,\?
R3:zQEzszcut(R2g) ,ngI—ZZZcut(Rf) .

where Ry and R3 are collinear regions while R and R/ are soft
regions.
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Our workflow (massive partons and grooming)

SoftDrop condition restrict the phase space

For example, for the soft region R,

R2
::éo‘) f n )d 16+(k2 { .. some eikonal terms ...}5(6&‘”)

B B
62 \2 62 \2
x@(z>zcut(l_§2g) )@(1—z<zcut(§2g) )@(cosR<cos€<1)

the result is given by

do®2  agC a 1 2\ 2
deé“) - Sﬁ F‘;(eé )){[ > +1In (Zcut(R2) )][(1+B,2,,)(Zl[e°]+I2[e°])
2

%2(13[61 +Ta[e])]

_ %;(13[60] +I4[e°])] _ %[(1 + ,Bi)(zl[e] +12[€]) _
B

—2zcut( 2 ) 15[e°]+23ut(2)Bza[é’]}uxe).

R2 2 \R?
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Our workflow (massive partons and grooming)

doR2  ag( o 1 2 g
4 55 (e} )){[—26+|n(zcuc(R2) )][(1+55,)(zl[e°]+12[€°])

2

m? 1 m
_ ETZ(%[EO] +Ta[])] - 5[(1 + B0)(Tale] + Tale]) - ?5(13[6] +Ta[d])]

2zewt (%)g:rs[e"] + % (;)Bza[é’]} +0(e).

The integrals Z; lead to log-structures proportional to

1+B8m 1+fBmcosR
In(l?ﬂm)7 In(1 £ cos R), In(ﬁ), In(1-5m),

where 8y, = 1—40L22.
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Summary and next steps:

Current results

> Preliminary MC simulations with PYTHIA8 show strong dependence on
the quark mass and non-perturbative effect (hadronization and decay of
B-hadrons).

> We have identified all regions corresponding to soft and collinear.
divergencies

> We have performed corresponding phase space integration and identified.
related logarithmic contributions

> We also take into account logs due to the running coupling.

It is work in progress, so our next steps would be:

> Analytical results should be merged together and turned into computer
program.

> ldeally, resummed predictions should be matched to fixed-order results to
reach NLO + NLL’ accuracy level.

> Similar computation can be made for primary Lund plane projection.
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Next steps: CAESAR formalism

The cumulative cross section for a generic observable v can be
written as a sum over partonic channels 4:

Y es(v) = eres v), with

res v) = de(;—exp[ ZRlBé(L):|Plga(L)SBa(L)fBa(L)H5(85),
led

where L= ~In(v), 5 ﬂ is the differential Born cross section, R is

the collinear radiator féor the hard legs /, P is the ratio of PDFs, S is
the soft function, F is the multiple emission function and H stands
for the corresponding kinematic cuts on the Born process.

For CAESAR implementation of jet angularities for Z + jet and jet + jet
production see 2104.06920 and 2112.09545.
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Next steps: what about primary Lund plane?

QCD-jet, Eg > 40GeV, PL, R = 0.4, /S = 200 GeV
"

To build a Lund plane:

» Recluster your jet using CA
algorithm

» Then compute:

2 2
— — - Agp = \/(Ya—yb) + (¢a_¢b) )
log(1/A) kt = pro Aab.

0.0 0.2 04 06 0.8 0

(1/N) AN/ dlog(1/A)dlog(k/ GeV) » Discard softest branch and repeat.
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Next

steps: what about primary Lund plane? (preliminary)
b-jet, g > 40GeV, PL, R = 0.4,1/S = 200 GeV
1

log(ki/GeV)

1.0 1.5 2.0 2.5 3.0

35 40
log(1/A)

0.0 0.2 0.4

0.6 0.8 1.0
(1/N)dN/dlog(1/A)dlog(k:/GeV)

b-jet production with Pythia8
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Next steps: what about primary Lund plane? (preliminary)
cjet, Eg > 40GeV, PL, R = 0.4,1/S = 200 GeV
1

log(ki/GeV)

-2
0.0 0.5 10 15 2.0 25 3.0 35 40
log(1/A)
0.0 0.2 0.4 0.6 0.8 10

(1/N)dN/dlog(1/A)dlog(k:/GeV)

b-jet production with Pythia8
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Next steps: what about primary Lund plane? (preliminary)
| _det, Eg > 40GeV, PL, R =04, VS =200 CeV

log(ki/GeV)

1.0 1.5 2.0 2.5

3.0 35 40
log(1/A)

0.0 0.2 0.4

0.6 0.8 1.0
(1/N)dN/dlog(1/A)dlog(k:/GeV)

b-jet production with Pythia8
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Parton to hadron level transition; credits G. Soyez

hadron-level A}+Ht

o transfer matrix, ungroomed jet width

central dijet, R=0.8 4
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hadron-level A}-H-

transfer matrix, groomed jet width
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chg. tracks only
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T

o
w
T

o
N

0.1

pr,jet €[120, 150] GeV
L L

0.2 0.3 0.4
parton-level A}P

0.1 0.5

0.0

0.1 0.2 03
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0.4

Transfer matrix T()\}’HLP\}’PL) for the jet-width angularity for central
dijet events with R = 0.8 and pr je: € [120,150] GeV.

From 2112.09545
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