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Motivation

Motivation: jet substructure

@ Jets have substructure:

e Dynamics of an energetic parton in matter.

o We need theoretical tools to compute multiparticle scenarios
from first principles.

o Keys: Coherence, medium-induced radiation, jet
fragmentation...
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Motivation

Motivation: unifying existing knowledge

@ Existing knowledge well understood separately:

e Vacuum jets.

o BDMPS-Z spectrum and energy loss.

e Color coherence in original antenna setups: singlet antenna
plus soft gluon emission spectrum in vacuum, in-medium
antenna propagation case...

[C. A. Salgado’s Jet Physics Lecture - Student Lectures Day]
@ How can we combine them?

@ Further studies towards an unified description:

e (1) color coherence in multiple emissions setups.
[Salgado’s Lecture]
o (2) finite formation time corrections.
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Antenna scenario

In-medium finite formation time antenna

[In preparation: Mapping collinear in-medium parton splittings,
F. Dominguez, G. Milhano, C. A. Salgado, K. Tywoniuk and V. Vila]
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Antenna scenario

v — qq: amplitude
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) — quark (antiquark) propagators.
o I(k,z) — splitting vertex.

° El, Eg — transverse momentum after splitting.
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Antenna scenario

Eikonal expansion of the propagator

@ The propagator in the momentum space:

(B t1: B, to) = / BRI G5 %) (1)
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@ The propagator in the configuration space described by a path
integral:
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@ The eikonal expansion of the propagator:

GO(%1, %) = Go(%1 — %, 7) V(t1, to; [i(s)]) (3)
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Antenna scenario

Derivation of the spectrum
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Antenna scenario

Derivation of the spectrum

@ Region I:

2
e g and G phases: exp{ig’Eii(tg — tl)}.
o Average of the Wilson lines: exp{ — Lan%,(t — t1)3}.

o Region II:

e Average of a trace of four Wilson lines:

C

Qt, 1) = Ni<Tr[W1(tL, ta) Wy (t1, ta) Wa(te, t2) WA (11, tz)]>

o It accounts for the accumulated effects of medium interactions
over long distances.
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Time-scales

The time-scales

@ Kinematical formation time:

z(1-2)E

tr = T (4)
@ Decoherence time:
1 \1/3
ti~ (253) s (5)
@ Broadening time:
1 \1/2
throad ™~ (m) (6)

@ Length of the medium: L.
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Time-scales

The real formation time

T 5 min[tf, ty, tbr]

@ The real formation time is governed by the smallest of the
three physical time scales of the problem: either the
kinematical formation time, the decoherence time or the
broadening time.
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Time-scales

The Lund diagram
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Time-scales

Discussion of time-scales
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@ (A1) tf < tproad < tg < L: particles are created early in the
medium and the dipole will decohere at a finite distance.
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Time-scales

Discussion of time-scales
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Time-scales

Discussion of time-scales
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@ (A.3) throad < tg < tr < L: the formation of the dipole is
strongly suppressed.
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Time-scales

Discussion of time-scales
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o (A4) tr < L <ty < tproad: the created partons will never
decohere in color and the splittings should follow a vacuum
emission pattern.
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Time-scales

Discussion of time-scales
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e (B) tr > L: no medium modification is expected.
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Time-scales

Discussion of time-scales
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e (A.1) and (A.4) are regions of vacuum-like emissions inside

the medium.
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Numerics

The medium modification factor

dlmed dlvac
dz dp? ~ dz dp? (

1+ Fred) (7)

@ The medium modifications factor out into Fpeq.

L <L
Fred = 2/0 ds [/5 ds’ cos(s’ —s) Sia(s',s) Q(CL,s,s’) — sin(CL — s) 512(<L75)]
(®)
_— 2
cos(s' = 5) Sia(s',5) QCuys,s) ox (| M)
sin(¢L —s) S12(¢L,s) <Mg16./\;12270ut>
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Numerics

Numerics: Fpeq in the Lund plane
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Conclusions

Conclusions

@ In spite of the singlet antenna limitations it turns out to be a very
convenient laboratory.

@ The in-medium finite formation time antenna setup shows two
regimes of vacuum-like emissions, lending support to the notion of
purely vacuum-like emissions that are emitted inside the medium.

@ The finite formation time scenario shows us an interesting
theoretical guidance for MC.

@ These computations go a step forward to obtain a complete
description of a QCD cascade.
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Conclusions

Thanks for your attention
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