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Grooming splittings in jets

The Lund plane: phase space of emissions [Dreyer,Salam,Soyez|

1. Find a jet z
2. Recluster with C/A (widest angle first)
3. Follow the hardest branch (z; > 1/,)
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The Lund plane: phase space of emissions [Dreyer,Salam,Soyez|
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Grooming splittings in jets

The Lund plane: phase space of emissions [Dreyer,Salam,Soyez|
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Grooming splittings in jets
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Grooming splittings in jets

The Lund plane: phase space of emissions [Dreyer,Salam,Soyez|

1. Find a jet

2. Recluster with C/A (widest angle first)
3. Follow the hardest branch (z; > 1/,)

Soft DI’Op grooming [Larkovski, Marzani, Soyez, Thaler|:
4. Stop if z; > Zcutﬁiﬁ (with the widest angle)
e Free parameters z.,+ and [.
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Grooming splittings in jets

The Lund plane: phase space of emissions [Dreyer,Salam,Soyez|
1. Find a jet 2 / —
2. Recluster with C/A (widest angle first) :T
3. Follow the hardest branch (z; > 1/,) AN
= \\\ a=1
Noa=2
h a=20
Soft DI’Op grooming [Larkovski, Marzani, Soyez, Thaler|: \\\ /
4. Stop if z; > Zcutﬁlfg (with the widest angle) . ° N\
* Free parameters z., and [. .
\\
o \\
\\
Dynamically grooming [Mehtar-Tani, Soto-Ontoso, Tywoniuk]: 1’
4. Find the hardest max(z;9{) In—
i L~ 19

« No cuts, autogenerated jet-by-jet
e Clear physical meaning: hardest k; (a = 1), or biggest m? (a = 2)
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Proton-Proton Baseline

arXiv:2103.06566
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Analytic properties

Probability of (z,9) is the hardest (k@ = z9%): I

d*P;(z,9|a)

dddz

= Pi(z,9)0; (k™) o narder

]
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Analytic properties

Probability of (z,9) is the hardest (k@ = z9%):

d*P;(z,9|a)

— P. (1c(@)

Measuring 9:

1 do
o dﬁg

1
=sz?i(z,199|a) ; “\ >
0

a

The Sudakov regulates the integral (there is no zgy;)!
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Results

Targeted accuracy is LO+N?DL:

Splitting function at 2-loop

Running coupling at 2-loop

Non-global contributions (large-N,, small-R)

= There is no clustering log

= Boundary logs present

No multiple emission contribution

Matching to NLO MadGraphb

Non-perturbative corrections
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Results

Targeted accuracy is LO+N?DL: 4.0 - - - -
« Splitting function at 2-loop g5 YO TesL =04 LDgiNQDL, !
e Running coupling at 2-loop 301
* Non-global contributions (large-N,, small-R) ﬁ%zz
= There is no clustering log | - _
= Boundary logs present L0 Co S pr=10Gev
 No multiple emission contribution 0.5 pT:mooGev
 Matching to NLO MadGraphb 0-8.0 0.2 0.4 y 0.6 0.8 1.0
o/ R

 Non-perturbative corrections

Adam Takacs Jet Quenching Workshop



Results - Comparison to ALICE preliminary

[ALICE 2009.07172, 2009.12247]

DyG-a=1 DyG-a =2
4 ALICE 60 < pg! < 80 GeV
2 ’
LO+N“DL |7| < 0.5, anti-k | (R = 0.4)
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Emission Phase Space in Heavy-Ion Collisions

arXiv:2111.14768
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https://arxiv.org/abs/2111.14768

Medium-Induced Emissions

Vacuum emission:

11
P/ (z,9) = 2a,(k.)C; 97

Medium-induced emission and broadening: [BDMPS-Z]

20
med _ = c
Pi (Z,19) = Amed 3

w K w, Z Pt

B(z,09)
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Medium-Induced Emissions

Vacuum emission:

11
P/ (z,9) = 2a,(k.)C; 97

Medium-induced emission and broadening: [BDMPS-Z]

2w
Pl_med(z, 9) = Tmea 3 - B(z,9)
w K w, Z Pt
kJ_ < Qs
Should one sum them up? What about resolution? —— VS
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In-medium emission phase space

In-medium Lund plane regions: [Caucal, Tancu, Soyez, Mehtar-Tani, Tywoniuk]
* tr > L: Out of the medium

vacuum emissions
* tr < lpeq: Inside and resolved

vacuum-+medium emissions
energy loss

Vacuum-like emissions:

dZPivle(Z,ﬁIa)
didz

= Py(2,9)0gpero AV (kW)

log(gl—c) 10g(1/9)
Medium induced emissions:

d?P™e(z,9|a)
dddz

= P;(z,9) AT (1(@))
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In-medium emission phase space

In-medium Lund plane regions: [Caucal, Tancu, Soyez, Mehtar-Tani, Tywoniuk]
* tr > L: Out of the medium

vacuum emissions
* tr <tpeq: Inside and resolved

vacuum-+medium emissions
energy loss

Energy-loss with quenching weights: 3o
1 do

o di,
_ 1jd Z dO'l' - | .
— N E i d(pt n 8) log(E) Og(l/ )

X j dz Pz, 94)€i .z (€l2,9y)
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Our analytic Toy Model

— Vacuum
-- Medium w/ L fluc
<+ Medium w/o L fluc

12 ezt Huge jump around 9,!
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Our analytic Toy Model

Weiyao’s talk about LIDO,
Abhijit’s talk about MATTER,
05 08 also Hybrid, Jewel, ...]

a=0.1
12— .
! — Vacuum
10t . 1
i Medium w/ L fluc | 5 —100GeV, R = 0.4 :
ghle = Mediumw/o L fluc 1|\ )
i ! g =15GeV?/fm
%%% 6 ‘l|
IS \
4.
L T — L, T T Is ¥, measurable?
1 a=10.7 a=1 a=2
ol Which a is the best?
ol
E At | | Which phase space is the best?
IS \ H 'E i ,
; 1 i [Paul’s talk about JetMed,
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Is 9, really measurable?

 HI Event generator study:
JetMed [Caucal, lancu, Soyez]
Jewel [Zapp, Krauss, Wiedemann]
Hybrid [Casalderrey-Solana, Milhano, Pablos, Rajagopal]
« Different energy-loss models
* Fluctuations: geometry, path length
*  Embedded hydro/kinetic theory
e Medium response
 Hadronization

e Statistical tool: Kolmogorov-Smirnov Distance
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JetMed simulation

— Vacuum
-- Medium
- w/o L fluct. _

v
St
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JetMed simulation

a=20.1 a=20.3 a=20.5 . .
12— e —— Kolmogorov-Smirnov Distance
i — Vacuum ! JetMed 75 < pr <100 GeV, Jy| < 1

101 4 -~ Medium | | T anti-k | (R = 0.4) ]

8-:/\}': = w/oLfluct. | i E 0.30 — , , , : :
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see also for Jewel and Hybrid...
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LRAAAI RARM LA
JEWEL w/recoil
pnm > 130 GeV/c, anti-k; R =0.4
Cémbridge-Aachen Declustering

05 1 15 2 25 3 35 4 45 5
In(1/6)

12 T .
Hybrid, 0 — 5%
101 Lies =0
8 DyG(a = 0.7)
anti-k | (R =04)
2 6
Is

— Vacuum
-= w/ med resp
----- w/omedresp |

Resolution angle 9,

Medium response
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response

Cone size

Hybrid, 0 — 5%
101 Lies =0

DyG(a = 0.7)
| anti-k | (R = 0.4)

— Vacuum
-= w/ med resp
----- w/omedresp |

Hybrid, 0 — 5% —

[ Lies =0 . -

DyG(a = 0.7)

anti-k| (R =0.2)

Vacuum
w/ med resp
w/omed resp |
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6,/R
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Centrality

Hybrid, 30 — 40%

[ Lyes =0
DyG(a = 0.7)

anti-k | (R =04)
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Summary

* Understanding the emission phase-space in medium

e vacuum baseline:

Dynamical tagging at LO4+N?DL
Good agreement with ALICE data

* Heavy-Ion collisions:

analytical understanding of enhancement around 9,

MCs to test 9, and the phase space: JetMed, Jewel, Hybrid
Statistical analysis for measuring 9,

Studied: energy-loss, fluctuations, medium response, hadronization

Best parameter: 0.5 < a < 1and R ~ 0.2 to resolve the difference btw MCs
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Thank you for the attention!
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Jets in QCD

IRC limit of a 1 — 2 splitting;:

dd dz
dP; = 2as(ke)Ci—5—

collinear divergence, soft divergence

Emission phase space (Lund plane): [Dreyer, Salam, Soyes]

A
D |\
N \\
ar; dP; 20 (RAC I N
d9dz dlnddlnz as(ke)Cs = \\\
9 z — N
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In-medium Lund plane

In-medium Lund plane regions:
* tr > L: Out of the medium

vacuum emissions
* tr <tpeq: Inside and resolved

vacuum-+medium emissions
energy loss

Vacuum-like emissions:

dz?ivle(z,ﬁla)
didz

Medium induced emissions:

d?P™e(z,9|a)
dddz
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= Py(2,9)0gpero AV (kW)

= P;(z,9) AT (1(@))
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Analytic properties

In-medium Lund plane regions:
* tr > L: Out of the medium

vacuum emissions 19 | | | 20
* tr <tpeq: Inside and resolved 10l \\ | Toy shower+E-loss |
dium emissions = 100Ge, R =04
vacuum-me 8 \ G=15GeV?/fm,L=4fm | [415
energy loss e 4L N ]
. —ls
* tmed < tr < L: veto region 4t oS
Nno vacuum emissions 2} '
g 2.0
Energy-loss [BDMS]: ; ig 0.5
1do 7050
o di, “00 % 02 04 06 08 0.0
e g
=— | de
N i d(p; +¢€) Huge enhancement around 9!
med
30
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