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Heavy ion collisions and the quark-gluon plasma

« The quark-gluon plasma (QGP) is formed in
ultra-relativistic heavy-ion collisions

* What can we learn about QCD from this
complex quantum matter?

+ Is there

?

« What are the relevant length scales and
what can the QGP resolve?

« What can these studies say about "4

QCD in vacuum? 3 Nk

— Today, new observables and techniques ] _' e
to try to answer these questions
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Outline: Thinking in angular scales

+ Jets and their substructure are multi-scale probes of

=T
1. Groomed jet substructure in Pb-Pb _‘,,——”/ ;' \l
+ Isolate physical scales — resolve medium scales :::/ | E
* High kr 4 emissions — Quasi-particle scattering in medium? R\‘*\\\ "‘ ,"
+ Optimal approach to find hard splittings? Tl

2. Energy-energy correlators (EECs) in pp
+ Separate angular scales — isolate physical regimes
+ Hadron-level correlations — pQCD, hadronization

; Jet-medium interactions HF jet-substructure
More from ALICE:
Ezra Lesser, Today 11:00 Preeti Dhankher, Today 11:40
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https://indico.physics.lbl.gov/event/975/contributions/8298/
https://indico.physics.lbl.gov/event/975/contributions/8298/
https://indico.physics.lbl.gov/event/975/contributions/8294/
https://indico.physics.lbl.gov/event/975/contributions/8294/

Medium properties from jet substructure

Resolving medium scales
* Substructure observables sensitive to
?

+ What are the relevant length scales?

eg. Color coherence
* When do partons interact coherently?

— Explored via groomed jet radius (Ry):
Phys.Rev.Lett. 128 (2022) 10, 102001

Today: Grooming and medium scattering centers
+ Is there emergent structure, such as quasi-particles?
+ Complementary searches via (sub)jet deflection
— Search for high kt emissions via groomed substructure
as signature of point-like (Moliere) scattering
*>
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111 ZG H. Andrews et al.,
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https://inspirehep.net/literature/1893479
https://inspirehep.net/literature/1686738

Identifying hard splittings: Soft Drop

¢ krg = proUbled sin AR In kr f

+ Iteratively follow splitting tree * N
Soft Drop ﬁ"{ ke
Larkoski et al., JHEP 05 (2014) 146 Wﬂ
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https://doi.org/10.1007/JHEP05(2014)146

Identifying hard splittings: Dynamical Grooming

. kT,g — p_l_sublead sin AR

+ Iteratively follow splitting tree

Dynamical Grooming
Mehtar-Tani et al., PhysRevD.101.034004

Ka X ?61?,/):[2,‘(1 — Z,‘)pT,‘(AR,‘/R)a]

+ a = 0.5: "core” - more sym., narrow
« a=1:"k" - largest kr ~ k'pr
« a = 2: "time” - shortest splitting time
tf_1 ~ szT
+ In practice, needed
for stable unfolding:
1. min k; in Pb-Pb (see backup)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.034004

Identifying hard splittings: Dynamical Grooming

. kT,g — p_l_sublead sin AR

+ Iteratively follow splitting tree

Dynamical Grooming
Mehtar-Tani et al., PhysRevD.101.034004

Ka X ?61?,/):[2,‘(1 — Z,‘)pT,‘(AR,‘/R)a]

+ a = 0.5: "core” - more sym., narrow
« a=1:"k" - largest kr ~ k'pr
* a = 2: "time" - shortest splitting time
tf_1 ~ szT
+ In practice, needed
for stable unfolding:
1. min k; in Pb-Pb (see backup)
2. Alternatively, add z requirement (0.2)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.034004

Employing the grooming methods

Consider p'}; = 60 GeV/cR=0.2 jet

+ Decluster with C/A, select iterative splittings:

z=0.2,AR = 0.3, kt = 2.93 GeV/c
z=0.4,AR = 0.2,k = 3.15 GeV/c
z=0.1,AR = 0.1,k = 0.24 GeV/c

M=

—  Which method selects which splitting?
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Employing the grooming methods

Consider p'}; = 60 GeV/cR=0.2 jet
+ Decluster with C/A, select iterative splittings:
1. z=0.175, AR = 0.4, kt = 4.09 GeV/c

2. z=10.2,AR = 0.3, kt = 2.93 GeV/c

3. z=10.4,AR = 0.2, kt = 3.15 GeV/c

4. z=0.1,AR = 0.1, kt = 0.24 GeV/c

—  Which method selects which splitting?
* DyGa = 1.0:
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Employing the grooming methods

Consider p'}; = 60 GeV/cR=0.2 jet
+ Decluster with C/A, select iterative splittings:
. 2=0.175,AR = 0.4, kt = 4.09 GeV/c

. 2=0.2,AR = 0.3, kr = 2.93 GeV/c

. 2=0.4,AR = 0.2,k = 3.15GeV/c

. 2=0.1,AR = 0.1, kt = 0.24 GeV/c

A W N =

—  Which method selects which splitting?
* DyGa = 1.0:
© SDzye = 0.2: #2
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Employing the grooming methods

Consider p'}; = 60 GeV/cR=0.2 jet
+ Decluster with C/A, select iterative splittings:
. 2=0.175,AR = 0.4, kt = 4.09 GeV/c

. 2=0.2,AR = 0.3, kr = 2.93 GeV/c

. 2=0.4,AR = 0.2,k = 3.15GeV/c

. 2=0.1,AR = 0.1, kt = 0.24 GeV/c

A W N =

—  Which method selects which splitting?
* DyGa = 1.0:
* SDZzgy = 0.2: #2
* DyGa=1.0,z> 0.2: #3
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Employing the grooming methods

Consider p'}; = 60 GeV/cR=0.2 jet
+ Decluster with C/A, select iterative splittings:
. 2=0.175,AR = 0.4, kt = 4.09 GeV/c

. 2=0.2,AR = 0.3, kr = 2.93 GeV/c

. 2=0.4,AR = 0.2,k = 3.15GeV/c

. 2=0.1,AR = 0.1, kt = 0.24 GeV/c

A W N =

—  Which method selects which splitting?
* DyGa = 1.0:
* SDZzgy = 0.2: #2
* DyGa=1.0,z> 0.2: #3
. D #3
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Comparing grooming methods in pp

+ Shape variations at low kt
* Grooming methods

* Zrequirement
dominates over
grooming method

* PYTHIA in broad
agreement with data

+ Additional R + further
models in backup

1/ Njews AN /dkr g (GeV/c) ™

See also: Rg + z4 with DyG:
arXiv:2204.10246
Raymond Ehlers (LBNL/UCB) - 3 August 2023
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https://inspirehep.net/literature/2070421

Comparing grooming methods in Pb-Pb

sD0.2 S 0-10% central 30-50% semi-central
S 0 0
|}.E > 10 ALICE Preliminary 10 ALICE Preliminary
= - —— 0-10% Pb-Pb \/syy = 5.02 TeV{ - 30-50% Pb—Pb ,/syy = 5.02 TeV
DyG 1.0 ‘I?yG 1.0 Py —— Anti-ky ch-particle jets | - Anti-kt ch-particle jets
1~ ® Q) R=02, |nul <07] < - R=02, || < 0.7
K] . - 60 < pryju < 80GeV/c| 3 1 60 < prgy jer < 80 GeV/c
=10~ 1 =10° = .
e ——— =
+ First DyG in Pb-Pb ] =]
L . = _ = =
* Similar trends in 0-10% =, 4 Sban 03 = D02
2 Zeye = 0., 2 Zeut = U
and 30-50% § 10-2 + 5Dz =04 § 10-2L + Dz =04 =
. _ DyG a=1.0 = DyG a=10
R'educed Dz = 0.4 4 DyGa=102z=02 4 DyGa=10,2=02
yield due to phase space s ‘ ‘ ‘ o 15 ‘ ‘ ‘
. ;- 510 ; 5 LOp- e == +
from all DyG 2 05 S 05
a=1.0,SD zys = 0.2 0 1 2 3 ) 5 6 0 i 2 3 ) 5 6
kr g (GeV/c) krg (GeV/c)
—

Suggests few hard splits
further into tree
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Searching for modification

. ' " ALICE Preliminary
T —— pp, Pb—Pb /syn = 5.02 TeV
. : g + Anti-kr ch-particle jets
No enhancement at high k74 < o R =02, n| < 0.7
+ Standard DyG shows > 60 < pPr o e < 80 GeV/c
) . ,ch jet
\_/10— L >y 4
o v
£ = Th < TkT
S S
B R S—
Z | +430-50% Pb-Pb
107 4 0-10% Pb-Pb
Dynamical grooming a = 1.0
1.5¢ ' ' ' .
1|8 10fmmrmrmorr e —— 1
0.5t
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Searching for modification

' ' ALICE Preliminary

0/ == pp, Pb—Pb /syy = 5.02 TeV
b * & Anti-kr ch-particle jets
R=0.2 |nel <0.7

60 < pr ey jer < 80 GeV/c

* No enhancement at high k74
+ Standard DyG shows

eV/c)™?
+

g . . . (O]
+ Modification in methods with z > 0.2 =104 g —— oA ]
+ Larger modification in 0-10% £ ﬁ TkT A TkT
. seen in § < = >
many substructure analyses. < + pp
eg. Ry, jet axis difference, angularities, etc z 30-50% Pb—Pb
* No clear evidence of Moliere scattering —~ 1072

0-10% Pb—Pb
Soft drpp Zewt = 0.2

t t

Rl
Iz 10
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Searching for modification

SD 0.2 10° . . . . .
ALICE Preliminary
0/ - pp, Pb—Pb /syn = 5.02 TeV
T -* —— - - 1 i
* No enhancement at high k74 Yo o A’E'fTocg ﬁ;rt'rlilgt;
~ — V.g, et .
* Standard DyG shows ?v - 60 < PT ch jt < é?) GeV/c
+ Modification in methods with z > 0.2 %10—1, —— ' oA ]
+ Larger modification in 0-10% £ == 1k A TkT
: seenin § SN/ —— s
many substructure analyses. <
* eg. Ry, jet axis difference, angularities, etc éi + pp —_—
. . . . =102
No clear evidence of Moliere scattering 10 0-10% Pb-Pb
+ 0-10% data described by JETSCAPEv3.5 AA22' Soft drop zey = 0.2
and Hybrid model® w/out Moliere - * * * * * *
+ Caveat: pp baseline o 1.5¢
B A

Hybrid w/ wake

1: JETSCAPE arXiv:2301.02485 0.5y brid ) vake.+ Molere JJETSCAPEW 5 AA22
2: D’Eramo et al. JHEP 01 (2019) 172, Hulcher et al. QM 22 0 1 2 3 4 5 6
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https://inspirehep.net/literature/2621210
https://inspirehep.net/literature/1685742
https://inspirehep.net/literature/2142666

Outline: Thinking in angular scales

+ Jets and their substructure are multi-scale probes of

2. Energy-energy correlators (EECs) in pp
+ Separate angular scales — isolate physical regimes
+ Hadron-level correlations — pQCD, hadronization
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Energy-energy correlators

. via class of
: Energy-energy correlators (EECs)
+ Angular dependence isolates hadronic —
partonic dominated dynamics

Hadronic Physics
Confinement

Perturbative
Evolution

Two-Point Energy Correlator

¢ CMS Open Data

20 =L
@ 15 { { } =NLL
do P o
EEC TiMTj 1.0- detector effects

dR B Z / dG(RL) 6( - RL) [ } { AKS Jets, | < 1.9 ]

L pT,Jet 08 { { { b — 500-550 GeV

1

%001 0,005 0,010 0050 0400 0800 1

K. Lee et al., arXiv:2205.03414
Raymond Ehlers (LBNL/UCB) - 3 August 2023 P. Komiske et al., PRL 130 (2023) 051901 RL Figures: K. Lee 18


https://inspirehep.net/literature/2078551
https://inspirehep.net/literature/2014077

Energy-energy correlators

. via class of
: Energy-energy correlators (EECs)

Angular dependence isolates hadronic —
partonic dominated dynamics

pr-weighted angular correlation of all jet
constituent pairs

Pair weighted by jet and constit. pt

* Reduced sensitivity to soft emissions

_>

dGEEC / pT |pTJ > pTlpTJ
6(RL—R R, Ap? + A Weight:
dR, Z ( L) =\/b¢ n’

TJet pTJet

K. Lee et al., arXiv:2205.03414
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Energy-energy correlators in pp collisions

O T T T T T T 17T I T T
o - ALICE Preliminary 4
% © | pp s =5.02TeV ]
X | Anti-k; ch-particle jets, R = 0.4, |nje‘| <05 i
+ 2-point correlator measured in R=0.4 — 27«1 6 | pl*>1.0 Gevie o |
charged-particle jets 20 < prjer < 80 GeV/c L e (20, 40) GeV/c |
« Usejet i ++ o (40, 60) GeVi/c |
. * o (60, 80) GeV/c

+ Detector effects corrected with r +—+—+ 1
bin-by-bin correction: 4 A N
+ small overall correction factor i - - i
- - -

+ weak MC generator dependence -+- e *
0 ++ _._-0—0-:.: T
° 2 - _._=.=::: _

. . - . S b -

Peak shifts left with increasing pr ;¢ Lo e +++ .
« Transition region occurs at similar r +++ '*g_.:
relative scale 0 * 1 -+

102 107
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Energy-energy correlators in pp collisions

L T T LI B I T T T LI ] T T
> | ALICE Preliminary 4
S, L pp \s=5.02 TeV ]
- | Anti-k; ch-particle jets, R=0.4,|n_|<0.5 ]

. . o CC‘_1 .5 trk jet
+ 2-point correlator measured in R=0.4 gl & L pr>1.0Gevic o 4
charged-particle jets 20 < prjer < 80 GeV/c 2185 Transition region o (20, 40) GeV/c1
. Use jet S [ e Peak = 2.4 GeV/c o (40, 60) GeV/c
) X - — HWHM ~ 1.8 GeV/c o (60, 80) GeV/c
+ Detector effects corrected with I 11 0.2GeV/c - —
bin-by-bin correction: 8 [ Hadron region + *‘ 3 _
. Z F — AxR, 4

« small overall correction factor g L * +%
L A |
+ weak MC generator dependence % * ’:‘ ]
. ;: - —
. . . . - -
* Peak shifts left with increasing pr ;¢ =, i
+ Transition region occurs at similar ++* 1
relative scale 1 T
1 1 L1111 1 1
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Comparing to pQCD calculations

E’ m—l [ ALICE Preliminary ] ﬁ [tJ [ ALICE Preliminary ]
2o [ pp Vs=5.02TeV ] 2o [ pp Vs=5.02TeV ]
O 7E Antiky ch-particle ets, A =04 T Oy 7L Antikycheparticle jets, R=04 7
. from K. Lee s [ 20<pf"<40GeVic, In | <05 ] | 5 [ 40<py*<60GeVic, I | <05 ]
. T|=" 6F p* >1.0Gevic 4 T|I=" 6F p* >1.0Gevic ]
et al., arXiv:2205.03414 Eor * Data 1 E * Data ]
. . F QCD (NLL) 1 F QCD (NLL)
+ Full jet calculation 5c _ng o 4 S —ZXFI 3
. £ L ] C L ]
normalized to pertub. pa 3 £ E
region E ] E \ 1
. 3 - 3 g
+ Broadly describes data : ] F Y ]
2 ™™ 7 2F = E
« Hints of tension, needs 3 = ] ; -
further investigation E - -~
+ Deviation from calculation 0= — 0 S ——
due to non-pertub. effects S 150 - ; £ 15t 4* 4
N . [a} et [a

* Free hadron like behavior at P S e S N 1;_%4@.&*?'? ....................... 4

small angles 8 -« AxA,/ Data 8 ¢ + AXR,/ Data
0.5- E 0.5- .

= pQCD (NLL) / Data = Ur pQCD (NLL) / Data

1072 107 1072 107

R R
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Summary %

ALICE
100 . : .
ALICE Preliminary
~ - pp, Pb—-Pb /syn = 5.02 TeV
1. Grooming studies + medium scattering centers o + == Anti-kt ch-particle jets
(8] —
+ First measurement of DyG in Pb-Pb = = = R=02 |nul <07
. . . v 60 < pr et < 80 GeV/c
* Z.u dominates over grooming method details O " e
f splittings f Ea I v
. of splittings far into = 7
splitting tree i W‘ Th —— w TkT
. . . = d 3
* No clear evidence of Moliere scattering o + pp
> S G—
= 30-50% Pb-Pb :
2. Energy-energy correlators —~ 1072 0-10% Pb-Pb ]
+ First corrected EEC measurement at LHC Dynamical grooming a = 1.0, z = 0.2
: 1.5/ ' ' ' ' ' ]
+ Observe universality of transition region s 1 0
* Roughly described by calculations = '
0.5¢ ]
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Summary

o L 8 —
W B:J [ ALICE Preliminary
% S [ pp Vs=5.02TeV
x [ Anti-k; ch-particle jets, R = 0.4

1. Grooming studies + medium scattering centers s [ 20<p"<40Gevrc, In, <05

"lz 6F P >1.0 GeVic

TN W N

+ First measurement of DyG in Pb-Pb * Data

* Z.y dominates over grooming method details 5 7?32[) (LD 4
L

. of splittings far into 4

splitting tree
* No clear evidence of Moliere scattering

| A WS W W

2. Energy-energy correlators

w
R AL R R A R R

* First corrected EEC measurement at LHC -
0 =
. . - . o 48 ]

+ Observe universality of transition region &1 -
* Roughly described by calculations S s -
E - AxR_/ Data
= 05¢ pQCD (NLL) / Data

) —1
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* Much to explore in medium and in vacuum!

New techniques
+ Statistical methods?
+ Applications of machine learning?

New observables and applications
. ?
+ Relax grooming requirements? Heavy flavor?
+ Energy correlators in Pb-Pb? Higher-point
energy correlators?

. from EECs
compared to other substructure observables?

Raymond Ehlers (LBNL/UCB) - 3 August 2023

Theory / Data

[ ALICE Preliminary ]

L pp Vs=5.02TeV ]

[ Anti-k; ch-particle jets, R = 0.4 ]

F 20<p" et < 40 GeV/e, I, <05 ]

6F P >1.0 GeVic 3

[ e Data ]

5; pQCD (NLL) 1

£ — AR, ]

4 E

3 3

2- 3

T ~

L -~

0= -

1.5 == B

=

1§w¥f ..................... |

- AxR_/Data ]

05¢ pQCD (NLL) / Data
102 107"
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Backup



Jets and their substructure in ALICE

THE ALICE DETECTOR

a. ITS SPD (Pixel)
b. ITS SDD (Drift)
c. ITS SSD (Strip)
d. VO and TO

e. FMD

* ALICE well suited for measuring:
+ Low pr jets

+ Small splitting angles at high @

efficiency -
2. FMD, TO, VO
— Enables strong substructure 3 TPC
rogram S Jor ©
prog o £ o -
* Anti-kt charged-particle jets 8 oca oy

measured in pp and Pb-Pb 10 Ansorer
collisions at /syn = 5.02 TeV 15 Moo war
' 14, Muon Trigger
15. Dipole Magnet
16, PMD
17. AD
18.ZDC
19. ACORDE
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Jets and their substructure in pp collisions

* Jets are multi-scale probes of

* Jet substructure observables provides access
to the jet splittings

*+ Sensitive tests of perturbative QCD,
hadronization, etc

* Extra )
+ Heavy flavor (see next talks) s .
+ phase space selections ///':-:'./;,/'/ , Reconstructed
. i / ' |
Tools (eg. grooming) e

Detection

e ~ Hadronization
- Fragmentation ~ hadrons 3@ .
e partons @D @ ...

Raymond Ehlers (LBNL/UCB) - 3 August 2023 28
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https://www.ericmetodiev.com/post/jetformation/

Energy-energy correlators/2

g ¥ ..
Z 5]
B g
* Spans hadronic — partonic BT g
dominated dynamics S 2 ..
< o
+ Large angle — S O

+ Intermediate — confinement S Perturbative

. % Evolution
+ Small angle — free hadron like 3

3.0 - —

+ Large angles

5 Two-Point Energy Correlator |
— Q~ prR, T~ 1/(prR?)

¢ CMS Open Data
ELL
= NLL

Not corrected for ]

detector effects |
AKS Jets, || < 1.9
pr = 500-550 GeV

25¢
20

doeec PT IpT,J dogec |, ‘h
—Z/ PLPT §(R, — R) ® '

dR, pTJet

05 { {
0ot 0005 0010 0050 0100 0500 ~ 1
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Universality of transition region

Bl I ALICE Preliminary E
% © L pp \s=5.02TeV i
X | Anti-k; ch-particle jets, R = 0.4, "’m' <05 i

Py trk "
— 29 6 _pT >1.0 GeV/c ch jet |

I A
4 } +’+’++ :g:+

-
o

o (20, 40) GeVi/c |
® (40, 60) GeV/c |
e (60, 80) GeV/c

X PrjerT-nOrm.

A [a. ul]

dNEEC
dpavg

Arbitrary factor x

T, chjet

I~ ALICE Preliminary g
L pp \s=5.02Tev 1
15 | Anti-k; ch-particle jets, R = 0.4, l”ietl <05 |
L p'T"‘ >1.0 GeVic ch jet N

T
[ Transition region ® (20, 40) GeV/c|
[ Peak = 2.4 GeV/c ® (40, 60) GeV/c|
= HWHM = 1.8 GeV/c ® (60, 80) GeV/c
1 #0.2GeV/c #3; a

-

[ Hadron region *‘ - 7
F — AxR! * & 8
% - i
o _
4 4
- ]
3o _
L o -
| L L

0 M| L L

Transition region occurs at similar relative scale
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EEC model comparisons

N

w

Model / Data
o o
D

[ ALICE Preliminary
L pp Vs=5.02TeV
[ Anti-k; ch-particle jets, R = 0.4

[ 20< p:“ it < 40 GeVie, ) <05
= pi* > 1.0 GeVic
—e— Data

—e— Pythia 8 (Monash tune)
—+— Herwig 7 (2—2 hard QCD)

v bevn b bvana benna bay

R )

L ool L L

.4 -=- Pythia/ Data - Herwig / Data e
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Comparing to pQCD calculations
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+ Jets are experimentally challenging due
to large uncorrelated background from
underlying event

* Fluctuations can be ~ pr et
Substructure especially susceptible
Careful bkg subtraction is critical!

Exp. approaches (not exclusive):
Subtract event-by-event bkg, unfold
+ Bkg fluc. limits accessible kinematics

Jet grooming aims to removes
uncorrelated bkg (contamination?)

Reduce bkg sensitivity or size

Rethink problem: statistical + correlation

methods remove bkg on ensemble level

Raymond Ehlers (LBNL/UCB) - 3 August 2023

CMS Experiment at LHC, CERN

i| Data recorded: Sun Nov 14 19:31:39 2010 CEST
| Run/Event: 151076 / 1328520
| Lumi section: 249

Jet 1, pt: 70.0 GeV.

Jet 0, pt: 205.1 GeV/|
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Experimentally accessing jets in heavy-ion coll

+ Jets are experimentally challenging due
to large uncorrelated background from
underlying event

* Fluctuations can be ~ pr et
* Substructure especially susceptible
— Careful !

* Exp. approaches (not exclusive):
+ Subtract event-by-event bkg, unfold
+ Bkg fluc. limits accessible kinematics

. aims to removes
uncorrelated bkg (contamination?)

* Reduce bkg sensitivity or size

+ Rethink problem: statistical + correlation
methods remove bkg on ensemble level

Raymond Ehlers (LBNL/UCB) - 3 August 2023
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Jets and their substructure in Pb-Pb collisions %

ALICE

< T { L [ L [ LI | L | T T 7T ‘ L
+ Partons propagate and interact with medium, < [ illl\ll'D%E Data -T _?gdckﬂgge\lélvé\'/&/’glé%:
modifying evolution of parton shower [ mmLBT ) Mehtar-Tanjet. al,g |
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Jets and their substructure in Pb-Pb collisions

+ Partons propagate and interact with medium,
modifying evolution of parton shower

+ Jet-medium interactions modify the

* Medium properties encoded into jet
modification

— Jets are in-situ probes of QGP dynamics

Raymond Ehlers (LBNL/UCB) - 3 August 2023

Inl/R In +/gL3 ln1/6’

H. Andrews et al., J.Phys.G 47 (2020) 6, 065102
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How do models fare?
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Exploring angular dependence via groomed substructure
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Dynamical Grooming: Lund Planes

In(k_)[GeV/c]

PYTHIA8 p+p @13 TeV E
- p,>450 GeVle, antik R=0.8 [
K e C/A declustering E

_t_i% zDrop (a=0.1) _t‘hﬁ‘ k;Drop (a=1) E |

6
In(1/AR)

Mehtar-Tani et al., PhysRevD.101.034004
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Comparing grooming methods in pp: mixed methods, R = 0.4
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Dynamical Grooming: analytical calculations pp
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Unfolding Dynamical Grooming in Pb-Pb

Dynamical Grooming exhibits
in Pb-Pb

+ Off-diagonal mismatched splittings are
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Unfolding Dynamical Grooming in Pb-Pb

—

+ Dynamical Grooming exhibits
in Pb-Pb
+ Off-diagonal mismatched splittings are
major component at low k7 kr inclusive
— Problematic for unfolding kr > X GeV
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+ Caused by prjet (GeV/c)
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+ Address by minimum measured k; requirement

+ Trade improved purity for reduced dynamic
range and kinematic efficiency

Kinematic Eff.

* Minimum z has similar impact

kt inclusive
kr > Y GeV
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Dynamical Grooming in Pb-Pb
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Comparing grooming methods in 30-50% semi-central Pb-Pb
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Comparing grooming methods in 0-10% central Pb-Pb
DyG 0.5 DyG 1.0 DyG 2.0 SD 0.2
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Searching for modification (with mor
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Searching for modification (with mor
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Comparing with models in 0-10% central Pb-Pb
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Narrowing in kr g Vs Ry
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Groomed shared momentum fraction Zq
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Jet mass: model baseline in pp

— Model baseline is important for many observables!
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