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How do partOns fragment? @

* Invariant jet mass: m;, E-2 —
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First look at the LHC (2010-2013)
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First look at the LHC (2010-2013)

CMS, L = 5fb" ' at \'s = 7 TeV, Ungroomed AK7 Z+jet
I I I

f—'--108 T T T T T T T T T © 2 T T -
> T _ | | Wl & pT =125 - 150 GeV{ ! : =

b 8 107 —_— Pythlas’ Tune Zz . pTl = 125_1 50 GeV (X 10 ) D 1 5 -------- R S prrsorememrmsoeecoee _:
= p— — =

| tirans - _ 1 ............................... _:

~ Herwigr+, Tune23 1 = 150-220 GeV (x 10%) % E
_8 £ I |:| Stat. Uncertainty j a 0s] P O =
~|5 o  PT =220-300 GeV (x 109) ] 0 =

B - Total Uncertainty

10° A pT =300-450 GeV (x 10°) _ 5 : _
! sE—  pT=1500220Gev _l ________________ E

Larger variation
between
distributions
at lower py?

i

0 20 100 150

E.D. Lesser JHEP 05 (2013) 090 m, (GeV) 11 July 2024 12



https://doi.org/10.1007/JHEP05%282013%29090

- 0.7 — T T T l T T I T T T I T — -— T T T I T T T I T T T I T T T I T T T
2 = _ - 2, L - i
gl [ o Aceppcaa ALICE Preliminary 1 8 [ @ ALICEppdata ALICE Preliminary | L o Wer
-?6 0.6 - 7/ pp syst. uncert. pp Vs =5.02 TeV B -?1'5 0.5 /7777 ppsyst uncert. pp Vs = 5.02 TeV ]
|b—' - PYTI-.||A8 Monash2013 Ch.-particle anti-k- iets 1 - PYTI-.IIAS Monash2013 Ch.-particle anti-k; jets ]
[ ==== Herwig7 default tune ch jet vV ] | = === Herwig7 default tune 60 ch jet 80 GeV/ |
0.9 s POWHEG+PYTHIAE 40 <p; ~ <60 GeVic| 1 0.4 o POWHEG+PYTHIA6 - -
- [ Hybrid model vacuum niet <07, H= E - [ Hybrid model vacuum njet <07, A=0. i T ] et
0.4 [ [N JETSCAPEpp E " I JETSCAPE pp ] )
T 7 0.3 N _
0.3 7 . i AN
C . 0.2 — o
: : : : ©
0.2 . : 1 N
: ] 0.1~ = %
AF - A i
a: } I - 2
" A 7 » i E
0 oy 0 <
Slw1.8F 1 Slm1.8¢ . O
O |+ » - o .
o|C ] O|® i ] c
cla T ] (S ] 3
U - 1.6 . Q
I i : - No!
i - - - )
141 . l4r ] 2
s - i . Q
- . 1 2 __ —- S
1.2 i 7 L § o
] ] ¥ ] =
'_ ] 1 =
I - : j S
[ ] i ] ©
0.8F - 0.8[ ] J
i . i i al
0.6 . 06 ’ s
B L L ) | . L I . ) . I . T 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 i E
0 5 2 5 0 2 4 6 8 10
M., (GeV/c?) Mg (GEV/C)
E.D. Lesser 11 July 2024 13


https://alice-figure.web.cern.ch/node/26502

,—| 5 0.6
©
0.5
0.4
0.3
0.2

0.1

~rrryrrrryrrrryprrrryprrorrprrrr|rrrrT
N | I I | I I I

(@ ALICE pp data
7/ pp syst. uncert.

= = = = Herwig7 default tune
............ POWHEG+PYTHIA6
[ Hybrid model vacuum

I JETSCAPE pp

T T T l T T

Preliminary
pp Vs =5.02 TeV
.-particle anti-k; jets

40 < p:_h < 60 GeV/c

PYTHIA8 Monash2013

Theory
Data

1.6

1.4

1.2

LI I 1 T l L I T 1 T ]

—
|

0.8

0.6

T [ L I L

Theory
Data

o

E.D. Lesser

0.3

0.2

0.1

o© O

1.6

1.4

1.2

0.8

0.6

T T T T T T T T T

i
@  ALICE pp data ALICE Preliminary

77777 pp syst. uncert. pp Vs =5.02 TeV
PYTHIA8 Monash2013 ch
- = = = Herwig7 default tune '
............ POWHEG+PYTHIAG

I Hybrid model vacuum njet < 0.7, =(
W JETSCAPE pp

7z %
KT
7 "'
’a’)

particle anti-k jets

60 < p"*' < 80 GeVic

Lower

11 July 2024

pT,jet

Smaller tail
than at

higher DT jet

Important

baseline for
Pb-Pb

oN
o
LN
O
N
~
()}
©
o
C
=~
e
©
(e
—
Q
O
o]
()
3
()}
o
>
el
.
Q
=
(g0
~
3
(%]
(@]
)
)
e



https://alice-figure.web.cern.ch/node/26502

Groomed jet mass @

remove soft, wide-angle radiation
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Groomed jet
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(Un)groomed jet mass at RHIC
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(Un)groomed jet mass at RHIC
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Where to go from here? @



Where to go from here? @
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Groomed jet mass has now been

calculated at NNLO + NNNLL

 Comparisons between
experimental results & theory?
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Where to go from here? @

* Groomed jet mass has now been
calculated at NNLO + NNNLL
 Comparisons between

experimental results & theory?

2
Qparton

* Test the flavor dependence of QCD
fragmentation / parton mass

Phys. Lett. B 809 (2020) 135704 2
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High precision with heavy flavor @

Soft gluons ruin AKT
flavor after NLO

Eur. Phys. J. C47 (2006) 113-124
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New flavor-tagging algorithms
calculable beyond NLO

Soft gluons ruin AKT
flavor after NLO
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High precision with heavy flavor )
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High precision with heavy flavor
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High precision with heavy flavor @

1* MC shows interesting results
with IRC-safe tagged HF jets

|* First LHCb measurements being
performed in data: stay tuned!

remove second mass peak groomed jets
ser 7



How do partons fragment? @

* [nvariant jet Mmass: m et P]et \/Qparton
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How do partons fragment in QGP? @

* Invariant jet mass: M = \/ E]-Zet — szet ~ \/ Qﬁarton
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How do partons fragment in QGP? @

* Invariant jet mass: M = \/ Ejzet - pjzet ~ J anrton

* Broadening vs. narrowing?
* Coherent vs. incoherent scattering?

jet * Resolution scale of quarks & gluons?

* Wide-angle Rutherford scattering?

 Medium’s degrees of freedom?
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Jet mass in Pb-Pb

; 1L R L
o : 60 <p. . < 80 GeVic j
~ 0.2 _
2 - ALICE R=04 @ 0-10%Pb-Pbys,, =276 TeV
'§~ wmems PYTHIA Perugia 2011
S|<° Si¢ = = 1 Q-PYTHIA
© § :-.
T | ]
20 1F s JEWEL + PYTHIA 0-10% Pb—Pb
T 2'Q I ] ~ o Recoil on
Sy T e N Recoil off
o
0
2
M, jet (GeV/c“)

* Pb-Pb data & PYTHIA pp agree...!
Phys. Lett. B 776 (2018) 249-264 ... ... Y

E.D. Lesser


https://doi.org/10.1016/j.physletb.2017.11.044

Jet mass in Pb-Pb )

; _I ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' C\T—\ 227| T T l T T 71 J T T T T l |. L 1 T T 171 I T 1 |;1
8 i % 60 < pT’ ch jet < 80 GeV/c j é’. 20F Charged jets, anti-k- :
N 0.2F 3 45 R=04,In |<05 E
o TP ALCE R=04 | @ o10mporpoys,=276Tev]| <16 _
~ - ° NN~ < 161 .
s I s PYTHIA Perugia 2011 140 ‘———
Z| 6 C .1"',’ = = 1« Q-PYTHIA = 12:_ ¢ g

© § i :" - ~ : o
S5 : 10 ¢ = S

" - < JEWEL + PYTHIA 0-10% Pb-Pb - _ ®
201 S | | 3 = B
A > i s ~ . Recoil on 60 —@— 0-10% Pb-Pb E
i ; v Recoil off 4 C —f+— PYTHIA Perugia 2011 E
B < - JEWEL+PYTHIA recoil on
! 21 ALICE —4— Q-PYTHIA B
- SRR BN BN PR BRI B
0 I %0 70 80 90 100 110 120
0 P e (GEVIC)
M. .. (GeV/c?)
ch et * Pb-Pb data & PYTHIA pp agree...!
s _Phys. Lett. B776 (2018) 249-264 )



https://doi.org/10.1016/j.physletb.2017.11.044

From mass to angularities

Jet angularities:
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From mass to angularities
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From mass to angularities

Jet angularities:
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From mass to angularities

Jet angularities:
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From mass to angularities I@

Jet angularities:
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From mass to angularities

E.D. Lesser

Jet angularities:
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From mass to angularities )
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From mass to angularities
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Conclusions A

* Jet mass is a ubiquitous fragmentation observable which probes the
virtuality of the hard-scattered parton

* Some tension with MC models, but higher-order calculations now available

e Systematic studies in Pb-Pb reveal
1. Importance of measuring a proper pp data baseline;
2. Closely related observables can have different physics sensitivities

e Excellent opportunity to study QCD flavor dependence and to test
recent theoretical developments at unprecedented precision
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