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Understanding the fundamental interactions is just the beginning!
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energy Heavy-1on collisions

high energy scatterings energy loss
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far from equilibrium initial state hydrodynamics hadron gas
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Modification of jets as a probe of quark-gluon plasma

proton—proton heavy-ion

Lumi section: 14
Orbit/Crossing: 3614980 / 281

“baseline” jet properties
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Successive QCD splittings form jets in vacuum

hadrons

dé
APk = ?dz P ik(2)

Splitting
functions
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Accessing splitting functions from jet substructure

Access kinematics of gluon that
initiated the shower (pr, 0?,...)
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Accessing splitting functions from jet substructure

Access kinematics of gluon that
initiated the shower (pr, 0?,...)
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Successive QCD splittings form jets in vacuum

hadrons

do
APk = ?dz P, ik(2)
Splitting
functions

< Modification of splitting functions important probe of medium
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Partons and splittings in finite-temperature QCD

Parton undergoes transverse momentum diffusion

— 7 TN\ $k¢ g d<k2¢>

Kicks occasionally induce gluon radiation

Radiation can’t be resolved instantaneously

5
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Baier, Dokshitzer, Mueller, Peigne, Schiff (1996), Zakharov (1996)
I Arnold, Moore, Yaffe (2003)

Jasmine Brewer (CERN) ) ) ) 11
Fig: adapted from Yacine Mehtar-Tani QM”19



Accessing modification of light flavor splitting functions

Light flavor splittings: % —g &m<

Jets are mixture of light flavor splittings.



Accessing modification of light flavor splitting functions

Light flavor splittings: % —g @_ow<

GO°
0
<0

* Different vacuum
fragmentation

“glu()n jet” “quark jet”

Pg—gg Q Py qg Q
e Different medium
modification

Jets are mixture of light flavor splittings.
Challenge: study their modification separately
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Accessing modification of light flavor splitting functions

Heavy flavor splittings:

Advantages:

* Follow heavy-flavor through the
shower for clean access to splittings

ALICE [2106.05713]

: : : oy Fig: Nima Zardoshti .,
* At high energies, access light flavor splittings (LHC seminar)

Focus of this talk: phenomenology of g — c¢C

Jasmine Brewer (CERN) 14



Unique features of the modification of g — cC
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Signature of momentum broadening of ¢¢ pair g MM<
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Unique features of the modification of g — cC

C
Signature of momentum broadening of c¢¢ pair g
C
135 . 99 2E9 . .
Gluons have a “lifetime” 75 ~ for} depending on their energy
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Another time-delayed probe: Apolinario, Milhano, Salam, Salgado [1711.03105]
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Unique features of the modification of g — cC

C
Signature of momentum broadening of c¢¢ pair g
C
19 P b %29 2E
Gluons have a “lifetime” 7 Q2 depending on their energy

m'< TTr— T 1 o fmdelay for

20 — 100 GeV gluons

time time time
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Another time-delayed probe: Apolinario, Milhano, Salam, Salgado [1711.03105]
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Modification of the g — c¢c splitting function

Pg—wé(Eg? kgv z) =

vac
g—cc

(k2,2) +

Pmed

g—rcc

(Ega kgaz)

Attems, JB, Innocenti, Mazeliauskas, Park, van der Schee, Wiedemann [2203.11241] 19



Modification of the g — c¢c splitting function

ke Pyce(Ey k2, 2) = P (k2 2) + P2 (B, k2, 2)

g—cc g—rcc

Results of the calculation:

 Depletion at small k? broadening
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g—cc g—rcc

Results of the calculation:
 Depletion at small k? broadening

* Less modification with increasing E; ~ formation-time dependence
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Modification of the g — c¢c splitting function

kc Pg—>65(Egakgvz) :P;ifcé(kg7z)+Pmed (EQJCg?Z)

g—rcc

Results of the calculation:

 Depletion at small k? broadening

* Less modification with increasing E, ~ formation-time dependence

* Medium-enhanced rate of ¢¢ production! gluons promoted above
threshold
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Increasing gluon energy

Less modification with increasing E;

More c¢ pairs produced overall 1in the presence of medium
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Accessing the g — cc splitting in jets

Leading processes for heavy quark production (approximately) collinear
99999999 ——€¢—— & ¢ _ Do
& (med)
mgi Pg—)cé
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/CEC\
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= 20| -- gluon splitting
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Accessing the g — cc splitting in jets

no
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High-purity sample of showers
including g — cc splitting

Jasmine Brewer (CERN) 25



Baseline: jets containing a D°D? pair

=0 109E """"""""""""""""""""""
— a2 | Lin=0.5 [fb7']
_ = ol Pythia 8.3
% Jsan = 5.5 [TeV]
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High-purity sample of showers =
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including g — cc¢ splitting jet pr[GeV]
Jet pr e

Expect experimental sensitivity in Run 3/4
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Observing g — ¢C enhancement in jets
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Get kinematics of g — ¢C

Reweight each splitting by

1 med 5
LB R (GPeee) EHD
WeSeeEp k5 2) = 1 +

1 vac
(Epg—)cé) (kg, Z)
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Observing g — ¢C enhancement in jets

1\
o

"‘\.g — Pythia 8.3, 4/s =5.5 TeV
u D® 0.0200 a0 — 4 Gev?
N Zﬁ 0.010  2<ALIGEVI<S o
20005 *
Get kinematics of g = ¢C =z .
0.002 '1 f
. . . o p N p /11 w ! | |
Reweight each splitting by 0.001  rUAT 20050 100
20 50 100 200
1 med 5 .
o , (EPg_,Cé) (E,, k', 2) jet pr [GeV]
wg—)CE Eg’ kc’z) = 1 + { vac
(Epg—)cf‘) (kga Z)

* Also verified 1n toy shower with all modified splittings
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Going forward: more differential observables
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Can use jet substructure to access broadening at hadron-level
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Going forward: more differential observables

B L L
c 0.500¢ PbPb / pp | [ ----- Pythia 8.3, R=0.4 PbPb / pp |
7 1.3 | —jet pr > 20 GeV 1.5
5 1 | 10} _—jetpr > 80 GeV 1Jf7¢4:-
0.100 ’ - i ]
4 07— 5 7 ' 4 | 7
= 0.050¢ 0 5 10 151 N/ : 6
- — Pythia 8.3 ’ AW
— gL =4 GeV?
0.010: 2 < 4L [GeV?] <8
0.0057‘ T T S S S E R N B R
0 2 4 6 8 10 12 14

k2 [Gev?) reo

Can use jet substructure to access broadening at hadron-level

Ongoing: how to quantify modification differential in E;?
* Access delayed probe of QGP
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A process with many exciting future avenues!
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* Formation time dependence of modification

Clean process with a lot of exciting physics opportunities!
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