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Heavy flavor
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Jets

Jets and heavy flavor in pp collisions

Test pQCD approaches  
(parton showers, resummations, 

power corrections, …)

Constrain non-perturbative 
effects: Hadronization, UE

Constrain PDFs, αs

Reference for heavy-ion collisions: Which observables are under control in pp?

Understand production 
mechanisms (HF-jet production, 

gluon splitting, resummations, 
 formation, …)J/ψ

Constrain non-perturbative 
effects: Hadronization

Constrain FFs and small-x PDFs

A landscape to test our fundamental understanding of QCD

https://github.com/JETSCAPE/JETSCAPE
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Jets in ALICE

Charged particle jets 
• Pro: High-precision spatial resolution to resolve 

particles; Experimentally simpler 
• Con: Additional modeling to compare to theory 

Full jets (charged tracks + EMCal ) 
• Pro: Direct comparison to theory 
• Con: Significant experimental complication; 

Limited EMCal coverage

π0, γ

ALICE is very good for: 
• Jet substructure 
• Low-pT tracks: 150 MeV/c 
• Particle Identification

ALICE is not so good for: 
• High statistics  
• High pT > ~100 GeV/c  
• Jets at forward/backward rapidity

EMCal  
acceptance: 107°

φ

 

ALICE reconstructs jets at mid-rapidity  with 
a high-precision tracking system (ITS+TPC) and EMCal

( |η | < 0.9)
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https://github.com/JETSCAPE/JETSCAPE
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Inclusive jet cross-section arXiv:1909.09718

The jet cross-section at different R can constrain the contributions from:

pQCD HadronizationUnderlying Event

Full jets
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Inclusive jet cross-section arXiv:1909.09718

The jet cross-section at different R can constrain the contributions from:

pQCD HadronizationUnderlying Event

Full jets

Theoretical approaches 

Fixed-order calculations: 

NLO, NNLO


Resummed calculations:

e.g. 


Parton showers

(αs ln 1/R2)n
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Inclusive jet cross-section arXiv:1909.09718

Currie, Glover, Pires 
PRL 118 072002 (2017)

The jet cross-section at different R can constrain the contributions from:

pQCD HadronizationUnderlying Event

POWHEG+Pythia

NLO

Aliolo et al. 
JHEP 43 (2010) 
JHEP 4 (2011)

Full jets

Sjöstrand et al. 
JHEP05 (2006) 026 
CPC 178 (2008) 852
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Inclusive jet cross-section arXiv:1909.09718

The jet cross-section at different R can constrain the contributions from:

pQCD HadronizationUnderlying Event

POWHEG+Pythia
Aliolo et al. 
JHEP 43 (2010) 
JHEP 4 (2011)

Full jets

Sjöstrand et al. 
JHEP05 (2006) 026 
CPC 178 (2008) 852

Currie, Glover, Pires 
PRL 118 072002 (2017)

NNLO

See also:  
Czakon et al. 
JHEP 262 (2019)
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Inclusive jet cross-section arXiv:1909.09718
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Liu, Moch, Ringer 
PRL 119 (2017) 212001 
PRD 97 (2018) 056026 

Kang, Ringer, Vitev 
JHEP 1610, 125 (2016)

The jet cross-section at different R can constrain the contributions from:

pQCD HadronizationUnderlying Event

POWHEG+Pythia

NLO+NLL

Aliolo et al. 
JHEP 43 (2010) 
JHEP 4 (2011)

Full jets

Sjöstrand et al. 
JHEP05 (2006) 026 
CPC 178 (2008) 852
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Inclusive jet cross-section arXiv:1909.09718

pQCD HadronizationUnderlying Event

Non-perturbative effects 
are very large at low-pT

The jet cross-section at different R can constrain the contributions from:

POWHEG+Pythia
Aliolo et al. 
JHEP 43 (2010) 
JHEP 4 (2011)
Sjöstrand et al. 
JHEP05 (2006) 026 
CPC 178 (2008) 852

Liu, Moch, Ringer 
PRL 119 (2017) 212001 
PRD 97 (2018) 056026 

Kang, Ringer, Vitev 
JHEP 1610, 125 (2016)

NLO+NLL
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New high-  reach for ALICE!pT

Enabled by EMCal jet trigger 
and validation of high-  

tracking performance
pT
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M. Fasel 
Hard Probes 2019

Inclusive jet cross-section

Full jets
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The jet cross-section at different R can constrain the contributions from:

pQCD HadronizationUnderlying Event

Inclusive jet cross-section ratio arXiv:1909.09718

The ratio of cross-sections at 
different R allows significant 
cancellation of experimental 

systematic uncertainties

High-precision constraints 
on the R-dependence of the 
inclusive jet cross-section

Note: An even better way may be to report 
correlations in uncertainties between different R
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The jet cross-section at different R can constrain the contributions from:

pQCD HadronizationUnderlying Event

Inclusive jet cross-section ratio arXiv:1909.09718

� E. Epple 17

New Data

New data clearly prefer the NNLO LLR-based calculation.
But needs calculations at the right energy to be certain.
Currently underway… 

M. Dasgupta, F. Dreyer, G. Salam, and G. Soyez
JHEP 1606 (2016) 057

B. Abelev et al. (ALICE Collaboration) 
Phys. Lett. B 722 (4) (2013) 262 – 272 � E. Epple 15

Compare Ratios
Do not compare jet spectra directly with 
theory BUT their ratio

• exp. luminosity uncertainty cancels
• correlated exp. uncertainties cancel eg. jet 

energy scale
• PDF uncertainties in the calculation cancel
• Other uncertain terms in some calculations 

also cancel

“The overall agreement is then best with the 
NNLO LLR-based prediction. However, the sizes 
of the experimental uncertainties are such that 
it is difficult to draw firm conclusions.“

M. Dasgupta, F. Dreyer, G. Salam, and G. Soyez
JHEP 1606 (2016) 057

M. Dasgupta, F. Dreyer, G. Salam, and G. Soyez
JHEP 1606 (2016) 057

� E. Epple 17

New Data

New data clearly prefer the NNLO LLR-based calculation.
But needs calculations at the right energy to be certain.
Currently underway… 

M. Dasgupta, F. Dreyer, G. Salam, and G. Soyez
JHEP 1606 (2016) 057

B. Abelev et al. (ALICE Collaboration) 
Phys. Lett. B 722 (4) (2013) 262 – 272 
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The jet cross-section at different R can constrain the contributions from:

pQCD HadronizationUnderlying Event

Inclusive jet cross-section ratio arXiv:1909.09718

� E. Epple 17

New Data

New data clearly prefer the NNLO LLR-based calculation.
But needs calculations at the right energy to be certain.
Currently underway… 

M. Dasgupta, F. Dreyer, G. Salam, and G. Soyez
JHEP 1606 (2016) 057

B. Abelev et al. (ALICE Collaboration) 
Phys. Lett. B 722 (4) (2013) 262 – 272 

Eliane Epple 
LHCEW-Jets Group

https://indico.cern.ch/event/860687/
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Measurements of jet spectra in pp and Pb–Pb collisions at
p

sNN = 5.02 TeV ALICE Collaboration
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Fig. 3: Unfolded pp jet cross-section ratios for various R. Top panels: ratios of R = 0.2 to other radii. Bottom
panels: ratios of R = 0.1 to other radii. The left panels include comparisons to POWHEG + PYTHIA8, and
the right panels include comparisons to NLO+NLL+NP. The experimental correlated systematic uncertainties and
shape systematic uncertainties were combined in quadrature into a single systematic uncertainty. Note that no
systematic uncertainties for the non-perturbative correction in the NLO+NLL+NP prediction were included.

namely the ratio of the Pb–Pb and pp spectra plotted above. While the measured Pb–Pb spectra only
report jets satisfying the leading charged hadron requirement, one can choose whether or not to apply the
same requirement for the pp reference, despite that the bias may be different in pp and Pb–Pb collisions.
To examine the effect of this bias, in Fig. 5 we plot the ratio of the R = 0.2 pp cross-section with either
a 0, 5, or 7 GeV/c leading track requirement, as well as the ratio of the R = 0.2 Pb–Pb jet spectrum with
either a 5 or 7 GeV/c leading track requirement. Figure 5 shows that the relative bias between a 5 and 7
GeV/c leading track requirement is very similar in pp and Pb–Pb collisions, suggesting that the overall
bias in the reported RAA may be small compared to the measurement uncertainties. Nevertheless, we
report the RAA both with and without a leading track requirement on the pp reference.

13

14

Systematic uncertainties in analytical calculation do not cancel…
driven by sensitivity to non-perturbative scale. Can it be improved?

Inclusive jet cross-section ratio

The jet cross-section at different R can constrain the contributions from:

pQCD HadronizationUnderlying Event

arXiv:1909.09718
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Groomed jet substructure

K. Tywoniuk (UiB)

SOFT DROP

!14

❌

!log 1/θ

! lo
gz

θ

z =
zcut θ β

veto

Re-cluster jet with C/A until finding first 
branch that satisfies: 

z > zcutθβ

- removes soft & large-angle radiation

Recursive SD: continues to identify all branches that 
satisfy this condition (pruning)

Dasgupta, Fregoso, Marzani, Salam 1307.0007
Larkoski, Marzani, Soyez, Thaler 1402.2657

Larkoski, Marzani, Thaler 1502.01719

Dreyer, Necib, Soyez, Thaler 1804.03657
Frye, Larkoski, Thaler, Zhou 1704.06266

z > zcutθβ

The Soft Drop algorithm introduced the grooming parameter 
 to improve IRC-safety of groomed observables β

As  increases, less collinear 
radiation is groomed away

β

Preferentially remove non-perturbative contributions, NGLs

Tag hard splitting 

Well-controlled comparisons to pQCD calculations

1

2

Jet reclustering

Jet grooming

DIFFERENT OPTIONS

!8

!ln 1/ΔR

!lnk
t/G

eV

!ln 1/ΔR

!lnk
t/G

eV

!ln 1/ΔR

!lnk
t/G

eV

β > 0 β = 0 β < 0

Sudakov safe IRC safe

For groomed observables, these cuts generally lead to:

IR/Sudakov safe

K. Tywoniuk 
EMMI RRTF

Recluster jet constituents to identify jet features (Lund plane, subjets, etc.) 
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Groomed jet radius

Rg = Δη2 + Δϕ2

θg ≡
Rg

R

R

θg ≡
Rg

R
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Figure 6. Pythia 8 results [82] for the soft drop groomed jet radius ✓g for the same kinematics
as in Fig. 5 above. We separately show the purely partonic result (black), including initial-state
radiation (red), multi-parton interactions (green) and hadronization corrections (blue).

is obtained by di↵erentiating the cumulative cross section ⌃(✓g), see eq. (2.1). Before taking

the derivative with respect to ✓g, we choose the canonical scales as listed in eqs. (2.58)-

(2.61) and we evolve all relevant functions that appear in the refactorization theorem to a

common scale. The three panels show the result for di↵erent values of � = 0, 1, 2 (left to

right). The QCD scale uncertainties as shown by the yellow band in Fig. 5 are obtained

by varying all scales by factors of 2 around their canonical scales while maintaining the

relations

1

2
 µi

µcan
i

� µj

µcan
j

 2 (4.1)

and

µS/2gr = zcut µH , (4.2)

µS2gr = zcut ✓
�
g µC . (4.3)

As expected, we find that aggressive soft drop grooming (� = 0) yields a relatively flat

distribution (multiplied by ✓g) of the soft drop groomed jet radius. Less aggressive grooming

(� = 1, 2) instead gives a distribution that peaks at intermediate to relatively large values

of ✓g which means that the groomed jet does not shrink as much in size compared to the

initial ungroomed jet. Eventually, in the limit � ! 1, the groomer is removed and the

distribution approaches a delta function at ✓g = 1. For comparison, we also show Pythia

8.230 results using the default tune [82] (purple) in Fig. 5. Here we do not include the

nonperturbative hadronization and the contribution from underlying event (UE). Below

we study these e↵ects in more detail. In general, we find very good agreement between

the Pythia 8 simulation and our perturbative results at NLL accuracy concerning both the

shape and the overall magnitude. We note that in the region ✓g ⇠ 1 perturbative power

corrections play a role which is not captured by our factorization theorem. In principle, they

could be included at fixed order by performing a matching calculation. In addition, we note

that the perturbative resummation region ends when the lowest scale in the factorization

– 22 –

Tool: Vary grooming settings Measure the -dependence of the 
groomed jet radius

β

1. Test NLL pQCD calculations and 
role of non-perturbative effects


2. Serve as baseline for Pb—Pb 
measurements

Goals of pp measurement

Kang, Lee, Liu, Ringer  
1908.01783

Ringer, Xiao, Yuan 
1907.12541

1908.01783

ATLAS 
1912.09837
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Lint = 18 nb−1

17

Groomed jet radius

Rg = Δη2 + Δϕ2

R

Larger   More collimated jets

Smaller   More collimated jets

pT →
β →

Reasonably well-described by PYTHIA 
Analytical NLL comparisons coming…

θg ≡
Rg

R



James Mulligan, UC Berkeley 2020 Santa Fe Jets and Heavy Flavor Workshop 18

Groomed jet momentum fraction

zg ≡
pT,sublead

pT,lead + pT,sublead 1. Test perturbative accuracy:  
has only been calculated to LL


2. Serve as baseline for Pb—Pb 
measurements

zg

Goals of pp measurement

ALICE 1905.02512 
CMS PRL 120, 142302 (2018)
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Groomed jet momentum fraction

Reasonably well-described by PYTHIA 
Analytical comparisons coming…

Weak  dependencepT

Lint = 18 nb−1

zg ≡
pT,sublead

pT,lead + pT,sublead
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Heavy flavor in ALICE

ALICE is very good for: 
• Low-  open heavy flavor  

and quarkonium 
• Vertexing, PID; Muon arm 

pT

ALICE is not so good for: 
• High statistics (high- ) pT

ALICE reconstructs heavy-flavor several ways: 

• Hadronic charm decays at mid-rapidity: 
Tracking system (ITS+TPC), TOF


• Semi-leptonic charm/beauty decays at 
mid-rapidity (electron) and forward rapidity 
(muon): Tracking system (ITS+TPC), TOF, 
EMCal, muon spectrometer


• Quarkonia at mid-rapidity (electrons) or 
forward rapidity (muons)

Prompt and non-prompt at mid-rapidity 
Inclusive at forward rapidity

Direct reconstruction of prompt and non-prompt 
open charm using Topology, PID, Invariant mass 

Inclusive or exclusive production 
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Heavy-flavor jets

ALI-PREL-339155

b-tagged jets-tagged jetsD0

Production of charm jets tagged with D0 mesons ALICE Collaboration
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Figure 7: zch
| | -di�erential cross section of D0-meson tagged track-based jets in pp collisions at

p
s = 7 TeV

with 5 < pch
T,jet < 15 GeV/c (left) and 15 < pch

T,jet < 30 GeV/c (right). The solid red circles show the data
with their systematic uncertainties represented by gray boxes. The measurements are compared with
the POWHEG heavy-quark implementation (open circles) and with Herwig 7 MEPP2QQ (dashed-dotted
lines).

momentum intervals. In the range 0.2 < zch
| | < 0.4, shown only for the lower jet momentum interval, the

yield is biased by the missing contribution of D0 mesons with 1 < pT,D < 2 GeV/c2 In the lower pch
T,jet

interval, a pronounced peak at zch
| | ⇡ 1 is observed. This peak is populated by jets in which the D0 meson

is the only constituent. In the higher pch
T,jet interval single-constituent jets are much rarer and the peak

at zch
| | ⇡ 1 disappears. In general, as pch

T,jet increases the fragmentation becomes softer, a feature that has
been observed also in inclusive jet measurements [68].

In Fig. 7, the data are compared with simulations obtained with the POWHEG heavy-quark implemen-
tation and the Herwig 7 MEPP2QQ process, both of which showed the best agreement with the D0-meson
tagged jet pT-di�erential cross section in Figs. 5 and 6.

The same data are shown in Fig. 8 with a di�erent normalization choice. The zch
| | -di�erential cross section

was divided by the inclusive jet cross section integrated in the corresponding pch
T,jet interval:

R(pch
T,jet, z

ch
| | ) =

ND0 jet(pch
T,jet, z

ch
| | )

Njet(pch
T,jet)

. (12)

In this case the data are compared with the POWHEG dijet implementation, both versions of PYTHIA
and the Herwig 7 MEMinBias process, which showed the best agreement with the ratio of the D0-meson
tagged jet cross section over the inclusive jet cross section in Figs. 5 and 6. The choice of these two
normalization approaches facilitate the comparison between data and simulation of the shapes of the zch

| |
distributions.

All models show an overall good agreement with the zch
| | -di�erential data for jets with 5 < pch

T,jet <

15 GeV/c, with the only exception of Herwig 7 MEPP2QQ, which features a substantially harder fragmen-

2The bias was studied in the Monte Carlo simulations that are compared to the data and it was found to be smaller than
the experimental uncertainties of the data. The simulations used in the comparisons showed in this paper employs the same
kinematic selections used in data.
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Two b-tagging algorithms:  
• Secondary vertex 
• Displaced tracks

 reconstructed from hadronic 
decay and clustered in charged jet
D0

Need more precise predictions!

https://github.com/JETSCAPE/JETSCAPE
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Dead cone

Suppression of radiation emitted by a quark for  θ <
mq

Eq

θ, rad

(d
N b/d

θ)
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N
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Figure 14: The ratios of angular distribution of fragmentation particles in b jets and light
quark jets (left), and the same for c- and light quark jets (right). The errors are statistical
only. The functions show expected behaviour for mb = 4.2 GeV/c2, mc = 1.4 GeV/c2,
muds = 0.01 GeV/c2, Eb = 34 GeV, Ec = 25 GeV and Euds = 16 GeV.
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Dead cone in ALICE
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Ø The Lund-Maps for the D0 and inclusive jets show a hint of suppression of 
splittings at small angles in the former compared to the latter 

Ø Alternative Lund-Maps with a y-axis consisting of the splitting radiator 
energy are derived

Ø Projections of the angular dimension in bins of radiator energy will be used 
to expose the dead-cone effect 

v Minimum kT cuts for 
splittings are imposed to 
reduce hadronisation
effects

v Expect to see a stronger 
suppression for stricter 
cuts of kT

v Stricter kT cuts come at a
cost to statistics

v Each splitting in the inclusive jet 
sample has a leading track 
requirement of  pT > 2.8 GeV/c
corresponding to the minimum  mT,D

Splitting Lund Maps

Nima Zardoshti - Quark Matter 2019 Wuhan

kT = 2 * ΛQCD  = 400 MeV/c ln(kT) = -0.92

kT =     ΛQC         = 200 MeV/c ln(kT) = -1.60
kT = ΛQCD / 2  = 100 MeV/c ln(kT) = -2.30

13

D0 Inclusive

Analysis strategy: Re-cluster jets and apply   cut to remove 
hadronization/UE/decay contamination in pp collisions

kT

L. Cunqueiro, M. Ploskon 
PRD 99, 074027

Jet substructure of -tagged jetsD0

N. Zardoshti 
Quark Matter 

2019
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Dead cone in ALICE

First direct measurement of the dead cone effect in pp collisions
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The Dead-Cone Uncovered

v Ratio of angular projections of 
D0 and inclusive jet splittings are 
made

v Suppression of splittings at 
small angles in heavy flavour
jets due to the dead-cone effect

v The magnitude of suppression 
increases at smaller angles

v The suppression also increases
with stricter cuts on kT
Ø Contamination of 

hadronisation effects 
reduced

Nima Zardoshti - Quark Matter 2019 Wuhan 16

5 < ERadiator < 15 GeV 15 < ERadiator < 35 GeV

Suppression decreases at larger energies

Smaller angles
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The Dead-Cone Uncovered

v Ratio of angular projections of 
D0 and inclusive jet splittings are 
made

v Suppression of splittings at 
small angles in heavy flavour
jets due to the dead-cone effect

v The magnitude of suppression 
increases at smaller angles

v The suppression also increases
with stricter cuts on kT
Ø Contamination of 

hadronisation effects 
reduced

Nima Zardoshti - Quark Matter 2019 Wuhan 16

5 < ERadiator < 15 GeV 15 < ERadiator < 35 GeV

Suppression decreases at larger energies

Smaller angles

Suppression of small-angle splittings in -tagged jets relative to inclusive jetsD0

N. Zardoshti 
Quark Matter 

2019

Suppression decreases as  increases: 

Suppression increases as  cut increases: Removal of contamination 

Eradiator θ < mq /Eq

kT
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Dead cone in ALICE

Results are described reasonably well by PYTHIA6 at detector-level

Model Comparisons

Nima Zardoshti - Quark Matter 2019 Wuhan

Ø Reconstructed level PYTHIA simulations with the same admixture of prompt and non-prompt jets as in data are obtained
Ø Ratios to inclusive distributions are compared
Ø Good agreement with data 19
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Model Comparisons

Nima Zardoshti - Quark Matter 2019 Wuhan

Ø Reconstructed level PYTHIA simulations with the same admixture of prompt and non-prompt jets as in data are obtained
Ø Ratios to inclusive distributions are compared
Ø Good agreement with data 19
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Jet substructure of -tagged jetsD0
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Quarkonium: J/ψ

Production of  : perturbative 
Evolution of  : non-perturbative

cc
cc → J/ψ

NRQCD approach: Combine perturbative expansion with 
Long-Distance Matrix Elements (LDME) extracted from data

Challenge: Describe both production cross-section and polarization

Remains an open question…

ALICE EPJ C78 (2018) 7, 562 
CMS PLB 727 (2013) 
LHCb EPJ C73 (2013) 11, 2631 
…
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Prompt/non-prompt J/Ɏ cross section in pp 𝑠 = 13 TeV at 
mid-y

Nov. 5 2019 Recent quarkonium measurements in small systems with the ALICE detector at the LHC       :           Jhuma Ghosh 7

• Theoretical models compared to the data 
• NRQCD (+CGC at low pT describe well the prompt J/Ɏmeasurements
• FONLL describe well the non-prompt J/Ɏ cross section

27

Quarkonium: J/ψ

Prompt  production: Can be directly compared to theoretical modelsJ/ψ

Prompt , mid-rapidityJ/ψ

NRQCD-based models describe the data at 
mid-rapidity — but uncertainties are large!
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Prompt/non-prompt J/Ɏ cross section in pp 𝑠 = 13 TeV at 
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• Theoretical models compared to the data 
• NRQCD (+CGC at low pT describe well the prompt J/Ɏmeasurements
• FONLL describe well the non-prompt J/Ɏ cross section

28

Quarkonium: J/ψ

FONLL successfully describes the 
non-prompt component

Prompt  production: Can be directly compared to theoretical modelsJ/ψ

Prompt , mid-rapidityJ/ψ Non-prompt , mid-rapidityJ/ψ

NRQCD-based models describe the data at 
mid-rapidity — but uncertainties are large!
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Quarkonium: J/ψ

J/Ɏ cross section in pp 𝑠 = 5.02 TeV at mid and forward-y

Nov. 5 2019 Recent quarkonium measurements in small systems with the ALICE detector at the LHC       :           Jhuma Ghosh 5

• Inclusive (=prompt and non-prompt) measurement

• pT reach up to 20 GeV/c at forward rapidity, to be used as pp reference for RAA analysis in 

Pb-Pb collisions

• J/Ɏ cross section for pT < 8 GeV/c is well described by NRQCD+CGC model 

• NRQCD+FONLL (for non-prompt contribution) describes the data throughout the whole pT

range at forward rapidity.

arxiv:1905.07211

Inclusive , forward-rapidityJ/ψ

Inclusive J/y production in pp collisions at
p

s = 5.02 TeV ALICE Collaboration
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Fig. 2: Left: Inclusive J/y cross section as a function of rapidity compared to the ALICE results at forward
rapidity [21] and to calculations from [49] to which a non-prompt component is added as computed in [50]. Right:
Inclusive J/y cross section at mid-rapidity [17, 18, 40, 51, 52] as a function of collision energy compared to the
calculations from [49]. The data points from PHENIX and STAR, both at

p
s = 0.2 TeV, are slightly shifted for

improved visibility.

of the charm-quark mass, and the renormalisation and factorisation scales. Assuming that the rapidity
dependence in the calculation is not affected by the change of these scales, the rapidity dependence of
the J/y cross section is well reproduced in the model. The overall normalisation of the calculation has
very large uncertainties and these data represent a strong constrain to the model assumptions.

The energy dependence of the J/y cross section in pp collisions at mid-rapidity is shown in the right
panel of Fig. 2. The results are compared with the PHENIX [51] and STAR [52] measurements atp

s = 0.2 TeV, the CDF measurement at
p

s = 1.96 TeV [40], and previous ALICE measurements atp
s = 2.76 [17] and 7 TeV [18], where statistical and systematic uncertainties are added in quadrature.

A steady increase, approximately logarithmic in
p

s, of ds/dy at mid-rapidity is observed. The data are
compared with the calculated prompt J/y cross section from Ref. [49]. Since the non-prompt component
is known to be of the order of 10% of the inclusive cross section, the qualitative comparison to the data is
not affected. As in the case of the rapidity dependence discussed above, the calculations are compatible
with the logarithmic trend seen in the data, while the absolute normalisation has large uncertainties.
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Fig. 3: pT-differential inclusive J/y cross section compared with prompt J/y calculations from NLO NRQCD [54,
55] and LO NRQCD+CGC [49] and non-prompt J/y calculations from FONLL [50]. The calculations for the
prompt and non-prompt components are shown separately in the left panel while in the right panel the FONLL
calculation is added to the prompt J/y calculations.

8

Inclusive , mid-rapidityJ/ψ

arxiv:1905.07211

NRQCD-based models describe the data at both mid-rapidity and 
forward rapidity — but uncertainties are large!

Inclusive  production: Use FONLL to model B feed-down contributionJ/ψ
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Many more Jet and Heavy Flavor Results

Hadron-jet correlation 
in high-multiplicity pp

Ɏ(2S) cross section in pp 𝑠 = 5.02 TeV at forward rapidity

Nov. 5 2019 Recent quarkonium measurements in small systems with the ALICE detector at the LHC       :           Jhuma Ghosh 9

No change in shape or magnitude of the Ɏ(2S) to J/Ɏ ratio as a function of pT with collision 
energies

 at forward rapidityψ(2S)

And more…

 in jetsΛ+
c

Λ"# -tagged jets: $∥&' probability density

6/11/2019 Quark Matter, Wuhan J. Kvapil, Heavy Flavour Jets and Correlations 7

(),+,- ∈ (0 − 23) 5,6/8
(9:; ∈ (< − 23) 5,6/8

• Λ"# -tagged jets $∥&' probability density at 13 TeV
• R=0.4
• First measurement of =># in jets at LHC
• Measurement with large uncertainties.
• Exciting prospects for high luminosity LHC run!

• Comparison to model
• POWHEG hvq CT10NLO + PYTHIA6

• Softer fragmentation in data
• Seems to favor PYTHIA with softer settings

• Allow to put constrains on models

$∥"? =
A9:; B A"? CDE
A"? CDE B A"? CDE

NEW

G.M. Innocenti, Quark Matter 2019, Wuhan (China) �19

The “heavy" picture!

1 10 210
)c (GeV/

T
p

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2
2.2AA

R ALICE Preliminary
 = 5.02 TeVNNsPb, −10%  Pb−0

|<0.5y average, |+, D*+, D0Prompt D

pp reference
Filled markers: measured

-extrapolated
T
pOpen markers: 

BAMPS el.+rad. BAMPS el.
POWLANG HTL PHSD
LIDO Catania
TAMU MC@sHQ+EPOS2

ALI−PREL−320238

5 10 15 20
(GeV/c)

T
p

0.5

1.0

1.5

2.0

2.5

3.0

pr
om

pt
AA

R/
no

n-
pr

om
pt

AA
R

Data TAMU 0-20%
CUJET3 MC@sHQ+EPOS2 el.
LGR MC@sHQ+EPOS2 el.+rad.+gluon damping

ALICE Preliminary  meson0D
 = 5.02 TeVNNsPb-Pb, 

|<0.5y0-10%, |

ALI−PREL−332624

R
AA

  (b
→

D
0 ) 

/ R
AA

 (D
0 )

1 10
)c (GeV/

T
p

0.5

1

1.5

2

2.5

3pp)0
/D+ s

 / 
(D

Pb
Pb

)0
/D+ s

(D

ALICE Preliminary
 = 5.02 TeVNNsPb, −10% Pb−0

|<0.5y|

TAMU

Catania frag+coal

PHSD

ALI−PREL−320294

1 10 )c (GeV/
T
p

0

0.2

0.4

0.6

0.8

1

1.20
 / 

D
+ c

Λ

ALICE Preliminary
| < 0.5y = 5.02 TeV, |NNs

-extrapolated pp reference
T

p calc. with promptfOpen marker: 

Pb−10% Pb− 0
Pb−50% Pb−30

pp

ALI−PREL−323761

0-10%0-10%
30-50% 

pp

Λ c
 / 

D
0

Λ c
 / 

D
0

0 5 10 15 20 25
)c (GeV/

T
p

0

0.2

0.4

0.6

0.8

1

1.2

0
 / 

D
+ c

Λ

ALICE Preliminary
| < 0.5y = 13 TeV, |spp, 

 7.0% unc. on multiplicity estimation not shown±
 5.5% unc. on BR not shown±

Data:
max], mean − [ min :η/dchNd

  7.5],   3.9 − [  1.4

45.8], 28.1 − [24.5

| < 1.0ηMultiplicity classes: |

 

 

 

 mean:η/dchNd

  3.8

27.8

JHEP 08 (2015) 003 PYTHIA8 (Mode2):

Syst. from data
Syst. from B feed-down

ALI−PREL−336434

0 5 10 15 20 25
)c (GeV/

T
p

0

0.1

0.2

0.3

0.4

0.5

0.60
 / 

D
+ sD

ALICE Preliminary
| < 0.5y = 13 TeV, |spp, 

 3.7% uncertainty on BR not shown±
 7.0% uncertainty on multiplicity estimation not shown±

| < 1.0ηMultiplicity classes: |

max], mean − [ min :η/dchNd

  7.5],   3.9 − [  1.4

45.8], 28.1 − [24.5

 

 

 

Syst. from data
Syst. from B feed-down

ALI−PREL−336406

D
s 
/ D

0

Λ c
 / 

D
0

Λ c
 / 

D
0

R
AA

(D
s/D

0 ) P
bP

b 
\ (

D
s/D

0 ) p
p

 ratioΛc /D0
1.6 1.8 2 2.2 2.4 2.6 2.8 3

| (rad)jD|

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

)1-
 (r

ad
re

co
il

D

 
ALICE preliminary

 = 13 TeVspp 
Uncorrected

 = 0.4R charged jets, TkAnti-
c < 20 GeV/ch,reco

T,jet
p15 < 

 > 0.30jetA
| < 0.5

jet
h|

 TT{6,7}- Hadron TT{20,30}
MB data
Correlated syst. uncert. MB

 < 9 ñV0MáHM data 5 < V0M/
Correlated syst. uncert. HM

ALI−PREL−339704

1.6 1.8 2 2.2 2.4 2.6 2.8 3

| (rad)jD|

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

)1-
| (

ra
d

j
D

/d
|

je
t

N
 d

tri
g

N
1/

 
ALICE preliminary

 = 13 TeVspp 
Uncorrected

 = 0.4R charged jets, TkAnti-
c < 20 GeV/ch,reco

T,jet
p15 < 

 > 0.30jetA
| < 0.5

jet
h|
Hadron TT{20, 30}

 

MB data

Correlated syst. uncert. MB

 < 9 ñV0MáHM data 5 < V0M/

Correlated syst. uncert. HM

ALI−PREL−339729

Systematic check: 
Broadening due to Drecoil subtraction?

11/5/2019 Peter Jacobs 18
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Strange Particles Production in Jets and Underlying Events in Small  
Colliding Systems with ALICE
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z The ratio in jets in p-Pb collisions depend only slightly on the jet 

resolution parameter 𝑅 and do not vary with centrality bins

z The enhancement of 𝚲/𝐊𝐒
૙ ratio in pp collisions is not present when the 

particles are within an energetic jet. 

z Results at 𝒔 = 7 TeV are consistent with that at 𝒔 = 13 TeV within 

uncertainties

બ/𝚲

z બ/𝚲 is almost 𝒑𝐓 independent in jet region 

Ratios

pp

p-Pb

z The relationship between the spectra of 𝐊𝐒
૙, 𝚲 𝐚𝐧𝐝 બ in jets and the UE 

may hint that the baryon and meson production mechanism is the same

z The enhancement of baryon to meson ratio in high multiplicity events 

may be attributed to soft components of the collisions 

z The enhanced production of multi-strange hadrons in high-multiplicity 

events may also be explained by soft components of the collisions

Conclusions

z Enhancement of 𝚲/𝐊𝐒
૙ ratio observed at intermediate 𝑝𝐓 at high 

multiplicity in pp, p-Pb and  Pb-Pb  collisions w. r. t that at low multiplicity

Motivation

z Production of multi-strange increase with multiplicity

¾ Similar behavior among different systems

z The origin of the phenomena still remains an open 

question

z The measurement of particles in jets provide a reference to separate 

particles prodXced in hard processes and Xnderl\ing eYents ĺ fXrther 

constraints on particle production mechanisms in different systems

z pp

¾ Study the jet fragmentation properties in vacuum

¾ Provide reference for p-Pb and Pb-Pb systems

z p-Pb

¾ A new insight into understanding the origin of flow-like behavior observed 

at high multiplicity in small systems

This Contribution

Spectra

z The spectra of 𝐊𝐒
૙, 𝚲 𝐚𝐧𝐝 બ in jets are always harder than that in UE

બ

𝚲𝐊𝐒
૙

pp

ഥ𝚲

p-Pb

Strategy

z Tag the hard scattering with charged particle jets

z Reconstruct V0s (Λ, Λ and Kୗ଴) and Ξ (Ξି and Ξ
ା

) 

Zithin the ³jet region´ and the ³Underl\ing eYent 

region (UE)´
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Strangeness in jets

https://github.com/JETSCAPE/JETSCAPE
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Summary

Inclusive jets 
R-dependence measured at low- 

Extension of  reach to 300 GeV/c


Groomed jet substructure 
Soft Drop  measured as a function of grooming parameter 


Heavy-flavor jets 
D-jets and b-jets

First direct measurement of dead cone effect in pp collisions


 production: mid- and forward-rapidity, prompt and non-prompt

pT
pT

θg, zg β

J/ψ

ALICE has a rich jet and heavy-flavor program in pp collisions

And many more not covered!


