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Meet the group

• Composition
• 7 staff
• 6 postdocs
• 12 PhD students

• Analysis/physics involvement:
• Flow, collective effects
• Photons
• Heavy flavour
• High-pT and jets

• Detector involvement:
• Silicon Strip Detector (current ITS)
• ITS upgrade
• FOCAL: Si-W EMCal development

• Large impact on physics publications
• Organisational roles in ALICE: PWG convener(s), PAG 

coordinators, Editorial board, Conference Committee 
membership, Physics Coordinator
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Quick word on funding

• Four main sources of funding:
• Permanent staff funded by Nikhef, Utrecht University
• NwO ‘program funding’: research postdocs+PhD students (a few 

positions)
• NwO ‘Big’: investment funding for detector construction and 

computing; common with other LHC experiments
• Personal grants (NwO/ERC): other PhD students + postdocs 

(majority) 
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Heavy ion collisions
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Heavy-ion collisions produce 
‘quasi-thermal’ QCD matter 

Dominated by soft partons  
p ~ T ~ 100-300 MeV

‘Bulk observables’ 
Study hadrons produced by the QGP 

Typically pT < 1-2 GeV
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Heavy ion collisions

4

‘Hard probes’ 
Hard-scatterings produce ‘quasi-free’ partons 

⇒ Probe medium through energy loss 
pT > 5 GeV

Heavy-ion collisions produce 
‘quasi-thermal’ QCD matter 

Dominated by soft partons  
p ~ T ~ 100-300 MeV

‘Bulk observables’ 
Study hadrons produced by the QGP 

Typically pT < 1-2 GeV

Two basic approaches to learn about the QGP 
1) Bulk observables 
2) Hard probes



Direct photons

Main expected sources:
• High pT: hard scattering; quark-gluon 

Compton process
• Low pT: thermal radiation
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Identified particle spectra and radial flow
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MC event: location of nucleons

Initial state spatial anisotropies εn are transferred into  
final state momentum anisotropies vn  

by pressure gradients, flow of the Quark Gluon Plasma
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MC event: location of nucleons
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Anisotropic flow results
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Charge dependence of directed flow
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Direct photon v2
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Heavy-ion-like effects  
in (pp and) p-Pb collisions

11



Two-particle correlations in pp and Pb+Pb
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v2 from 2-particle correlations

How does this arise in small systems? Final state interactions? Initial state effect?

Heavy flavour-electron-hadron correlations



Higher pT: probes of the QGP

14

Hard probes 
Hard-scatterings produce quasi-free partons 

⇒ Probe medium through energy loss

R Bertens, JEWEL simulation

Expected to be dominant for pT > 5 GeV or so



Higher pT: probes of the QGP

14

Hard probes 
Hard-scatterings produce quasi-free partons 

⇒ Probe medium through energy loss

R Bertens, JEWEL simulation

Expected to be dominant for pT > 5 GeV or so



Nuclear modification: Pb+Pb

15

 (GeV)
T

p
0 50 100

T
 d

N
/d

p
T

 p
π

 1
/2

co
ll

1/
N

13−10

10−10

7−10

4−10

1−10

1

ALICE
CMS
ATLAS

pp PbPb

Charged particle pT spectra

Ncoll: number of binary  
nucleon-nucleon collisions

ALICE, PLB720, 52 
CMS, EPJC, 72, 1945 

ATLAS, arXiv:1504.04337

Energy loss

RAA < 1



Nuclear modification: Pb+Pb

15

 (GeV)
T

p
0 50 100

T
 d

N
/d

p
T

 p
π

 1
/2

co
ll

1/
N

13−10

10−10

7−10

4−10

1−10

1

ALICE
CMS
ATLAS

pp PbPb

Charged particle pT spectra

Ncoll: number of binary  
nucleon-nucleon collisions

 (GeV)
T

p
0 20 40

A
A

R

0

0.2

0.4

0.6

0.8

1

 = 2,76 TeVNNsLHC 
Pb+Pb 0-5%

ALICE
CMS
ATLAS

Nuclear modification factor

Pb+Pb: clear suppression (RAA < 1): parton energy loss

ALICE, PLB720, 52 
CMS, EPJC, 72, 1945 

ATLAS, arXiv:1504.04337

Energy loss

RAA < 1



Nuclear modification: Pb+Pb

15

 (GeV)
T

p
0 50 100

T
 d

N
/d

p
T

 p
π

 1
/2

co
ll

1/
N

13−10

10−10

7−10

4−10

1−10

1

ALICE
CMS
ATLAS

pp PbPb

Charged particle pT spectra

Ncoll: number of binary  
nucleon-nucleon collisions

 (GeV)
T

p
0 20 40

A
A

R

0

0.2

0.4

0.6

0.8

1

 = 2,76 TeVNNsLHC 
Pb+Pb 0-5%

ALICE
CMS
ATLAS

Nuclear modification factor

Pb+Pb: clear suppression (RAA < 1): parton energy loss

ALICE, PLB720, 52 
CMS, EPJC, 72, 1945 

ATLAS, arXiv:1504.04337

Low pT:  
soft production,
Npart scaling

Energy loss

RAA < 1



Nuclear modification for light and heavy flavor

16

) c (GeV/
T

p 
0 5 10 15 20 25 30 35 40

A
A

R 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

|<0.5y, |
+

, D*
+

, D
0

Average D

-extrapolated reference
T

pwith pp 

|<0.8ηCharged particles, |

|<0.8ηCharged pions, |

ALICE
 = 2.76 TeVNNs0-10% Pb-Pb, 

ALIC
E,  arXiv:1506.06604, JH

EP

charged particles, 𝜋± and D mesons

Light and heavy flavor have similar RAA 
despite dead-cone effect, quark/gluon difference

Current understanding: interplay of  
energy loss and fragmentation

http://arxiv.org/abs/1506.06604


Nuclear modification for light and heavy flavor

16

) c (GeV/
T

p 
0 5 10 15 20 25 30 35 40

A
A

R 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

|<0.5y, |
+

, D*
+

, D
0

Average D

-extrapolated reference
T

pwith pp 

|<0.8ηCharged particles, |

|<0.8ηCharged pions, |

ALICE
 = 2.76 TeVNNs0-10% Pb-Pb, 

ALIC
E,  arXiv:1506.06604, JH

EP
〉

part
N〈

0 50 100 150 200 250 300 350 400
A

A
R

0

0.2

0.4

0.6

0.8

1

1.2

1.4

(empty) filled boxes: (un)correlated syst. uncert.

|<0.5y, |c<16 GeV/
T

pD mesons (ALICE) 8<

 = 2.76 TeVNNsPb-Pb, 

 (CMS Preliminary)ψ Non-prompt J/
|<1.2y, |c<30 GeV/

T
p 6.5< CMS-PAS-HIN-12-014

ψ(*) 50-100% for non-prompt J/

50-80%*

40-50%
30-40%

20-30%
10-20%

0-10%

Phys.Lett.B 737 (2014) 298Djordjevic et al.
D mesons

ψNon-prompt J/
 with c quark energy lossψNon-prompt J/

ALI−DER−93729

D meson, non-prompt J/𝜓 RAA

D
jordjevic, G

LV-based, arXiv:1307.4702

charged particles, 𝜋± and D mesons

Light and heavy flavor have similar RAA 
despite dead-cone effect, quark/gluon difference

Current understanding: interplay of  
energy loss and fragmentation

Clear difference between D mesons 
and J/𝝍 from B decays
Consistent with expectation from 
dead cone effect

http://arxiv.org/abs/1506.06604


Nuclear modification for light and heavy flavor

16

) c (GeV/
T

p 
0 5 10 15 20 25 30 35 40

A
A

R 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

|<0.5y, |
+

, D*
+

, D
0

Average D

-extrapolated reference
T

pwith pp 

|<0.8ηCharged particles, |

|<0.8ηCharged pions, |

ALICE
 = 2.76 TeVNNs0-10% Pb-Pb, 

ALIC
E,  arXiv:1506.06604, JH

EP
〉

part
N〈

0 50 100 150 200 250 300 350 400
A

A
R

0

0.2

0.4

0.6

0.8

1

1.2

1.4

(empty) filled boxes: (un)correlated syst. uncert.

|<0.5y, |c<16 GeV/
T

pD mesons (ALICE) 8<

 = 2.76 TeVNNsPb-Pb, 

 (CMS Preliminary)ψ Non-prompt J/
|<1.2y, |c<30 GeV/

T
p 6.5< CMS-PAS-HIN-12-014

ψ(*) 50-100% for non-prompt J/

50-80%*

40-50%
30-40%

20-30%
10-20%

0-10%

Phys.Lett.B 737 (2014) 298Djordjevic et al.
D mesons

ψNon-prompt J/
 with c quark energy lossψNon-prompt J/

ALI−DER−93729

D meson, non-prompt J/𝜓 RAA

D
jordjevic, G

LV-based, arXiv:1307.4702

charged particles, 𝜋± and D mesons

Light and heavy flavor have similar RAA 
despite dead-cone effect, quark/gluon difference

Current understanding: interplay of  
energy loss and fragmentation

Clear difference between D mesons 
and J/𝝍 from B decays
Consistent with expectation from 
dead cone effect

Confirms radiative nature of energy loss

http://arxiv.org/abs/1506.06604


New results from run 2: 5.02 TeV

17

) c (GeV/
T

p 
0 5 10 15 20 25 30 35 40 45 50

A
A

R 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

30-50%

0-10%

 = 5.02 TeV
NN

s0-10% Pb-Pb 

 = 2.76 TeV, JHEP 03 (2016) 081
NN

s0-10% Pb-Pb 

 = 5.02 TeV
NN

s30-50% Pb-Pb 

 = 2.76 TeV, JHEP 03 (2016) 081
NN

s30-50% Pb-Pb 

ALICE Preliminary
|<0.5y, |+, D*+, D0Average D

Filled markers: pp rescaled reference

-extrapolated reference
T

pOpen markers: pp 

ALI−PREL−133720

Charm RAA similar for 2.76 and 5.02 TeV
Improved uncertainties; more to come with 2018 data 



New results from run 2: 5.02 TeV

17

) c (GeV/
T

p 
0 5 10 15 20 25 30 35 40 45 50

A
A

R 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

30-50%

0-10%

 = 5.02 TeV
NN

s0-10% Pb-Pb 

 = 2.76 TeV, JHEP 03 (2016) 081
NN

s0-10% Pb-Pb 

 = 5.02 TeV
NN

s30-50% Pb-Pb 

 = 2.76 TeV, JHEP 03 (2016) 081
NN

s30-50% Pb-Pb 

ALICE Preliminary
|<0.5y, |+, D*+, D0Average D

Filled markers: pp rescaled reference

-extrapolated reference
T

pOpen markers: pp 

ALI−PREL−133720

Charm RAA similar for 2.76 and 5.02 TeV
Improved uncertainties; more to come with 2018 data 

powerful constraint from combination  
of RAA and v2

à sensitivity to charm diffusion coefficient



New results from run 2: 5.02 TeV

17

) c (GeV/
T

p 
0 5 10 15 20 25 30 35 40 45 50

A
A

R 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

30-50%

0-10%

 = 5.02 TeV
NN

s0-10% Pb-Pb 

 = 2.76 TeV, JHEP 03 (2016) 081
NN

s0-10% Pb-Pb 

 = 5.02 TeV
NN

s30-50% Pb-Pb 

 = 2.76 TeV, JHEP 03 (2016) 081
NN

s30-50% Pb-Pb 

ALICE Preliminary
|<0.5y, |+, D*+, D0Average D

Filled markers: pp rescaled reference

-extrapolated reference
T

pOpen markers: pp 

ALI−PREL−133720

Charm RAA similar for 2.76 and 5.02 TeV
Improved uncertainties; more to come with 2018 data 

powerful constraint from combination  
of RAA and v2

à sensitivity to charm diffusion coefficient

Determine	T	dependence	of	diffusion	coefficient	Ds

Duke group, arXiv:1704.07800



Summary/conclusion

• Probing the QGP with
• Azimuthal asymmetries: initial state geometry, viscosity of QGP and 

magnetic fields
• Correlations: particle production and hadronisation
• Photons: (early stage) temperature and pressure gradients
• Heavy flavour: diffusion coefficient of QGP and parton energy loss; 

density of QGP
• High-pT and jets: parton energy loss and QCD radiation

18



Summary/conclusion

• Probing the QGP with
• Azimuthal asymmetries: initial state geometry, viscosity of QGP and 

magnetic fields
• Correlations: particle production and hadronisation
• Photons: (early stage) temperature and pressure gradients
• Heavy flavour: diffusion coefficient of QGP and parton energy loss; 

density of QGP
• High-pT and jets: parton energy loss and QCD radiation

18

LHC program probes these with unprecedented precision;  
quantitative constraints on key parameters; discard/confirm models



Summary/conclusion

• Probing the QGP with
• Azimuthal asymmetries: initial state geometry, viscosity of QGP and 

magnetic fields
• Correlations: particle production and hadronisation
• Photons: (early stage) temperature and pressure gradients
• Heavy flavour: diffusion coefficient of QGP and parton energy loss; 

density of QGP
• High-pT and jets: parton energy loss and QCD radiation

18

LHC program probes these with unprecedented precision;  
quantitative constraints on key parameters; discard/confirm models

Run 2018 and upgrades: 
- Improved precision for key measurements:  

heavy flavour, photons, jets, magnetic effects 
- Plus new ones: heavy favour baryons, magnetic effects in charm sector, etc



Thank you for your attention



Heavy flavour mesons in p-Pb
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Flow effects in small systems

21

Why would the system behave as a fluid?

• Hydrodynamisation (isotropisation) of a dense gluon 
system?

• Partonic/hadronic rescattering?
• How many scatterings/what density is needed to 

approximate fluid behaviour?

• Long range correlation
• 2- and 3-fold symmetries
• Dependence on initial geometry
• Many-particle correlations
• Particle mass dependence

Is there enough time, volume to thermalise?

Many aspects of the observed ridge have  
a natural explanation in hydrodynamics:


