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Flavor Dependence of Parton Energy Loss

Å From QCD 

ÅColor charge:

Eloss in gluons > Eloss in quarks

ÅKinematics: ñDead cone effectò: 

Eloss in quarks > Eloss in heavy quarks

Collisional

energy loss
Radiative

energy loss

Heavy flavor hadron (and jet) analyses cover a wide kinematics range

Ą Suppression of induced radiation at low pT

and the disappearance of this effect at high pT

Heavy Quark vs. Light Quark:

Changing the ratio of collisional and 

radiative energy loss
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Heavy Flavor Measurements
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b

ɛ+

Primary vertex

Secondary vertex

ɛ-

Non-prompt J/ɣ

Exclusive B meson decays

J/ɣ

K+

b-jet reconstruction
Requirement: flexible trigger system, muon / electron detection, 

secondary vertex reconstruction, jet reconstruction
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The CMS Detector
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The CMS Detector
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Inner tracker:

charged particles

vertex, isolation

solenoid

EM and Hadron calorimeters

photons, isolation, jet reco

Muon

HCAL

ECAL

Tracker |ɖ|< 2.5

|ɖ|< 3.0

|ɖ|< 5.2

|ɖ|< 2.4

Pb

Pb



Yen-Jie Lee (MIT)

Charged Track Impact Parameter Resolution in pp
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CMS TRK-PAS-11-001

Track impact parameter resolution:
o d0: ~80 ɛm@ 1 GeV/c, ~20 ɛm@ 10 GeV/c

o z0: ~100 ɛm@ 1 GeV/c, ~40 ɛm@ 10 GeV/c

d0 Z0
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Results from pp and Run I Heavy Ion Data

7EMMI RRTF Meeting



Yen-Jie Lee (MIT) 8EMMI RRTF Meeting

Å First c-jet and b-jet results in pPb collisions.

Å pp reference obtained from PYTHIA6

Å Within uncertainties, no significant CNM 

effect at pT > 50 GeV/c
PLB 754 (2016) 59

CMS PAS HIN-15-012

charm-jet

b-Jet and c-Jet RpA at 5.02 TeV
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B Meson Mass Spectra in pp and pPb
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pPb @ 5 TeV

pp @ 13 TeV

Significant B meson signal was 

observed in pp and pPb collisions

B+ B0 B0
s

CMS-PAS-BPH-15-004

PRL 116 (2016 032301

Direct reconstruction of B mesons
B+Ÿ J/ɣK+ Ÿɛ+ɛ- K+

B0Ÿ J/ ɣK0*Ÿɛ+ɛ- K+ˊ-

BsŸ J/ ɣű Ÿɛ+ɛ- K+K-
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Results from pp @ 7 and 13 TeV
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Transverse momentum spectra Rapidity distribution

Åpp at 7 TeV and 13 TeV are in agreement with FONLL within the quoted uncertainties

ÅThe central values of 7 TeV data match better with FONLL center value than 13 TeV

ÅPYTHIA doesnôt give a perfect description of the B+ pT spectra

B+

B+

CMS-PAS-BPH-15-004
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Nuclear Modification Factor : RpA
FONLL
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ÅRpA
FONLL is compatible with unity within given uncertainties for three B mesons 

Åpp reference data at 5 TeV can significantly lower the systematical uncertainty

PRL 116 (2016) 032301

arXiv:1508.06678

B+ B0 B0
s



Yen-Jie Lee (MIT) 12EMMI RRTF Meeting

b-Jet RAA

Å First measurement of b-jet RAA!!

Å Evidence of b-jet suppression in PbPb collisions

Å Suppression favors pQCD model with stronger jet-medium coupling

PRL 113, 132301 (2014)
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Flavor Dependence of RAA in PbPb at 2.76 TeV
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EPJC 72 (2012) 1945 CMS PAS HIN-15-005 CMS PAS HIN-12-014Djordjevic et al. Phys. Lett . B 737 (2014) 298

RAA
(bŸJ/ɣ) > RAA

(prompt D0) >= RAA
(h± )

Prompt D0 R*AA

Charged particle RAA

Non-prompt J/yRAA

The data agree with 

calculations by Djordjevic

et al. within uncertainties
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Run II analysis
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2015 pp @ 13 TeV 2015 pp & PbPb @ 5 TeV
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Online D0 triggers
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Performance of D0 triggers

16EMMI RRTF Meeting

pp efficiency reaches 100% above 

the D0 pT trigger threshold

Ÿ PbPb trigger efficiency is better 

than 90%, evaluated by minimum-

bias data and jet triggers

pp
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D0 mass spectra in pp and PbPb at 5.02 TeV
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60 < pT < 100 GeV/c5 < pT < 6 GeV/c

pp pp

PbPb

PbPb

3rd order polynomial for 
combinatorial background

Double Gaussian for 
D0ҦȲ signal

Gaussian shape for
swapped mass hypothesis
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D0 Signal to Background Ratio Comparison
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0-10%

0-10%

(No K-ˊID)

ArXiv 1506.06604
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bŸD0 feed-down subtraction in pp and PbPb collisions
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ÅData-driven extraction in heavy-ion collision with DCA

ÅPrompt D0 fraction extracted from data is 

70-90% in pp and PbPb

ÅExtract non-prompt D0 spectra:

complementary to direct B meson

reconstruction and non-prompt

J/ɣanalysis

pp 5.02 TeV PbPb 5.02 TeVCMS-PAS-HIN-16-001
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D0 pT-differential cross section in pp at 5.02 TeV

20EMMI RRTF Meeting

ÅFirst measurement of pp D0 cross 

section at 5.02 TeV using 2 billion 

minimum bias and D0 triggers

ÅD0 pT coverage from 2 to 100
GeV/c in |y|<1.0

ÅResults are consistent with the 

FONLL calculations. Similar to 

that was observed in B+ analyses.

CMS-PAS-HIN-16-001



Yen-Jie Lee (MIT)

Prompt D0 RAA in PbPb at 5.02 TeV
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0-10% Central0-100%

ÅThe first D0 RAA measurement in PbPb at 5.02 TeV!

ÅMind the 12% normalization uncertainty from Lumi (will go down to a few % soon)

ÅD0 production is strongly suppressed (by a factor of ~ 5) at ~10 GeV

ÅAt high pT > 10 GeV: D0 RAA increases as a function of D0 pT

CMS-PAS-HIN-16-001
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D0 and charged particle RAA in 0-100%
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Å Compared to the first measurement of charged particle RAA at 5.02 TeV cover a 

very wide kinematic range (up to pT ~ 300 GeV)

Å Suppression patterns are very similar between D0 and inclusive charged particles!

Å Less D0 suppression than inclusive hadron at low pT ?

0-10% Central0-100%
CMS-PAS-HIN-15-015CMS-PAS-HIN-16-001
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D0 RAA vs predictions
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ω PHSD(Parton-Hadron-String Dynamics model[2])
ω S.Cao et al. ( Linearized Boltzmann transport model + hydro ) arXiv:1605.06447v1
ω M. Djordjevic( QCD medium of finite size with dynamical scattering centers with collisional and radiative energy loss ) Phys. Rev. C 92 (Aug,2015) 024918

0-10% Central0-100%
CMS-PAS-HIN-16-001

ÅPredictions before data capture the observed structure at low D0 pT!

ÅPHSD: Need to include shadowing effects to describe the data at low pT
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D0 RAA vs predictions
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ω PHSD(Parton-Hadron-String Dynamics model[2])
ω S.Cao et al. ( Linearized Boltzmann transport model + hydro ) arXiv:1605.06447v1
ω M. Djordjevic( QCD medium of finite size with dynamical scattering centers with collisional and radiative energy loss ) Phys. Rev. C 92 (Aug,2015) 024918

ω CUJET3.0(jet quenching model based on DGLV opacity expansion theory) JHEP 02 (2016) 169
ω I.Vitev(Jet propagation in matter, soft-collinear effective theory with Glaubergluons (SCETG)) Phys. Rev. D 93 (Apr, 2016)

CMS-PAS-HIN-15-015

0-10% Central0-100%
CMS-PAS-HIN-16-001

ÅPredictions before data capture also the rising trend of the D0 RAA
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Outlook
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Near Term Plan
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CMS-PAS-HIN-15-014

D0 meson vN measurement in PbPbat 
5.02 TeV, complementary to charged 
particle vN measurement at 
High precision D0 azimuthal anisotropy 

Back-to-back doubly tagged b-jets pT

asymmetry in PbPbat 5.02 TeV, to be 
compared to inclusive dijet
Suppress gluon splitting contribution

B meson RAA in PbPbat 5.02 TeV, to be 
compared to B meson RpA, charged 
particle & D0 meson RAA 

Flavor dependence of jet quenching 
with fully reconstructed B meson
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Pixel Upgrade (2016 YETS)
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~40% better impact parameter

resolution at low track pT

Significant reduction of the fake 

track rate, and improvement of 

the b(c)-jet tagging and D0 meson 

reconstruction efficiency
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Near Term Future (2018)
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NOT DATA

High precision charged particle, D0 and B+ RAA and vN data!
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Summary 
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ÅB and D meson in pp and pPb collisions: pT and y distributions of B and D0 mesons agrees 

with FONLL calculation within the quoted uncertainties

Åb-jet and c-jet in pPb collisions: No significant nuclear effect observed within the current 

uncertainties in the kinematics range studied with respect to PYTIHA

ÅVery successful data-taking with CMS in 2015!
Å High statistics pp (~2.5 billion events) and PbPb minimum bias sample at 5.02 TeV collected for 

low pT D0 meson analyses

Å Online high pT D0 meson triggers are deployed during pp and PbPb data-taking period to record 

high pT D0 mesons

Å Online dimuon triggers are used to record high statistics J/ɣfor B meson and non-prompt J/ɣ

analyses

ÅRun II result: The first D0 meson and charged particles in PbPb

at 5.02 TeV
Å Use pp reference at the same collision energy

Å Prompt D0 fraction from data-driven method

Å D0 mesons can be reconstructed without particle identification

Å Significant suppression of D0 is similar to inclusive

charged particle over a wide kinematics range

ÅMany more exciting results from Run II data coming soon! 

é stay tuned!
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ÅBackup slides

30
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Comparison with charged particle RAA

EMMI 

RRTF 

Meeting

32

CMS PAS HIN-15-005EPJC 72 (2012) 1945
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Efficiency and Acceptance Correction

Reconstruction D meson selection Full eff x acc
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ATLAS result at 7 TeV
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Nuclear Modification Factors:
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Information for pPb Analysis
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ÅCMS experiments of pPb collision in 2013

ÅLHC delivered 4TeV (p) and 1.58 TeV/nucleon (Pb) beam

ÅIntegrated luminosity : 34.8 nb-1

Årapidity boosted to proton going side(forward) by 0.465 in lab 
frame

ÅCharged B, B0, Bs trio are measured vi J/ydecay channels

ÅKinematic range covered
ÅpT : 10 ï60 GeV/c

Årapidity : |yCM|<1.93

ÅB+ and B- are inclusively measured and expressed as B+

from now on
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Hit Position Resolution
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Acceptance and efficiency correction
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a̧× ereco: prompt D0 higher than non-prompt D0 (D0 from B-hadron decay)

üTracks from non-prompt D0 are more displaced from primary vertex than 

tracks from prompt D0

üHi tracking has lower efficiency on further displaced tracks

¸ecuts: non-prompt D0 higher than prompt D0

üNon-prompt D0 are more displaced from primary vertex than prompt D0, thus 

bigger d0/error_d0

CMS PAS HIN-15-012
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Heavy quarks produced in hard scatterings (described by pQCD) at the early stages 

of the collisions interact with medium and lose energy!

Why studying heavy flavours in HI?

Does energy loss depends on the 

flavour?

Expected ȹEg >  ȹEu,d,s > ȹEc > ȹEb

due to:

ÅCasimir factor= <ȹE> CθR

ÅDead cone effect (radiation 

suppressed at small angles)

JHEP 02 (2016) 169,

Rlight particle
AA < RD

AA < RB
AA ?

42


