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111 Why studying heavy flavors in HI? > |

Heavy quarks are produced via initial hard scatterings
- Carry information about the system at early stage — Good probe of QGP

l the probe heavy quarks interact with the medium E B

e S

In-medium energy loss +\E

-+ Two energy loss mechanisms: Collisional + Radiative
Flavor-dependent (e
- Dead cone effect [1] (

as Cp dw k% dk? 6o = M
T w (k% +w?63)? FE

Expect: AE'ght > AEC > AED
Nuclear modification factor: Heavy Quark

Physics
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Dead cone effect is expected to be T
important at low pr "

[1] Y.L. Dokshitzer, D. E. Kharzeev, Phys. Lett. B 519 (2001) 199.
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IIII DO measurements with CMS in Run | CMéS
PbPb @ 2.76 TeV

PbPb \'s, = 2.76 TeV
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DY meson production at 5.02 TeV

CMS-PAS-HIN-16-001
First Run Il heavy flavor analysis
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- |
II" DO meson production 2

- ¢— D0 O(50%) of ¢ cross-section
» DO—=Krt: 3.93 + 0.04%

- DOcTt=122.9 um DO

Primary vertex
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IIII DO measurements in pp and PbPb > |

Do—Km in pp and PbPb collisions at 5.02TeV, Centrality 0-10% and 0-100%, lyl<1

Datasets

Low pT ( <20 GeV/c)
MinBias Events (pp: 2 billions events; PbPb: 150 million events)
High pT (> 20 GeV/c)
Events triggered by dedicated HLT D? filters to enhance the statistics at

very high pT
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1] High-Level-Trigger (HLT) DO triggers

CMS?
|

Hardware L1 jet

triggers selection

-+ Level-1 (L1) jet
algorithm with online
background subtraction

Track selection In
software triggers

( ) (
N
0 o
_J \_ )

Track seed pr cut applied:
- pr>2 GeV for pp
- pt>8 GeV for PbPb

DO selection

~
TT
K
DO decay
R vertex
"~ Primary
vertex

\_ .

D0 online reconstruction
oose selection based on
DO vertex displacement
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II“ High-Level-Trigger (HLT) DO triggers é

20

CMS Preliminary pp \'syy = 5-02 TeV
L lyl < 1.0 ~Data
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II" DO measurements in pp and PbPb > |

Do—Km in pp and PbPb collisions at 5.02TeV, Centrality 0-10% and 0-100%, lyl<1

Analysis strategy

Primary vertex reconstruction

DO candidates (vertex) reconstruction

DO candidates selection (TMVA)
Pointing angel (a) < ~0.72
3D decay length (do) normalized by its error > ~4
Secondary vertex probability > ~0. 1

Raw yields extraction

Cross-sections f

Secondary

vertex
Primary

\_vertex j
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CMS /!

|I|| Invariant mass spectra in pp (5.02 TeV) 4

Raw yields extraction
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CMS

Il Obtain cross-section from raw yields =4

Y oy —

Raw yields — Cross-sections
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CMS

-
Il Obtain cross-section from raw yields |

Raw yields — Cross-sections
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- . . . CMs,
Il Obtain cross-section from raw yields =

Raw yields — Cross-sections

DO
0 N
doP - 1‘fprompt \ ly|<1.0

de y|<1.0 2 ApT (ACC X e)prompt Kprescale = €trigger

Fraction of Branching
prompt DO fraction

‘Prompt: ‘: - oo

» DO mesons coming D

: : Prompt:

» from c-quark : K

: fragmentation :

Non-prompt: o
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Il forompt: Fraction of prompt DO

NP’
dO'DO - lfprompt ly|<1.0
de ly|<1.0 2 PT (ACC X e)prompt -BR - Xprescale = €trigger * L
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Il forompt: Fraction of prompt DO

ND’

do™’
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II" pr-differential cross-section in pp Z

25.8 pb” (5.02 TeV pp)

CMS
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[1] M. Cacciari, M. Greco, P. Nason, “The pT Spectrum in Heavy-Flavour Hadroproduction”, JHEP 007, 9805 (1998)
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Illll Invariant mass spectra in PbPb > |

Raw yields extraction
5.02 TeV, 0-100%
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. - %
Il Systematic uncertainties summary =

Signal extraction systematics ~5% PbPb, Centrality 0-100%
- Varying signal and background fit y ;
functions 2>8pb (502 TeVpp) + 404 1B (5.02 TeV PLPD)
> cms D°R Iyl <1 -
D meson selection ~73% Al Pertormance L M L 01000 -
- Comparing data and MC driven = 0.4 Y ]
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selections g 0.2 = — g
- Systematics on trigger efficiency 5 ] I N e A
- Tracking efficiency systematic ® O ] ~
g -0.2 :— L ‘ — —:
% - ——— Overall Normalization (N s Lumi) -
: - Total i -
B-feed down uncertainty ~8% 7041 S?gtﬁalséittfgﬁgﬁs -
- Obtained by comparing forompt - ——— D Meson Selection and Correction 1
estimation with alternative method -0.6 - IIBfeledl dlolenl “T'UbtraCtI'on T
base_d on decay length and FONLL 1 o0 10°
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II" DO Raa In PbPDb collisions at 5.02 TeV Cé

25.8 pb™" (5.02 TeV pp) + 404 ub™' (5.02 TeV PbPb) lyl <1, Centrality 0-100%
- CMS

“FL Preliminary

- Strong suppression at pT 5-8 GeV/c
" |Ry, D° - Less suppression for low and high pT
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111 D0 Raa in PbPb collisions at 5.02 TeV Lk

25.8 pb™" (5.02 TeV pp) + 404 ub™' (5.02 TeV PbPb) lyl <1, Centrality 0-100%

1.4 Sr!\liln?nary . |R,, D° - Comparison with charged hadrons [1]
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L - a charged hadrons - Similar suppression at high pT
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II" DO Raa in PbPDb collisions at 5.02 TeV Z

25.8 pb™' (5.02 TeV pp) + 404 ub™' (5.02 TeV PbPb) lyl <1, Centrality 0-100%
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[1] CMS-PAS-HIN-15-015
[2] arXiv:1605.06447v1.
[3] Phys. Rev. C 92 (Aug, 2015) 024918
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I - . o CMS
Il DO Raain PbPb collisions at 5.02 TeV
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II“ DO Raa In PbPDb collisions at 5.02 TeV CMéS

25.8 pb™" (5.02 TeV pp) + 404 ub™' (5.02 TeV PbPb) lyl <1, Centrality 0-10%
;4 CMS T - Comparison with/charged hadrons [1]
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CMS?

II" DO Raa in PbPb collisions at 5.02 TeV

25.8 pb™ (5.02 TeV pp) + 404 ub™ (5.02 TeV PbPb)

lyl <1, Centrality 0-10%

[1] CMS-PAS-HIN-15-015

CMS-PAS-HIN-16-001

[2] arXiv:1605.06447v1.
[3] Phys. Rev. C 92 (Aug, 2015) 024918
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[4] JHEP 02 (2016) 169
[5] Phys. Rev. C 93 (Mar, 2016) 034906
[6] Phys. Rev. D 93 (Apr, 2015) 074030
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Summary
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II" Summary

CMS%}
!

Conclusions

D° and charged particle Raa agree up to very high pr
- Putting strong constraints on theoretical calculations
Forcing theories to describe HF production in a much
wider kinematic range where different processes
dominate

Outlook

D meson at very low pT
Down to ~1 GeV/c
The hadronization mechanisms and the cold
medium properties
D meson vh measurements
Collective behavior
B meson Raa
Coming soon!
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Thanks for your attention!
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II|" D% measurements with CMS in Run | Z

PbPb @ 2.76 TeV
CMS-PAS-HIN-15-005
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- Measurements reaching very high pt (>100GeV/c) for the first time!
- PP reference directly from data
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IIII Comparison with CMS 2.76 TeV =

PbPb 0-100%
258 pb " (5. 02 TeV pp) + 404 n b (5.02 TeV PbPb)
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II" Comparison with ALICE 5.02 TeV

PbPb 0-10%
25.8pb " (5. 02 TeV pp) + 404 u b (5.02 TeV PbPb)
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CMS: 0-10%, ALICE: 0-7.5%
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I I" Heavy flavor measurements with CMS é

LHC Run |
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I I Il CMS detector

EM and hadronic calorimeters
Photons, Jet

Forward Calorimeter:
MB triggers, centrality

Inner tracker: /
charged particles Muon detectors

Muon Inl< 2.4

HCAL In|< 5.2
ECAL In|< 3.0
Tracker Inl< 2.5
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II“ High-Level-Trigger (HLT) DO triggers é
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IIII High-Level-Trigger (HLT) DO triggers é
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Il Systematics
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