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Flavor Dependence of Parton Energy LosSS

A From QCD
A Color charge:
E, . In gluons > E,_ in quarks

A Ki n e maDebdcsne effdcto :
E, . INn quarks > E, .. in heavy quarks

Collisional Radiative

Heavy Quark vs. Light Quark: energy loss energy loss

Changing the ratio of collisional and ﬁx jjff . e
radiative energy loss /E |
+.-1E | EAR

X
(medium)

Heavy flavor hadron (and jet) analyses cover a wide kinematics range
A Suppression of induced radiation at low p+
and the disappearance of this effect at high p-
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Heavy Flavor Measurements

Non-pr ompt J/ Yy
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b-jet reconstruction
Requirement: flexible trigger system, muon / electron detection,
secondary vertex reconstruction, jet reconstruction

PN e \NANIIF,
O | . x% '“""4,// 5

Yen-Jie Lee (MIT) EMMI RRTF Meeting Y ’i NS P o8~
%) — N



The CMS Detector

Cins, !

Yen-Jie Lee (MIT) EMMI RRTF Meeting f i - 4;,.\



The CMS Detector

EM and calorimeters
photons, isolation, jet reco

Inner tracker:
charged particles
vertex, isolation

Pb
Muon | d|l < 2. 4
HCAL | d| < 5.2
ECAL I d] < 3.0
Tracker | d] < 2.5
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Charged Track Impact Parameter Resolution in pp
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Track impact parameter resolution:
0 dy: ~80e Mm@ 1 GeV/c, ~20 ¢ m@ 10 GeV/c
0 z,: ~100 e m@ 1 GeV/c,~40 ¢ m@ 10 GeV/c
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Results from pp and Run | Heavy lon Data

e

CMS Experiment at LHC, CERN

Data recorded: Mon Nov 8 11:30:53 2010 CEST
Run/Event: 150431 / 630470

Lumi section: 173




and c-Jet R , at 5.02 TeV
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pPb @ 5 TeV

34.6 nb” (pPb 5.02 TeV)
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B Meson Mass Spectra in pp and pPb

PRL 116 (2016 032301
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Direct reconstruction of B mesons

B*Y § K* Yete K*

BOY J/KOY gte-K* -
BsY XN/( Y ete KK

Significant B meson signal was
observed in pp and pPb collisions
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do(pp — B"™X)/dp_ [1b/GeV]
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Results from pp @ 7 and 13 TeV

Transverse momentum spectra
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A pp at 7 TeV and 13 TeV are in agreement with FONLL within the quoted uncertainties
A The central values of 7 TeV data match better with FONLL center value than 13 TeV
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Nuclear Modification Factor : RpAFONLL

( de ) PRL 116 (2016) 032301
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ARpAFONLL IS compatible with unity within given uncertainties for three B mesons
A pp reference data at 5 TeV can significantly lower the systematical uncertainty
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b-Jet R,

ICMSI T T T T T IVSIKQI =l 2:7l6 -'l-elv 1 _2 T 9IN4|ISI L | T T T T | T I\:II%I I=I |2I.I7§ |-I-IeIY
[ 0-100% Ml <2 | - nl <2 :
1 I i
- PbPD, 150 ub* ] -y S PbPb, 150 b i
0.8 PP.53pb - 0.8 3 pp, 53 pb’ .
3 | L I :
oC " - o 1 ~ @ N -
® 06— —— = E 0.6 Eﬁ S S ]
&S - 14 - °
0.4F - 0.4 % -
- pQCD: PLB 726 (2013) 251-256 - . i
Z Bl o-138 ] I i
0.2 B g™ =20 — 0.2/~ e]80< p. <90 GeVic B
L B g =22 E - [4]90 <p <110 GeVic 7
) (Y [ YN TR TR W NN SN ST SR SN N SN S’ 1— D_I||||||||||||||||||||||||||||||||||||||_
0 100 150 200 250 0O 50 100 150 200 250 300 350 400
b-jet P, (GeV/c) Noart

A First measurement of b-jet R,,!! ERETISHS2S0NE0TY

A Evidence of b-jet suppression in PbPb collisions
A Suppression favors pQCD model with stronger jet-medium coupling
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Flavor Dependence of R,, in PbPb at 2.76 TeV

CMS Preliminary

PbPb \/s, = 2.76 TeV
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CMS CMS Experiment at LHC, CERN -

Data recorded: Wed Nov 25 12:21:51 2015 CETY 4
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Online D° triggers

Hardware L1 jet Track selection in :
DO selection

triggers selection software triggers

N :

g.
&L ' e
o | » DO decay
s’ £ vertex
~ Primary
vertex
- _ - _ - _
- Level-1 (L1) jet Track seed pr cut applied: - DO online reconstruction
algorithm with online - pr>2GeV for pp - loose selection based on
background subtraction - pr>8 GeV for PbPb DO vertex displacement
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Performance of DO triggers
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. Y PbPb trigger efficiency is better
pp efficiency reaches 100% above than 90%, evaluated by minimum-
the D° prtrigger threshold bias data and jet triggers
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D® mass spectra in pp and PbPb at 5.02 TeV

5<pr<6 GeV/c 60 < p; <100 GeV/c
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DO Signal to Background Ratio Comparison
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b Y D feed-down subtraction in pp and PbPb collisions

CMS-PAS-HIN-16-001 pp 5.02 TeV  PbPb 5.02 TeV
CMS Preliminary PbPb \sy, =5.02 TeV 1CMS Preliminary PP \s,, = 5.02 TeV 1CMS Preliminary PbPb s, = 5.02 TeV
10.0<p <125GeVic lyl<1.0| oof 0k
~10° Prompt frac. =81.6 + 1.1 % | 08" $ s ; 08} : f %
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—_ - lyl <1.0 - lyl <1.0
< 0 c 0.6 c 0.6
81 05 I:l Prompt D . % 0 55_ —e— Prompt % 0 5:_ —=— Prompt
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A Data-driven extraction in heavy-ion collision with DCA

A Prompt DO fraction extracted from data is
70-90% in pp and PbPb X

DODCA . ’:-

A Extract non-prompt D° spectra: - .
complementary to direct B meson DO flight distance ~&G1:™ s
reconstruction and non-prompt Do DCA = flight distance * sin(a) K
Jly analysis
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DO pr-differential cross section in pp at 5.02 TeV

o 25.8 pb" (5.02 TeV pp) CMS-PAS-HIN-16-001
[ CMs
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:I— 4? ==

100 ==
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1[)2%—
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.= u FONLL calculations. Similar to
%’ 5 :_ that was observed in B* analyses.
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Prompt D° R,, in PbPb at 5.02 TeV

CMS-PAS-HIN-16-001
0-100% 0-10% Central
25.8 pb™' (5.02 TeV pp) + 404 ub™' (5.02 TeV PbPb) 25.8 pb™' (5.02 TeV pp) + 404 ub ™' (5.02 TeV PbPb)
- CMS - CMS
1.4 preliminary o 1.4 preliminary
i - RAA D B - RAA D0
1.20 T ns and lumi. 120 & andlumi
- unCentainty e qE-ungertainty.
< F Centrality 0-100% < F Centrality 0-10%
C 0.8 lyl < 1 _+_ C 0.8 lyl <1
o L o L
O o6k + B O o6l |
0.4 0.4
0.2F 0.2~
0: | | Loyl | | | 0_ I | Lol 1 I Lol
1 10 107 1 10 10°
p. (GeVrc) p. (GeVlc)

A The first D° R,, measurement in PbPb at 5.02 TeV!

A Mind the 12% normalization uncertainty from Lumi (will go down to a few % soon)
A DO production is strongly suppressed (by a factor of ~ 5) at ~10 GeV

A At high p; > 10 GeV: D° R,, increases as a function of D p-
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D? and charged particle Raain 0-100%

CMS-PAS-HIN-16-001 CMS-PAS-HIN-15-015
@ 0-100% 0-10% Central

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

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

" CMS - CMS
1.4¢ geﬁminary " |[Ry D’ 145 preliminary | ® | R D’
:_ —— R,, charged hadrons 1.2 7 Raa charged hadrons
1.2: T, and lumi an CNATG . Tanand lumi.
4E - UNGERAINEY. ... A - MMGRRAINTY. oo
C itv 0-100% S Centrality 0-10%
I oo Centrality 0-100% H | oot gy B Jr+
cﬂ E ¥ C}D 0 6:— 1+:++ e
- i L
0.4:_ . i 0.4 -+
0.2F o 0.2
: :l II 1 1 1 11 11 || 1 1 1 1111 |I
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A Compared to the first measurement of charged particle R,, at 5.02 TeV cover a
very wide kinematic range (up to p; ~ 300 GeV)

A Suppression patterns are very similar between D° and inclusive charged particles!

A Less DO suppression than inclusive hadron at low p; ?

CMS /1 _ 5 f : “\ v/ ’5
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DY R,, Vs predictions

0-100%

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

- CMS " |Ry, D°
=L Preliminary
— 5. Cao et al. 0-B0%
T, and lumi. ;j
. | M. Djordjevic
uncerainty. ... P

Centrality 0-100%

CMS-PAS-HIN-16-001

0-10% Central

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

i 0
| CMS E Raa D
T Preliminary —— S.Cao et al.
e . — PHSD w/ shadowing
C. Tas and lumi.
- uncertainty. ... PHSDwioshadowing |
. . Centrality 0-10%
— L olyl <1

A Predictions before data capture the observed structure at low DO p;!

A PHSD: Need to include shadowing effects to describe the data at low p-

w PHSDOPartonHadronString Dynamics model[2])
w S.Caet al ( Linearized Boltzmann transport model + hydro ) arXiv:1605.06447v1
w M. Djordjevia QCD medium of finite size with dynamical scattering centers with collisional and radiative energy loss ) Phys. Rg\201 9P24918
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DY R,, Vs predictions

CMS-PAS-HIN-16-001 CMS-PAS-HIN-15-015

0-100% 0-10% Central
25.8 pb” (5.02 TeV pp) + 404 ub™' (5.02 TeV PbPb) 25.8 pb” (5.02 TeV pp) + 404 ub™' (5.02 TeV PbPb)
- CMS - 0 - CMS COR,D°
1 '4:_ Preliminary I: P 0 1 '4:_ Preliminary — gﬂ?gg!g%%
- — S.Cao et al. 0-80% - —S.Caoetal.
1.2 _ 1.2 _ —— PHSD w/ shadowing
0 Tpa and lumi. j o L Tpsand lumi. L PHSD w/o shadowing
1 -uncertainty............. NN M. Djordjeve ] 1 _uncertainty.............. L. lVitev (g=1820)
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A Predictions before data capture also the rising trend of the DO Ry,

w PHSDPartonHadronrString Dynamics model[2])

w S.Caet al ( Linearized Boltzmann transport model + hydro ) arXiv:1605.06447v1

w M. Djordjeviq QCD medium of finite size with dynamical scattering centers with collisional and radiative energy loss ) Phys. Rg\201 52024918

w CUJET3 et quenching model based on DGLV opacity expansion thiktiy 02 (2016) 169

w LVitev(Jetpropagation in matter, softollinear effective theory witslaubergluons (SCEJ)®hys. Rev. D 93 (Apr, 2016)
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Near Term Plan

. CMS-PAS-HIN-15-014 &
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Pixel Upgrade (2016 YETS)

Outer rings

n=2.5 s
__Innerrings

Current
n=0

n=0.5 n=1.0

(a) Barrel and For

~409% better impact parameter
resolution at low track p;

Significant reduction of the fake
track rate, and improvement of
the b(c)-jet tagging and D° meson
reconstruction efficiency
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Near Term Future (2018)

1.4 Centrality 0-100%

NOT DATA  L_=1.5/nb

Ysyy = 9.02 TeV
Txa @nd lumi. uncertainty

1.2
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Summary

AB and D meson in pp and pPb collisions: p; and y distributions of B and D° mesons agrees
with FONLL calculation within the quoted uncertainties

Ab-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

AVery successful data-taking with CMS in 2015!
A High statistics pp (2.5 billion events) and PbPb minimum bias sample at 5.02 TeV collected for
low p; D° meson analyses
A Online high p; D° meson triggers are deployed during pp and PbPb data-taking period to record
high p; D° mesons
A Online dimuon triggers are used to record high statistics J/y for B meson and non-prompt J/y
analyses

ARun Il result: The first D° meson and charged particles in POPh s soerovom -t oerev roen
- CMS CE1R,D

at 5.02 TeV iy o
A Use pp reference at the same collision energy T2 TaRgluml T o wie s
A Prompt DO fraction from data-driven method g TR
A DO® mesons can be reconstructed without particle identification oosf ' +
A Significant suppression of D° is similar to inclusive e 06
charged particle over a wide kinematics range 0.4
0.2F aSr
AMany more exciting results from Run 1l data coming soon! Ol
¢ stay tuned! P, (GeVic)

Yen-Jie Lee (MIT) EMMI RRTF Meeting | ,2}\




ABackup slides

chs, !

Yen-Jie Lee (MIT)



—_
E
)
-
LN
=
-1

Yen-Jie Lee (MIT)

Ratio

0.012

0.01
0.008
0.006
0.004
0.002

R —
Ahhbn

L N R A 00<n<10
. it selel Sk ik i @  standard geom
.L‘ ...- Y A phase1,R39, 285um,100.150 um
e ‘::. ..... ;' ............................................
I I iAia- 0.
mm¢m+pf&£i2!111222!!

L :

H |

1 10 1u

p [GeV]

EMMI RRTF Meeting




Comparison with charged particle R,

ZCMS Preliminary PbPb ys,, = 2.76 TeV
§ [ [ I I [ I T T | [ I [ [ I T 11 |_
r T 0 ]
- 1.8~ —+Prompt D" R}, -
EE - ly| = 1.0, Cent. 0-10% s
1.6 Syst. PbPb data —
1 42_ [ ]Err. pp reference B
L Filled markers: data-extrapolated reference ]
1.2 — Open markers: FONLL reference ]
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Efficiency and Acceptance Correction

o QCMS Simulation PbPb \s, =2.76 TeV CMS Simulation PbPb \s,, =2.76 TeV o SCMS Simulation PbPb \/s,,,=2.76 TeV
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do(pp—B'X)/dp_ [ub/GeV]

Chus, 1

ATLAS result at 7 TeV

E I | | | | | I | | é
F—— 0 ]
e ATLAS -
=
- — ’
- —e— ATLAS, 2.4 b, |y|<2.25 .
= —— —
E —=— CMS, 5.8 pb™, |y|<2.4 e
[ e FONLL, |y|<2.25 _'_a
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do(pp—B"X)/dy [ub]

5. ATLAS
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CMS Preliminary PbPb |5, = 2.76 TeV CMS Preliminary PbPb \s,,, = 2.76 TeV CMS Preliminary PbPb |5, = 2.76 TeV
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Nuclear Modification Factors:

2CIVIS Preliminary PbPbD |5, = 2.76 TeV
_I T | L | L | T TT | T T | L | L | L | I_
Ecgz - o Theory Prediction -
~ 1.8~ —— Prompt D" R}, ly| < 2.0, Cent. 0-20%
L ly| < 1.0, Cent. 0-20% §
1.6 - Syst. PbPb data B
1. 4[| Err. pp reference i
- Syst. Ty +Nys+tBR .
1.2 —
-1:_ ........................................................................................................................................... _:
0.8 =
0.6F -
0.4 —
0.2 ~
U:I L1 1 | L 111 | L 111 | L 111 | L1111 | L1111 | L 111 | L 111 | I:

0 5 10 15 20 25 30 35 40
P, (GeVic)

chas, 1 .
Yen-Jie Lee (MIT) EMMI RRTF Meeting




Information for pPb Analysis

ACMS experiments of pPb collision in 2013
ALHC delivered 4TeV (p) and 1.58 TeV/nucleon (Pb) beam
Alntegrated luminosity : 34.8 nb1

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

ACharged B, B,, B, trio are measured vi J/y decay channels

AKinematic range covered
Ap;: 107 60 GeV/c
Arapidity : |yoy|<1.93

AB* and B-are inclusively measured and expressed as B*
from now on

cms,
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Hit Position Resolution

=507 —
= 31CMS Vs =7 TeV
= 45 2
S 0. &% [L=42pp”
° 4% o 4
L a5 It h é &
= a5
2 3%@@: £ R
T 30- +¢ \ , o
X o5 An, 8 Yo o
= 0 TR
D m@,ﬁé g
= 20-
© 3 + Data

153 | |

1 © Simulation
103
5-
] pT > 12 GeV
0 . I | | | vt T vl

-60 -40 -20 0 20 40 60
Incident angle (°)

cMs /1 _ _ 'i \‘g‘
Yen-Jie Lee (MIT) EMMI RRTF Meeting 1 ! S




Acceptance and efficiency correction
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ax €....- prompt DO higher than non-prompt DO (DO from B-hadron decay)
U Tracks from non-prompt D° are more displaced from primary vertex than
tracks from prompt D°
U Hi tracking has lower efficiency on further displaced tracks

5

, €.uts. NON-prompt DO higher than prompt DO
U Non-prompt D° are more displaced from primary vertex than prompt D°, thus
bigger dO/error_dO
CMS PAS HIN-15-012
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pr(GeVlc) | do/o(dg) | « (radians) | Vertex Probability
2.5-3.5 > 5.90 < 0.12 > (0.248
3.5-4.5 > 5.81 < 0.12 > 0.200
4.5-5.5 > 5.10 < 0.12 > 0.191
5.5-7.0 > 4.62 < 0.12 > (0.148
7.0-9.0 > 4.46 < 0.12 > 0.102
9.0-11.0 > 4.39 < 0.12 > 0.080
11.0-13.0 > 4.07 < 0.12 > (0.073
13.0-16.0 > 3.88 < 0.12 > 0.060
16.0-20.0 > 3.67 < 0.12 > 0.055
20.0-28.0 > 3.25 < 0.12 > 0.054
28.0-40.0 > 2.55 < 0.12 > 0.050

Table 1: Summary table of the selection criteria in different pr intervals.
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CMS Preliminary

PbPb \s,, = 2.76 TeV
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Why studying heavy flavours in HI?

Heavy quarks produced in hard scatterings (described by pQCD) at the early stages
of the collisions interact with medium and lose energy!

Rlight particleAA < RDAA< RBAA?

Does energy loss depends on the

flavour? __’

Expected p g > v @k oE JHEP 02 (2016) 169,
due to:

Kasi mir faQtC@r: < pE >

/Dead cone effect (radiation
suppressed at small angles)
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