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Why heavy quarks are interesting? Silvia

Heavy flavours are produced Parton energy loss by:
in hard scattering processes e Medium-induced gluon radiation
in the early phase of the collisions e Collisions with medium partons
Depends on

e Present from the early times
e |n the highest density phase

e Travel and interact in the medium,
experience the full collision history

e Colour charge (Casimir factor, AE >AE as)
o Parton mass (dead cone effect, AE <AE < ..)

AE_ > AE_ > AE,

provide underlying energy loss “suppression™. m>D > B

mechanism of heavy quarks and
medium properties

Elliptic flow of heavy flavours

— information on medium transport properties: thermalization in QGP
(low p,) and path length dependence of the parton energy loss (high p,)



Why Quarkonia?

Carlos Lourengo (CERN)
Torsten Dahms LLR — Ecole Polytechnique
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Quarkonia:

bound states of heavy quark-antiquark pairs,
studied with non-relativistic QCD

An important goal for CMS: [n pp

Cross section and polarization measurements
of S and P states in high-energy pp collisions

Debye screening in QGP leads to melting of quarkonia

Different binding energy of bound states lead to sequential Sle
melting of the states with increasing temperature
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EWK Bosons in HI Collisions

< In HI collisions, electroweak bosons (y, W, Z) are not expected to interact
with hot and dense strongly interacting medium.

< Photons already studied at previous experiments, and LHC conditions
(energy, luminosity) have made Z & W bosons available.

% Establish a reference for other particles whose properties change in the
bulk or provide normalization to other processes.

< Profit from leptonic decays of W, Z bosons as they
suffer negligible energy loss in the medium



In this talk...

* Y(nS) in pp, PbPb

® Xc In pp

e J/Y, J/P from beauty hadrons in pp, PbPb

e P(2S5) in pp, PbPb

* D mesons, muons, electrons from heavy flavour decays in pp
* Single muon and D mesons Raa

* Elliptic flow of D mesons

e Elliptic flow of J/P

e Photon, W, Z Raa

e Elliptic flow of Z boson




Y(nS) yields

Torsten Dahms LLR — Ecole Polytechnique
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Why relative yields?
@ The relative yields analysis of the 3 states

B cancels cold nuclear matter effects
p nPDFs (shadowing, etc)
p initial parton energy loss

p final state nuclear absorption (if negligible at LHC
energies)

B carries only effects related to final (hot) medium

D different binding energies — color screening occurs at
different temperatures — sequential melting —
thermometer of the final state medium



[Y(nS)/Y(1S)]eors / [Y(NS)/Y(1S)]pp and Nuclear Modification Factor
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Suppression pattern in most central collisions, as expected from sequential melting
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in addition to J/\W, Y(2S), B—~J/P, B— W(2S), Y(nS) spectra in pp

Surfing the P waves

Carlos Lourengo (CERN)

Production of . mesons studied via
¥. — JAp + vy radiative decays, with
tracker-seeded y conversions to e*e”
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Lumi section: 31

O Crossing: 8045444 / 2047

CMS Experiment at LHC, CERN
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To compare with theory calculations, much care is needed regarding the polarizations
(which can change the results by up to around +25%)



Christophe Suire
J/Y from B-hadrons decay in pp collisions  Carlos Lourengo (CERN)
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Raa of Inclusive and Prompt J/P

H AA

ALICE inclusive (low pt), CMS prompt (high pt)
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Clear J/W¥ suppression at forward rapidity. A e commonicaton,
— almost no centrality dependence above NIoart ~ 100.
At mid rapidity, similar pattern but but large uncertainties prevent a firm conclusion. * Prompt Jhp
— pr>6.5GeV/c & |y|<2.4
— in 0—10% centrality:
In both transport models, the suppressed by factor 5
amount of J/y produced from — in 50-100%:
:;ee%?rnaelfgllﬁgiolisz 50% in the most suppressed by factor ~1.6
In SH model, all J/y are formed at * Recombination effects:
hadronization. — expected to be small at

high py
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Raa of Inclusive and Prompt J/P

<

PRELIMINARY

ALICE Preliminary, Pb-Pb \s, =2.76 TeV, L =70 ub’

ALICE
B Inclusive Jiy, centrality 0%-90%, 2.5<y<4 global sys.=+ 7%
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—— EKS98 shadowing, B quenching = 0.4
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— EPS09 shadowing (R.Vogt & al.), pt>0

| nDSg shadowing (E.Ferreiro & al.), p>0

ALICE common glob. sys. =+ 4 %

90.5
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\J

Both models correctly reproduce our measurement
In both models, a large fraction of regenerated J/¥ have p, < 3-4 GeV/c

< Inclusive J/y measured in
ALICE at both mid and forward
rapidity.

R,, decrease of 40% from y=2.5
to y=4.

Possible flat dependence toward
mid rapidity.

<4 Suppression beyond the
current estimate of shadowing at
forward rapidity.

— importance to measure cold
nuclear matter effects.
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Comparisons

ALICE p, > 0

PHENIX p, > 0

ALICE/CMS high p,
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At low-pt, ALICER,,2 0.5, no centrali”;’y dependence

— behavior clearly different to the one observed in PHENIX where a larger
suppression and a strong centrality dependence is seen
At high-p,, larger suppression seen both by ALICE and CMS

— behavior is similar to the one observed at low energy
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ALICE Preliminary, Pb-Pb VSTN =276 TeV, L~70ub"
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<« ALICE inclusive J/y — u+p- at
forward rapidity.
R,,~ 0.6 at low-pt down to R, ~

0.35 at high-p,. Suppression
increases with increasing p,.

<« Agreement with CMS data at
high-p, (1.6<|y|<2.4) .

4 PHENIX measured larger
suppression at low-p, (0-20%

central, 1.2<|y|<2.2)
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Raa of Prompt(B—) J/P vs Npart

JHEP 1205 (2012) 063
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Not quite different from last QM results
CMS has a plan to show finer binned results for both pt and Npart for coming QM



W(2S) in pp & PbPb at snn = 2.76 TeV
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P(2S) / J/P Double Ratio

Double ratio of [{(2S) / J"plpppy / [W(2S) / ],
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For p>3 GeV/c and 1.6<|y|<2.4: «

large uncertainties on pp
Indication of {(2S) being less
suppressed than JAp, but need

more statistics (in particular pp)!

For p+>6.5 GeV/c and |y|<1.6:
(2S) are more suppressed than

JAp
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Energy dependence of HF cross sections
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pp at /s = 2.76, 7 TeV: D mesons, muons, electrons

0% —~ 107 &||| =
2 g ALCE 3 © | T ' N é o F E
= - 1 > 1L ALICE pp (5=2.76 TeV, u*-HF in 2.5<y<4 | S ; ALICEc b—e ]
© - ] 2 3 > I t , ]
0] 2| % 0 ] © FAN —— data ] 0] ]
g 10 - D - K11 1 210N | e HF FONLL - S ol ——FONLLc,b>e
2 C ] %106 Fonn — —- p«—charm, FONLL 7 E i .
AlSO: v 10E == - ;.. £ ———— uw «beauty, FONLL E = .
D' > Kmmr _% | = S 10°F 1 g9 E
— _— - 1 = 3 3 - 3
N + i == 1 4 u ] B 3
D* - DT §& 1 - B10*E . 6 HFcb > € i
— E - 278TeVdata — 1 © c ] = 104k ’ _
_8 T[] syst.unc ] 103 - T~ B E
P 57 TeV scaling E R g ]
10 §_ [ Isyst. unc. _§ 102 B |‘int=‘Igl nb” Hi_f T i
- +3.5% lumi (7 TaV soaling), +1.9% lumi (2.76 TeV data) ] £ 1.9% normalization uncertainty not included 3 s i
L +1.3% BR norm. unc. (not shown) - - - 10 3
E . — ! ! ] %I 235 3 m
o] F ] E 3 B
3 2 3 O 15 _ = 1
s dwe T _ 0L Pp.¥s=T7TeV, |y <05 4
8 E , , , , , , : g 0.5 | | ! | o - additional 3.5% normalization uncertainty ]
0 2 4 6 8 10 12 % 2 4 6 8 10 i ]
p, (GeVrc) p, (GeVrc) %. E
) E
T =
" 3
[14] =
a 3
m 10-2 EI ' l T | T | T | T T T T ' g —_— J T T | T T T T T T | T T T T —g
v - pp, Vs =7 TeV, |y|<0.8 ] o 14— — F | | | | | | ! L2
>t 1 BN FONLL . T R S A
o lO'3 2 —&— ALICE b — &: IP cut method (Preliminary) E "; | —e— ALICE ] P, (GeVic)
§ E ¢ ALICE b — e: Fit method (Performance) f + 1'2__ . ALICE Systematic uncertainty HLICE __
() i ] o B i
EJ\-; 'L N £ N pp 15-2.76 TeV PRELIMINARY B
-E = E g - EMCal Trigger Events -
= 1 o [ wicor =TT T
= 10°k = 5080 Lu-vene’ . E .
I OB . Data are well described by pQCD
= [~ | - B ] L ] L}
& 100k - 2 predictions (FONLL, GM-VFNS)
= E E 04— — u L] ] u
: AL - - 1 within uncertainties
10_? E_ 15/05/2012 _§ 0 2__ ]
10_3 —I IOl;I;:s:al:st:ch |.I||1cl:9rl1alimlielsaIIVQI|JIIt:|1'chIIﬂI:u-I[hlef:lrlrlellr'l::n:lI vl uae s |_ 0—0| | L Im porta nt test Of pQC D
1 2 3 4 5 6 7 8

p, (GeVic) p¢ (GeVic)



Single muon and D meson (|y|<0.5) R
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Boxes: Fully correlated systematics
Error bars: uncorrelated combined statistical+systematic

Generally flat with p: (used
Rpc to check flatness)

D% D*, D* compatible
Strong suppression in central collisions

18



Raa compilation
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Elliptic flow of D

a :||||||||||||I|||||||||||||||||||||:a :||I||||||||||||||||||||||||||||||||: >N :III'III|III|IIIIII|III|III|III|||||:
= 04§ Pb-Pb sp=2.76 TeV-| = 04C G Pb-Pb sp=276Tev] 040 G Pb-Pb  Sy=2.76 TeV]
-\ 7 Coa L : o 4 - ALICE = ' -509 .
g OISLPR‘?LIEF:II:&ERY = g 0.3—_”@1';5&5“ Centrality 30-50% ] 0-3:_PRELHMMmf |_ Centrality 30-50% _:
o - ] o - ] L ]
0,25 _ 1 o ook 1 1 E RN P %0 i =
C 7 C 3 8 ]
L -E——| _| - ma ! o _| - — _|
0.1 - 1 - 0.1 ? 1 ] 0.1j L e W .
of - 1 o 1 o :
C i  § ] : ' ] : T ]
-0.1F | - -0.1F = 0.1 =
- e DP EP2A¢ bins, 30-50% CC | 1 - o D% EP2A¢bins 1] - - ¢ Charged hadrons, EP, An>2.0 ||| -
0.2 " DO! EP 2 A¢ bins, 15-30% CC m ox: syst. from da — -0.2:— + D.EP 240 bins Empty box: syst. from data _: '0-2:_ N Di’ EP2A¢ bi.ns Empty box: syst. from data _:
E Fillelil bit::t;ysI. f)r(o;fB fe:d—t:ownz C Filled bix: syst. f)r(om B feed-down_| - ¥ ID ] EII:) 2A0 lbII'IS | | Filled Ifox: syst.l from Bfle.-ed—dowln:
Eroovao v o b v b b v o v b b 14 e v b b b b v b Py 14 S R T A R N S N e
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18
p, (GeV/c) p, (GeVic) p, (GeVic)
Hint of centrality dependence: D° v, flow larger in less central collisions
Comparable with charged hadrons elliptic flow
< 1.2 \ T T T N Y N O I O B B B
‘: B " 0 + 1|t'l' 7] _— T T T T T T T T T T T T T T T T T T T T T T T T T T T

o SR Average D", D", D7, lyl<0.5 4 A - I I I I I I 17

| ; 1 = 040 Pb-Pb  |syy=2.76 TeV

1E-_:i- ."-__-___--__--___-___-___--__--___-___-:A_l;i_c_:-E- ____________________ __ g 0 3:_PkE'I.IH'[NHkY Bl Centrallty 30_500/0 _:

K 0-20% centrality 1 8 F .

o8- \: Pb-Pb,\[S,, = 2.76 TeV - Soof L 1 E

- K — . Langevin HTL2 : - e .

- \_._ C g _ 0-1_ flll-,. 1 .‘"/. 1

06 | =imimn Coll + LPM rad | - =1 l__ _____ e .

i % BAMPS . NS .

- : . - e D% EP2A¢bins * ]

0'4__ |_| B -0.1— + D', EP24a¢bins =

L |—| I_I _ r=+=r=:= Aichelin et al, Coll+LPM rad ]

B + 7 -0 o= ' Beraudo etal, Langevin HTL 7

0.2 |_| — e Empty box: syst. from data — _|

= . _‘ R S Lo . C lBAMF,lS I | I Filled Ircx: syst.lfrom Bfle.'ed—dowln:

- ] 0 2 4 6 8 10 12 14 16 18

oLt TN NI NN A T T N TN N T A A A MO A P (GEV/C)

0 2 4 6 8 10 12 14 16
P, (GeV/c)

Challenge for the models: Describe both Raa and v>
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J/P elliptic flow

Centrality 20%-60%

[ ALICEPb-Pb ys,, =276 TeV,25<y <4
— . Zhuang et al., B thermalized & with shad EKS98 d cd/dyl a5 ™ 0.38 mb
y=3.

_____ P. Zhuang et al., B not thermalized & with shad EKS98 d GcE/dy| a2s ™ 0.38 mb
y=3.

parton transport model prediction: private communications

~ 2% relative syst. error from G, correction
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Sensitive to transport properties, and
production mechanisms

Primordial/Initial
pPQCD: isotropic in phi.
Coalescence/Regeneration
Thermalized, flowing charm: large v2

Can light quarks move heavy
quarks?
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Measurement of isolated photon production in pp and PbPb collisions
at /syy=2.76 TeV ™
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Establish a baseline for further analyses with isolated photons N
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Study of Z Boson Production in PbPb Collisions at /s yy =

2.76 TeV
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Elliptic flow of Z

Y T T L | B A A R R MR A1 A T 1
> B T ATLAS Preliminary 7
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7
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v,=—0.011 £ 0.018(stat.) £ 0.014(sys.)

Z elliptic flow is consistent with zero



Different yields expected for Wr—u*v and W—puv

< W production: At LO, W bosons are produced
by fusion of a valence quark and an antiquark
fromthesea: ud > W* and tid - W~
= W is boosted in valence quark direction

=» Different phase space (rapidity) for W+ and W-

% W= decay into lepton+neutrino is not charge
symmetric, due to V-A EWK coupling
(v lefthanded)
=» different angular distributions for decay u*
and u

N/

** Strong isospin effect since Pb has higher d/u
than proton

 Cancels for W+ + W-
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Number of Events / 1 GeV/c
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Photon, W, Z Raa

| | | | | | | | | | | | | | | |

-~ CMS T, uncertainty =
? — PbPb VS = 2.76 TeV == Z' ) ly|<2.0 —
= L, =¥ W p_ >25GeVic In"l<2.1 -
- 0-10%, _[ Ldt=7-150 ub g  Isclated photon  |n|<1.44
- —&— Charged particles |n|<1.0
=B b-quarks (0-20%) |[n|<2.4
(via secondary J/y) —

1.5

0.5

2]
o

%|||||
—}—
o
o
-

D ] ] | | ] ] ] | | | | | | ] ] | ] ] | |

o
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Production of Photon, W and Z
bosons in PbPb collisions, scale with
the number of binary NN
interactions.

Raa = 1 (10-20% uncertainty)

Carriers of the electromagnetic and
the weak force, their production and
propagation in the medium results
unaltered, for the region of mass/p+
~100 GeV/c .....

..... unlike other particles (strongly
interacting hadrons and mesons) whose
production in PbPb is strongly suppressed
relative to pp.
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Backup Slides
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Feed-down fraction from the excited states

state | f;(pp) [%]|.

Y suppression pattern

’ Ej_f(3$) | |ras)| s2+0 feed-.down
Xb(2P) | Y@2s) fraction from
] excited states
06 | Yas) 1 [r@s)| 10+ 3
04
Ys(2P)| 10 + 7
02 r S.Digal et al
.Digal et a
T(35)| 2+£05 PRD 64, 2001
0 ' -
0 05 1 15 2 25 3

TIT
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Rpc
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Y (nS) yield extraction: pp

— L | T T | T T | L | T T | T T | T T
: o N, 50— ]
@ Unbinned max likelihood fit % - Preliminary CMSppVs=276TeV -
G [ lyl < 2.4 ]
@ Slgnal s 4o p >4 GeV/c ]
Z L, =231 nb™
. 1 _ i
M) 3 Crystal-ball: Gaussian core & power law tail S 30l n
N (m—myg)? _ Lﬁ i e data 7
ream ~ | exp ({750 ), for 11 > —; : I total f
Cp\m) = i n —n I B .
\ ;70- ('[%) exp( [Y_]) ('[%[ — |a _m;mu) ) for m:rmo < —a. 20__ background ]
B Free parameters:
p yield, resolution and mass for Y(1S)
p  yield ratios: Y(2S+3S)/Y(1S), Y (2S)/Y(1S)

p tail parameter, O (transition Gaussian—>power-law) m,, (GeV/c)
B Fixed parameters:

p n (MC), exponent for tail description

. , . Raw ratios
p resolution forced to scale with PDG mass ratios (no acceptance or efficiency corrected)
@ Background T(QS)
|pp 0.96 £0.13 = 0.01
B 2nd order polynomial T(15)
p Free parameters: all T(BS) lpp = 0.41 £ 0.11 % 0.02
T(15) 7"

Es |




(nS) yield extraction: PbPb
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