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Correlations with heavy-flavour signals

are sensitive to:

- Test Event Generators

HF production kinematics more
than p;-differentially (beyond
FONLL capabilities) in pp collisions

2

(= Test Event Generators )
and their modifications in
different QCD environments

HF jet properties

Charm/beauty separation
of HF electrons in pp

t

Collective effects in all
collision systems
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Angular correlations
involving heavy-
flavour signals

In-medium heavy-flavour
energy loss
Complement R,, and v,
measurements
Path length dependence of
energy loss
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Remark: a “de-correlating” evolution

Hadron decay
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smearing/changing angular

correlations expected from LO D meson
- And this depends on Vs
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Remark: a “de-correlating” evolution

Hadron decay
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: F tati Hadron decay R V
Hard scattering ragmenta onHadronization Y i

We would /

desire nature to Parton shower %
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Several NLO contributions,
smearing/changing angular

correlations expected from LO
- And this depends on Vs
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Remark: a “de-correlating” evolution |
electron

A
) N4
Hard scattering Fragmentation o Hadron decay * ’,/’
We would Hadronization = = ==\2--

desire nature to
be LO, giving us

ly back-t gf
only back o N AN

Correlations are a potentially powerful probe but / %
e Angular + kinematic decorrelation from parton to
&

Parton shower

reconstructed signals QeGP
* Quantitative conclusions can be obtained only by
comparing data to theoretical expectations

- Understanding of correlations in pp collisions is crucial \ ) %‘ZQJ
. . © B,
Experimentally challenging: Z
. . . . .- # &fa
* Rare signals = require high statistics %@/} o
* Many corrections (especially if leptons are used) s@’/bzé %
. 7o

> And this depends on Vs
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HF production in pp collisions

* |nvestigate HF production processes
Flavor Creation (“ FCR ") FIavor Excitation ”FEX" Gluon Splitting (”GSP")

K w:;ii‘% j(;i‘j CMS: B-Bbar via displaced vertices
CMS Vs=7TeV,L=3.1pb’
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General trend from LHCb, CDF, and CMS (B-Bbar with displaced vertices) measurements:

Significant collinear production, often underestimated by MC generators
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* Investigate HF production mechanism

HF production in pp collisions

* |nvestigate HF quark fragmentation in vacuum

E.g. D meson — charged particle azimuthal correlations
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NLO pQCD matrix element (POWHEG)

Precise measurement expected with
run 2 data
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+ parton shower (PYTHIA)
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Modification of hadron-hadron
azimuthal correlations in Pb-Pb

ALICE, Phys. Rev. Lett. 108, 092301 (2012)
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- - ~ I Near-side 8GeVic<p, <15GeVic + H ALICE
o ~ c) background subtracted 1 e e p<p”g eto I Away side ]
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Away-side suppression
- path-length dependence of in-medium energy loss
(“surface biase”)

H

“trigger’
hadron

Near side peak enhancement (not clear interpretation) associated
- modification to quark/gluon ratio hadrons
—> contribution from higher p; partons
- modified fragmentation

Ag
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Angular correlations with heavy-flavour signals

Correlations of heavy-flavour signals vs. light particles

* Trigger particle defined by identity, not by momentum range as in e.g. ﬁggf’oerf
hadron-hadron correlations = (heavy)quark tagging
« Different fragmentation than light quarks and gluons
» Different energy loss for heavy quarks than light quarks and gluon Ag
* C;, “dead-cone”effect :
* Possible different contributions of radiative and collisional energy aljfffgi-tfﬂfh;‘jg‘zgfed

loss, which have a different path length dependence yield (Au-Au)/pp
— Different “kinematic bias”, different “geometrical bias”
—> Different biases might translate into different |, for light and heavy quarks.
—> Complementary information than v, and R,, = further constrain energy loss models

13 pathlength dependence L pathlength dependence
10 GeV 16 GeV ‘
> o 1\ %
o ) g -
2 6 GeV 4 GeV\ ‘ hard process h |

triQger medlum—lnduced vacuum radiation . Cear side ]
radiation subleading hadrons
T. Renk T Renk \
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Radiative vs. collisional energy loss

See V. Greco’s talk

S. Cao, G-Y. Qin, S.A. Bass arXiv:1505.01869 G-Y. Qin at Sapore Gravis 2014 Padova

Transport code based on Langevin equation with

radiative energy loss introduced as external force “ i ” .
o | . s Int . | . Academic case 0. integrated
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D meson R,,: data described within uncertainties by both radiative only and collisional only
energy loss 2 R,, alone not sufficient for discriminating collisional and radiative

contribution

Dramatic effect with azimuthal correlations (with back-to-back initial topology)
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Radiative vs. collisional energy loss

charm quarks
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MC@sHQ+EPOS: M. Nahrgang et al, Phys. Rev. C 90, 024907 (2014)
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Radial flow pushes quarks from a pair
toward the same direction.
-- effective only with collisional processes --
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Medium de-correlation “dilution” into
waneangetal, s NN LO initigl de-correlation

Rev. C 90, 024907 (2014)
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Which observables?

Observables directly tracking QQbar azimuthal correlations:

D-D, B-B (or proxy) b
RN | o s Sy B S B B S S B B B B L H e N
';30-'4%— e D°D° 3<p;(D)<12 GeV/c 2) -
012F % pop-  2<y(D)<4 LHCb 1 %g&
<t ‘“:'#F o ; %QQ]‘
| =4
0.8~ %‘ L;=355 pb™! 3
0.06- t l T im l
- % ~H+ 3
0.04— = T -
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0.02F = -
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0 0.2 0.4 0.6 0.8 1 L\
|A¢| /m LHCb Coll: JHEPO6 (2012) 141 j
D
Never done in p-A, or in A-A
Experimentally very challenging (statistics, acceptance)
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Which observables?

Observables directly tracking QQbar azimuthal correlations: SVe'

D-D, B-B (or proxy)
bjet—b jet
B or D - HF (e/u)

Y2

Statistically doable with ALICE in central%ee/

pp: STAR Coll: PRL 105,202301 (2010)
Pb-Pb after detector upgrade (run 3) l

0.025
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L ® p+p 200 GeV, p. 2 3 GeV/e = L -
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Which observables?

Observables directly tracking QQbar azimuthal correlations: f e
D-D, B-B (or proxy) N7
bjet—b jet

HF (e/u) —jets

HF (e/u) - HF (e/u) correlation w.r.t. parent quarks

B or D - HF (e/u) : .
l Reduced angular and kinematic %?
s

PHENIX: e*- u correlations in pp and d-Au
e: p>0.5 GeV/c, |n|<0.5

N p:>1 GeV/c, 1.4<n<2.1 fg%

- e p,>0.5 GeV/c, Ini<0.5 \Sany = 200 GeV 3
— : —
AN
pp / u
d-Au e’

= PF pfp>1 GeVie, 1.4<n<2.1
<e] 0.5;— o <N, >-scaled p+p %ﬁ
H Hint of away-side peak suppression
;% Initial (e.g. CGC) or final state effect?

llllllll[lllll

ity

4
PHENIX Coll.: PRC 89, 034915 (2014) A¢ (rad)
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Which observables?

Observables directly tracking QQbar azimuthal correlations: \
D-D, B-B (or proxy)

b jet—Db jet

HF (e/u) — jets
HF (e/w) — HF (e/u)

B or D - HF (e/u) ~\ "\:\\T&/
A

Observables determined ALSO by heavy-flavour fragmentation
and “intra-jet” properties

D - hadron

HF (e/u) — hadron

D — jets (for measuring FF)

Flavor Excitation (“FEX”) Gluon Splitting ("C})SP”)
9 b 9

S -

g 9

not directly tagging heavy quarks
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HF electron- hadron correlations

2 Heavy Flavour Decay e-h Aq coreltions | ALICE measurements A, Beraudo etal. Eur. Phys. J. C75 (2015) 3, 121
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D meson — charged particle correlations

So far: measurement in pp and p-Pb collisions
Precise measurements expected in pp, p-Pb with run 2
Pb-Pb likely accessible only after detector upgrade

= *F  Dmeson - charged particle correlation """ " T
g Average D°,D*,D* ]
2 33 8<p<16GeVic, p=e> 1.0 GeVic, lanl < 1.0 E
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o] [ —$— p-Pb 5,,=5.02 TeV [ |baseline uncertainty pp
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> % F 8< pTD< 16 G eV/C " scale uncertainty pp B
2 a 2; * scale uncertainty p-Pb ]
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1,50 P b =

1= ﬁ g

0.5 $ + #i 5
it o ++ . EE@

0 1 2 3 4 5
@ (rad)
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A. Beraudo et al. Eur. Phys. J. C75 (2015) 3, 121

[ §  romem
i f |
R oL L daed
s

pyih) > 0.3 GeVic

8<p,D)<16GeVic |

Strong away side
suppression expected ]
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2 / 0 1 2 3 4
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(but caveats in ;§ o Pb-Pb coll. @ 2.76 TeV
_ _ - 0-10% centr. class (b=332 fm)
direct comparison) 3; + ,
POWLANG (transport model, Z + o+ Expectation

Langevin in a 2+1 hydro
medium; hadronization from
Q - medium q string decay)

for Pb-Pb
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Which observables?

Observables directly tracking QQbar azimuthal correlations:
D-D, B-B (or proxy)

bjet—b jet

B or D - HF (e/w)
HF (e/u) —jets

HF (e/u) — HF (e/w)

Observables determined ALSO by heavy-flavour fragmentation
and “intra-jet” properties

D — hadron

HF (e/u) — hadron

D — jets (for measuring FF)

Both types of observables can be used to probe initial state and/or collective effects

* Impact of flow on QQbar correlation (e.g. v,, partonic wind)

* (second set of observables) Study modulation of the baseline induced by collective
effect (= “alighment” of HF quarks with event asymmetry)

e.g. HF e —hadron correlations (w/o jet contribution)-> jTN o VATV - cos(2Ag)
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T@he famous double ridge in p-Pb in

S

K °
<@ light flavour sector at the LHC
S QS |
PR — . pPbyam=Sm2 eV Long-range correlations observed by ALICE,
,G)C} GV 1<p,, <2GeVie | (020%) - (60-100%) ATLAS, CMS in high multiplicity p-Pb collisions
QN RN CMS, PLB 718 (2013) 795

ALICE, PLB 719 (2013) 29-41
ATLAS, PRL 110 (2013) 182302

“Double-ridge” structure observed after removal
of “jet contribution” estimated from low

multiplicity collisions

5 0B

E - ALICE @

g 02:_ p-Pb |s,, =5.02 TeV _:

S %2 (0-20%)- (60-100%) 2

0.15 =t

T *K op :
: - : o 0.1 ty
v, of identified particles show similar mass [ ]
hierarchy than in peripheral Pb-Pb collisions 0.05 - &
Initial state or collective effects? - -

1

What happens in the heavy g
flavour sector?

[ (GeV/c)

ALICE, PLB 726 (2013) 164-177
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Heavy-flavour decay electron — hadron
correlations in p-Pb at the LHC

Near and away-side correlation peaks
way-sl P High — low multiplicity
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8 : (e from cN,':J)-h correlation — 2-Pb: VOA Multigliciti class; 20-60:/0 :eoﬂ:)::(:l;)-ohg:\r,;zlation 1
= [ 10<p;<20Gevic — gyps?:r?:ezlu gls’::ﬁgiass et 0:5<p?'-<2:0 GeV/c
2- 1.5/—0:5<p}<2.0GeVic [ syst from secondary particles TR T HLICE
o L <09, nf <16 . g PRELIMINARY
S 7H|gh mult p‘Pb ffffffff pp, stat. uncertainty b
Z B T —_
T r - . " &
—~ 1.0 . Global normalization uncertainty = 0.06 rad 4
Z B :::T!—T % -5:
= | - 3
- - ALICE ~
05 -t PRELIMINARY =
* T
- 2 N — Ad)
oo ———— === P4
11 1 I I 0 1111 1 11 1 | 2 I I - 3 I I 4 11 5 11 1 6 :
Ag (rad) ~
":-; | p-Pb, {Syy=5.02 TeV -15
m — . L3 e
<, fotromesin comiaton Long-range correlations in
< "L (0-20%) - (60-100%), Multiplicity Classes from VOA
g oo g g e) GeV/c ALICE high-multiplicity p-Pb collisions also in the
= 3.3|-0-5<p;<2.0GeVic PRELIMINARY 2
S hwcosmas  0.5<pN<2 GeV/c heavy-flavour sector?
\53.2 ;Global normalization uncertainty=0.022 rad’ . o |n|t|a|-State eﬁect Or Slgn Of CO”eCtiVity?
ST High — | Itiplicit
e 18 ow muluplicity (e.g. CGC: Dusling, Venugopalan, PRD87 (2013) 094034;
ch3 r “+ 4 W hydro in final state: Bozek, Broniowski, PLB718 (2013) 1557 )
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Summary

* The study of azimuthal correlations can complement elliptic flow and R,, measurements
* Gain information on path-length dependence of energy loss, also in central collisions
(v,~0) with kinetically “tunable” surface biases?
* Gain sensitivity to relative contribution of collisional and radiative energy loss?

e But up to which extent the measurements can go beyond the observation level,
constraining models? The convolution of many ingredients can prevent a straightforward
physics interpretation

- need of theoretical inputs (but it is a strongly observable related question, we need
predictions for measurable observables)

* Unique possibility for addressing modification to heavy-quark fragmentation: quantitative
predictions needed to understand precision required on experimental observables.

« Measurements performed so far in A-A collisions are statistically limited

* Experimentally challenging

- We should (experimentalists and theorists) work together to define the most
promising observables

* Great opportunity for measuring possible collective effects affecting heavy-flavour hadron
production in small systems.

2015 May 27, What’s next? M. Nardi (Turin), A. Rossi (Padua) 23



Observables status & perspectives

Just a tentative, unofficial summary table... with a personal bias
RHIC LHC
HF (e/w) — HF (e/u) | pp, d-Au, (Au-Au?) ? (but doable)
D-D /(?) PP
B-B (or proxy) / pp, (p-Pb? Pb-Pb?)
D - HF (e/u) pp, d-Au, Au-Au pp, p-Pb, (Pb-Pb?)
B - HF (e/u) / ?
HF (e/w) - hadron pp, d-Au, Au-Au pp, p-Pb,Pb-Pb
D - hadron ? (doable with STAR HFT) pp, p-Pb, Pb-Pb
D - jets / pp, p-Pb,Pb-Pb
HF (e/u) - jets ? pp, p-Pb (Pb-Pb?)
b jet— b jet / pp, p-Pb, Pb-Pb

Legend:

Done

First observation
Ongoing/scheduled (e.g.
for run 2 at the LHC)
Doable in the future (e.g.
after detector upgrades)

? = Estimates not available
/ = likely never doable

N.B.

| assumed that if doable in
Pb-Pb = doable in pp and p-
Pb (which might not be
always true)

For most of observables:
first observation = can
become “done” in the future

(hopefully)
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Extra
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Heavy-quark production processes

PYTHIA (E Norrbin, T. Sjostrand Eur. Phst C17:137-161 2000)

Gmann (“b)
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[ /7 Totalcham —— 1 & 01r 2 1ota) pottom —— 3
10 “ Pair creation -------- 1 ¢ o001t 4/ Paircreation - ]
-/ Flavour excitation ---------- ] 0 * Flavour excitation -~
1 _ {_,"" Gluon splitting —— 0.001 3 - ‘.// Gluon Sp"tnng ............... 3
I 0.0001 | / i
0.1 ettt ! S ! S = 1e_05 [ vl L1l L2 a1l 1
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HERWIG 6.5 (A. Banfi, G. Salam, G. Zanderighi, JHEP 0707:026,2007,

._Herwng 6.5 GSP -
FEX pp @ 14 TeV

N | 1 PR S BN I N |
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1 arXiv:0704.2999)
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—
b jet p; [GeV]
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Flavor Creation (“FCR”)
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Flavor Excitation (“FEX”)
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Gluon Splitting (”(;‘;SP")
g
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Heavy-quark production processes

M. Nardi

POWHEG + PYTHIA: fraction of D meson from charm
guarks produced in parton shower

1.4

1.2

1

0.8

tot
cc

NN

0.6

0.4

0.2

2015 May 27, What'’s next?

T T T T T I,ri I < 1 T
POWHEG-BOX npl< 10
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40

1 ccbar pair produced always in simulated event
- Fraction lower than reality

(gg->gg(g), g->ccbar cases not included)

Increasing trend with D meson p;
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Which observable is suited for probing

Production Fragmentation In-medium  Collective

A simplified and

process and jet energy phenomena L
(including IS properties loss in small schematic view:
effects) systems
v ideal
HF (e/u) — HF (e/u) Vv v v v v good
D-D v v v v ¢ not so good
B-B (or proxy) v v v v ¢/ poor or no
sensitivity or
D - HF (e/u) v v v v logically complex
B - HF (e/u) v v v v
HF (e/u) - hadron 4 v v v It aIs;]o deper]\ﬁds
on the specific
D (B) - hadron v v v v quantity
Din jets v v v v measured
HF (e/u) - jets W v W, W (some double v/)
bjet—Db jet 4 Vv 4 4
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Radiative vs. collisional energy loss

) ) Transport code based on Langevin equation with
S. Cao, G-Y. Qin, SA Bass arXiv:1505.01869 radiative energy loss introduced as external force

1 B 1 i 1 i I v 1 -

« ==« 10 p_cut 15T ' ' ' ' ' (I ' '
o8| T GeV " ®) - | [— col+rad. DERT)=50 il 1
Prue” = - == - col. only DQ2RT)=15 !

N pT‘m,g>4GeV&pT.am>2GeV ’l \\ g 12|~ — rad. only D(21T)=3.0 :II _
90.6' - pT'mg>8GeV&pT_am>4GeV ' 1 i i col. only without flow I:: J
E I I\ i g 09 ccbar pair correlation :I| ]
Z 04 D-Dbar correlation from PYTHIA ” \‘ g LO pQCD imitiahization I I' ]
r p-p @ 200 GeV PR i Zos| I .
| . : ] Au-Au @ 200 GeV N

4 v 0-10% /!
O 2 i Mm ] 03 | /4‘\ )
e v w= e .. * P I I S / l\ )
A S o/ N et crel e W
i ~__ -7 N 0.0L—L PR . AR B I
OO 1 1 1 L 1 1 1 L 1 -mz 0 1[/2 TI 31{/2
-2 0 /2 n 3n/2 A
A

D meson R,,: data described within uncertainties by both radiative only and
collisional only energy loss = RAA alone not sufficient for discriminating

Dramatic effect with azimuthal correlations
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Which observables?

Observables directly tracking QQbar azimuthal correlations:
D-D, B-B (or proxy)
b jet—Db jet jets vs. single particle = sensitive to distribution
of radiated energy (see E. Bruna’s talk)

CMS Projection

0.3 I[]Il]1]TTTIII]l]]]'f[[ll]]]]]TTI[ll|1]]YTTII]] ]
r * Projected (s=55TeV,L=10nt" | Dijet o imbalance for b-
L tat. rt. for 160 pb™’ . . .
025 ETJ;:"JS ooy " 1 jets with CMS in Pb-Pb
[ p,,>30 GeV 1
0.2~ centrallty :0-10% ]
F From run 3 (>2020)

Negllglble statlstlcal
DI uncertalnty with :

Event Fraction
o
o
|

0.05- .

oLl TR O T T AT
0 010203040506070809 1

=(p, P )P +P.)
CMS-FTR- 13 025
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D meson —hadron correlations in p-Pb
collisions

— —T T T T T T T T T T T T T T T T T T T T T vl—’\ [ e T e T T T T T T L
T ‘[ Dmeson - charged particie corelation 1 1] g [ Dmeson -charged pariicle correfaion "1 TT g b Dmeson - charged partile corrlation T
o °D* D™ ] = Average D°,D*,D* ] = [ Average DD, ]
= r Average D",.D'.D B = g = B
o 35 5<pP<8Gevic, p> 05 GeVic, Ian <10 ] 2 35 s<pp<i6Gevic pprs10Gevie ni<10 | £ 35F B8<pP<16GeVio, pier>1.0GeVie <10
8 af ——ppis=7Tev ALICE Preliminary ] D L e s Tev ALICE Preliminary 7 a of s+' | t_P'Pb \(Siwﬁ;s;:"vf’a‘a ALICE Preliminary 3
F ] © — I Simulations, 5=5.02 Te —
8 F p-Pb [5i=5.02 TeV D baseline uncertainty pp B .(‘3 C —+— p-Pb |/5,,=5.02 TeV D baseline uncertainty pp ] ',Q I py,higg D baseline uncertainty |
g1 i i = 8 - 1 8 E —— Pythia6, Perugia201 1
2 9.2'5 baseline uncertainty p-Pb ] § 52.5— baseline uncertainty p-Pb - % 2'2'5: —— Pil,tth::g, P::ﬁg:g2g1? ‘o scale uncertainty |
%’2 -<°1 C 5< pTD<8 GeV/C m " scale uncertainty pp ] MZ '<c11 C 8< pTD< 16 GeV/C 'oa/ scale uncertainty pp B % © C 8<p D<16 GEV/C ]
T 2 - o r le uncertainty p-Pb B o o T —
e = assoc 9 " scale uncertainty p-Pb B —2 o assoc 9/ " scal y p- ] — r .
z [Py >O 5 GEV/C ] S >1 GEV/C ] = assocs, GeV/c E
150 = 15 ] 15f PT =
1 . - *43 ] T & ]
E ] L ] E ]
05l %*% E : i E : N =
1 0.5/~ 0 R T .

o;ﬁ ——————————————————————————————————————— i#H . LI o! +1. ; oty

T +++ * : o cade o dTEaat B i ! g |
0.5 - — 0.5— —

C ] : C ‘ | ‘ I ‘ I ‘ L1l ‘ | ‘ I

I I I A AT AN AT A AR AT AN AN AR AR AT A B | -0.501 Lo b P b by Py g o | o
- 2T 0 1 2 3 4 5 -1 0 1 2 3 4 >
1 0 1 2 3 4 5 Ag (rad) Ag (rad)
Ag (rad) ?

* Baseline subtracted measurements in pp collisions at Vs=7 TeV and in (multiplicity-
integrated) p-Pb collisions at Vsy,=5.02 TeV compatible within uncertainties

* p-Pb data described well by Pythia

- Look forward to data from future runs: observation of a possible positive v, might be

obtained with run 2 data, precise measurement with run 3 data and ALICE detector upgrade
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Further results in pp collisions:
probing heavy-quark production
kinematics
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Charm-charm in pp at RHIC and Tevatron

PHENIX: e*- ™ correlations

Pup;
e: pr>0.5 GeV/e, [n|<0.5 * “lishe

w: pr>1 GeV/c, 1.4<n<2.1 "N 2014

x10°
-~ r - T 1
"g 80 p+p\{§=200 GeV ]
g I POWHEG i
q:g 60 [ mmms—— PYTHIA (No LO)
> n
—Cv -
_:\E 40
nE
T 20}
0 I3 I | IS 11 ) | R | | MU
A | | |
0 2 4
PHENIX Coll.: PRC 89,034915 (2014) A¢ (rad)

N.B. only 3% of sampled electrons
have p;>3 GeV/c

Beauty/charm contribution estimated
to be ¥1%
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51.4 D": |yl <1,7.0 <p_< 20 GeVic
L, D*:ly| <1,5.5<p_<20 GeVic

CDF, preliminary (2006)
D*-D* correlations at mid-rapidity

CDF Run Il Preliminary, 1.1 fb™

—&— Data
— Pythia, ct, 67 >5 GeVic

cldpg
oN
|||| IIIIIIII

:_ —— Flavor Creation
0.6 ——  Flavor Excitation
C ——  Gluon Splitting %
04 —4—
02F ——
ooomllm
20 40 60 80 100 120 140 160 180
Ad [7]

Data described by MC generators within
uncertainties
Pythia (Tune A) slightly underestimates
collinear production (gluon splitting) at
Tevatron energy
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Charm-charm correlations in pp at LHC(b)

. _ LHCb Coll: JHEPO6 (2012) 141
c-C correlations
O 16_ T T T ] T T T ] T T T I T T T I T T T

: a)

fo “éf‘ e DD’ 3<p(D)<12 GeV/c ) -
C on— ) ]

® 30‘1"—_ : gog; 2<y(D)<4 LHCb -
L] R = i D°A7 E
oo WL :
3 i} 1 E

0.08F %‘[ L..=355 pb- -f
0.06F ,1__
0.04F + E
0.02F E
0 .

° 1

|A¢| /7r

* Peak at Ag~0 expected tfrom gluon-splitting processes
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Charm-charm correlations in pp at LHC(b)

LHCb Coll: JHEPO6 (2012) 141

c-C correlations c-c correlations
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|Ag| /7 £ [gieD, J,D correlations a) ]
* Peak at Ap~0 expected from gluon-splitting processes _ 02f4 JwDF LHCH

- - b -
* Double charm pair production measured = A p(J/)<12 GeV/c ]
. . . e 2<y(J/p)<4 -
* First measurement of J/1 D events in hadronic [ Vi) 41
interactions 0.1%33—#-1— SR o :‘,:
* Multiple partonic interactions or charm from OOSE_ —+ | _
gg(gq)->cccc processes? ]
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G0 0.2 0.4 0.6 0.8 1
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Double charm quark pairs from Multiple
Partonic Interactions?

JHEPOG (2012) 141 D, J/l]) meson yleld/ev VS. multlpI|C|ty

DD’ . ~ 25 T ' ™ x
LHCb 0p— » Q_ - pp \/5 7TeV i
DD o B % __ ¢ D°meson, lyl<0.5, 2<p <4 GeV/ic |
D'D; - %’ C ALICE ... # D" meson, lyl<0.5, 2<p <4 GeV/ic -
—_— DOAC o o> 20 e — . 4 D*meson, lyl<0.5, 2<p <4 GeVlc |
CC D+D- o c\% C ¢ Non-prompt Jhp — e'e’, lyl<0.9, pT>(t
D+DS_ . \\/ 1 5 ; +7%I/-3% normalization unc. not shown ;
DTA; - = B i
o L |
'g L _
e - s RS oo
e Q - B
- .. Factor ~10 £ | i ]
o Istherea = s¢ % g
D*D* e . C ]
D*D - connection? : . % :
DA} e : —m. | ST R AR
i § 0'4? B fraction hypothe5|s x 1/2 (2) at Iow (high) multiplicity -
c 0.2 =
. JApDO % 0: 3
- JAbD* S 02F !
- JDF g -0.4F ) ) ) —
0 1 2 3
1 1 IIIIlIi Iﬂllllll | ;-'I.Tlllll | IIlIII.ll/IbIA;:—I IIIII| 1 11 dN /dn/<dN /dn>
e | 0 P S R Measurements of angular correlatiohs in high
o (nb) multiplicity pp events (e.g. D —h vs. mult,,
+ 1 1 . . .
J/PD(A.*) production underestimated doable with ALICE with run 2 data) could provide
by models calculating gg(qgq)->cccC at LO additional information for understanding the

Phys.Rev. D57 (1998) 4385-4392; Phys.Rev. D73 (2006) 074021

origin of the observed trend
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B-Bbar correlations at LHC ;

SV
From displaced secondary vertex reconstruction B+,7‘<7
(B direction from PV-SV flight line) P Y

Analysis performed in 3 events classes defined by trigger jet p;, setting the B
hard interaction scale v
W

CMS \s=7TeV,L=23.1pb' CMS \s=7TeV,L=3.1pb!
s - LI I rrrrrrrrrTTTTTTTT T T I LN | I = s l LI L | LI | LI | L [ LI | LI | |_
2 C § p8>15 GeV/c, |nB|<2 7] T L :v:gu = Data(pf>56GeV) _
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'ou10 é_ ' i p j6t>56 GeV/c ‘E o Cascade e Data(p; >120GeV) -
—o— p—i—i T I_| i 3 ; s B pIT:: 15 GeV, n®| < 2.0 [ ] Normalisation region ]|
i I — N\ 5 '.fé L M <3.0 -
. = 2| N
10— s pHets84 GeV/g SN T e~ e
E : - §_| E . | P——E_l ’_i—_—%r_ ~
i —— . . —a—] 3 N
10°E —#—p/>120 GeV/e oo, 3 oL N
- g — 3 . __—e— e — g—t—— N
_ = Data (p:' >56 GeV) x4 N | : =
102 © Data (p,: >84 GeV)x2 N g_ S
.« Data(p}>120 GeV) = S
- = 2 N
- PYTHIA ] L -
1oL [ Normatisstionrgion \ e e ———
=_ _-l':' C 111 | 11 11 | L1 1 1 I L1 11 [ L1 11 l J I N D | l ‘(—

=3 S SN U U N U U T U T T T T S B e 0
0 05 1 15 2 25 3 &5 12 25 Z¢
CMS: JHEP 1103:136,2011 Ad

Significant contribution of correlations with small A, increasing with jet p;
Monte Carlo generators tend to slightly underestimate the collinear production
(opposite trend from MadGraph)
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Charm-beauty electron separation at RHIC

STAR Coll: PRL 105,202301 (2010)
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Azimuthal correlations of
non-y electrons and
charged hadrons

DO

— extract the fraction of
electrons beauty hadron

ay in pp collisions

Data results described by

FONLL
Obtained fraction used
along with measured R,,
of non-y electrons for
p:>5 GeV/c to constrain
range of (Ry,P, R,,%5)
values

Suggest suppression of
high p; B mesons at
RHIC
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D meson-charged particle correlations

T:; :' D meson - c'hérg']éd'pér'tidlé correlation rrreT ] ':-; -" D'meson - charged part
g 3.5F  Average D°,D*,D* - g, 3.5 Average D°,D*,D*
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ALICE Preliminary
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Observable sensitive to details of charm production processes and to charm fragmentation

— address charm jet properties

- useful to constrain models including charm parton shower

Results described within uncertainties by Pythia, after baseline subtraction

Precise measurement expected with data from run 2 at LHC
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Heavy-flavour correlations in p/d-A
collisions:
Probing initial state and/or collective
effects?
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Charm-charm correlations in d-Au at RHIC

) '°c/
PHENIX: e* - i correlations . 70/

d + Au pair yield

Jaa = — -

e: p;>0.5 GeV/c, |n|<0.5 20 /)@O' a4 (Necon) p + p pair yield
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% 0.5;— o <N_>scaled p+p _; 1'45_ E
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PHENIX Coll.: PRC 89,034915 (2014) A¢ (rad) 0 2 4
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Away-side peak suppression
Initial (e.g. CGC) or final state effect?
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D meson —hadron correlations in p-Pb
collisions

Cw at SGW
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* Baseline subtracted measurements in pp collisions at Vs=7 TeV and in (multiplicity-
integrated) p-Pb collisions at Vsy,=5.02 TeV compatible within uncertainties

* p-Pb data described well by Pythia

- Look forward to data from future runs: observation of a possible positive v, might be

obtained with run 2 data, precise measurement with run 3 data and ALICE detector upgrade
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A-A results
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Heavy-flavour electron — charged
particle correlations at RHIC, PHENIX

|,,= ratio of associated yleld (Au-Au)/pp

PHENIX Coll.: PRC 83,044912 (2011)
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Large uncertainties in Au-Au measurement prevent firm conclusions

A

Associated hadron p; (GeV/c)

Associated hadron p; (GeV/c)
—> Higher precision

Suggest a decreasing |, trend with hadron p;in the away side with new data

Similar results than hadron-hadron correlations ‘a coincidence?l

2015 May 27, What’s next? M. Nardi (Turin), A. Rossi (Padua) 44



Heavy-flavour electron — charged
particle correlations at RHIC, STAR

Poster by J. Dunkelberger QM 2014
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Hint of away side peak suppression in central collisions
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Heavy-flavour electron — charged
particle correlations at the LHC

Ag dlstrlbutlons in pp and Pb Pb Near-side |,,
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Near-side |,, compatible with 1 within uncertainties in both central and semi-central collisions

Looking forward to higher precision measurements with run 2 data

.0
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More to come in future runs and after

Present or very near future:

RHIC: STAR HFT and MTD, PHENIX MPC-EX

LHC: Pb-Pb at top energy
Longer terms:

LHC and detector upgrades (a major one for ALICE after LS2 in 2018)

RHIC and detector upgrades (2020)

Doubly tagged b-jets
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detector upgrades

High precision
measurements + new
observables accessible

DY%-h correlations in 0-10% Pb-Pb
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CMS-FTR- 13 025
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Good precision also for low p; D°!
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D meson R,, and v, vs. theoretical
predictions
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Many models can reproduce R,, reasonably well but they are
challenged by simultaneous description of R,, and v,
Can heavy-flavour correlations further constrain the models?
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Charm-charm in pp at RHIC and Tevatron

PHENIX: e*- u* correlations CDF, preliminary (2006)
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PHENIX Coll.: PRC 89,034915 (2014) A¢ (rad)

Data described by MC generators within
uncertainties
Pythia (Tune A) slightly underestimates
collinear production (gluon splitting) at
Tevatron energy

N.B. only 3% of sampled electrons
have p;>3 GeV/c

Beauty/charm contribution estimated
to be ¥1%
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Charm-beauty electron separation in pp
collisions at LHC with ALICE

Published in 2014
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PLB 738 (2014) 97-108

ALICE: important cross-check for results obtained with impact parameter analysis
Results described well by pQCD calculations
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Charm-charm corrglations in d-Au at RHIC

PHENIX: e* - p* correlations &, O/
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Heavy-flavour electron — charged
partlcle correlations at RHIC, STAR

Poster by J. Dunkelberger, QM 2014
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Heavy-flavour electron — hadron
correlations at RHIC

Ag distributions in Near-side I, Away-side (2.51-x) /
pp and Au-Au = ratio of associated yield (Au-Au)/pp Shoulder (1.25-2.51)
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Different scaling of charmp““"“
(N X Rya) and baseline
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