WESTFALISCHE
WILHELMS-UNIVERSITAT

MUNSTER HLICE
Measurements of open heavy flavours with
ALICE at the LHC

Denise Moreira de Godoy
for the ALICE Collaboration

54th International Winter Meeting on Nuclear Physics

January 28, 2016



Physics motivation ALICE Nuclear modification factor Elliptic flow Angular correlations Conclusions

Heavy flavours ALTCE

thermalization &

® Heavy quarks (charm and beauty)
are produced in initial hard scattering
processes at the early stage of
collisions

In Pb-Pb collisions:
® Experience the full evolution of the system
® |Interact with the hot and dense QCD matter
® Sensitivity to the medium properties
In p-Pb collisions:
® Disentangle hot and dense matter effects from initial-state effects: nuclear
modification of PDFs, saturation for small-x gluons, kt broadening, energy loss in
cold nuclear matter, ...
o Measurements in the light-quark sector in p-Pb collisions show hints for the
establishment of a collective behavior in this system
In pp collisions:
® Reference to study effects in Pb-Pb and p-Pb collisions
® Test of perturbative QCD
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ALICE Nuclear modification factor

Elliptic flow

ALICE detector

Angular correlations

Conclusions

ALICE

- multiplicity trigger, event plane

- vertexing, tracking, PID
TPC (| <0.9)

- tracking, PID, event plane

- electron ID, trigger
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Physics motivation ALICE Nuclear modification factor Elliptic flow Angular correlations Conclusions

D-meson reconstruction

ALICE

DY - K mt BR: 3.87%
Dt - K rntnt BR: 9.13%
D*t — Do(a K*‘[ﬁr)ﬂ:+ BR: 67.7%
D} = o(— K KTt BR: 2.28%

decay length

D’ - Kk nt
% 600 T
N p-Pb, \[sy = 5.02 TeV
© 500/ 100M events
® Analysis based on the reconstruction of decay =
vertex topologies (ct ~ 100-300 um) displaced £ 400F
from the primary vertex 3 300 ALICE D°—s Kt
® Signal extracted from fits to invariant mass E and charge conj:
distributions 200
® Feed down from B hadrons subtracted using 1005 ¥ &
pQCD (FONLL) predictions 3<p,<4 GeV/c o

1.‘75 118 1.55 119 1.é5 é 2.05
M(Kn) (GeV/c?)
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Physics motivation ALICE Nuclear modification factor Elliptic flow Angular correlations

Heavy-flavour decay electron reconstruction

® |[nclusive electrons are identified with ITS, TPC, TOF, TRD, and EMCal
® Two techniques are used to obtain background electrons:

Invariant mass: remove Dalitz decays from Cocktail: estimate background sources
neutral mesons and photon conversions by using Monte Carlo simulations based on
applying cuts on the mass of e~e™ pairs data (n°n)

)

8

T T T T T T
ALICE Preliminary

Entries

0tk M
o e PoPb,ys, =276 Tev
L 20-40% Centrality Class, |y| < 0.8

. 1<p, (GeVic) <1.25
10°F electron candidate pairs

- ULS pairs
o LS pairs

1 1 1 1 1 1
0 005 0.1 015 02 025 03
M,, (GeV/c?) B L A S S e B

PRD 86 (2012) 112007
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Physics motivation ALICE Nuclear modification factor Elliptic flow Angular correlations Conclusions

Beauty-decay electron reconstruction

rec. track

® |nclusive electrons are identified with TOF and TPC sH

® ¢t =500 um for beauty hadrons — impact parameter of Primary B,D
beauty-decay electrons is larger than background electrons vertex X
(photon conversions, Dalitz decays, and charm-hadron decays)

Beauty-decay electrons selected with In the impact parameter cut approach, the
pr-dependent cut on minimum impact remaining background is estimated t?y .
parameter (do) or by fitting the impact weighting relevant electron source yields in
parameter distribution with MC templates MC simulations using measured spectra
w 1 T T T T T T T Z"‘ D'Fl;v [Ev =I5 02 Te\; Aglsi’:"e'i"‘i"a"y E
E 5y = soeTev ALIGE Preliminary ] s 3
Q ®, - Conversions E
% 10" ;:ze:eyég/ ;0.14 S8, ,EE‘C‘;‘% 3 g Yild o badkroursrces
N T N o “opmeEr ] : == 3
T . 2 & Conversions c - e 1
£ 10 ° o Dalitz decays T o]
2 ° e + =3
1079 ) o 3 1U§r 4 | T —;
&W $$ i 4 1 - { .
o ﬁ?ﬁ?ﬁﬁﬁ g s
3E e b =
10° I I I 1 L L I f 2‘ - PR - ++_+T
-0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 ;""é :‘; + | L

6
d0 x charge (cm) p, (GeVic)
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Heavy-flavour decay muon reconstruction

® |nclusive muons are reconstructed with muon tracking chambers
® Acceptance and geometrical cuts and track matching with trigger chambers
(from tracking chambers) are applied on the identified muons
® p x DCA cut is applied to reject tracks from beam-gas interaction
® Background muons (mainly muons from primary K and © decays) are estimated
with:
e cocktail technique in pp collisions based on Pythia and Phojet
e data-tuned MC cocktail in p-Pb and Pb-Pb collisions
® At high pr (pr 2 15 GeV/c), muons from W decays need to be subtracted using
MC simulations
. ufrom g, 0,.,% ¢ PoNS=7 TeV, PYTHIA Perugia-0
P absober | heavy flavours a ber. u e beauty
from 2 Wﬁ at e
W o 5 fraie, o sacona
G /'\—/ primary K/t g 1035 N Y site, o ool
bearbe - o g © viait, fake tracks
and W §102 o ".__;_‘.
amg L u from 5 Coo, Tve Thalle.l,
i 2 ey secondary K/m 10 Togy, e, Treig
o 1 L 1 a al L MR vl
@ ~="|  punchthrough oz & cevid’
P | absaber| — hadrons
» e PLB 708 (2012) 265
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Nuclear modification factor

Conclusions

ALICE
® |n-medium parton energy loss:
e collisional and radiative processes
» e dependence on:

q: colour triplet ——V“;ﬁ/ o medium density and volume

uds: m-0. CRu 5 & o colour charge (Casimir factor):
g: colour octet AE(gluon) > AE (quark)

g m=0JSu o quark mass (dead cone effect):
@ colour trip et R AE (light quark) > AE(charm) > AE (beauty)

c: m~1.5 GeV, Ce=4/3

b: m~5 GeV, | Ca=4/3 (AE) o< a,;,CrgL?

M. Djordjevic, Phys. G 32 (2006); M. Djordjevic, U. Heinz arXiv: 0705.3439 (2007);
QCD mediur Dokshitzer et al., PLB 519 (2001) 199; Armesto et al., PRD 69 (2004) 114003; Djordjevic

et al., NPA 783 (2007) 493

The nuclear modification factor is defined as:

1 dNaa/dpr
AA> dﬁpp/dp"r

Raa(pr) = 7

Raa = 1 indicates no nuclear modification
Raa < 1 at high pr indicates a suppression of particle production
Energy loss hierarchy — Raa (T) < Raa(D) < Raa(B) ?

<

<

<
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Angular correlations Conclusions

Nuclear modification factor of D mesons in Pb-Pb collisions
at /snn = 2.76 TeV and p-Pb coII|S|ons at «/snn = 5.02 TeV

= T T T T
S
G 1.8 ALICE Average p’, D', D** E
& Pb-Pb, | 5y, = 2.76 TeV, [y|<0.5
c 1.6/ ©0-10%
o © with pp p,-extrap. reference
= 30-50%
g 1.4; 5 pPb, 6y - 5.02 TeV, -0.96 <, <008
= E
©
o
E 1 HHHHHJBH -
‘i“, 0.8]
Sos B
=z
0.4 -
02 E&+ § + H E
i ]
G0 5 10 15 20 25 30 35 40

(GeV/c)

arXiv:1509.06888

® No strong modification of D-meson spectra in p-Pb collisions relative to pp
collisions (R,p, compatible with unity, within uncertainties, for pr > 2 GeV/c)

® | arge suppression of D mesons at high pr in Pb-Pb collisions
® Hint for an increase of suppression from semi-central to central Pb-Pb collisions

® Results on Ryp, and Raa of D mesons indicate that the strong suppression
observed in Pb-Pb collisions is due to the hot and dense medium
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D-meson Ray in Pb-Pb collisions at /syn = 2.76 TeV Tt
D-meson, D-meson and ©* Raa D-meson and
charged-particle, and n Raa non-prompt J/¥ Raa
< ; ; P : 51 T Aamasanias T e .
@ Pb-Pb, | sy, = 2.76 TeV @ | Pb-Pb,|sy,=276TeV ]
T 18- 0-10% Pb-Pb, | 5y =276 TeV. 12 A (AUCE)8<p <16 Gevic, lyl<08 - 1ol = Dmes:rs(ALICE) 8<p, <16 GeV/c, y<0.5 |
16 « Average D, D", D", |y|<0.5 | m D mesons (ALICE) 8<p <16 GeVic, [y|<05 [ Yoo pro?anel %‘“‘sz' inary) ]
. o with pp p,-extrapolated reference (empty)filed boxes: (unjcorrelated syst, uncert, [ L
1.4 = Charged particles, n<0.8 1 o) . Praiens T3 ov 90
B « Charged pions, [1/<0.8 Dmvd.evme(a\ PhysLens 737 2014208 I __ Dordievicetal. pierr
1.2 o8- 2 B esons 4 TIATEELY o nmgy ]
1 L] |
0.8 .
0.6
04 - zﬂﬁ:t—‘—
. P L 301
0.2 ) .g!ﬁ‘ ‘ & shifted by +101in (N, ) 1oz0% [ (50 100%forronpromet vy -10%
. Loveilen,,d L, ¥ [ S Y I PR |
G0 5 10 15 20 25 30 35 40 50 100 150 200 250 300 350 400 %50 100 150 200 250 300 350 400
p, (GeVic) (Noo (N

arXiv:1509.06888, JHEP 1511 (2015) 205

® D-meson and ™ Raa as a function of pr and (Npart) are compatible within
uncertainties (colour-charge energy loss dependence, softer fragmentation of
gluons, different shapes of the pt distributions of partons)

® CMS non-prompt J/¥ measured in the range 6.5 < pp < 30 GeV/c and in a
narrower rapidity interval |y| <1.2 (CMS-PAS-HIN-12-014)

® Hint of Ry (beauty) > Raa (charm) in central collisions

® Results are compatible with pQCD model including mass-dependent radiative
and collisional energy loss
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Physics motivation

25

ALICE

Heavy-flavour decay lepton Rpp, at /snn = 5.02 TeV

T T T T
P-Pb, Sy = 5.02 TeV
cb—(e'+€)2,-1.06<y_ <014

T
ALICE

#Kang et al.: incoherent multiple scattering
ASharma et al.: coherent scattering + CNM |
FONLL + EPSO9NLO shad.

Blast wave calculation
WNormalisation uncertainty
1 1 1

4 6 8
P, (GeV/c)

Nuclear modification factor

Elliptic flow

p-going (forward rapidity)

Conclusions

ALICE

Angular correlations

Pb-going (backward rapidity)

8 T T T T T T T T 8 T T T T T T T T
< LF PPb sy =502TeV, i chdecays | o, f P-Pb | Sy, = 5.02 TeV, y*-c.b decays 7
: 25y, <354 ’ <y, <2.96
ALICE Preliminary ALICE Preliminary
2F B 2F B
15F B 150
1p- 1=
E NLO (MNR) with EPS09 shadowing 1 E == NLO (MNR) with EPS09 shadowing
O5E —— Vitev: coherent scattering + k_ broad + CNM Eloss O5F == 7.8 Kang etal. inconerent multpl scattring
systematic uncertainty on normalization systematic uncertainty on normalization
Lo Lo L L L L Lo Lol L L L

0o 2 4 6 8 10 12 14 16
pT(GeVlc)

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

® No strong modification of heavy-flavour decay lepton spectra in p-Pb collisions

relative to pp collisions

® Heavy-flavour decay muon Rypy, is slightly larger than unity in 2 < pr < 4 GeV/c
at backward rapidity, but trend is not conclusive with current uncertainties

® Nuclear modification factor of heavy-flavour decay leptons are described by
models including cold nuclear matter effects

ALICE: arXiv:1509.07491; MNR: Nucl. Phys. B 373 (1992) 295; EPS09: JHEP 0904 (2009) 065; Vitev: PRC 80
(2009) 054902, PRC 87 (2013) 044905; Kang et al.: PLB 740, (2015) 23, PR D 88 (2013) 054010; Sharma et al.:
Phys. Rev. C80 (2009) 054902; FONLL: JHEP 05 (1998) 007
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Heavy-flavour decay lepton Ras in Pb-Pb collisions at /sy = 2.76 TeV %

ALICE
e+ HF |y <0.6
e HF, 25< y <4
(PRL 109 (2012) 112301 for results in 4 < p~HF < 10 GeVic) b(—c)—e, |y <0.8
s 2 T T T T T T < 25¢ T T T T T T T ]
F Pb-Pb, =276 TeV - 1 L o
T 18F Cenlrall\tys'::b\‘ass 0-10°Z ALICE Preliminary & » Pb-Pb, | s = 2.76 TeV, 0-20% centrality 1
16F E 2r ——b(>0)—>ely<08
1.4 = &', 06<y<06 E L [ syst. uncertainty 1]
E —4— wieHF 25<y<4 3 15E nomalization uncertainty |
1.2E [ Syst. uncertainty E “r 1
1F 3 F ]
08 E T ]
0.6 = F ]
Wﬁﬁﬂﬂﬁﬂﬁ 3 T
02F oo 3 F ALICE Preliminary 1
0Eiisl L I L L 1 1 T C 1 1 1 1 I ! 1 ]
0 2 4 6 8 10 12 14 16 18 20 0 1 2 3 4 5 6 7 8
Py (GeV/c) Py (GeV/e)

® Strong suppression of heavy-flavour decay leptons for pr > 3 GeV/c observed in
central Pb-Pb collisions

® Compatibility between mid- and forward rapidity results

® Hint of suppression of beauty-decay electrons for pr > 3 GeV/c in 0-20% central
Pb-Pb collisions

® Results suggest significant energy loss of heavy quarks in the medium
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Elliptic flow

ALICE

spectator

® Elliptic flow of heavy flavours probes:

spectator

o at low and intermediate pt: collective motion
and possibly heavy-quark thermalization

— o at high pr: path-length dependence of the
heavy-quark energy loss

elipsoidal colision zone

Initial spatial anisotropy — momentum space anisotropy

® The reaction plane is defined by the impact parameter direction and the beam
direction

® The particle azimuthal distribution can be expressed as a function of the reaction
plane angle (Prp):

dN 1 o
d(0—Yrp) =% {lJrnZ] 2vncos[n((p\PRP)}}

® The second harmonic of the distribution, v» = (cos[2(¢ — WPgp)]), is the magnitude
of the elliptic flow

Denise Moreira de Godoy (WWU Miinster) 54th International Winter Meeting on Nuclear Physics ~ January 28, 2016 13/27
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D-meson v, in Pb-Pb collisions at /syn = 2.76 Te

ALICE

RO it Lt e Lo L b L L L L L L L L L e I i e i
0.6 ALICE + @ Prompt 0’ yI<0.8, v,(EP) L 4

POPY, {8y 276 TeV st romeaa
I . rom B ot domn

- T © cramedpunces, vigpima |
02t * 4 t 4
f@] % m °
00 4 *"’ 00 g
&omo o o 9 o
‘m_ | I

02 4 L ]

Centrality 0-10% Centrality 10-30% Centrality 30-50%

Lo b bbbl o bbb bn b b bbb b b b b L |
2 4 6 8 10 1214 16 18 2 4 6 8 10 1618 2 4 6 8 10 12 14 16 18
P, (GeV/c) P, (GeV/c) P, (GeVic)

central » semi-central

PRC 90 (2014) 3 034904, PRL 111 (2013) 102301

Observed positive D-meson v; in the 30-50% centrality class
e 5¢ effectin 2 < pr < 6 GeV/c
Hint for an increase of D-meson v, from central to semi-central collisions
D-meson v, similar to charged-particle v,
® |Indication of collective motion of low-pr charm quarks in the medium
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Heavy-flavour decay lepton v, in Pb-Pb collisions at /sy = 2.76 TeV %

N T T T T T (g T T T T T N T T T T T T
N N N
0.4 [~ Heavy-flavour decay e", v,[EP, |an| > 0.9}, Iyl < 0.7 ] 0.4 |- -+ Heavy-flavour decay e", v,{EP, jan| > 0.9}, ly < 0.7 - 0.4 |-~ Heavy-flavour decay e", v,{EP, |an| > 0.9}, |y| < 0.7 —|
ALICE Preliminary ALICE Preliminary ALICE Preliminary
0.3 = Heavy-flavour decay ', vz, i > 17], 25 <y <4 F = Hoaw-tiavour decay u', vz, i » 171,25 <y <4 | E = Hoavy-flvour decay ¢, v,2, i > 17,25 <y <4 ]
arXiv:1507.03134 0.3 arXiv:1507.03134 0.3 arXiv:1507.03134
02k Pb-Pb, |5, =276 TeV  { PO-Pb, | 5, = 2.76 TeV PO-Pb, | 5 = 2.76 TeV
} 0-10% Centrality Class 02k 10-20% Centrality Class | 02k 20-40% Centrality Class
0.1 B - 3
[
E of-t } ]
04 I I | L L 04 I ! I | L I
12 0 2 4 6 8 10 12 o 2 4 6 8 10 12 14
Py (GeV/c) Py (GeV/c) Py (GeVic)

central » semi-central

arxiv:1507.03134 (u < HF)

Observed positive v; in the 20-40% centrality class

e 3o effectin 2 < pHF < 3 GeV/c and 3 < pi™F < 5 GeVie
Hint for an increase of v~ HF from central to semi-central collisions
WM is compatible with v§—HF within uncertainties
Confirmation of significant interaction of heavy quarks with the medium
Indication of collective motion of low-pr heavy quarks in the QGP
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Physics motivation ALICE

Nuclear modification factor

Elliptic flow

Angular correlations

Comparison with models in Pb-Pb collisions at /sny = 2.76 TeV

e
13

T T T T
ALICE Preliminary

o
IS

[ [ systerror
--- BAMPS el.
BAMPS el. + rad.
POWI

o
w
T
|

TAMU

S
[N
T

Heavy flavour decay electron v,
o
T

=)

°

—— ALICE, v,{EP, |An| > 0.9}

LANG
- MC@sHQ+EPOS, Coll+Rad(LPM)
A

-Pb, Sy =276 Te
2|0-40%I Centrlality cllass, Iy\ < 0'7|

0 2 4 6 8

10 12 14
Py (GeV/c)

Heavy flavour decay electron R, ,

I ALICE Preliminary

R B e e R A SRR

Pb-Pb, | sy = 2.76 TeV, 0-10% central
®  with pp ref. from scaled cross section at \s=7TeV -]
*  with pp ref. from FONLL calculation at\s = 2.76 TeV
BAMPS el.
BAMPS el. + rad.
TAMU

POWLANG
MC@sHG+EPOS, Coll+Rad(LPM)

1 | | | 1 |
2 4 6 8 10 12 14 16 18
Py (GeV/c)

e 5-HF and Ry, HFmeasurements together start to provide constraints for the

models

® Same picture for D mesons and heavy-flavour decay muons

BAMPS:PLB 717 (2012) 430, arXiv:1310.3597v1 [hep-ph]; POWLANG: Eur. PJC 71 (201) 1666, JPG 38 (2011)

124144; MC@sHQ+EPOS, Coll+Rad(LPM): PRC 89 (2004) 014905; TAMU elastic: arXiv:1401.3817[nucl-th] (2014)
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Angular correlations Conclusions

Correlations between heavy flavours and charged particles X4

trigger particle correlation of correlation of
particles from the particles from
same jet away-side jet

Correlation function is
sensitive to the production
mechanism of heavy quarks

Clae)

particles from
uncorrelated
processes B B T R

a0 (rac)

In Pb-Pb collisions:
® Near side: modifications of the properties of jets containing heavy flavours
® Away side: path-length dependence of the heavy-quark energy loss (surface
bias, away-side suppression)
In p-Pb collisions:
® Study possible modifications of heavy-flavour jet structure due to initial-state
effects
In pp collisions:
® Reference for correlations in Pb-Pb and p-Pb collisions
® Address charm and beauty jet properties

Denise Moreira de Godoy (WWU Miinster) 54th International Winter Meeting on Nuclear Physics ~ January 28, 2016
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e + HF-hadron azimuthal correlations in pp collisions at /s = 2.76 TeV E

® Possibility to statistically separate the charm and beauty contributions to the
inclusive yield of heavy-flavour decay electrons
® Wider correlation distribution for electrons from beauty-hadron decays

)
5 #F (@ M8 Trigger Sample  ALICE pp, 15 = 2.76 TeV
© 3.5:-15<p;<25GeVic 14) -w"u[y‘\f:;) ALICE pp, 15 =2.76 TeV.
£ 5% o on e
= 3EP)>03GeVie § 12 " Foni 3
pcy K, factorization
T o5 <09 R vt
z #2/NDF = 19/18 <
2 2= M i
= IILORY A o0 et
- 1530, o gemay et e 7
K "v".....---" :--......"v"‘ 5
AR AL 1T veeast N Soeasttt’ .
8L (b) EMCal Trigger Sample 4y N N
— Data:cb > e
N b Gprphirotn atco - % o0 ALIGE ppy 15 =276 ToV
657> 03GeVie —+—MC:c—e 8 NP e ohb(-0 0
5 104k 1
5hl<07 —*-MC:b—(c)e g0 5.' "o
E 22/NDF =85/9 3 sl -
:
e - et £ 10k - 4
2"‘;. T LS SRRS o T =
15 Y-y yyey § o7k —
3 2 1o 1 2 3 s
2 4 6 8 10
49 (rad) Py (GeVic)

PLB 738 (2014) 97-108

1 ( dN ) c 1 ( dN ) +a ) 1 ( dN )
e =Ctry— | 5 —p
Newe \dAQ /oo " Neee \dAO /ooy ’ dAQ ) oy

® r, =N, /N, increases with pr and reaches ~ 50% at pt ~ 3 GeV/c

® r, compatible with result obtained via cut on minimum impact parameter to select
beauty-decay electrons and with predictions from FONLL, GM-VFNS and
kr-factorization

Denise Moreira de Godoy (WWU Miinster) 54th International Winter Meeting on Nuclear Physics  January 28, 2016 18/27
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D-h correlations in pp collisions at /s = 7 TeV and
in p-Pb collisions at /sy = 5.02 TeV

ALICE

—~ 4 T el —~ r
) E Emesor:) ; ;h;rged particle correlation ! % 4f Dmeson -charged particle correlation
i 35 \verage - E g Average D°.D",D*
2 F 5<pY <8GeV/c, py*=> 0.5 GeV/c, |an| < 1.0 3 2 35 5<p2<8GeVic, p> 0.5 GeVic, lan| < 1.0
8 3 —4— pp 157 TeV ALICE Preliminary 3 [ —e—pPbys,502TevDa  ALICE Preliminary
3 —4— pPb| 5,502 TeV baseine uncertainty pp | 8 3 Simulatons, pp 15-5.02TeV Dbaw ewoonainy ]
o E E| + E —&— Pythia e uncertaint
H 92.57 baseline uncertainty p-Pb 8 op.5F —* Pythiad, Perugia2010 - =
93k “12% scale uncertainty pp 1 £[§%5; —+— Py, Perugiazot 42* scale uncertainty
EMES 7 scalouncertainy pPb ] 3. o
z 1 Tz
155 E 15E-
ji= = £
E E| IS
05 ++ + %%# 3 05
0;# ++ ﬁ { °7
0.5 + = 0.5}
E E| Bl [ [ .
|....|.‘.J.‘.J.‘..JH..\H.‘\
-1 0 1 2 ! ° ! 2

A9 (rad;

® D meson-charged particle azimuthal correlation distributions measured in pp and
p-Pb collisions are compatible within uncertainties after baseline subtraction

® Results after baseline subtraction are described by different PYTHIA tunes
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Conclusions

Nuclear modification factor

® Strong suppression of D mesons and heavy-flavour decay leptons at
intermediate-high pr observed in central Pb-Pb collisions

® Hint of suppression of beauty-decay electrons for pr >3 GeV/c in 0-20% central
Pb-Pb collisions

® The suppression observed in Pb-Pb collisions is due to the hot and dense
medium (Rpr ~ 1)

Elliptic flow

® Observed positive v, of D mesons and heavy-flavour decay leptons in
semi-central Pb-Pb collisions

® Hint for an increase of v, from central to semi-central collisions

® [ndication of collective motion of low-pt heavy quarks (mainly charm quarks)

® Simultaneous description of v, and Raa remains a challenge for models
Angular correlations

® , obtained with e «+— HF-h azimuthal correlations in pp collisions is compatible
with result obtained via cut on minimum impact parameter approach and with
predictions from FONLL, GM-VFNS and kr-factorization

® D-h correlation distributions measured in pp and p-Pb collisions are compatible
within uncertainties and described by different PYTHIA tunes

Denise Moreira de Godoy (WWU Minster) 54th International Winter Meeting on Nuclear Physics  January 28, 2016
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Nuclear modification factor: analysis strategy

ALICE
1do DA /l//)’|' 1 dNaa /(//7'1‘
Roalpr) = 7+ ————— R - 4Naa/dpT
P ( ) A dep/de AA(PT) <TAA> dep/de
® dcpa/dpr measured in p-Pb collisions ® (INaa /dpr measured in Pb-Pb collisions
at /sy = 5.02 Tev at /sy =2.76 TeV
® A is the mass number of the Pb nucleus ® (Txa) is calculated using Glauber model
® do,,/dpr measured in pp collisions at (arXiv:0805.4411)
/s =2.76 TeV and/or 7 TeV scaled to ® Jo,,/dpr obtained with different strategy
/s =5.02 TeV based on FONLL depending on the analysis:

calculations (arXiv:1107.3243)

o pr-extrapolation based on FONLL
calculations

o measured in pp collisions at /s = 2.76 TeV

o measured in pp collisions at /s = 7 TeV
and scaled to /s = 2.76 TeV based on
FONLL calculations (arXiv:1107.3243)

o pr-extrapolation based on FONLL
calculations
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Elliptic flow: analysis strategy

ALICE
Heavy-flavour decay electron v,

. . . __05

® 1, of inclusive electrons measured with the event & [ AUCE Prfmimnary |
plane method (PRC 58 (1998) 1671), which requires Ao4p et on e soton 1
the reaction plane L 08E T eneon Pt clcton ]

® 1, of background electrons is estimated (invariant % PL-PD |5y = 276 TeV

mass and cocktail methods) and subtracted from the o2p 0-10% Centally Class, M <07
measured v, of inclusive electrons:

incl. elec. back. elec. incl.elec.
v HF (1+R)vy % N

R ,where R = backg elec. 1 ot

® Similar strategy for heavy-flavour decay muon v,

N%: ‘50? D°K'n* and charge corni. ALICE E
D-meson v, = 400E 3ep <4 Gevic Pb-PD
® Yield extracted from invariant mass spectra in two bins e A
. . = ntrality 30-50%
of azimuthal angle relative to the event plane: & pgof :
PRC 90 (2014) 3 034904 2007 . E
150F- hd = >
100 ® o Inplane T :
1 T Nin — Nout 50 = Outof-plane E
vy = — - ~in—Tout E o
R2 4 Mn + 1\/0ut 17 175 18 1.85 19 1M!}?<n) (éev/cz)
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Angular correlations: analysis strategy
trigger particle correlation of correlation of
particles from the particles from
same jet away-side jet
g
particles from 4
uncorrelated >
processes N s T S
A9 (rad)
® Heavy-flavour particles are the trigger particles

® Event mixing technique is used to correct the correlation distribution for detector
inhomogeneities and pair acceptance
Efficiency corrections are applied for trigger and associated particles
® The correlation function is given by:
S(AQ) 1 dN
Ap) = T
c(ae) B(A@) ~ NYigger dA@

where S(Ag) refers to correlations in the same event and B(A¢) corresponds to
correlations in different events
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Raa: analysis strategy

ALICE

1 dNAA/de
(Taa) dopp/dpr

Raa(pr) =

® Yield measured in Pb-Pb collisions at /syn = 2.76 TeV

® Reference in pp collisions:

e Heavy-flavour decay muon analysis: §10” \QL'CE PP 18=2.76 Te‘: wieHFn 2.5<y<4
. ] —=— dat:
dop,/dpr measured in pp collisions at \/s=2.76 1 [ Wi HF, FONLL
] — —=- p'charm, FONLL
TeV (Phys. Rev. Lett. 109, 112301 (2012)) %_106 - e heauty FONLL
e Heavy-flavour decay electron analysis: 2of
© dopp /dpt measured in pp collisions at o -
/s =7 TeV (Phys. Rev. D 86, 112007 (2012)) scaled to 810
/s = 2.76 TeV based on FONLL calculations 10°k
° FONLL calculations 12p b1 nb!
° Beauty'decay electl‘on ana|ySiS: dcpp/de . 1.9% normalization uncertainty not included
measured in pp collisions at /s = 7 TeV 2 23 ]
: Q15 Bt B
(Physics Letters B 721 (2013) 13) scaledto s = 5 i e
2.76 TeV based on FONLL calculations S p i G ‘

8 1
. . P, (GeV/c)
® The average nuclear overlap function (Taa) is

calculated using Glauber model (arXiv:0805.4411)
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R,py: analysis strategy

ALICE

_ 1 deA/de
Roalpr) = doyp/dpr

® do,,/dpr measured in p-Pb collisions at /sy =5.02TeV

® Reference in pp collisions:
e Heavy-flavour decay muon analysis: do,,/dpr
measured in pp collisions at /s = 2.76 TeV (Phys.
Rev. Lett. 109, 112301 (2012)) and 7 TeV (Phys.
Lett. B 708 (2012) 265) scaled to /s = 5.02 TeV
based on FONLL calculations
o Heavy-flavour decay electron analysis:

P S
—-ALICEc,b—e
10ef —— FONLLc,b—>e -

1/(2rp) Fol(dpdy) (mb/(GeV/cy’ )

S doypp /dpr measured in pp collisions at /s =7
TeV (Phys. Rev. D 86, 112007 (2012)) scaled to /s = 2.76 10k PPS=TTeV Iy <05 TG
TeV based on FONLL calculations additional 3.5% r\mmahzahnn uncertainty

° FONLL calculations

Data/FONLL

e Beauty-decay electron analysis: do,,/dpt
measured in pp collisions at /s = 7 TeV (Physics
Letters B 721 (2013) 13) scaled to /s = 5.02 TeV
based on FONLL calculations

® A is the mass number of the Pb nucleus
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Comparison with models o)

"aice’ ! ! K T T T
T 1.8-30-50% Pb-PD, | 5,0, = 2.76 TeV q 7 pafn huce 0°0, D" average  Pb-Pb, | = 2.76 TeV.
o - TAMY olat . &
1.6 *Averooe 0%, 0,0 <05 =" FGEC fC_) Syst.from cata Centrality 30-50%

. Bass | F0 syst. om B feed-down

'WHDG rad+coll
POWLANG
Cao, Qin, Bass
MC@sHQ+EPOS, Coll+Rad(LPM) =
BAUPS ol - TAMU slastc
T LT SRS el bl
2 4 6 8 10 12 14 16 18 2 2 4 6 8 10 12 14 16
P (GeV/c) P, (GeVic)
T ALMAM AR sesstaaas Aans Ty w03 pree e e e ey
f§|_B§_Pb-Pb,\sNN=2.76Tev ALICE 3§ % F Pb-Pb, | 5,,=2.76 TeV ALICE ]
T gEneHFiN25y<d q o2fucHFin25<y<4 3
E == Ry, in0-10% E E E
14F " MC@sHQ+EPOS 0-10% 3 01 E
BAMPS 0-10% E E
-: TAMU elastic 0-10%. E ™3
T oqF =3 b2} in 20-40% 3
[ - MC@sHQ+EPOS 20-40% E
BAMPS 30-50% E
Fooeees TAMU elastic 20-40% q
1 1 d ) | L 1 L 1 L 1 Lo
7 8 9 10 0 1 2 3 4 5 6 7 8 _9 10
Py (GeV/c) Py (GeV/c)

ALICE: arXiv:1507.03134, arXiv:1509.06888, PRL 111 (2013) 102301; BAMPS: Fochler et al., JPG 38 (2011)
124152; POWLANG: Alberico et al., Eur.Phys.J C71 (2011) 1666; UrQMD: T. Lang et al, arXiv:1211.6912 [hep-ph],
T. Lang et al., arXiv:1212.0696 [hep-ph]; TAMU: Rapp, He et al., PRC 86 (2012) 014903; WHDG: Horowitz et al.,
JPG 38 (2011) 124114 Aichelin et al.:PRC 79 (2009) 044906, JPG 37 (2010) 094019
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D mesons vs multiplicity %

ALICE

n

et P e Py
g' F ALICE, pp 15 = 7 TeV g' ALIGE, pp 15 =7 TeV. ] g ALICE, pp \s = 7 TeV
O 25 Average D"D',D* meson, <05 | T D° meson, [y|<0.5 4 2 4 Average D', D', D™ meson y1<0.5, 2<p <4 GeVic
T [ = 1<p< 2GeVic 3 - 2<p < 4GeVic 1 2 20; ¢ Nonpomptly - e'el (<09, p,20 =
=, = 2<pl< 4GeVe = A deo e 8GV B -
% 20 4+ 4<pl < 8GeVic B <P;< 8GeVic 1 %
2 [ 4 8<pl< 12GeVic 3 4 =
= |« 12< < 20Gevic i = o4 = 15 ]
T 5 17 .
© E - © e 3 ©
S ¥ ) ® - 4 2 10- h
g ¢ 18 . 1%
= s E+1 q = - & E- : E
3 - 1 EE et ] 3
by, PSR B R L semmaam.
€ 04E B racton hypothesis: x 112 (2) atlow (igh) muliplicity g oap B fraction hypothesis: x 1/2 (2) atlow (high) multplicy g o4 B fraction hypothesis: x 172 (2) atlow (high) multipicity
e £ 0 1 fem
3 o 3 3
3 Fozt Fozt —_
< 2-04F E 2-04F
1 2 5 6 7 8 05 1 15 2 25 35 4 45 1 2 5 6 7 8
(dN/dn) / @N_/dn) Nyo/ (N (dN/dn) / (@N_/dn)

JHEP 09 (2015) 148
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