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DIS 2015

ALICE : .
Motivation
Why study heavy quarks?

pp collisions
Test pQCD calculations of the production of heavy quarks at LHC energies.
Study Multi-Parton Interactions (MPIs) in pp collisions which are relevant at the LHC.
Study jet structure and fragmentation.
Provide reference for p-Pb and Pb-Pb collisions.

p-Pb collisions
Address cold nuclear matter effects in initial and final state
= |nitial state effects :
- The nuclear environment affects quark and gluon distribution functions

-> described by calculations based on phenomenological modifications of the Parton
Distribution Functions (PDF).

« Gluon saturation at low x = affects particle production at low py.
- described by Color Glass Condensate (CGC) theory.

= Partons lose energy via initial and final state radiation.
= k;-broadening due to multiple soft collisions.

0 Study potential collective effects.
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ALICE Central barrel coverage: |n| <0.9

ALlCE deteCtOr Muon spectrometer coverage: -4 <n<-2.5

Time Of Flight

. - PID
Inner Tracking System

« Trigger Electromagnetic calorimeter
*  Primary vertex SN » Trigger and PID
reconstruction S sl
* Event topology
* Tracking
- PID
Muon Spectrometer
VZERO <«— « Trigger, tracking and
« Trigger and PID
Event topology

—
\ ZDC
« Trigger and
Event topology

Time Projection
Chamber
« Tracking and PID
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aLIce Heavy-flavour measurements

Heavy quarks studied via semi-leptonic and hadronic decay channels.

Decay channels used Electrons identified at mid
c,b>1(BR=10%) T e FE e csmrey rapidity using various PID
D" > K'z*m* (BR =9.13%) BAIGE,
D*+*> DO+ (BR =67.7%) : 1/03/2013 . -
D.* > b(3KK) 1" (BR = 2.28%) |3 Muons identified at forward
S : 3 rapidity.
o
'_
° ) D-meson reconstruction:
v, * ldentify secondary vertex,
L. § apply topological cuts.
\/ﬁo 3x10" 1 2 3 456789 * Calculate invariant mass.
No1soo”‘ﬁw”‘_‘__
%1600 p-Pb, \syy = 5.02 TeV, 102M min. bias ev. E
(2 0231 e E
o and charge conj. ALICE A
»1200F 1 <P, <24 GeVic P oots .
o E
£1000 3
w w = (145.45 + 0.01) MeV/c? 1
6 =(0.55+0.01) MeV/c? —
D° E
Significance (3c) 44.0 £ 0.8 7;
S (30) 4299 + 107 .
n* K | S/B ‘(36) 0.8227 ]
Ca 0445 045 0155
ALI-PERF-51499 M(Kzr) - M(Kn) (GeV/CZ)
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ALICE
Results from pp collisions

- Cross-section measurements
- D-meson yield in different multiplicity ranges

- Collision energies
- Vs =2.76 TeV and 7 TeV

(only results at 7 TeV discussed in this presentation)
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ALICE Heavy-flavour decay lepton cross sections
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=+ ALICEc,b—e
10°L & ATLASc,b > e
- — FONLLc,b > e, |y|<0.5

pp, Vs =7 TeV

c,b—>et

107F —FONLLc,b —e, Iy|<2excl 1.37 <yl < 1. :
2 asE — i R 3
S o PRD 86 (2012) 112007 |
g o PLB 707 (2012)438 |
158 | ||| |e [‘®eead-d] ZiEmE-" - ) 3
Ogj_i%l_j ____________________________ BAEI( = :
N R TEIT p%éewcf
ALICE : low p;

ATLAS : high p;

pp @ Vs=7 TeV

PLB 708 (2012) 265

pr-differential cross sections of heavy-flavour decay
electrons.
« Consistent with pQCD calculations('],

[1]. FONLL : JHEP 1210 (2012) 137
GM-VFNS : EPJ C72 (2012) 2082
k; factorization : PRD 87 (2013) 094022
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DIS 2015

ALICE Heavy-flavour decay lepton cross sections
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ALICE : low p;
ATLAS : high p;

t
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data/FONLL

= - E
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2F rd 22—
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0.5 0.5F
G246 8 012 92426283 32 34 36 38 4
p, (GeVic) y

pp @ Vs=7 TeV

PLB 708 (2012) 265

g14000 —ALICE pp =7 TeV, u*<HF in 2<pt<12 GeV/c

—— data

[ ] u*eHF, FONLL
——— p*«—charm, FONLL

------------ ptbeauty, FONLL

E\ ALICE pp {s=7 TeV, p*«HF in 2.5<y<4

pr-differential cross sections of heavy-flavour decay
electrons and muons.
« Consistent with pQCD calculations!'l,

Rapidity-dependent measurement of HF decay muons
(2.5 <y<4)
+ Consistent with pQCD calculations.

[1]. FONLL : JHEP 1210 (2012) 137
GM-VFNS : EPJ C72 (2012) 2082
k; factorization : PRD 87 (2013) 094022
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= 10°g 3
(&) E E
S g , ALICE -
S el D.ppVs=7TeV, L, =5mb" |
s F :
N~—" — ] 0 I
o 105 D E
o C 7
l C - -
= L i
—
T i
~ B & stat. unc. % ]
.8 10-1 — [Jsyst. unc. —
E [JrFonLL 3
 [Jam-VvFns ]
1 0_2 jt 3.5% lumi, £ 1.3% BR norm. unc. (not shown) _
EE = =
© = =
=} — =
E
© = =
[a]5 IR 57 riry g e e e ey S =

ALI-PUB-12503

p.-differential cross sections

DO : 1< p; <16 GeV/c

D*, D™ : 1<p; <24 GeV/c
Djf:2<p;<12GeV/c

« Consistent with pQCD calculations!'l,

[1]. FONLL : JHEP 1210 (2012) 137
GM-VFNS : EPJ C72 (2012) 2082
k- factorization : PRD 87 (2013) 094022

aLice D-meson cross sections

pp @ Vs=7 TeV

JHEP 01 (2012) 128
Phys. Lett. B 718 (2012) 279
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aLIcE D-meson cross sections

DIS 20

15

pp @ VSs=7 TeV

Q 10: ALICE E 10° )sg T T3 03; L L L L L L BN
> F S L . ALICE 7 F ‘b (S27Te _AL'r?E ]
5 102;7 D’ ppVs=7TeV,L_=5nb’ *; E b D' pp 5 =7 Te, LmzAsL'r%E SRS D*,ppVs=7TeV,L, =5nb" 7 L D:.pp {s=7TeV, L =4.8nb ]
e} E E Q E F 9 ; + Theory predictions ;
5 § D 0 ] Em 10 + - 10F] D *+ = r i D S [ emvens B
0 10? 3 < E D 3 F 10? []Lok fact. E
il i 1 Zf 1k — 4 1 e = L E% 7
- N F L -mstatunc. 15 Aucedan points 3
_8_*- 1 ? E E 8 1oL o E— 1 rE Qe == S E
SR S ] ] Bowwms — 1 [ Bome oL =il ]
-8 101 ? gsySt' o é 1072?‘13-5%|umi,i‘2-|%BRnorm.unc. ("O'S"OW‘”) Eé '-2 Eizls%lumi1.5%Bﬁn°rm.unc e E § +3.5% lumi, + 5.3% BR norm. unc. (not shown) §
102 ;13EljrmiNfa% BR norm. unc. (not shown) ; §E T:?E’ﬂ_ﬂm & " ! % ?%EE 777777 ‘ | | | GMDS‘?NS;E
£ 0 18 | o S oo — e
O: 51;: 5 10 15 p?o( Gev /0)25 5 10 15 pfo (Gev. /0)25 b, (GeVic)
E oo JHEP 01 (2012) 128
° o el Phys. Lett. B 718 (2012) 279
00 L
p.-differential cross sections = [T
[ —@— ALICE (total unc.) 7
DO : 1< p; <16 GeV/c 3%3‘0 = S5 o et ) & E
D+’ D + : 1<p-|- < 24 GeV/C b E %If:I\E)ZSPer;iﬁnl::;y(lolaIunc.) /’,'$ ;
Dt:2<pr <12 GeVic I AT 1
. . - L E653(pA) L’ - —
- Consistent with pQCD calculations!'l. Y e * E
- g £res ((S:)) B ,/" ]
- r NLO (MNR) - . -
Total charm cross section - _
* In good agreement with other LHC experiments. : ]
* Consistent with NLO pQCD-based calculations (MNR) * <> .
10 / =
[1]. FONLL : JHEP 1210 (2012) 137 b oA
GM-VFNS : EPJ C72 (2012) 2082 10 102 0

k; factorization : PRD 87 (2013) 094022

10*
s (GeV)
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aLice Beauty-decay electron cross sections PP @ \s=7 TeV

PLB 721 (2013) 13-23

Select electrons with large impact
parameter to primary vertex

rec. track

Primary
Vertex

B Subtract remaining background

using simulations

d, : transverse impact parameter

" PYTHIA, Vs = 7 TeV, |yl < 0.8 e b(msc)—e
r 1<p.<6 GeV/c -y ¥ €—e
L T <+ conversion elec.
Dalitz elec.
10 (a)
N
o
g 10
w
i
| - L L L
3k conversiorq electrons
o o 0 omeITIE:
s 2 I\ IR » pq-differential cross section of b—>e.
S TL{-?. ﬁﬁ%%@%&%%\ 4 +|+ T « Well described by pQCD calculations('l.
ok ‘% T DA 1., <1 < Beautytakes over as dominant source of HF decay
- -200 200

-600 400 400 600

d, (um) electrons at p; ~4 GeV/c  [1]. FONLL : JHEP 1210 (2012) 37
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aLice Beauty-decay electron cross sections

counts

Data/MC

PLB 721 (2013) 13-23

\

rec. track

Primary
Vertex

d

Select electrons with large impact
parameter to primary vertex

Subtract remaining background
using simulations

102E  as™ >
i

e b(—>c)—>e
X CcC—>e
< conversion elec.

3 3 conversiorl1 electrons
E o Data/l/IC1<pT<2 GeV/c
25¢ o Data/iVIC 2<p.<6 GeV/c
2
) I
1E J ] s o _EShEiar L
ost[¢I T TR T TR
0 ; L L L | L \I L | L L L | L L L | L I |
-600 -400 -200 0 200
d, (um)

dzc/(dedy) (mb/(GeV/c)?)

)

12

Data/FONLL Data/FONLL

b(—c)—elc—e

DIS 2015

pp @ Vs=7 TeV

pp, s =7 TeV,_[Ldt —22nb" o

e b(—>c)—oe -
vcoe E
— FONLLb (—c) »e ]
—FONLLc —» e E

S

-
£ [Jtotal uncertainty o | :
3 ° 5
E [} 3
3 21 ® ®le E
E LA R e 3
E Ly W Ll \ \ 1

1 2 3 4 5 6 7 8

P, (GeVlc)

pr-differential cross section of b—>e.
Well described by pQCD calculationsl'l.
Beauty takes over as dominant source of HF decay

electrons at p; ~ 4 GeV/c

[1]. FONLL : JHEP 1210 (2012) 37
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e Multiplicity dependence of D-meson production

MPls are expected to be relevant at the LHC

- NA27 (pp collisions at Vs = 28 GeV)
-~ Events with charm have larger charged-particle multiplicity!?..

- CMS measurement of jets and underlying events
—~better agreement with models including MPIs[.,

- LHCb measurement of double charm production

—~better agreement with models including double-parton
scattering!“.

- ALICE measurement of increase of J/y yields with
increasing charged-particle multiplicity!l.

[2] : NA27 Coll. Z.Phys.C41:191

[3] : Eur.Phys.J.C 73 (2013) 2674

[4] : J. High Energy Phys., 06 (2012) 141
[5] : Phys.Lett. B 712 (2012) 165

Deepa Thomas 10



DIS 2015

\s=7 Te
ALICE Multiplicity dependence of D-meson production 2 -

Study self-normalized yield in multiplicity intervals relative to the multiplicity
Integrated one d2ND/dyde B (d2ND/dyde)multi/(emulti ~ Nmulti)

event
o tot
<d2ND/dyde> (d2ND/dyde)t0t/(€tOt X Nezo)ent)
ol - N . .
g 14 7] Increase of D-meson yield with
> ~ 1 u . u u
T o - increasing charged-particle yields.
Zz .
ol - 0 _
T 10— ¢ D” meson, 2<p_<4 GeV/c — .
T L 4 D meson, 2<p!<4 GeVic ] Measurgments for.dlfferent D mesons
- 8 4 D7meson, 2<p <4 GeVlc — * Consistent within uncertainties.
o - +7%/-3% normalization unc. not shown 5
3 6f |‘ .
5 .
£ 4 4 :
ol % _|
B B _
R A SRS B
2 04F =
c 02F E
3 of
o C
- -0.2F
3 04 | | .
m 0 1 2 3 4 5
dN,,/dn / (@N_/dn)
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ALICE

DIS 2015
pp @ Vs=7 TeV

Multiplicity dependence of D-meson production

Study self-normalized yield in multiplicity intervals relative to the multiplicity

integrated one

(BN/dlydp ) / (N°/dydp.)

B feed-down unc.

-0.2F
-0.4F

event

d2ND/dyde B (d2ND/dyde>multi/(emulti X Nmulti)

<d2ND/dyde> (d2ND/dyde)t0t/(€tOt X Ntot )

event

10

D° meson, |y|<0.5
—o—1 <pT<2GeV/C
+2<pT<4GeV/c .
+4<pT<8GeV/C T
——8<p <12GeVic | B |

i

i

+7%/-3% normalization unc. not shown

Increase of D-meson yield with
increasing charged-particle yields.

Measurements for different D mesons
 Consistent within uncertainties.

No visible p; dependence of D-meson
yield observed.

0.4
0.2F

nwxgwwwwtwwtww!‘

B fraction hypothesis: x 1/2 (2) at low (high) multiplicity

S e—————— |

laere . ———

4 5
dN,,/an / (chh/dn>

Deepa Thomas 11



()

ALICE

(BN/dydp. ) / (N/dydp.)

B feed-down unc.

DIS 2015
pp @ Vs=7 TeV

Multiplicity dependence of D-meson production

Study self-normalized yield in multiplicity intervals relative to the multiplicity
integrated one

d2ND/dyde B (d2ND/dyde>multi/(emulti X Nmulti)

event

(d2ND/dyde)t0t/(€tOt X Ntot )

event

(d?NP [dydpr)

Cr T T T ]
14  ALICE - - .
© pp Vs = 7 Tev ] !ncreas? of D-meson yle_ld W|t_h
12 4 0% meson, y1<0.5, 2<p <4 GeVic - increasing charged-particle yields.
| +7%/-3% normalization unc. not shown ]
10— 4 U/ W, 2.5<y<4.0, p_>0 ~ .
Y maioeromn 1 Measurements for different D mesons
8 7 = Consistent within uncertainties.
61 { =
); 3] X 1 No visible p; dependence of D-meson
- 0o 1 yield observed.
2r- % -
e tiiiiiiiiie..1 .1 Comparison with J/¥ (2.5 <y < 4.0):
22_ B fraction hypothesis: x 1/2 (2) at low (high) multiplicity E ° Slmllar trend Compared to D
of mesons.
0.2F =
-0.4F

o
—_

4 5
dN,/dn/ (d Nch/dn>
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ALICE
Results from p-Pb collisions

- Nuclear modification factor (R,py,).

- D-meson yield in different multiplicity ranges.
(Multiplicity dependence of D-meson nuclear modification factor is not shown here)

- Azimuthal angular correlations between HF hadrons and charged
particles.

- Collision energy
sy = 5.02 TeV
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DIS 2015

ALICE Nuclear modification factor for HF decay electrons

nuclear modification factor

doppy/dpr
Rpr p b 2>e measurement : Impact parameter
A x doy,/ de method
3 T I I I T I T i 4 UL I LI I Trrr I LI I Trrr I LI I Trrr I LB
N + ALICE b (N (e e)/2 TPC TOF ALICE reterence i o C . .
= —#— ALICE b,c — (e + €)/2, TPC-EMCal, ALICE reference B o 35F b ee ALICE Prellmlnary =
25— —- ALICE b, — (¢* + €)/2, TPG-EMCal, FONLL reference ] - ]
N B normalization uncertainty 7] 3 E p-Pb, VSNN =5.02 TeV, -1.06< yCMS <0.14 7
L B FONLL + EPS09 shad. - :_ e b(—>c)—e —:
2 C’b 2 € ~ 25 f_ [Isyst error _f
B 7 o m normalization uncertainty 7
15— ] 3 - 3
1 L S O - - ]
l ] — =
05( Sl ! - = E
- HLICE p-Pb, sy, = 5.02 TeV, min. bias, -1.06 <y _ <0.14 c ]
: PRELIMINARY l l l l l : E L1 1 11 1 - - ]
0 1 1 1 é 1 1 1 4 1 1 1 6 1 1 1 8 1 1 1 10 1 1 1 12 1 1 1 14 0 1 2 3 4 5 6 7 8
P, (GeV/c) p_(GeV/c)
T

R.p, Of HF decay electrons consistent with unity.
« Consistent with FONLL pQCD calculations with EPS09 shadowing
parameterization!®! within uncertainties.

R,pp, Of electrons from beauty decays is also consistent with unity.

« Cold nuclear matter effects are small at high p:=> no large suppression of the
yields in the measured p; range.

[6] M. Cacciari et al., JHEP 006(2001)0103; K. Eskola et al., JHEP 04(2009)065
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ALICE Nuclear»odiﬁcation factor for HF decay muons

P Pb
Forward Backward
Pb P
Probing low Bjorken x in Pb Probing large Bjorken x in Pb
L L B B B B L LN LI
o s p-Pb sy = 5.02 TeV, ' c,b decays 3
r 2.5<y  <3.54 1
- ALICE Preliminary ]
2 — p—
15F -
£.....gagsgt z
[ === NLO (MNR) with EPS09 shadowing ]
0.5 :_ ——— Vitev: coherent scattering + kT broad + CNM Eloss _:
r systematic uncertainty on normalization b
0 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 I—

2 4 6 8 10 12 14 116
pT(GeV/c)

o

ALI-PREL-90686

Ry, at forward rapidity: consistent with unity within uncertainties.

« Data described well by theory calculations!”l.
 MNR pQCD calculation with EPS09 shadowing parameterization.
« |. Vitev : coherent scattering, k;-broadening and energy loss in cold nuclear matter.
« Z.B. Kang et al : incoherent multiple scattering

[7] M. Mangano et al., NPB 373(1992)295; K. Eskola et al., JHEP 04467(2009)065;
. Vitev, PRC 75(2007)064906; Z. B. Kang et al., Phys. Lett. B 740 (2015) 23.
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DIS 2015

ALICE Nuclear modification factor for HF decay muons

Forward Backward
4 . Pb p
o e " (SRS
Probing low Bjorken x in Pb Probing large Bjorken x in Pb
i T I L I T 1 T I T 1 T I T 17T I T 17T I T 1 T I L I i ﬁ LI I L I LI I LI I LI I LI I LI I LI I A
o . C p-Pb \sy = 5.02 TeV, u*ec,b decays Nl o5 F p-Pb \s = 5.02 TeV, u* c,b decays
r 2.5<y  <3.54 1 C A<y <-2.96
- ALICE Preliminary ] C ALICE Preliminary ]
2r - 2 -
15 - 155 -
1 E" """ R T e P s : 1 E """""""""""" :
05 - == NLO (MNR) with EPS09 shadowing E [ == NLO (MNR) with EPS09 shadowing ]
b~ Vitev: coherent scattering +k_ broad + CNM Eloss 1 0.5 :_ === 7. B.Kang et al.: incoherent multiple scattering —:
C : syst?matic u?cenaintly on no:malizati:)n | | 7 B systematic uncertainty on normalization .
O L L L L L L L L L L L L L L L L L L L L L L L L 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 l 1 1 1 3
pT (GeV/c) pT (GeV/c)

*  R,p, at forward rapidity: consistent with unity within uncertainties.
* R,pp, at backward rapidity: slightly larger than unity at low p;.

« Data described well by theory calculations!l.
« MNR pQCD calculation with EPS09 shadowing parameterization.
« |. Vitev : coherent scattering, k;-broadening and energy loss in cold nuclear matter.
« Z.B. Kang et al : incoherent multiple scattering

[7] M. Mangano et al., NPB 373(1992)295; K. Eskola et al., JHEP 04467(2009)065;
I. Vitev, PRC 75(2007)064906; Z. B. Kang et al., Phys. Lett. B 740 (2015) 23.
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DIS 2015

ALICE Nluclear modification factor for D mesons

Average of D% D*, D*" mesons

o] _I T T T | T T T T | T T T T | T T T T | T T T T | T I_ . R
n:%l [ ALICE p-Pb, |5y=5.02 TeV - R,p, for D mesons consistent with
1'6__ —=— Average DO, D, D* ] Unlty fOI’ pT > 2 GGV/C
- -0.96<y_ <0.04 ’
1.4 - _ _
- 1+ Consistent with
120 E « Color Glass Condensate (CGC)
1 K calculations!®l.
0.8 — : :
B ;  MNR pQCD calculations with
0.6 = EPS09 nuclear PDFP],
0.4f - . . .
[ 77 CGC (Fuji-Watanabe) - « Model including energy loss in
0_2__ ——= pQCD NLO (MNR) with CTEQ6M+EPS09 PDF _ Id N I rm tt rn | r
I Vitev: power corr. + k_broad + CNM Eloss i Co uclea atter, nuciea
O_I | | I I | 1l 1 1 1 | I | I | | I_ ShadOWing and k
0 5 10 15 20 25 : T
GeV/ broadening!.
PRL 113 (2014) 232301 p. (GeV/c)
[8] arXiv:1308.1258 .
[9] NPB 373 (1992) 295 , JHEP 04 (2009) 065 Cold nuclear matter effects are
[10] PRC 75 (2007) 064906 small at high p;
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ALICE N TP .
Multiplicity dependence of D-meson production
/\|_ 7: L Ly O I O L B B ) B L ] C/DA :I 1T | TTTT | TTTT | TTTT | T T 1T | T T 1T | T T 1T | T TT TT I:
Q 14— ALICE Preliminar — S _ 7l
S Y Cmesony 05 DPmeson = 77 O ppis=276TeV b :
X 125 4 pp Vs 7Tev - = | ® pPb s, =5.02TeV -
I AN : @ e PO 1ow -
o 10 # p-Pb,|s,,=502TeV - = | % PbPb \s. =2.76 TeV ]
= L 20 < Gevie i s ly <24 -
+ 8 -] B ]
S IE:I . N ]
s 6 - exas) 3
T L b E S Xas) s m i
Re) - L ‘ ] - \;er -
- B mmemomen S ]
e it e oL i =
R Pt N R i P - o ]
8 0.4 ;_ B fraction hypothesis in pp and p-Pb: x 1/2 (2) at low (high) multiplicity : e"‘ CM S :
c 02k = 1= ‘,-ﬁr | <193
g o E - You' < ]
g -02 ? ------------------------------------- = 0 j‘l‘ﬁ. | Iel L1 | L1011 | L1011 | 111 | 111 | 111 | .| | 11 I_
2 -0-407 1 5 . i : = o 05 1 15 2 25 3 35 4
l<2.4 nl<2.4
ALI-PREL-76733 dNCh/dTl/ <chh/dn> Ntracks /<Ntracks >tota|

JHEP 04 (2014) 103

« Similar trend of D-meson production vs. multiplicity in pp and p-Pb collisions.
* In pp collisions: high multiplicity events from MPIs.
* In p-Pb collisions: high multiplicity events also from N_,,, > 1.

« CMS :Y measurement shows similar trend in pp and p-Pb collisions.
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DIS 2015

ALICE Heavy-flavour decay electron - hadron correlations

* Near- and away-side angular correlations
» p-Pb collisions in different multiplicity classes at
sy = 5.02 TeV.
« pp collisions at Vs =7 TeV.

Trigger : HF-decay

electron
Associated : charged
« Search for long-range angular correlations as observed in the hadrons
light-flavour sector (PLB 719(2013)29).
p-Pb:0-20%  p-Pb:20-60%  p-Pb:60-100% pp:7 TeV
T | i o SR B [ T
:/9_‘ L 1-0<p$<2.0 GeVie : Z;/:iv:r?ge’\geglsz:ﬁat\on oo :/9_\ 2'5;2.0<p‘<!4.0 GeVic : g’yziv:r?:e’\;vu:s':ilﬁamn e -0
3 1. ;0.5<p:<2.0 GeVic [ syst. from secondary particles b E 5< E< 0 GeVic [ syst. from secondary particles h
3 15: Il < 0.9, An| < 1.6 pp, (s =7TeV 3 2_OLOMI5<0'-)9JAZ:1T<G1-Z/ PP (5 =7TeV 0'5 < pT < 2 GeVIc
%m : o pp, stat. uncertainty %m ———————— pp, stat. uncertainty Inl < 0.9, IArII < 1 .6

N L Global normalization uncertainty = 0.06 rad™ — 15
—~ 1.0 —
o | T )
=z b Z
~ [ & ~
~— r 1.
— L —

~ ., ALICE

ALICE

05~ - PRELIMINARY PRELIMINARY
= 0.5
oo~ —— — & — ooEERE — — — —emRE
Ll L
1 0 1 2 3 4 6 E 0 1 2 3 4 5 6
Ag (rad) Ag (rad)

1<p£<2GeVic 2<ps<4GeVic

* Low p+® : enhanced yield on near and away side for the highest multiplicity class in p-Pb
collisions.

« High p;® : near- and away-side yields are consistent in different multiplicity classes in
p-Pb collisions at Vsyy = 5.02 TeV and pp collisions at Vs =7 TeV.
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ALICE Heavy-flavour decay electron - hadron correlations

?(;Z%°/X)ST?ST'J-5‘I.2§;:VMUItiplicity Classes from VOA Remove Jet ContrIbUtlon by SUbtraCtlng
(¢ from c,b)-h correlation multiplicity classes : 0-20% — 60-100%

1.0 < p° < 2.0 GeVic

(1/N,) (N, / dAndAe) (rad”)

0.5<pT<2.0GeV/c HLICE — -

g L p-Pb, |5, =5.02 TeV
PRELIMINARY = |_ (e from c,b)-h correlation
g 34 [ (0-20%) - (60-100%), Multiplicity Classes from VOA
g | 1.0 <p? <2.0GeVic HLICE
< 33 0.5 < pl < 2.0 GeVic PRELIMINARY
< [ <09, <16
© L
~ |_ Global normalization uncertainty = 0.022 rad™
ey
= 32—
S
=z +
< e + +
= + * e
4 ~+ +
30— * -, + +
I P | | | |
1.5 1 0 1 2 3 4
Ao (rad)

Double-ridge structure is observed in heavy-flavour decay electron azimuthal
angular correlations with charged particles in high multiplicity p-Pb collisions at
low p;¢ after the baseline subtraction.

Correlations in the light-flavour sector could be explained by initial-state effect or
collective flow!'!

« CGC ininitial state.

* Hydrodynamics in final state.

« Does it explain the double-ridge structure in the heavy-flavour sector as well??

DIS 2015

[11] Dusling & Venugopolan, PRD 87 (2013) 094034;.

Bozek & Broniowski, PLB 718 (2013) 1557.
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% DIS 2015

ALICE D meson - hadron correlations Trigger  :D meson

p:Vs=7TeV

Associated : charged

hadrons
p-Pb : Vs, = 5.02 TeV
- - Charged
6 < p.° < 8 GeVic, p,A5%° > 0.5 GeVlc p-Pb %ompanson with AssoTHIA e
8 < p;? <16 GeV/c, p;*ss° > 0.5 GeVl/c A
. way
g ? E\,Zzzgrgo-;hg'r?ed particle correlation ; 4F D meson ; charged particle correlation rTTrTTT ‘t S|de
~ 3.5 . assoc — F Average D°D*,D* E
2 T} 5<pr<8CeVic,pr>05GeVio, jan| < 1.0 ] 35  8<pP<16GeVic, ¢ > 0.5 GeV/e, An < 1.0 = ,
3 af e isTTev ALICE Preliminary 7 E —e— pPb|5,=5.02TeVData  ALICE Preliminary 1 o b
< s —4— p-Pb \s,=5.02 TeV [ ] baseline uncertainty pp ] 3F Simulations, pp 15=5.02 TeV . ' - e )&
é 9—2.5; Dbaseline uncertainty p-Pb ? ) E —— ii:p:zﬁ Perugia2010 Dbase|lne uncertainty ]
SIE ¢ ‘o scale uncertainty pp 3 25; —o— Pythia6, Perugia2011 ‘e scale uncertainty
Ol o 2 2% scale uncertainty p-Pb | A=
—|= F = 1 o

A A I
o5 ﬁ it g * o Near
0;'** """""""" ﬁ+++ """"""""" +i II + ;’ﬁ side
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Azimuthal angular correlation of D mesons with charged hadrons in pp and p-Pb
collisions.
» Distributions from pp and p-Pb collisions compatible with each other.
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Comparison with PYTHIA :
Consistent with different PYTHIA tunes within uncertainties.
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DIS 2015

ALICE Summary

pp collisions
Cross-section measurements consistent with various pQCD calculations.

Increase of D-meson yield with increasing charge-particle multiplicity -
suggesting MPIs in pp collisions.

p-Pb collisions
No strong suppression observed for heavy-flavour yields at high p-.
R,p, Well described by models which include cold nuclear matter effects.

Increase of D-meson yields with increasing charged-particle multiplicity 2
similar trend in pp and p-Pb collisions.

Double-ridge structure observed in HF-decay electron angular correlations
with charged hadrons.

D-meson angular correlations with charged hadrons in p-Pb collisions
consistent with pp collisions and various PYTHIA tunes.

Outlook

Large data sample at higher Vs expected in Run Il from June 2015
onwards.

Among others new and precise measurements of beauty, heavy-flavour
angular correlations and heavy flavour in jets.
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ALICE

D meson-hadron correlations

Measure hadron yield associated with D mesons on the
near and away side.

- baseline (rad™)
w
w )]

NS
&)

\S]

1 dNassoc
Ny dAe

-
[¢)]

D meson - charged particle correlation
[ Average D°.D*,D* ]

C 5< p? <8 GeV/c, p3**° > 0.5 GeV/c, |An| < 1.0 ]

ALICE Preliminary =
[ Simulations, pp Vs=7 TeV ]

}—0— pp Vs=7 TeV Data

[ —#— Pythia8 D baseline uncertainty
- —¢— Pythia6, Perugia2010 1 1
[ —¢— Pythia6, Perugia2011 o, Scale uncertainty ]

5
Ao (rad)

[ D meson - charged particle correlation ]
3.5 Average D°,D",D* =

E 8<pP<16GeV/c, p> > 1.0 GeV/c, jAn| < 1.0 ]
ALICE Preliminary =

D baseline uncertainty |

3~ —e— pp Vs5=7 TeV Data

[ Simulations, pp Vs=7 TeV
o5 —#— Pythia8
"~ —¢— Pythia6, Perugia2010

[ —¢— Pythia6, Perugia2011 o scale uncertainty

Ao (rad)

DIS 2015
pp at Vs =7 TeV

Trigger : D meson
Associated : charged
hadrons
Charged
hadron

Away
side

Near #h°
side ‘

Azimuthal angular correlation of D mesons with charged hadrons in pp D
collisions at Vs = 7 TeV.

Comparison with PYTHIA :
Consistent with different PYTHIA tunes within uncertainties.

meson
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ALICE Q py, for D mesons

- Test any multiplicity-dependent modification of p
spectra in p-Pb collisions.

pr S EACEpPoa sy -bo2TeV |
Q b (pT) . multz/de 5’10_2 éﬁgtg-Glauberfit *
p — § \\u:11.0,k=0.44
<N coll> dNPP / de - S
- Determination of <N_,,> biased in p-Pb collisions. 00
- Multiplicity bias LBlglzlg s

- Geometrical bias Blel8 =lal I T
0 100 200 300 400 500

- Jet-veto bias VZERO-A amplitude (a.u.)

- Two different estimators (VOA and ZNA) used to
determine <N_,,>.

VOA
<N,,> from Glauber fit to VOA amplitude.
« Multiplicity from Negative Binomial
distribution (NBD)

ZNA

ZN defined as energy deposited by Pb-spectator |

neutrons in the ZDC. 100 200 300 400 500 600 ZKJO?A Esoo 900
<N_,,> obtained with a hybrid method. R ey @)

» Slice events in ZN energy (Pb-going side).
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* VOA estimator: shows a residual bias in Q,p,, distribution of averaged D° and D™
mesons.

« ZN estimator: No multiplicity-dependent modification of D-meson production
relative to pp collisions within uncertainties.

« Patterns for both VOA and ZN estimators are consistent with those observed for
charged hadrons.
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