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N Heavy quark production at the LHC

Universiteit Utrecht H L I C E
Heavy quarks (charm & beauty) produced in hard parton

scattering processes (in the early stage of collision)
Charmed hadrons (D mesons, A¢, =c baryons), measured in

pp collisions: p

. . C .
> useful test of perturbative QCD calculations —PO O <
reference for p-Pb and Pb-Pb measurements P < D

baryon production = insight on charm quark
hadronisation mechanism
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%‘T§ Heavy quark production at the LHC Nty
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E (1] (Phys.Rev.D36 (1987) 2019; Nucl.Phys.Proc.Suppl.214 (2011) 181-184)

® Heavy quarks (charm & beauty) produced in hard parton
scattering processes (in the early stage of collision)

® Charmed hadrons (D mesons, A¢, =c baryons), measured in

pp collisions: v
. " C .
> useful test of perturbative QCD calculations —PO O <
reference for p-Pb and Pb-Pb measurements P < D

baryon production = insight on charm quark
hadronisation mechanism

In p-Pb collisions:
study the cold nuclear matter effects:

® energy loss in the initial and final state of the
collisions c@

® k1 broadening [1]

® shadowing

study possible collective effects in small systems
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%A§ The ALICE detector N
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< Data samples:

pp collisions:
e Run 1:,/s =7 TeV : ~370x106 min. bias events, Lint = 6.0 nb-"
Js =8 TeV : ~100x106 min. bias events, Lint = 1.8 nb-"

P i/

Inner Tracking System (ITS) e Run 2: Js =13 TeV : ~190x10° min. bias events, Lint = 3.3 nb-1
Time Projection Chamber (TPC) Js =5.02 TeV (2017): ~990x108 min. bias events, Lint = 19 nb-
p-Pb collisions s = 5.02 TeV:
Vertexing, tracking and PID e Run 1: ~100x108 min. bias events, Lint = 48.6 pb"
In| < 0.9 e Run 2: ~600x106 min. bias events, Lint = 292 pb-1
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%f!\g: Hadronic decay reconstruction
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ALICE
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* Decay topology via secondary vertex ;:i s
reconstruction and PID to reduce combinatorial pof PGSO D] e MR ree WA T
’ [ 1=2.28510.002 QeV/02 ] p=2.287i0.00§QeV/02 :
background sof Samorortee 0 ] [Semoweee U
z N\etin p-Pb : apply multivariate approach T Megiewe © T ey Goues)
7 Nt INP . apply mu PP & arXiv:1712.09581

(BDTs)
* Invariant mass analysis DO — K- o+ / "
* Using FONLL-based method to subtract P

K 5) i i ' l)()rv('()nslru(‘lv(l momentum
D flight line—,

feed-down from b-hadron decays T

= . ~ K
P “”‘")/\Pm“ secondary vertex N
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Unfold e+A (et =-) pt spectra to obtain Ac*
(=c0) spectra

Subtraction of feed-down from Ax? decay
(Act measurement only)

Reconstructed p
N

N
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¥ Phys. Lett. B 781 (2018) 8-19
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744»\\‘7 Semileptonic decay reconstruction
(_b _’) 0> e+t =-ve
SO 4+ e
Net=> et A\ ve BR ~ 3.6% © 4 p":’O‘E:i_TeV
ECO -> = E- Ve BR Unkown 400" | — and c;;geecc:n},ljgates j
—— :+_ ® Right sign
200 . B Wrong sign B
PID is used to reduce combinatorial . :’—
background 0—F5— 25
M(e )(GeV/c)
Wrong-sign e (e- =°) pairs subtracted . *
from right-sign spectra e+ (et =) % : ALCE | {80
V5=
Correct for Ap? and =0 (=c0*) in wrong-sign % sl ppsgie+7z—TviV |
(right-sign) spectra I
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D-meson cross sections
ALICE
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pr-differential cross section of D mesons described within uncertainties by pQCD
calculations (FONLL)
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ALICE
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pr-differential cross section of D mesons described within uncertainties by pQCD
calculations (FONLL)

Ds+ cross section reproduced by POWHEG+PYTHIAG6 within uncertainties
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e D-meson cross sections
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e.g.: New reference for D mesons in pp collisions at 5 TeV
|||||||||II|IIII|IIII|_ ’G :IIII|IIII|IIII|IIII|IIII|IIII|IIII|II:
ALICE Preliminary = 'y = [ = ALICE Preliminary i
(s=5.02Tev 1 @ 10°F = E
PP 1 6 F . op, Vs = 5.02 TeV -
= 2 [ . Prompt D°, |y|<0.5 .
PromptD° |y|<0.5 3 = 10b = _
—=— ALICE 1 B = « data -
7] FONLL s Q. B & []syst. unc. i
: g/ 1 - o {s=7TeV, scaled with FONLL _
_ C\lb - . [ ]syst. unc. s
e © - i
- . i
40 E
= - o i
L o -
107 . E
- ¥ i
1078 ;_ + 3.5% lumi (Vs=7 TeV data), + 5% lumi (Vs=5.02 TeV data) _;
E + 1.0% BR uncertainty not shown E
_I L 11 | I | I | L 11 1 | L 11 1 | L 11 1 | | | | I_
0 5 10 15 20 25 30 35

P, (GeV/c)

_ Improved measurement in terms of uncertainties reduction using minimum-bias data
sample collected 2017

— New results compatible with scaled reference at 7 TeV
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€.4.. ] * fAN-
D+/D° cross section at 5 TeV D*+/D+ cross section: 13 TeV
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_ D-meson species ratios well described by models: sensitive to fragmentation functions
Results reproduced within uncertainties by FONLL theoretical predictions
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%T“\w D-meson Rppb
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¥ CGC: arXiv:1706.06728
¥ FONLL (JHEP 1210 (2012) 137, arXiv:1205.6344) with EPPS16 nPDFs (Eur. Phys. J. C77 no. 3, (2017) 163, arXiv:1612.05741)

R _ 1 dapA/ de ¥ Vitev et al: Phys.Rev. C80 (2009) 054902, arXiv:0904.0032.
pA _ A d o / de ¥ Kang et al.: Phys. Lett. B740 (2015) 23-29, arXiv:1409.2494.
pp ¥ Duke: Nucl. xPart. Phys. Proc. 276-278 (2016) 225-228, arXiv:1510.07520.
¥ POWLANG: JHEP 03 (2016) 123, arXiv:1512.05186.
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il 1 6:— ALICE Preliminary  p-Pb, sy =5.02 TeV o, o ALICE Preliminary  p-Pb, {5, =5.02 TeV
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O 6 - O 6 l // measured pp reference at Vs = 5.02 TeV
-V . 4. /
- ! = = = CGC (Fujii-Watanabe)
B / —— FONLL with EPPS16 nPDF
O 4 - D O 4 5 ----------- Kang et al.: incoherent multiple scattering
L s i * :/ ----- Vitev et al.: power corr. + kT broad + CNM Eloss
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T

_ Dst-meson Rppo compatible with non-strange D-meson one, both compatible with unity
Provide stringent constraints to the model predictions
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dN . /d 60100 0-10
Q1 (py) = ot [P Ocn(pr)= S22 ) (Wi dpi)om
P mult CP\IT 0-10 60-100
(To) dor,, / dpy (T5) (AN, /dpy)a,

i 2 5 L | L | L | L | T 1T | L | L | I I_ ?5 2_| o | rrr | L | L | L | rrr | rrr | I _—
QQ L ALICE Preliminary Prompt D mesons - @] - ALICE Preliminary Prompt D mesons
— — — 0 + *+
. p- Pb, V?NN — 502 TeV Average DO, D+, D** | 1.8 p—Pb, ~ SNN =5.02 TeV Average D ) D ) D —
o 096<y <004 ] 1.6 096 <, <004 1
- = 0-10% 2N energy - - -
- —— 60-100% ZN energy - 14 g E
1.5 — 12 ¥ E&wﬁ‘ﬁL ‘ $ n .
- - 1% ........................................................................................................................................ r:
- Sl I 0.8~ —
—’H - 0.6 —
0.5/ _ 0.4 =
il ] ~  Central: 0-10% 2N energy N
- - 0.2 Peripheral: 60-100% ZN energy —
_I L1 1 | I T | | I | | I | | I | | I | | I | | | I_ O:I == | = | —— | —— | —— | —— | ——= | I :

00 5 10 15 20 25 30 35 0 S 10 15 20 25 30 G 3\;/
p_ (GeVic) p. (GeVic)

_ Qppb consistent with unity in both centrality ranges
~ Hintof Qcp > 1in 3 < p1 <8 GeV/c, 1.50 effect
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U D-meson Qppo
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60-100 0-10
Qmult(p ) _ 1 dePb /de Q (p ) <TPPb > (dePb /de )pr
pPb \ /T mult cP\P1/)= 0-10 60-100
<]1)Pb > dO’pp / dp T <Tpr > (dN pPb / de )pr
% 2_IIII||||||||||||||||||II|IIII(|)IIII|II_
i ._IIII|IIII|IIII|IIII|IIII| IIIIIIIII I_ & _I IIIIIIIIIIIIIIIIIIIIIIIIIIII I_ ——— H . + *+
o #°C ALICE Preliminary 1 o 29 1 - ALICE Preliminary e Average D°, D", D
p-Pb, {5 = 5.02 TeV + Average D°, D*, D", 60-100% ZN energy 1.8 p—PDb, \s\ =5.02 TeV = Charged particles
2_— a Average DY, ¥, D™, 0-10% ZN energy 7] 2_— = Charged particles, 60-80% ZN energy 7] 16

o Charged particles, 0-5% ZN energy

oL _‘ 1.4

1.2

—_
T T T T T

1

0.5 __ 08_ I~

0.6

0 5 10 15 20 25 30 35 0.4

Central: 0-10% 2N energy
Peripheral: 60—100% ZN energy

|III|III|III|ImIII|III|III|III|III|

0.2

:IIII|IIII|IIII|IIII|IIII|IIII|IIII|II
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~ D-meson Qppp compatible with that of charged particles within uncertainties both in
central and peripheral events

— D-meson Qcp compatible with that of charged particles
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Act pr-differential cross section

ALICE
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| ) I ' ' ' ' I ' o~ UL I L L
2 B pp, Vs =7 TeV . |2 4l p-Pb, \s=5.02 TeV |
SO S 1 zme - 1o it I
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\ o) - o pKn*, pK? and e*v A analyses ] [¢ o) - pKn* and ng analyses - @ - ALICE Preliminary .
| - s 11 13 el —®—  096<y<004 11 O 4 # _ _ _
= vl <0.5 = 10°E I RIS 10%E " = p—Pb, \sy = 5.02 TeV .
0L ] e ALICE - F . —e— ALICE - = AL -096<y <0.04 ]
Q - . ] > POWHEG 1| Q n Lo ]
g : NN \\\\\\ GM_VFNS : g ) - —% \:| +PYTH|A6 - 3 | Comb”’]aﬂon of a
5 L VR —#— [ | POWHEG - o 10°¢ | . Shao etal. = - 103k y pK n* and pK® analyses _|
= - +PYTHIA6 B - O 11 Q = s 3
6 1t . o - with EPSO9NLO nPDF - =
5 § E © i and multiplied by A~ ] g - —4—  —=— Runt, arXivi1712.09581 -
- ] 10 —= Q - —e— Run 2, preliminary -
B 7 = ' . - o 1 02 - —
107"+ 3.5% lumi. uncertainty not shown = [ +3.7% lumi. uncertainty not shown 4 N = — 3
S N | 3 — ‘ © - —— 7]
— i T ] [~ _._ — B ]
010 _B__m__m_—m— — o 2 10 3 —-— = - i
« L = —— 3 =T : - | ]
ST - & N - 10E E
cD“ = B ] - o 1 B 10 0747777 — - ]
O 1 Sl 77777, PP 7 2P PP IAA APt #7277/ R bbb —= o = = - —
o = E - ‘ - - E |
% 10 . §1 0 - 1 E_ -I_-I 3.7°/cl> Iumi.I uncelrtaint)1 not slhownI | | | | | _§
© £ C
g | -y S8 [ _ 0 10 20
L AR RN aasssasass: T ] =
5 1 NN : @ | 'DT (GeV/c)
0 5 10 0 5 10 15 ( GeV /02)0 E GM-VFENS: Eur. Phys. J. C72 (2012) 2082
p_ (GeV/c) Pr PIWHEG+PYTHIAG: JHEP 09 (2007) 126

g arXiv:1712.09581 Shao et al.: Eur. Phys. J. C77 no. 1, (2017) 1

. Combination of 3 decay channels in pp (hadronic + semileptonic) and 2 decay channels
in p-Pb (hadronic)

— The theoretical predictions underestimate Ac: pr-differential cross section both in pp and
p-Pb

_ In the models, the fragmentation function is tuned to reproduce the results from lower
energy ete- collisions

21-25 May 2018 CHARM18 - S. Jaelani



\\W’

1 I | I I |

~  p-Pb,\s,, =5.02 TeV
-0.96 < y < 0.04
Shao et al.
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Act/D0 baryon-to-meson ratio in pp and p-Pb

pp, (s =7 TeV
ly| <05

—&— ALICE, arXiv:1712.09581
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ALICE Preliminary
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Baryon-to-meson ratio
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| Run 2: New!
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] < 0.5

—e— A}/D°, arXivi1712.09581
—e— A/KS, PRL 111 (2013) 222301
—e— p/m, PLB 760 (2016) 720

I LI I l I I I I l LI I I l I I I I l I I I

ALICE Preliminary
p-Pb, \syy =5.02 TeV
-096 <y <0.04

—— A /D
—o— A/K PLB 760 (2016) 720
—o— p/m, PLB 728 (2014) 25-38

e

Sl § :
§ -
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1
5 10 15 20
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_ Act/DO ratios in pp and p-Pb collisions are compatible within uncertainties

_ All theoretical predictions underestimated our measurements:

PYTHIAS8 tune with the Monash tune (enhanced color reconnection)
Shao et al. model (tuned on LHCb pp data)

_— New preliminary results in p-Pb collisions at 5.02 TeV (improved measurements in terms of
pt reach and precision): similar trend as baryon-to-meson ratio in the light-flavour sector
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1 dO' / d ¥ POWHEG+PYTHIA6 with CT10NLO+EPS09 PDF: JHEP
R pA pT 09 (2007) 126, Phys. Rev. D82 (2010) 074024, JHEP 04
pA / (2009) 065
A dO'pp de &
f B 1 1 I 1 1 1 I LI 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 L 1 1 1 1 1 1 I 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 ]
= - ALICE Preliminary T ]
: p—PD, m =5.02 TeV + .
1.6 —096<y <0.04 —+ =
= cms 4 -
1.4F + E
1.2H —+ =
CV/ T ]
1Y T B o
— -+ N SN . - PN >>4
0.8F F R IR R OISR A
| : + 0 SRR T —, .
0.6 - ]
- . e T . POWHEG+PYTHIAG ]
0.4 -@- A (— pK 7', pK_ combined) T =~ with CT1ONLO+EPS09 PDF (A,) -
0 2:_ + D mesons (average DO, D+, D*+) _::_ — POWLANG transport model _:
“r Phys. Rev. C94 (2016) no.5, 054908 T (charmed hadrons) -
U U U AN U YN U T U N T U N U T U Y U W N T (N U T N T T M NN Y TN T N WO M M AT BN O AN AN
0 > 4 6 8 10 12 2 4 6 8 10 12
p_ (GeV/c) p. (GeV/c)

Act Rppo is consistent with unity as D-meson Rppo and with model predictions within

uncertainties:
POWHEG+PYTHIAG6 with CT1O0NLO+EPS09 PDF: Cold Nuclear Matter effects
with “small-size” QGP formation: hot medium effects, collisional energy

)

loss
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VS =0 ' =_.0/DO
U =c? cross section and =
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¥ Phys. Lett. B 781 (2018) 8-19
:G I : I L R OD - L .
> 5 ALICE ] =  (a) . Data ALICE
—1 | _ _
o L pp, \s =7 TeV | w10 3 ||°p| ‘E - 7 TeV PYTHIA8 Monash [64] =
3 - | ¥l <0.5 = GTJ F i< PYTHIAS (CR, Mode0) [28] 1
gl N ~0 - ] - -
S, - E.— eTEV
S [ d C ) 1 %P 107%E ' E
Q. - -
= - .
2 ok —E— . : == ——pe—]
o) - . —3 >
/;m - $ - " E R RRRK '0'0""’8’\8’\’}\’\}"\0}’)%}}}}}%’;
l[rﬂ " Not corrected for £ decavs . - a‘v‘ggng:&:‘onA:f.:?:?:?o?o?o?o?:?:?ofoA:ﬁo:::::Q:Q:Q:?:::f:?:t:t:?:ngg‘?
() 1 0—2 - b | y :1: _ 1 0_4 | / 2
T = + 3.5% norm. uncertainty not shown = = =
oo = [ - - T B
E:El 0 2 4 6 8 0 4 6 8
0 P, (GeV/c) P, (GeV/c)

¥ DO from Eur. Phys. J. C77 (2017) 550

¥ PYTHIA 8 Monash: P. Skands, S. Carrazza, and J. Rojo, Eur. Phys. J. C74 (2014) 3024
¥& Colour reconnection: J. R. Christiansen and P. Z. Skands JHEP 08 (2015) 003

_  First =<0 production measurement at the LHC (BR unknown)

. Baryon-to-meson ratio =0 = et=-v./D0 larger than model predictions
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w> Summary ALICE
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> D-meson pr-differential cross section measured in pp collisions at 2.76, 5.02,
7, 8 and 13 TeV compatible with pQCD predictions

~ Ruew of D mesons compatible with unity

~ Qppp consistent with unity and compatible with charged particles in 0-10%
and 60-100% centrality classes

~ Hintof Qcp>1in3 < p1r <8 GeV/c, 1.50 effect
_ Act production in pp and p-Pb collisions underestimated by models

~ Act/D0 in p-Pb collisions higher than MC predictions: similar trend as the

baryon-to-meson ratio in the light-flavour sector
~ =c9%/D0 production underestimated by the theoretical predictions

21-25 May 2018 CHARM18 - S. Jaelani



ALICE

Thank you!
Cnacub6o!

L]
Netherlands Organisation N k h -F
for Scientific Research l e

21-25 May 2018 CHARM18 - S. Jaelani



S0
NS

ALICE

Universiteit Utrecht

21-25 May 2018 CHARM18 - S. Jaelani



D-meson cross sections at 2.76 TeV
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D-meson cross sections at 5 TeV
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D-meson cross sections at 5 TeV
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D-meson cross sections at 7 TeV
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D-meson cross sections at 8 TeV
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D-meson cross sections at 13 TeV
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