D-meson and charmed-baryon measurements
in pp and p-Pb collisions with ALICE at the LHC
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* Physics motivations for charmed-hadron studies
The ALICE detector

e Results for charmed hadrons in pp:
— D-meson cross sections and ratios
— First A_* and = ° measurement in hadronic collisions at mid-
rapidity
* Results for charmed hadrons in p-Pb:
— First A_* measurement at mid-rapidity

e Conclusions and prospects
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Why charmed hadrons?

ALICE

Created in hard partonic scattering processes (early stage of hadronic collisions)

In pp:

Useful test of perturbative QCD calculations at LHC energies

With charmed baryons: shed light on c-quark hadronisation
mechanism

Baseline for Quark-Gluon Plasma (QGP) study in Pb-Pb collisions

In p-Pb:

e Study cold nuclear matter (CNM) effects not due to the QGP formation
— Moadification of Parton Distribution Functions, gluon saturation at low x
— Energy loss in the initial- and final- state of the collisions
— k; broadening (Phys.Rev.D36 (1987) 2019; Nucl.Phys.Proc.Suppl.214 (2011)

181-184)
In Pb-Pb:
74 * Modification of the c-quark hadronisation mechanism due to its
) ) interaction with the medium constituents
‘ — Possible enhancement of A_*/DO ratio in heavy ion collisions with respect to pp
PV , collisions
c,/ Pb
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Why charmed hadrons?

ALICE
Created in hard partonic scattering processes (early stage of hadronic collisions)

In pp: In e,
@ %
_>O d * With charmed baryons: shed light on c-quark hadronisation
D O" mechanism
c P e Baseline for Quark-Gluon Plasma (QGP) study in Pb-Pb collisions
In p-Pb:
e Study cold nuclear matter (CNM) effects not due to the QGP formation C @
— Modification of Parton Distribution Functions, gluon saturation at low x ‘
— Energy loss in the initial- and final- state of the collisions p Z
— k; broadening (Phys.Rev.D36 (1987) 2019; Nucl.Phys.Proc.Suppl.214 (2011) &
181-184) Pb
In Pb-Pb:

* Modification of the c-quark hadronisation mechanism due to its

@
interaction with the medium constituents
A . — Possible enhancement of A_*/DO ratio in heavy ion collisions with respect to pp
P
C Pb

collisions



The ALICE detector

ALICE

Focus on the detectors used for these analyses

VOA and VOC:
* Trigger

Inner Tracking System (ITSPln | <0 9:
*Vertexing
*Tracking

Time Pro;ectlon Chamber (TPC),|7]|<0 9 Z
*Tracking . &
* Particle IDentification (PID) .
Time-Of-Flight (TOF), In I\\k9
*PID

" ’ " Int. J. Mod. Phys. A 29 (2014) 1430044
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RESULTS IN PP COLLISIONS



D-meson cross sections

D0 — Kmt*

ct=123 um, BR=3.93+0.04 %
( Hm, )

D* — Kmn*'n* (ct=312 um, BR=9.46 + 0.24%)

D** — D(—Km*)n* (strong decay, BR =2.66 + 0.03 %)
(ct =150 um, BR=2.27 + 0.08 %)

D,*— ¢(— KKt

Analysis technique: topological and kinematical cuts + PID
DY in 0<p;<1 GeV/c, no topological selections
correction for beauty feed-down (based on FONLL)
Analysis performed over wide p; range (0<p;<36 GeV/c for D° @ 7 TeV)

D?, pp @ 7TeV, down

to p;=0

I I I T

Prompt D°, |y|<0.5
—=— ALICE

FONLL
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p;-differential cross sections reproduced within uncertainties by theoretical predictions based on pQCD
calculations, i.e. FONLL[1] and GM-VFNS[2]

[1]: JHEP 05 (1998) 007; JHEP 10 (2012) 137; [2]: Eur. Phys. J. C41 (2005) 199-212; Eur. Phys. J. C72 (2012) 2082

7/6/17

+
D.*, pp @ 7TeV
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ALICE

D-meson ratios

D? — Kmn* (ct=123 um, BR=3.93 £ 0.04 %)
D* — Kmn*'n* (ct=312 um, BR=9.46 + 0.24%)

D** — D(—Km*)n* (strong decay, BR =2.66 + 0.03 %)
D,*— ¢(— K'K*)n*  (ct=150 um, BR=2.27 +0.08 %)

Analysis technique: topological and kinematical cuts + PID
correction for beauty feed-down (based on FONLL)
Analysis performed over wide p; range (1<p;<36 GeV/c for D° and D* @ 13 TeV)

e L e P I L P e e B B B L L R BRSNS RS
185  #stat. unc. _ ALICE Preliminary | g'_ e stat unc. /-})LICE Prelimnary4 @ |, ot unc. ALICE Preliminary -
— . .F [Jsyst. unc. D*/D’ pp,\s=8TeV § | 9712 [J syst.unc. D'/D°,pp,\s=5TeV— g 1.2 [ syst. unc. D" /D% pp, \s =13 TeV
a 165 FFONLL L,=19n" <05 |8 T FONLL ly| < 0.5 1 T\; - FONLL ly| <0.5 A
£ J1° 1= -1 ° 1= .
E EN Exl= 1o ]
“F 1 |2 osf - 0 o8 -
- EN s 1 C ]
E ‘Hi 11T os[- 1 3 ol -
8F . o L 1 © Tk J
: ﬁ‘# N R 1 ° ;@Eﬂﬂﬂhﬁ . ]
. E it i _E 0.4__ L\J"'m _§Wﬁ $ 1ol [] —: 04:$ <E> —m—gﬁigﬂ——:
F E 02 4 o +2.7% BR i own) 3
“E + 0.7% BR uncertainty (not shown) - Ct27% BIR uncertaintly (not ShOWP) | ] E ._I " . ‘ol | ‘ulml:?rtlalln"[yl(r]?t‘slC?V\‘ml)‘,
T A SRV A £ i L KPR | ) L S
0 5 10 15 20 25 GeV/c
p_ (GeVio) p, (GeVic) p, ( )
Results reproduced within uncertainties by FONLL theoretical predictions
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First A_f measurements @ mid-rapid

pKT*, B.R.=6.84+0.40%
A+t =< pK%,  B.R.=1.09%0.06% Tt~ 60um
Ae*v, B.R.=3.6+0.4%

Analysis techniques:
hadronic decays: as done for D mesons
semileptonic decay - neutrino not measured:
subtract the WS (e"A) spectrum from the RS (e*A) spectrum;
correct for oversubtraction by A, ° and overestimate by E_*;
unfold reconstructed p;®” into p;/°.
Analysis performed in 1<p;<8 GeV/c ra:(r)lge

x10° X o XTO? , : I :
L T Lol A I | ‘ALICEPr‘eIiminar -
> | ALICE Preliminary > 3<p.<4GeVic > [ 4 W,
T 0} L —4— _ ol
S 1.4F _ s L + 0] 0.8 PP, \s=7TeV
1 pp,\s=7TeV I .
Q Q N As = €'V,A +c.c. |
< o 1.8 — o L |
~ ~ - ~ 06_ 4¢f _
B2 St e —+
= L = - q:) " e
5 _ 5 1-6[ T 0.4~ —= Right sign = i
1.0-) Af = pKn* + c.c] STD . AL = pK® + c.c|STD | = Wrongsign
- ) - 5 f = ]
- w=2.291+%0.002 B 1.4~ n=2.284 +0.002 — 0.2jg: ==
- 6 =0.007 fixed to MC 1 - o =0.009 fixed to MC 1 i 3< piA <4 GeV/c =
0.8 S(*30)=539+99 e - S(30) = 414 + 89 | o [ ]
2.25 2.3 2.35 215 22 225 23 235 24 0.0 yp g e g
M(pKn) (GeV/c?) M(pK) (GeV/c?) M(eA) (GeV/c?)
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First A" measurements @ mid-rapidity

ALICE

All measurements averaged together

D o T T T T ] —
o 0 ALICE Preliminary I (correlation in the uncertainties taken into account)
> pp, \s =7 TeV
S 102k A = P
©) - o E R pp, \s =7 TeV ]
s V<05 : S ek W Al .
= - . K ] [0) E o combination of 3
i - A; > pKm ]| g C - pKwt, ng and e'v A analyses ]|
Q" - Al > ng a = | < 0.5 .
-g 105_ # +A;'—>e+veA _E :S'|_ 10? —— —e— data é
o - . S [ ]GM-VFNS 7
i ] - —— POWHEG .
Q_jg : —p— ] !: L [ PowHES [i‘ : JHEP 09 (2007) 126
—++ 0 E ALICE 1
i3 E © i Preliminary
E E 10" + 3.5% lumi. uncertainty not shown =
|+ 3.5% lumi. uncertainty not shown i . v | 3
| 1 1 1 1 | 1 o 10 ; —E_—m—_m_ ;
0 S) 10 ol E - E
<= C ]
p; (GeVic) H2- . B ]
All the measured cross sections compatible within 010 - | i
statistical and systematic uncertainties S|E -
. . . [m]
(BR uncertainties included) I — N R 3
0 5 10
GM-VFNS underestimates by a factor 2.5 p; (GeVic)

and POWHEG+PYTHIAG6[3] significantly underpredicts (by more than a factor 18 at lower p;) the data

-

GM-VENS well describes the ALICE and LHCb measurements of D mesons and LHCb measurements of A_*, =7
2<y<4.5 (Nucl.Phys. B 871 (2013) 1-20), but it underestimates the ALICE measurements of A_*, |y|<0.5

7/6/17 EPS Conference on High Energy Physics - Venice, Italy A. De Caro 10



First Z % measurements in hadronic collisions\!

ALICE
=0 — Ee*v,— Ametv 2 b T e plm
—c e e e 8 I —+— ALICE Preliminary |
~ 30um, BR unknown O PP, 15 =7TeV
(Ct M ) ) B —— ¥ —— eV, i
400 and charge conjugates |
I . h . . f +9 + A i —— ® Right sign J
Ana ysis techniques: as done for Ac e’v . . I
- rong sign .
Analysis performed in 1<p;<8 GeV/c range 200~ —— s
No feeddown subtraction from =, - = E ;
p— p— —— \L{ ='==.=-
lack of knowledge of the absolute BR of &, > &% +X 0+.1.5. —
' " M(e=) (GeV/cd)
S L I E L L A L R 3
S i ALICE Preliminar o [ ALICE Prelimi Data .
8 ﬁ pp, \S = 7'|I'e\l/ ! '[x>] 10—1 - pp, \s= r7e-||-|:\|?ary . ‘ (D° from arXiv:1702.00766) -
o 1 = 0.5 E N E Y| <05 [1202] PYTHIA8 Monash x BR 3
= . l{ | < 0 — . 0 C PYTHIAS (CR, Mode0) x BR ]
%‘}_ - ﬁf (B—) B> BV, ] 102 T (0.3% <BR<32%)
Q r 1 F 3
% 10k —$— i - == —BiE—
o g — 3 V0 B s e s
'[>1m i ] - i
? 102 . . $ — 10_45:‘“”
%9 E i‘?"‘r’/‘l’ '“”I"' “rl‘cerfa'”tly ”Of Shf’W”I o 3 :%{éﬁﬁr}}}b}}:llﬁl
T 0 2 4 6 8 0
@ p. (GeV/c) p. (GeV/c)

Various PYTHIAS8 tunes for the hadronisation mechanism, underestimate the measured Z_°/D°
Uncertainty bands due to the range assumed for the E° branching ratio (0.3-3.2%)
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RESULTS IN P-PB COLLISIONS (2013 DATA)



First A" measurements @ mid-rapidity; 4

LIC

Two hadronic decay channels studied, A_*=2>pKmt* and A_*2 pK°
Analysis techniques: topological and kinematical cuts + PID (STD)

MultiVariate Analysis (MVA) based on Boosted Decision Tree (BDT)
Analysis performed in 2<p;<12 GeV/c range

STD MVA

N 100 e N 100 e
8 j T T T : 8 [ T T T
> [ p-Pb\sy=502TeV bl > ALICE Preliminary
S 8.0F s 65¢
Qe r Q
< [ < < L
~ ~ f—
% 7.5_— ] g 6.0_ N N
2 | }  4<p,<6GeVic ] N Ac )pKT[
w 7.0k + . W 55
t ' Al - pKnt+cc., STD ] AL = pKT* + c.c., MVA ]
6.5F 1 = 2.288 + 0.001 . 500 1 =2.288 +0.001 ]
[ &= 0.006 fixed to MC ] [ o= 0.006 fixed to MC 1
[ S(td0) = 1267 £ 250 ] [ S(t30) = 1704 £ 203

2.2 I 22 525 53 23
N M(pKn) (GeV/c?) M(pKn) (GeV/c?)

(\é 58 T T T T _ “‘8 T T T T T
> | > it
=56 s 9.0
o 0
© 54 [Te)
~ ~
S..F T T B ssf 0
252 2 8.or +9
= c Ac pK S
W, |
Al = ng +c.c.,, STD ] 8.0l AL = pK: +c.c.,, MVA
48 E p=2.285+0.002 B o =2.287 +0.002 +
[ o=0.009 fixed to MC ] [ o =0.009 fixed to MC 1
46 S(+30) =796 £ 162 | 7] [ S(x30)=1351+239 | ]
22 2.25 23 235 22 225 23 235 24
M(pKS) (GeV/c?) M(pKS) (GeV/c?)
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First A" measurements @ mid-rapidity

ALICE

— All measurements averaged together

R ALICE Preliminary i (correlation in the uncertainties taken
> B - = 7 H
® P-Pb, \ Sy = 5.02 TeV into account)
G 10 % A E
~ E '096 < ycms < 004 E — F T T T T T T T I T T 3
St - A! - pK*, STD ] N p-Pb, | Sy, =5.02 TeV -
- | - A > pK?, STD | < | AL l
% 3 # _e_A: N pK_TC+, MVA G 104 E_ —— cor_nbination gf _E
> 10°F = A" o pK®. MVA = Z - pK=* and pK, analyses ]
) ; c 7 PRg ; S 0.96<y__<0.04 ]
Nb | . Q'_ i —io— —e— data |
O - . T 10° E
> E POWHEG A
2 — © - +PYTHIA6 7
10 F T E > B —®—  with EPSO9 nPDF |
- 129:) . o) - i
|+ 3.7% lumi. uncertainty not shown i 102 -
1 L 1 1 I 1 1 L L I L 1 1 E m E
0 5 10 - .
p_ (GeV/c) - ALICE i
T joL Prefiminary B
All the measured cross sections compatible E & 3.79% lumi, uncertainty ot shown
within statistical and systematic uncertainties < 10 e e
e e w10 ¢ - E
(BR uncertainties included) -
QB 1¢
o = . .
0 5 10
P, (GeV/c)

POWHEG+PYTHIAG significantly underestimates (by more than a factor 18 at low p;) the data
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A nuclear modification factor measurement.

ALICE

Af-baryon R, measured in 2<p;<8 GeV/c range.

The measurement is
compatible with unity within the statistical uncertainties,
consistent with the D-meson R

pPb* N oo
g B LI I LI I LI I LI LI LI LI LI I LI LI I LI I LI | )
Q_ - . .
o 1.8:— ALICE Preliminary
- P-Pb,\ sy =5.02 TeV :
1.6 096<y <004 -
| cms
5 TeV 1.4F
1 dOpr / dp, Tt
pPb ~ 7 TeV 1.2F Illl
A fFONLL (pT) dU /de : | 'li ﬂ_ 2 .

T ' 7" T e R e “ """""""" RRBASSSR L ey e
S Tev F P Tl .M’o‘o"’""“3‘3‘3‘3‘3‘3%:3:3-

- e 9% 1

£ (p ) FONLL/de 0.8 ol SRR —~—
FONLL T 7TeV /d 0.6F- (5) ]
OronLL ' . ‘ ]
C & A¢ . POWHEG+PYTHIA6 ]
0.4 with CT10NLO+EPS09 PDF (A,) ]
L -4 D mesons (average D°, D", D) POWLANG transport model ]
02__ Phys. Rev. C94 (201 6) no.5, 054908 — (charmed hadrons) ]
0: 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 I 11 1 11 1 I 11 1 | 11 1 I 11 1 I 11 1 I 11 1 I 11 1 1
2 4 6 8 10 12 2 4 6 8 10 12

P, (GeV/ce) P, (GeV/c)

Measurement vs theoretical predictions:
(4) POWHEG+PYTHIAG6 with CT1ONLO+EPS09 PDF (A.): only CNM effects included,

(5) POWLANG transport model: a hot deconfined medium formed also in p-Pb collisions.
The current precision of the measurement does not allow to constrain the models.
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A_t/D® measurements in pp and p-Pb collisions\t

T T T T | T T T T T T T

ALICE

2 1.4 pprs-7Tev ALICE preiminary 4 All theoretical predictions underestimate our
+<‘J 1.2:_ —|i/|—<d2;:(D° from arXiv:1702.00766) ME measurements
1.05_ -~ EEEY:%;OE)%E:;EZLO) et oo D %M * PYTHIAS wiFh colour—rgconnection tune ModeO
C .- HERWIG? 096<y,, <004 (hadronisation of multi-parton system) is closer to
08t E@@ e, 1 the measurements
0.6 - generator predicts lower values
0.45— H =@= i _ * Similar predictions obtained by and
e ] PYTHIA8 with the Monash 2013 tune (better
oz A“ . description of the measured baryon-to-
000” . 5'4' . ‘A_;f;% . meson ratios in the light-flavour sector)
p_ (GeV/c)

ALICE measurements higher than all previous measurements - not all in pure hadronic
collisions, lower energies, different p; and y ranges

CLEO Coll.: Phys. Rev. D43 (1991) 3599-3610
ARGUS Coll.: Phys. Lett. B207 (1988) 109-114;
Z. Phys. C52 (1991) 353-360
LEP average: L. Gladilin, Eur. Phys. J. C75 no. 1, (2015) 19

ZEUS Coll., DIS: JHEP 11 (2010) 009

ZEUS Coll., yp (HERA1): Eur. Phys. J. C44 (2005) 351-366
ZEUS Coll., yp (HERA 11): JHEP 09 (2013) 058

LHCb Coll., pp 2.0<y<4.5: Nucl.Phys. B871 (2013) 1-20

—_—

All theoretical predictions, that contain, fundamentally, LEP results as ingredients, =

reproduce previous measurements
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ALICE

Conclusions and prospects

* Non-strange and strange D-meson production
measured at several collision energies reproduced by
pQCD calculations

* First charmed-baryon measurements at mid-rapidity
@ LHC energies and collisions shown

— Measured cross sections and A_*/D° ratios higher than all
available theoretical predictions
 Run2 (M.Floris’s talk, plenary session)
— 13 and 5 TeV pp collisions: first results shown here

— p-Pb collisions: 6xRunl available statistics (C.Terrevoli’s talk,
Heavy-lon Physics session)

e ALICE-ITS upgrade program (P.Camerini’s talk, Detector R&D
and Data Handling session)
* More precise charmed-hadron measurements will be allowed
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PID performance in pp and p-Pb collisions&cE

TPCin pp TOF in p-Pb

; P E o 'p;')é\;s?:mv' -E g 1'_'
8 180 40 1
X - ] i
3 160 |- E
L - R 0.8
X 140 3 ' | Performance e :
2 120 F D - B
i - 7 0.6 :
x I ‘.:Ai".g.'_’l‘.?}'g"ECE gL
. = N : p-Pb\Syy =502 TeV ]
5/03/2013
60 | e
40 02
0
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LHCb measurementsin pp @ 7 TeV

Nucl.Phys. B 871 (2013) 1-20 DO

Candidates / (3 MeV/c?)

7/6/17

X1 q3

T T T T T T

| —— Complete fit

_W Secondary bkg.

Combinatorial bkg.

Il Il 1

19
m(K ) [GeV/c?]

Table 7

ALICE
= R L L L L S LS R
2 e LHC
%102? (&) \5=7TeV }
N | St <2,5’
o

10™ x do/d

e .l e

—e—HCb data

— FONLL e ? -
—— GMVFNS *=s 3
-------- GMVENS intr. charm

0

1 2 3 4 5 6 7 8
p; [GeV/c]

Differential production cross-sections, do /dpr, in ub/(GeV /c) for prompt DY +c.c. mesons in bins of (pr. y). The first
uncertainty is statistical, and the second is the total systematic.

PT y

(GeV/e) 2.0,2.5) (2.5,3.0)

(3.0,3.5) (3.5,4.0) 4.0,4.5)

0,1 113,58 £5.45+10.45

96.51 £3.49 +£8.10

90.99 £3.67+7.24 80.41£4.19£6.30 57.37£5.37+5.10

(1,2) 147.06 =5.78+£12.45 146.54 =4.08+12.16 129.43=3.89+10.19 112.64=4.52+8.95 81.57+5.20£7.02

(2,3) 85.95+3.18£6.80
(3,4 41.79 £ 1.78 £3.82
4,5 18.61 £0.98 £1.73
(5,6) 9.35£0.66 £0.90
6,7 492051049
(7,8) 234042026

82.07£2.10%£6.58
3486 +1.10+2.82
16.11 £0.67 = 1.49
885048084
431£038+£043
241 +£036+0.26

68.48 =1.90+5.40 58.25+2.024+4.70 39.87+2.56+3.78
3130 1.05+£247 22.65=1.00£2.13 15.50+1.29+1.51
1436 £0.66 £ 1.15 9.89£0.62+£0.94 5.69+£0.87=0.60
6230411060 488=0431+048 3.22+0.98+0.46
299+£033+030 233=0.34%0.25
1.25£027+£0.14 1.14=0.35£0.16
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LHCb measurementsin pp @ 7 TeV

Nucl.Phys. B 871 (2013) 1-20 A +
@ e rrprrrr T T rprrr e e
a T T | T 1 2 LHCb
RS - —— Complete fit LHCb > i Js=7TeV
SN - ; g 10° ;
§ 150 i k\\% Secondary bkg. ( C) ] N
o I Combinatorial bkg. ] 3 %
Z i =
Z 100 g \
2 L \+
= \
= i \ 20<y<45
= B i
S 507 10 \\ {
: AN }_
0 L L | 1 L 1 1 | 1 1 L 1 | \
2.25 23 2.35 [ NN '
m(p K %) [GeV/c?) - e LHCb data N
—— GMVFNS <
It ! ! Lol | ! ]
0 1 2 3 4 5 6 7 8
n [GeV/]
Table 5 |
Bin-integrated production cross-sections in pb for prompt A/ + c.c. baryons in bins of y integrated over the range
2 < pr < 8 GeV/c. The first uncertainty is statistical, and the second is the total systematic.
PT y
(GeV/c) (2.0,2.5) (2.5,3.0) (3.0,3.5) (3.5,4.0)
(2, 8) 214 £8.1£7.2 499+ 11.6£15.6 629+7.0+18.8 442 +£8.6£13.2
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STAR measurements in Au-Au coIIisions

1201~ Au+Au @ 200GeV 3.0<p_<6.0 GeV/c
. | 10-60% ~pKn* + pK'n
L 100 — wrong-si
2 g-sign
>
()
= 80
o
=
5SS 1
2 60
N
= A .
o Al II R A |I=|I]|I)|I)|I) : l!!l!i. .=|! I!i!ﬁ!(l! P o
O 4o ltRAGIE ARG
IIIII h i d |||||||||IIIII}IIl * LT mll!
o [ RO
21 22 23 24 25
M.... (GeV/c?)
>, 102F
Q STAR Au+Au @ 200 GeV
kS Ac
L
10°F
E F Runi4 HFT
—e— 10-60% *
1074
®
107 3
f—&—— STAR Preliminary
10-6-|llllllII|IlII]IlII]IIIIIIIIIIIIIIJIIIIIIIIIIIIII

0 1 2 3 4 5 6 7 8 9
Transverse Momentum (Gev/c)
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ALICE

Results shown @ QM2017

AutAu @ 200 GeV
STAR Preliminary

__________ Ko: di-quark *
Ll S— k] B
§ " Ko: three-quark 1
- SHM Greco \

ot pyTHIA |
— rt “‘.,r'ﬁ T L I 1 I L | 1 | 1 I
10" W
1

0 2 3 4 5 6

Transverse Momentum o (GeV/c)
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