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Motivation %
ALICE
do_ﬁgih = fb/B(xla QQ) ® fa/A($27 Q2) do‘ggfc(zla T, Q?) c—>h( Qz)

C. Hills

Initial state PDF
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cross section
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Motivation

ALICE
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Motivation

> Baryon-to-meson ratios in pp, p—Pb are enhanced with respect to e*e ALICE
collisions
Oe 1.4F AILICIIE Prlelimilnary| - - .
> |s charm fragmentation the same for < (of o o 5.02 TeV m;\g;ﬂev E
all collision systems? o Bt . e = it
- PYTHIA8 gg,q9— cc, Mode0
> Mechanisms that better describe data: O_Sf_ Ei{{%ﬁ?j@igg(m& Modeo 1

o Pythia8 w/Colour reconnection 0-Pb, | 5.y = 5.02 TeV
’ NN -

-096<y <0.04
JHEP 1508 (2015) 003 cms

—a— data

o Statistical Hadronization Model w/
augmented set of charm states

III|III|III|I[I|

Phys.Lett. B795 (2019) 117-121
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ALICE detector

Time Projection Chamber

(In] <0.9)
Track reconstruction

Particle Identification (dE/dx)

Inner Tracking System

ALICE

(In] <0.9)
Vertex + Track reconstruction

Time Of Flight

(In] <0.9)
Particle Identification

C. Hills
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Charmed-baryon analyses

ALICE
> PID and Topological selections T lm
> 163_ ALICE Preliminary A} — pKn* E
> Yield extraction via invariant mass analysis % Zi}cﬁ;l;iziv[m.s-46.;1]nd charge con.
H 8-15-_u=2289i1MeV/02 N
> Corrections to account for detector efficiency and g | =5 MeV/C’ fred 0 UG
acceptance 3 14:_

> B Feeddown estimation subtracted to provide i

prompt production cross section 12 4<p._<6GeVic -

e,

1 | 11 1 | L1 1 | 11 1 l L1 | 1 1 1 [ 11 |"T'
222 224 226 228 23 232 234 236
M(pKr) (GeV/c?)

Hadronic decays:

A K 02N T

A+

0,++
zC

(02

Ac+ —>pK'1T+ Zc++_'l\c+ ot
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Charmed-baryon analyses %
: m ALICE

> PIDand T logical selection L 08
a d Opo Og cal se eCt ons % [ ALICE Preliminary 1
207 pp, (s=13TeV -
. . . . , S [ |yl<o05 ]
> Yield extraction via invariant mass analysis B oo L iRV ednroazmE)
S [ Ogauss = 0.98 MeV/c?
. . F %l = 0.22 MeV/e? (fixed to PDG 2019)
> Corrections to account for detector efficiency and 05F M7y = REE R TRET0 .
F ORIt AT pK T ]
acceptance 04 and charge conj. E

0.3F

> B Feeddown estimation subtracted to provide - foth

. . 0.2f
prompt production cross section n 1
0.1 M. =(0.1680+0.0003) GeV/c? 3
S=621+86 ]
07I 1 | 1111 | 1111 | 1111 | 1111 | 111 1 | 111 1 | 1111 ‘ | I

0.15 0.155 0.16 0.165 0.17 0.175 0.18 0.185 0.19
M M (GEV/C?)

Hadronic decays:

A K ZOAS T

A + Z 0,++

(02

Ac+ —>pK'1T+ zc++ N Ac+ ot
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Charmed-baryon analyses %

ALICE
> PID and Topological selections m
13X1'0'3' LR EEREA R
> Yield extraction via invariant mass analysis 5 gl
M<05 ]

> Corrections to account for detector efficiency and
acceptance

and charge conj.
3<pT<4GeV/c 7

11 —

Counts per 10 MeV/¢?
0

> B Feeddown estimation subtracted to provide 10F 422473 52 MeviE?

. . [ o=9MeV/c?
prompt production cross section [ 310854104 I

Hadronic decays:

A K 02N T

A+

0,++
zC

(02

Ac+ —>pK'1T+ Zc++_'l\c+ ot
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Charmed-baryon analyses

PID and Topological selections

Yield Extraction by subtracting Wrong-Sign
pairs from Right-Sign pairs

Unfolding converts e= p, spectra into =% p,
spectra

Corrections to account for detector efficiency
and acceptance

Semileptonic decays:

=0

=0 +=
(o8 =-C —re __Ve
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A.*/D° baryon-to-meson ratio - pp %
m ALICE

A.ID° vs multiplicity (pp)

- . l T T T T T T .
- ALICE Preliminary ] : o
= 095 o veoisTev.yle0s = > Significant enhancement
< C Multiplicity classes: || < 1.0 . . . . .
0.8- —e— . tegrted - with multiplicity
C dNg/dn:[ min— max], mean .
0.7 —8— [ 14~ 75], 39 =
C —a— [ 8.4- 24.3],13.7 ]
0.6 —— [24.5- 45.8], 28.1 —
: —— [38.6-152.0], 44.0 ]
05—_ [ syst. from data =
E . | Syst. from B feed-down ;
0.3 =
0.2 i =
0.1~ =
[ +7.0% uncertainty on multiplicity estimation not shown n
O_ N TN TN TN M R ST SN S AN S N HAANN NS A N M
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N—"

ALI-PREL-336414
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A\.*ID° baryon-to-meson ratio - pp

A.'ID° vs models (pp) R m

S,

ALICE

[~ . " -
| ALICE Preliminary Multiplicity classes: || < 1.0 _] . -
S hmteewyios o' F ~ Significant enhancement
» w/dn: [ min— max], mean . . . ..
F Osettomoaa —e— [ 14~ 75, 39 . with multiplicity
1_ [ Syst from Bfeed-down  —¢— [38.6-152.0], 44.0 ]
| + 7.0% unc. on multiplicity estimation not shown _| . . .
oal PYTHIAS (N, /cn mean: ] Described well with Pythia
O Monash: Mode2: »— . .
B —s7 @] including colour
B ==414 ) 41.2 _ .
0.61— JHEP 08 (2015) 003 __| reconneCthn
0.4 -
0.2 _
- Vﬂri_“_““i_““".-= =».'.,,—5.===ii'“::::::2>“
0 | | | | | | | | | | l ] ! | | | | | | | | | ! !
0 5 10 15 20 25

P, (GeV/c)

ALI-PREL-336442
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A."ID° baryon-to-meson ratio - Pb—Pb %

ALICE
> Baryon-to-meson ratios expected to be enhanced in Pb—Pb by recombination

A.*ID° (Pb—Pb and pp)

I\c‘“lD0 vs models
Pb—Pb

| T J l T | -1 o 12 T T T T | T |
- ] [m] B
ALICE Preliminary 3 ~ ALICE Preliminary
= [¢] - =
Vs =5.02TeV, ly| <05 E < i 0-10% Pb—Pb, /s, = 5.02 TeV .
E i yi<os e hintof
—e— 0-10% Pb-Pb ] 0.8 N .
—a— 30-50% Pb-Pb 3 s —e— data 4 enhancement in
E - Catania, fragm.+coal. :
—— o K | SHM (A Androncelal) Pb-Pb
3 0.6 ‘& — PYTHIA8 SoftQCD, Mode0 ~ —|
E oab 5 E e compatible with
3 T i recombination
0.2 E _E 0.2k o i B
0.1 =
Open marker: f,q, calc. with pT-eﬂrapolated pp reference Open marker: ., calc. with pT-extrapolmed pp reference
0 L | I | L | | | | - 0 L I 1 I | I L I I | I
10 20 10 20
V
p. (GeVic) P (GEVIC) ¢ tania - Eur. Phys. J. C (2018) 78: 348

SHM - Phys. Lett. B 797, 134836 (2019)
Pythia - JHEP 1508 (2015) 003
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A\." Nuclear modification factor - R __,

a g AUCE  pPbysy=502Tev | A E
= + . . _ -0.96 < y < 0.04 _
/\g: RpP.b iIs compatible 19 ]
with unity fab H Jﬂ~ H
1.2;— U l
> Compatible with 1&554%@ ------------------- .
D-meson R i :
pr 0.6 -
C oA {&I POWHEG+PYTHIAG
0.4:— 4~ D imesons (average D, OF, 0%) d }&4 with CT10NLO+EPS09 PDF (A,) e
02F 4 0meson — oo oot model :
AN 4 T S T R S R VN R
. pP b/ pr ALI-PREL-311160 p, (GeV/c) p, (GeV/c)

Rypy, =
g’ <Ncoll> dep/de : oy s g
Compatible within uncertainties for models:
> |Including only CNM effects sHep 0709:126 2007

>  QGP in small system Jxep 032016)123
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A\." Nuclear modification factor - R, , %

" ALICE
<Ac R,, Vs models I —

T ALICE Preliminary q o .
i > +
25f —{0% PP, {B - 5:02 TV __ A." yield is suppressed in
C Prompt AZ, |y| < 0.5 ] Pb—Pb
ol 7
g —e— data . > Data favours model where
L Catania, fragm.+coal. in Pb-Pb, pp ]
151 Catania, fragm.+coal. in Pb-Pb, fragm. in pp ] both coalescence and
- y fragmentation are present.
e Iﬁl]é&l‘rﬁé}i{ég:";‘)‘;.)“rﬁéégﬂfé&}éf-éféﬁéé“.““_
: \‘. Open markers: pp pT—extrapoIated reference _|
o E dNaa/dpr
0.5F g Raa =
- _m_—ﬂ— H ] <Ncoll> dep/de
C 1 1 | 1 | I 1 | 1 | | 1 ]
0 10 20
P, (GeV/c) * Eur. Phys. J. C (2018) 78: 348
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A.*/D% in pp o—Pb and Pb—Pb ®
fa) 1__ 2<p <4GeV/c _.' 4<p <6GeV/c o " 6<p <8GeV/c Im ALICE

: I % 1 > Smoothly incr_ea!s_es
0.6;—* ﬁbw % ¢ ¢J“ % 1 % from low multiplicity

1 10 ] to Pb-Pb
I ¢ t | 'i"ﬂ. ¢ f > o .
1 > Low multiplicity pp is

A
o
[e¢]
T
|

o
N
T
|
&

o 1;:::::::} - ::_-_:::::::I - — _ 1'0 . 1(')2 1(')3 —— Stl” enhanced Wlth
-~ [ 8 12 GeV/ 1 12 24 GeV/ ] + -
> g TR ] CULL respect to e'e
] ALICE Preliminary
oer 1 B g8 pp, Is=13TeV
I | SPD multiplicity classes
0.4 1 O p-Pb Minimum Bias, |5, = 5.02 TeV

T

—_——
|-
|

NI G S g

10 10?0 10° 10 10° 10 /\(;'/D0 (all systems)
ALI-PREL-336446 <chh/dn>lnl<0.5 <chh/d77>|n|<0-5
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> .0**/D° baryon-to-meson ratio - pp

Al ICE
__T_T_T_T_

OD N L I L I L LI I L I T T T ] OD _ﬁ_f_r L I L I T T 1 T | L | L
= [ ALICE Preliminary ] = ~ ALICE Preliminary )
i A
¥ i pp, Vs = 13 TeV _ So - pp, (s =13 TeV .
Al lyl < 0.5 W
T B : 4 WI1<0.5 pyrhiagods
= PYTHIA 8.243 1= Monash 2013, EPJC 74 (2014) 8, 3024 —
1 Monash 2013, EPJC 74 (2014) 8, 3024._| - CR beyond LC approx., JHEP 08 (2015) 003 ]
- CR beyond LC approx., JHEP 08 (2015) 003 . N ]
- - - Mode 0 u L a
=7 « Mode 2 N
= . Mode 3 I B 7
/;4;22ZZ?225§?2%Z§7§”~ - “k
: /'//////2//
o '3 107" H =
100 = C i,
-1 . 2vxseoe T §
X ~20-30 | 77 v eansr rare x ~20-30 |
I + 0,++: 0 _ — —
B B Al )Raa/D | + 5.2% BR uncertainty not shown _
+ 5.2% BR uncertainty not shown
10_2 — 10—2:_F-FH—4"—_——"’—_____—————’-—-—-___—————————-———_:
I- 1 L 1 1 Il I Il 1 Il I 1 1 1 I 1 1 Il I 1 1 Il I 1 1 1L _ 1 1 1 I 1 1 1 | Il 1 1 | Il 1 1 I 1 1 1 I 1 1 L]

o T

2 4 6 8 10 2 14 0 2 4 6 8 10

1 12 14
P (GeV/c) P, (GeV/c)

ALI-PREL-344674 ALI-PREL-344669

> Data is in good agreement Pythia with colour reconnection
He and Rapp - Phys.Lett. B795 (2019) 117-121
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> O**IA.* baryon-to-baryon ratio - pp

+ 0,++ +
. __ﬁ_ﬂ_r_ T T I § T T I T i T T T T T T T < . __T_|_|_[_|_l T | T T T I T T T T T T I T

ALICE

< - - . i
'S ALICE Preliminary ] i ALICE Preliminary ]
- | pp, Vs=13TeV | s, | pp, Vs=13TeV ]
ONO |y| < 05 [ |y| < 05
L 1 — 1= PYTHIA 8.243 ]
o B PYTHIA 8.243 7 B Monash 2013, EPJC 74 (2014) 8,3024 |
: .Monash 2013, EPJC 74 (2014) 8, 3024 : B CR beyond LC approx., JHEP 08 (2015) 003
0.8 CR beyond LC approx., JHEP 08 (2015) 003 |
L eeeeee Mode 0 |
-------------- Mode 2
B - Mode 3 7
0.6 . —
L ANETY X BI2AL
0.4—
0.2— _]
M S~——— T
L e | L |
1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
p_ (GeV/c) p_ (GeV/c)
ALI-PREL-344689 T ALI-PREL-344684 *
> Data is not described by Pythia with or without colour
reconnection
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Br(=.’ »e*=v )/Br(=.° »=1") %

ALICE

Ratio of semileptonic and

hadronic branching ratios

ILE E ALICE Preliminary :
T 35E pp fs=13TeV, <05 3 > Ratio of semileptonic
% 3F —ALICE = and hadronic BR
- PDG a :

= 25F ~ Phys. Rev. D 98, 030001 (2018) and 2019 update 3 measur.ed. with small
z 25 _________________________________________ ] uncertainties compared
ET) i g to PDG value
W 1OE 4] E
e - =] .
@ 1 =

0 C .

ALI-PREL-345624
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=.2*/D° baryon-to-meson ratio - pp

—C

-C ! | ! | ' | ' | ' | ' | '
— - ALICE Preliminary - > Data .
. B op, 5 =13TeV, [y| <05 underestimated by
o[xi')04 - PYTHIA 8.243 B Pyth|a W|th and

—— Monash 2013, EPJC 74 (2014) 8, 3024

: CR beyond LC approx., JHEP 08 (2015) 003: WithOUt COIOur
o3 «— Mode 2 ] t.
- A S\ M. He and R. Rapp ' reconnection
0 2:_ ﬁL N ol > He and Rapp
[ ﬂ'} i similarly
01 L | x~20-30" —fF 1 underestimates the
;\\ A\ @ E data
O i — | I I ”I”"“““I”""\”k‘””“"“.””"“é

0 2 4 6 8 10 12 14
pT(GeV/c)
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— O’+/A(‘.+ baryon-to-baryon ratio - 0]0) %

- ALICE
= o posremesy > Data underestimated by
%f 1 e mAL THIA 8243 _ Pythia with and without

— Monash 2013, EPJC 74 (2014) 8, 3024 Co|0ur reconnection

CR beyond LC approx., JHEP 08 (2015) 003

0.5

i o

I s
O |~ = 22.0% branching ratio uncertainty on Eg not shown —
- * 44.4% branching ratio uncertainty on E;' not shown -

1 I 'l I 1 I 1 I 'l I 'l
0] 2 4 6 8 10 12
p_ (GeV/c)
ALI-PREL- 3 T
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> .0**/= %" baryon-to-baryon ratio - pp %
roxanemaasaansia M=V

ALICE

> Ratio is described well by S T E
W C : ]
Pythia8 without colour I PYTHIA 8.243 E
- —— Monash 2013, EPJC 74 (2014) 8, 3024 -
reconnection? 3.5 =", CR beyond LC approx., JHEP 08 (2015) 003 E
= e, e Modo 2 E
. . C "»% 4 Mode 3 :
> Expectation from SHM is o of by, i
. o 50 b, E
close to unity due to similar S e E
- g"" Ky E
masses 1_53_ o Prompt 2™ x 3/2 / inclusive Z° . é‘.":::,‘ﬁ;l:::'-’;a..,% -
- ¢ Prompt =" x 3/2 / inclusive Z° + E} 3
5= = = Oricenamty related o BR™ ~ ~~~ " " "7~ -3
0.5~~~ 1 41— ‘;r_lt -
C Lt 3
o_ o v v b v b v b v b v by 0 T
0 2 4 6 8 10

12 14
ALI-PREL-344664 p. (GeVic)
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Summary %

ALICE
Charmed baryons can act as powerful probe The charmed-baryon family
of hadronization: R 103:.|.°.'f.t.lfrﬁ'[.'..|...l...l...l...l..l...l
3 ¢ ALICE Preliminary m
. . S C pp, Vs = 13 TeV
> enhanced baryon production seen in small CROAI ¥l <05 ]
systems — fragmentation non-universal? 85 % . prompta
> enhanced baryon-meson ratio in Pb—Pb — o L inclugve = .
recombination? - < -
1= =He== =
Measurements of higher mass charmed - - .
baryons by ALICE: 10'E E
E +5.0% luminosity uncertainty not shown ———— ]
F +51% BR(A; ) uncertainty not shown -
> test theory predictions for A_*/D° 1072 +224% BA(E,) uncertanty not shown E
. +44.4% BR(E’ ) uncertainty not shown 3
> are needed in computing the total charm cross 0T e e 0 e e e 'ﬁz)'d('e'%z\'/'/;gf
section T
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Backup



Charmed baryons

C. Hills

Measurements Mass (MeV/c?) Quark content
A 2286 udc
= 2467 usc
=’ 2471 dsc
AP 2455 uuc, ddc

1-5 June 2020 - Hard Probes

ALICE

24



A." production vs models (Run1)

5 ALICE
3 r pp,\s=7TeV i
o 102 AZ _:
Q) E combination of E
Po) r pK_ and e'v A analyses]
5 ~ -
o 10E —e— ALICE 3
2 N [ ] GM-VFNS ]
o) - - POWHEG
= L — {PYTHIA6 _|
L TE E
© £ 7
107 £ +3.5% lumi. uncertainty not shown =
S | E
O 1 E =
iz ° g =
© L il
= RN (vt v N -
o = ]
S = C - — ]
R T N R s .

0 5 10

ALI-PUB-141405 pT (GeV/C)
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A\." production vs multiplicity (13TeV pp) %

6\ 1 0 § T T T T | T T T T | T T T T T T T T | T T T T § ﬂ LIC E
‘T - ALICE Preliminary ]
= 1= pp, (s=13 TeVv =
) = P ’ . Multiplicity classes: || < 1.0 E
g 1 - rompt Ac. y| < 0.5 —e— Mult. integrated .
'-Q1O g_ dN,/d7:[ min— max], mean _§
9 C —m— [ 14— 75|, 39 ]
S e e —a— [ 8.4- 24.3],137 E
Q'— - B e —&— [24.5- 45.8], 28.1 3
S 107 E_EEZE: o —0— [38.6-152.0], 44.0 =
~~ = =
Z - _—pp—ER—T ]
O 10 h =
S o - -
< 10°F —— - E
— = —— i E
10° Li = -
107 =
E + 7.0% uncertainty on multiplicity estimation not shown E

1 0—8 1 | l | | l | l 1 | 1 | | l | L | | 1 | | 1 | 1
0 5 10 15 20 25

P, (GeV/c)

ALIL-PRREL
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A vs A F(«Z.2*) (13TeV pp)

ALICE
S\ 103 EI TT I T'TT | T TT | TTT | TTT | TTT | T'TT |.I T .I | TTT | TTT I T'TT I TT IE
3 - ALICE Preliminary ]
S - pp, Vs =13 TeV ]
g \? | ® ly| < 0.5 |
olq” - 3
R I e 3
- T Prompt baryons |
10 =
- o AF =
- iy ¢ ]
- o1 " A M) x 32 i
1= =
E - 3
- —=— .
10 B =
: — e S
-+ 5.0% luminosity uncertainty not shown - .
—~ £ 5.1% BR uncertainty not shown —
10—2 111 | | | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111

0 2 4 6 8 10 12 14 16 18 20 22 24
pT(GeV/c)

ALI-PREL-344734
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=.2 production (5, 7and 13TeV pp)

e =1 T 1 T T 1 T T 1 T T 1 T T 1 T 1 T T 1 T — ﬂ L I C E
< B | | | I | | i
—~
2 10 E :E: imi -
N S ALICE Preliminary E
() - 3
0] - PP, ly[ < 0.5 .
S 10 :
= —— |
S —f= i
'Ol_ = i
Q 1E $ .|
@) = =
S~ - =
© C _
(aV] = -
O
1 0_1 E+ 2.1%(5TeV), + 3.5%(7TeV) and + 5%(13TeV) lumi. uncertainty not shown |
E + 22.0% branching ratio of average :2 uncertainty not shown E
- + 66.67% branching ratio of electronic channe_l uncertainty not shown -
- \/3 5.02 TeV B0 - Zet v, y

\/75-13 TeV, 22 average of Ze* v, and &n

4 6 8 10 12 14
P, (GeV/c)

1072 E =7 TeV, & — Ee* v, (Phys.Lett. B781:8- 19,2018)3
0
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=." production (13TeV pp)

ALICE
/G 1 O : LI I LI I B | I rrri l LEL LI I rrri I rriri I LI I rrri :
T ——4—1— ALICE Preliminary -
o & pp, \s =13 TeV
Q i ly| < 0.5 i
= = -
~ Inclusive =
O 1E +— ) =
Q - -
o = ]
IS B i
-O e i
10~' | +5% lumi. uncertainty not shown -
-+ 44.4% branching ratio uncertainty not shown .
I_I L1 1 I Ll 1 1 I L1 1 I L1 1 I L1 1 I L1 1 I L1 1 1 I L1 1 7
4 5 6 7 8 9 10 11 1

—-PREL-345587
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