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Introduction — Heavy flavors

Heavy-flavor hadrons contain one heavy c or b quark

Because of their large masses (my, > m; > Aqcp), they have a short formation time
and experience the whole medium evolution

Heavy quarks are produced in initial hard scattering with moderate to large Q2
=> their production can be described with perturbative QCD calculations

The production can be described with the factorization approach :

JO-(AB—>CX) o PDF (x4, Q*)PDF (xy, Q2)®U(ab—>cd)®DcC(Zc: Q%)

Parton distribution functions (non perturbative)
Partonic cross section (perturbative) Eralis: B s

Fragmentation functions (non perturbative)

Fragmentation functions are assumed to be universal across collision systems
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Introduction — What can we measure and learn?

Quark-gluon _
Initial phase olasma phase ~ Hadronisation  Hadronic phase

1
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Initial State effects :
- Saturation
- Modification of PDFs
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Introduction — What can we measure and learn?

Quark-gluon _
Initial phase olasma phase ~ Hadronisation  Hadronic phase

Collectivity: elliptic flow, triangular flow, angular

* Energy loss : Interaction of heavy quarks
correlations...

with the medium
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In medium effects :
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Introduction — What can we measure and learn?

Initial phase
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Quark-gluon
plasma phase

Hadronisation

Hadronic phase

ﬂlechanisms

Coalescence: combination of
guarks close in phase space

Fragmentation: "break up" of
charm quark

o

Fragmentation

S
*{/ Y,

Coalescence

/ Models
[ ]

Statistical hadronization : charm quarks
distributed to hadrons according to thermal

weights
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Introduction — Different collision systems

Measurements in different collision size allow to investigate several properties

Proton-proton collisions :

* Measurement of fragmentation fraction o-»- --------- -4—0

» Test of pQCD models regarding hadron formation

Proton-Nucleus collisions :

* Initial state effects p—>--------- <—°
* Interplay between soft and hard process

Nucleus-Nucleus collisions

* Properties of the quark-gluon plasma (QGP) o .. 4_g
* Final state effects
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D-meson production in pp collisions

ALICE

* Understanding the hadronization mechanism is necessary
as enhancement in the strangeness is expected in QGP

* Prompt strange-to-non-strange meson ratio exhibit an
increasing trend as a function of p; up to ~8 GeV/c

* No significant trend visible in the non-prompt case

* FONLL calulation describe the data in the p; range

® ® O
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ALICE, JHEP 12 (2023) 086
ALICE, arxiv:2402.16417

A [ALICE y| < 0.5
sF 0.5Pp, (s=13TeV :
g " Prompt D Non-prompt D
T | o data e data
0 0.4¢ FONLL+PYTHIA 8 -
0.3 s g
0.2 $$ . |
I o oy
0.1_— @U 0 . B
33% BR unc. not shown _
0 5 10 15
[ (GeV/c)

FONLL, JHEP 10 (2012) 137
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D-meson production in pp collisions

ALICE

* Results are compatible with the values found for e*e™ collisions
=? Indicates universality of the fragmentation function for mesons

LEP e'e’, {s=m,

average

H1 ep 0.5xy,

pT(D) >2.5GeV/c |

ZEUS yp 0.5xy,

pT(D) >38GeVic |

ATLAS 0.5¢y_, pp {5 =7 TeV

p0)>0 |

ALIGE 0.5xy_, pp V5 =7 TeV

pD)>0 |

ALICE, pp Vs = 5.02 TeV

pT(D) >1GeV/c, Py constant fit |

ALICE, pp Vs =13 TeV
pT(D) >1GeV/c

theory sys

——
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ALICE, JHEP 12 (2023) 086

HFLAV average |

CDF, pp Vs = 1.96 TeV

pT(B) >7GeVic |

ATLAS 0.5xf//f,, pp Vs =7 TeV

'DT(B) >8GeV/ic |

LHCb, pp Vs =7 TeV
pT(B) >0, P; constant fit

LHCD, pp (s = 13 TeV

pT(B) >4GeVic |

CMS, pp Vs=13TeV
pT(B) > 18 GeV/c constant fit

ALICE, pp Vs = 5.02 TeV

pT(D) >2 GeV/c, P, constant fit |

ALICE, pp Vs =13 TeV
pT(D) >2 GeV/c, P, constant fit
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ALICE, arxiv:2402.16417
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D-meson production in pp collisions

ALICE

New results at /s = 13.6 TeV

* No dependence with energy collision is observed

* Results are compatible with LHCb results

1
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o . CMS
D-meson production in Pb—Pb collisions

ALICE

CMS, Phys. Lett. B 829 (2022) 137062
* Prompt strange-to-non-strange meson ratio in Pb—Pb ALICE, Phys. Lett. B 846 (2023) 137561

« o . | T T T T T T T T T T T T T T T T
collisions shows hint of a strangeness enhancement 4 BYB* CMS 0-90% Pb—Pb / LHCb pp
) ) 351 4 non-prompt D}/D° ALICE 0—10% Pb—Pb / pp |
* Model implementing strangeness enhancement and = ]
hadronisation via recombination compatible with data > 3.0 ]
©
* Measurements also compatible with no enhancement Q55 i
. C
scenario S T
- TAMU
;—/\/\? 32071 -—- BY/B* I
2 2800 ATas T T T T T . S F d \\\ —=- non-prompt D}/D°
= - Data 2022, s = 13.6 TeV, 6.8 fb'1%\/‘/{ D 15 N N |
% 2000:_ * Full BphysDelayed Stream _: g N§ J\:\~ | 1
2 B ‘e P w)>11,p()>6GeV ] o = _::1~. T
c C ’ + Dimuon selections ] ﬁ 1.0~ I ]
Y 4500/ ' ¢ P (n)>11,p (1)>6GeV : +
C o B + other B, selections 7 <<
; :: .“" —— Pyt Prl,) > 10 GeV - < 0.5 Credits: F. Grosa -
1 Py, N a0 + Dimuon selections —
TN |+ Run 3 data will al |
w.qpn a8 .~ .~. L) : hd n WI W m r 1 1 1 1 1 1 1 1 1 1
so0f et o T AN 8 . ata atlo Or€ oo 510 15 20 25 30 35 40 45 50
b e o e precise measurements pr (GeV/c)
ot ey TAMU, Phys. Lett. B 735 (2014) 445

e b b e b e e e
5200 5300 5400 5500 5600 5700

M(u n KK) [MeV]
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Afmeasurement CMS
iIn pp collisions

LHCD

=

ALICE

 The A} /D%production in pp collisions shows a decreasing trend with increasing p;
 The At /D°%production in pp collisions in ALICE shows a similar decreasing trend with increasing p;

* PYTHIA 8 predictions shows good agreement with data for p; < 10 GeV/c, understimates data for
pr>10 GeV/c

ALICE, Phys. Rev. D (2023)108, 112003

MS, JHEP 01 (2024) 12
CMS, J. 01 (2024) 128 LHCb, Phys. Rev. D (2019)100, 031102

pp 252 nb™ (5.02 TeV)

[ CMS g 1.4_\ T T T T I T T T T T | T I_
-] < 1 pf Dat © - ALICE, |y| <05 pp, Vs = 13 TeV -
| ata L + a
12r — PYTHIA8 + CR2 5 12 P, PYTHIA 8 CR-BLC Mode 2 ]
- mm PLB821 (2021) 136622 3 - MK p/m* ]
= 10k PLB795 (2019) 117 E - = prompt AJDY AKY .
[N i Global uncertainty: 6.6% 2 1-0F  non-prompt A/D prompt Az/D° B
g L S T LHCb, 20<y <45 non-prompt A;/D° ]
e 08 > 08 o AY(B%+B) ---- AY(B*+BY) -
= A+ < b b
>~ T C o ]
I o B
< 0.6 -
N & :
+ o = —
< 04 .
- ) \ —
ool Serere : 2 = E
. : \ + :'d.\+“b| | | 1 1 1 | 1 1 :
0.0 T e e Catania, Pl’lyS. Lett. B 821 (2021) 136622 5x1 071 1 2 3 4 567890 20 30
' 5 10 15 20 25 30 P, (GeVic)

P, (GeV/c)
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Afmeasurement CMS
iIn pp collisions

LHCD

* Model with coalescence & fragmentation processes (PLB821(2021)136622) shows good agreement in
the available p; range and reproduces the trend

s,

ALICE

e Statistical hadronization model shows also good agreement with data in the
available range

ALICE, Phys. Rev. D (2023)108, 112003

CMS, JHEP 01 (2024) 128
(2029) LHCb, Phys. Rev. D (2019)100, 031102

pp 252 nb™ (5.02 TeV)

[ CMS g 1.4_\ T T T T I T T T T T | T I_
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| ata L + a

12 — PYTHIA8 + CR2 S 1oL * p/’&o PYTHIA 8 CR-BLC Mode 2 _]

- mm PLB821 (2021) 136622 3 - MK p/m* ]

= 10k PLB795 (2019) 117 E - = prompt AJDY AKY .

=3 i Global uncertainty: 6.6% 2 1-0F « non-prompt A/D prompt A¢/D° E
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Run 3 measurement in pp collisions

ALICE

* Run 3 data is being analyzed and new results in pp at 4/s = 13.6 TeV are starting to be published

3
40?\19"\"'\“'|"w"'
- ALICE Preliminary

35 pp, Vs =13.6 TeV
0 At — pKornt

3 and charge conj.

0 ++(2455)
(Z5) — (AL = (167.23 £ 0.06) MeV/c?
o = 1.2 MeV/c? (fixed)

Signal = 17288 + 435

25

Counts per 1 MeV/c?

20

15 8<pT<12GeV/c

»2+(2520)
u(Z) - u(Ad) = (281.34 + 0.53) MeV/c?
o = 1.2 MeV/c? (fixed)
Signal = 24758 + 1558

4000
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T T T T T
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| TT 1T
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o

(2520)/T
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- <05 [JMonash
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- [T, = 156.6 MeV

T e'e, Vs =10.52 GeV
= Prompt
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Belle (PRD 97, 072005)

v b b Ly

e

v by b vy

o

2 4 6 8 10 12 14 16 18 20
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- first measurement of £ (2520) in ALICE
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Pythia 8 (Monash), Eur. Phys. J. C 74 (2014)
Pythia 8 (Mode 0/2/3), JHEP 08 (2015) 003
SHM+RQM, Phys. Lett. B 795 (2019) 117-121
SHMec, Phys. Lett. B 797 (2019) 134836
Belle, Phys. Rev. D 97, 072005 (2018)

13



Afmeasurement in pp & Pb—Pb collisions >

CMS, JHEP 01 (2024) 128
 The A} /D°production in Pb—Pb collisions is compatible with PbPb 0.607 nb", pp 252 nb" (5.02 TeV)

the pp result fy:l'!'? ® pp
1.2 * 0-90% PbPb
i m 0-10% PbPb
— - PRL124 (2020) 042301
A 100 Cent. 0-20%
* Model prediction shows good agreement with the data in og 08l Global uncertainty
the overlapping p; range (10 < p; < 12.5 GeV/c) Z + FF’,E:P%_";?/EO/
o6l
=% e
+§j 0.4 é%”
* Both pp and Pb—Pb results tend toward the value found for . 2:_ ,ﬁ
ete” col!isic_)r.ms in this high Pr region . - S
=> No significant contribution from coalescence at high p; 0.0l b L e i
in Pb_Pb ' 5 10 15 20 25 30 35 40

.\ P, (GeV/c)
Ac

&
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CMS

Afmeasurement in Pb—Pb collisions

ALICE

CMS, JHEP 01 (2024) 128

* The Rx, shows a suppression for central collisions, ALICE, Phys. Lett. B 839 (2023) 137796

with a maximal suppression around p; = 14 GeV/c ) PbPb 0.607 nb™, pp 252 nb™ (5.02 TeV)
1.8 CMS Supplementary A: + A,
- —5
1.6 - CMS PbPb Cent. (ly| < 1) ALICE PbPb Cent. (ly| < 0.5)
J4p W 0-10% 71 0-10%
. . ' @ 30-50% O 30-50%
e Comparison with ALICE values show a good - |
. ) 1.2 Global uncertainty CMS
agreement in the overlapping p; range - ALICE
< qo A gl
< B
< e
0.8
060"
e ALICE and CMS combined results show that the . 45 “
suppression is larger at intermediate p; values, i +
similar to what was observed for D mesons 0.2 - : .
_Illllllllllll\‘\\lllllllllllll
0 5 10 15 20 25 30
A} P, (GeV/c)
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D meson in p—Pb collisions

* The Rpp, of D* and D" mesons has been measured at LHCb, JHEP 01 (2024) 070
\/m — 502 TeV LHCb, JHEP 10 (2017) 090
£ 3FT T T T ]
o nc; i ——%—— LHCb prompt D: LHCb _
» At forward rapidity, good agreeement between D° and D* [ ——— LHCb prompt D} - T
—%— LHCb prompt D PPb |s3=5.02 TeV
- EPPS16 D* -
| [ 1 nCTEQI5 D* pT <10 GeV/e
* At backward rapidity, the D* Rypy, is lower than D° and Dg* 2 == w1mois o =
one i CGCl ’
§ CGC2 1
2 -—ﬂ- -
* Calculations with 2 different set of nPDFs agree with data 1f -j°“—§~xx o =
at forward rapidity, overestimate D* data at backward e B~ ~ =0
rapidity I i
| 1 1 1 ]
o o _ -4 -2 0 2 4
* CGC model prediction (which include saturation of partons y*

at small Bjorken-x) agree with the data at forward rapidity po p+ D*

EPPS16: Eur.Phys.J.C 77 (2017) 3, 163
\ nCTEQ: Phys.Rev.D 93 (2016) 8, 085037
CGC: Phys. Rev. D91 (2015) 114005
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LHCD

LHCb, Phys. Rev. C (2024) 109, 044901

=& production in p—Pb collisions
ALICE

* The Z} /A ratio show no significant p; dependence for

. : ALICE, arXiv:2405.14538
bOth p_Pb and Pb—p dlreCtlonS. =+ 01 _4 IIIIIIIII|IIIIIIIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIII
. . . < - -
- str0|.1g |r.1d|c.at|on that the same processes govern = [ ALICE o_Pb collisions 1
hadronization in p—Pb and Pb—p collisions W12k ]
[ ALICE ZJ/A;, (s =5.02TeV ® —0.96<y <0.04
. . S L .. 1 L P O15<y <40 B
e ALICE and LHCb points are compatible within uncertainties - LHCb E(/AS, (s = 8.16 TeV eme -
08 | B -50< ycms< 2.5 ]
i BR uncertainty ]
n | -
0.6 | ]
[ ! i
0 e H .
0.2 _=ﬁ— o
_I 111 I 1111 l 1111 I 1111 I 1111 l 1111 I 1111 I 1111 I 1111 I 111 I_
o+ 2 3 4 5 6 7 8 9 10 11 12

g/ [ (GeV/c)
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=& production in p—Pb collisions

LHCD

The EF /A? ratio show no significant p;r dependence for
both p—Pb and Pb—p directions.

=> strong indication that the same processes govern
hadronization in p—Pb and Pb—p collisions

ALICE and LHCb points are compatible within uncertainties

The EPPS16 model significantly overestimates LHCb data
but shows similar trend

PYTHIA 8.3 calculations describe data within uncertainties

EPOS4HQ calculations describe data within uncertainties
but show different trend

05 June 2024 Victor Feuillard - LHCP 2024
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LHCb, Phys. Rev. C (2024) 109, 044901

;
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-

spPb LHCb, {5y =8.16 TeV |
*Pbp pPb: 1.5<y*<40
Pbp: -5.0<y*<-25

BR unc.
EPOS4HQ

EPPS16.90CL Rwgt

PYTHIA 8.309 CR, Mode 2

—
-

1 l 1 1 1 I 1 1

A
(@)}
o0

10 12 14
p. [GeVic]

EPPS16, Eur. Phys. J. C 77 (2017) 163

EPOS4HQ, Phys. Rev. C (2023) 108, 034904
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Charm fragmentention functions

ALICE

* Heavy-flavor charm mesons and baryons are 1.0
used to evaluate the charm fragmentation Eo :
fractions 1

o 0.8

* The values are consistent between pp and p—Pb <
collisions

0.6

* Adifference is observed in pp and p—Pb
collisions with respect to e*e- and ep collisions 0.4
* Increase in A¥ production accompanied by a 0.2

concomitant decrease in DY
=> evidence that universality (i.e. collision-

system independence) of parton-to-hadron
fragmentation is not valid
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ALICE, arXiv:2405.14571

[ | | | [

o ALICE, pp, Vs = 5.02 TeV

= ALICE, p-Pb, ﬁ =5.02 TeV
+ B factories, e*e”, Vs = 10.5 GeV
+ LEP, e'e’, Vs=m,

# « HERA, ep, DIS

Qo

L | T 1 I T T
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Muons produced via heavy-flavor
decays in pp & Pb—Pb collisions T

* Two-muon correlation functions were constructed and studied as a function of azimuthal angle

difference A¢ ATLAS, Phys. Rev. Lett. 132 (2024) 202301
g i Slame'-sigrlw pairs - amas ]| dpp-s;ign 'pairs' T
&) - Pb+Pb5.02TeV, 1.94 nb™ p.>5 GeV 1F Pb+Pb5.02 TeV, 1.94 nb™
0-2~ 0-10% [ 0-10% 7]

* A strong enhancement is observed in the
correlation functions at A¢p ~ 1
=> consistent with semileptonic decays of
heavy-quark pair

b === Cyml(l +2viicos(2A9)) |
1 + Coor(0)
- = comb + Ccorr(A¢)

0.18—

C
- Cc
0.16

L L L | L
i Slame'-sigﬁ pairs ' A I dpp—éign Ipairé A 1
L pp 5.02TeV, 0.26 fb™' 1L pp5.02TeV, 0.26 fo _

C(ag)

* The peaks are characterized :
* half-width at half-maximum I
* the standard deviation o
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Muons produced via heavy-flavor
decays in pp & Pb—Pb collisions AR

ATLAS, Phys. Rev. Lett. 132 (2024) 202301

* ['and g show no significant difference e Y
between pp collisions Pb—Pb collisions s gg_:tfs.oz TeV, 1.94 nb-1sagi§'%23a"s 111 8 (- gtz-;:s.ozTev, 1.94 nb»pp,‘—fi'?réi?}'s |
© T pp5.02TeV,0.261b" © 1 pp5.02TeV,0.26 b
i o) T o & 2 o F © 5 o o =
* ['and o show no significant variation with ¢ 4 - A T
centrality except in the 0—-10% most central Oy ¥ W : e | | I AP L
collisions, where a significant decrease in the [ o o Goery O I (PoeP) _ R o I (PbeP)
Pb—Pb widths is observed L e o a I ) _ IR . I @)
20 40 60 _ 80 O 20 40 80 _ 80
Centrality [%] Centrality [%]
* The results are consistent between same-sign | £ 4 oo s ooy, 1o’ pasoer || | S %4 Porpbs02Tev, tosms’ pascer |
pairs (negligible charm contribution) and oF | Pp502TeV,026f7 o wF | pp502Tev, 0261
opposite-sign pairs (~90% of the yield in pp i A : A | 1
collisions from bb) e e BT | O P O B
r -0, 90% CL b M- 0., 90% CL :
I el S T v L [a w5
0 -1 0 ¢
* Results can provide constraints on models i Py % ] F ¥ VTV
for the additional angular deflection B T R | O TR0 w0 80 80
intrO dU ce d by th e QGP Centrality [%] Centrality [%]
same-Sign pairs opposite-sign pairs
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: : CMS
ATLAS Charmonium production &
ALICE

* The prompt J/P Ra, increases towards low py, and even exceeds unity in the lowest p; bin
=> likely due to cold nuclear matter effects

* The non-prompt J/P Ru, increases towards low py, but remains <1

—> small cold nuclear matter effects ALICE, JHEP 02 (2024) 066
ATLAS, Eur. Phys. J. C 78 (2018) 762

CMS, Eur. Phys. J. C 78 (2018) 509

* Results are compatible
2 - e B L e <E2-2:"'I““I""I""OI"" ]
between ALICE, ATLAS and D:< oF Prompt JAy, Pb—Pb, sy = 5.02 TeV, 0-10% n:< of Pb—l:”\lbc;n\/;Tro;;.g/ZwTeV, 0-10% E
CMS in the overlapping 1.8F = ALICE, Jiy > e'e, Iy <09 = 1.8, = ALICE Jy >e'e, ly|<0.9 =
region 160t OMSJvownll<2d 4 el ¢ AT e A i 220 -
prreg -OF o ATLAS, Jy — uhyr, [y < 2.0 E 1'4;_ * Nomprompepo” V< E
1.4 - AFPK % ALICE, D° — K7, y] < 0.5 -
1.2:— —; 1.2;— —;
* Results are compatible e -=1- g ==
. 0 0.8 — 0.8 —
with non-prompt D 060 E 060 E
measurements 0.4E E 04ab |k y -
E - = e ;i % * =
0.2F = 0.2F e =
o) S I | . 0c | Lo | | ! 3
0 5 10 15 20 25 30 0 5 10 15 20 25 30
P, (GeV/e) P, (GeV/c)
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Charmonium production

ALICE

The J/{/D° provides tight constraint to models because uncertainties related to the ct cross section

cancel out
=> parameter-free prediction relying only on
deconfined and thermalized charm quarks

The ratio is sensitive to the hadronisation
mechanisms of the different charm hadron

The ratio is higher in most central collisions

SHMc model predictions describe the data well
- hints that both J/ and D° are produced via
the coalescence of charm quarks

0.04

Jhy 1 D°

0.03

0.02

0.01

ALICE

Pb-Pb, \syy = 5.02 TeV
Inclusive J/y, |y| < 0.9, 0.15 < p, < 15 GeV/c
Prompt D°, |y| < 0.5, p.>0

e Data

SHMc (A.Andronic et al.)

R T—

ALICE, Phys. Lett. B 849 (2024) 138451
|

K]
KX
0-10% 30-50%
Centrality

SHMc, Phys. Lett. B 797 (2019) 134836



AY : CMS /| rLach
N ATLAS Conclusion \
HLICE EXPERIMENT

* The measurement of many heavy flavor species offers a solid ground to test the pQCD models
and the factorization approach

=> breaking of universal hadronisation for all systems

* The ability to measure several observables (Raa, production ratios...) provides many avenues for
model comparison and improves our understanding of heavy quark interaction with the medium

= Charmed hadrons produced through colaescence at low py, no significant contribution from
coalescence at high p;in Pb—Pb

* Run 3 data allows more precise measurements with smaller uncertainties, and the first results are
being shown this year
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ATLAS Other Talks -

EXPERIMENT

ALICE

* Hadronic and semi-leptonic decays of charm baryons, Chong Kim
=> Tuesday June 5th at 11:54 (link)

* HF production, propagation and hadronization in QGP, Stefano Politano
=> Tuesday June 5th at 14:36 (link)

* Heavy-flavour polarization measurements, Xiaozhi Bai

=>Tuesday June 5th at 14:36 (link)

THANK YOU FOR YOUR
ATTENTION!
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https://indico.cern.ch/event/1253590/contributions/5841456/
https://indico.cern.ch/event/1253590/contributions/5838387/
https://indico.cern.ch/event/1253590/contributions/5839157/

BACK-UPS



D mesons cross sections in pp collisions

ALICE
ALICE, JHEP 12 (2023) 086
* Measurement of p+-differential cross-sections ALICE, arxiv.2402.16417
of D mesons T TTTE05 ] 020FALICE | pod
: =13 TeV E 0115__pp' |y|<0'5$ __
Prompt Non -prompt ‘ 0-10- ’%‘ 3
* The production of prompt D mesons is larger 0D° mD° 0_05'0 _‘
than the one of non-prompt D at low pr. oD* eD' | gapf
: =D  #D} o, L g fe=sTey D* ]
=> expected since m.<m, s s Bl [ ®Te=TsTeV i
Slg 't ]
4 2[S0.10F E‘:Ef—
i = ] § Q0 05'%% |
* The ratios exhibit an increasing trend as a - o™ T | R AR
functlgn of pr up to ~12 GeV/c e 1 ozl ;
=> Indicates a harder p; spectrum of beauty A & —gg— = | 0.15] E"‘Eﬁi
hadrons w.r.t prompt charm mesons 107¢ —egeg——=—1  o.10f :
P P [ BR unc. not shown =] i ﬁ—% Dt
[ 6% umiunc potshown 1 L 7S]

1055790 15 20 25 30 35 0 5 10 15 20 25
P, (GeV/c) P, (GeV/c)

® @ O
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D mesons cross sections in pp collisions
ALICE

ALICE, JHEP 12 (2023) 086

 Comparison with pQCD calculations S e ] © wERGE bl “rxiv"240.2"g45] d
. . . . - 10° <054 - 5]
implementing the factorisation approach 3 op, 15 = 13 TeV yi<0e s E [ ppis=13Tev <05

. o 102¥ . . E Non-prompt D* 3
 For FONLL calculations : T Prome! D =T o U mosn
OG- 1 SN 10Fg + lecayer E
* slightly underestimate the prompt data ©lg 10¢ Eiof’:tf ER SmSo D
C T . i ke — + ecayer
* good agreement for the non-prompt 1L [JGM-VFNS ] 1§
* For GM-VFNS: ol B
* slightly underestimate the prompt data at low p; 2_ = _ 1% E 4 7o0BR unc. not shown
and overestimate at high p; 107¢ = = " 1.6% lumi. unc. not shown |
. [ 1 79% BR unc. not shown 1 % £ FONLL + PYTHIA 8 decayer '
* Understimate the non-prompt data at low p; but 107 o % ﬁg qn,'“{.}**y
good agreement at high p; . ' | : ‘ - vy T | = ]
(] - b 7
. . . . T8 Zi_ﬂ"""{.& 3

* For kfactorization : overestimate the prompt SE *F pmmmm Y D —

measurement at h|gh p_l_ zg:TAMU+PYTHIA8decayer :

- o e Y e
* For TAMU : good agreement with the non- R SR R - 2(% v %5
p, (GeVic

prompt measurement

FONLL, JHEP 10 (2012) 137

@ GM-VFNS, Nucl. Phys. B 925 (2017) 415430
TAMU, Phys. Rev. Lett. 131 (Jul, 2023) 012301
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D mesons cross sections

ALICE

05 June 2024

Comparison with pQCD calculations
implementing the factorisation approach

For FONLL calculations :
* slightly underestimate the prompt data
* good agreement for the non-prompt

For GM-VFNS:

 slightly underestimate the prompt data at low p;
and overestimate at high p;

* Understimate the non-prompt data at low p; but
good agreement at high p;
For kr-factorization : overestimate the
prompt measurement at high p;

For TAMU : good agreement with the non-
prompt measurement

S ; ' 5
T ALICE ly| <0.5 ]
& 10°F pp, (s=13Tev .
2 ) f# Prompt D° ]
ol 10 e Data E

*olg” []FONLL ]

10 " ky-fact. i
[ ]GM-VFNS ]
1 3
10° = .
107 0.8% BR unc. not shown ;
1.6% lumi. unc. not shown ]
4F } ::

2 %

ol 2%

T8 4

© c |

Victor Feuillard - LHCP 2024

ALICE, JHEP 12 (2023) 086
ALICE arxzv 2402 16417

/G E T
- 10 ALICE |y| <05 -
>  [pp, [s=13TeV ]
G e = Non-prompt D° -
% F @® Data 3
> 10 | FONLL + PYTHIA 8 decayer
Lo T E GM-VFNS b — H, — D
og | —— TAMU + PYTHIA 8 decayer
1k
107
102 ¢
E 0.8% BR unc. not shown
F1.6% Iuml unc. not shown
2 FONLL + BYTHIA 8 decayer 3
1 “‘..m-eo&—*- —EE—
1 Il
5 ‘T GMVINSD 1. 3D ]
m . 4
© -8 2 g8 ®®00q 9 ]
o8 °f - 0-0—co- [ C—
o 1 - - 1 —~
E TAMU + PYTHIA 8 decayer ]

0 5 10 15 20 25
P, (GeV/c)

FONLL, JHEP 10 (2012) 137

GM-VFENS, Nucl. Phys. B 925 (2017) 415—430
TAMU, Phys. Rev. Lett. 131 (Jul, 2023) 012301
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D mesons cross sections

ALICE

* Comparison with pQCD calculations
implementing the factorisation approach

* For FONLL calculations :
* slightly underestimate the prompt data
* good agreement for the non-prompt

* For GM-VFNS:

 slightly underestimate the prompt data at low p;
and overestimate at high p;

* Understimate the non-prompt data at low p; but
good agreement at high p;

* For kfactorization : overestimate the
prompt measurement at high p;

e For TAMU : overestimates the data

05 June 2024

- ALICE ly| < 0.5
| pp. is=13TeV ]
: Prompt D]
+ Data .
|| kyfact.
[ ]GM-VFNS
; 2.7% BR unc. not shown %i
[ 1.6% lumi. unc. not shown ]

Victor Feuillard - LHCP 2024

ALICE, JHEP 12 (2023) 086

ALICE, arxiv:2402.16417

' ALICE
- pp, (s =13 TeV

Non-prompt D}
> r
— =@
_8. 1

@® Data
107 &

102

FONLL + PYTHIA 8 decayer
GM-VFNSb - H, —» D
—— TAMU + PYTHIA 8 decayer

¥l <05 |

F 2.7% BR unc. not shown
[ 1.6% lumi. unc. not shown

E FONLL + PYTHIA 8 decayer
C “33“
G N_|ER

E Il |
£ GM-VFNS b — H, — D

data
model

2
1
3
2F .
1
2

- } f
E TAMU + PYTHIA 8 decayer

15. gs =08

0 5 10

15

2025
P, (GeV/c)

FONLL, JHEP 10 (2012) 137

GM-VFENS, Nucl. Phys. B 925 (2017) 415—430
TAMU, Phys. Rev. Lett. 131 (Jul, 2023) 012301

30



CMS

Lambdac+ measurement

CMS, JHEP 01 (2024) 128

e The Raashows a suppression for central collisions, PbPb 0.607 nb™" pp 252 nb! (5.02 TeV)
with a maximal suppression around p; = 14 GeV/c 18F CMS NS
- bl <1 2
16" poPb Cent.
* Suppression is stronger for more central collisions 1A KOO M 10-30%
1_2:_ Global uncertainty
< 10F
R -
0.8
0.6
0.4
0.2
C | | | | | | | | 1 ‘ | 1 1 | | 1 | | 1 | | I | | |
5 10 15 20 25 30
p; (GeV/c)
+
A¢

&
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D mesons cross sections in pp collisions

ALICE

ALICE preliminary

* New result at+/s = 13.6 TeV
E_O.ZO%
5 _ ALICE Preliminary i\/&
< - D° meson, |y| < 0.5 i

w" 0.15~ =« pp, ¥s=13 TeV (JHEP 10 (2023) 092) -
- = pp,¥s=13.6TeV N
0.10{- 4Hi m - -
:/ mm
0.05 r = PYTHIA 8 N
- - Monash CR-BLCO -
- 77 CR-BLC 2 CR-BLC3 -
i . EPOS 4 Colour Ropes i

L1 1 | L1 1 | 11 | 1 1 | | 11 1 | 111 | 11 | 111 | 11 1 | 111 | L1 1 | L1 1 | O

0 2 4 6 8 10 12 14 16 18 20 22 24 D

pT(GeV/C) @
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: CMS
ATLAS BY — pu lifetime

EXPERIMENT

ATLAS, JHEP 09 (2023) 199
« Measurement of the BY lifetime can be a test to find CMS, Phys. Lett. B 842 (2023) 137955

Beyond Standard Model effects

CMS 2011-2016 ——

e ATLAS and CMS measured the lifetime with

unprecedented precision LHCb 2011-2016 ——
LHCb+CMS 2011-2016 T
* Measured values : — —
. CMS i1y, = 183%03(stat.)T40% (syst.) LHCb 2011-2018) — |
* ATLAS: 7y, = 0.991057(stat.) 1517 (syst.) CMS 2016-2018 ——

ATLAS

: e . : 2015-2016| =e=— = 3’
e Compatible within uncertainties with PDG value ATLAS 2015-2016 115@213226\/326?:4

BJ—uu Effective Lifetime [ps]
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