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Heavy flavour (HF) production in pp collisions
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Hard Fragmentation P, b = x,P, ~ g

scattering function
cross section (hadronization)

(pQCD)

Parton distribution
functions (PDFs)

 The measurements of the HF hadron production are fundamental tests of pQCD calculations

i

* The standard description in pp collisions is based on the factorization theorem
— Fragmentation functions assumed universal and constrained from e*e™ and ep measurements

« Ratios of particle species - ratios of fragmentation fractions, sensitive to HF quark hadronization

(Baryon-over-meson) flc > H) = o(H,)/o(cE)
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Vs =5.02,7,13 TeV
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https://link.springer.com/article/10.1007/JHEP10(2013)042
https://www.sciencedirect.com/science/article/pii/S0370269319304708?via%3Dihub
https://link.springer.com/article/10.1007%2FJHEP05%282017%29074#citeas
https://cds.cern.ch/record/2720606
https://arxiv.org/abs/2102.13601

Vs = 5.02,13 TeV

* Ratiosalmostindependent from meson pt

Meson-to-meson ratios e o HEE
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* Inline with model calculations relying on universal fragmentation functions
* Inline with measurements in e*e™ collision

* Independent from the collision system and centrality (Pb-Pb)



https://arxiv.org/abs/2102.13601
https://link.springer.com/article/10.1007%2FJHEP05%282017%29074#citeas

HF meson fragmentation fraction ratios

LEP e'e’, Vs=m,
average
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ALICE, pp Vs = 5.02 TeV
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Vs = 5.02,13 TeV
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ATLAS 0.5xf/f,, pp Vs =7 TeV
p.(B)>8 GeV/c

LHCb, pp Vs =7 TeV
pT(B) >0, p. constant fit

LHCb, pp (s =13 TeV
pT(B) >4 GeV/c

ALICE, pp Vs = 5.02 TeV
pT(D) > 2 GeV/e, P, constant fit

EW

—
— PYTHIA8 _|
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ALI-PUB-482601

B
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L ——
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P T S T (N T R N S TN (U S T S SR R S I S T
0 0.05 0.1 0.15 0.2 0.25

beauty f /(f +f))

) [LHCb, ATLAS] in pp at /s = 5.02,7, 13 TeV

* Fragmentation fraction ratios for charm and beauty mesons compatible between the two flavours
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https://arxiv.org/abs/2102.13601

\s =5.02,7,8,13 TeV

Beauty meson fragmentation fraction ratios <—<-
;.\'-:3 0.3_"|-"'|""|""|""|""|""|"_ 20'4:| — T T T T T 2
N - LHCb: arXiv:2103.06810 LLHCDb 1 S 035k ; LLHCb
5 0.28F 1 8 T X

: i = 03E %\fﬁfi. A \s =13 TeV
0.26 NEW -] 25F %—' : <_ )
024 * { BY E 3
| BO i = s pE TS S
i . 005 fth (go J:B_> 5
0.2t e e b e 0:|||| s
708 9 10 11 12 13 5 10 15 20 25 g
Proton-proton collision energy [TeV] LHCb: Phys. Rev. D 100, 031102(R) p(H,) [GeV] :

* Fragmentation fraction ratios compatible * Baryon-over-meson ratio ?;l
among different collision systems, o clear decreasing trend vs. pt i
energies and rapidity ranges o significant enhancement at low pt =

B S
with respect to { = RS
 Higher fractionat 13 TeV? P (B°+B_) =3
— effect caused by the different masses? = 5
mAg(fv 5.6 GeV/c?) > mg(~ 5.3 GeV/c?)



https://arxiv.org/abs/2103.06810
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102

Js =8,13 TeV

B: (cb) meson production e o [E
o(BY) y BR(BE - J/ym®) P P P
+ + + =
BR(B: = J/yu™v) €[1.4%,7.5%)] (theory) o(B*) BR(B*~]/yK*) S
— 06 .
SR g E %0555_ATLAS_ {s=8TeV, 203 0" ]
S 9 BS (b) LHCb 13 TeV F A : ]
X 8F |®0ia- + Data = 2 050 E
~ _E BY + B _ 3 N - ]
T 7B —Fit = n 0-45¢ ¢ E
Sl 4+ — = /M C ]
e s O6F Average = 4R\
sE E
4E = @ "o ]
e z oz E
2F = % 02f eData E
= = 0151 |y(B)| < 2.3 E
O: PR B B R 0.1F : -
5 10 15 20 25 13 <p,(B) <22 GeV p,(B) > 22 GeV
LHCb: Phys. Rev.D 100, 112006 P (H,) [GeV]

* Recent measurements B;—’ mesons ~ hvpothesis of lated effect
e mp-(~ 63 GeV/c2) > m o (~ 5.6 GeV/c2) ypothesis ofa pure mass-related effec (e.g.
¢ b coalescence) disfavoured

* Milder py dependence for B /(B? + B™) — Non-universality of fragmentation fractions?
than A} /(BY + B™)
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https://arxiv.org/abs/1912.02672
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.112006

... more on B, (Cb) meson production

CMS: Phys. Rev. D 102 (2020) 092007 NEW
CMS 143 fb' (13 TeV) 10 CMS 143 b’ (13 TeV)
- + ¢ Data E +R"
60 BC(ZS) ~ — Fit result 8 w R
C r Signal C
> Al | Bi(Jiv K" ntm o 6
§ 50E | Comb. backg. % #
o 40 ; 4;%:#: i
— r * C l
@3-  Be(29)7 °F !
C - L
5 L + | | |
\r 201 | -
10- i { N |
C { c ' —+— """""""""""""""""""""""""""""""""""
OT T | 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 i I ! I ! I i I |
6.7 6.8 6.9 7.0 71 20 30 40 50 60
M(B z*z7) - M(B)) + mg: (GeV) p.(B) (GeV)
o(B.(2S)*
Rt = (GC(1(3+)) )BR(BC(ZS)Jr - Bintn™) = (3.47 + 0.63(stat.) + 0.33(syst.))%
C
o(B:(29)*
R*t = ( C(;Jr)) )BR(B§(28)+ - Bitntn™) = (4.69 + 0.71(stat.) + 0.56(syst.))%
O\b¢

« New measurements of B(2S)® and B*(2S)* production
* Important step to further understand the production of these excited states and of B,
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.092007

Vs = 5.02 TeV

n n @ — — @ S
Baryon/meson ratios in the charm sector T B
3
ALICE: [HEP 04 (2018) 108 ALICE: arXiv:2011.06078 ALICE: arXiv:2011.06079 2
>~ [T~ 1 T T 1 S B A I
= m o 5=7TeV - B -~ ALICE, |y| < 0.5 ]
- PYTHIA 8: : - - CMS, |y| < 1.0 (PLB 803(2020) 135328) -
— Monash
I - CR Mode 2 i - .

oty AL

ey
.

| | 1 1 | | | 1 | 1 | J | 1 1 | 1 1 1 | 1 | 1 ‘ 1 1 | 1 |
00 5 10 00 5 10 15 20

ALI-PUB-488252 ALI-PUB-488256

« Strong pt dependence observed for A./D° ratio — same as b-sector (LHCb)
* Compatible results at midrapidity (ALICE vs. CMS)

 Ratio significantly higher than e*e™ and ep collisionresults
— factor X 2.5 <+ 5 enhancement in pp collisions
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Do baryons point to non-
universality of
fragmentation functions?



https://arxiv.org/abs/2011.06078
https://arxiv.org/abs/2011.06079
https://arxiv.org/abs/1906.03322
https://link.springer.com/article/10.1007%2FJHEP04%282018%29108

B h t del bl
dIryon ennancement — maodaeis p p X
=,
S
ALICE: arXiv:2011.06078 ALICE: arXiv:2011.06079 J.P. Christiansen, P. Z. Skands: JHEP 1508 (2015) 003
o T | T T | T | T T | T T T . . .
o 1 ALICE Eo£00Tey B 1. PYTHIA 8 with improved Colour Reconnection (CR)
< -.-.== PYTHIA 8 (CR Mode 0) - : :
i A || b piigvssgic O CB v.v1t.h SU(B) weights and string length
¢ -.mees PYTHIA 8 (CR Mode 3) minimization
B DO — — PYTHIA 8 (CR + colour ropes) | e -
Catama, ragm.+coal. o “junction” topology enhances charm baryon
i M. He and R. Rapp: | .
——— SH model + PDG | productlon
SH model + RQM
0.5 —

|
=
=T

¥s.

ALI-PUB-488248
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https://link.springer.com/article/10.1007%2FJHEP08%282015%29003
https://arxiv.org/abs/2011.06078
https://arxiv.org/abs/2011.06079

Vs = 5.02 TeV

Baryon enhancement — models -

V. Minissale, S. Plumari, V. Greco: arXiv:2012.12001

ALICE: arXiv:2011.06078 ~ ALICE: arXiv:2011.06079 2 Catania model
(] T T T T | T I T I | T T T
@) :
N ALICE —e— pp, Vs =5.02 TeV | o Thermalised system of u,d,s and gluons assumed
< ---- PYTHIA 8 (CR Mode 0) : :
L A+ _______ PYTHIA 8 (CR Mode 2) _ O MlXCd hadrOn fOI'mathI’l
_ ¢ .= PYTHIA 8 (CR Mode 3) a. fragmentation
- DO — — PYTHIA 8 (CR + colour ropes) - /v b. coalescence
F | Catania, fragm.+coal. | - .
M. He and R. Rapp: — imposed to be the only mechanism for p - 0
——— SH model + PDG i
SH model + RQM
0.5 —

ALI-PUB-488248
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https://arxiv.org/abs/2012.12001
https://arxiv.org/abs/2011.06078
https://arxiv.org/abs/2011.06079

Baryon enhancement - models ST

M. He, R. Rapp: PLB 795 (2019) 117-121

09 June 2021

ALICE: arXiv:2011.06078  ALICE: arXiv:2011.06079
‘ L R 3. Statistical Hadronization Model and Relativistic Quark

[a
PR ALICE —e— pp, Vs =5.02 TeV — Model (SHM + RQM)
< -.-== PYTHIA 8 (CR Mode 0) ) . . .
f AY | PYTHIA 8 (CR Mode 2) - o Hadronization ruled by thermo-statistical weights
_* e PYTHIA 8 (CR Mode 3) 2
i DO — — PYTHIA S (OR + colour ropes) - governed by hadron masses (n; ~ m; Ty K,(m;/Ty))
I Catania, fragm.-+coal. i at a universal hadronization temperature Ty
‘ —— SH model + PDG | _ ]_ o Strong feed-down from an augmented set of excited
SH model + RQM
os B charm baryons

> PDG:5 A, 3 2, 8 B¢, 2 O
7 — RQM: additional 18 A, 42 X, 62 E, 34 Q.
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i ﬁﬁﬁ@i‘.’_ Can further baryon measurements help
L understanding the mechanisms underlying
° 5 10 the baryon enhancement?
ALI-PUB-488248 pT (GeV/C) . Q
[ 10~ tm T, ev) | 0 | D | 0 | i | Ai | = | ol a
PDG (170) 1.161 0.5098 0.5010 0.3165 0.3310 0.0874 0.0064

RQM (170) 1.161 0.5098 0.5010 0.3165 0.6613 0.1173  0.0144


https://www.sciencedirect.com/science/article/pii/S037026931930382X?via%3Dihub
https://arxiv.org/abs/2011.06078
https://arxiv.org/abs/2011.06079

Heavier charmed baryons )y

Vs = 13TeV

@ — — @O

0,+,++

0 8 B T T T ‘ T T T ‘ T T T I T T T | T T T | T T T | T T l ]

°° - ALICE s 1

- , Vs =13 TeV .

2075 <05 PP =

o i :

I 0.6 - - PYTHIA 8.243, Monash 2013 —]

ONU C PYTHIA 8.243, CR-BLC: ]

05EF Mode 0 --mo- Mode 2 -

ZO’+’++ B Mode 3 -
- 0.4 S SHM+RQM ]
DO R vy Gatania -

1 U QCM .

0.3 F [ BR uncertainty E

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

ALI-DER-493901

« Larger than e*e™ results («> Monash)
— larger relative enhancement than A./D°

. Z?’+’++/DO partially accounts for larger AL /D°

e Well described by SHM + RQM and QCM (pure

coalescence,]. Song, H. Li, F. Shao: Eur. Phys. ]. C
(2018) 78: 344) predictions

ALICE: arXiv:2106.08278 [hep-ex] P P

N 1 2 [ T T T I T T T ‘ T T T I T T T ‘ T T T ‘ T T T l T T T ]
™ .~ ALICE i
X i ly| < 0.5 ¢ pp, s=13TeV -
+ o — —
< - - PYTHIA 8.243, Monash 2013 .
i i PYTHIA 8.243, CR-BLC: i
O;Jo 08F Mode 0 e Mode 2

.27 Mode 3 | 0,+,++
U simsraM | A¢ < Z¢
206 B SSaee ;, Catania i

O e —— QCM 0 +

- - :.'_"ﬁ‘:'. ~ AC

ALI-DER-493906

e Measurement of A, feed-down from X
At « X /AL =0.38 1+ 0.06(stat.) + 0.06(syst.)

* Overestimated by CR modes
— something missing in the direct A,
description?
— scenario with more baryons the most
plausible?
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https://epjc.epj.org/articles/epjc/abs/2018/04/10052_2018_Article_5817/10052_2018_Article_5817.html
https://arxiv.org/abs/2106.08278
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Heavier charmed baryons: = - N
B d C p o cz)
=)
O 0.6 B T I 1 I ] | 1 I 1 I 1 I 1 ] .-g E ! I ! I ! I ! I ! I ! I ! E g
— B i - ALICE =0/ A+ =m0+ 0,4+ ++ 7
E B ALICE ° EE/DU - BR unc. ] 9 - v_ B 13 T V ‘-‘C/AC G /EC ]
c0 5_— PP, Vs =13 TeV, =+/D° 4 c - PP, VS = € Data . = .
NEW 9 7"t |y|<05 - - NEW £ - |y| < 0.5 PYTHIA8 Monash —— —— 4
$ - ' v SHM+RQM Z S PYTHIA 8 Modg 2 e v
= 0 4 [ == Catania (coal.+fragm.) O 10 =3 Catania == - 3
CID I | | — QCM i é - [ BR unc. QCM  wemeeee ceeens ]
20+ | £ b PYTHIA8.243 - =0+ | T [ SHMeRQM 222 777
“-c - —_ ~C S e e ———— — —— — — —
s 0.3 Monash o s ,.:E--— ..... ____ - i
DO > L T [— Mode 0 O+t +H 2 - =R
@ o —— Mode2 1 c S T T Tt -
m 0.2F — — Mode 3 ] m = - < .
- f ] =c i 2
0'1 "l’ , __ A+ e E
mAR ... - C anisZ s g B
""" : N -1z L ez st _ S
0 i | 1 | 1 | 1 | 1 1 1 | 1 1 0 W 1 | 1 | 1 | 1 | 1 | 1 3 SI:'
0 2 4 6 8 10 12 14 ALCE:aXivi210505187 0O 2 4 6 8 10 12 14 £
ALICE: arXiv:2105.05616 2
p. (GeV/c) p_ (GeV/c) E
ALI_PUB 487321 T ALI-PUB-487396 T =
S
£
. 33*/ DY shows clear pr dependence and is larger than e*e” . 2Y 23'”* in agreement with =
« Significantly underestimated by: Monash 3=
. 1 1 N
o Pythia CR - further strangeness enhancement needed? — similar enhancement for the two =5
T 3

o SHM + RQM — more states needed? baryons w.r.t e*e™ collisions?
o QCM - coalescence alone not enough?

 (Catania (fragm. + coal.) works better


https://arxiv.org/abs/2105.05187
https://arxiv.org/abs/2105.05616

Heavier charmed baryons 0 e

S E ™ T ' 1 T T 1 E
D - ALICE Prellmlnary =
NEW < 101; pp, Vs =13 TeV, |y| < 0.5 4
E e Data PYTHIA 8
\b/ o [ - Catania x BR — Monash x BR 7]
x 107 F ...acm x BR CR-BLC E
o E m13.7%BRunc. .. Mode2xBR 3
g10°r = ' 3
I | | ro——, .
AT :
i i ~ e —— 3
o0 -sr L ]
g y
16™

BR(Q — Q%) = (0.51+ 0.07)% [EPJC 80, 1066 (2020)]
1 l 1 l 1 l 1 I 1 l 1 l 1

002 4 6 8 10 2 14
ev/c

BR(QC - 0~1*) x Q0 | Pr
DO

ALI-PREL-486632

* Pythia 8 with CR underestimates data

e Coalescence models get closer, but still not enough

S o 3 I T T T T T T T 3
) - ALICE Prellmlnary E
b B -
= C pp, Vs=13TeV, |y| < 0.5 -

& qot L ® Data PYTHIA 8 11 NEW
\6’ - Catania x BR — Monash x BR 3
X [ ---QCM x BR CRBLG f
B [ m13.7%BRunc. Mode 2 x BR 1
|
3102 -
T - —— e 3

ar ¥ == .
S r :
@C .3
m 107 F 4

—4 -_\_‘ \/—_;

10 E BR(Q) — Q1) = (0.51+ 0.07)% [EPJC 80, 1066 (2020)] : 3

- 1 | 1 ] 1 ] 1 | L | ' | -]

0 2 4 6 8 10 12\14
— GeV\c
ALI-PREL-486637 BR(Qg - Q 1T+) X Qg pT

=0
~c

BR(Q2 - O nt) = (0.51 +£ 0.07) %

(Y_Hsiao etal. EP]C 80, 1066 (2020)) used to scale
model predictions — not measured

Q0 : sizeable contribution to charm production at LHC energies?
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https://link.springer.com/article/10.1140/epjc/s10052-020-08619-y

Vs = 5.02 TeV

Charm fragmentation fractions in pp collisions cneo E
P p @
NEW ALICE: arXiv:2105.06335 §
= 1.0 | | | | | l Single species cross section normalised by the sum of
1 i « ALICE, pp, (s = 5.02 TeV | ] all ground states charm hadrons
o - T | .
= - B factories, e'e”, Vs = 10.5 GeV — . .
0.8 1 ) LE?,C ;)I;es é ° de ° I | Fragmentation fractions f(c — H.) not
+ , , =m, i
|| <HERA, ep, DIS | | e universal :
0.6 3* > HERA. ep. PHP | B — significant baryon enhancement in pp
L P } . collisions
I ‘ ] E
0.4 [ I — E
H * - H, f(e = Ho)[%) p
R |+ .
0.2 - i3 -+ } 7 D°  39.1+1.7(stat)"23(syst) 2
I % et [ I ] Dt 17.3+1.8(stat) )7 (syst) g
| | | ) g
DS 7.341.0(stat) "} (syst) 2
DO D* D; A-ic- Eg D** . E’ g
ALT_PUB-488617 A7 204+ 1.3(stat):§:g’(syst) >d
also = 3

. — =0 o) +2.5
First measurement of f (¢ - E.) e _8;0_{:_1-_-_(iti_ll_)zzj_(i)’_si)- ™ for =+

D**  15.54 1.2(stat) "} (syst)



https://arxiv.org/abs/2105.06335

Vs = 13TeV
=+t SR s

Doubly charmed baryons: Z_;
m

09 June 2021
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140 F (b) LHCb "
120 —— Data
— Total Eé“;’ 3.621 ucc
----- Signal

......... Background _ _
ackgroun + B L AYKmtot

o0
=

o))
)

Candidates / (6 MeV/c?)
5 2

-lllllllllllllll I1—I"—l—llllll|ll-

)
O
BRERRE

() R ] ) L L . -.l":. "‘,_ N . ] ,
3500 3600 3700

LHCb: CHIN. PHYS. 44 (2020) 022001 M(A K 7w* ) [MeV/c?]

« EXS production compared with Af one

* Double-over-single charmed baryon ratio
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[BR(EZY - A{K ntnt) x a(EZN)]/[0(Af)] = (2. 22 + 0.27(stat.) + 0. 29(syst.)) x 1074

* More differential measurements and comparison with models: further insights in HF production



https://iopscience.iop.org/article/10.1088/1674-1137/44/2/022001

CC cross section in pp collisions cneeo [E
P p @
NEW ALICE: arXiv:2105.06335 2
3 T T 1T T1TTT I T T | L L l] T T LT R II a
= i 1 e ccproduction cross section at midrapidity in pp
5103 | & ALICE | gt | collisions at /s = 5.02 TeV measured as sum
ol »” = of ground state hadron cross sections
"§ LA L ! c +134
ke i ] (do““/dy)|yj<05 = 1165 + 44(stat.) 1p,(syst.) ub
i I « Results previously published at+/s = 2.76 and 7
107 = & TeV from D mesons updated with fragmentation 5
. 0 fractions from /s = 5.02 TeV analysis .
- . — 40% increase g
- B FONLL i e Higher values driven by the observed baryon S
ity L mm— O | enhancement in pp collisions %
R TTY T * Results on upper edge of FONLL and NNLO 5
4x102 107'2x10°" 1 234 10 calculations 5
Vs (TeV) %g
iz

FONLL: JHEP 1210 (2012) 137

NNLO: PRL118(2017)122001,JHEP 03 (2021) 029
PHENIX: Phys. Rev.C84 (2011) 044905

STAR: Phys.Rev. D 86 (2012) 072013

18



https://arxiv.org/abs/2105.06335
https://link.springer.com/article/10.1007/JHEP10(2012)137
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.122001
https://link.springer.com/article/10.1007/JHEP03(2021)029
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.84.044905
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.072013

Charm production vs. multiplicity

LALLM | LI LI R | T LR | LI LR | LR | LI R R |

._ 2<p <4GeV/C T 4<pT<6GeV/C i 6<pT<8GeV/C

i‘a_s' : “@
0_4* f“ "y P
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=
cof
e
—0—

1 ok pp, Vs=13TeV
] SPD multiplicity classes
QO p-Pb Minimum Bias, /s, = 5.02 TeV
] arXiv:2011.06078
1 ¢ Pb-Pb,|s,, =5.02TeV

¢ ¢ 7] VO multiplicity classes

o R | R L L LA o
o T T 1 10 10° 10°
. 8<p < 12 GeV/c 12 < p. < 24 GeV/c ] <chh/dn>|n|<o .
<o0.8f + - o
i ALICE Preliminary
0.6] -+ -

o
N
T
—_— S
b
!

0:2;- v 'HD"'IH.

it

ERETT| L ol ool 1 ||-- paannl Lol L el

10 10° 10° 10 10? 10°
(dN_ /o) (dN_ /dn)

/<05 n|<0.5

ALI-PREL—-336446

el

Increasing event multiplicity

VSNN = 5.02,13 TeV

© — «— @
P o]
~-8 8- -8
p
Pb Pb Pb

pp, p-Pb, Pb-Pb colliding
systems compared through
common multiplicity
estimators

A} /D° ratio smoothly
increasing at intermediate
pt from pp to Pb-Pb

Same underlying
processes ruling the HF
production in different
colliding systems?
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Interplay with flow effects
in Pb-Pb collisions?
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Summary

Standard picture for the heavy flavour production in
pp collisionsbased on the factorizationapproach,
assuming universal fragmentation functions

Recent results from ALICE, ATLAS, CMS and LHCb
show that this assumption is no more valid in
hadronic collisions at LHC

Joint effort between theory and experiments to
investigate the baryon enhancementin hadronic
collisions

Further QCD tests and insights on heavy flavour
production from

— heavy flavour hadron spectroscopy
— quarkonia production \

“New measurement in the quarkonia sector”
Valeriia Zhovkovska
Wednesday 9t June, 14:57

“Classical spectroscopy”
Valentina Mariani
Thursday 10% June, 14:15

“Tetra- and pentaquark
spectroscopy”
Elisabetta Spadaro Norella
Thursday 10% June, 14:33
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Heavy meson fragmentation fraction ratios

1

LEP e'e’, Vs=m,|—

average

H1ep 0.5xy —
pT(D) >2.5GeVie

ZEUS yp 0.5><ys —
DT(D) >3.8 GeVic
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p,(D)>0

— PYTHIA8 _|
p, > 0
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p,(D) >0

ALICE, Pp Vs =5.02 TeV — .theory sys
pT(D) >1GeV/e, p. constant fit

—— —

ISR R
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arXiv:2102.13601

ALI-PUB-482597

015 02 025
charm fJ/(f +f,)

e
LEP e*e™ 0.5xfy/fy, Vs = m,|— -
HFLAV average

|
CDF, pp Vs=1.96 TeV [— |
pT(B) >7GeV/c |

ATLAS 0.5xf/f,, pp /s =7 TeV — +
pT(B) >8GeV/c

|
LHCb, pp Vs =7 TeV — I —— _

pT(B) >0, p, constant fit

LHCb, pp Vs = 13 TeV —
pT(B) >4 GeV/c

|
|-o-
|
ALICE, pp Vs = 5.02 TeV [— [theory sys —i—.— —

pT(D)>ZGeV/c,pTconstantfit T

e B
— PYTHIA8 _|
pT>0

0 0.05 0.1

arXiv:2102.13601

ALI-PUB-482601

L P I
0.15 0.2 0.25
beauty fy/(f+f))

o L L B B B
oe o ALICE pp, (s=5.02TeV |y|<0.5
2 'L Prompt Non-prompt
e 06~ °® Data = Data

: FONLL + PYTHIAS8 Dec.

B D; « B%+B*+BXMA)
0.5 Di « B%+B*
D; « B!

0.4

0.3

=
55 SO PP B
$E‘EE% =

0.1 %
E 1 1 L | 1 1 L I 1 L 1 ‘ 1 L 1 I L 1 1 J 1 1 L J L
0
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arXiv:2102.13601 p, (GeVic)

ALI-PUB-482593

0.2
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~

T T T

LHCb
\s=13TeV

AZ Fractions
()
w

and
o
[\e)

B,
I
—
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0.05
0
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Phys.Rev.D 100,031102(R) p (H,) [GeV]
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https://arxiv.org/abs/2102.13601
https://arxiv.org/abs/2102.13601
https://arxiv.org/abs/2102.13601
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102

Vs = 5.02 TeV

' fracti t] :
Charm meson fragmentation fraction ratios R o S
N
g p p p
=
. ‘ II . . I . . . : I . . : ; ;Q-"- 0_8: T T T I T T T ‘ T T T ‘ T T T ‘ T T T ‘ T T T ‘ : g

P o (5o m | — PYTHIAS Z o g ALICE pp, (s=5.02TeV |y|<0.5 E

average p, >0 = L Prompt Non-prompt ]

o0 NEW I s e © Data = Data R

ep 0.5xy, — — (&) r FONLL + PYTHIA8 Dec. T

p,(0)>25 Gevic | o5k WD - B+B4BMA)

ZEUS vp 0.5xy_ — I _ ’ ; B% — ED+B+ ;

p.(D) > 3.8 GeVic r s € B ]

: 0.4F - W
ATLAS 0.5xy_ . PP Vs=7TeV |- _}_-_ _ B 'E'E‘ . N E

p,(D)>0 | 0.3 IT

T : ‘

ALICE,pp Vs =7 TeV |— I — B 0_2} {

p.(D)>0 | L — - $‘E’$$E d

ALlCE, PP '[E =5.02 TeV — .theory sys | —.— ===_'=I'==__ O 1: _:

pT(D) >1GeV/c, P constant fit A S | .| PR B SR E co b b b b ey 1 g

0 0.05 0.1 0.15 0.2 0.25 0 2 4 6 8 10 12
arXiv:2102.13601 charm f/(f +f,) arXiv:2102.13601 p. (GeV/c)
ALI-PUB-482597 ALI-PUB-482593 T
. recently at LHC as

s

= 0.137 + 0.005 (stat) + 0.006(syst) + 0.005(BR)[ALICE]
fu + fd
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* Fragmentationfraction ratios compatible among different collision systems and
energies
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https://arxiv.org/abs/2102.13601
https://arxiv.org/abs/2102.13601

Vs = 5.02,13 TeV

HF meson fragmentation fraction rati

OS

@ — — @O

p
I 1 LA DL L B T | T T
LEP e'e, Vs = m,— — PYTHIA8 _| LEP e'e” 0.5xf/f,, \s= my— — PYTHIA8 _|
0 HFLAY average p_>0
~| NEW [ * NEW | *
‘ H1 ep 0.5xy_ |— | — CDF, pp Vs = 1.96 TeV |~ | — =p
\ p.(D)>2.5 GeVic | p.(B)>7 GeVic |
ZEUS vp 0.5xy, |- _.l_ _| ATLAS 0.5xf/f,, pp (s =7 TeV |- + —
CHARM p.(D) > 3.8 GeVic | p,(B) >8 GeVic | BEAUTY
|
I
ATLAS 05xy ,pp Vs=7TeV|— — LHCb, pp Vs =7 TeV [— —— —
¥ pT(D) >0 —:—-_ pT(B) >0, P, constant fit I
ALICE, pp Vs =7 TeV [— I _ LHCDb, pp Vs =13 TeV |— |-.- —
p,(D) >0 | p,(B) > 4 GeV/c I
ALICE, pp Vs =5.02 TeV (— .theory sys | —— — ALICE, pp Vs =5.02 TeV — .theory sys —!—.— —
p,(D)>1GeV/e,p_constantfit | | __J p(D)>2GeVic,p_constantfit | e
0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15 0.2 0.25

charm f/(f +f ) beauty f/(f+f))

arXiv:2102.13601

ALI-PUB-482597 ALI-PUB-482601

B?
BO+B-

[ALICE, ATLAS] and (> - ) [LHCb, ATLAS] in pp at Vs = 5.02, 7,13 TeV

. -
(b) (non)

* Fragmentation fraction ratios for between the two flavours

and mesons

f. ~ 0.137 + 0.005 (stat) + 0.006(syst) + 0.005(BR) [ALICE]
fu+fa), |0.5%(0.26 £ 0.05(stat.) + 0.02(syst.) + 0.02(BR) + 0.01(extr.) )[ATLAS]

ir), =

0.122 + 0.006 [LHCb]
0.127 + 0.036(stat) + 0.012(syst) + 0.005(BR) + 0.005(th)[ALICE]

0.5 % (0.240 + 0.004(stat.) + 0.010(syst.) + 0.017(th) )[ATLAS]
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https://arxiv.org/abs/2102.13601

Beauty meson fragmentation fraction ratios
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https://arxiv.org/abs/2102.13601
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102
https://arxiv.org/abs/2102.13601
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Beauty meson fragmentation fraction ratios
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Fragmentation fraction ratios compatible
among different collision systems,

energies and rapidity ranges
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https://arxiv.org/abs/2102.13601
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102
https://arxiv.org/abs/2103.06810

Vs =13 TeV

Beauty hadron fragmentation fraction ratios <---

09 June 2021

« Baryon-over-meson ratio
o clear decreasing trend vs. py
o significant enhancement at low pt

— effect caused by the different masses?
My (~ 5.6 GeV/c?) > mg(~ 5.3 GeV/c?)

— fragmentation fraction universality violated?

B, and Ag Fractions
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https://arxiv.org/abs/2102.13601
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.031102

\s =5.02,7,8,13 TeV

Beauty meson fragmentation fraction ratios <—«-
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respectively, with a standard deviation of about 2.8 GeV/e at all energies. The following
integrated fs/fs values for pr € [0.5,40] GeV/c and 7 € [2, 6.4] are measured

fso/ fa(TTeV) = 0.2390 £ 0.0076

fs/ fa(8TeV) = 0.2385 £ 0.0075 > 03T
fo/f2(13TéV) = 0.2539 +0.0079 | > F arXiv:2103.06 LHCD 1
028 oo 3
which are shown in Fig. 3| Ratios of the integrated values at different energies have also 0 26:— NEW B S‘B
been calculated, mmcorporating correlations between the uncertainties, yielding T * ] i
0241 * ] £
L 0 E ]
fo/Ja(I3TV) = _ 4 064 1 0,008 : | Bs ] =
fs/ fa (T'TeV) 0.22F BO ] .
fo/ Ja (13 TeV) [ ] g
1.065 £ 0.007 P P BN B IR B S =
fo/ fa (8 TeV) ’ 02 o 0 T 12 13 I
Proton-proton collision energy [TeV =
fs/fa (7TTeV) &
which can be used to correctly normalise future analyses using data at different energies. % =
= ©
r
T 5



https://arxiv.org/abs/2103.06810

Js =8,13 TeV

B: (cb) meson production e

Phys.Rev.D 100,112006
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.112006

B h t del = I
dIryon ennancement — maodaeis . : 3
=)
2
arXiv:2011.06078 arXiv:2011.06079 JHEP 1508 (2015) 003
o T T | T I T I | T T T . . .
~ ALICE . 1. PYTHIA 8 with improved Colour Reconnection (CR)
fo 1 ~—=2_00.V5=002TeV -
< mmm- PYTHIA 8 (CR Mode 0) . . .
S v I B PYTHIA 8 (OR Mode 2) o CB v.v1t.h SQ(B) weights and string length
< S PYTHIA 8 (CR Mode 3) minimization
B DO — — PYTHIA 8 (CR + colour ropes) |
I Catania, ragm.+coal. | O topology
M. He and R. Rapp: C
—— SH model + PDG 1 productlon JHEP 03 (2015) 148
SH model + RQM o ropes: colour strings close in phase space allowed to £
0.5 — .. : : z
recombine into higher multiplets =
| — more probable in an environment with high =
i string density (e.g. hadronic collisionsat LHC) g
i . . =
— increased production of baryons and strangeness E
I i . o =
| | — subleading effect w.r.t. junctions for charm =
0 | | | 5 | | | | 10 | | | baryons T:
p_(GeVic) 2 3
ALI-PUB-488248 T é; 8
=5
= 5

31



https://link.springer.com/article/10.1007%2FJHEP08%282015%29003
https://arxiv.org/abs/2011.06078
https://arxiv.org/abs/2011.06079
https://arxiv.org/pdf/2011.06079.pdf

PYTHIA 8 CR modes

JHEP 1508 (2015) 003

- Colour reconnection mode with SU(3) topology weights + string-length minimisation.
-  From junction reconnection—enhance baryons.
A dynamical “QCD-inspired” way for coalescence?

No CR Old CR

@ a0 % @
(9)—@ (2)

- CR allowed between partons

- Partons created in from different MPIs to minimize
different MPIs do not string length
interact - used in Monash tune

New CR

(%) (%)
(9)—@ (@)

- Simple model of QCD colour rules to
determine the formation of strings

- Minimization of the string length over
all possible configurations

- Include CR with MPIs and with beam
remnants
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bb cross section in pp collisions

3 2 B I I I 1 I LI I I I 1 I I LI I ]
NEW 2 "OF «puenixpp, i<t 5 A
o = Z —
< [ DUATED, lyi<t5 Y .
© - 2y ]
\fg ¢0CDF pp, |y|<0.6
g 10F E
1= e
= ALICE pp =
- *b—>Dly|<0.5  dielectron [7,|<0.8 :
L A fit with PYTHIA6 -
FONLL b —» Jylyl<0.9 V fit with POWHEG

-1 _ o
107 #7% NNLO  ¢p s ey|<0.8 -
_ 1 l l 1 l 1 (| I 1 1 1 1 1 1 11 I 7

107" 2x10™ 1 2 3 4567810 20
arXiv:2102.13601 Vs (TeV)

ALI-PUB-482609

 Updated measurement of bb cross section with non-prompt D-mesons
* Most precise results at midrapidity thanks to the usage of machine learning techniques
» Extrapolationdown to 0 using PYTHIA and FONLL

(dcrbi’/dy)lyku5 = 34.5 + 2.4(stat.) *3§(syst.) ub
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https://arxiv.org/abs/2102.13601

Charmed baryons

Mass (GeV/c?) Valence quarks

A 2.286 udc

Zott 2.455 ddc, uuc
oM 2.467 usc 58
Ee 2.471 dsc
Q) 2.695 SScC E

Opy 3.621 ucc

vy flavour
LHCp2021

Hea




Vs = 5.02 TeV

Charm fragmentation fractions in pp collisions cneo E
P p ®
NEW arXiv:2105.06335 g
Fa : | | | | ! | : Single species cross section normalised by the sum of
<12 = ALCE, pp, s=502Tev g all ground states charm hadrons
L - PYTHIA 8: JHEP 08 (2015) 003 .
1 | —— Monash 2013 _ . .
[ e CR Mode 0 i Fragmentation fractions f(c —» H.) not
- e GR Mode 2 . o
- - CR Mode 3 . o universal |
0.8 - - — significant baryon enhancement in pp
I ] collisions
0.6 B 7 .?8
i m - ©30 | arXiv:2105.06335 §
04 - ‘ B nk g
i : o H. f(c— Ho)[%] <
B x 30 T = B
0.2 - el U E—— D’ 33 (syst) g
ol | | i / ] T (syst) B
D~ D Dy A =/ Q) Jwv 3 3 l.O(Stat)jiz?(Syst) : _
204+ 1.3(stat):§:g’(syst) %g
LT
T 3

« 02 neglected in the calculation of fragmentation fraction =0 g0+ l.2(stat)*3'i(syst) ——

* Asymmetric uncertainties to account for its possible S s g for ¢
influence D*"  15.5+1.2(stat) [ o(syst)



https://arxiv.org/abs/2105.06335
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