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* Heavy flavour production
— Test QCD: PDF, hard scattering, fragmentation

— New physics search: Background; f;
— pp collisions, reference for pPb, PbPb

* Spectroscopy
— Quark model
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Open charm/beauty production

* Well described by pQCD calculations (FONLL)
with fragmentation function from e*e™
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[JHEP 05 (2021) 220]

fs/(fu + fa) In B/D system

« Similar for charm and beauty

* No significant dependence on energy and collision
system with the current precision
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[arXiv:2103.06810]

f</fq In beauty system

ovf —— B—Jyh  LHCb] —onf —— B—Jyh  LHCb]
« Combined analysis = g B S s
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larXiv:2011.06708]

Baryon-to-meson ratio
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« Clear trend as function of p+, well decribed by, e.g.,
— Pythia8 + New Colour-Reconnection (CR) mode

— Statistical Hadronisation (SH) including additional excited
charm baryons predicted by Relativistic Quark Model (RQM)

— Catania, hadronisation via coalescence + fragmentation
Jibo HE (UCAS) HF production & spectroscopy 8



[arXiv:2105.05187]

=0/

~C

+
, Q¢ pro

o) 0.6r——T—T1 ] o) T 7 T 3
® [ ALICE « 29D° " BRunc. ] © [ ALICE BYA; EOr0
- pp, Vs=13TeV, - o ] [ pp, Vs =13 TeV . . i
S 0.5 0.5 E¢D S Data El
C <. ] L .5 PYTHIA 8 Monash —— g
8 L Iyl VA SHM+_RQM - E‘ |y| < O 5 PYTHIA 8 Mode 2 s o
c C e Catania (coal.+fragm.) ] @ 10F Catania == -_ =
o 0.4 o Tt QcM ] 'g F mm BRunc. QCM  ceeeeee i 3
-lé' r PYTHIA8.243 -'E C SHM+RQM w7 w2 ]
o 0.3F Monash  — o e ——— ——— R
T Vode 0 ] i
3] B , —— Mode 2 ] S 4 IR
m o2k - —— Mode3 ] m 15‘ ----------------------- E
L \_2 IIIIIII I : C :
L L - ]
0.1 .
] e S i 10_1 Wl T R T B B
0O 2 4 6 8 10 12 14 0O 2 4 6 8 10 12 14
P, (GeV/c) P, (GeV/c)
s E T T T T T 1 T 1 E SR E e oo L -
=) E  ALICE Preliminary E Q) £ ALICE Preliminary 3
B 4oL pp. 15=13TeV, [y <05 N 6% C pp, 's=13TeV, |y| <0.5 ’
et E * Data PYTHIA 8 3 G o1 ¢ Data PYTHIA 8 -
® 4n2 [ - Catania xBR Monash x BR [ F - Catania x BR Monash xBR 3
X 107 F -.acmxBR CR-BLC E X F --- QCMxBR CR-BLC ]
1;‘ F 13.7%BRunc. . Mode 2 xBR B L 13.7% BR unc. «Mode2xBR ]
|
'%10’35— e E %10*25— . E
. ] o E === = ]
LRI S— y g f :
c s E N I e
om r . m 10 3 E _______........'.'.':;'_‘.-;;h.,,.;'. ................ E
10°F - ;
10k o o 3 104k -
£ BRGE > Q) - (051 007)% [EPIC 80, 1066 (2020)] 3 E [BR@S 0w = (0512 0.07)% [EPIC 80, 1066 (2020)]] &
L L L L L L C__1 I 1 I 1 I 1 I 1 I 1 I P
o 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
P, GeV/c p_GeV/c

Jibo HE (UCAS)

du

ction

B(Q2) from theo.’

HF production & spectroscopy



[arXiv:2105.06335]

Charm FF & cross-section

* Fragmentation fraction not universal
« Cross-section at the upper edge of FONLL/NNLO
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N
> A9 production asymmetry

» Using A} = Afu~v,X, 7/8 TeV pp data
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[PRD 102 (2020) 092007]
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[PRL 126 (2021) 122002]

New excited D state

(c5)

e D.,(2590)", observed in B® - D™D*K* r~
— Candidate for D, (21S,)™, radial excitation
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[LHCDb-Paper-2021-012]

Q:*% in Q; decay (ess)
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[LHCb-Paper-2021-012]

 Spin of QY probed, not conclusive yet

— Assignment of (1/2, 1/2, 3/2, 3/2) rejected by 3.50

Jibo HE (UCAS)
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New excited B;) states s)

« Observed in m(BTK™)

—directly to BTK~ m; = 6063.5 £ 1.2 (stat) £ 0.8 (syst) MeV,
ot 17— \I‘l = 26 1+ 4 (stat) 4 (syst) MeV,
—through B*"K my = 6114 + 3 (stat) £ 5 (syst) MeV,

['y = 66 + 18 (stat) = 21 (syst) MeV,

[arXiv:2010.15931]
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= 600
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Charmed baryon mass (GeV)
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[arXiv:2102.04524]

Observation of =, (6100)~

100)” with Z,m ™
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[PRD 103 (2021) 012004]

Observation of £, (6227)°
* Neutral £,(6227) with E, 17, E}

| LHCb

100

Number of candidates / 10 MeV
[6)]
o

— Data

— Full fit

— Signal
Background

400

5m¥eak —
m(5,(6227)°) = 6227.1714 + 0.5 MeV, m(Z(6227)7) = 6227.9 £ 0.8 £ 0.5 MeV,
['(Z55(6227)%) = 18.6 759 + 1.4 MeV,

Jibo HE (UCAS)

I 800
M(Z,7%) - M(Z,) [MeV]

429.8 14 4 0.3 MeV,
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0 +_~
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600 700
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800
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I['(Z,(6227)7) = 19.9 + 2.1 & 1.5 MeV,
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Search for £/,
« X, - Efn ™, no significant S,
signal, combined with . —+ "

+

©12000 I
R + =+ 2ok o
g “cc - AC K Tl'- . - ilzzzz; Preliminary ;igcleground :
- — Local (global) significance 56””“M
S 4o (2.90’) 3 4000 s
J 5 2000 — -
8 —m = 3623.0 + 1'4stat Mev ~ 0:' ]
& c.f. m(E}; ) = 3621.55 + 0.23 + 0.30 MeV R ) MV
8 g LHCb —+ Data g
T — 91b! — Fit .
1 o Signal ]
—_ - ~ Background

::—L g A+K .7'[+ O fb 1 )
E. = Bt 541! Prelimina
—_— Comblned LHCb .
L L L L 1 L L L L 1 L L L L e n | R T T Lol ey 1 M R T T 1
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m (E}.) [MeV/c?] m (ALK %) [MeV/c?]
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[arXiv:2105.06841]

First search for Qf, (ces)

« Ot > EXK ™, bump at 3876 MeV, with
local (global) significance 3.20 (1.80)
=FHeT T =i e Upper limit on

_ (%) - Brotal(Q - EEKmH)

7 Background
0(E&) - Broral(Ede" = ALK~ mtm™)

Candidates / (5 MeV/c?)

x 014 —/—————————
=1 B .
SO042f v=40fs —T=80fs ~ T=120fs - T=160fs ~ T=200fs
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s i 0.08 f— 1
= 3 - 4
§ E : , 120 0.06 —
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3600 3700 3800 3900 4000

m(ETK %) [MeV/c?
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[JHEP 11 (2020) 095]

First search for =

0
bcd
he (bcd)
;K-
<’§
p
<ﬂDo

=0 O — ’
¢ I-ch _) D pK ) )
. " “bc
* No obvious signal, UL
as functionof m/ron °
=0 =0 0 —
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[arXiv:2104.04759]

First search for (), (e
e O}, Ep. = AT (EF)m~. No obvious signal,

UL as function of m/t on & =2l BUL = Hem)
o(H?) - B(H® - HFm)

QwE._ T T ] g 7 —
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(2020) 242001, PRD 102 (2020) 112003]

[PRL 125

Observation of X(2900) - D™K™ cau)

« UsingB" > D*D KT, bothozzi
model-independent study

& amplltude anaIyS|s

m¥D*D") [GeV?/ 4]
5
I

! 70 E
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145 50
6 s 10 12 =

mA(D K" [GeV* ¢4

X,(2900): m = 2866 + 7 + 2 MeV
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[arXiv:2103.01803]

Observation of ZJ; —» J/YWK™ «as

« Amplitude analysis with B¥ - J/Y¢pK™

T
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Contribution Significance X o] M, [MeV] Iy [MeV] FF (%]
All K(17) 25+47% 8
2'P, K(1%) 4.5 (4.5) 1861 £10118 149+ 41712}
2P, K'(1%) 4.5 (4.5) 1911+37+12% 276+ 50318
1°P;  K;(1400) 9.2 (11) 1403 174 15+3%,3
All K(27) 2.1+0.47%20
1'D,  Ky(1770) 7.9 (8.0) 1773 186
13D,  K,(1820) 5.8 (5.8) 1816 276
All K(17) 50+4139
1°D;  K*(1680) 4.7 (13) 1717 322 14+2+%
23S, K*(1410) 7.7 (15) 1414 232 38+5t0
52} K(2%)
8 23Py  K3(1980) 1.6 (7.4) 1988 £22+131 318 +£82F48,  2.3+£0.5+0.7
— K(07)
O 2'Sy  K(1460) 12 (13) 1483 336 10.2+1.2%39
™M X(27)
‘9 X (4150) 4.8 (8.7) 4146 +18+33 135+28%3  2.0+05+93
AN X(17)
S X (4630) 5.5 (5.7) 4626 161,18 174+27+8F  26+05F%)
'>2 All X(0F) 0E5" 7
— X (4500) 20 (20) 4474 +3+3 776413 5.6+0.7+24
S, X (4700) 17 (18) 4694 + 478 87+ 8118 8.9+1.2+4
NRJ/po 4.8 (5.7) 28 +87*17
All X(11) 26+3%.0
X (4140) 13 (16) 4118 +£11732 1624+2173% 17+3*9°
X (4274) 18 (18) 4294 +47+3 53+£5+5 2.840.5798
X (4685) 15 (15) 4684+ 78 126+15F3 72+1.0+39
All Z,(1%) 25+ 571
Z5(4000) 15 (16) 4003£67,; 131+15+26 94+21+34
|_ch(4220) 5.9 (8.4) 42162418 233+ 52+% 104+4+19

Jibo HE (UCAS)

HF production & spectroscopy
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[Phys.
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S
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Unlikely to be the same

—_—
N

LHCb

—4- Total fit

mJ/w [

—-Data 9 fb™!

-4-No Z,, fit
—_ Z.,(4000) §

——
€(4.25,4.35) GeV

3.8

Mk

Reuv. Lett. 126 (2021) 102001]

4.2
[GeV]

BESII

(s =4.681 GeV
(a) —— Total fit
— — — Z.4(3985)
ik < D as00fD
\ +l [0 (| [ R AR non-Res.
\ 45 o, o
[ comb. BKG
4 405 41 415
RM(K*) (GeV/c?)

one as seen by BESIII:
m = 3982.5128 + 2.1 MeV

=128

+5.3
—4.4

+ 3.0 MeV
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[Sci. Bull. 65 (2020) 032]

X(6900) in Di-J /¢ system a2

« Structure observed in Di-J /Y mass
— Two models, both with significance > 5o

First candidate for T,.z.;

20——m——F—F————7——+—— 220
200 i pm 200

Total fit
1 80 Resonance 1 80
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—I— Data
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= = Interference
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B vrs
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My, s, MeV/c?)

No interfence, using Breit-Wigner NRSPS interfence w/ broad structure
m = 6905+ 11 + 7 MeV m= 6886+ 11+ 11 MeV
=80+ 19 + 33 MeV =168+ 33 + 69 MeV
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Evidence of P2 - J /YA

« Amplitude analysis with

H—

Ep = J/WAK™
= - 1750 signals
o .
© « P2 evidence
@\ — —
S ._.(1690) , _.(1820)
N
2 % 103 & — Data9fb ! é
>§ E LHCb E.IE(MQO) ]
o = 0 . . =(1820)
— I 10 A £(1950)
T W e
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I %%&ﬁ e £
l? ’ ?ff’@@ jﬁ% 3
e 2 25
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[arXiv:2012.10380]

* P

—4.30 — 3.10 including 2 |  LHCb =T
systematics S [ m, >22GeV | — Fitwih P ]
— Statistics not enough ~ S%Jr H -
to determine J* s e 1 L (o N N
0 l ' olf |
—~0 Ty *0 - T Tt T
— 19 MeV below Z:D —
threshold My a |GEV]
State My [MeV] Iy [MeV] FF (%)
P.,(4459)0 44588 £2.97T7T 173+£65750 27Fl0F0T
=(1690)~ 16920i13+04 259i95+1§g 22.1F52+67
=(1820)~ 182274+ 15708 36.0+44775 32.9F32109
2(1950)"  1910.6+18.4  105.7 + 23.2 11.5 153140
=(2030)"  2022.8 +4.7 68.2 £ 8.5 73715798
NR - - 35.8 1464103
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@$
N New structure in ]/l/Jp

S
& 200 —T lt
 Amplitude analysis = T s
3 B{— J/y pp signal 9fb! |
‘é -----« Background
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— 800 signals '
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[LHCb-Paper-2021-021]

=2, Q0 lifetimes

Measured with prompt £2, Q9
relative to D°, confirming
those using b-decay
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Summary

* Many results on heavy flavour production
and spectroscopy since last LHCP
— Production, D, A, 2., AY,B.(25)7, ...

— Spectroscopy, D.,(2590)%, excited &, states,
X(2900), Z*., X(6900), P%, ...

— Lifetime, 22, Q2
» Upgrade of LHC experiments ongoing,
many results on their way, stay tuned



