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Soft strong interactions or soft QCD (Poster in ITP, School of Phys., SDU), so many topics
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Soft strong interactions or soft QCD (Poster in ITP, School of Phys., SDU)
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Factorization (in)vald? for HEAVY quark sector?
Two selected topics:

(7 B/M, and hence T/M, P/M... with heavy flavour
(7

Combination contribution to heavy Quark
hadronization In jet

production & structure
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B/M, long-existing question or just phenomena

diquark & combination to study the B/M and to predict the T, P, /M...

€& Phys.Rev. D 108, 112003 (2023)
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Phys. Rev. D 85, 052005 (2012)

ground states PS seem OK, but vector, direct production, sounding
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Factorization of combination d -/
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hard partonic scattering Xsec. convolute with the ME’S
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hard partonic scattering Xsec. convolute with the ME’S
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simple anysis on combination function
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effective contribution to ‘FF’ from combinition
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Dead-Cone effects

angular distribution of hadrons in various jets

suppression of radiation and hence production
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Angular distribution of hadrons in various jets Chin.Phys.C 48 (2024) 6, 063101
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PT weighted good for phase space description
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BUT energy loss almost same! figure from Symmetry 15 (2023) 3, 727
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B/M, long-existing question or just phenomena
introduce diquark to combination to study B/M and to predict T, P,/M...

€& Phys.Rev. D 108, 112003 (2023)
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CERN-THESIS-2022-052, baryon enhacement for large multiplicity

120 Chapter 6 — Charm-hadron production versus multiplicity in pp at /s = 13 TeV
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Figure 6.15: The D} /D" (top) and A /D" (bottom) ratios measured in pp collisions at
Vs = 13 TeV for different multiplicity event classes at mid- (left) and forward (right) rapidity.
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/\; fitted to data

from Phys. Lett. B 781 (2018) 8-19,

Phys. Rev. Lett. 128 (2022) no.1, 012001
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Phys.Rev.D 104 (2021) 11, 114009, see also: moriond 2017/, unirarityProduction of multiquark hadrons in
high energy multiproduction processes



Table 1. Considered and observed tetraquark states for the P even case. The subscript | denotes the
spin of the state: 0, 1, or 2.

Contents States Observed Mass Width
csiiil Tfﬁ}
csid Tﬂ}, TEZ?' Trs0(2900)° [20,21] 2.866 + 0.007 £ 0.002 GeV 57 £ 12 + 4 MeV
37 14
csdd B i
c3ud ng}"" TSFD{EQUU}""" [22,23] 2908+ 0.011 £0.020 GeV  0.136 £0.023 + 0.011 GeV
c3ufi, cidd T._i];f T.if; ‘;
csdi e T%,(2900)° [22,23]  2.908 +0.011 +0.020 GeV ~ 0.136 = 0.023 + 0.011 GeV
Table 2. Considered and observed tetraquark states for the P odd case. The subscript | denotes the
spin of the state: 0, 1, 2, or 3.
Contents States Observed Mass Width
csilil T;;J,_
csaid i T,1(2900)° [20,21] 2.904 + 0.005 £ 0.001 GeV 110 £ 11 + 4 MeV
J7 s
csdd 5 ]
7 ++
csud f i
x + 1+
csuil, csdd Tor T
cidi T

cs]




hence predicted, Symmeiry 2023, 15, 695.

d’c/dy/dp, [ub GeV "'c]

Ne, (Z0), =e > Tes(2900)family
diquarkcs +u,d = cq(g=ud)+s A, ¥
E b ud gu dd 02 Lo Sq -

20 L
= o
=
i T f
: © -1
=10 Er
Lo oo b baag |||TI||1 10-2_1|||I...:I:N:::I::::
0 2 4 6 8§ 10 12 14 0 5 10 15 20 25

pr [GeV/c] an overal free parameter pr [GeV/c] o



summary

High energy hadronic scatterings, production of heavy hadron gets
EXTRA contribution from combination ME in case that the underlying

events provide quark source.
The vector meson and hyperon data are explained and

Multiquark hadron production can be predicted with the help of their
structure in relation with the meson and baryon

ROLE of HEAVY quark



Discussion |

molecule
P1 " H(A,B) P1 w
Bk 41
B — X B
o Q=GR
P2 X P2 .

e.g. ,Chin.Phys.C 41 (2017) 8, 083106, Phys.Rev.D 104 (2021) 11, 114009

different ‘combination’

do = dot +do® + - - - different structure

d(}'ﬂbl ( ) .
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Discussion |l: Thoughts onthe role of heavy quarks in the
multiquark states, what different from light quarks

each constituent light quark ocuppy space scale around 1 fm (with saturation)

small size Iin spacetime, heavy quarks ‘compact’ the size of multiquark hadron;
(pre)confinement scale changed when including small heavy quarks

the method discussed above is useful to
estimate the production rate and spectrum




Discussion |l: Thoughts onthe role of heavy quarks in the
multiquark states, what different from light quarks

each constituent light quark ocuppy space scale around 1 fm (with saturation)
only tl * . - -

Thanks for your attention

small s
(pre)cc

n;

the method discussed above is useful to
estimate the production rate and spectrum




Thoughts onthe role of heavy quarks in the
multiqguark states, what different from light quarks

small size in spacetime, heavy quark can naturally ‘compact’ the size of multiquark hadron.
each constituent light quark ocuppy space scale around 1 fm (with saturation), light multiquark hadron
larger in size.

for lights, only the nuclear-like structure (molecule) |

compact multiquark state can only be possible for heavy,
but molecule can be both.
look for single heavy pentaquark

(pre)confinement scale changed when including small heavy quarks

the method discussed above is useful to estimate the production rate
and spectrum







