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A highlight for the presentation on

’Study hadron property and structure in high energy multiproduction process’



* In high energy scattering, multiproduction process is unique in its relevance to total cross section an in its global property such as rapidity
distribution, etc. If there is hard interactions, the jet rate and structure is a good arena of perturbative chromodynamics. However, once any
specific hadron is considered, The property and structure of the hadron must make sense while the global and/or perturbative
chromodynamics mechanism still can put important constrains.

* The relation of the property and structure of the hadron with its production cross section, distribution etc. is much more complex than its
decay process. In one hand there are many difficulties and challenges in calculation; on the other hand, production process provide unique
way to study the details of property and structure of the hadron, which is beyond the approach of its decay process.

* In this talk | will review our works on such topic in recent years, mainly on the multiquark state (e.g., XYZ particles) production in
multiproduction process and the Bethe-Salpeter wave function in exclusive process. For the multiquark state production in multiproduction
process, | will emphasize on the unitarity of hadronization process (and relevant models) and discuss why until now, No multiquark states
(except the the unclear X(3872)) is observed to produce in multiproduction process. | will also discuss how to calculate hadron molecule
production in multiproduction process.
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Multiproduction: in soft interactions vs in a jet
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Multiproduction: in soft interactions vs in a jet

Pionization Local parton-hadron duality (‘'number of clusters')

Total cross section Definition of jet (‘parton level')

Heavy ion complexity Quark and gluon are the basic degrees of freedom--but
Number and kinds of hadrons confined

Basic degree of freedom - /

Feynman,1969; Cheng& Wu,1971 = —

250

® ATLAS
= TOTEM

200~ & Lowerenergy pp
[ & Lowerenergy pp

: < Cosmic rays

- We not doubt/query on QCD,
150F 127" 175 e+ 14 e e just confused by how QCD works for soft interactions (HE/LE)
We not doubt/query on existence of quarks,
just confused on how they combine to be a hadron
We not doubt/query on colour confinement, QCD=

just confused by how colour is confined /
UTOPI A&

Multiquark hadrons in Multiproduction '‘combines' the above questions together
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Part I : Unitarity



Multiguark hadrons in Multiproduction ‘combines' the above questions together
Understand these questions: in hadron & during production (hadronization)

Complexity of the colour structure of the multiquark hadrons

p—

. cc)
(31®37)@(33234) =(112PB812) R (134 834) = (112® 134) B (812 R 834) -+ -,

ﬁl

L

(31®34) ®(33@3;) =(1145814) @ (132B83) = (114 @ 137) B (814 @83 ) B -+,

D(33833) =(3138613) ® (324D 654) = (3130324) B(613@654) B+

~--->N-body problem? sub-clusters? in hadron as well as in production

/ﬁ\

Number of quarks(?) in production for a certain collsion energy

--->Number/kinds of hadrons ? (hadronization models)

2-step production since basic degree of freedom is the quark and gluon
--->Difficulty of production of multiquark states (/m’btar’utg



Difficulty of production of multiquark states (Lnitarity)

ALL quarks go into hadrons (confinement--Tous les hommes sont mortels! )

* Formal descriptions: by a unitary time evolution operator

T ; T F 2 [ = = 3
S I<hUlg>P=<gUtUlg>=1 Slgs<g=Sh><h= 2. |<hUlg>F~1-c -0
h

h=B.B M

* Total probability to become any state of hadron system is 1

* 'Reversal employment' of the Gell-Mann—Zweig constituent quark model, where all
the quark states and the hadron states are different bases of the same Hilbert space

of states/static -> production
Check in a model, incocnsisitent if

P<>1

7/13/2021 9



Difficulty of production of multiquark states (Lnitarity)

ALL quarks go into hadrons (confinement--Tous les hommes sont mortels! )

)

* Formal descriptions: by a unitary time evolution operator [
= ‘ r T = r 2 ~ | —E, E 3 13
Y I<hlUlg>P=<qUtUlg>=1 Sigs<g = lhs<h= 2. |<hUlg>~1—¢ -0
3 h=B,B,M

» 'Reversal employment' of the Gell-Mann—Zweig constituent quark model, where all
the quark states and the hadron states are different bases of the same Hilbert space

of states/static -> production
» Total probability to become any state of hadron systemis 1
Check in a model, incocnsisitent if
P<>1

From CERN webpage,
Qc(3000)0, Qc(3050)0, Qc(3066)0, Qc(3090)0 and Qc(3119)
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Difficulty of production of multiquark states (Lnitarity)

ALL quarks go into hadrons (confinement--Tous les hommes sont mortels! )

* Formal descriptions: by a unitary time evolution operator

Z|{’IT'U|QTF 2 =< q|UtU|g>=1 2lg><ql =2 |h><h|= Z | < h|Ul|q > |E wi l=se, g=rl
3 » . B.M
S L . ]
* 'Reversal employr2 400 LHCb 4 jent quark model, where all
the quark statese— | t=F 1 sesof the same Hilbert space
of states/static -> g 300 .llj_::g?%% .
* Total probablllty'g : f SREmE 1 s 1
S 200 H ¥ WL ALAMS LM @ model, incocnsisitent if
P<>1 W """"" RN Lt T
1001-§4

From CERN webpage,
Qc(3000)0, Qc(3050)0, Qc(3066)0, Qc(3090)0 and Qc(3119)

711312021 073000 3100 3200 3300 i
m(E.K ) [MeV]




uark combination model (e.g., that of sdu)

near rapidity correlation no combination for quarks with interval more than one quark

9:9,9:94959

q.9,99:9596 97 9599 910911 91> 91391495

the combination of number >3: the combination is not free, must be some rules

] ;wuhu-"m:w%l—a e 07— D <h|U|g>=¢

allexotic



take the un(?)fortunate DO X(5568) as an example

120

N (BL) / 20 MeV/c

large production rate: exp. rho (wrt Bs)
sim. (7 to 8)% (A.Popov )

& DO Run I, 10.4 &'

, 4
/ T

m (B n*)

5.55 56 5.65 hT  ETS 58 5ABS 5

four flavours
bottom
large production ratio

first solid evidence of 4-quark state from multiproduction
bsud

string, cluster, combination..........

combination without the unitary bound

XA _

Here D = 2(1 + 1+ A). If we assume that b combines
with any other antiquark with probability 1, then

A

FPp, = .
4 = (DD

(6)

Px

max - - (=l b
Peombination — P ~ ‘J”{;' (?)
B




string model

=

o]
o

q g’ +—=—=1q q a
d=m|q/K
m g =0 m q >0

from Sjoestrand
String breaking modelled by tunneling:

, Tm2 4 TP 2 3 Tma
Pxexp| ——| =exp — | eXP | —
K [a¥ K

1) common Gaussian p | spectrum
2) suppression of heavy quarks UT : dd : s5: cC~ 1 : 1 : 0.3 : 8 diquark antidiquark pair. From the production ra

3) diquark ~ antiquark = simple model for baryon producti such as P\b/B 1/2 we take it as /\/2 However, if

diquark has a strange flavour, e.g., us, a further fact
Hadron composition also depends on spin probabilities, hadroni. ”l.‘. - B

functions, phase space, more complicated baryon production, ...
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Sjostrand

Fraction of Clusters
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An interesting 'mini' multiproduction evidence

~ e~~~ o~

The branching fractions of the T {15 inclusrve decays into final states with a J/v" or a v»(25) are measured
with improved precision to be B(T(15) — J/t + anything) — (5.25 &+ 0.13(stat.) &= 0.25(syst.)) = 101
and B(Y(18) — @{25) 4+ anything) — (1.23 & 0.17(stat.) &= 0.11(syst.)) = 10~ %,
T(15) decays into X Y & states that decay mmto a J/¢ or a #(25) plus one or two charged tracks yields no
significant signals for XY 2 states in any of the examined decay modes, and upper limits on their production

(The Belle Collaboration)

rates in T {1.5) inclusive decays are determined.

State J"ﬁ'rm_ J"'rrup E{?"E:l HE}'EL'I.L-E'E-::' E[CTI:I Biﬁ

X(3872) > ntm I/ 48+£154 314 326 187 03 <95x10°
Y(4260) — wto—J/vr  —31.14889 1346 350 36 — <38x107°
Y (4260) — o (25) 6.7+204 569 071 350 02 <79x107°
Y (4360) — nta—(28) —25.44+30.1 456 0.86 500 — <52x%x107%
Y (4660) — nta—(25) —55.0+£26.2 231 1.06 407 — <22x10°°
Y(4260) - KYK-J/vv —13.74109 145 191 458 — <T75x10°8
Y (4140) — oJ /v —0.1+1.2 16 069 110 — <52x10°°
X (4350) — ¢J /v 2.3+25 76 092 104 1.2 <81x10°®
Z-(30000F — wE 0 /9 — 2654391 575 439 473 — <13x107°
Z.(42000F = n¥J/y  —2386+154.2 2351 387 484 — <60x1073
Z(44300F — wt T/ 0424714 1958 397 344 12 <49x10°3
Z.(4050)F — nEp(28) 3704477 1127 127 462 04 <88x10°%
Z.(4430)F 5 nty(28) 2324424 920 135 471 01 <67 x10°°
ZI . Ko —2224174 224 388 487 — <57x107%

The first search for



arXiv:1711.01690v1 [hep-ex] 6 Nov 2017

Another interesting evidence

Search for light tetraquark states in Y(15) and T(25) decays

S.Jia? C. P Shen? C. Z. Yuan.™ I Adachi,"? 1. K. Ahn” H. Ajhara.® §. Al Said, ™
D. M. Asner,® H. Atmacan,” T. Aushev,”” R. Ayad.™ V. Babu,” 1. Badhress %

S. Bahinipati ™™ A. M. Bakich.” V. Bansal” P. Behera.™ M. Berger.” V. Bhardwaj,”
B. Bhuyan.” J. Biswal,” G. Bonwicini,’ A. Bozek,® M. Bratko,™” T.E Browder,"
D. Cervenkov,* M.-C. Chang.” V. Chekelian® A. Chen,* B. G. Cheon." K. Chilikin, "
K. Cho,® §-K. Choi,” Y. Choi,™ D. Cinabro,” T. Czank ™ N. Dash,™ 8. Di Carlo,”

Z. Dolezal* D. Dutta” S. Eidelman,** D, Epifanov * J. E. Fast™ T. Ferber,” B. G. Fulsom, ™
R. Garg, V. Gaur.® N. Gabyshev,**? A, Garmash.*** M. Gelb.* A. Giri * P. Goldenzweig, *
0. Grzymkowska,” E. Guido,™ J. Haba,"* " T. Hara,' " K. Hayasaka*' H. Hayashii,®
M. T. Hedges, " W.-8. Hou™ T. lijima*** K. Inami,” G. Inguglia,” A. Ishikawa,™ R. ltoh,"
M. Iwasaki ™ Y. Iwasaki," W, W. Jacobs ™ I. Jaegle* Y. Jin,® D. Joffe. ™ K. K. Joo," T. Julius, "
A B. Kaliyar™ G. Karyan,” T Kawasaki*' H. Kichimi," C. Kiesling.® D. Y. Kim,"

H L Kim* J B Kim® K T Kim,* §. H. Kim," P. Kody3 * 8. Korpar,”-* D. Kotchetkov, "
P. Krizan,** R. Kroeger” P Krokovoy,*® R. Kulasiri,* T. Kumita® A. Kuzmin,
Y- Kwon™ 1.8 Lange P LS. Lee™S. C Lee " L K Li® Y. Li® L. Li Gioi,* J. Libby,”
D. Liventsey,* ™ M, Lubej,*® T. Luo,* M. Masuda,* T. Matsuda, ™ D. Matvienko,*

M. Merola™ K. Miyabayashi,™ H. Miyata® R. Mizak, ®*"** H K. Moon.” T Mori,®
R. Mussa,™ M. Nakao, ™" T. Nanut,” K. J. Nath,” Z. Natkaniec,” M. Nayak 7'-'®
M. Niiyama * N. K. Nisar # S. Nishida ' §. Ogawa,” 8. Okuno,” 8. L. Olsen,* H. Ono#!
Y. Onuki™ P Pakhlov,®*' G. Pakhlova ™" B. Pal® S. Pardi® C. W. Park,™* H. Park *

S. Paul.” 1. Pavelkin” R. Pestotnik, ™ L. E. Piilonen* M. Ritier. A. Rostomyan.

G. Russo,” Y. Sakai's ' M. Sakehi,* S, Sandilya® L. Sanielj," T. Sanuki,” V. Savinov*
0. Schneider,” G. Schnell, " C. Schwanda™ Y. Seino.” K. Senyo,* 0. Seon,™ M. E. Sevior,”
V. Shebalin,* T-A. Shibata,® N, Shimizu.” 1.-G. Shiu™ B. Shwartz,*< J. B. Singh®
A. Sokolov,” E Solovieva,™* M. Starit,” J. Stypula,® M. Sumihama," T. Sumiyoshi,*
M. Takizawa,™ - U. Tamponi,™** K. Tanida,"" E Tenchini* M. Uchida,® T. Uglov,®
Y. Unno,* 8. Uno,"™" P Urguijo.® Y. Usov,*® C, Van Hulse,' G. Vamer,” A. Vossen
B. Wang® C. H. Wang,” M.-Z. Wang,® P Wang® X. L. Wang,*** M. Watanabe *

Y. Watanabe. ™ E. Widmann,” E. Won,” Y. Yamashita ™ H. Ye." Y. Yusa™ § Zakharov,®
Z. P Zhang.* V. Zhilich** V. Zhukova ®*' V. Zhulanov,*#* and A. Zupanc® ¥

{The Belle Collaboration)

1UNMEL VHIVETsiy, JEVUHL 12Uni92

Abstract
We search for the /" = 0~ and 17 light tetraquark states with masses up to 246 GeV/c? in T(19)
and T(25) decays with data samples of (102 £+ 2) million and (158 + 4) mllion events, respectively,
collected with the Belle detector. No significant signals are observed in any of the studied production
modes, and 90% credibility level (C.L.) upper limits on their branching fractions in T(1S) and T(2S)
decays are obtamed. The inclusive branching fractions of the T(15) and T(25) decays into final states with



To parameterize the production of X(5568)(as hadron (BK)/ cluster(bsbar udbar)

molecule) and how to do calculation . il
__Jf"’f g
and prepare for the case of production 0. j]_[ o ,gr,r |OF(p;, P = pa -+ pr.q = pa— ps)
AR
I—:-'I | flri-!!ﬁ‘ = Pj—Pa—Pg)-
P A o H(AB) 2 X0 Pt = D, B =Pa =P
Bk y ’
B — D
J o3t ()% X
P2 % P2 K Expand the amplitude around k=0

FI1G. 1: The process p{p Jp(pe) =+ Alpa) + Blpe)+ X — H(A, B)(Py) + X.

fitting data to get the wave function at origin, can be used every where... factorization

Wei Wang, arXiv:1709.10382, Comment on "Comment on "Note on X(3872) production at hadron colliders and its molecular structure' "
A. Esposito, B. Grinstein, L. Maiani, F. Piccinini, A. Pilloni, A.D. Polosa, V. Riquer,

arXiv:1709.09631 Comment on "Note on X(3872) production at hadron colliders and its molecular structure'

Miguel Albaladejo, Feng-Kun Guo, Christoph Hanhart, UIf-G. Meil3ner, Juan Nieves, Andreas Nogga, Zhi Yang

arXiv:1709.09101, 'Note on X(3872) production at hadron colliders and its molecular structure'



So we see that the two (or more hadron correlation is
very important)

It may be process dependent--final state interaction...
need more study, not only angle, rapidity, but 3D correaltion

the amplitude for relative k goes to zero, calculated by event generators with extrapolation

10% 1 E

[~

(pa—pg):(pa+ps),
: \PA+PB).
[‘II_.1‘|‘P'H]'} P +P5)

G=(pa—ps)-

I/NAN/dy Lt"EE [GeV|

R N TN | G T R RR T R ¢
k [GeV] k [GeV]
Wei Wang, arXiv:1709.10382, Comment on "Comment on "Note on X(3872) production at hadron colliders and its molecular structure' "
A. Esposito, B. Grinstein, L. Maiani, F. Piccinini, A. Pilloni, A.D. Polosa, V. Riquer, b}
arXiv:1709.09631 Comment on "Note on X(3872) production at hadron colliders and its molecular structure'
Miguel Albaladejo, Feng-Kun Guo, Christoph Hanhart, UIf-G. Meil3ner, Juan Nieves, Andreas Nogga, Zhi Yang
arXiv:1709.09101, 'Note on X(3872) production at hadron colliders and its molecular structure'



Escape from curse of unitarity, and useful for exp.
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Summary of Part |

. Multiquark hadrons in mutiproduction is |la jonction where the
unsolved problems Soft (high energy as well as low energy) QCD,
Bound state problem of QFT, and Confinement emerge

. By applying the quark model in production, unitarity can tell...

. By parameterizing its prodction, for obtaining the hadron (cluster)
amplitude, hadron phase space correlation is important...

- Not to forge’g . yet no mu.ltiqaur.k hadron confirmed in X(3872), f0(980)
mutiproduction! what this implies need more study!



Part Il : Preconfinement



‘Local property of high energy

nqut”grochJCtk)n’ PRECONFINEMENT AS A PROPERTY OF PERTURBATIVE QCD

Phys.Lett. 83B:87, 1979

D. Amati ang G. Venssziano

CERN —— Geneva

In these previous investigations little, if any, attention was paid to the

way in which colour degrees of freedom evolve during the jet development. It is

the purpose of this note to argue that quarks and gluons produced in this evolu-

tion from Q down to Q;, become organized in lumps {clusters) of colour singlets

with finite (i.e. Q-independent} masses of order 0; a phenomenon which we are

tempted to call "preconfinement". We can then hope that confinement [ oecurring

in the evolution from Q, down to hadron masses ﬂ(mv,mp}] will convert these sing-
lets of "small" mass into hadrons. If so, there would be no need to invoke any
new and incalculable mechanism that involves a large reshuffling of momenta of

coloured quanta (as in the standard picture of a parton fragmenting into hadranﬁ].



ges for QCD jets, The perturbative (short time scale) evolutiun_frum Q% to Qﬁ
already prepares colour singlet states with masses of order Q;. These can then
be converted into hadrons by the non-perturbative (confining) dynamics which can
involve only momentum transfers smaller than Gy, (i.e. a large time scale). The

resulting picture looks more like a "fusion" of constituent quanta into hadrons

than the commonly adopted fragmentation of single quanta into hadrons. Even if

Combination (Model)

Jet Structure and Infrared Sensitive Quantities in Perturbative QCD
A. Bassetto, M. Ciafaloni, G. Marchesini, Phys.Rept. 100 (1983) 201-272




ges for QCD jets, The perturbative (short time scale) evolutiun_frum Q% to Qﬁ
already prepares colour singlet states with masses of order Qp. These can then
be converted into hadrons by the non-perturbative (confining) dynamics which can
involve only momentum transfers smaller than Gy, (i.e. a large time scale). The

resulting picture looks more like a "fusion" of constituent quanta into hadrons

than the commonly adopted fragmentation of single quanta into hadrons. Even if

Combination (Model)




Preconfinement system

e 1, colour strucutre
e 2, baryon number or other U(1) quantum number fluctuations

* 3, what is the relation of this structure and the suppression of exotic
hadron production in multiproduction processes.



Thanks for your attention?



Backup:
UNITARITY OF EXCLUSIVE COMBINATION MODELS:

LI Shi-Yuan
Shandong University (SDU)

In collaborations with:
HAN Wei, JIN Yi, SHANG Yong-Hui, SHAO Feng-Lan, S| Zong-Guo, YAO Tao, YIN Feng

Based on:
arXiv:10056.4664, P.R.C80:035202,2009, and SDU thesis of Shang and Yin ('09,'10)

2021-7-13 2011 Rencontre de Moriond
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Unitarity of exclusive combination model

applying to (massive) constituent quark system in colour-singlet

ALL quarks goes into hadrons (confinement)

Formal descriptions: by a unitary time evolution operator

Z | < h|U|g> |2 =< qUTU|qg >=1 ¥y ld 52 gl =3 k= Bl =1
h

'Reversal employment' of the Gell-Mann—-Zweig constituent
quark model, where all the quark states and the hadron states
are different bases of the same Hilbert space of states

Total probability to become any state of hadron system is 1
How to take into account these observations?
Check in a model, incocnsisitent if P<>1

7/13/2021 2011 Rencontre de Moriond 30



uark combination model in SDU
Play with ‘Combination rules’

Aware of the simple exp. fact Z | < h|U]g > |2 wo 1esg, g}
h=B.B,M

9:9,9:94959
q919,9:9:9596 979590 910 911 912 91391495

1. Line up along the rapidity axis

2.combine from one end to the other

3.meson is produced prior than baryon, no combination for quarks with interval
more than one q

kill off the combination of number >3, the combination is not free, must be some rules



how to consider the exotic (multi-q)

experimental fact: Y |<hUlg>P~1-¢ e—0"

h=B.,B,M

structure: can be grouped into 'mesons' (anti)baryons

colour-rearranaement
(q193)3 @ (g2qa)s — 1 two steps:
1. play with the original one

(Q'I'JQTQJI ﬂr“.@'& i'»'f_f-l}l or 8§ — 1 , ,
_ 2. 'use up' some M B Bbar to construct

gain definition of exotic in a model—denpendne way

Eda™ d _u| d pz
= —Zf < Py, P2, N1, Nalp, N >

i E\ EadaNt- N
FpdPps

a parameter x introduced, restricted by all data available
what can this predicts".

the hadrons are not confined, rather-->

(5)

7/13/2021 2011 Rencontre de Moriond 32



employ an example (980)

meson pair|| < Ji, Jo|J > [|| < C1,C2|C > F| < I, Il > F

All hadrons are not ] 7

isolated but grouped, —2i—+— 1 z

according to the i e 1 -

colour/flavour

Symmetry x | fo(980)(=q3q) | fo(980)(s5)
The exotic also should  p2ieon 0.68

respect ......

only SUx(2) is considered

Y I<hUlg>P~1-¢e—0"7 —> Y I<h|U|g>’=c  Realized in model
h=B.B M | allexotic



ENTROPY CHANGE, APPLYING TO COLOUR
SINGLET SEPERATED QUARK SYSTEM

S = —tr(plnp) #0=Iti>P<itl=UE0/0,i>F<i0 (¢, 0)
— U(t,0)p(0)UT(t,0).
B ;-
' ff{j <10°°
.j.l'.‘..]' — / - , " i
Jg £ b
y 2
B g o S 1~ g
g e 2
AS =) AU/T. i
6 o jop6 000 2R 5000 4000

employing the code in computer as a

quasi-static process, when Nyis large TR, 1
g = 1 — Ly 1/ Ly



Open charm § charmonium product.
mechanism ™ unification' tn combin. model:

* In above, SU{f(3), but heavy quark do not well respect SUf(N)
N>3.

* This does not means the hadronization mechanism
Is differernt, only the unitarity takes a different form.

« With the help of the light quarks, the confiement is
achieved but the charm sector is quite the similar as
those in EW interactions without confinement:

the continuous spectrum
the discrete spectrum

d.9,C 949s96C 439 9CC G, 91391495



The raticn of theery to expe
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Conclusion

Unitarity
can give strong restriction Z|< hU|g>"=¢
helps to understand the entropy allexotic

while the charm is in a novel way live with the light in "QGP"...

Even we know the wave function of an isolated hadron, it is not the end
of the story to consider exclusive hadronization



Multiguark state production and
hadron correlation In high energy
multiproduction processes

LI, Shi-Yuan
Shandong University
Moriond QCD’18
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5. Conclusions

« Data have conclusively shown that there are “‘structures”™ beyond

(q g-bar) or (qqq) states, but we do not know vet if this 1s a
reflection of known dynamics 1in a new context (molecules?
threshold effects?) or the indication of a new class of quark bound

states:



To study exotics in multiproduction process

* Most general hadrons (mesons, baryons) can be
produced directly in multiproduction process of high
energy collisions

» But cases are not for the exotic hadrons (from decay)

« ?X(5568), ?X(3872), ?light pentaquark

J
e PRD9(2 4023

* What special property of multiproduction?



-

An interesting 'mini' multiproduction evidence

1605.00990 |
- (The Belle Collaboration)

The branching fractions of the Y ({15 inclusrve decays into final states with a J /v or a ¢#({25) are measured
with improved precision to be B{YT(15) — J/v + anything) = (5.25 + 0.13(stat.) & 0.25(syst.)) x 101
and B{Y(15) — ¥(25) + anything) — (1.23 & 0.17(stat.) = 0.11(syst.)) x 10~%. The first search for
T(15) decays into XY £ states that decay into a J/v¢ or a ¥ (25) plus one or two charged tracks yields no
significant signals for XY £ states in any of the examuned decay modes, and upper limits on their production
rates in T (1.5 inclusive decays are determuned.

State N Nup (%) Osy=(%) B{o)  Bo°"
X(3872) > ntm I/ 48+£154 314 326 187 03 <95x10°
Y (4260) — '.rr"' ~J/p —31.148890 1346 350 356 — <38x10°F
Y (4260) — wHa—(25) 6.7+204 5609 071 350 02 <T79x107°
Y (4360) — 1rr+ﬁ‘a,-:|:2.5'] —254+30.1 456 0.86 500 — <52x107°
Y(4660) — wta—(25) —55.0+26.2 231 1.06 407 — <22x107°
Y(4260) - K¥ K- J/v —13.74109 145 191 458 — <75x10°%
Y (4140) — oJ /1 —0.14+1.2 16 069 110 — <52x10°°
X (4350) — ¢J /v 23425 76 092 104 1.2 <81x10°®
z:mgum — wE T/ — 2654391 575 439 473 — <13x107°
Z.(42000F —» 7t g/ —238.6+154.2 2351 387 484 2 — <60x10°%
Z.(4430F — :rrim;a 0424714 1958 397 344 12 <49x10°3
Z (40500 — « L{ES} 37.04+47.7 1127 127 462 04 <88x10°%
Z.(4430)F - n¥y(28) 2324424 020 135 471 0.1 <67 x107°
zgg, — KX gy —2224174 224 388 487 — <57x107%
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Another interesting evidence

Search for light tetraquark states in T(15) and T (25) decays

S.Jia? C.P Shen? C.Z. Yuan™ I. Adachi"" J. K. Ahn." H. Aihara™ S. Al Said ™7
D. M. Asner* H. Atmacan,”* T. Aushev,” R. Ayad.™ V. Babu,” 1. Badhreas %%
S. Bahinipati,” A. M. Bakich,” V. Bansal™ P. Behera™ M. Berger,” V. Bhardwaj,”
B. Bhuyan,™' J. Biswal,” G. Bomvicini,” A. Bozek ® M. Bratko,” T. E. Browder,”
’ ' ' - T AUNSEL UTUVEISHY, OCUML 1LU-74%>

Abstract
We search for the J™ = 0~ and 17~ light tetraquark states with masses up to 2.46 GeV/c* in T(15)
and T(2S5) decays with data samples of (102 £ 2) mullion and (158 + 4) mullion events, respectively,
collected with the Belle detector. No significant signals are observed in any of the studied production
modes, and 90% credibility level (C.L.) upper limits on their branching fractions in T(1S) and 1(25)
decays are obtained. The inclusive branching fractions of the T(15) and T(2S5) decays mto final states with

B. Mussa™ M. Nakao," " T. Nanut.™ K. J. Nath.” Z. Natkaniec™ M. Nayak *'
M. Niiyama,® N. K. Nisar,** §. Nishida.'"? §. Ogawa,” 5. Okuno,” §. L. Olsen,” H. Ono **!
Y. Onuki” P Pakhlov, ™ G. Pakhlova, ™" B. Pal® S. Pardi® C. W. Park,™ H. Park "
S. Paul.™ I Pavelkin, ™ R. Pestotnik,” L. E. Piilonen* M. Ritier,” A, Rostomyan,”
G. Russo,™ Y, Sakai,'*'"” M. Salehi,** S, Sandilya.” L. Sanielj,” T. Sanuki,® V. Savinov,*
0. Schneider.”” G. Schnell,* C. Schwanda™ Y. Seino.*' K. Senyo. 0. Seon,™ M. E. Sevior,”
V. Shebalin,*® T.-A. Shibata,® N. Shimizu,” 1.-G. Shiu,® B. Shwartz,*** 1. B. Singh,©
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Multiproduction: in soft interactions vs in a jet

Pionization

Total cross section

Heavy ion complexity
Number and kinds of hadrons

Basic degree of freedom?
Feynman,1969; Cheng & Wu,1971

250

& ATLAS e
= TOTEM L
+ Lowerenergy pp 2: :
4 Lower energy pp o1 F
< Cosmic rays az E
—— COMPETE HPR1R2
e 2T -1.75 Inis) + 014 Inzis:l

200

1611.02454

Local parton-hadron duality (number of 'clusters’)
Definition of jet (parton level)
Quark and gluon are the basic degrees of freedom--but

.
i

/Jet
P how quarks/gluons

> combined to (what) hadron

= ==

P
pic from G Salam . .
et how colour is confined
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Difficulty of production of multiquark states (Mwﬁtar’utg)

ALL quarks go into hadrons (confinement--Tous les hommes sont mortels! )
 Formal descriptions: by a unitary time evolution operator

. ,, ; - e r
Z| <h|U|g>?P=<qUU|g>= 2la><q| =X |h><h|=1 Z | <h|lUlg>|"~1—¢, e =07
—B.B,M

« Total probability to become any state of hadron system is 1

« 'Reversal employment' of the Gell-Mann—-Zweig constituent quark model,
where all the quark states and the hadron states are different bases of the
same Hilbert space of states/static -> production

* Most of the limited space has been occupied by general hadrons, not any
more left for the populated exotics---they really of large population even only
considering the heavy

See, Unitarity/ &Hd0htropy Change in Exclusive Quark Combination Models, arXiv:1005.4664 [hep-f#] ; Exotic
hadron productlon in quark combination model Phys Rev. C80 (2009) 035202 ;talks here at Moriond

raaVYal m Y. B, IV AN-Y TR T [ . P N A R VN P R .



Difficulty of production of multiquark states (colowr connection)

Complexity of the colour structure of the multiquark hadrons
Eg, qgbar ggbar four quark sysytem

31®33)®(3,@3;) =(3135613) (324D 6y4) = (3130 324) B (613®694) B+
(31837)®(33®34) =(1125812) @ (134D 834) = (112® 134) B (812®834) D - -

(31034)®@(3383;) =(114D814) @ (1328 83) = (114 137) & (814®2832) &---d0th in

1HHAUI VI (oLtAliL MIVNECI LITO )] o VWl ao 111 MlIVvuuLLivllg

* Colour reconnecion, colour recombination..., total
probability again 1

See, e.g, Studying color connection effects of ete——cc cc —=cc+Xe+e-—cc cc —=cc+X process within Quark
Combination Model , P.R. D91 (2015) no.11, 114017 ,Search for a doubly charmed hadron at B factories, P.R.D89
(2014) no.9, 094006, Colour connections of four quark QQ"Q'Q™ system and doubly heavy baryon production in e+e-
e+e- annihilation, P.L.B727 (2013) 468-473



Direct comparison on ‘fragmentation function’
(N_qg-2infty)

* To study the fragmentation of ccbar/cc, in ccbar ccbar

tem: rel Q er Ee N e .y
§(X§ ?eavy baryon Xi_cc, LI% \‘> J//,Ss \ _/'/:S)
Phys. Rev. Lett. 119, 112001 (2017) /,—-1__ “’h/ / \’*/w/

9 w ({p P L w
Directly produced so give some \\ c(iz), R eln (),
. oy A ik \ TRy o M
confidence on not small probability of N m"?" SAARAARANZ e
the colour connection / / R

(31833)®(37034) =(3138613) @ (324D 634) = (313@34) B (613R694) B \\ r,;;//"/ \\\_f,l .-..//-"_‘_
‘>.\,,._:_ P 3 /’ P N — . f,»/"‘i' p
V% ang (i / g clky
o o B o i
g " . )
(31®3;)®@(33®34) = (1128812) @ (134583¢4) = (112® 134) B (812 @ 834) B - -
\\_\‘ . /,r’ - \\. . el ky _’_/S)
(2 ."’x",‘_ 3 x 3“:' v )5 ( ‘:' 160 ( -'S‘ )R- \ V /'.(r'” o g
(31®34)®(33®3,) = (1149814) @ (1328 832) = (114 ® 132) B (814 ® 832) \\,\,"{'ﬁ‘ﬂ!g"” (: . \\> 2/7P) g -~
\VAVAVAVAVAVAVY & 7l K . FAVAY AV AVAV STl - S
i “ﬂ - iy N
// s 1

. . e (p)
Colour as well as combination to other 3-quark - .

cluster

Hiddem-charm Pentaquark Production:at e+e— éolliders
Commun. Theor. Phys. 69 (2018) no.3, 291



Multiquark state and hadron correlation,
heavy sector

They are/could be copiously directly produced from the
multiproduction process

X(5568) is now hardly to be confirmed, and its production
mechanism must be quite special if exist.

Correlation to study the event cut, esp. extra ‘cone cut’ by
DO

X(3872) is of no doubt to exist, but large production rate
cause debate on its structure.

We show the correlation is related with calculation of the

IAI.AAI IAL yV w7 S IIA Yy N IAAI.L y - IAI‘ MAAI I



/ 8 MeV/c?

nts

Notre chere X(5568)

* DO arXiv:1712.10176 [hep-ex] report evidence for a
narrow structure, again (1602.07588)

ATLAS arXiv:1802.01840 [hep-ex] No significant signal
was found

CDF arXiv:1712.09620 [hep-ex] No evidence for this
state is found

1 b
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X(3872). DD*bound state?

» Can its structure be determined in the production
process? At least more information?

« Make a model, then ......

* What about the wave function”? What about the
amplitude? Factorization--- quest on various scales



To parameterize the production of X(5568)(as hadron (BK)/ cluster(bsbar udbar)

molecule) and how to do calculation i dN
L Eﬁfdﬂq
and prepare for the case of production H dﬂf;E 1012(p;, Pt = pa + P8,q = Pa — P5)
M A H(A,B) 1 ™M A [27}15”1 intial — Z Pj — Pa — Pa)-
dﬂk — J£AB
=)t (k)
P X . X

Expand the amplitude around k=0
¥(0)

FIG. 1: The process p(p1)p(pe) — A(pa) + Bipg) + X — H(A, B)(Py) + X.

Wei Wang, arXiv:1709.10382, Comment on "Comment on "Note on X(3872) production at hadron colliders and its molecular structure' "
A. Esposito, B. Grinstein, L. Maiani, F. Piccinini, A. Pilloni, A.D. Polosa, V. Riquer,

arXiv:1709.09631 Comment on "Note on X(3872) production at hadron colliders and its molecular structure'
Miguel Albaladejo, Feng-Kun Guo, Christoph Hanhart, Ulf-G. Mei3ner, Juan Nieves, Andreas Nogga, Zhi Yang
arXiv:1709.09101, 'Note on X(3872) production at hadron colliders and its molecular structure’



So we see that the two (or more hadron correlation is
very important)

It may be process dependent--final state interaction...
need more study, not only angle, rapidity, but 3D correaltion

the amplitude for relative k goes to zero, calculated by event generators with extrapolation

10% 1 E

[~

(pa—pg):(pa+ps),
: \PA+PB).
[‘II_.1‘|‘P'H]'} P +P5)

G=(pa—ps)-

I/NAN/dy Lt"EE [GeV|

R N TN | G T R RR T R ¢
k [GeV] k [GeV]
Wei Wang, arXiv:1709.10382, Comment on "Comment on "Note on X(3872) production at hadron colliders and its molecular structure' "
A. Esposito, B. Grinstein, L. Maiani, F. Piccinini, A. Pilloni, A.D. Polosa, V. Riquer, b}
arXiv:1709.09631 Comment on "Note on X(3872) production at hadron colliders and its molecular structure'
Miguel Albaladejo, Feng-Kun Guo, Christoph Hanhart, UIf-G. Meil3ner, Juan Nieves, Andreas Nogga, Zhi Yang
arXiv:1709.09101, 'Note on X(3872) production at hadron colliders and its molecular structure'



To tune wrt the available data (Pythia...)

D: |y|=1, ?.OﬂpT*QD GeV/c ‘

D : |y|<1, 5.5<p_<20 GeV/c

Total number of bound state: 9626

2.5 With herwig, see e.g.,
- with NEVT=500E4, CKIN(3)=11.6 Bigamini et al,
32 2 prl 103,162001

1 | 1 | 1 1 1 | 1 1 | | 1 1 1 | 1 1 1 | 1 1 | | | 1 1 | 1 | 1 | 1 1 1
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AG(DD )(")

CDF, unpublished, https://www-cdf.fnal.gov/physics/new/bottom/060921.blessed-double-charm-corr/
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(pa—pB) (PaA+PB),

q=(pa—pB)-— ——(pa+ps).
\pa+PB)°
i— - = 1.0<=|y|<2.0 GeV
T = o 2 0<=|y|<3.0 GeV
e — |y|<1.0 GeV
5= 1, the scale is determined
05 By the ‘interference’ between
6L The hard one and the soft one,
13 only some ‘factorized
2 = formulation/model’ can give
3= . . wgn
2;_' precise definition
- E W T 2, simple relativistic effects in
= 0 0.7 0.8 09 1 . . .
= high energy production, again,
= some factorization formulation
— SO N NN O RN e O AR S A NP I A T G M N R R S A JRST TGO O W O 1
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k [GeV]



Summary

Study exotics in the multiproduction processes to gain more
knowledge about its structure and QCD

Study the correlations of hadrons in relevant to the multiquark
production in the multiproduction processes, e.qg.,

To optimize the event cuts

To investigate the amplitude needed in the NR
calculation

Thanks for Your attention



Multiauark hadrons in mutiproducti
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iqaurk hadron confirmed in X(3872), 0(980)

“*  implies need more study!

And good fortune for DO and for other Collab. to more confirm X(5568)



