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@ e Vector Meson Nucleon Scattering Length Puzzle.
* VMD Model.

e CLAS & LEPS vs High Energy & LQCD Results for phi.
e J-PARC Pion Induced Measurements.
e LHCb Pc Puzzle.
* Does GlueX, Belle & LHCb Solve LHCb P, Puzzle?
Quantum Interference.
e Alternative Solution for GlueX J/psi data & Cusp Effect.
» J-PARC Pion Induced Measurements.

e Summary.
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Vector Meson Z.00

e Some vector mesons can, compared to other mesons, be measured to very high precision.
e This stems from fact that vector mesons have same quantum numbers as photon.
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e Let us focus on 4 vector mesons from gqg which widths are narrow enough to study
meson photoproduction @ & where data are available.
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Can Young Hypothesis Explain Vector

— Nucleon SL.

e : : | Puszle 7
e Due to of “young” V vs “old” V, measured & predicted SL is very small. ' . o
e V created by photon @ threshold then most probably V is not formed completely sl
& its radius is smaller than that for normal (“old ”) V. 3/9418)
e Therefore, one observes stronger suppression for Vp interaction. ? I¢ 1 Iv(zs) Ims)
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C. Han et al Phys Rev C 107, 015204 (2023)
W.C. Chang et al, Phys Lett B 658, 209 (2008)
T. Mibe et al. Phys Rev Lett 95, 182001 (2005)

e

Pentchev, & A.l. Titov, Phys Rev C 101, 045201 (2020)

clogﬁ B. Dey et al, Phys Rev C 89, 055208 (2014)

11S, D. E_[I)ifanov, & L. Pentchev, Phys Rev C 101, 042201 (2020)
G._E%w: A. Ali et al, Phys Rev Lett 123, 072001 (2019)
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11S, W.J. Briscoe, L. Pentchev, & A. Schmidt, Phys Rev C 104, 074028 (2021)
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TR Fmmocnen Y. GUO, X, Ji, & Y. Liu, Phys Rev D 103, 096010 (2021)

5

e p—V coupling ¢4 is proportional to as & separation of corresponding quarks.
e This separation (in zero approximation) is proportional to 1/m,,.

|

|
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Vector Meson — Nucleon SL Determination

1S, D. Epifanov, & L. Pentchev, Phys Rev C 101, 042201 (2020)
IS, L. Pentchev, & A.l. Titov, Phys Rev C 101, 045201 (2020)

N
e Small or negative VN SL may indicate weakly or attractive VN interaction 1’ v
if there is no VN bound state below experimental g,,;,. " Ibr-
e For evaluation of absolute value of VN SL,
we apply VMD approach that links near-threshold photoproduction Xsections of yp — Vp & elastic Vp — Vp

q—0
doP—=Vp / o d Vp=+Vp
o g 1 q mado TO

q 2
YP—=Vp|12 = | =—-—|Q/ l
thr T thr X 5 Vp
a0 % Gar PR @ N kgt
V CM momentum Invariant amplitude of / Fine-structure constant Q
V photoproduction . or
Photon CM momentum PRotep VMD coupling constant, A
related to V EM decay width 7{V— e*e”)
k=(s—M?)/2s12 g
5 T My
F’V ~ 3.T(V = ete)
e Finally, one can express absolute value of VN SL as product of 52 _ a-my -k <:| PDG-

V== =
pure EM VMD-motivated kinematic factor 127 . T(V = ete”)

& hadronic factor hy, = /by . = = _
where b, came from best fit ‘Ut(q) =@' q+bs-q°+b5-q <:| Experiment
that is determined by interplay of strong (hadronic) & EM dynamics as

e To avoid theoretical uncertainties, we do not\
|O'Vp| =(By|- th ° deterrrlme sgn ofSL,t ol
[ )
N separate parts of SL,

e extract spin 1/2 & 3/2 contributions.
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Total Cross Sections for Vector

Photoproduction off Proton

e Traditionally, o, behavior of near-threshold binary inelastic reaction

m, + M, <m, |+ M,

of

Is described as series of odd powers in g
(even powers in case of elastic).

L e
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e Our assumption is that

there are no VN bound states
below experimental Qip,-

ﬁLinear term is determined by two independent \
S-waves only with total spin 1/2 &/or 3/2.

e Contributions to cubic term come from both
P-wave amplitudes &
\W dependence of S-wave amplitudes,

e Fifth-order term arises from D-waves &

K \W dependencies of S- & P-waves. /
A2 b, = (4.42+0.14) x 102 pb/(MeV/c)

11S, S. Prakhov, Ya. Azimov et al, Phys Rev C 91, 045207 (2015)

CloS¥ b, = (3.4041.15) x 10 ub/(MeV/c)
IIS, L. Pentchev, & A.l. Titov, Phys Rev C 101, 045201 (2020)

GLUE)(:.ﬂ b, = (0.4620.16) x 105 ub/(MeV/c)

IIS. D. Epifanov. & L. Pentchev. Phvs Rev C 101, 042201 (2020)
id) b, = (0.37+0.04) x 10-° ub/(MeV/c)
11S, W.J. Briscoe, L. Pentchev, & A. Schmidt, Phys Rev C 104, 074028 (2021)

e Dramatic differences in hadronic factors
hyvp = Vb I
as slopes (b,) of o, @ threshold as function of g

varies significantly from @ to ¢to J/w.

e Therefore, such big difference in SL is determined mainly by hadronic factor h, ..
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TVMD Model

. M. Gell-Mann & F. Zachariasen, Phys Rev 124, 953 (1961) ‘
® VeCtO r M eson Dom Inance (VM D) mOdeI J.J. Sakurai, Currents and Mesons (The University of Chicago Press, 1969)

relying on transparent current-field identities N.M. Kroll, T.D. Lee, & B. Zumino, Phys. Rev. 157, 1376 (1967)

e In VMD, real photon can fluctuate into virtual vector meson,
which subsequently scatters off target proton.

/M/

/4 V'/E/:/_ 7V

e \/MD does not contain free parameters & can be used for variety of qualitative
estimates of observables in \V photoproductions @ least as first step towards
their more extended theoretical studies.
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VMD for VN Interaction

e There is no alternative VMD to get J/wp SL. from meson photoproduction. <
[Possible alternative is to develop sophisticated, nonperturbative Courtesy of Arkady Vainshtein & Misha Ryskin, July 2020
reaction theory that can explain quark+anti-quark scattering from hadron targets into \/ final-states.]

e To estimate theoretical uncertainty related to VMD model, one refer to estimation of cross section of J/ 74
photoproduction in peripheral model & found strong energy dependence close to threshold because
non-diagonal yp—Vp & elastic Vp—\/p must have larger transfer momenta vs elastic scattering.
This result in violation of VMD by factor of 5.

—

o Y , ’ a
K.G. Boreskov & B.L. loffe, Sov J Nucl Phys 25, 331 (1977)

e Color factor for charmonium is 1/9 while for open charm is 8/9.

e Strong suppression in VN interaction close to threshold is observed because of ¢« pair in point-like
configuration lacks sufficient time to form complete wave function of vector meson;

that is, proton interacts with "young" (undressed) vector meson whose size is smaller than that of "old
one participating in elastic \/p—Vp scattering. E.L. Feinberg, Sov Phys Usp, 23, 629 (1980); Courtesy of Misha Ryskin, July 2020

one can consider as alternative interpretation of "young age" effect in another (more formal) language.
Y.Z. Xu, S. Chen, Z.Q. Yao, D. Binosi, Z.F. Cui, & C.D. Roberts, Eur Phys J C 81, 895 (2021)
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CERS & EEPS m
oh Gasgy & SOCD
Rsrlt for phi

Hadrons to Atomic nuclei

e \

<
class
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»—Op =K K p Measurements from claS

B. Dey et al, Phys Rev C 89, 055208 (2014)

£

HBEABR(4 — %K) = 49.2%

<
0'4, o e cos@ of Clos-,‘ﬂspans from -0.80 to 0.93.
. Yp-op e Legendre polynomial extension
E do [dUE,,cos8) = > A;(E,)Pj(cosb) .
i—0 -y 4
3 0.2F . Is way to determine o;
o | o, = 4n@y(EL)
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‘\\: bi}g+bs-g®+bs5-g° ]
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q (MEV/C) 11S, L. Pentchev, & A.l. Titov, Phys Rev C 101, 045201 (2020)
Ly T
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d—pd —>K K d Measurements from b

T. Mibe et al. Phys Rev Lett 95, 182001 (2005)
W.C. Chang et al, Phys Lett B 658, 209 (2008)

—.
2

e Averaged scattering length |a. 4| of incoherent ¢-meson photoproduction in deuteron
@ different £, energies @ t = t,,,, is determined to be|0.109+0.008 fm

C. Han, W. Kou , R. Wang, & X. Chen, Phys Rev C 107, 015204 (2023)

e Furthermore, value of |a, 4| as determined in this work is smaller than result(0.15 fm
given from forward coherent ¢ -meson photoproduction from deuterons near threshold
by m Collaboration. C. Han, W. Kou , R. Wang, & X. Chen, Phys Rev C 107, 015204 (2023)
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Van der Waals Potential for pN SL

e One can estimate a4 | using #N potential approaches for analysis of g-nucleus bound states. s

® H.Gao, T.SH. Lee, & V. Marinov, Phys Rev C 63,022201 (2001) SUgested using QCD van der Waals attractive ¢N pot.

e This potential reads

qr, )

%eﬁ
A4

Von = —Aexp(—ur)/r,| where A=1.25& p=0.6 GeV.

e Corresponding SL,

|| = 2.37 fm, [found by direct solution of Schrodinger equation, ¢ B

leads to large cross

section do/dt ~160 pb/GeV?.

It is more than two orders of magnitude greater than experimental hint & provides problem

for this potential model.

Y 11/9/2024

A.l. Titov, T. Nakano, S. Date, & Y. Ohashi, Phys Rev C 76, 048202 (2007)
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Experimental Evidence for Attractive p@ Interaction from

S. Acharya et al. Phys Rev Lett 127, 172301 (2021)

e Recently, Collaboration has deduced spin averaged SL

agny = (0.85+0.34+£0.14) + 7(0.16 £0.10 £0.09) fm
from two-particle momentum correlation function using Lednicky-Lyuboshits approach y
R. Lednicky & V.L. Lyuboshits, Sov J Nucl Phys 35, 770 (1982) [ /o) .t “3 7“ ‘
> /i

ﬁctually, is doing two-particle correlations of combined p¢ & o> pairs measur%
in high-multiplicity in pp collisions at W = 13 TeV.

e Besides, FSI correlation C(k) depends on production mechanism.
e Then, assumes that proton & ¢ are produced independently @ ~1 fm distance.
e Another problem is that it is practically impossible to observe p¢ (or any vector meson)

correlation (@ very small p¢g energy, i.e., near threshold) @ (with or another
detector).
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Hadrons to Atom\c nuclei
= N

N¢ Interaction from g

ﬁsin (2 + 1)-flavor lattice simulations with nearly physical quark masses, \
g5 % has simulated ¢N scattering pr,ocess for spin 3/2 channel

372 ().230
(8/2) - (.23+0:3
Ry -1.43+ 0.2 0.06 M|y, Lyu et al Phys Rev D 106, 074507 (2022)

e Instead of ¢ photoproductionmprocess, tney simuTatea gn elastic scattering reaction.

e Note, however, that in case of photoproduction, we deal not with completely formatted ¢ meson but with
ss pair which only @ end will form ¢ meson.
Amplitude of this pair interaction with nucleon may be not exactly equal to that for ¢N amplitude.
Long ago this was called "young" effect.

QN system is assumed as “on lattice" and this result is but “numerical experiment.” /

¢ Using lattice calculations for spin 3/2 ¢N interaction by HQ_L»& i are used to constrain spin 1/2
counterpart from fit of experimental ¢p correlation function measured by

e Corresponding SL is

N 2
5 ./ nE9 — . Z 5 O | Q5 } ~
ay i = — (1.543033(stat)12.35(syst)) 4 i (0.00% G50 (stat)  5o0 (syst)) ml‘

E. Chizzali et al Phys Lett B 848,138358 (2024)

e Absolute SL value by [F¥¥

.4 agreed with while sign is different.
\\See comments above. /
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Attractive N@ Interaction from .

® The vector meson-baryon interaction in a coupled channel scheme is revisited within the correlation function framework. As
illustrative cases to reveal the important role played by the coupled channels, we focus on the ¢p and p’p systems given their v.
complex dynamics and the presence of quasi-bound states or resonances in the vicinity of their thresholds. We show that the ép -
femtoscopic data provide novel information about a N state present in the experimental region and anticipate the relevance of a
future p”p correlation function measurement in order to pin down the § = 0, Q = +1 vector meson-baryon interaction as well as to
disclose the characterizing features of [I};N "(1700) state.

?

(fm)  Pure theoretical Bootstrap

ay 0272400189 (=0.034 £ 0.035) + 1 (0.57 + 0.09)| A, Feijooa, M. Korwiesera, L. Fabbietti, arXiv:2407.01128 [hep-ph]
ReSL ~ ImSL ReSL << ImSL

® The existence of a bound state of a ¢ meson and proton has been recently indicated on the basis
of a combined analysis of the measured @-p correlation function and the QCD lattice calculations of
¢-p interaction in the spin 1/2 and 3/2 channels. We check whether the correlation functions and
bound state formation rate satisfy the sum rule which follows from the completeness of quantum
states. The sum rule is not satisfied but it is close to it, suggesting that the inferred scattering
parameters, which determine the correlation functions, are not fully consistent with the potential
responsible for the bound state existence.

5 Ra [fm] Sa [fm]
_1 | 7, 1062 +0.00
§=3 1.547 5 6o 0.00%; %,
s = % —1,43'*_'?,"22 0 A. Kuros , R. Maj, & S. Mrowczynski, arXiv:2408.11941 [hep-ph]

e Of course, to account for coupling channels is a good idea.
e Not sure this will be important near thr (i.e., for SL)
e Sure, femtoscopic data is not sufficiently precise to provide new information for SL
(besides this femtoscopic data is affected by many other effects)

e There are too many different effects which affect final result but are not under good control.

e Let me recall that ““source radius’” depends on multiplicity of particular event, | &%
the mean k; of 7z pair & some other variables. qx!\. ':!

e Most probably radius of event with p¢ production is NOT equal to that measured ol Q

via average 7z Bose-Einstein correlations. € f V.A. Schegelsky & M.G. Ryskin, arXiv:1608.05218 [hep-ph],
& :/ arXiv:1604.01189 [hep-ph], [arXiv:1506.03718 [hep-phl.
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Revisited Vp Scattering

o All previous theoretical results
(including potential approaches & L.QCD calculations)
gave much-much larger SL.

e Most probably so large SL results from 4

of van der Waals potential
which in QCD should be killed by confinement. ﬁ
Courtesy of Yuri Dokshitzer, 2023
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‘;':'-Pﬂﬂc formp—¢p

J-PARC, 2024

e E45may help to solve puzzle of ¢\ SL.

M ¢
10° 3
"""i. w 18 £ e There are no ¢ beams to do g n—¢n.
_ . 3 « Obviously, 7p—¢n DB is limited.
G T ::f 3 « No data @ threshold.
= . = °F
2 oare - K’ g FE
g 10° P aRITRmg g 8 F
= A E 6 F e Dynamics in z-p— ¢ n reaction is
]Ug 4 A B 4 e differentvs y p—¢ p.
i 2 F e Moreover, in 7p—¢@n case,
A, -I laosaadaaaalaaaal 0 | L I_LIJEI_. A :J = J_I:I.;- L 4 ¢'me50n can be formed from admixture
0 5 10 15 20 - B - ’ of 55 pair in proton wave function.
Momentum P (GeVic)
Momentum P {GeV/c) .. . .
) o Additionally, ¢-meson production using
pion beam is inelastic reaction &
B O.L Dahl ctal % L L B determination of ¢N SL requires some
A J.H.Boydetal : assumptions (no VMD).
D. Bollini et al. full, energy-dependent amplitude . .
<'> B.D.OH;'lzlnlnE ot al} — P 3 e Forthe zN SL (elastic case), there is
i T D et ﬁ----ﬁ{ ______________________________________________ recipe in “Hohler s Bible™.
. o SV. Golovkin et al [[f)] 001k full amplitude -
= = after readjustment?
ES L £ .
b — of subtraction
© 0.001F constants 4
o 3 G. Hoehler, Pion—Nucleon Scattering, Landoldt-Boernstein,
ST T —— ] edited by H. Schopper (Springer, New York, 1983), VVol. 1/9b2.
|| No thr data b 0.0001¢ ] Ay
10 {/ pole approximation 6
C . L 1 1 L l A l
1 10 2000 2200 2400 2600 2800 0 TUNE,D
P lab (GeV/c) 12 -
s T [MeV] ey
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M. Déring, E. Oset, & B.S. Zou, Phys Rev C 78, 025207 (2008)
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Phenomenology for SL from wp —¢p L 7w p—J/Wp

R.A. Arndt, W.J. Briscoe, T.W. Morrison, IIS, R.L. Workman, & A. Gridnev, Phys Rev C 72, 045202 (2005)

e Data for 7—p —¢ p can be described very well by linear fit
(dashed line).

e This is because of S-wave dominance of total Xsec.

e From slope of best-fit line, restriction on imaginary part
of 7V elastic scattering amplitude A, ,, can be found.

e Optical theorem leads to
ImA N = Py / 41 o(nn)tet
= p,/ 4n [c(nn—7N) + 5(nn—27N)

+ o(Mn—nN)]
=3p,./ 8n p,? o(np—nn) e
+p, / 41 [o(nn—27N) + s(n—nN)] _ G‘
e As a result, we have . 3r —
ImA,y 2 3p,/ 8 p, o(m"p—mn) — =
E :
e Using linear fit, ES09 thr data give 3 ! o
1/ p,o(rp—nn)=152+£0.8 pb/MeV ~ EEEE) © o 3
1+ _ i
E909 | _
ImA, > 0.172 £0.009 fm : £013/914 P_
0 1 M " i 1 L i " L 1 L i i N | i L i L
0 50 100 150 200
o PWA: ReA,, > ImA,  right near threshold. vV CM momentum P, (MeV/c)
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Narrow Pentaquarks from A, —P. K —(J/wp)K

e QCD gives rise to hadron spectrum.

=D’
Volume 8, number 3 PHYSICS LETTERS 1 F@m@m !
~~y 1200 :
A SCHEMATIC MODEL OF BARYONS AND MESONS — data
— total fit ;
o 1000 — background

If we assume that the strong interactions of bary-
ons and mesons are correctly described in terms of
the broken "eightfold way"

Baryons can now be
constructed from quarks by using the combinations
(@qq), (@qqqd), etc., while mesons are made out

of (q@), (qqqa), etc.

Weighted candidates/(2 MeV)

e Many gq & qq states have been observed.
el 220 & 100.

P(4440)" |

N

e gqqq, qoq gq... are not forbidden or we do not know it yet. 200
00 4450 00 4550 4600

D . : — / 4800 4250
e 58y claims evidence for four hidden-charm gqog¢ states ) M1y [MeV]
near open-charm decay thresholds for £:b° & z:Db*° -

) R. Aaij et al, Phys Rev Lett 115, 072001 (2015)
in A; >, K—(J/y p JX decays.

P (4312)"

N
o
()

T I T T TE

00 4350

11/9/2024

State Mass LC[Fz — Jfp||Significance
e Bump hunting: PDE (MeV) (McV) (o)
 NO quantum numbers P (1312) 113119 £ 0.7'58 0.8 £2.7' 31 73
e NO pole pOSitiOﬂS Poa(4380) | 1380 £8+20 | 205+ 18+ 86
Po(4110) ' |4440.3 £ 1.3 41| 20.6 £ 4.9 57, 5.4
Po(4157) ' [1457.3 £ 0.6 T 6.4£2.0'37 5.4
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Interpretation of P(4312)"

o Interpretation of P (4312)* is consistent with

2@ e Molecules DA, & D®x*) coupled to hidden charm 5q.
. c Y. Yamaguchi, A. Hosaka, S. Takeuchi, & M. Takizawa, J Phys G 47, 053001 (2020)
M.1. Eides & V.Yu. Petrov, Phys Rev D 98, 114037 (2018)
Y. Yamaguchi, A. Giachino, A. Hosaka, E. Santopinto, S. Takeuchi, & M. Takizawa, Phys Rev D 96, 114031 (2017)
zqz?’% e Possibility of compact bound state.

! 11S, W.J. Briscoe, E. Chudakov, I. Larin, L. Pentchev, A. Schmidt, & R.L. Workman, Phys Rev C 108, 015202 (2023)

Z. Zhang, J. Liu, J. Hu, Q. Wang, & U.-G. Meifner, Science Bulletin 68, 981 (2023)
X.-W. Wang, Z.-G. Wang, G.-L. Yu, & Q. Xin, Sci. China Phys Mech Astron 65, 291011 (2022)
M.I. Eides, V.Y. Petrov, & M.V. Polyakov, Mod Phys Lett A 35, 2050151 (2020)

e Pole structure of P.,(4312)* & uniformized S-matrix.
D. Winney et al, Phys Rev D 108, 5 (2023)
L.M. Santos, V.A.A. Chavez, & D.L. Sombillo, arXiv:2405.11906 [hep-ph]
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% SU3) Multiplets
) Assumed to be Meson-Baryon Molecules

o
-
.

1 ® PLA33T)  DME®, DOA, y")

J.J. de Swart, Rev Mod Phys 35, 916 (1963)

PY%4440) DA, DEE)

PQ.(4457) f)(*)z;(c*), D)E!, DERE)
P

?

P12 D{=X(), D{*)

CSS

DO

In D®), parentheses mean that
there are two spin states D & D*

Co‘urtesy of Atsushi Hosaka, 2024
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Doss G, Bolls, & LHCL
Salse LHCL Po Prugele?
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How Bump Hunting in 2019-23 Guwxgz data ?

A. Ali et al, Phys Rev Lett 123, 072001 (2019)
S. Adhikari et al, Phys Rev C 108, 025201 (2023)

e GXET sees no evidence forﬁ’ﬁ?ﬂPcs Upper limits @ 90% CL

2016-2017 data: 469+22 yp —J/wp —e*e p & 68 pb! ‘

— P.(4312) 4.6 %
10 B
HUEEEERGT T P (4440) 2.3%
BPL " I O N
e P.(4457) 3.8%
-E 2 3} % / [n] 1
< 4 2016-2018 data: 2270£58 yp —J/wp —e*e p & 320 pb-
g_- /. ] L e %@Z-“MJ Amarian, 'iféw'Body Syst Suppl. 11, 359 (1999) W. GeV
s 01 ) i +— GwiXEZ A Ali et al, Phys Rev Lett 123,072001 (2019) 41 42 43 44 45 4 6, 4
T A e g—SLAC  U. Camerini etal, PhysRevLett35 483 (1975) o [T T J
o o e 2 A f@ B. Gittelman et al, Phys Rev Lett 35, 1616 (1975) S ! IP:’"M{ A2y ] ! I
15% o ==== Kharzeev et al. x 2.3 N . e Po(4457)
y JHC PY(4440) =
7 — — incoherent sum of: N LR (444
ke S e 2g exch. Brodsky et al T i
10 ] 3g exch. Brodsky et al ' =
: B ] fid
o E, GeV \ 20 ! g

D. Kharzeev, H. Satz, A. Syamtomov, & G. Zinovjev, Nucl Phys A 661, 568 (1999) A /-l—l
b
" AN. Hiller Blin et al, Phys Rev D 94, 034002 (2016) [
S Brodsky, E. Chudakov, P. Hoyer, & J.M. Laget, Phys Lett B 498, 23 (2001)
< ERN W
e Near threshold, 3g works better than “¢ SEEN R
—o—Guwik&(2019)

——GuiEZ (2023) Assuming JP = 3/2-
‘lﬁéf P.(4312) 3/2° BR=2.9%
JPAG P((4440) 3/2° BR=1.6%

l”“ Pi(4457) 3/2° BR=2.7%
I N N I N

8 5 9 95 10 105 11
E GeV
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Search for Pentaquark State Decaying into pJ/p in
1S, 25) Decays @

X. Dong etal arXiv:2403.04340 [hep-ex]

® Using the data samples of 102 million T(15) and 158 million T(25) events collected by the Belle
detector, we search for a pentaquark state in the p.J/1 final state from Y(1,2S5) inclusive decays.
Here, the charge-conjugate p.J/1 is included. We observe clear p.J/v production in T(1, 25) decays
and measure the branching fractions to be B[T(1S) — pJ/¢ + anything] = [4.27 £ 0.16(stat.) +
0.20(syst.)] x 1073 and B[Y(28) — pJ/¢¥+anything] = [3.59+0.14(stat.) £0.16(syst.)] x 107°. We
also measure the cross section of inclusive pJ/1¥ production in e*e~ annihilation to be o(ete™ —
pJ/Y + anything) = [57.5 + 2.1(stat.) £ 2.5(syst.)] b at /s = 10.52 GeV using an 89.5 fb~!
continuum data sample. There is no significant P.(4312)*", P.(4440)" or P.(4457)" signal found in
the pJ/1 final states in T(1,25) inclusive decays. We determine the upper limits of B[Y(1,2S5) —
PF + anything] - B(PS — pJ/v) to be at the 1078 level.

pliy(—e’e) ply(—e'e) pI (=) AT CTNTY)
at (a) | (b) | e Xsec is too small
o to make solid conclusion.
2k i S | e High Statistics is not
% ‘,[ sufficient to convince.
< 0 e Let me do not discuss
= 6 (e) f M | . how good these reactions
= s j a to look for P_s...
E ’“ - =
= Lt ]
N LA |
st M } G ) } M |z
6F - - ot
i z
4 - - =
b13 - I
2Tt i o RN 1 P S8 AT el
4 42 44 46 48 4 42 44 46 48 4 42 44 46 48 4 42 44 46 48 5
M(pJ/y) GeV/c?
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Search for Pentaquark State in Charm Hadron [, HCb
a0 Final State @

(wa(\ R. Arij et al Phys Rev D 110, 032001 (2024)

® A search for hidden-charm pentaquark states decaying to a range of X.D and AFD = E
final states, as well as doubly-charmed pentaquark states to X,D and AFD, is = Z
made using samples of proton-proton colh%mn data corresponding to an integrated i ERy
luminosity of 5.7 fb~! recorded by the ﬁ]’ detector at /s = 13 TeV. Since no 2 g
significant signals are found, upper limits are set on the pentaquark yields relative - | ' 1 “:: !
to that of the A} baryon in the A* — pK—7+ decay mode. The known pentaquark < ,"",,.rn ) MNI] ‘ (ED) = () D) (ML)
states are also investigated, and their signal yields are found to be consistent with 7 T r - —
zero in all cases. g Lmew, 2 £ st
= S
! I | AU
lfJfJ [l fHJ 200 400 i8]
miE" ﬁ} mfZ' = mrl'i J[MeVie] ml’l—:"ﬁﬁ_,r—.'rrfz:"j-mI’EUJ [MeVie]
—~ T T r T T T T T T T T fg_: ) T ] E fé_: 0 T ] E
S % — Data 2 o {“)i st ] 3w J[ O a4
% 80 LHCb_l \ — Total fit Y =
= 70 5.7fb | - - Signal o F
o 60 -]J, 2 a0 El
—~ Il H I 3 3
~— 50 Lbb !l k‘ . . X . X X
n ! ) ) i 3 y Al | 3 4 i
F_-t; 40 1 {H i "ij—f 0 m.-'AE'?}','r-mfAl'j}iJ-UmrD';[M:(\-['.-'[':::] ! mm:PJUD‘J-mml‘,amm';[M:r\:'ﬁ—']
‘:g 30 Hi GeS[CQ ;-,: |'\Q:— T ™3 T 3 T T T
5 200} f e Fap ® | AN e
O : iy 3.6c0rOc N 3 ;
10 E7 o "0: H g E
oE . B SO T R H' s F | F
0 200 400 600 E { 2
m(A D7) —m(A:) —m(x') —m(D") [MeV/c?] anf 1 3 = |
(\0 200 -IISU GOH) :60 -IBD ﬁI:JO
mfATT L) = mf A} = i) = () [MeVic mf ALY ) = (AT} = i) = mf D7) [MeVie?]

11/9/2024 Pan-Pacific Symposium, Hefei, China, November 2024 Igor Strakovsky 28 ‘




Revisited

e | do not think these negative results may " kill ” hidden charm states.
e Point is that we do not know theoretically expected Xsec / BR.
e Now, these results are just some additional constraints on pentaquark model.
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Search for Pentaquark State inJ/wp &l J/wp B’ — J/ypp Decays

ILI{IECE% Observation of J/wARes Consistent with

and 2018, correspond to an integrated luminosity of 9 fb~!. Evidence for a new structure in the J /yp and
J/wp systems with a mass of 433757 72 MeV and a width of 29728 11 MeV is found, where the first
uncertainty is statistical and the second systematic, with a significance in the range of 3.1 to 3.74,

depending on the assigned J* hypothesis.

o~ T : : 5“‘ -

% sor.ff'FP 31ct03.7c @ 60 _J/WP )

— I 5 I

S 40f : S 40}

5 20 Ini 3 20¢

=l 2inj =

-g : ] ’%‘Gﬁf g 0 n £ = . =1, s =)

S OSETI0s ad © 41 42 43 44
m(J/y p) [GeV] m(J/y p)[GeV]

e They claim that mass resolution is much better than 10 MeV (4337-4312 = 25 MeV).

e However, one can exclude that P(4337) is the same as P(4312). 180;—%
— 160F 9 fb!
% 140F
E 120;—
@ An amplitude analysis of B~ — J/ywAp decays is performed using 4400 signal candidates selected on a = 100F
data sample of pp collisions recorded at center-of-mass energies of 7, 8, and 13 TeV with the LHCb o 80:—
detector, corresponding to an integrated luminosity of 9 fb~!. A narrow resonance in the J/wA system, :"S' 605
consistent with a pentaquark candidate with strangeness, is observed with high significance. The mass and 'E .
the width of this new state are measured to be 4338.2 £ 0.7 £ 0.4 MeV and 7.0+ 1.2 £ 1.3 MeV, where [S 40 .
the first uncertainty is statistical and the second systematic. The spin is determined to be 1/2 and negative 20 F

parity is preferred. Because of the small -value of the reaction, the most precise single measurement of the
B~ mass to date, 5279.44 £+ 0.05 £ 0.07 MeV, is obtained.

of
4.2
R. Arij etal Phys Rev Lett 131, 031901 (2023)
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5q Candidate in
B~ = J/wAp Decay

R. Arij etal Phys Rev Lett 128, 062001 (2022)

m(J/w A) [GeV]
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When looking at Maxwell equations,
it is hard to imagine how beautiful the ra nbow is.
Richard Feynman

Similar may be said about Quantum Interference.

Everybody knows that the interference does exist.
But it is not always easy to imagine
how it will work in a particular case.

Yakov Azimov

Pan-Pacific Symposium, Hefei, China, November 2024
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8NN Interference from {{J)

Ya. Azimov, J Phys G 37, 023001 (2010)

e/ (p°) = 149.4 MeV; I'(w) = 8.5 MeV; I'(#) = 4.3 MeV

I'(p°—37) = 0.015 MeV lsospin violated

I'(v—37) =7.58 MeV
I'(#—37) =0.65MeV Zweig rule violated @

-
=
(=

e Bkg near ¢ changes slowly

0 (nb)

i)

ha

-
Q

nearly standard interference curve,
instead of ¢ —peak:

both bump & dip,

each has form different from :
max/min different from ¢-mass p.

-
Q

|
-

T|'|T| IIIlIJ||" IIIII|||" IIII.IIﬂl IIIlIIIlIl

e X

600 800 1000 1200 1400
Vs {MeV)

M. Achasov, Nucl Phys B Proc Suppl 162, 114 (2006)

Y
=]

e p-contribution here deforms a-tails.

kurve is fitwith o, ¢, p, @', & @”.
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glete™ = J/iyo*to™) (pb)

Interference from B'E-S‘]]I!

V. Baru, F.-K. Guo, C. Hanhart, & A. Nefediev, Phys Rev D 109, L111501 (2024)

e How does X(3872) show up in e*e™ collisions. g :

® We demonstrate that the dip observed near the total energy of 3872 MeV in the recent cross section data

from the BESIIL Collaboration for ete™ —

J/wrtx~ admits a natural explanation as a coupled-channel

effect: it is a consequence of unitarity and a strong S-wave DD* attraction that generates the state X (3872).

We anticipate the appearance of a similar

dip in the ete™ — J/yntn~#° final state near the D*D*

threshold driven by the same general mechanism, then to be interpreted as a signature of the predicted

spin-2 partner of the X(3872).

@BEScars
| ! | | Fit1 /]

25

.7 Fit2

- - i
ete” = J/yrn'rn !,f

M. Ablikim et al, Phys Rev D 107, 032007 (2023)

3820 3840 3860 38! 3900
Vs (MeV)

e Effect is small, but visible & more statistics is in order.
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" for Possible Interpretation of Gu\&: Dip

11S, W.J. Briscoe, E. Chudakov, I. Larin, L. Pentchev, A. Schmidt, & R.L. Workman, Phys Rev C 108, 015202 (2023)

\\imﬁ
n.
AN\

: : - : i _
e Experimental total Xsec of inelastic binary reaction: o: = fo fo % /siy do do
Photon CM momentum Jly polar production angle

J/y azimuthal production angle

- ¥in =
| e Phenomenological total Xsec: a% > (2T +1) [F1?
E’ ‘;} Using Landau-Livshitz normalization - J=0

Total angular momentum

; (2J+1) = 1 for S-wave
\’a = 3 for P-wave
e Partial Amplitude: f =5+ R - exp(2ia) IS, AV. Kravtsov, & M.G. Ryskin, Sov J Nucl Phys 40. 274 1%
There is 1 free parameter for interference a/ iﬁgﬁ
Relative phase shift ’

It comes from fit of total Xsec
) Non_ReS h= \,/A q + B ff'?"—_’ VV CM momentum 11S, L. Pentchev, & A.l. Titov, Phys Rev C 101, 045201 (2020)
~——]

\
There are 2 free parameters for background A & B

/Energy independent width (P, is too narrow)
orM=~—"— Mass

2 . Relativistic BW: =0 7w X
‘?‘i‘ Lode 5 Partial decay widths of

o Partial Width:  x- ¥ F“’”’)TW [$+P) — /X (1 +) X(T/P+D)

There are 3 free parameters for resonance M, 7; & X
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Alternative Solution for GwXg: Data

11S, W.J. Briscoe, E. Chudakov, I. Larin, L. Pentchev, A. Schmidt, & R.L. Workman, Phys Rev C 108, 015202 (2023)
S. Adhikari et al, Phys Rev C 108, 025201 (2023)

e \We suggested to apply rearrangement interference for revealing faint resonance signals\
(amplification by interference with strong background signal).

e Relative phase o leads to constructive (bump) or - —
destructive (dip) interference for particular P\, f=0+1- e-‘imzfﬂ'}
\\/J/
2016-2018 data: 2270+58 yp —7/wp —e*e p & 320 pb?
1.8 — r 1 1 1 7 L
i ] Resonance: x2ndf=11.99/12=1.00
[ yp-d ]
1.5 _7p /vP 'fT § M= 4235 +8 MeV
I b e 1 I'= 35.4+£8.2 MeV Resolution ~6 MeV
o~ T GLue ;,“::i , X= 0.023+£0.005

o=  40.8+5.7 deg

Background:
A=0.00251+0.00046 nb GeV/c
B=0.00688+0.00083 nb/GeV/c

No Resonance; x¥ndf=19.74/16=1.23

. i — < A=0.00183+0.00040 nb GeV/c
39 4y 43 45 47 49 | B-(00766+0.00077 nb/GeVic
W (GeV)
e If “bump” is imposed on GuweX&~ data “by hand”
e Dip position does not correspond

(consider 7th - 9th energy values up from threshold),
qualitative description of data up to W = 4.35 GeV is possible,
but with higher 2, if our fit form is used.

to real mass of P (4312)",
e It may depend on reaction

mechanism [including cusps (open charm)]
& background choices. [.

Obtained mass in our analysis is almost 77 MeV below (88 determination,
but it cannot exclude that this is P (4312)*.
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Deciphering Mechanism of Near- J/w Photoproduction

Meng-Lin Du, V. Baru, Feng-Kun Guo, Ch. Hanhart, U.-G. Meissner, A. Nefediev, & IIS, Eur Phys J C 80, 1053 (2020)
,.

e It was shown that fluctuation of photon into open charm yp —a.b . w 4 :
is preferable than into Charmonium J/ W K. Boreskov, A. Capella, A. Kaidalov, & J. Tran Than Van, Phys Rev D 47, 919 (1993)

V

y Do L. ~ S
LL’%D"’(A;) e cc pairis produced by 10 &

A D(‘)(Ac)i | 0, interacts with proton.

VWWW
AAAAAA

P~ AXD™) p
4 Jy Jy
e cc pair is produced by via VMD &
5 g , interacts with proton through 29 exchange. | © Cuspeffect is visible & in agreement with GwX= |
Q 0

e These two mechanisms act simultaneously.
Assuming there is only first one,

then key consequence: threshold cusps ! =y
e There is no fit to Sw&2 data. ) Gui&”
0y ]
(e One two-component problem accounting for - ]
interference between these two components. 0.3 N thr

o Effect of charm exchange is smaller than gluon exchange. 7p>1/¥p ]

\.» Gluon contribution can be strongly suppressed due to “young” effect.

4
L L

0.0 - AR SR T R TR T MR
&= E.L. Feinberg, Sov Phys Usp, 23, 629 (1980) 3.9 ‘1-. 1 4 .3 4 .5 4.7 4.9
.;“ ’ ’\ Courtesy of Misha Ryskin, July 2020 W ((aV}
: ‘3"._\ % o Interference between open charm & gluon exchange

may produce dip, but there is room for resonance.

11S, W.J. Briscoe, E. Chudakov, I. Larin, L. Pentchev, A. Schmidt, R.L. Workman, Phys Rev C 108, 015202 (2023)
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9w Threshold Region Coverage

o ]0

% l @ (4312) s

~ ///.
8 % Hallp G

E / - . - UE —
' = - _- - i

IlllllllIITll‘llll

0

e Data s fitted with sum |3 = 10}~ 4
of two exponential g ! :4{: == 2 2% = 0 42 > [ GL?K' E
. - 44 ' P
functions. 3 = " PO _W!&_,_ML'LL.T ::(13 382:(:; + 025:65'31 é. 8 [_ /‘ . E
~ g — - p 1 0 . - -
» Sccond exponential . % 3 6o gy : I s ~.
contribution is most o — == 0.5406 = 0.1106 . [ ¥ 2 & % 3
o : = = np d)I: l = - - - -
significant in lowest - s — *r ‘( ) K. ™ - W
energy bin, whc.nc /// R —— £ 3 3 Gt%" |
slope changes sign: 102 = P ST i -
::._ —e— 10.36-11.44 G& rove— v 1S S e I~
| —e— 9.28-10.38 Ge' T e | I - .‘,\é. - -
|| e 82928Gev o DR B S e B
0 2 A 6 8 10
( 1.GeV?
* Exponentially falling 7-dependence
however:

« Enhancement of da/dr at high t (for the < > E  GeV
lowest epe ) _‘lez contribution doldt: ] < I > L“’ e
beyond ¢ I8
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L

G(yp = J/y p) [nb]

|| ;5 at a 90% CL EZ=» Much-much larger than we found.

o
]

I
PN

Jhy

| o
1 + —
[
10—1 — 2 GU%W::’ (2023) —
- =— Monresonant (3C-INE)
=== Besonant (3C-F)

102 _ N B

it 10 11 12

E’!’ [GeV]

Pole position
(no uncertainties)

Mg = 4211 MeV
Tr = 48 MeV

11/9/2024

=) 101 MeV below (§&%
24 MeV below us

Pan-Pacific Symposium, Hefei, China, November 2024

JEE Sfor J/w Photoproduction

D. Winney et al, Phys Rev C 108, 054018 (2023)

Q :
_xﬁ

Phenomenological model based on
S-channel PW expansion (I < 3):
« Global fit of both ¥l & D Jo/dt(t) & Hall D ii(E,)
e (1C) J/yp interaction
* (2C) J/yp interaction & D*A .
¢ (3C-NR) J/yp, DA, DA (nON-res soln)
(3C-NR) J/yp, ( )

¢ No stat significant preference:

* E, =9 GeV structure requires sizable
contribution from open charm.

e Severe violation of VIMD
& factorization not excluded.

e s-channel resonance not excluded.

e t-enhancement maybe due to proximity to
threshold (s-wave only).

e Precise measurements critically important to disentangle

reaction mechanism @ threshold.
Igor Strakovsky 39 0
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Intensity [ (Hz)

No thr data
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i
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Momentum P (GeVi/c)

Intensity T (kHz)

High-p, 2024 E

Foom

/o High-p can detect J/y toe'e” & p'p pairs.\

* High-p can use incident beam

e One can measure J/ production @
P=8-10 GeV/c.
o W, =4 GeV (Py, = 8.06 GeV/c).

P= 2-20GeV/c from ©20 beamline.

s/sy

11/9/2024

S.H. Kim, H.C. Kim, & A. Hosaka, Phys Lett B 763, 358 (2016) (o N
Pan-Pacific Symposium, Hefei, China, November 2024

PRI R BRI A B R B A
I 1.5 2 25 3

Momentam P (GeVic)

1106 [9spr > Gu/vpn)

A

8)
a4 U
i — — ol
B E: =

kMomentum bite is expected to be +3%. j

ﬁ New FHigh-p measurement \
allows to understand dynamics
of cc production @ threshold.

e Itis free from VIMID &
allows to determine J/i/p SL
independently on Guex&~

e |t allows to look for effect of
rHCh
THCH [

SIA
YUNE

—
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e “Young” V hypothesis may explain fact that obtained SL value for

¢-meson nucleon compared to typical hadron size of 1 fm indicates that

proton is more transparent for ¢-meson compared to @-meson & is
much less transparent that J/ y~meson.

|y, | << |yl << layl << |a,,l
) ‘ED'&E ability allows us to understand dynamics of ss &cc & bboroduction
@ threshold & to look for effect of &P (4312).

e Further studies on both nucleons & nuclei in heavy V photo- & electro-production
will significantly extend our knowledge of gluonic structure of nuclear matter

o 4:%-emac ability to measure 7 p — ¢n & 7p — J/wn @ thresholds, which are
free from , IS Important input to phenomenology (PWA).

e Polarized measurements are important contribution for model independent PWA.

SIA
Y

—
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QCD

Do you have any

JEE Rt questions to Bl iR R

speaker?

igor@gwu.edu
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