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® Cusp effects.
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Vector Meson 200

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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[- Let me focus on 4 vector mesons fromgq which widths are narrow enough to study}

meson photoproduction @ & where data or quasidata are available.
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Vector — Nucleon SL

e Due to of “young” V vs “old” V, measured & predicted SL is very small.

e V created by photon @ threshold then most probably V is not formed completely,
& its radius is smaller than that for normal (“old”) V.

e Therefore, one observes stronger suppression for Vp interaction.
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e p—V coupling ¢ is proportional to @, & separation of corresponding quarks.
e This separation (in zero approximation) is proportional to 1/m,,.
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Vector Meson — Nucleon Scattering Length Determination

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

h
e Small or negative VN SL may indicate weakly or attractive VN interaction 1’
if there is no VN bound state below experimental g, I}Vu
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
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=% doVP—=Vp
doYP=>Vp | qg 1 |T“”’_’VP|2 q mado k= q To 5 |2
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k=(s-M?) /252 related to V\V EM decay width IV — e*e”)
- C!2 My
|g 3-T(V > ete)
e Finally, one can express absolute value of VN SL as product of 2 _ SRV <:| PDG-
| =
pure EM VMD-motivated kinematic factor 120 - D(V = e+e )

& hadronic factor hy, = v/b )
. ‘o‘ (q) =®. q—+ b - q3 4 b - q5 <:| Experiment
where b, came from best fit “t 1 3 5
that is determined by interplay of strong (hadronic) & EM dynamics as

e To avoid theoretical uncertainties, we do not
|an| =(By/] - her ° deterrrlme sgn of SL,t - |
[ ) B

N separate parts of SL,

e extract spin 1/2 & 3/2 contributions. T
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p — wop —>7'yp — 3yp Measurements from A2 el @

HPE] BR(0» — %) = 8.4%
9 Tl e T TT - 11S, S. Prakhov, Ya. Azimov et al, Phys Rev C 91, 045207 (2015)
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»— Op — K K p Measurements from claSh

HPEABR(¢ — K'K) = 49.2%
B. Dey et al, Phys Rev C 89, 055208 (2014)
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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 p¢ 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

R. Lednicky & V.L. Lyuboshits, Sov J Nucl Phys 35, 770 (1982)

ﬂctually, is doing two-particle correlations of combined p¢ & ;¢ 2airs measured\
in high-murtplicity in pp collisions @ 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¢ energy, i.e., near threshold) @ @) (with or another

detector). - /
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Hadrons to Atomic nuclei

Attractive N Interaction from jegh

.m' (2 + 1)-flavor lattice QCD simulations with nearly physical quark masses, \
g5 has simulated ¢N scattering process for spin 3/2 channel

(3/2)

agr” = —1.43 4+ 0.23" ﬂjg m Y. Lyu et al Phys Rev D 106, 074507 (2022)
@ .

e Instead of ¢ photoprod process, they simulated ¢N elastic scattering reaction.

Note, however, that in case of photoproduction, we deal not with completely formatted ¢ meson but with s 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*” & this result is but “numerical experiment.” /

K Using lattice calculations for spin 3/2 ¢N interaction by %M are used to constrain spin 1/2 \
counterpart from fit of experimental ¢p correlation function measured by :

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

e Corresponding SL is

ol = — (154408 (stat) 038 (syst)) + i (0.00 533 (stat) 53 (syst)) fm
E. Chizzali et al Phys Lett B 848,138358 (2024)
\oSee comments above. /
e Combination of Lattice spin 3/2 & 1/2 gives huge SL. T
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J/wp Scattering from Guig

11S, D. Epifanov, & L. Pentchev, Phys Rev C 101, 042201 (2020)
1] ,’.

[. All previous theoretical results (including potential approaches & | ©CD calculations) gave much-much larger S ]

e Most probably so large SL results from of van der Waals potential
which in QCD should be killed by confinement.
Courtesy of Yuri Dokshitzer, 2023
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o N(\a;r threshold, S-wave dominates & Xsec does not depend on SL, - - /
(i.e., does not depend on t); Xsec depends on s, so that extrapolation Omin = 230 MeV/c
in s seems justified. 0 — 1 :
e Extrapolation to t = 0 covers too large an interval (8t = 2.23 GeV?), 0 1 2 3 )
so that we can not guarantee that slope will remain constant @ q (GEV / C) M

b = 1.67 GeV—2 over this large interval. )
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e It was assumed total intearated luminosity of 100 fb! 1
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S Narrow Pentaquarks from A, — 7/ wpK-
U™
pe <° A"{b ey
e QCD gives rise to hadron spectrum. Mli—= dQﬁ}N
Volume 8, number 3 PHYSICS LETTERS 1 F&N@m > 2250 5;5*0

|

A SCHEMATIC MODEL OF BARYONS AND MESONS 1200 rHCh
ACH
M. GELL-MANN Bar N 1000l —tote! it Do
cann e :
If we assume that the strong interactions of bary- yons can Low — background — 437

ons and mesons are correctly described in terms of

tc., whil t
the broken "eightfold way" (qaq), (@qqqq), etc., while mesons are made oul

of (qq), (qqqa), etc.

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

>
=
o
—
w
o
3
constructed from quarks by using the combinations 12
8
-
2
=
[+)]
L]
=

Al , (43512)+ EPO(4440)" E.==c(445?§
e qqqq , 0q0qq ... are not forbidden or we do not know it yet. 500 R :

i I el

Ly I LA Ii b L ! ]
o ({488 claims evidence for four hidden-charm qog cc states R R R S o eV)
near Open-charm decay thresholds for i R. Aaij et al, Phys Rev Lett 122, 222001 (2019)

IiD°& 2D in A, —J/w p K decays.

State M L[Pec— J/Y + p)
(MeV) (MeV)
+14311.9+0.7788| 9.8+2.731 730

e Bump hunting:

S

(4312)
e N0 quantum numbers (4337)*| 4337+7+2 V4R s 9 B
« no pole positions P.(4440)" |4440.3 + 1.3%57 | 20.6 £ 4.9737, 54
P.(4957)*[aas7:3 £ 06T 4L Bak20ket 5.4 O
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Courtesy of Atsushi Hosaka, 2024
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P9 (4337)
P1%(4440)

PY,(4457)
P

P12

CSS

SU3) Multiplets

Assumed to be Meson-Baryon Molecules

[

D®EM, DOA .,
DA, DX
[_)(*)z;(c*), D@3 D )G

’

D{ze, D)

D®E
C

LHCH M I'[Pe — J /3 + p||Significance

ey (MeV) (MeV)
P.(4312)%|4311.9 4+ 0.775%| 9.8+ 27131 730
P.(4337)" 433717 +2 2o R 3.1-37¢
P.(4440)" |4440.3 + 1.3751| 20.6 +4.9157, 540
P.(4457)" |4457.3 + 0.6741| 6.4+ 2,037 540

R. Aaij et al, Phys Rev Lett 122, 222001 (2019)
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In D®), parentheses mean that
there are two spin states D & D*
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How Bump Hunting in 2019 Gu;e)@w data ?

A. Alietal, Phys Rev Lett 123 072001 2019

e GuET Sees Nno evidence forﬁgﬁ% Ps
2016-2017 data: 46922 7p —J/yp—e"e'p & 68 pbr- | Upper limits @ 90% CL
e Upper Limit
10 v e,
SR e P.(4312) 4.6 %
1 PEL e Gl
N 0 e P(4440) 23%
o o
= ;‘*}f%] P(4457) \ 3.8%
g- B @ %@z ''''' M.J. Amarian, 'iféwlBody Syst Suppl. 11, 359 (1999) “ S R ‘/' E
= 1 I e e | ——GwEZ A Alietal, Phys Rev Lett 123, 072001 (2019) % 3
T 4 S st 5 SLAC  U.Camerinietal, Phys Rev Lett 35, 483 (1975) - E
o T S 2 _ﬁ_@ B. Gittelman et al, Phys Rev Lett 35, 1616 (1975) o G
© - ==== Kharzeev et al. x 2.3 e ¥
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10 N R T R 2g exch. Brodsky et al ’ St
] 3g exch. Brodsky etal W, GeV shuttonbondutindobtusbolopto o, 1 SENER,
41 42 43 44 45 46 47 Re A7
8 9 10 £, GoV f 20 GH EE

D. Kharzeev, H. Satz, A. Syamtomov, & G. Zinovjev, Nucl Phys A 661, 568 (1999)

Il\lF.*'\{J?IIL,II‘\;IIlIIII )
P(#437) Q
)

E
£
JZAC AN, Hiller Blin et al, Phys Rev D 94, 034002 (2016) 1 i H]
S. Brodsky, E. Chudakov, P. Hoyer, & J.M. Laget, Phys Lett B 498, 23 (2001) s _«j e
N ERN 01 _(_I_ ,'“ ik +
1
e Near threshold, 3g works better than 20 AT
—l
#
VR e pee—
107! X o Assuming JP = 3/2-

...... ll"A(‘ P}(4312) 3/2' BR=2.9%
PAC’ ; P2(4440) 3/2 BR=1.6%
Ao ; P(4457) 3/2° BR=2.7%
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Events/

Search for Pentaquark State Decaying into pJ/p in

Y(28)

10.52 GeV

Vs

—~_x

20(°

15

10

F 42 44 46

Decays @

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

annihilation to be o(eTe™ —

—a— data of Y(1S)
sideband

- --- signal MC

+rees mo-Pe MC

l[l[[[[[[l[[[[[[l[[[

T E I e Y s sl Ny

* ------ bkg from sideband

8

5

M(@pJ/y)  GeV/c

e No evidence for Pc(4312),
Pc(4440),

0o
(),(Mm (Y( 15 )
@ Using the data samples of 102 million T(15) and 158 million T(2S5) events collected by the Belle
detector, we search for a pentaquark state in the pJ/4 final state from Y(1,25) inclusive decays.
Here, the charge-conjugate 5.J/1 is included. We observe clear p.J/v production in Y(1, 25) decays
and measure the branching fractions to be B[T(1S) — pJ/¢ + anything] = [4.27 £ 0.16(stat.) +
0.20(syst.)] x 107° and B[Y(28) — pJ /Y +anything] = [3.59+0.14(stat.) £0.16(syst.)] x 107°. We
also measure the cross section of inclusive p.J/v production in e*e~
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 Y(1,25) inclusive decays. We determine the upper limits of B[Y(1,2S5) —
P} + anything] - B(PS — pJ/y) to be at the 1078 level.
Best case
pliy(—e'e) pl/y(—e'e) pIN(=p'W) Pl (=)

4k (@)

2 =

|] L i i

6F (e) } ) (h)

! | - |

2 i) Mgt L8, L il

8F @ f G f M

ok : :

T R

[|.. | | :l .!c_ '.-'"[Uljl'. i 1 |;-II ._J o . ']:JHJ : '." |. ".’| .’-L

4 42 44 46 48 4 42 44 46 48 4 42 44 46 48 4 42 44 46 48 5
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M(pJ/y)

GeV/el
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Pc(4457)

in Y(1S) decay st
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Search for Pentaquark State in Charm Hadron [, HCb
Final State @

R. Arij et al arXiv:2404.07131 [hep-ex]

gy WM

@\M

® A search for hidden-charm pentaquark states decaying to a range of X.D and AX D E *F (a) : 3 ) 3
final states, as well as doubly-charmed pentaquark states to X,D and AFD, is % f z 2 E
made using samples of proton-proton colh%lon data corresponding to an integrated i f ; ]
luminosity of 5.7 fb~! recorded by the % detector at /s = 13 TeV. Since no E : s
significant signals are found, upper limits are set on the pentaquark yields relative N ! - I _r|_|

(1 e il (0 200 400 B0

to that of the A} baryon in the AT — pK w1 decay mode. The known pentaquark (D) - =) - D) MV (ST = (= ) [MeVie?]

states are also investigated, and their signal yields are found to be consistent with 2 T p - o
zero in all cases. E E ¢ STy
S oE LHOD } “ron 3 <1
o 80 i . —Total fit 3 13 ¢
E 70 5.7fb - -Signal , | | L L
vy | HJfJ il fJfJ . ZerrlJ " 00 " MIJ:') )
\CS 60 I ]Jl ’ I : miE" 'ﬁ) mr’Z = mrﬁ J[Mevie?) m(E, D = m(E }"mrEJ[Mt:\-'.'f]
= 50 it . -l ! it 'E L . T Lo . ) W]
5w pi M M m (e) Let, 2ol | (0 e,
-E 30 i = g Z
S 20F k 3 g @ =
@) ,-1 3 6(5 or Oc & 3 ‘: g
NPT d S NP C‘S[C " 2 ) 2 2 .
DO 200 400 600 Ise 0 m.";’lmfj),r i ; UmrD ,r[M:t\«mL] ! msﬂ?}j-mrAl';-[i[LrsD',[M:r\‘e['ﬁ—']
m(A D7) —m(A:) —m(r') —m(D") [MeV/c?] ~ € ; = ¢ : . :
TSR e, ]
2 xo- J[ H = 3 * J E
e | do not think these new results may “kill” hidden charm states. g H 2 | ]
. 5 3 “f 1 2
e Point is that we do not know theoretically expected Xsec & BR. S wb 13« |
e Now, these results are just some additional constraints on v . p—- R S— mm'mmm .

pentaquark model.
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Search for Pentaquark State inJ/wp &J/wp nB’ — J/ypp Decays
%{306; ation 0jJ jwARes Consistent with 5q Candidate in
B~ = J/wAp Decay

e
® An amplitude analysis of flavor-untagged BY — J/ypj decays is performed using a sample of 797 + 31

decays reconstructed with the L‘?C]{’ detector. The data, collected in proton-proton collisions between 2011

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 73 MeV and a width of 29728 +!¥ 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, R Arijetal Phys Rev Lett 128, 062001 (2022)
depending on the assigned J* hypothesis.

— ;; — T T T

> 60 31c103.7c 3 0|J/¥P ;

© i = I

— [ c:l 5

2 40 S 40f

3 | g 1

5 20f 5 201

= i = a5

ﬁ 0 i~ e L S 0 = 4 = -' n ‘i‘ '-'-_"4 156

© 41 42 43 44 4243 4. R A S P

l,r'fp) [GeV] 160E 9 fiy! — Nominal fit
S“ Null-hyp. fit
® An amplitude analysis of B~ — J/wAp decays is performed using 4400 signal candidates selected on a ﬁ 140 |‘ EE(-;’{&!_;F! R
data sample of pp collisions recorded at center-of-mass energies of 7, 8, and 13 TeV with the LHCb ~ 120 i \l - P,ai(u P = - D
detector, corresponding to an integrated luminosity of 9 fb™!. A narrow resonance in the J/wA system, =100 At : } ---Ba%kgrouud
consistent with a pentaquark candidate with strangeness, is observed with high significance. The mass and % 20 o + } JF Tl i
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 = 60 | .
. . . . . . . - Iy
the first uncertainty is statistical and the second systematic. The spin is determined to be 1/2 and negative 2 40 ' 5
parity is preferred. Because of the small Q-value of the reaction, the most precise single measurement of the S bad )
B~ mass to date, 5279.44 + 0.05 = 0.07 MeV, is obtained. R. Arij etal Phys Rev Lett 131,031901 (2023) 20 w0y
4.2 4.25 43 4.35

m(J/y A) [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). ey
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When looRing 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

QNP 2024, Barcelona, Spain, July 2024
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Interference

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

e Quantum Interference may be seen in complementary variable —
energy (mass in rest frame):
e |t is seen here as deformation of BW peaks.

Y V(p,®,0,...)

= 1700 = 149.4 MeV: I'(») = 8.5 MeV; I'(¢) = 4.3 MeV

I'(p°—37) = 0.015 MeV lsospin violated
I'(w—37) =7.58 MeV +

I(4—37) =0.65MeV Zweig rule violated@gmI I
= = + -
© f SND e'ee—3m
10
ﬁBkg near ¢ changes slowly \ =
ﬂ 10 &
nearly standard interference curve, -
instead of ¢ —peak: 1
both bump & dip, E
each has form different from BW %- ﬁ 10 L P (I)J’
max/min different from ¢-mass p. ‘ 00 — 800 — Imlool ! '12'00' ' '1400
e p-contribution here deforms «-tails. Vs (MeV)
M. Achasov, Nucl Phys B Proc Suppl 162, 114 (2006)

k:urve Is fitwith o, ¢, p, @', & cy e
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4 for Possible Interpretation of Guw&: Dip
P/jp 1S, W.J. Briscoe, E. Chudakov, I. Larin, L. Pentchev, A. Schmidt, & R.L. Workm'an, Phys Rev ‘108, 015202 (2023?

i (S,
2 T do " 5
e Experimental total Xsec of inelastic binary reaction: o: = / / do siﬂjfr‘ dep 1 :

Photon CM momentum

Jly polar production angle

J/y azimuthal production angle
e Phenomenological total Xsec: % Z 2J+ 1712 N\
E’ { % Using Landau-Livshitz normalization TC’(tZ"J“; a?)gulilrfmosr;nentum '
: A "" +1) = 1 for S-wave
B \’a = 3 for P-wave
(] Partlal Amp“tUde f = b + R . exp(?ia:) 1IS, A.V. Kravtsov, & M.G. Ryskin, Soka Nucl Phys 40. ZE (19%
' ’ i
There is 1 free parameter for interference ! é‘@
Relative phase shift e

It comes from fit of total Xsec
Y Non_ReS b=+ /A q + B qZL’_ VM 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)
or M~— Mass

) Relativistic e VA s v
i e

o Partial Width: X — VL0 P IUN D) — /XG4 p) X0+ 7)

There are 3 free parameters for resonance M, 7; & X

Partial decay widths of
P—Jlyp &
Pe—7p.

7/9/2024
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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\W. f=b+R- 931‘-‘@{”},
: 2/ndf=11.99/12=1.00
2016-2018 data: 2270458 yp—3/yp—eep& 320 pbt [ esonance: - xin
1.8 ——— —— I M= 4235 48 MeV
[ yp-J /Yp T 1 I'= 35.448.2 MeV Resolution ~6 MeV
15 | GudE” / X= 0.023+0.005
(ol + 7 . o=  40.8+5.7 deg
= | %4 : Background:
£ 09t , - A= 0.00251+0.00046 nb GeV/c
s I | ] B= 0.00688+0.00083 nb/GeV/c
0.6 .
I % ] No Resonance: x*/ndf=19.74/16=1.23
0.3  thr o —— < A=0.00183+0.00040 nb GeV/c
L [ F AR : B=0.00766+0.00077 nb/GeV/c
’ 3.9 4, 4.3 4.5 4.7 4.9 o If “bump” is imposed on Gue\&~ data “by hand”
W (GeV) (consider 7th - 9th energy values up from threshold),
’ qualitative description of data up to W = 4.35 GeV is possible,
e Dip position does not correspond but with higher x2, if our fit form is used.
to real mass of P (4312)*.
e It may depend on reaction i i .. L.
mech’;nisﬂq [including cusps (open charm)] e Obtained mass in our analysis is almost 77 MeV below ﬁ?ﬁlﬁdetermmatlon W
& background choices. but it cannot exclude that this is P (4312)*. s
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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 . : ’
is preferab|e than into Charmonium J/ W K. Boreskov, A. Capella, A. Kaidalov, & J. Tran Than Van, Phys Rev D 47, 919 (1993)

e cc pair is produced by 19 &
interacts with proton.

S e cc pair is produced by via VMD &
¥ % . interacts with proton through 2g exchange. | # Cuspeffect is visible & in agreement with G |

e These two mechanisms act simultaneously.
Assuming there is only first one,
then key consequence: threshold cusps !
o There is no fit to & data.

(e One two-component problem accounting for
interference between these two components.
e Effect of charm exchange is smaller than gluon exchange.

7p=>3/¥p |

\.» Gluon contribution can be strongly suppressed due to “young” effect. 0.0 - T P T T
P _} \ _\;E.L. Feinberg,_Sov Phys_Usp, 23, 629 (1980) 3.9 4.1 4.3 4.5 4.7 4.9
E ‘éggpourtesy of Misha Ryskin, July 2020 w {GEV}
L O e Interference between open charm & gluon exchange |

may produce dip, but there is room for resonance.  gass

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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e “Young” 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. =~ 10%]
N"’ #u.&“-mxzcev
4 _ . _ _ £ 10% L=41-275GeV, E.=5-18GeV
e Future .(]) &[T, high-quality experiments will = &) s
- 3 033 :
have chance to evaluate physics for J/y~ & Y-mesons. £ : couris. €D
= 10% T,=20GeV E,=3.5-5GeV
. B _ ] 5 10 50 100
e It allows us to understand dynamics of cc & bb production centre of mass energy (GeV)
@ threshold & to look for effect of {y P (4312).

o % .. ability to measure 7p — ¢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.

STA:
YUNE)

—

Tens Tens prequntes al parlant?

igor@gwu.edu
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Exclusive ¢ Electroproduction from clag

<
>

F.-X. Girod, M. Guidal, A. Kubarovsky, V. Kubarovsky, P. Stoler, C. Weiss et aI,PRl}Z 12— ‘007 (2012)

e ¢/~-meson electroproduction DB is limited & there are no
thr measurements which are suitable to evaluate ¢N SL.

e Simple empirical parametrization for Xsec was constructed.

1000 p—r—r—rrrrr— @
E. . 09, =75 B 3
g £ o5, W5 et ]
100 | N nsn Y g .
E . f‘%“‘\” c|05"ans =25 e
R A Parametrization -~ - 4
10 | . ¥ .
— e X
S p ™
= ¥,
o e
e 1F s “\ -
0.1 g \‘f\ .
* N
TP 0tp X “\ s
001 M S R T | 1l PR BT
0.1 1 10 100

0" [GeV?)

Courtesy of Christian Weiss, 2012

2

oy [nb]

100

W [GeV]

o sacs s
[ O?=25GeV? L ]
Le\’fgmlim JEPEta @"
e 09
Parametrization —~~ -
10 100

Scaled by factor of (m,?(m,2+Q?)?

3r

New CLAS12 data for ¢ ElectroProd on proton, ep — ¢’ ¢ p,

@ 11 GeV beam energy with CLAS spectrometer will come soon.
Kinematic range extends in W from ¢-meson thr 1.96 GeV to 5 GeV,

Q? from 1 to 12 GeV?, & |t-t,;,| from near zero to 4 GeV?.

7/9/2024

QNP 2024, Barcelona, Spain, July 2024

e Don’t have vector meson beams, so experiments @ modern E\Vi-accelerators
attempt to access such interactions via £V production reactions ep — ¢’Vp.

2

e Diff Xsec do/dt is sensitive probe
of strangeness D-term of proton.

No fit to high energy data.

7' P-éDp
L Q® = 4 GeV?®

ivw)(-z) |

A4 IS, L. Pentchev, & A.l. Titov, Phys Rev C 101, 045201 (2020)

_/

o.(*5)

T (*20}} \

q (MeVic)

400

q' =0 h
ﬁﬁk

o(VMD) =o; + o

or >0,

Quasi-data from Y. Hatta & M. Strikman, Phys Lett B 817, 136295 (2021)

6TA\
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o)
(&

4o rrmme JOTTTPp—Qp LT p—J/Wp

P95 Proposal, J-PARC, 2024 »
High-p, 2024

E

-

* High-p can use incident beam
P= 2-20GeV/c from n20 beamline.
e One can measure J/w production @
P=8-10 GeV/c.
o Wy, =4 GeV (P, = 8.06 GeV/c).
kMomentum bite is expected to be +3%.

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

/

235 i

q{uﬂﬂﬂg
(W«M?
[Hidden Charm Production]
]05 _ 2 -
0000ag, 7T 18 F7T
16
L) -
~ 4 L |
z 10 l Z 1
> s . Z 10
2107k p ARI"Vag Z s
- 4 = 0
= A =
2 Ya | N
10 A )
0 I‘I |.l Is L1 1 IIIDI L1 II'SI L1 Izl0 [} I ]__i 2
Momentum P (GeVic)
Momentum P (GeV/c)

ﬁ New High-p measurement \

allows to understand dynamics

E 106 ‘gﬁf),oﬂ‘ > 9J/ppr

| of cc production @ threshold.

A

e Itis free from VIVID &
allows to determine J/wp SL
independently on Guwa&

e |t allows to look for effect of

No thr data

LHCb P
" ST
. T
s/, " UN[/
S.H. Kim, H.C. Kim, & A. Hosaka, Phys Lett B 763, 358 (2016) 44 i —_
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Studying Transition from Soft to Hard Regime of
Interactions in yp —Vp

o(yp = wp)

ST o(yp —> ¢p)

o(yp = J/¥p)

10_2;_ :I‘E % ¢¢ /
-9 a(yp = ¥(2S)p) W'

1 a(yp —> T(1S)p)
o T e TTE W)

A. Levy, arXiv:0711.0737 [hep-ex] | 10 10

p elastic form-factor
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Interpretation of P.(4312)"

e Interpretation of P.(4312)* is consistent with

2® _ e Molecules D) A, & DML 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)

(]
.’ é) 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.

L.M. Santos, V.A.A. Chavez, & D.L. Sombillo, arXiv:2405.11906 [hep-ph]
D. Winney et al, Phys Rev D 108, 5 (2023)
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Interference

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

e Same phenomenon may be seen in complementary variable —
energy (mass in rest frame):
e [t is seen here as deformation of BW peaks.

e Pure term: |a (E — Ey+ i 7712)12=|al]? [(E — Ep)? + 12%/4] 1

o with background: |B + a (E — Eg+ i 772)Y)?
= |BJ? may depend on £
+1al® [(E — Eg)* + I*/4]*
+[2|B al cosg (E —Ey) +|B al sing 7' x [(E — Ep)>+ 2/4]1 interference term

Role of interference depends on relative value & on relative phase ¢ of B & a;
itis linear in a, may change sign & be either positive or negative.

e @ small value of |a/B| interference term may be more essential than BW contribution.
e Due to additional E-dependence, interference may change sign, provide either
bump, or dip, or both.
e Bump &Jor dip positions are, in general, shifted from true position of resonance.
e Same resonance may interfere differently in different decay modes.
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