Heavy- and light-quark

mesons:
A theory perspective

Alessandro Pilloni

IWHSS-CPHI 2024, October 2"9, 2024

INFN

Istituto Nazionale di Fisica Nucleare




The richness of hadron spectrum

* The structures populating hadron reactions are extremely rich
* Ultimate goal is to understand them in term of QCD degrees of freedom
* To do so, the spectrum of resonances must be correctly reconstructed

JPAC, PPNP 127 (2022), 103981
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Potential problems

We can’t afford being misguided by simplistic resonance extraction!
(life is already hard enough without red herrings)

Amplitude analysis requires collaboration
of theorists and experimentalists

However, we don’t have a universal recipe to do things right
We have to proceed:

* (Case-by-case

* Keep in mind the limitations of each approach

* Qverstudy (the more approaches the better)

* No overstatement (do-no-harm)
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Top down approach
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2) You calculate the amplitude

data.

Predictive power v/
Physical interpretation v*
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Options on the market

Quark-level calculations:

* Quark models, DSE, pNRQCD, Hybrids, ...

* Spectrum generally calculated as bound states of some potential

* Decay rates as «overlap integrals» between two static configurations

Comprehensive picture v Little scattering dynamics %

Za B

Hadron level calculations:
* Microscopic models inspired to EFT + Unitarization
* Compact states vs. molecules, triangles...

* States as poles of scattering amplitudes

* Couplings as residues at the poles

Scattering dynamics v/ More case-by-case v' %




Models for every taste

Compact
Hybrids Multiquark
® % Containing gluonic Several (cluster) .
degrees of freedom of valence °
quarks
Hadroquarkonium
‘]/1[) Heavy core interacting with a light
cloud via Van der Waals forces
Rescattering effects
Structures generated by
cross-channel rescattering,
o Molecule very process-dependent
° Bound or virtual state
generated by long-range
Extended exchange forces
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Bottom-up approach

L. h
Less predictive power %

Some physical interpretation %
_Minimally biased v
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S-Matrix principles

A(s 1) L4
\Nl t
S
M
—
s-channel M-decay channel t,(s) = limt;(s + i€)
€—0
Crossing Analyticity
| These are constraints the amplitudes have to
s-plane satisfy, but do not fix the dynamics
_ They can be imposed with an increasing amount
T==__ of rigor, to extract robust physics information
® Unitarity
The «background» phenomena can be
+ Lorentz, discrete & global symmetries effectively parameterized in a controlled way
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How to identify a glueball

You don’t. Since it mixes with light isoscalars, there is no model-independent way

of saying which state is (mostly) the glueball. Only suggestions:
* There is one too many wrt QM. Indeed, f,(1370), f;,(1500), f,(1710)

* Aglueball couples to photons only throughout mixing, so radiative widths

should be small

* Their production is enhanced in gluon-rich processes, as J /Y radiative decays

* It couples equally to mesons of all flavors (?)
5

- Y

However, an argument based on chiral symmetry

I
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Amplitudes for /Y — y PP

We build the partial wave amplitudes according to the N /D method

Rodas et al., EPJC 82, 1, 80
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Pole extraction
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Looking at the residues
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Despite the large systematics,
the f,(1710) couples to kaons
more than the f;,(1500)

Also, the f;,(1710) couples to
the initial gluon-rich state
more than the f;(1500)

Both these fact suggest a sizeable glueball component for the f,(1710)

Caveats:
some of the relevant channels are neglected, hopefully ratios not affected
Left-hand cuts of scattering processes contribute to scattering.

Poorly known and neglected here.
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J /W photoproduction at threshold

The common lore is that the study of
vector quarkonium photoproduction at
threshold is directly related to nucleon
matrix elements

Assumptions:

1. Factorization proof for timelike DVCS can be extended at threshold
as the heavy quark mass plays the role of a hard scale

2. The top vertex contains the trivial Y-y coupling |1 (0)|?

3. The exchange of anything but gluons is (OZI-, mass-) suppressed

4. The exchange is dynamically dominated by gluons carrying | = 2

Then one extracts matrix element of the energy momentum tensor (p’|Tw(0)|p)
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Role of open charm

qmax=1.0 GeV

J /1
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Du et al. Eur.Phys.J.C 80, 11, 1053
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The role of intermediate open charm thresholds has been pointed out,
Maybe «all that glitters is not glue» ....

Calculation based on EFT and known couplings, S-wave saturates the cross section
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J /W photoproduction at threshold

Determining the gluonic gravitational form factors of

K. Jones, 5. Prasad, C. Peng, W. Armstrong, H. Atac, E. Chudakov,
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F(s,t) =) (20+1) P, (cosf) Fy(s)

The dominant S-wave can inclu

2,
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Unitary reanalysis

Differential and total cross sections are fitted with a unitary model

PAC
Winney et al. PRD 108, 054018

In lack of polarization observables and SDME,

only orbital angular momentum is considered (spinless approx.)

Truncated sum of PWs, £ < 3

¢

Fy(s) = fe

oupled channels,

Direct contribution

Jly

= —

P
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Contribution of open charm

Naively Wilk’s theorem says
the single channel is unfavored at 3.70
(no look elsewhere etc.),

Firect (Sen)  Forae
Cih = — . , indication but not the end of the story
Fbca(sen)| + [ FlBivect (swn)]
Contribution of open charm > 25% at 90% CL

1C 2C 3C-NR 3C-R
Parameters 9 13 15 15
X2 166 144 141 143
X2 /dof 1.25 1.12 1.11 1.13
Cen 1 [0.56, 0.74] 0.36, 0.63) (0.03, 0.62]
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Conclusions

Bottom-up approaches are important!

® They allow us to get the most out of high statistics data!

® JPAC and ExoHad will continue providing tools and results
to understand the exciting spectrum of QCD

,J 4 /3 \ l IAD
EXOTIC HADRONS TOPICAL C()l LABORATION

Thank you!
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Joint Physics Analysis Center PAC

Full Members

Funded in 2013 as theory support
originally for JLab exps, but grew up much larger

Creates bridges between
theorists and experimentalists

40+ researchers afflllated during a decade
eEE D 7|] Ell'll:lEl

Je . on Lab

clos“ —‘

. ﬁ@ : ° ' Running
GLUE - ®  Planned
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BACKUP
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How theorists think of experiments

All the information about hadrons is collected

by the Particle Data Group

diamond
wafer

forward drift
chambers

central drift
chamber

electron

beam superconducting

magnet

electron tagger magnet

beam tagger to detector distance

is not to scale

What exeeristesdelists present...

Changing beam and target,
you can change the font

]G(JPC) — 1—(1++)

a2;(1260) [

Mass m = 1230 & 40 MeV Ul
Full width I = 250 to 600 MeV

2;(1260) DECAY MODES Fraction (F;/T) p (MeV/c) N
3r sean 577
(PT)S—_waye: P — 7T seen 53 P
(PT)p_wave: P — TF seen 353
(p(1450)7) s _\ave, P — T seen t
(p(1450)T) p_paye:, P — TT seen it R
f(500)w, fy — wm seen -
f(980)T, fy — @ not seen e S
f(1370)7, fh —+ 77 seen t E
@(1270)1’?4 h— wm sean i
a0 seen 576 A
707070 not seen 577
KKm sean 250
K*(892)K seen P2
Ty seen 608
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Real(istic) conversations
between theorists and experimentalists

YOURE TRYING TO PREDICT THE BEHAVIOR
OF ? JUST MODEL
ITAS A > AND THEN ADD
SOME. SECONDARY TERMS To ACCOUNT RR

\
EASY, RIGHT?
)
50, WHY DOES NEED
A WHOLE JOURNAL, ANYWAY?

LIBERAL-ARTS MATJORS MAY BE ANNOYING SOMETIMES,
BUT THERES NOTAHING MORE OBNOXIOUS THAN
A PHYSICIST FIRST ENCOUNTERING A NEW SUBJECT.

T: How could you not find the XXX quantum numbers?

E: Well, you know, 5D fit, O(100) parameters, local minima,
systematics...

T: You are not that good, are you?

T: You shouldn’t use Breit Wigners!

E: Gimme some better

T: | have an analytic unitary parametrization, but it works in
a given mass window and only knows about energy
dependence, you can’t add background terms to it...

E: Breit Wigners.

T: Stop using complex couplings!
E: HAHAHAHHAHAHAHAHAHHHAHAHAHA
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In defense of VMD

The weak point of the whole approach is the use of VMD

While in the light sector it works reasonably, for heavy states is not justified

The X(3872) observed in purely hadronic and photonic modes gives us unique clue to

efficacy of VMD

Belle extracted the coupling X(3872) - yy~,
that can be compared with the VMD predictions
from X(3872) - J/Y p, w

=)
=
Q
. . . .' >
Q V £ Goye X 10° 1
5 Y 3.2 é
o ) 5
X (3872) . P 5.38
J [ _
w 3.54

Other estimate lead to differences of a factor ~ 3

10°

10
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New pentaquarks discovered
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The lowest P.(4312) appears
as an isolated peak
at the 27 D° threshold

A detailed study of the lineshape provides
insight on its nature

Bottom-up:
DON’T YOU DARE describing everything!!!
Focus on the peak region
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Minimal(istic) model for P.(4312)

j—\]/\; =15(%) [|F(S)|2 + bg + bls]

Fernandez-Ramirez et al. (JPAC), PRL 123, 092001

Effective range expansion
F(S) == (Nl - NQS) Tll(S)

We can set ¢;; = 0 to reduce
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Minimal(istic) model with ANN

of the degisior
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Hadron Spectroscopy Hybrids ~ Tetraquark

Meson Baryon Glueball

D W Cly
® %%

o o ‘I/IIJ :
Hadroquarkonium

Molecule
[ Data H Amplltu_de ]_»[ Qch ]
analysis

f Interpretations on the spectrum leads to
understanding fundamental laws of nature

iuawuédxg

ddD 9911eT
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How to identify a glueball

You don’t. Since it mixes with light isoscalars, there is no model-independent way
of saying which state is (mostly) the glueball. Only suggestions:
* There is one too many wrt QM. Indeed, f,(1370), f;,(1500), f,(1710)
* Aglueball couples to photons only throughout mixing, so radiative widths
should be small
* Their production is enhanced in gluon-rich processes, as J /Y radiative decays

* It couples equally to mesons of all flavors (?) S~ Y
. 5
However, an argument based on chiral symmetry NP '
claims the coupling proportional to quark mass J a4 ¢ 0 gluebal T 4
o 07" glueball extrapolated ¢
3 -‘E l
u., d, s € } I
2| I -
_ 1 1
0T+ ~ Mqgqq 1 71 |
- 7 — 0 l J | |
u.d., s 0.0 0.2 0.4 0.6 0.8
o (mps/m,)?
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Differential cross section
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Spectroscopy from peripheral production

Need to establish
Regge factorization

Spectrometer

Single Regge pole
dominate

ﬂﬂﬂﬂﬂﬂ

(Exotic) resonance

production Regge

exchange

“fast”

exchanged
particle
"Force”

target
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Total cross section

== One channel (1C)

Two channels (2C)

Resonant (3C-R)

107 B

=~ Non-resonant (3C-NR)

48

With optical theorem one gets the
total cross section J /Y p — X.

This has been estimated from
the A-dependence of nuclear targets,
4mb at /s = 6.2 GeV.

VMD estimates provide values at least
lorder of magnitude smaller
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Options on the market

Quark-level calculations:

* Quark models, pNRQCD, Hybrids, ...

* Spectrum generally calculated as bound states of some potential

* Decay rates as «overlap integrals» between two static configurations

Comprehensive picture v Little scattering dynamics %

Za B

Hadron level calculations:
* Microscopic models inspired to EFT + Unitarization
* Compact states vs. molecules, triangles...

* States as poles of scattering amplitudes

* Couplings as residues at the poles

Scattering dynamics v/ More case-by-case v' %
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Heavy quark spin flip suppressed by quark mass,
approximate heavy quark spin symmetry (HQSS)
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Solve NR Schrodinger eq. =» spectrum

Effective theories
(HQET, NRQCD, pNRQCD...)

Integrate out heavy DOF
J

(spectrum), decay & production rates
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Exotic landscape in cC

Esposito, AP, Polosa, Phys.Rept. 668

JPAC, PPNP
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Exotic landscape

(- )

Broad mesons seen in b decay:
X(4140), Z2(4430), Z.;,(4000)...

. J
4 N
Scarce consistency between various Narrow structures seen in b decay:
production mechanisms X(3872),P., (P)
§ J
4 N

Narrow structures seeninete™:

X(3872), Y (4260), Z)
§ J
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Why photoproduction?

® It’s new: no XYZ state has been uncontroversially seen so far

® Rescattering mechanisms that could mimic resonances in
multibody decays can be controlled better (one can change the
energy beam but not the B mass...)

® The framework is (relatively) clean from a theory point of view

® Radiative decays offer another way of discerning
the nature of the states

A. Pilloni — Heavy- and light-quark mesons: A theory perspective
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Exclusive (quasi-real) photoproduction

XYZ have so far not been seen in photoproduction: independent confirmation

Not affected by 3-body dynamics: determination of resonant nature

Experiments with high luminosity in the appropriate energy range are promising
We study near-threshold (LE) and high energies (HE)

Couplings extracted from data as much as possible, not relying on the nature of XYZ

4 Q

M. Albaladejo et al. [JPAC], PRD

E . = ap-aj B1-Bj
- S o EM Ay = 1 et ag PatrajiprgBy
p ' ’
/ B \ VMD is used to couple the incoming photon
to a vector quarkonium V
N N ....we’ll come back to that!
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Exclusive (quasi-real) photoproduction

XYZ have so far not been seen in photoproduction: independent confirmation

Not affected by 3-body dynamics: determination of resonant nature

Experiments with high luminosity in the appropriate energy range are promising
We study near-threshold (LE) and high energies (HE)

Couplings extracted from data as much as possible, not relying on the nature of XYZ

M. Albaladejo et al. [JPAC], PRD

er BB
: ; = B D J
p P
/ B \ Top vertex from measured Q — VE decay width

N N’
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Exclusive (quasi-real) photoproduction

XYZ have so far not been seen in photoproduction: independent confirmation

Not affected by 3-body dynamics: determination of resonant nature

Experiments with high luminosity in the appropriate energy range are promising
We study near-threshold (LE) and high energies (HE)

Couplings extracted from data as much as possible, not relying on the nature of XYZ

’YMQ

£

M. Albaladejo et al. [JPAC], PRD

=~

/ i er ala]
. <A [Ty Ay >= 3 =57 0 Peyappy i

-—

exponential form factors to further suppress large t

/
' H p Bottom vertex from standard photoproduction pheno,
N N’
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Threshold vs. high energy

® Fixed-spin exchanges expected to hold in the low energy region
® t channel grows as s/, exceeding unitarity bound, Regge physics kicks in:
Reggeized tower of particles with arbitrary spin at HE

. /
o Q S_] = Sao +a't
|%4
o 74 /
Holds at low energy, Holds at high energy,
E k fixed spin resummation

of leading s power

® Ife #1IP,ay <1, do/dt decreases with energy
N N/ ® Exchange of heavy particles further suppressed

A. Pilloni — Heavy- and light-quark mesons: A theory perspective
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Z photoproduction

® The Zs are charged charmoniumlike 17~ states close to open flavor thresholds
® Focuson Z.(3900)* - J/Y ™", Z,(10610)*, Z,(10650)* - Y(nS) n™
® The pion is exchanged in the t-channel

102 - | T T T T T T T T T T T i | T T T T T T T T T T T T T T T T | T T T T 1
g JPAC = PAC
i — Z,(3900" | - i
10 — Z,(10610)" — .

=) s —— Z,10650) g 107 g E
= C b ] K - 7
= I 1 = -
N " =] N L N
vy . - P oz E E
Q o . R, E ]
Xas C N K B ]
o} - = B i |
i | 103 |~ 239007 =
107 E - —— Z,(10610)" 4
5 . L — Z,(10650)" ]
. I l 1 1 1 ‘ 1 1 1 l I 1 _l 10—4 | 1 1 ‘ l l l l | 1 1 1 1 | 1 1 1 1 | 1 1 l l ‘
5 10 15 20 20 30 40 50 60 70

W, [GeV] W, [GeV]
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X photoproduction

® Focus on the famous 17* X(3872) —» J /Y p, w
® w and p exchanges give main contributions:

I I IR PR 4 3L LS
C J ] i J ]
102§— E 107 —x (1P 3
S- 10_ E — X (3872) E
) 3 : &
= Large theory uncertainty  z 10°f
> " ] . : - 3 > -
bk . in the intermediate region 1!
‘“- F ] U
5 10'1; /'l_ s

10_2 = — X(3872) é E E
PRI | cle v b by b 0 Tl R R S A S S S Y ST Y T S AN SO S R

45 5 55 6 6.5 7 20 30 40 50 60
W,, [GeV] W,, [GeV]
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Semi-inclusive photoproduction

Semi-inclusive cross sections are typically larger

For small t and large x, one can assume the process to be dominated by pion exchange
The bottom vertex depends on the (known) pion-proton total cross section

The pion is exchanged in the t-channel

Model benchmarked on b; production

- 8 T Jr"'--"-’"i Model underestimates
| [ 1 lower bins,
\ Y /’ [ - ] conservative estimates
q 1 T qr = q-_ ’| _-
: EN { | -
1 . [ )
T |k = [ .'
: lk £k / Mﬂt :
: i /|l The model is
D I — Inclusive b (1235) — l: \ expected to
0.5 ®* Omegs Photon . .
/ A &t - ‘ / { hold in the
D ﬂ=.—~4~—#*‘l'"‘ - q highest bin
0.7 0.8 0.9 1
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Semi-inclusive photoproduction

® Forthe Z7, the inclusive cross section is sizably larger than the exclusive process

P

G [nb]

10 £

| T T T T _*
JPA C 7
—— total Z(3900) I

—— total Z,(10610)
—— total Z,(10650)

G [nb]

]02 T T T T

10 g~

—— total Z,(3000)*
—— total Z,(10610)*
—— total Z,(10650)"

................
-------

e
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Semi-inclusive photoproduction

® At higher energies the triple Regge regime is reached, cross sections saturate

alp —+ @F X)) [ph al(yp —+ Q" n) [pb]
Q 30 GeV 60 GeV a0 GeV 30 GeV 60 GeV a0 GeV
by (1235) &0 - 10° G0 - 1 61 - 10* 43 2.3 < 10"
Z.(3000) 187 146 140 19 1.0 < 10°*
Zu( 10610) 163 15 5 150) 10) < 10"
Znl 10650 40 4 1 37 2.4 < 10"

A. Pilloni — Heavy- and light-quark mesons: A theory perspective

47



Hybrid hunting s oo ]

™~ 2000

2750 0O
25001 [ (-
Constituent gluon (quasiparticle excitation), o 2250 - =
PC = 1%~ mass ~ 1.0—1.5 GeV ﬁ 2000} 2 o
T wsoof 17007 10t 27t
Look for a ; state with JP¢ = 1~ S
O ( ? 1000
e IEaRsn il my = 396 MeV|
Y decayinginto{ pm — 37 500 !
: bym — 51
™
b 3099 < 5000
‘ ¢ 4000
‘H} | ‘” E 3000
Iy } F

1000

Events

0.8 1.2 1.6 2 2.4 2.8

A- PilILIIII LIV y Al llbll\- \1uu| N T1INOIDWVITJIe 7L LTV / perspeCLIV\.



Amplitudes for n("V

We build the partial wave amplitudes according to the N /D method

Jackura, Mikhasenko, AP et al. (JPAC & COMPASS), PLB
Rodas, AP et al. PRL

o n(s) - ; " . \?7
D(S) Im = Z D(S)

I P e /]P’ T

The D(s) contains all the Final State Interactions
constrained by unitarity = universal
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Amplitudes for n("V

We build the partial wave amplitudes according to the N /D method

Jackura, Mikhasenko, AP et al. (JPAC & COMPASS), PLB
Rodas, AP et al. PRL

n (S) T T n !

1
el
L]

D(S) Im — Z D(S)

™

n(;‘)

The n(s) = background physics, process-dependent, smooth
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( data)

3.0 220
25 200

2.0 3 180

= = 160

§15 g

3 3 =140

C C

1.0 o 120

L L

100

e
o

o
(=)

Events/40 MeV

L L MR TR T L L1 T R T |
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5 M'm P-wave {J E 250
i
F 23 0F 200
" 71,(1600)? 230
3:— Q2.5 )
- 0 820F <150
2 < E
F 0155 <}
£ "0k 100
OEI PRI R U ST R RS RSN QO%I P R T ST R RS RSN 50k Co o 1900 e ]
08 10 12 14 16 18 20 08 10 12 14 16 18 20 . . 12 14 16 18 20
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Pole hunting

3000 6000
- P-wave n ®© channel - P-wave n' © channel
2500(— 5000 — % %
2000 — 4000[— %
= F z r
L 1500— % L23000(—
jo) — [5] I~
= u I u %
1000 %, Jr 2000{—
500(— ; (‘l 1000 —
o~ ol

-0.2

L 04
[ab}
S
w
E 06
-0.8
_1'%.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 . 2.0 ' 2.5
Re s (GeV?) Re s (GeV?)

“A. Pilloni = Heavy- én,d light-quark mesons: A theory perspective s < : 52



Final results

0.0 —
0.13— - d5(1320)
02— a,(1700)
s E i
© 03— 1
O] — 0.110F
% 0.4—
= — 0.115F
= 05—
0.63— 0.120} : .
E 1.305 1.310
0'7:_ N T R SR SR S A S NS S R A
1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9
Mass (GeV)
Poles Mass (MeV) Width (MeV) Agreement with Lattice is restored

A.

a2(1320) 1306.0£0.8+1.3 114.4+1.6+0.0
ay(1700) 1722+ 15+ 67 247 £ 17+ 63

That’s the most rigorous extraction
1 1564 4 24 4 86 492 + 54 £+ 102

of an exotic meson available so far!
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Glueballs

The clearest sign of confinement in pure Yang-Mills
The worst state to search in real life

12
10
8
e 6
4
2
0
A. Pilloni —

0" I

2" w3 [

P37 — -

1

3 I

-Morningstar and Peardon _
- PRD60, 034509

+ +
PC

Jre Mass MeV

Unquenched Quenched

This work M&P Ky Meyer
[ 2590(40)(130) | 2560(35)(120) | 2250(60)(100)
2—+ 3460(320) | 3100(30)(150) | 3040(40)(150) | 2780(50)(130)
0 4490(590) | 3640(60)(180) 3370(150)(150)
2-+ 3480(140)(160)

5=+ 3942(160)(180)
~ (exotic) | 5166(1000)

- 3850(50)(190) | 3830(40)(190) | 3240(330)(150)
27~ 4590(740) | 3930(40)(190) | 4010(45)(200) | 3660(130)(170)
2-- 3.7—1[](20{))“70)
3 4130(90)(200) | 4200(45)(200) | 4330(260)(200)
1t 3270(340) | 2940(30)(140) | 2980(30)(140) | 2670(65)(120)
31 3850(350) | 3550(40)(170) | 3600(40)(170) | 3270(90)(150)
3+ 3630(140)(160)

27 (exotic) 4140(50)(200) | 4230(50)(200)

07~ (exotic) | 5450(830) | 4740(70)(230) | 4780(60)(230)
5+ 4110(170)(190)
o+t 1795(60) 1730(50)(80) | 1710(50)(80) 147 (30)(65)
2+ 2620(50) 2400(25)(120) | 2390(30)(120) | 2150(30)(100)
0tt 3760(240) | 2670(180)(130) 2733 (30)(120)
3t 3690(40)(180) | 3670(50)(180) | 3385(90)(150)
o+t 3370(100)(150)
o+t 3990(210)(18
2+ Gregory et Gl. 2880%100)?11 )
4+ 3640(90)(160)
-+ JHEP1210, 170 4360(260)(200)
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Events / 15 MeV/c? Events / 15 MeV/c?

0" - 2"E1 Phase Difference [rad]

]/ -y n°7° and - y KIK?

We consider the S and D wave by BESIII to use the information about their relative phase.

The D-wave is populated by two almost elastic resonances: the £,(1270) and f,'(1525)
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Same model as before

A. Rodas, AP et al. (JPAC) EPJC82, 1, 80 (2022)
Two/three channels, i,k = nm, KK, pp Two waves,] = S,D 40-56 parameters

PN (s")

s'(s' — s — ie)

Dj;i(s) = [K‘I(S)_l] - _ /SOO ds’

T Jsy

(R) (R) 4 )
K7 ( ) . 9: Y; J J .
Lef— — Ci; —— dk% S 3 K-matrix pole for the S-wave
mgp— S 3 K-matrix poles for the D-wave
\_ J

)\J—|—1/2 (Sfij m2)

3
J gl on T Tk S
pN;(s') = O 5J 1t () = Z 2 (8 + 80>

(s' + sg)
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Primakoff X photoproduction

Using measurement of I'(X — yy™) from Belle,
one can get predictions for Primakoff

Makes use of ion targets,
enhancement of cross sections as Z?2

j: T T T T | T T T T | T T T T | T T T T j
- PAC
Q’=0.5 GeV? J i

70
— Zn

[nb]
3

o(y*A - XA)
= 3

—_
<
F
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Diffractive production, dominated
by Pomeron (2-gluon) exchange

Ry

A. Pillo

Y (vector) photoproduction

Existing data allow to put a 95% upper limit
on the ratio of ' /Y (4260) yields

g*(Y - ynm) g2(P' - Pgg)

my,

J

g*(p - vg9) g*(@' - Yrm)

157

o(yp — Yp) [nb]

—_—J/y
— y(28)
— ¥(4260)

| jPAIC |

Assuming previous formula, one gets:

Y, =930eV

(cfr. hep-ex/0603024, 2002.05641)

BR(Y - J/Yymm) = 0.96%
Ry = 0.84

]00 T | T T T

— Iy

— y(25)
—— ¥(4260)

80—

o(yp — Yp) [nb]




Y (vector) photoproduction

Focus onthe 17~ Y(4260) — J/Y nTn~ , checkwithy' - J/Yy wtm~
Diffractive production, dominated by Pomeron (2-gluon) exchange

Good candidates for EIC: diffractive production increases with energy!

We have yy-pomeron coupling from our analyses 1606.08912, 1907.09393

How to rescale from J /Y to Y’ ?

g’ - vgg9)

6myB - vgg)ly
Ryii— ~ 0.55 g2 > vgg) = —
Y (9o vag) o
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Y (vector) photoproduction

Focus onthe 17~ Y(4260) — J/Y nTn~ , checkwithy' - J/Yy wtm~
Diffractive production, dominated by Pomeron (2-gluon) exchange

Good candidates for EIC: diffractive production increases with energy!

We have yy-pomeron coupling from our analyses 1606.08912, 1907.09393

How to rescale from J /Y to Y (4260) ?

We assume VMD and g% (Y - yrm) = g2(Y - Ygg) X g>(gg — nr) (Novikov & Shifman)

o _ v |92 > ymm) g2 (Y > Ygg)
L omy (92 > vg9) 9*(W' ~ Yrm)

Caveat : BR(Y — ymm) only known times the leptonic width T'Y,
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Y (vector) photoproduction

Events

100

80

60

40

20

Data from H1
hep-ex/971112

o(yp — Yp) [nb]

A. Pillo

5
m{Jhy n* 1) [GeV]

—J/y
— y(28)
— ¥ (4260)

| jPAIC _‘

o(yp — Yp) [nb]

100 .

Assuming previous formula, one gets:
Iy, =930eV

Existing data allow to put a 95% upper limit
on the ratio of ' /Y (4260) yields

(cfr. hep-ex/0603024, 2002.05641)

BR(Y - J/Yymm) = 0.96%
Ry = 0.84

80—

—J/y
— y(25)
— Y (4260)




Minimal(istic) model for P.(4312)

5—55 =0

( §&§ data)

[|F(s)|? + bo + by s] Fernandez-Ramirez, AP et al. (JPAC), PRL 123, 092001

Effective range expansion
F(S) == (N1 - NQS) Tll(S)

We can set ¢;; = 0 to reduce

—1
Tl | tus o) miy to the scattering length
mi2 Ma2 — 228 — ip2(s) approximation
900 900
- ¢;i=0 - Finite ¢;;
< 800 ; I < 8001 | %
% E k 1 % E ' | &0 Tt
Q700 Y A % 3 % % Q700 % . % % i
o g C (-
S 600 I . S 600, ifT \Jikef
© Q &0 B L
O 500/ Lt 1] "’500% '
s T 50
0 a0 A ash A igs (0 4% 428 430 43 431 436 438
s (GeV) — /s (GeV)

A. Pilloni — Heavy- and light-quark mesons: A theory perspective 62



Minimal(istic) model for P.(4312)

dN

e = p(s) [|F(s)|? + bo + b1 5]

Effective range expansion
F(S) == (Nl - NQS) Tll(S)

We can set ¢;; = 0 to reduce

25
T(s) = (mn —cns —ipi(s) miy ) to the scattering length
mi2 Mag — €225 — 1P2(5s i i
(5) apprOXImatlon
0.10— _g'ggz_ Il sheet
- ~0.10F-
B -0.15-
0.05_— _0_202_
< B §—0.25§
8 oo IV sheet 8§ .
& I Il sheet o O0F Il sheet
E | g 005, —
- = _0.10F
-0.05— -0.15F
B -0.20F
- ! -0.25( :
ot ‘ | | K D' th. | ~0.30F L 1D th.
18.40 1845 1850 1855 18.60 18.65 18.70 18.75 18.80 Fini 182 18.4 186 1838 19.0 19.2
c;; =0 Re s, (GeV) — Finite ¢ Re s,, (GeV?)
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Minimal(istic) model for P.(4312)

dN

e = p(s) [|F(s)|? + bo + b1 5]

Effective range expansion
F(S) == (Nl - NQS) Tll(S)

We can set ¢;; = 0 to reduce

=
T(s) = (mn —cns —ipi(s) miy ) to the scattering length
mi2 Ma2 — C228 — 1P2(8 . .
p2(s) approximation
oo . , | | 200 T'sheet
- Points to a virtual state 005
L : ' —-0.10 =
- ' ~0.15
0.05/~ ~0.20 E- :
Sr TOBE Noesn’t point to a resonance
[0 IV h t o -0.30 =
- IV shee ~0.30 |
% 0.00 g 0.00 1 L L L 1 L L L 1 I L L 1 L L L 1
; - I sheet o £ lllsheet
- 2 _005F 2
- L R TV =
-0.05— ~0.15F
- ~0.20 &
- : -0.25
~0.10— I | I | ‘L; D’ 1:h.I | ~0.30 - ‘._‘,ZBUIh.
18.40 18.45 1850 1855 1860 18.65 18.70 18.75 18.80 Fini 182 184 186 188 190  19.2
c;; =0 Re s, (GeV?) Inite cj; Re s, (GeV?)
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Total cross section

3. Three channels (3C): We include both D*)A,
channels. In this case we find two classes of solu-
tions which we discuss separately below.

1. Single channel (1C): Only interactions involving
the J/v p are included;

2. Two channels (2C): We include contributions
from an intermediate D*A. channel;”

][} : 1 T T T l T 1 1 Ll | T T T 1 | L l[)/’i C'l : l{} : Ll Ll T T l 1 1 Ll Ll I T T T T '[ T 'l[’ i C'l :
C J - C J AC ]
FE. | = i 1 —
af 1 =~ ¢ ]
> s - > - .
-~ ~
S - {1 = - |
| vt -
=, =,
=107 e GlueX (2023) 4 = 10'F e GlueX (2023) —
o) o = Single channel (1C) ] o) - = Nonresonant (3C-NR) .
N = Two channels (2C) ] N Resonant (3C-R) i
—2 1 1 1 I I I 1 1 1 I I Il I 1 —2 1 I 1 1 Il Il I 1 1 1 1 J L L L L
107 10
8 9 10 11 12 8 9 10 11 12
E, [GeV] E, [GeV]
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Vector Meson Dominance

Since unitary model parametrize separately the production and scattering amplitude,
one can compare with the predictions of VMD

Direct contribution / Y
Y JIy Iy
i Fi(s) = fe(1+GTy)
o But G(sp,) = 0
P p B
e] lue of the sca t ring pI|tu e at thre hold is c lled scattering length
t t%e ur{ a\/K/IrBO t e of the am tude at resho s an
a s a rPr? uctiqo Cross se ns impliés a small
unr ara eite tter| g length enters W|t t e energy dependence
alat er|n eng (1
VMD: FYP (s, x) = —87\/5eh gyp agp | 1O F7(8 = s, 0) = ng” (1 —iqayy)
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Vector Meson Dominance

VMD badly excluded, except for the poorly constrained

3C-R model
o , :
R () FYP(s¢n, -13)/91-1_:- Scattering lengths generally of O(1fm), but smaller ones
VMDIT) = o
TYPYp( sy, ) are not excluded
Crucial to constrain better these fits by measuring open
charm final states
1C 2C 3C-NR 3C-R
Parameters 9 13 15 15
x> 166 144 141 143
x? /dof 1.25 1.12 1.11 1.13
Cen 1 0.56, 0.74] 0.36, 0.63] [0.03, 0.62]
Rymp(6 = 0) [0.45, 0.73] x 1072 [0.39, 1.62] x 102 [0.03, 1.74] x 10~ * [1.4 x 1072, 0.58]
Ryvup(t = 0) [1.3, 2.0] x 102 [1.3, 5.1 x 1072 [0.08, 8.9] x 1072 (5.4 x 1072, 1.8]
ayyp [fm] (0.56, 1.00] 0.11, 0.79)] [—2.77, 0.35] [—0.04, 0.19]
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