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Baryons and Mesons

Ordinary baryons: uP CHARM TOP
0 mass 2,3 MeV/c’ :,;275 GeV/c’ zlb 73,07 Gev/c’
uud proton stable U * e . @
A
udd neutron T ~ 10°s E OWN . —
n S 4,8 MeVv/c 95 Mev/c 4,18 Gev/c
uds baryon A 7~ 10" "s g B 2y
Uuu baryon A T ~ 107%%* s
+ ++ +
Ordinary mesons T p— A — TP
. _ + +
O=® rion 7~1078%s 7/ T
d
kaon 7 ~ 1075 d <

P p
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Ordinary and Exotic Hadrons

Ordinary baryons: uP CHARM TOP
O mass 2,3 MeV/c’ 1,275 GeV/c 173,07 Gev/c?
I p charge % % %
proton stable J | spints e % e 7 @
A
R
neutron 7 ~ 10°s . | DOWN STRANGE BOTTOM
S 4,8 MeV/c? 95 MeV/c 4,18 GeV/c
-5 -¥5 _ -¥5
baryon A 7 ~ 10 10 s a s % 0

Ordinary mesons Exotic matter

@:ﬁ pion T~ 10 %s hybrid mesons

pentaquarks glueballs

tetraquarks
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Pentaquarks candidates from LHCD LHCb, PRL122 (2019) 222001

Ab — K_ (J/w p) unexplained excess of events in J/w D spectrum
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What's a resonance?
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Bound state vs virtual state
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P (4312)™ analysis

Fernandez-Ramirez et al (JPAC), PRL123 (2019) 092001
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P (4312)™ analysis

Fernandez-Ramirez et al (JPAC), PRL123 (2019) 092001
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P .(4312)™ analysis

Ng et al (JPAC), PRD105 (2022) L091501

Deep neural network trained with 4 types of amplitudes
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Direct production of P?
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Exp. status of XY/

Esposito, Pilloni, Polosa Phys Rep 668 (2017) 1

Black: cc predicted and observed
Blue: cc predicted but not observed
Red: exotic candidates
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7.(3900)*

Discovered in ¢ Te™ interactions by BESIII 10| om

ete” - n77.(3900)7

---= Background fit
== PHSP MC

]l || sideband
\

o0
o
I|I

Events / 0.01 GeV/c?
S
|

N
o
!I. T L [

— J/wrnt  BESII PRL110 (2013) 4 I
— + ;,’
— (DD*)™ BESIIl PRL112 (2014) S
Quantum numbers 17~ (more likely) % o
ST
Need at least 7T = %%
eed at leas C - 1)
C < 60
4 quarks J _ ~ I + ; +
B S b | A T
% + d + 0 o__}....+.
/A /4 3.85 3.90 3.95 4.00 4.05 4.10 4.15

M(DD*°) (GeV/c?)
Vincent Mathieu HadSpec with CEBAF Upgrade XYZ Photoproduction 13




Z.(3900)*

J/@b C Zj Q2 - dependence provide info. about internal structure
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Raya et al EPJAS7 (2021) 266 Segovia et al PRL115 (2015) 171801

Electro-production of XYZ will help understand them
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Exclusive Z:b Production @QEIC JPAC, PRD102 (2020) 114010
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Exclusive Z(;I_b Production @QEIC JPAC, PRD102 (2020) 114010

C++ code available online (D. Winney)

Implementation in simulation with ElI-Spectro (D. Glazier) 102
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Semi-inclusive Z", Production @EIC

Z+ Z+ 102
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X(3872)

Discovered in B decays by Belle Belle PRL91 (2003) 262001

B — KX(3872) - K(J/yrx)
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Exclusive X(3872) Production @EIC JPAC, PRD102 (2020) 114010
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Primakoff electro-production of X(3872) JPAC, PRD102 (2020) 114010

Use Belle measurement of I (X — yy™)
to determine the normalization
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Exclusive Y(4260) Production @QEIC

JPAC, PRD102 (2020) 114010

Use I'(Y — wrr) by HERA
and ['(W — ygg) by CLEO

Y(4260)

n

/> Known Pomeron-nucleon couplings

15

o(yp — Yp) [nb]

10

—J/y
—V(25)
—— Y (4260)

=

' J'pA'c

Vincent Mathieu

HadSpec with CEBAF Upgrade

XYZ Photoproduction 21 '



Summary

Direct photoproduction of P, : Exclusive and inclusive Primakoff produciton
production of Z": of X(3872):
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