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Quarkonium models
=> allowed states of a heavy QQ system
Meson decays to final state
with a Q@ and a 0 ,
but not matching the Q0  spectrum,
=> necessarily exotic.
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Observation of XYZ states in photoproduction
— independent confirmation

Different production mechanism, different kinematics

Measurement of polarisation observables and photocouplings
- insights into production mechanisms and internal structure

XY Z spectroscopy at electron-hadron facilities: Exclusive
processes

M. Albaladejo, A. N. Hiller Blin, A. Pilloni, D. Winney, C. Fernandez-Ramirez, V. Mathieu, and A. Szczepaniak
(Joint Physics Analysis Center)
Phys. Rev. D 102, 114010 — Published 7 December 2020

- qualitative behaviour and order of magnitude estimates
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Factorise 2 photon vertices

Virtual photon flux e

+ form factor JPAC photoproduction

amplitudes

PN
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Representative
Luminosities
For various EIC
settings

L (10*cm™?s™) 5-41

max= 2 9
Low CM 1. ?
Optimised
High CM 0.44
Optimised

5-100 10-100 18-275
W =45 = W_ =64 W =100
10 ? 10 ? 0

3.68 4.48 1.54

Benchmarks performed for 1fb™ of integrated charge(1l1l.6days@10*cm?s™)

Use interpolated high and low Jpac amplitudes

Use approximate branching ratios for XYZ (from JPAC paper)
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FIG. 2. Integrated cross sections for the three Z states considered. Left panel: predictions for fixed-spin exchange, which we
expect to be valid up to approximately 10 GeV above each threshold. Right panel: predictions for Regge exchange, valid at high
energies.

,.}/*
\V
q
Pion
exchange




o(y p = Zn) [nb]
I

10° S IR B B B B R R B R S
F PAC 1
Low J

15 GeV —zewr
10 = — Z,(10610) —
F — z,(10650)

5 10
W, [GeV]

FIG. 2. Integrated cross sections for the three Z states considered. Left panel: predictions for fixed-spin exchange, which we
expect to be valid up to approximately 10 GeV above each threshold. Right panel: predictions for Regge exchange, valid at high

15

20

o(y p — Zn) [nb]

,d
<

1072

1073k — Z(3900)
FE — z,00610)"
r —— Z,(10650)"
10_4.H.Iu‘.‘\...\l....lw...
20 30 40 50 60 70
W, [GeV]

e+ p->e + Z(3900) + n
Z- J/y n* (10%)
Jly - ete (6%)

For 1l fb! ~11 days @ 1033cm-2st

Use eic-smear with
MATRIXDETECTOR 0 2 B1 5T
Ngen - number generated

NZ -» number detected
e » NZ with detected e-

energ]es ____

5-41
5-100
10-100
18-275

2.
3.0k
3.
2.5k

3k

2.
2
2
0

. 0k
.1k
.7k

150
160
50
8



Q2

Q2_copy

Require e-

Entries 163
Mean 03072
Std Dev 0.2938

o1

o

.\m.\|..\ﬂm.\mWH\.Hmmm..u.wﬂﬂ.ﬂﬂH\
02 04 06 08 1 12 14 16 18 2

W

W_copy

Require e-

Entries 163
Mean 10.96
Std Dev 5.743

2 /
o; L T o L
0 1 20 30 40 50 60 70 80 90 100
Invariant Mass e+e-
Mipsi_copy
r . Entries 2206
160[— Mean 3.091
E Std Dev 0.08308
140
120
100~
80—
60|
40
20
I IO R St i s ) | N I | ot PR N
5

26 27 28 29 3 31 32 33

34 35

-t from meson

Mesont_copy

0.8

0.6

0.4

0.2

Require e-
X products

Entries 107
Mean 1.459
Std Dev  1.122

=)

25 3

Invariant Mass J/yn+

NN O Y A O HH
05 1 15 2 35 4

MZ_copy

180

160

140

120

100

80

60

40

20

Entries 1962
Mean 3.893
Std Dev  0.1204

[ il IR AR T I SR IR R

03 - I3.2

36 38 4 42 44 48

4.8 5

Generated
EIC-Smeared

Normalised to
Same max value



o(yp —Yp) [nb]

FIG

15— . ‘PAIC 100 —— . PAC
— Iy ‘I | [ —Jry 'I
_ :'t((jz;o) L OW i g :[[[432;0; H . h N
— — i g_
10— i L
_ 60 —
m =
b L
T L
o g 40
51 v [ 1
20 /
0 | ! L L ! | | ! | U'_ L | | L | | ! L | | L ! | |
4 6 8 10 40 60 80 100
W, [GeV] W, [GeV]
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FIG. 7. Cross sections for Y (4260) photoproduction compared to the J/¢ and ¥(2S) at low (left) and high (right) energies.
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FIG. 3. Integrated cross sections for the axial x.1(1P) and X (3872). Left panel: predictions for fixed-spin exchange, valid at

low energies. Right panel: predictions for Regge exchange, valid at high energies.
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Calculate missing mass X from (e- + p - X)
Calculate missing transverse momentum from
(e- + p - X) and detected Far Forward proton
Red line => extra missing pion in final state

Missing mass does not offer great rejection

Missing transverse momentum much better, but requires
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Event rates

XYZ should be produced at the EIC with rates of 1-10k per week
Reconstruction efficiency via decay products 50-100%

5 GeV e- and 100 GeV proton beam probably best configuration
Magnetic field

3T fields improves invariant mass resolution by factor 2
Unclear trade-off in efficiency (low momentum threshold)

e- detection

Allows determination of Q2, W, SpinDensityMatrix(decay angles)
With nominal detector, efficiency 5-10%

Low Q* tagger may significantly increase this

Proton detection

Allows determination of t, exclusivity of final state
Requires far forward detectors

Current designs well matched to XYZ production
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