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Exclusive Photoproduction (Quasi-real)

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

- qualitative behaviour and order of magnitude estimates

See D.Winney
Exotic Spectroscopy
at the EIC



  

Event Generator (Pictorial)
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Event Generator (Formal)
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Z(3900)

Low
High Z

Pion
exchange

*

Larger at Low W, 
Small at High W



  

Z(3900)

Ngen low NZ low Nze- low Ngenhigh NZ high NZe-high Wmax

5-41 5.3k 4.8k 340 730 700 50 29

5-100 6.0k 4.0k 260 850 730 50 45

10-100 6.3k 4.3k 70 900 750 10 64

18-275 5.2k 2.2k 10 780 350 2 100

e- + p → e-’ + Z(3900) + n 
Z→ J/ψ π+ (10%)
J/ψ → e+e- (6%)

For 1 fb-1  ~11 days @ 1033cm-2s-1

Use eic-smear with
MATRIXDETECTOR_0_2_B1_5T

Low
High

Ngen  number generated→
NZ  number detected→
NZ e-  NZ with detected →

scattered electron



  

Z 5-41 low MATRIXDETECTOR_0_2_B1_5T

Generated
EIC-Smeared

e-’

n



  

Z 5-41 low MATRIXDETECTOR_0_2_B1_5T

π+

e- from J/ψ  

Generated
EIC-Smeared



  

Z 10-100 low MATRIXDETECTOR_0_2_B1_5T

π+

e- from J/ψ  

Generated
EIC-Smeared

Lose some particles
at forward angle



  

Z 5-41 low MATRIXDETECTOR_0_2_B1_5T

Generated
EIC-Smeared

Normalised to 
Same max value



  

Z 10-100 low MATRIXDETECTOR_0_2_B1_5T

Generated
EIC-Smeared

Normalised to 
Same max value



  

Y(4260)

Low
High Y

Pomeron
exchange

*

Increases with W



  

Y(4260)

Ngen low NY low NYe- low Ngenhigh NY high NYe-high Wmax

5-41 1.12k 1.10k 140 2.55k 2.51k 390 29

5-100 1.24k 1.20k 150 3.76k 3.68k 540 45

10-100 2.27k 2.18k 110 4.44k 4.30k 280 64

18-275 1.84k 1.71k 28 5.22k 4.81k 110 100

e- + p → e-’ + Y(4260) + p 
Y→ J/ψ π+π+ (1%)
J/ψ → e+e- (6%)

For 1 fb-1  ~11 days @ 1033cm-2s-1

Use eic-smear with
MATRIXDETECTOR_0_2_B1_5T

Low
High

Ngen  number generated→
NZ  number detected→
NZ e-  NZ with detected →

scattered electron



  

Y 5-41 low MATRIXDETECTOR_0_2_B1_5T

Generated
EIC-Smeared

Normalised to 
Same max value



  

Y 5-41 low MATRIXDETECTOR_0_1_FF

Generated
EIC-Smeared

e-’

p

Includes ion 
Far Forward detectors



  

Y 10-100 low MATRIXDETECTOR_0_1_FF

Generated
EIC-Smeared

e-’

p

Includes ion 
Far Forward detectors



  

X(3872)

Low
High X

Vector
exchange

*

Larger model uncertainty



  

X(3872)

Ngen low NX low NXe- low Ngenhigh NX high NXe-high Wmax

5-41 25k 24k 3.3k 16 16 1 29

5-100 28k 27k 3.5k 19 17 1 45

10-100 31k 30k 1.6k 21 19 0 64

18-275 31k 29k 0.5k 19 14 0 100

e- + p → e-’ + X(3872) + p 
X→ J/ψ π+π+ (5%)
J/ψ → e+e- (6%)

For 1 fb-1  ~11 days @ 1033cm-2s-1

Use eic-smear with
MATRIXDETECTOR_0_2_B1_5T

Low
High

Ngen  number generated→
NZ  number detected→
NZ e-  NZ with detected →

scattered electron



  

Luminosity



  

Summary Table

Take 1 month @ 1033cm-2s-1  1.5 fb→ -1

6 months  9 →  fb-1

Take mean of “high” and “low” JPAC estimates

Take Luminosity(W) for low (estimates from plot) and high W optimisation 

L (1033cm-2s-1) N Z N Z + e- N Y N Y + e- N X   * N X +e- *

5-41 0.44 
(1.2)

11k 
(30k)

770
(2k)

7.1k
(19k)

1k
(2.9k)

47k
(129k)

6.5k
(17k)

5-100 3.68 
(10)

78k
(213k)

5.1k
(14k)

81k
(220k)

11k
(31k)

0.4M
(1.1M)

57k
(157k)

10-100 4.48 
(12)

101k
(272k)

1.6k
(4.3k)

130k
(350k)

8k 
(21k)

0.5M
(1.6M)

26k
(86k)

18-275 1.54 17k 83 45k 1k 194k 3.5k

i.e. scale previous numbers by 9

* Numbers for X probably too high



  

Next steps

Simulate with crossing angle

Simulations with deuteron (e.g. Z-) and nuclear (Primakoff) targets

Further studies with backgrounds, electron/pion separation for Jpsi

Extraction of spin observables

Excited states?

...



  

Summary

Implemented JPAC photoproduction amplitudes for XYZ

Produced events for 5-41 , 5-100, 10-100, 18-275 
beam momentum distributions

Used Eic-smear of variety of detector configurations including
Yellow Report Matrix_0_2_1_5T

Detection of XYZ decay products very good in all configurations

Lower e- beam momentum results in larger fraction of detected e’-
and better resolution in invariant masses

- Probably gives more measurable polarisation observables

Higher beam energies can give larger production yields

An IR2 low W optimised, 5-100 beam configuration looks promising for XYZ 



  

Cross section integration

d 4
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=
d2 σ e , γ∗e '

dsdQ2

d2σ γ∗+ p→V + p(s ,Q
2)

dΦdt
∫dΦ → factor 2π

Need 3 dimensional numeric integration over s, Q2 and t
Actually transform to use x, y and cosθ

∫
d4 σ

ds dQ2dΦ dt
dsdQ 2dΦ dt=2π∫

d3 σ

dx dy d cos (θ)
dx dy d cos (θ)

d3
σ

dxdy d cos (θ)
=
d 2σ e , γ∗e '

dxdy

d2 σγ∗+ p→V + p(s (x , y) ,Q
2(x , y))

dt
dt

dcos (θ)

where

jpacPhoto part



  

Z 18-275 low MATRIXDETECTOR_0_2_B1_5T

Generated
EIC-Smeared

Normalised to 
Same max value



  

Z 5-100 low MATRIXDETECTOR_0_2_B1_5T

Generated
EIC-Smeared

Normalised to 
Same max value
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