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cc properties
 3 cc  states

 Two classes of  useful decays: hadronic final states or gJ/y
 Br (cc1-> gJ/y) = 34.3% (19.5% for cc2 state,1.4% for cc0)
 Specific hadronic final states have Br of at most a few percent.

 Tedious to add up enough different hadronic states to achieve a 
reasonable efficiency.

 Mass separation ~ 50-100 MeV
 Tough, but ~ within ePIC capabilities for all-charged final states

 cc0 - cc1 has similar DM/M as U(2S) - U(3S)
 May be challenging for states containing neutrals
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State Mass Width
cc0 3415 MeV 10.7 MeV
cc1 3511 MeV 0.84 MeV

cc2 3556 MeV 1.98 MeV



Production via gOdderon and gg in ep
 Cross-section in femtobarn range – largest for cc0

 s increases with √S, but faster increase for gg process
 gg process dominates up to ~~ |t| ~ 1 GeV2

3

S. Benic et al.,
arXiv: 2402.19134

Assumes 
constructive
gg-gO
interference



cc0  detection
 cc0 has the largest production rate, but Br(cc0 -> gJ/y) ~ 1.4%

 Most decays are 4+ prong final states
 If s(total, with gg) = 50 fb, and Luminosity=100 fb-1 (after several 

years), this is 5,000 events total (mostly gg)
 Loss of efficiency due to limited acceptance in rapidity

 May be different for gg and gO
 If efficiency=70% and branching ratios are 2%, this is 70 

events/channel, before acceptance. 
 Isolation of a reasonably pure gO sample requires |t|>~~1 GeV2

 There are more sophisticated approaches involving fitting ds/dt, 
but for a simple estimate, consider a hard cut

 Lose ~ > 95% of the sample but still far from a pure gO sample
 3 events/decay channel?  -> very tough

4



5

cc0 hadronic decays

From the 
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Another background
 Vector meson dominance à large Y(2S) production rate

 s(ep-> Y(2S)p) = 1.4 nb for 18 GeV e on 275 GeV p
 30,000 times larger than for cc0

 Br (Y(2S)-> gcc0) = 9.8 ± 0.2%
 3,000 times larger than direct cc0 production
 In Y(2S)  rest frame photon energy = 260 MeV

 Good energy for calorimetry, but solid angle < 100%
 If ~95% coverage, then missed-photon background is 150 times 

larger than direct cc0 production
 Also, some photons may be Lorentz downshifted below threshold

 Missing energy/momentum cuts could eliminate some background
 Missing photons with low pT probably cannot be adequately rejected

 cc from U(2S) probably have similar pT spectrum to cc from pO
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Y(2S) backgrounds to the  cc1 and cc2
 Branching ratios Y(2S)-> gccn all similar

 Backgrounds are similar, so experimentally, cc0 seems 
most attractive because of its larger direct production rate.
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State Br (Y(2S)-> ccn
cc0 9.8 ± 0.2%
cc1 9.7 ± 0.3%
cc2 9.4 ± 0.2%



Detection of the cc1 and cc2
 Detection via cc1,2 ->  gJ/y may be relatively more attractive 

because of larger radiative branching ratios
 Br (cc1-> gJ/y) = 34.3% & Br (cc2-> gJ/y) =  19.5%

 Not a panacea, because Br (J/y-> ee, µµ) are only 6% each.
 For same 50 fb cross-section and Luminosity=100 fb-1  the 

rate of gee and gµµ final states is ~~100 each for gg+gO
 Radiative branching ratio for xc1 is larger, but predicted 

production cross section is larger for xc2. 
 Background from Y(2S) feeddown is ~285,000/164,000 gee 

and gµµ events each through the cc1 and cc2  respectively.
 95% calorimeter coverage would reduce this background to 

~14,500 and 8200 events each respectively.
 At best, extremely challenging.
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Conclusions
 The cc states are interesting to study as possible channels to 

detect the Odderon.
 However, the rates are low, and there are many possible final 

states
 The cc0 is most copiously produced, so may be the most attractive 

experimental target
 Backgrounds are large

 gg->   dominates over g + Odderon, except at large |t|
 gP -> Y(2S)->gcc dominates over direct cc production mechanisms

 Vector meson dominance strikes again!
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