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» Quarkonium is a tool for investigation of new phenomena in particle » 2D fit to MC signal samples and sideband fit are used to fix several parameters.
physics. » Components for 4D fit:
» The production mechanism of heavy quarkonia is a long-standing and M (2S)) * M(Thy) % CT(pl) % CT(p2)
intriguing problem in quantum chromodynamics (QCD). My (2S)) * M(J /) * CT(pl) * CT(np2)
> An effective field theory, non-relativistic QCD (NRQCD), provides the Mw(2S)) * M(Jly) % CT(npl) x CT(p2)
foundation for much of the current theoretical work. The NRQCD M (y(28)) * M(J ly)  CT (npl) % CT (np2)
calculations depend on the colour-singlet (CS) and colour-octet (CO) M(w(25)) * M(Jly — comb)  CT(w(2S)) * CT(J hy — comb)
matrix elements. M (y(28) — comb) * M (J/y) % CT(y(2S) — comb) * CT(Jy)
» Leading order (LO) calculations in the CS model underestimates the My(25) —conb) M1y —comb) w CTp(ES) —comb) w CT(F e — comb)
observed cross-section for single J/P production at high pT[1,2]. Next . 35
leading order(NLO) calculations narrow the gap between the CS Side band fit: E - s
predictions and the experimental data [3,4]. (1)1D fit to ct(J/P) in 1,2,3,7,8,9 :; 3.4— @ ' ® 3
» To resolve this discrepancy the CO mechanism was introduced[5,6]. (2)1D fit to ct(J/P) in 1,4,7,3,6,9 T F EERA
But the CO mechanism fails to describe polarization[7,8]. (3)2D fit to ct(J/P) and m(J/P) in 1-9 3-3":_‘
» The production mechanism of quakonium can be probed via the AN B Rt o |
measurement of J/P+P(2S) cross section. (4)1D fit to ct(Pp(2S)) in 1,4,7,3,6,9 CERG et e, Siededne s L L
(5)1 D fit to CT(L )(28)) in1,2,3,7,8,9 » ; 5 ; ::;?S:'?;:;ff_"’ I PR
» The full CMS Run Il Charmonium datasets except 2017B dataset have 29 . .o . .ol o oy e
been utilized for this study. The integral luminosity is 135 fb-". 282_ @ h ': ot IR @ .
» Trigger: b ST A
» HLT_DimuonO_dJpsi_Muon for 2016 data N NP R RIS I i P S e
> HLT_Dimuon0_Jpsi3p5_Muon2 for 2017 & 2018 data 835 34 35 36 37 38 39 m(\v(?!s))[Ge\;l]J

Fig.1 sideband and signal regions’ 2D distribution

» With some parameters fixed by prefit above, the 4D fit result with event-bu-event correction:
1800 — |

» Main selections for 4p:
» Fire corresponding trigger in each year;
> pr(u)>=3.5 GeV; |n(u)|<=2.4;
> pr(pt)>=10 GeV; my(u+y) in [2.7,3.5] GeV; my(u+u) in [3.3,4.1] GeV;
» Uty vertex probability > 0.005.
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and efficiency is introduced by event reconstruction and selection. = 200 = ~ T =
.. B - — © L m—y AN
» To extract the number of events produced by proton-proton collisions, 8 2000 — N e L 4 — oy
acceptance and efficiency corrections are essential. S 18000 e s “°C —lEe
» The acceptance and efficiency corrections are applied event-by-event 5 16005 5 T +
according to the maps obtained from MC samples. £ 1400 + g 1900
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Fig.4 4D fit projection on ct(J/{) dimension Fig.5 4D fit projection on cT({(2S)) dimension

We made a rough measurement of J/P+{(2S) inclusive cross section and :
differential cross section on m(J/p+P(2S)) using 135 fb-1 13 TeV data. el 1'6%, | | | |
g 14p Fig.6 differential cross section
The inclusive cross section 0 = 24.5 = 2.1 pb. Z’E i on m(J/p+P(2S)), ma_lss reg!on IS
T T [7.5GeV,57.5GeV] with a width
Outlook: o of 5 GeV
» More accurate calculation of acceptance and efficiency; Zj: —t e
» Detailed study about the systematic errors; o RaEn e
» Possibility to distinguish SPS and DPS components. B _T— e
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