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Observation of a family of all-charm
tetraquarks at CMS
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, Quark model and Exotic hadron Prospects: A family of all-charm tetraquarks? \
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| = 1964: Gell-Mann & Zweig - hadrons = meson or baryon CMS report 3 tetracharm candidates CMS adopt “3-way” interference model |
| = Possible tetraquark & pentaquark states * X(6900) [all 3 LHC exps] * Threshold BW (non-interfering) + three interfering BWs !
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: = QCD allows exotic hadrons: hybrids, glueballs * X(6600) observed with 7c * Interference for each individual dip < 4o :
| o Ewdence of X(7100) [4 70 in Interf] _1 _1 l
I Quark model O | 1Sscfnt;[s“'ﬂ'evE 1802' L '131:;'3(1'3@) :
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| “Exotic”’ hadron k= %1 nE !
: Molecule Diquark-antidiquark 8 & ) 8 2 :
| < @ @ With CMS Run Il data .
: @m q ALL states over 56 ? ___ 1< SamejFc>? :
l Interference over56? "~ —— - ~ >200 MeV mass splittings ==> Radial excitations ? :
: Possible tetraquark states Possible pentaquark state Glueball . . . |
'\ A radial family of all-charm tetraquarks with same J¥¢ ? )
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| Data and Event Selection ' CMS Run Il & Il interference fit result |
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: ** Datasets / Hq } J /s : : CMS 135 fo™' (13 TeV) + 180 fb™" (13.6 TeV) 135fb™ (13 TeV) + 180 fb™" (13.6 TeV) :
N 1 1 - - .
' Runll: 135 fb' in 2016~2018 @13TeV N 1 eof g $ Data - X(6600 00 CMIS roiminary |
' Run Ill: 180 fb* in 2022~2024 @13.6TeV ) ' T X \ —Fulmodel  wX(@900) | _ [0 a3 |
l M3 = _ _Background ==+ X(7100) s F l
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, % Event Selection " 20— A0RN X(6600) | - mererna s o 4005 , !
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I DSingle muon: DHLT Trlgger: : : _CQU 300 : Y :_:' :__: T = ij_ ' “ e B * % 300 |
' e Soft muon ID * HLT_DimuonO_Jpsi3p5_Muon2 e S RiG T N N e § S :
I « In(w| <2.4 * Level 1 requirements: 3 muons 1 S 200fF a0 13 Y i o i) S 200t :
: = & 2.95 < M(u*p-) < 3.25 GeV : : | I S O I S :
: EISingIe]/t[): pr(uw) > 3.5 GeV D 100;—'7 \ " .~\ FOR 100 :
l * 2.95<M(J/¢) <3.25GeV = HLT_DoubleMu4_3_LowMass | | of |
| * proby,(J/¥) > 0.1% * Level 1 requirements: 2 muons L I S S T A ! :
M(u*u™) constrained to M(J /) * 0.2<M(u*u~)<8.5GeV LR } g ® I
: * Final mass window cut for J /1y candidate: one muon pr(p) > 4 GeV, the otherpr(p) > 3 GeV : : Al _Z ﬁﬁ#hﬂ}{.@ﬂ h##ﬁﬂ ...... ﬁﬂ.}%ﬁ*ﬂ#### ................. ﬁ%}#ﬁﬂﬂ'}h}h& :
| M(u*p) — M(J /)| < 3po prip”) > 4.9 Gel T TR A I I S U B B !
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I (Four muons: e - e (GeV] :
: * 4yu charge zero §3°°°_ e : : I
| * prob,.,(4p) > 0.5% NER s S 11 Params [MeV] Run l1&III Interf. Run Il Interf. ~ '
| e prob,..(J/WJ/P) > 0.1% e . 1 - X(6600) |50 l
| p vix 81500 R +15 +43+16 .
| | 1 [ Miewa 6593-414 £25 M X(6900) ~ 170 '
! dMultiple candidates treatment: S I D - r(BW1) 146466 + 87 44,0+230+110 |
: e Select best combination from one 4u based on ¥l : : -54 T ~200-240 |
: 2 (ml(w ”_)_M]/¢)2 ) (mZW ﬂ‘)—an)Z e o | M(BW2) 6847 + 10 + 15 6847+44+48 X(7100) ~ 8o |
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I\ * Keep duplicate combination if have non-overlapping muons " es2s 29 ) : r(BwW2) 135735 + 14 19154573 ’nterf of BWI2~ 106 |
::::::::::::::::::::::::::::::::::::::::::::::::::\: M(BWS3) 7173%3, + 13 7134155715 :
l 0 Interf of BW23~ 7o |
. Interference Fit Model T rew) 7318 + 10 07%39722 rf of :
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| < Signal shape: Relativistic Breit-Wigner | | VS. Run Il result: :
| l Stat. unc. X1/3; Syst.unc. X1/2 |
< Background component: NRSPS+NRDPS+Comb-+Feeddown+BW0 | » Sk |
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| < Interference model: | | v All 4 di Il ab Eo ! !
! . ! states anda aips well above 50 ! !
: Pdf(m) = Nx, - |[BW,|* ® R(M)) X P |
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' +NX and intert * |71 - €7 - BW1 ® R(M1) + BW2 ® R(M>) + 13- €' - BW3 ® R(Ms)|* ¥ v Quantum interference among structures validated! |
| +NNrsps - farsps(m) + Npps - fpps(m) % !
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: St ol co BBl Mo oy Pou il X V4 Large mass splittings (> 250MeV) exist, with improved precision |
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| Summary and Discussion :
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'/ Update J /9] /i result with the addition of Run Ill data A family of all-charm tetraquarks !!! !
l .« o . |
: v’ The first analysis including 2024 Data among LHC 3 exps » X(6600), X(6900), and X(7100) well above 50 :
: v Include Feed-down and combinatorial background . : !
! ==> Comparisons possible |
| v'Update parameterization of Run l1&Ill background ) . |
: * Quantum interference among structures validated well above 5¢ l
: : : Threshold '
: sl\}laers‘;g?\rsd Exotic Mesons: Tetracharm et —==> States have common JPC :
' : Compact  Hybrid e.g. Triangle \ , I
! s S ool s?ngmari?y » Large mass splittings, more precisely |
| cc \ % 6 w3770) 5 w3T70) ==> radial family of states |
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