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Introduction

® Ordinary hadrons: baryons gqq and mesons ¢g.
I m Exotic hadrons: tetraquarks gqgq, pentaquarks

4499499, €tc.
m Searches for the X .z, Xpp55 are conducted on
the Large Hadron Collider (LHC) by the LHCb

and CMS Collaborations.
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Model description

m M. =1.55GeV, M, =4.88 GeV.
m We consider symmetric quark content:
ccce, cbeb, bbbb.
m Diquark QQ’ — antidiquark QQ’ bound state.
m Ground state (anti)diquarks can be in scalar
J = 0(S) or axialvector J = 1 (A) state.
m ccce, bbbb can contain only axialvector
(anti)diquarks, cbchb can contain both types of

(anti)diquarks.
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Relativistic diquark-antidiquark model I

m Relativistic Schrodinger-type quasipotential
equation:

bZ(M) p2 . d3q .
(ZMR(M) B 2,uR(M))lIIT’d(p) = / 2y V(p,a;M)¥74(q)
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Relativistic diquark-antidiquark model II

m Quark-quark interaction quasipotential:
- V(p, q; M) = 11 (p)iiz(—p)V (P, a; M)u1 (q)u(—q)

174
Vip,a:M) = 5|3
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m Diquark-antidiquark interaction quasipotential:
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Relativistic diquark-antidiquark model 11

- = Diquark-antidiquark interaction quasipotential in
configuration space:
antidiquark
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Results for the X .cce, Xppip

Tl Table 1: Masses Ms g of the ground (1S) and excited (1P, 28, 1D, 2P, 38) ccec and bbbb states. d and d’ are the axialvector (A)
(RS e or scalar (S) diquark and antidiquark, respectively. S is the total spin of the diquark-antidiquark system. All masses are given in
relatiy MeV.
g @ aL on L @ oL o L s 3 gPC M
antidiquark
picture” o o ott 19315
Hlenae s 0 0 18 o 0 11t o0
T2 2 ot eml
- 0 1 1 19536
T 0 ot esm
1o Tt sk
0 1 o0 1 T2 2T s
T T iesd
2 "2 2 - 19538
T3 3 9
00 19680
3 10 25 oo 11 Tt e
2 2 af T ioes7
0 2 oFF 19715
S
- ~ 12 oF— o
AR AR ——
33 19720
Results w0 2 w0 2 0 oft 105
[T
2 T2 ot F e
3 a3t i
4 atT o
0o 1 19820
0 T sz
IS T T
E 2 ®» 1 T2 2T e
T T ws
2 2 2 osn
3 19824
00 19941
33 2 0 3 2 0 11 IF— o3
2 2 2f T 147

7/17



Results for the X,

“Fully-heavy Table 2: Masses Mg g of the ground (1S) and excited (1P, 28, 1D, 2P, 35) cbeb states. d and d’ are the axialvector (A) or scalar
tetraquarks in the (8) diquark and antidiquark, respectively. S is the total spin of the diquark-antidiquark system. All masses are given in MeV.
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Threshold analysis I

A = Mpp oo — Minreshold

m Many masses lie well above thresholds with
A > 300 MeV.

m Significant amount of masses lie in the
100 < A < 300 MeV interval.

m Few masses lie in the 0 < A < 100 MeV

interval.

m Such behavior is seen across all excitations and

all quark compositions.
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Threshold analysis II

= Example:

relativistic

diquark-

Table 3: Masses M of the ground (1S) and excited (2S, 1D) cbcb states composed from the axialvector
diquarks and the corresponding meson-meson thresholds. d and d’ are the axialvector (A) or scalar (S)
o diquark and antidiquark, respectively. S is the total spin of the diquark-antidiquark system. My, is the
Savchenke corresponding meson-meson threshold. A is the difference between the tetraquark mass and threshold:
A = M — My,. All masses are given in MeV.
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Threshold analysis: bottom

m The only exceptions are the two X,,;; states lying

approximately 100 MeV below any possible

- threshold:
- Table 4: Tetraquark states lying under fall-apart thresholds.

Relativist
liquark PC
- Xogeer L S J¢ M,MeV A MeV  threshold
- 13t 19720 92 hy(1P)xs(1P)
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ul 2 4 19724 -100 X2 (1P) X2 (1P)

Th

. m The fall-apart decays into a pair of heavy mesons

are forbidden, thus they can be narrow states.
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Experimental data I

m In 2020 the LHCb Collaboration announced the

discovery of the narrow resonance X(6900).

m Several other broad structures peaking at about

6.4 and 7.2 GeV were reported.

m In 2022 CMS and ATLAS Collaborations
presented preliminary data confirming X(6900)
and giving hints of few more states including

structures at 6.4 and 7.2 GeV.
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Experimental data II

m Current observation status and our predictions:

Table 5: Exotic X states observed by the LHCb, CMS and ATLAS Collaborations in di-J /1) invariant
mass spectra and our candidates. All masses are given in MeV.

Our candidates

Collaboration State Mass, MeV ‘Width, MeV PC
S J Mass, MeV

ATLAS X(6200) 6220 £507%  310+£120T%  1s 0 ott 6190
LHCb X(6400) ~ 6400 s 2 2ft 6367
CMS 6552+ 104+ 12 124+29+34 1S 2 27+ 6367

X(6600) TI0 60— ++
ATLAS 6620 + 3070 310£975 25 0 0 6782
LHCh 6905 &+ 11 4 7 80+19433 28 2 2+ 6868
6886 £ 11+ 11 168+33+69 1D 0 2+ 6921
X(6900 D 2 ottt 6899

CMS (69000 oy k045 122422419 —
D 2 1 6904
ATLAS 6870 + 30’:?2 120 & 4077 D 2 2ft 6915
LHCh X(7200) ~ 7200 33 0o oftt 7259

ATLAS 7220 & 3075 100777700

33 0o oft 7259

CMS X(7300) 7287 £ 1945 95 + 46 + 20 —
3 2 2 7333
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Conclusion I

m Masses of ground and excited states of

fully-heavy tetraquarks were calculated.

m The finite diquark size was taken into account.

Conclusion
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Conclusion II

- m The predicted masses are consistent with the
results of experimental searches for the X, ,;;

state by the LHC and CMS (which found
nothing).

m However, the two X,,5; excitations can still be

narrow states.
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Conclusion III

m Masses of resonances in the di-J /¢ production
detected at the LHCb, CMS and ATLAS agree
with our predictions for the ground and excited
Xccee States.

m Tetraquark states which are most convenient for

the experimental detection are identified.
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Publications

o m This talk is based on the following publications:
irodusion = Masses of the QQQQ tetraquarks in the relativistic
- diquark-antidiquark picture, Physical Review D, 2020,
—— vol. 102, Ne 11, p. 114030;

g = Heavy Tetraquarks in the Relativistic Quark Model,
Universe, 2021, vol. 7, Ne 4, p. 94;

- = Fully Heavy Tetraquark Spectroscopy in the Relativistic

- Quark Model, Symmetry, 2022, vol. 14, Ne 12, p. 2504.
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