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Exotic charmonium-like states in beauty decays

* Plethora conventional and exotic charmonium states observed in b-decays
e Charmonium-like states, beyond the gg and ggg scheme

* Multiquark states are predicted by Gell-Mann and Zweig in 1964

* Theoretical explanation: molecules, hybrids, tetraquarks, etc

e First observed state — X(3872) in 2003
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v.1(3872) state

What’ve we already know:
e Narrow I'; o, ~ 1.13 MeV (Breit - Wigner width)

e M, (337, close to D’D™ threshold (3871.59 + 0.06 £ 0.01 MeV/c?)

e O0E;yc, =0.07£0.12MeV Chanel: B — J/ynTn K%
o JPC =17 (PDG 2019) Signal: 4230 %= 70 events
JHEP 08 (2020) 123
LHCb B+ — X1 (3872)K* H |
First observation by Belle in
003 / Latest results LHCh bos i (3572)X N
Chanel: Bt = J/yatz Kt pelle 3
Signal: 35.7 =+ 6.8 events BESI -
PRL 91 (2003) 262001 BaBar —
First observation in baryonic decay BaBar - :
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.91.262001
https://link.springer.com/article/10.1007/JHEP09(2019)028
http://dx.doi.org/10.1103/PhysRevD.102.092005
https://link.springer.com/article/10.1007/JHEP08(2020)123

v.1(3872) state

Still unclear nature:

Br(BY — x.,(3872)¢)

I Br(B) — y(25)¢)

Br(B+ — 1.,(3872)K*) 2 Br(B* — w(2S)K*)
Could be a compact tetraquark?

The tetraquark (diquark-based) scenario Maiani et al:
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PRL 125 (2020) 152001
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Could be a molecule disintegrated at high multiplicity?
No rigorous theoretical treatment

The BR comparison with conventional charmonium could

help understood production mechanism

T, asm By (3872y= Hwatxz)

24
—_—

Bwi2S)— wr'z)

omQS)

¢

048

006

004

an»

PRD 102 (2020) 092005

ey v T Y L 4 v T v A

"LHCh &7
pp G=8Tev Zi ~+Prompt 4=bdecays

!

> 5 QeVe 882 . .
Pq ' ol Comover Interaction Model, Esposito & al,
g Molccule Compact il Molecule

TR rrprrrprgsprrapowy
| | | | | |

i) " (coaloscence) wrrEark (goometric)

4 /32


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.152001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.91.262001
http://dx.doi.org/10.1103/PhysRevD.102.092005
https://link.aps.org/doi/10.1103/PhysRevD.102.034017

Exotic states in J/w¢ spectrum

History of X — J/y¢ observations:
e First observation in J/y¢ spectrum by CDF (2009):
e Above D_TD;~ threshold

e X(4140) confirmed by CMS and DO (2014):

M =4143.4+3.0 £ 0.6 MeV/c*
['=153""+2.5 MeV
Hint of a second structure —X(4247)

e Above D D7 threshold
Not confined by LHCb with 0.37fb™!

e CMS X(4140) (>50)

e M=4148.4+ 2.4+ 6.3 MeV/c?
- =287 +19 MeV

e CMS X(4247-)X(4351) (>30)

* Also confirmed by CDF with large statistic:
MPLA 32-26 (2017) 1750139

e M=4313.8+53+7.3 MeV/c?
« ['=38"0+16 MeV

10

MS, Vs =7 TeV, L=5.2 fb™
T T T T | T T T T | T T T T | T T T
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.102.242002
https://www.sciencedirect.com/science/article/pii/S0370269314003657?via=ihub
https://dx.doi.org/10.1142/S0217732317501395

Exotic states in J/w¢ spectrum

* QObservation of four resonances at LHCb using Run 1 data PRD 95 (2017) 012002

- Contri- sign.
% - bution  or Ref. My [MeV | [y [MeV |
5 AIX (1)
£ 100 X(4140) 840 4146.5+4.5 740
e 30 ave. Table1 4147.14+2.4 15.7£6.3
& X (4274)  6.00 4273.3+8.37'712 5EEIT |
CDF 29] 42744731 +19 3272248
CMS 25]  4313.8+5.3£7.3 38730 1 16
Al X(07)
NRJ/Q/@ 6.40
~e=iE : ' X(4500)  6.10 4506411112 92421 2
UTH00 4200 4300 4400 4500 4600 4700 400 X(4700)  5.60  4704+1073; 1203153
My [MeV |

e The measured width of X(4140) is larger that value obtained from other experiments

Xc1(4140) WIDTH

VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT

22 i' -8, OUR AVERAGE Error includes scale factor of 1.3. See the ideogram below.

83 +21 i 4289 1 AAI 17¢ LHCB Bt — J/woK™T
15371 :‘{i 2.5 19 2 AALTONEN 17 CDF BT — J/yoKT
16.34+ 5.6+11.4 616 3 ABAZOV 15M DO pp — J/vé + anything
20 +13 © 3 52 4ABAZOV 14A DO BT — J/poKT
28 J_Fﬁ +19 0.3k 5 CHATRCHYAN14M CMS Bt — J/yoKT

e o o \We do not use the following data for averages, fits, limits, etc. o o o
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https://dx.doi.org/10.1103/PhysRevD.95.012002

Observation of new resonances decaying to J/ ggKJ“ and J/yg



The amplitude analysis of B™ — J/ygK™

arXiv:2103.01803

e Use full statistic of Run 1+2 g”’” ' | I - .
e 24200 = 170 B™ candidates §4000— Ig‘?bc_?’ i
e Low background ~ 4% (a factor of 6 smaller) g 3000_ - Background _
e Signalis in 6 times larger than in previous analysis § zoooE
1000

Possible contribution B* — J/wK*, Bt — XK™ - 5250 S

PRD 95 (2017) 012002
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https://arxiv.org/abs/2103.01803
https://dx.doi.org/10.1103/PhysRevD.95.012002

The amplitude analysis of B™ — J/ygK™

Hint to the presence of BT — Z,_.¢ contribution

arXiv:2103.01803

9 fb!
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https://arxiv.org/abs/2103.01803

Helicity amplitude fit arXiv:2103.01803

e Components for each decays described by 6 parameters:

o Mass my, helicity angles 6, angles between two decay chains A¢

[ Q m— (QK*’ HJ/I//’ Hf,b’ A¢K*,J/l//’ A¢K*,¢)
o Other invariant masses in the chain depend of 1, and €2

* First fit with model from previous analysis

B rest frame

A¢ ¢ ,,;;;s*
W rest frame % K rest frame
—InL(& Z In [( Puig(Moxc i, 2|&) + B Porg(Mox i, )] determinated from
MC
i Q@) [P (mg W) P 5
— % (1 _ B M(mgx i, QD)) (Mo Je(mer is €2:) L5 b (Mgxc 05 L)
i i ( ) Ibkg

Py i §)

= = > I | [M(mgr o D[+ EI) AGEL

P — 0

+ Ninl w +const
/ ( Mokg P(mex i)e(Mmek i, €2
6D matrix element, resonance ‘\v
b. bkg., Nor

lineshapes - RBW with Eraction of comb. malization integrals
Blatt-Waiskopff barrier-factor  determinate from fit to my,,c Phase space function
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https://arxiv.org/abs/2103.01803

Results with Run 1 model arXiv:2103.01803

e The fitting was optimized using Run1 data 2700
e The fit cannot describe properly my,, k. and %60() LHCDb
My 2500
e Improvement of K* model: (include tails of %400
)
K*(1410), K(1400), K,(1400) and poles 5300
below ¢pK* threshold) 200
100
0 —_— .
4.2 4.4 4.6 4.8
My [GeV]
<IN ~ F 1 | L
S700E+ Ko | | $700F
S600F T KT LHCb =600F #  LHCD
= Ot K1 | - -
%500 ;_ -t K2
S400F T K%
Fg - == Background
5300 == Total fit
200 E_ == Data 9 fb!
100F !
0— 5 2
e [GeV]
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https://arxiv.org/abs/2103.01803

arXiv:2103.01803

New resonances in J/wK™ or J/wg?

LHCb

e The expansion of K* model by including new

predicted resonance in q§K+ spectrum doesn’t
Improve data description
e Test new exotic states (X and Z_,) of different J*
e Well described data

The final nominal model contains

OK* + 7X + IX(NR) + 2Z,,

% 700 - X (4630) 31 2 7003— —
= E— x@soo = = F :
= 600F -  2600F =
g - = X (4700) = g - .
£ 400f-— X@140 2 =400F E
% C — X(4274) ] % : .
O 300E— x4e8s) 3 o300 E

Q00— X@150) = 2000 =

100E" . = 100F =

Candidates / (10 MeV)



https://arxiv.org/abs/2103.01803

New resonances

arXiv:2103.01803

Contribution

Significance [x o]

Moy [MeV]

[y [MeV]

F (%]

( X(27) ‘
X (4150) 4.8 (8.7) 4146 +18 £33 135+£28%50  2.0+0.5198
X(17)
L X (4630) 5.5 (5.7) 4626 =161 15 174£271120  26+£05°7) )
All X(0%) 20+ 5117
X (4500) 20 (20) 44744+ 3+ 3 7746717 5.640.772%
X (4700) 17 (18) 4694 44 718 87+ 8 +16 8.9+1.21149
NR.J /e 4.8 (5.7) 28 £ 8711
All X(11) 26 +£37 5
X (4140) 13 (16) A118 £ 11137 162 +£217F7% 17+3+%
X (4274) 18 (18) 4294 4+ 4+3 534+ 5+5 2.840.5708
(" X (4685) 15 (15) 4684 £ 7B 126 £151% 72410730 )
All Z,(17) 254511
Z5(4000) 15 (16) 4003+6°4 131+£15426 944+21+34
Z.5(4220) 5.9 (8.4) 4216 +24 133 233 +£52191 10+4+19
- ,

e Two new Z! — J/ywK™ and several X — J/yq are observed with significance more 5 ¢

* Results of Run 1 data are confirmed with large significance
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https://arxiv.org/abs/2103.01803

JP hypothesis and dominated systematics arXiv:2103.01803

e The different hypothesis for J¥ of observed resonance are testes:
o J' confirmed for previous reported states with high significance
o 17 favored for X(4685) and Z_.(4000)*
e X(4150) and X(4630) are not very determined, 1~ and 2 is preferred for X(4630) (30)
and 2 is preferred for X(4150) (40)
e 17 and 17 cannot be distinguished for Z_(4220)"

* Various alternative models are investigated for systematics studies:
e Simplified K-matrix for K*, Flatte for X and Z states etc...

e The difference between 1~ and 17 for Z. (4220)" state assigned as systematics and

gives major contribution for the Z..(4000)™ parameters

Z5(4000) 15 (16) 4003+£6%,F 131415426 94+21+34
Z.(4220) 5.9 (8.4) 4216 + 24 jgg 233 +£ 52171 10+47F15

14 / 32


https://arxiv.org/abs/2103.01803

JF hypothesis

arXiv:2103.01803

The difference between the preferred one and the alternative hypothesis

(6 ~ \/A(=2InL))

I I I S S A N S

prefer

X(4630)
X (4500)
X(4700)
X (4140)
X(4274)
X(4685)
Z.5(4000)
Z..(4220)

6.70
prefer
prefer

140

180

160

5.3c

180
180
150
180
160
17c

8.6c

5.8c

180

180
prefer
prefer
prefer
prefer
prefer

180
18c
140
180
15¢
170

240

5.90

180
140
130
180
160
150

4 9¢

3.0c

180
170
140
180
150
160

5.7c
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https://arxiv.org/abs/2103.01803

Z...(4000 2+ state arXiv:2103.01803

* Argand plot from independent fitting shows

A3OO . | ' ' ' | ' ' ' | -
resonance character of Z_,(4000)* O My, e E(4.35,4.45) GeV
e Including of this state significantly improves fit quality 5250 - E
« Fit with fixed to BESII’s results of Z(3985)" state <00k ;
for Z.(4000)™ parameters shows worse log- & 150k ]
likelihood w.r.t nominal model 5 E
= 100 7
arXiv:2011.07855 “ ok ]
Mpole| Zes(3985) 7] = (3982.5758 £2.1) MeV /c?
— 5.3 4.2
T hole] Zes(3985) 7] = (12.8752 + 3.0) MeV. m . [GeV,
wK
. L L e
2 LHCb ] S300F T
g 25 - >300¢ m,,, , E(4.25,435) GeV
C o > 2s0f
N 250
< 2 . “F LHCb
E E SZOO _ ~4 Data 9 fb™'
1.5:— ] %lso}fTotalﬁt
: S f-bNo z.fit
1+ . S 100 — Z,,(4000) §
0.5F . OF
ob— oo 38 4 4.2
_1 0 1 m, . [GeV]
4000)*
Re Ach( )



https://arxiv.org/pdf/2011.07855.pdf
https://arxiv.org/abs/2103.01803

Z;E states interpretation arXiv:2103.01803

Several theoretical interpretation already appeared:

o Are Z.(4000)" and Z_.(3985)" tetraquarks?
1T+ 17—

#sors
+
Lﬁ T  Coupled channel model, are Z_(4000)

201(3055) and Z_.,(3985)" states same?

800

I~
\Jj

X (3872) Z.(3900)

arXiv: 2103.08331

e DD molecules?

— * Threshold cups?

9600 3800 4000 4200
mj/wK— (MeV/CZ)

¢ arXiv: 2103.07871

/Y
K—l—

arXiv: 2103.08586

arXiv: 2103.5282 e Etc....

17 / 32


https://arxiv.org/pdf/2011.07855.pdf
https://arxiv.org/pdf/2103.08331.pdf
https://arxiv.org/pdf/2103.08586.pdf
https://arxiv.org/pdf/2103.05282.pdf
https://arxiv.org/pdf/2103.07871.pdf
https://arxiv.org/abs/2103.01803

Prosgeot of observed states investigation

* Expect a significant increase in data after upgrade (7x in 2029) :

e The JP for Z(4220) could be determined with large data sample

e As well as JP for other new X states
 Make a solid conclusion about the same nature of Z'(4000) and Z_(3985)

* Search for same resonance decays in other channels:

e In BY decays the J/ spectrum could be probed up to approximately
s A

300 MeV/c?
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Study of the BOs — J/yr* KK~ decays



Study of the BOs — J/ ggﬂ+ﬂ_K+K_ decays JHEP 04 (2021) 170
e Use full statistic of Run 1+2
. 26500 £ 200 BY candidates
e Alot of possible contributions due to 5 particles in final state

e (Clear visible signals after the background suppressions

x10°
W(28), 2.1(3872), K °(892), ... o ey -
* The signal yields are obtained from the é i L ESZJ/“’TK‘”‘ ]
simultaneous fit to three dimensional distribution ﬁ? 10~ — ticalgm -
of JlwrTn KTK~, Kt K~ wJ/wn*n™ masses :% i ]
» Two regions around of w(2S), y.,(3872) s i
states i |
e Allow fixing resolution from the channel with IR o e
high statistics 33 s35 5|.4 H' '5;15'

M KKt [GeV/c?]

Measure a branching ratio: Derived from the data Derived from MC and calib samples

B(B%x.1(3872)d) x B(xc1 (3872)=JAptrm™) _ Ny.1(3872)0 > E(2S) /
B(B—(25)d) x B (2S )= J bt ) Ny (25)¢ €x01(3872)
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https://link.springer.com/article/10.1007/JHEP02(2021)024

Observation of the BY — 3872)¢ decays JHEP 04 (2021) 170

P 100 T T I T T T T I T T T T | T T — 80 | T T T T T T
N[0 <mygg < 1.03GeV/e? LHCD | 7% | 3864 <myynin <3880Gev/e2  LHCb
= - 3.864 < m _ < 3.880 GeV/c2 = | 5.350 <m Cktk- < 5.384GeV/c? 1
é) 801 Jbnt H % L Jpnta—K+TK
- - 60 . :
Ol 127 The y.(3872) parameters in the fit are
60 - @ C
5] L | O
T 12 constrained with recent measurements
S ot =
< <
SIS 18 (JHEP 08 (2020) 123)
- } ]
ot gt Thb
53 535 54 545
M Jpprt e KK (GeV/?
o O T )
L[ 10 <mygig- < 1.03GeV/e? LHCD 1
2 50 5:350 < M-+ — < 5.384 GeV/c? 0 BO syt (3872) b 3 .
= 1 T BOS St b o e S
= 401~ g BO 5 yo (3872)K K- § : :1)’.2;9<<mK+K_ <1£33(2‘;\;/é2v/ 2 LHCD 1 § 1.4; z.gggzmwﬂﬁ— <3.692C5}e;;/;2G V/L2HCb ;
8 - 0 4 _K+K— a5 i . mJ/.leanf . ev/c ]| a5 : . mJ/ﬂ)TﬁLT[*KJFK* . ev/c :
= 30F - C B = Jpm = 1.5- - = 12k =
= comb. Xc1(3872)d wor 1t f\ -
= _ ~ B ~ 17 —]
= comb. JApmtT b o0 2 i\ ]
O comb. X1 (3872) KK~ £ 1l H 1 5 osf B -
——— comb. JApmtnKTK™ E I | % . / |
S [ [ 2 0.6/ % =
f total < , / \ @ - / ]
£85 386 387 388 389 39 © o5 /“ \ 1< o4k 7L \ E
M yppmet - [GGV/C ] - 7- \lr i 0.2 =
7 - _4’//—.\\&_ [SUSTSURTSUST SRRSO OSSO L = S .
0 93 535 54 545 o 1.02 1.04 106
o Observation of the B, — y.,(3872)¢ decays: _,  mwmmwn GVl g (Gev/e')
§ F 101 < my sk < 1.03GeV/e? LHCD -
o 154 -+ 15 events éa S00[- 5:350 < Myt k- < 5:384 GeV/c? = 0 BY s p(29)0
2 ook E BV Jt ¢
e Significance more then ~12 ¢ =t : B, — h(28)KTK™
_8 300; ] :I Bg—) J/I|)7't+7t_K+K_
CG .
) . . < . comb. P(2S)d
e Seen the non-¢ contribution 2 o : o T
< N i _
. . O F i . comb. P(2S)KTK
o Normalization channel: 4180 % 66 events 100f 1 comb, Jmtn KYK-
- o N ; total
367 3.68 3.69 3.7

mMypprtn— [GGV/ 02]
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https://link.springer.com/article/10.1007/JHEP08(2020)123
https://link.springer.com/article/10.1007/JHEP02(2021)024

Study of BY — y.,(3872)(K*K™). .. , decays JHEP 04 (2021) 170

Fit to two-dimensional ]/I/JJZ' 7~ KTK™ and J/wx "~ distribution for whole K*K™ region

o 07 T | ' 7 o IS0 1T _
% 400C 3864 <My < 3880GeV/c LHCb % : " LHCb ]
= = [ 5350 <myyunokik- < 5384GeV/e }
5?/350:_ |:|B8—>XC1(3872)K—K+_; = § §
?300__ BY — JApmt KK~ ? 1003_ J{ -
5 2501 T combxei (BTOKIKT & [ # ﬂ :
'é 200;— t —_— comb.J/lI)Tt+7T_K+K_—§ "é E + +ﬂ H + E
ey} - < - ]
5 S soe bl P ST thf 1
A A T T
0y 535 54 sas 30.2;5 - I3.|86 | 3|87 T 3|89 a I3_.9
MypK+K-rtn— | GEV/C?] M pprt e (GeV/c?]

60— T Significant contribution from the

: LHCb . :
1401 decays not associated with ¢:

NBg—>x01(3872)K+K_ =378 33 > 154+ 15

Distribution after background

subtraction

N BO—x.1 (3872)K+K— /(30 MeV/ 02)
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https://link.springer.com/article/10.1007/JHEP02(2021)024

K*K~ spectrum for BY — )501(3872)(K+K‘)n0n_é decays

NB0_y., (3872)K+K— /(30 MeV/c?)

160

140

120

100

80

60

40

20

o
V\~%~

£(1270)?

|
|

—
LHCb

£>(1525)?

ol AR AR AR pR RS A

| | L — | | | |
1.2 1.4
MK+K- [Ge\/ 62

JHEP 04 (2021) 170

Similar topology that for BY — J/y K K™
Dominated yields cased byf/2(1525) and 1°(980)

Non phase-space activity seen in region Kt K™ > 1.1 GeV

Possible contribution from the f,(1270) andf/2(1525)

PRD 87 (2013) 072004

~ 500 | ]
> : .
QL N ]
= 400 LHCb -
- N ]
@ 300 [ —
~ - 0 +W— -
R By — J/yK™K™ :
—8 200 F ]
o -
= NE .
S 100+ =
@) - . :
0 " r':‘." - e R
| | Sy | N
1 1.5 2
m(K*K") (GeV)
Component LHCb BES BaBar
»(1020), A =0 32.1+£0.5 321+0.5 32.0£0.5
»(1020), [\ =1 34605 346+05 345+0.5
f0(980) 12.0£+1.8 92+1.4 48 +1.0
fo(1370) 1.2+0.3 1.2+0.3 1.3+0.3
f5(1525), A =0 9.94+0.7 9.8 4+0.7 9.5+0.7
f5(1525), A\ =1 5.14+0.9 51+0.9 49409
2(1040), |A] = 1 TOxX0.7 TOxL0.7 TOTL0.7
»(1680), |A| =1 3.44+0.3 3.440.3 3.44+0.3
f2(1750), A =0 2.6 £0.5 2.54+0.5 22405
f2(1750), |A| =1 1.8+1.0 1.8£1.0 1.9+1.0
f2(1950), A =0 0.4+0.2 0.440.2 0.4+0.2
f2(1950), A =1 1.7+ 0.5 1.8+0.5 1.8+0.5
Non-resonant S-wave 6.0+14 4.7+1.2 8.6+ 1.7
Interference between S-waves —5.5 —1.7 —-1.1
Total S-wave 13.7 13.4 13.6
-InL 29,275 29,275 29,281
X% /ndf 649/545 653/545 646/545
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https://arxiv.org/pdf/1302.1213.pdf
https://link.springer.com/article/10.1007/JHEP02(2021)024

BRBOE — 2 (3872)(K+K"), m_é/ BRBOE —71(3872)¢ JHEP 04 (2021) 170

— Ogpm7—V0 | I | l 7
O _ Nk _
= B e E LHCb 4
) — = F ] _
= 40| 2" 4 [CIBY — xc1(3872) ¢ —
10 [ = ﬁ 1 B xa(3872)KTKT ]
= SEE S E total . .
E 300 | | . Hﬁﬂ*ﬂ*ﬂ simulation 1 Approximately 40% decays comes from
§ | ! . [l T 1 ¢ meson:
20:_ T ] B fq) — (38.9 T 4.9) 70
i — T T .
101 + T T —_
0%7— - 771 4’ + First observation of the
- | | ’
: T : BRpy_. 3872k K, ., SHENNEN
_lo_l ] ] ] | ] ] ] | ] ]
1 1.2 1.4
MEK+K - [Ge\// 02]

Non-extended fit to efficiency corrected background subtracted distribution
 (¢h—signal multiplied to right part of phase space function
e Two-body phase space function from three body decay modified by

polynomial (flexible to account for presence of broad resonances )
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https://link.springer.com/article/10.1007/JHEP02(2021)024

B (B2 — Xc1(3872)d) x B (xc1(3872) = Jpmtn) B
B (B2 — $(2S)d) x B (W(2S)— JApmta) = (2.424+0.234+0.07) x 10

: T 1 | T 1 | T 1 | T 1 :

In agreement with CMS, but more precisely By = Xeed 5 o ~
CMS: (221 0.29 £0.17) x 1072 S SR T B
PRL 125 (2020) 152001 : :
Ap— XeeKp SRS I P B

First measurement: BT = Reck : :
B(BY = X1 (3872) (KK ), ) BY— XK S R R

B (B — X1(3872)d) x B(p— KTK~) Bt — XK't | . -
= 1.574+0.32+£0.12 _ _

Bt — X KT : e B

i I | I | I | I |

0 002 004 006 008

B(b—Xc1(3872)+X) x B(xe1 (3872) = JAb et )
B(b—(2S)+X)x B (2S)=JApttn—)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.152001
https://dx.doi.org/10.1007/JHEP02(2021)024
https://link.springer.com/article/10.1007/JHEP02(2021)024

Study of J/w@ spectrum JHEP 04 (2021) 170

o Fit to two-dimensional J/yzt7n~ K"K~ and K*K™ distribution

* Look at background -subtracted distributions

CGS 200_' I I I I | T T | I I | I I ' I_ ?400 L I I B B
§ : LHCb : { : simulation LHCb :
5 150_— | % | —— simulation, 4.68 < myn,p < 4.78 GeV/c? _
> i + | = 300 B
i _ = i )
i/ i + Could be new resonance?_- N :
< 1001~ ) — % n |
A 1 =200 -
S 1= :
50— | I ]
| l 100 _
0 0_ S 5 ._+_. |

4.2 4.4 4.6 4.8 3 1 4 | | |

M A GeV/c® GeV/c*

The BY — w(25)¢ and BY — y.,(3872)¢ contribution vetoed
No structure in ¢p—sideband

P*(1850), p*(1680)?, p*(2170)?

Studied with MC, no peak in J/y¢
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https://link.springer.com/article/10.1007/JHEP02(2021)024

X(4740) state? JHEP 04 (2021) 170

& 1200 A A R
= [ i : 0 -
= 0 B (O LHCh Observation of B — X(4740)z"n
E 100_ I B(s)_> J/1I)7T+7T_¢ | decayS
% A 1 total |
< 80% . e 175 %39
SR B + - e Significance 5.30
60~ {i % -
- + \ 1 Mass and width:
L ——
20:_ \+ _: mx(4740) — 4741 +£6 +£6 MGV/62
E % Fx(4740) — Hhd+ 15+ 11 MeV .
O‘
I | S | i
4.5 4.6 4.7 4.8 4.9
mJ/¢¢ [GGV/Cﬂ

Fit to background-subtracted distribution
e S-wave RBW multiplied to phase space function

 Monotonic decreasing three-order polynomial function
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https://link.springer.com/article/10.1007/JHEP02(2021)024

X(4740) state? JHEP 04 (2021) 170

Mass and width:
Mmxro) = 4741+6 +£6 MeV/c?
Fx(4740) — 53 £ 15+ 11 MeV .

Mass is close to the expected value for predicted csCS states (JPC =271

D. Ebert, R. N. Faustov, V. O. Galkin
EPJ C 58 (2008) 399

Mass and width are close to y.,(4700) and y.,(4684) states parameters:

m, .. = 4748 MeV/c?

M, (4700 = 4694 £ 4+ MeV/c?

I, (7000 = 87 % 8fé6 MeV Systematics is quite large for
X.1(4700) and y.,(4684)

_ +13 2
_ +37
Fxc1(4685) =126+ 15 —41 MeV Needs to improve systematic
arXiv:2103.01803
P-value: /
p¥st = 0.012 X(4700) — 2.3¢ pWosyst = 8,07 x 107! X(4700) — 6.3¢
p*¥t = 0.0009 X(4684) —3.10 p™O syt = 1.34 x 107! X(4684) — 6.60

The full amplitude analysis is needed to account for interference effects
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https://arxiv.org/abs/2103.01803
https://link.springer.com/article/10.1140/epjc/s10052-008-0754-8
https://link.springer.com/article/10.1007/JHEP02(2021)024

More results in BOs — J/yn 7~ K"K~ decays JHEP 04 (2021) 170

Observation of the BY — J/ywK K™ decays

— 25?1.03 — T T 1 T T 1 T 1] g]\ 12?-103 T T T T T T T T T ]
NQ - 0.835 < my— 4 < 0.955 GeV/c? LHCb {1 2 [ 0835 <my 4+ < 0.955GeV/c? LHCDb -
= 23 0.835 < My +,— < 0.955GeV/c? ' E 1] 5.350 < Myt - gri— < 5.384 GeV/c? ]
= t E i .
Sl = o8 # ’
15 4 > t
S I o ot
;c:; 1: E :CS 0.6:
5 [ S 04l
SN 5 f
L O i
0.5} ] 02f
0 — —" s S S dny s e g T 0 _
53 535 54 545
R mJ/L]nr“‘ﬂ_K“‘K_ [GeV/C2]
o 120 —_—
§ - 0.835 < Myt < 0.955 GeV/c? LHCD -
2@ 1__ 5.350 < Myt n—K+K— < 5.384 Ge\//c2 . I:l Bg_> J/l.I)K*OK*O
o I + i 1 BY— JYK*Kn
= 0'8:_ M g BY — JApntnm KK~
g 0 1 comb. JAKOK* _
% b. JK*K : 0 *01e*0
2 comb- WK o Studied channel: B, — J/wK K
= 04p —_— comb. bkg. S 0
S total « Normalization channel: B, — w(2S)¢
" 0 401 0
. = o First observation of B, — J/wK K™ decay:
MKt V/c?] T
GeV/ e 544°] = 125 events

First measurement:
B (BY — JAWK*K?) x (B(K**— Ktm))?
B (BY— ¥(2S)d) x B (P (2S) — Jmtn—) x B(d— KHK~)

122 1 003 I 004

e Large branding fraction for the Iimi/ted phase space -
« Compare with BR for B(S) — J/yn ¢ and Bg — J/ynn (not yet observed)
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https://link.springer.com/article/10.1007/JHEP02(2021)024

More results in BOs — J/yn 7~ K"K~ decays JHEP 04 (2021) 170

e Fitin the narrow y/(2S) and ¢ mass region: Most precise single measurements :

2
3679 < My < 3.694 GeV/e mpo = 5366.98 + 0.07 + 0.13 MeV/c?

o Allow use w(2S) mass constraint to B mass
* Improve resolution

* Reduce systematic uncertainty mgg{@b — 5366.94 & 0.08 4 0.09 MeV/c?
e Systematic dominated by momentum scaling

LHCb avarage:

CDF B! — JApd
x10°
CG—\ 1.5 I I I I I I I I I I I I | I | Belle B(S)% D;_T[_
§ B LHCb T
= 0 ! LHCb B — xa K*K~ -~
= B B2 — (P(2S) = Jpmtmn ) KTK™
) B ——— background 7 LHCb Bg — JAbdd i
§ 1= ++ total T 0
= ] . LHCb B)— JAbd o
g i i
R ] l LHCb B — JAbpp -
QO L i
0.5 | _ PDG fit og2 |
i | i PDG average a |
i | ]
! P ] LHCH B — 1(25)d |
() eamaiaaea k*ttng?’z/l__t_wm TR T S A
5.3 5.35 54 545 . 5364 5365 5366 5367 5368
m¢(zs)K+K— [GGV/C ]

Mpo [MeV/c?]
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https://link.springer.com/article/10.1007/JHEP02(2021)024

Summary

o The Run 1+2 amplitude analysis to B* — J/w@K™ channels are performed:
* Previous result of Run 1 data are confirmed with high statistics
o Four new state in J/wK™ and J/y¢ are observed
e Z.(4000)" (17) is observed with high significance and broad Z_.(4220) state is

observed
« The X(4685)(1™) and X(4630) states are also observed for the first time

o The study of the Bg — J/watn K*YK™ decays is performed:

e Several new channels are observed and their BR are measured

o BY = 7.1(3872)¢, B — x.1(3872)(K*K™) 4, B] = J/yK™ K™

e The new structure X(4740) in the J/y¢ spectrum are observed with
significance > 50

e Precise B(S) mass measurement
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More LHCD results

Strange tetraquark in DK™ system Four charm tetraquark in J/ywlJ /y system
PRD 102 2020 112003 SciB 65 (2020) 1983
~ . . — e (Nt LR e
NU :_ _: < 200 Data .
S w0 LHCb 2 noE LHCD —
é) 70 g_ _g % 160 @ Interference
: 60 g_ _g :w/ 1 40 _l. _l. m I;11t)es erence
—  S0F = f‘_,; 120 -[- .l. ——— NRSPS
< ok E S 100 H }
7 - - '8 - -H' -l.
2 30F = 5 gy i ]L
=IN: E 5 60 T
"g 20 E_ _E %) 40 1 -
5 oop ™ T ) §
0" A Y 6200 7000 8000 9000
m(D"K*) [GeV/c2?] My g,y MeV/c?)
Evidence of structure in J/yw/A spectrum Search for P,(4312)" in AY — 7,(1S)pK™ decays
arXiv:2012.10380 PRD 102 (2020) 112012
> T T T T T ] S e
é) 151 _._Ilgatagfb-l — N\; N PC(4312)+§ EEP“(4457)+LHCb E % ;Pc(4312)+§ §§P¢»(4457)+ LHCb
o [ LHCb :IFu without P,, $osp @ . <D 4 2 ORI 1
= W0F m,->22GeV it P S 20} | 7 Simulation 3 2 401 ]
5 18, Ll ] Swl H *
¥ gl -ll-- < Of L #H\[ +JH 2 o<10 JHWL g
I 12} s i 3 4 o
M T T 5 L E O
—— VT 210000 4500 5000 = 4000 4500 5000
m (GeV] m(n_p) [MeV/c?] m(J/yp) [MeV/c?]
J/wA
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https://dx.doi.org/10.1103/PhysRevD.102.112012
https://www.sciencedirect.com/science/article/pii/S2095927320305685?via=ihub
https://arxiv.org/abs/2012.10380
https://dx.doi.org/10.1103/PhysRevD.102.112003

Thank you for attention!

A lot of analyses are ongoing with full LHCb data sample
Search for new exotic states are continuing
Stay tuned and look forward for new results at LHCb published papers web page!

Two most important link in this talk: 1,2


http://lhcb-public.web.cern.ch
https://what-if.xkcd.com/140/
https://xkcd.com/2059/

