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Exotic hadrons at LHC(b)

= 62 new hadrons at LHC, where

. . . . . . ' ' ' ' = The dynamics and structure
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Topics

= Doubly charmed tetraquark T [arxiv:2109.01056, arXiv:2109.01038]

= X1 (3872) production in pp collisions [arXiv:2109.07360]

= w contribution in y.,(3872) — w*m~] /Y [LHCb-PAPER-2021-045, in preparation]

= Study of B — J/YnK™ [LHCb-PAPER-2021-047, in preparation]



http://arxiv.org/abs/2109.01056
http://arxiv.org/abs/2109.01038
http://arxiv.org/abs/2109.07360

LHCDb detector

= Single-arm forward spectrometer, dedicated for heavy flavour studies

JINST 3 (2008) S08005, Int.J.Mod.Phys. A30 (2015) 1530022

= Excellent vertex, IP and decay-time resolution

= Good momentum resolution

HCAL

= Powerful hadron and muon identification seba" o 0

Magnet RICH2 M)

Ideal place for hadron spectroscopy studies

LHCb MC

0, [rad]

2 <1 < 5range: ~25% bb pairs in
LHCb acceptance



https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://www.worldscientific.com/doi/abs/10.1142/S0217751X15300227

Doubly charmed tetraquark T,

arXiv:2109.01056
arXiv:2109.01038
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T!.[ccud] cbservation

Motivated by the observation of hadrons containing at least
two charm quarks: EXF [ccu], X(6900)[cccc]
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= Significant peak in the D°D%r* mass
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= Two alternative lineshapes to model the N R A P
peak 3.87 3.88 _—— 3.89 [Ge\//sé]g

= 2-body P-wave relativistic BW (.A"°")
= Existence of T}.: 220
= Unitarized 3-body RBW (4"Y)

BW
= Detailed investigation on the properties of T . ;
A
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Intermediate offshell D* arXiv:2109.01056. arXiv:2109.01038

"= Mpo,— . Unitarized model well

describes data = Partially reconstructed T;t. - D°D** results in

00 +10
-> True D** contribution D"D™ and D*D™ masses
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T'. properties arXiv:2109.01056, arXiv:2109.01038

= Consistent with isospin singlet

= No hint for isospin partners: T&[ccuu] » D°D%r/y; TE¥|[ccdd]| - D*D*7/y and D*Dnt
= Pole: OMpole = —360 =% 401“3 keV/ c?
Tpoe = 48+ 277, keV

= Consistent with the peak position and FWHM

. Scattering length: o= [— (7.16 £ 0.51) + 4 (1.85 + 0.28)] fm

= Attractive force



http://arxiv.org/abs/2109.01056
http://arxiv.org/abs/2109.01038

x1(3872) production in pp collisions

arXiv:2109.07360



http://arxiv.org/abs/2109.07360

X-1(3872) nature and production

= Cross-section dependence on kinematics can be a probe for y.1(3872) nature

" 0y, (3872)/ Ty(2s) dependence on (pr,n) measured by CMS and ATLAS

JHEP 04 (2013) 154, JHEP 01 (2017) 117

= D°D*? molecule explanation of y.;(3872) unsupported [Phys. Rev. D81 (2010) 114018]
= Consistent with D°D*® + y.,(2P) mixture model [Phys. Rev. D96 (2017) 074014]

= LHCDb can perform o, . 3872)/0y(25) measurement in the forward region



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.114018
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.074014
https://doi.org/10.1007/JHEP04(2013)154
https://link.springer.com/article/10.1007%2FJHEP01%282017%29117

=« 2.0fb 1@8 TeV , 2012

arXiv:2109.07360
Oxc1 (3872)/6¢(25) - 5.4 fb~1@13 TeV, Run2
J/b = wtu” _ _
A = R measured in py and n bins
R = Txa(3872) B(xc1(3872) — J/‘pf ) = From PV (prompt): R increases with pr,
Oy (25) B((25) = Jfpntn™) similar to Utp(ZS)/O-]/IIJ
[JHEP 02 (2012) 011, Eur. Phys. J. C72 (2012) 2100, Eur. Phys. J. C39 (2005) 163]
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[Phys. Rev. D96 (2017) 074014]



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.96.074014
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w contribution in y.,(3872) >t mw J /¢

LHCb-PAPER-2021-045, in preparation




¥.1(3872) - T~ J /1y contributions

" Xc1(3872) = p°J /Y
= |[sospin violating
= ¥.1(3872) is mostly isospin singlet (non-observation of its charge partners)
= An important probe of y.;(3872) nature
= |sospin violating decays of charmonia highly suppressed

“ Xc1(3872) = wJ /Y
= |sospin conserving

= Normalisation for y.,(3872) — p"J /4 branching fraction

= ~2% contribution to =t~ J /v if no p® — w interference
= Could be largely enhanced if p° — w interference exists

= Detailed investigation of #*7~ mass spectrum
= Quantifying the p® and w contributions and interference



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.96.102002
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.84.052004

Data diStfibUtiOnS « 9fb~1@7,8,13 TeV  LHCb-PAPER-2021-045, in preparation

- Decay: B™ - K% x.1(3872), xc1(3872) > n™J/, J/p - utu”
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= Determined from y.,(3872) mass fits in "7~ mass slices
= Cannot be well modelled by BW lineshapes
= p" BWonly X

= pY BW+w BW X @



Advanced K-matrix model

Decays / 5 MeV
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Inte rp retation Of Xc]_ (3 872) LHCb-PAPER-2021-045, in preparation

= Extract the couplings

g L0
I xc1(3872)~w] /Y
- An order of magnitude larger than that of c¢ states @I _ ) 045 + 0.001
9 (28)-n /P

= Indicate the large isospin violation of y.;(3872) decay (Derived based on PDG)
= xc1(3872) is not likely an ordinary charmonium state

= Other interpretations for the large isospin violation

= Contain a significant DD* molecule?
[Phys. Rev. D 72 (2005) 114013, Phys. Rev. D 86 (2012) 074022, PTEP 2014 (2014) 123D01, etc]

= Compact tetraquark?
[Prog. Theor. Phys. 118 (2007) 821, Phys. Lett. B 778 (2018) 247, Phys. Rev. D 102 (2020) 034017]

e


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.72.114013
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.074022
https://academic.oup.com/ptep/article/2015/7/079203/1564283
https://academic.oup.com/ptp/article/118/4/821/1817393
https://www.sciencedirect.com/science/article/pii/S0370269318300479?via%3Dihub
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.034017

Studyof B" —» J/YynK™

LHCb-PAPER-2021-047, in preparation




Resonances in the J/yn system

= X/ C-odd partner of y.;(3872)

= Predicted by many theoretical works
[JPS Conf. Proc. 13 (2017) 020023, EPJ Web Conf. 137 (2017) 06002, ...]

= Searched for by Belle and BarBar

BarBar  B(Bt— XLK1) x B(Xg— JAbn) < 7.7x107%  Phys. Rev. Lett. 93 (2004) 041801
Belle B(B-l-_) X’CK-i-) X B(X/C_> J/II)TI) < 38 10—6 PTEP 2014 (2014) 043C01

= Other charmonium-(like) states
= 1,(3823), ¥(4040), etc

o


https://journals.jps.jp/doi/10.7566/JPSCP.13.020023
https://www.epj-conferences.org/articles/epjconf/abs/2017/06/epjconf_conf2017_06002/epjconf_conf2017_06002.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.93.041801
https://academic.oup.com/ptep/article/2014/4/043C01/2949452
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B — ]/Ian dataset LHCb-PAPER-2021-047, in preparation

« Full LHCb data, £ =9 fb™1
“BY > J/ynK*,J/Y - utum,n = yy

Ng+:(5.39 + 0.16)x103 Clear signature of y¥/(2S) - J/yn
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Rescnances in the ]/an SyStem LHCb-PAPER-2021-047, in preparation

B(B* — XK*t) x B(X— JAbn) o
B(B+— V(29)K+) x B(W(2S)— JAn) = Upper limit for other states

= Evidence for y,(3823) [3.40] and ¥(4040) [4.70]
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An order of magnitude improvement @



Summary and prospects

= Topics in this talk:
= Doubly charmed tetraquark T, : isospin singlet?

" xc1(3872)

= w contribution in J /YT large isospin violating coupling indicates it is inconsistent with conventional
charmonium?

- 0,,,(3872) dependence on (pr, 1) shows it is consistent with D°D*® + ., (2P) model
= Searching for its C-odd partner in B* - J/ynK™* decays

LHCb Belle 11
= 7X data by 2030 Decay mode 23fb=1 _50fb=1_ 300fb=1 | 50ab~1
_ _ Bt - X(3872)(— JipnTr)KT | 14k 30k 180k 11k
= Opportunity for new exotic states BT — X(3872)(— ¢(25)7)K* 500 1k 7k 4k
: B° 28)K— 7t 340k 700k 4M 140k
= e.g. triply charmed (bottom) hadron (£.D, J/YD, ...) B+__:d1))(+D)0507T 10 20 100 _
P : : : - A)— JppK -~ 340k 700k 4M —
= Precision investigation of properties = T AK- . L0k iy -
TEIT S ATK mrat 7K 15k 90k <6k
Ef = JRES 50 100 600 —
Run 1 Run 2 Run 3 Run 4 Run 5+
(2010-12) (2015-18) (2022-24) | (2027-30)  (2031+)
3fb~?! 6fb~! 23t 46fb~1  >300f1(?) )
Upgrade]  Upgrade Ib Upgrade II f]'} ﬁan é you for your attention!


https://arxiv.org/pdf/1808.08865.pdf
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Backup for y.1(3872)




UXC1(3872)/O_1/)(25) Strategy arXiv:2109.07360
« Reconstruction: y.1(3872), ¥(2S) » ntn~J/Y(— utu™)

= Differential cross section ratio in different regions of (pr,n)

O'Xcl(3872) s¢ B(Xcl (3872) — J/"l,bﬂ"*‘ﬂ'_) _ NXc1(3872) « €¢(25)
Oy (29) BW(QS) — J/WT Tt _) N¢(2S) €xc1(3872)

R

= Signal yields determined from fits in each (pr,n) region
= Efficiencies determined from MC
(See next slides)


http://arxiv.org/abs/2109.07360

Fits and efficiencies arXiv:2109.07360

= Pseudo decay time to separate prompt and non-prompt contributions
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EStimatiOn Of w contribulticn LHCDb-PAPER-2021-045, in preparation

B(xc1(3872) = wJfp)/B(xe1(3872) = ntn—Jhp) is 1.44+0.3

Phys. Rev. Lett. 122 (2019) 232002
arXiv:hep-ex/0505037
Phys. Rev. D82 (2010) 011101

B(w-»ntn™) = (1.53+0.12)%



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.232002
https://arxiv.org/abs/hep-ex/0505037
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.82.011101

+ —_
BW fOrmUIa for /[ A LHCb-PAPER-2021-045, in preparation

PDF(m'mr) = SpJ/l,bp |M|2

mprFl (p7pp)

0 BW M = BW T aF = ; ?
p p(m |mp p) m,2 —m2_— zmpl"p(mm)
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F T — F _ £ F ) 27
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p° BW + w BW M = BW,(myx|m,,T,) + A, €% BW,(mgz|m,,T,).
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Detailed K matrix formula

LHCb-PAPER-2021-045, in preparation

K — % ( Gpsan> 0 ) n 21 ( Guo—s2n’ Juw—s2rm gw2—>37r ) 9oson = ML,/ par(m?),
my2 — s 0 0 My — 8 \ Ju—2r Ju—3n Jw—3n @ar = myTuB(w — 31)/psn(m2),
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