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Quarkonium studies at LHCb

ÅProduction of J/y, y(2S), ᶨ using m+m-

ÅProduction of cc(1P), cb(1,2,3P)using (m+m-)gand (m+m-)gcnv

ÅProduction of hc,cc,é                using pὴand ff

ÅQuarkonia production in pA, AA, AAô, é  

ÅPrecise measurement of hc, hc(2S) parameters with   pÐand ff

ÅPrecise measurement of cc1,cc2 parameters with  J/ym+m-and ff

ÅPrecise measurement of B(y(2S)Ÿm+m-) 

ÅNear threshold D$spectroscopy: 

ÅObservation  of a new charmonium state

ÅPrecise parameters of cc2(3930)and y(3770)
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é highly incomplete list

Precise charmonium studies @ LHCb

Hot! The first 9fb-1

result!



Why (precise) quarkonium studies?

ÅMany òexotic ó states from 2002with not -yet understood nature

Å previous presentations from Belle, BES-III , Belle II and LHCb

ÅTheory is very prolific in prediction of even more strange objects

ÅVarious kinds of t etraquarks ,  moleculas, hadrocharmonia, é 
ÅòMixturesó of quarkonia with new beasts, e.g. molecular

ÅPrecise measurements are crucial for interpretation
Åcc1(3872) mass (and shape)

ÅSome states expected in Quark Model are not found yet 
ÅCrucial and vital issue! 

ÅWithout complete and well understood quarkonium basic it is very difficult 
to judge on the nature of exotic states

ÅImportant for precise B-physics, e.g. understanding of D$ dynamics (e.g. 
y(3770) shape) for B ŸD$K decays  (and study of CPviolation)

é full list of arguments is òtoo large to fit in the marginó 
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LHCb is universal detector

... well suited for charmonium studies 

ÅHuge cἫcross-section: 

Åboth open and hidden charm

ÅPowerful trigger: 

ÅNot only dimuon final state

ÅHigh efficiency for open charm hadrons

ÅD0ŸK-p+, D+Ÿ K-p+p+ and many  others  

Åfor (detached) fully hadronic inclusive b-hadron decays

Åe.g. bŸ(XŸpÐ)X or  bŸ(XŸff)X , é. 

ÅParticle identification with superb pźKźpseparation  

Åcrucial for reconstruction of hadronic states
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DἎnear- threshold spectroscopy
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LHCb-PAPER-2019-005

D0ŸK-p+ D+Ÿ K-p+p+

$0ŸK+p-

pp pp

D-Ÿ K+p-p-

Full LHCb dataset 

2011-2018 Run I+II 9fb-1

ãs=7,8&13TeV

3.6M D0Ἆ0

2.0M D+D-

The first 9fb-1

result!



DἎmass spectra
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LHCb-PAPER-2019-005

3 overlapping fit regions

New!



3.80 <m(DἎ)< 3.88 GeV/c2
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LHCb-PAPER-2019-005

Simultaneous fit

# X(3842)ŸD0$0 =  930Ñ170

# X(3842)ŸD+D-=  2070Ñ190

m = 3842.71Ñ0.16Ñ0.12 MeV/c2

G=       2.79Ñ0.51Ñ0.35 MeV

overwhelming significance

RBW(F) R+polynomial

Resolution ~1.4MeV/c2



3.8 <m(DἎ)< 4.2 GeV/c2
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LHCb-PAPER-2019-005

RBW(D) R+X(3842)  +  expo Ĭpolynomial

Resolution ~1.9MeV/c2 Simultaneous fit

# cc2(3930)ŸD
0$0 =  (4.7 Ñ0.5)Ĭ103

# cc2(3930)ŸD
+D-=  (13.0 Ñ0.6)Ĭ103

m = 3921.90Ñ0.55Ñ0.19 MeV/c2

G=      36.64Ñ1.88Ñ0.85 MeV



m(DἎ)< 3.88 GeV/c2
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LHCb-PAPER-2019-005

(mc)RBW(P) R+X(3842)  +  cc1(3872)  + FĬpolynomial

Gconstrained to PDGGPDG=27.2Ñ1.0 MeV

Resolution ~0.9MeV/c2

# y(3770)ŸD0$0 =  (5.1 Ñ0.5)Ĭ103

# y(3770)ŸD+D-=  (5.7 Ñ0.4)Ĭ103

m = 3778.13Ñ0.70Ñ0.63MeV/c2



Systematic [ MeV/c2 or MeV]
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LHCb-PAPER-2019-005

For all measured quantities  systematic is smaller than statistical uncertainty



DἎnear- threshold spectroscopy

ÅNew narrow state X(3842) is observed 

m = 3842.71Ñ0.16Ñ0.12 MeV/c2

G= 2.79Ñ0.51Ñ0.35 MeV

ÅConsistent with expected 13D3 state  y3(1D) with JPC=3--

ÅPrecise measurements for  cc2(3930) and y(3770) parameters

26 Feb  2019,PhiPsi19 Vanya Belyaev "Quarkonium studies@LCHb"  11

Belle

BaBarô08

BaBarô07

KEDR

PDGô18(Avg)

PDGô18(Fit)

LHCb

Belle

BaBar

PDGô18

LHCb

Belle

BaBar

PDGô18

LHCb

LHCb-PAPER-2019-005



Precise cc1 & cc2 parameters

Å4-muon final state: ideal for 
hadronic machines

5k cc1ŸJ/ym
+m-

4k cc2ŸJ/ym+m-

ÅOpens possibility for precise  
measurement of form factors
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using   cc1,2Ÿ J/y m
+m- PRL119(2017) 221801 

4-mvertex

LHCb 5fb-1

https://doi.org/10.1103/PhysRevLett.119.221801


Precise cc1 & cc2 parameters
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using   cc1,2Ÿ J/y m
+m- PRL119(2017) 221801 

https://doi.org/10.1103/PhysRevLett.119.221801


hc, hc(2S), cc parameters 

ÅDetached ff-pairs.   Excellent kaon ID is crucial
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using   bŸ (X Ÿff)X EPJC77(2017)609 

4-kaon vertex

pp

LHCb 3fb-1

https://doi.org/10.1140/epjc/s10052-017-5151-8


hc, hc(2S), cc parameters 
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using   bŸ (X Ÿff)X EPJC77(2017)609 

LHCb

LHCb 3fb-1

https://doi.org/10.1140/epjc/s10052-017-5151-8


hc parameters via ἸἸdecays
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ἸἸvertex

ἸἸvertex

EPJC75(2015)311 

ἸἸK-vertex

PLB769(2017)305 

#hc =2020Ñ230

#J/y=6110Ñ116

#hc =13370Ñ2260

#J/y=11052Ñ1004

#hc =22416Ñ4072

#J/y=22217Ñ1403

B-Ÿ pÐK-
bŸ pÐX

LHCb 3fb-1 LHCb 3fb-1

https://doi.org/10.1140/epjc/s10052-015-3502-x
https://doi.org/10.1016/j.physletb.2017.03.046


hc parameters via ἸἸdecays

ÅThe precise mass/mass  differences and hc width 
are measured via exclusive B-Ÿ pÐK-decays

ÅMass differences via inclusive bŸ ἸἸX
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#hc =2020Ñ230

#J/y=6110Ñ116

PLB769(2017)305 EPJC75(2015)311 

https://doi.org/10.1016/j.physletb.2017.03.046
https://doi.org/10.1140/epjc/s10052-015-3502-x


Br(y(2S)Ÿm+m-) via LbŸ y(2S)pK-
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JHEP1605(2016)132 

mmpK vertex

pp

mmpppK vertex

#LbŸ (y(2S)Ÿmm) pK
-= 665Ñ28 #LbŸ J/yp

+p-pK-= 793Ñ36 

#LbŸ (y(2S)ŸJ/ypp) pK-= 231Ñ17 

LHCb 3fb-1 LHCb 3fb-1

https://doi.org/10.1007/JHEP05(2016)132


Summary 

ÅLHCb is a universal detector 

Åwell suited for precise measurements of conventional charmonia
in leptonic , hadroni c and open charm final states

ÅA lot of results with Run-I (3fb-1) and (part of) Run-II  (6fb-1) data

ÅNew results started to appear with the full dataset 9fb-1

ÅNear -threshold DἎspectroscopy:
ÅObservation of X(3842):  y3(1D) candidate, 13D3

ÅThe first spin-3charmonium state,  JPC = 3--

ÅPrecise measurement  of cc2(3930), y(3770)

ÅPrecise measurement of cc1, cc2, hc , hc(2S), é 

ÅòParasitic measurementsó can be interesting and have interesting 
precision

More in pipeline é                        é Stay tuned! 
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Hot! The first 9fb-1

result!



é doing well with charmonia
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All conventional charmonia states with m<4GeV/c2

Observed by LHCb

Most precise measurement from LHCb: 2019

Most precise measurement from LHCb

Non-yet observed

LHCb-PAPER-2019-005


