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* 1n.(1S) production @+/s = 13 TeV

EUR. PHYS. J. C80 (2020) 191
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®* Observation of X(3842)
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* Observation of excited Qg
PHYS. REV. LETT. 124 (2020) 082002
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* Observation of excited A} baryon

JHEP 06 (2020) 136

600 ———r
B A07r+7r A:r‘rr LHCb i|
- Mper0 = 6072.3 + 2.9 + 0.6 + 0.2 MeV
| Al,(ﬁlzib)0 b
400 Mu(6152) #+++ r A0 = 72 +11 £2 MeV
. - -—-—-_- czo;;b. background ' *+ H++ #*;{ .
% - total background ' " + ++’+} fﬁ#ﬂ» +L++'§'* MaSS and Wldth
= 200 total ++ ++ ++++W+ W ++++++ _ _ .
o L #a 4 are In agreement
= L 1 wi 0
s L . with Ay (2S)
100E- bl ++*+++u wtiie
= ++ +++H*ﬂ # +¢+ e +¥H =
50 i g e =
= g vi e oo oo 3
150F Mmoo
100E Y iR i #Hi *iﬁ
z s i
50F T ! s 3
o s
O'.-‘ __.“Mr_*'.__ et uliiresf el Bliresiirferair el i 2
595 6 6.05 6.1 6.15 6.2
MAO [GGV]


https://doi.org/10.1140/epjc/s10052-020-7733-0
https://doi.org/10.1007/JHEP07(2019)035
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.082002
https://doi.org/10.1007/JHEP06(2020)136

Shopping list (this talk)

* Observation of a new Ep state
LHCB-PAPER-2020-032 , ARXIV:2010.14485 , PHYS. REV. D103 (2021) 012004

* Observation of new excited B! states
L HCB-PAPER-2020-026 , ARXIV:2010.15931 , submitted to EPJC

* First observation of the decay BJ - K~u*v, and measurement of |Vyy|/|Vep|
LHCB-PAPER-2020-038 , ARXIV:2012.05143 , PHYS. REV. LETT. 126 (2021) 081804

* First observation of the decay B? —» D°D°K*n~
L HCB-PAPER-2020-015 , ARXIV:2007.04280 , PHYS. REV. D102 (2020) 0511022

* Observation of the decay A}, — x.pm~
LHCB-PAPER-2021-003 , ARXIV:2103.04949 , submitted to JHEP

* Observation of the A - A} K"K™n~ decay
LHCB-PAPER-2020-028 , ARXIV:2011.13738 , PHYS. LETT. B815 (2021) 136172

* Search for the doubly heavy baryons ZP. and Qp. decaying to Afn~ and Efn~
LHCB-PAPER-2021-002 , ARXIV:2104.04759 , submitted to JHEP
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PHYS. REV. D103 (2021) 012004

NeW Eg State Vs =7,8,13TeV [ Ldt ~8.5fb~?

* Reconstruction: E;° - Epnt (Bp — Eon~, B - Edn )

* A new Z,(6227)° baryon observed with statistical significance of 100, mass

and width are consistent with being 3 [ +Dae % [Lrco +oat
2 __ Signal e — Full fit
isospin partner of Z,(6227)" g BN |
m(5,(6227)°) = 6227.1714 4+ 0.5 MeV, B 5 Wi, g
F(Eb(6227)0) — 18-6j2:(1) +1.4 MeV, § 5o—+ ||| Right sign é 50: Wrong sign
* Branching ratio with the fragmentation | ,AJ \ 5o b EeEm
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also consistent with known Z,(6227)~
PHYS. REV. LETT. 121 (2018) 072002
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https://doi.org/10.1103/PhysRevD.103.012004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.072002

ARXIV:2010.15931 submitted to EPJC

EXCited Bg states Vs =7,813TeV [Ldt ~9fb!

* Reconstruction: BY - BTK™, with pure B* sample

* Peak structure around 300 MeV above B*K~ threshold

* One-peak and two-peak fits performed in bins of pr(prompt K)

* Significance of two-peak structure relative to one-peak hypothesis above 70

* A single resonance decay through both B*K~ and B**K™ can not be excluded
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http://arxiv.org/abs/2010.15931

Observation of B - K~u*v, and measurement of |Vyp|/[Vepl

* First observation of suppressed decay BY — K u'v,

* Normalization channel B§ —» D5 (- K*K™n™)u*v, to minimize systematic

* Corrected B? mass megrr = vm2(Kp) + p2(Ku) + p, (Ku) allows to discriminate

between signal and different backgrounds

* Fit template from simulation
* By —» K p*v, yield:
(low) q? < 7GeV?/c*: 6922+285
(high) q* > 7GeV?/c*: 6399+370
* BJ - Dy(— KK n)ptv,
yield: 201450+5200
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.081804

Observation of By - K™ p*v, and measurement of |[Vy,|/|Vep

B(BY—K™
* Ratio of branching fractions: Rgp = BEB°—>D t+:u;
S S 1

Rgr(low) = (1.66 & 0.08 (stat) & 0.07 (syst) £ 0.05 (D,)) x 1073,
Rgr(high) = (3.25 4 0.21 (stat) " 15 (syst) £0.09 (D)) x 1072,
Rgpr(all) = (4.89 £ 0.21 (stat) T 02 (syst) + 0.14 (D,)) x 1073,

® \Vpl/IVepl: |Visl/|Ves|(low) = 0.0607 £ 0.0015 (stat) & 0.0013 (syst) % 0.0008 (D) & 0.0030 (FF),
Vsl /| V| (high) = 0.0946 + 0.0030 (stat) " o ooas (Syst) £ 0.0013 (D,) +0.0068 (FF),

o Improve averages of the exclusive measurements
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B oKy, o+ O (hod&Rus200) } Discrepancy related to the difference in the
BZ" > K, ~e~ LQCD (MILC2019) theoretical calculations of the form factors
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A) = puv, e LQCD (Detmold2015)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.081804

PHYS. REV. D102 (2020) 0511022

Observation of BY —» DDOK* 1t~ J5=7.813TeV [ Ldt ~ 47 fo-?

* Use flight distance significance to reject charmless backgrounds
- D® mass constrained, neural networks further improve signal purity
* Split from B? - D* " D°K™: |m(D01T ) — m(D° )+mpDG(D ) mpDG(D* )| > 4oD*-
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* Branching ratio: = (142 + 1.1+ 1.0)%


https://doi.org/10.1103/PhysRevD.102.051102
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.082002

Observation of A}, = X pT™

ARXIV:2103.04949
Vs =13TeV [ Ldt ~6fb !

PRL 122 (2019) 222001,

* Hidden-charm pentaquark only seen in J/yp and J/PA systems BRL117 (2016) 082003,

arXiv: 2012.10380

* What about x.; ,p? search for A} = xc12(— y]/U)pm™
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http://arxiv.org/abs/2103.04949
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.222001
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.082003
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Observation of A}, = X pT™

* Branching ratio:

Tt

1 B(A] = Xapm)

B (Ag — Xc2p7[_)

7-\)/7'c/K -

B (Ag — Xclpn_)

B(AO_) XclpK_)
0.95£0.30+=0.04 £0.04, R2/1 =

ARXIV:2103.04949

Vs =13TeV [ Ldt ~6fb !

(6.59 & 1.01 £ 0.22)% ,
B (Ag% Xc2pK_)
B (Ag_> XclpK_)

1.06 £0.05 £ 0.04 = 0.04,

R,/1 shows no suppression of ., to x.1, which challenges the factorization
approach for AY decay
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http://arxiv.org/abs/2103.04949

PHYS. LETT. B815 (2021) 136172

Observation of A} — At KK~ V5=7,8TeV [ Ldt~3

* A} - At K*K™n~ provides a laboratory to search for open-charm pentaquarks

d -

* Search for A}, - A} KK n~, take A}, » Af D7 as normalization !
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B(AY — AL DY) o , .
B(AY - ATKTK™77)=(1.024£0.03+0.05+0.10) x 10> § e a A

* No evidence for contributions from exotic states
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https://doi.org/10.1016/j.physletb.2021.136172

ARXIV:2104.04759

Search for Zp./0p. 5= 13TeV [ Ldt~52 b

* The first search for doubly heavy baryon EJ. via D°pK~ @ LHCb was reported

recently, no S|gn|f|cant signal excess |s seen upper I|m|t set JHEP 11 (2020) 095
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* New search for Ep. and first search for Qp. both decay to Afn~ and Efn”
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Vs =13TeV [Ldt~52fb !
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http://arxiv.org/abs/2104.04759

Summary

* LHCb has made great progress on studies of the b-hadrons & quarkonia
* First n.(1S) production measurement @13 TeV, agree with theory
* First search for doubly heavy baryons Zp./Qp. , upper limit set

* Observation of prompt production narrow X(3842) - DD state, consistent with spin-3
Y3(13D3) charmonium

* Observation of excited Q7 ~, Ap(25)°, E,(6227)°, B:*Y states...

* Observation of new decay: B® » D°D°K*n~, B » K utv, , A - Xe1pm™, Ap > Af KTK ™
* More results can be found in LHCb-publications
* Upgrades I/1l approaching [ Ldt ~50/300 fb™1

Thanks !
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The LHCb detector and data-taking

* Acceptance 2 < n < 5, with excellent vertexing, tracking, PID

2015 (6.5 TeV): 0.33 /fb
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* Run1 (2011-2012): 1 bt @/s =7 TeV, 2 fb~! @/s = 8 TeV
* Run2 (2011-2012): 5.9fb ! @/s = 13 TeV
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Candidates / (10 MeV)
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Nc(1S) production at 13 TeV

EUR. PHYS. J. C80 (2020) 191

Vs =13TeV [ Ldt ~2fb !

EUR. PHYS. J. C75 (2015) 311

®* First n.(1S) prompt production measurement at 7,8 TeV, using n.(1S) = pp
> Colour-singlet leading order works well, below expected colour-octet contribution

> Impressive progress in theory description, integrating LHCb result in calculations

* New analysis with 13 TeV data, measurement relative to J/{

> Selection (as analysis with 7, 8 TeV) or pseudo-lifetime fit to separate prompt
charmonium and charmonium from b-decays, consistent results
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N:(1S) production at 13 TeV J5=13TeV f Ldt ~2 fo?

® First n.(1S) production measurement at 13 TeV

);5;504-0 GV, 2.0<y<45 _ 1 96 +0.11 4 0.08 + 0.14 ub

0.83+4+0.38
> Consistent with colour-singlet model prediction: o,. = 1. 5610 30 017 NPB 945 (2019) 114662

prompt
(Gnc

++/s cross-section dependence ¢ pr - differential prompt production
— 18— -
2 16f LHOD 3 %B‘ﬁi 4F LHCb E
T‘IAZ— 6.5 < pr < 14.0GeV . \U s 3.55 V5 = 13TeV 3
5 12F 20<y<45 %tg JE 20<y<45 E
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* Inclusive production in b-decays: B,,, x = (5.51 £ 0.32 +0.29 4+ 0.77) x 10~°
> Consistent and more precise than previous result
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Observation of X(3842) V5 =7,813TeV [ Ldt ~9 o)

D-wave

* Promptly production selection criteria, validate with pseudo-lifetime fit
* 80-90% purity in the D-meson mass window: + 20 MeV of PDG value

* To improve DD resolution: D-meson mass constrained to the known values

* Fits in three different mass region

_ 4000_ T T T m T T m T T T T T I T T T T | T T T T ]
OGO V5 =7.813TeV | pip-  LHCb = — _ .
R T T aso0f | A B S
i~ |[N=3.6x10° S T[N =20x 10° z F |/ (issingwory) | FEE smRRBIVS

P _ P st B T e T 2 3000 | | | —
= 200 — 2 100 i e = - R | ]
% B 2 801 T £ - ”waw\JL ]
2 o __ | 15 & - L £ 2500 lm“—”m% -
S m e N = \ 5
3 s | o - |.. = ~ 2000 | ¥E7TI0 T 102(3930)%mew£
s = S 19 = - , .
8 =i B S 1500F L E
4‘\»7{ L s : 2 E 7 .
% /Q 1821 82 184 ~ B XGeV/ c X 1000 — / A s S S Wy

L, 9 mg+n " -

5001
D* @<ﬁff ot e %
- —— K- - 3.7 .



https://doi.org/10.1007/JHEP07(2019)035

Candidates/ (0.5 MeV/c?)

Candidates/ (0.5 MeV/c?)

Observation of X(3842)

)

N -wave
Simultaneous flt for DD candidates
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Vs =17,8,

13 TeV [ Ldt ~9fb~1
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* Observation of X(3842) - new narrow charmonium state with measured parameters:

Mx3saz) = 3842.71 +0.16 +0.12MeV/c?

PX(3842) = 2.79+£0.514+0.35 MeV,

* Mass and width are compatible with U3(1°D3) {n**1¢,} charmonium with JF¢ =37~
* Prompt hadroproduction of the y(3770) and x.,(3930) states are observed for the first time:

Mup(arr0) = 3778.1 & 0.7 £ 0.6 MeV/?
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Excited (), states

* Search for Qf

* Selection based on topology and PID, BDT
further suppress background

— EpK™ (Ep = Efn™,EF - pKtn™)

Number of candidates / 1 MeV

* Simultaneous fit wrong-sign (WS) and right-sign
(RS) spectra with shared background shape, 4

narrow peaks seen

* Signal shape: S-wave relativistic Breit-Wigner
convoluted with Gaussian resolution function

* Possible interpretations:

Number of candidates / 1 MeV

>Excited Q, with L=1 angular momentum excitations

or n=2 radial excitations

>Decay of higher mass excited state:
Q" - EP (= Epn®)K ™, missing m°

(5 M. peak [MGV]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.082002

Candidates/(2 MeV)

JHEP 06 (2020) 136

Excited A} state VE=7,8,13TeV [ Ldt ~9 o™

* Reconstruction: A} - Aintn™, with A} - Afn~ and A} - J/YpK™
* Simultaneous fit both A} (= Afn™)ntn~ and A} (- J/YpK )ntn~

* Broad structure seen in addition to known narrow peaks

PRD 84 (2011) 014025, PRD 98 (2018) 074032,
* Mass and Wldth are in agreement with Ab(ZS) Chin.Phys.C 38 (2014) 113101...
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Excited A}, state

JHEP 06 (2020) 136

Vs =7,813TeV [Ldt ~9fb!

* Update of the masses and widths measurements of low mass states
>4 times more precise than first observation prL 109 (2012) 172003

* Simultaneous fit both A} (- Afn™)n*n~ and A} (- J/UpK)mtn™
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[GeV]

0.01 # 0.21 MeV, Ty 59120 < 0.28 MeV (95% CL)

Mp, (592000 = 5920.11 £ 0.02 £ 0.01 £ 0.21 MeV, P, (592000 < 0.20 MeV (95% CL) 23
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