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Summary of the talk

Precision mass measurements
e Update of the 12(3823) mass
e Precision measurement of the B mass
New excited mesons
o Excited charmonium in near-threshold DD spectroscopy
e Observation of an excited B state
o Observation of new excited BY states
o Excited D} meson in B — D~ Dt K7~ decays
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The LHCb experiment at CERN

Single-arm spectrometer designed for high precision flavour physics measurements

Muon chambers
Trigger + u ID

’ RICH system ‘
VELO

Precise vertex
reconstruction

Interaction point

Dipole magnet
4Tm

Tracking stations
momentum

HCAL, ECAL and Preshower/SPD
Trigger +y/e energy and ID

Total recorded luminosity:
@ Run 1: 1fb™tat /s =7 TeV + 2 fb~! at /5 = 8 TeV
@ Run 2: 6 fb™! at /s = 13 TeV

[JINST 3 (2008) S08005]
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19(3823) in BT — J/yntn KT AT TS

x10° x10°
° X(3823) interpreted as the 1/]2(13D2) ; 15!;(,“@”,,& ie- <369Gev/®  LHCh 1< 20:,2«)«“ tam gt <530GeV/ LHCh ]
state, JF¢ =27~ i i Bt : ¢(25) ]
@ 12(3823) — xc1y only final state E [ | ]
observed with more than 50 (BESIII)~ * ] X ]
@ Full Run 1 + Run 2 dataset 52 ;5 ﬁ,h?z care ] ;E’Bm,, . ,3‘59 ‘[W,Jf
@ Using both 9(2S) — J/vmm and < e 1[)(3823) e
Xc1(3872) — J/ymm as normalisation % ] Zwf 2
channels : ] . |
@ This allows to measure x.1(3872) < ] N\
properties as well Gy L 3; o
a Mppm+n= K+ [Gev/e?] Mfymn [Gev/e?]
@ 2D fit to mp+ and Myt - ! T e ! { emcare LHC
@ 12(3823) significance: 5.10 % osf Copr o Xd (3872) ]
@ x.1(3872) is described by a E Zj: \
Breit-Wigner convoluted with a S ool ] ]
resolution function 52 525 53 535 3.&;; ‘(386 387 388 389’
my, X [Gev/e?] m [Gev/e?]

[PRL 115, 011803 (2015)], [JHEP 08 (2020) 123
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15(3823) in BT — J/ymtn K™

+ + o
Calculation of branching fractions ratios, where Ry = g((g+:§§+;§ggf:ﬁ$:+:7; :

o RV = (3.56 +0.67+0.11) x 10~2 First measurement

° Rﬁ?é‘gzg) = (1.31 £ 0.25 4+ 0.04) x 1073 First measurement

o RYLET™ = (3.69 £ 0.07 4 0.06) x 10~° Most precise

Mass, binding energy and width of x.1(3872):
@ My, (3872) = 3871.59 £ 0.06 & 0.03 £ 0.01(my(25)) MeV Most precise
@ Amy,(3872) = Mpo + Mpxo — My, (3872) = 0.12 £ 0.13 MeV
o I'\, (3s72) = 0.9670 13 & 0.21 MeV Non-zero width

Mass and width of the 2(3823) state:
@ My, (3823) = 3824.08 £0.53 & 0.14 & 0.01(my(25)) MeV Most precise
@ I'y,(3823) < 5.2 MeV at 90% CL World best limit

[JHEP 08 (2020) 123]
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Precision B, mass measurement

Using the full Run 1 and Run 2 dataset, eight different final states:

e BFX — J/ym™ e Bf = J/Y(Df — ntr—nt)
e Bf — J/yrtrtr— e Bf - J/Y(D° - K—nh)K™*
e B} — J/ypprt e Bf - (BY = DynM)nt
o Bf = J/y(DF = K+*K—7t) o Bf = (B = J/yg)nt

First two channels: large signal yield
Other channels: smaller phase space, lower momentum tracks, better mass
resolution

Fit model: double-sided Crystal Ball + exponential background

Also: measure Am = m(B}) — m(B?) so that future m(BY) measurements
can be used as inputs to update m(B7)

[JHEP 07 (2020) 123]
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B mass fits
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B mass fits
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B} mass measurement

LHCb
B —>J/y —_—et—————
Bi=J/yrtnmwt e —]
Bi—>J/yppr* oA
Bi Iy D KK 1) ——e—i—i
B —>J/yDi(n* ") H———+
B:—J/wD (K wHK* H——e——H
B{—BY(D.m*)m* ———e——i—i
B! —>BXJ/y p)m+ H———
B} combined mass H—c—i
| | | | |
6271 6272 6273 6274 6275 6276

M(B}) [MeV/c?]
Combined measured mass: m(BF) = 6274.47 + 0.27 £+ 0.17 MeV /2
Mass difference: Am = m(BF) — m(B%) = 907.75 £ 0.37 £ 0.27 MeV />
Mass from Am: m(B}) = Am +mpP< = 6274.6 £ 3.2 MeV /c?

[JHEP 07 (2020) 123], [PDG 2020]

Lorenzo Capriotti - ¢ opy of conventional 1 ¢ 10 / 23


https://link.springer.com/article/10.1007/JHEP07(2020)123
https://academic.oup.com/ptep/article/2020/8/083C01/5891211

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

OBSERVATION
OF
NEW
EXCITED
MESONS




AA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

Near-threshold DD spectroscopy
Search for prompt resonances decaying into DD and Dt D~
@ Run 1 and Run 2 data
o DY - K—nt, Dt — K—ntrt, pointing to primary vertex
At threshold x.1(3872) — DD’
e New resonance at m 5 = 3842 MeV
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Near-threshold DD spectroscopy
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Separate, overlapping fits for better background parametrisation
X(3842) interpreted as 3(13D3), JFC =37~

Relativistic Breit-Wigner with Blatt-Weisskopf form factors
X2(3930): D-wave Breit-Wigner, ¥(3770): P-wave Breit-Wigner
Xc1(3872): shape from simulation

m(13) = 3842.71 £ 0.16 + 0.12 MeV, I'(¢p3) = 2.79 £ 0.51 £ 0.73 MeV
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Production mechanisms of 15

Selecting detached DD candidates does not remove completely contributions
from b-hadrons decays

@ Checked using the pseudo decay time t, = ZDDp%mD D

e No significant b-hadrons decay contribution is observed
Barnes, Godfrey and Swanson [PRD 72 (2005) 054026] suggest
X2(3930) — 13y as possible production mechanism

o Given the measured masses and widths of the two states and using
T'(x2(3930) — 137) = 100 keV, this accounts at most for 5% of observed
decays

o If the JF'C assumption is correct, then either I'(y.2(3930) — t37) is
significantly larger or there are other mechanisms for 3 production
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Observation of a new excited B! state

Searching for structures in BY7+#~ using Run 1 and Run 2 data

— BI(25)*
B.(25)+ e ~ — . . —
e % 800~ LHCb Run 1+Run 2
= p.(B)>10Gev/c
i € 60 —+ Daa ]
mtn” 8 I — Total fit ]
T 400 B Lagr
5 f B LJgKT ]
= B* G T  \— Combinatoria ]
Y 1
. 3
B¢ 0—+_ — 0 -

b M@/ @) [MeVic?

C

e The low-energy photon is ignored: not sensitive to Bt

e Various predictions for the mass difference of the excited states
® AMineory = [M(Be(25)T) — m(B:(29)")reco] € [11,53] MeV /c?
e Dominant systematic: momentum scale calibration (=~ 0.02%)

[PRL 122 (2019) 232001]
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Observation of a new excited B! state
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A peaking structure consistent with the B¥(25)™ state is observed

Significance 6.30 global, 6.8¢ local

Hint for a second structure consistent with the B.(25)" state is observed

Significance 2.20 global, 3.20 local

Am =31.0+£1.440.0 MeV/c?

Consistent with, but more precise than the states observed by CMS

[PRL 122 (2019) 232001], [PRL 122 (2019) 132001]
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Observation of new excited BY states
The BY excitation spectrum is mostly inexplored as well
e Only ground state + three excited states observed
o First radial excitation (B:?) and first orbital excitations (BY, BXJ)
o This analysis: observation of two new states
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Observation of new excited BY states

o Using full Run 1&2 dataset

e Combine BT with a promi)t K~ %fg:: Low pT o ;é‘:m: Low pT ngh e

o Bt = J/YK* or Bt — Dzt " e e | Fo

e < 10% background in B peak T
e Am=m(B*K~)— Mg+ — My

e Structure at around 300 MeV /c?

e Background: combinatorial and

associated production (AP)
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Observation of new excited BY states

o The excess observed at about 300 MeV /c? above the B¥ K~ threshold is
not well described by a single resonance

e Two-peak structure hypothesis favoured with large significance

e Single resonance decaying through both B¥ K~ and B*T K~
disfavoured but cannot be excluded

Under the two-peak hypothesis:
my = 6063.5+ 1.2+ 0.8 MeV/c?, Ty =26 +4 + 4 MeV,

my = 6114 £ 34+ 5 MeV/c?, T'y = 66 4 18 + 21 MeV.
Including the photon the masses shift of about 45 MeV/c?. Furthermore:

ST o(B*0) x B(B*0 — BM+K™)

R= o(B:9) x B(B:Y = BtK )

=0.87+0.15£0.19

[EPJC 81 7 (2021) 601]
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Observation of a new excited D state A

D7,(2317)% and D,;(2460)" masses are much smaller than predlcted
Are they exotic candidates? Additional input is required.

g = TS IR
'g' 3000 E 502_ ..... 2:0(2590)1 _
< 2800 S D,(2536)"
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|
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oo D, (2536)D ,(2573)
D, ,(2460)

D,(2317)

,.
'Ul
.

1% Sl 3P P PZ 3D1 DZ 3D3 3FZ F3 3F4

My [GeV]
Amplitude analysis of B® — DY D~ K+7~ with mg+,- < 750 MeV/c?
Clear structure at mp+ g+.— ~ 2600 MeV/c?, J¥ =0~ at 100
mD80(2590)+ =2591+6+£7 MeV/cz, FD30(2590)+ =89+16+12 MGV/02
Strong candidate for the D4(215p)* state

See [Alberto’s talk] on Tuesday for more details

[PRL 126 (2021) 122002]
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Conclusions Al ot

e Heavy meson spectroscopy is an extremely rich and productive field, both
for conventional and exotic states

@ 1(3823) and BJ properties studied with high precision
o Five new excited ce, be, bs and ¢5 mesons

o LHCb has established itself to be a major player due to high luminosity,
high b/c production cross-section and a unique, dedicated design

@ Spectroscopy of heavy hadrons is crucial to understand QCD dynamics
and binding rules

e The B and BY excitation spectra are still mostly unexplored territory
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Conclusions

@ Run 3 will start with an upgraded detector and a software-only trigger,
with improvements on hadronic triggers

e LHC experiments will be the only explorers of the B} spectrum in the
near future and LHCb will play a major role in it

7600 372,758 7565 7571 7568

i 7455 475 7487 7563
[ 7472 7365 7376 7380 ]
[7250 7272 7372 7269 7276 7271]
o 7122 7150 7164 7266 -
[ = 7145 7028 7041 7045

T

~
(3]
o]
o

[6855 0887

o 6768
6800 F 6706 .27&‘_
—TA1

Mass (MeV)

6400 F 638 B, Mass Spectrum ]
-6 -

I 1 ]
1 3 3 3 3 3 3 3
S, 'S, P, P, P, D, D, D,’F, F, °F,

6000

[PRD 70 (2004) 054017]

Lorenzo Capriotti - Spec y of conventional m


https://journals.aps.org/prd/pdf/10.1103/PhysRevD.70.054017

ALMA MATER STUDIORUM
UNIVERSITA DI BOLOGNA

BACKUP

1wventional me:



BF - BY mass difference
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