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% Outline

e The LHCb detector
e Recent results

e Charmed baryons lifetime measurement: Q?, A, Z and Z! [Run I: 3fb™]

C

e (Charmonia and charmonium-like exotics:

e Near threshold DD spectroscopy:
new charmonium state X(3842) compatible with y,(1°D,) [Run I+I: 9fb™']

« Update of the analysis of A — J/y pK':
3 narrow pentaquark candidates: P (4312)", P_(4440)" and P (4457)" [Run I+1I: 9fb™']

* FEvidence for an nC(IS)n‘ resonance in B'— nC(IS)Kﬂt‘ decays [Run I+1I: 4.7fb"']

e Summary

For more LHCD results see talks by:
Vladimir Shevchenko, Dmitrii Pereima, Pavel Krokovny, Evgenii Kurbatov
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The LHCDb detector

« VELO: impact parameter resolution (15 + 29/p.[GeV/c]) um, decay time resolution ~45fs | by Viadimir Shevchenko

* Tracking stations, Magnet: momentum resolution Ap/p =0.4 % at 5 GeV/c, 1.0 % at 200 GeV/c
e PID efficiency: for ¢~ ~90% with 5% e—h misID, for K ~95% with 5% z—K misID, for p ~97% with 1-3% z— u misID

e Calorimetric system: ECAL resolution ~1%$9%/E[GeV] , HCAL resolution ~9%®69%/VE[GeV]

LHCb integrated recorded luminosity in pp 2010-2018
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~40% of bb and cc
; Access to all species of b-hadrons
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https://www.doi.org/10.1088/1748-0221/3/08/S08005
https://www.doi.org/10.1142/S0217751X15300227

% General analysis strategy

See talk by
Dmitrii Pereima

» Detached vertex method (keep only long-lived candidates)

Primary vertex (PV) :
ct(AY)

* Further selection to suppress background
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PRL 121 (2018) 092003
PRD (2019) 032001

. Lifetime (7) is useful to test theoretical approaches, i.e. Heavy Quark Expansion (HQE)

« For c-hadrons high-order terms relatively large (wrt h-hadrons)

. Lifetime hierarchy: #(E)) > 7(A}) > «(E)) > () is predicted from HQE

- 7(€)) is considered the shortest due to large constructive interference between s-quark in

c—sW" transition and the spectator s-quark in the final state

- Lifetime of c-mesons (D, D", D) are well known with ~1% uncertainty level,
whereas c-baryons lifetime with uncertainty up to 17%

% Lifetime of the charmed baryons

New measurement for Z/, A7, Z?, and Q_

Signal channels:
« Q. — Q)(— pK K n")uv.X, statistics is x10 wrt previous measurements (FOCUS, WAS9, E687)
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https://doi.org/10.1103/PhysRevLett.121.092003
https://doi.org/10.1103/PhysRevD.100.032001

% Lifetime of the charmed baryons

Examples of background subtracted distribution for

Normalisation D"

c% ' LHCb B—D*u vX
O 40t + Data
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PRL 121 (2018) 092003
PRD (2019) 032001
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« Fit the background subtracted distributions

« Simultaneous fit of signal and normalisation samples
 Lifetimes are measured relative to that of the D™ meson

tracking
efficiency correction

Qg decay time [ps]
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https://doi.org/10.1103/PhysRevLett.121.092003
https://doi.org/10.1103/PhysRevD.100.032001

Lifetime measurement results
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% Lifetime of the charmed baryons

PRL 121 (2018) 092003
PRD (2019) 032001
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Lifetime hierarchy updated:
2(E;) > () > (A > 7(E)

HQE allows inverted hierarchy depending
on treatment of higher order terms
[arXiv:hep-ph/9311331]
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https://doi.org/10.1103/PhysRevLett.121.092003
https://doi.org/10.1103/PhysRevD.100.032001
https://arxiv.org/abs/hep-ph/9311331

Charmonium spectrum status

Charmonium-like states

> 4800
Q |
« Charmonium spectrum and properties well = ool — Yoo ¢7X<47°0>
: : 2 ' b1 1] [N
described by potential models but there are S k- v e X000 o)
00 4400 = €4360§___ p :—P(4380)
many not yet observed states above the DD ook Y, Fxamy
[— X(@16077T \) /—z'*<43200) — X(414}O?,’::/,
threshold. . _ e 4000 e WTT) \ _T_Z (4020) — x op) — Z'(4050) [y
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into conventional charmonium spectrum e — P /// . DD
Many theoretical interpretations in discussion R T ey =
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interpretation of exotic states 32000 S
woofl® - Rewv.Mod.Phys. 90 (2018) 15003
. . —+ - +(-) ++ ++ ++ -
Highlights from LHCb ©¢ ' © o7 1™ 27 2 &other
Conventional: Exotics:
Production of J/y, w(2S) with p'p o Study of 1.,(3872) (production, JP¢, new decay modes)
[arXiv:1908.03099, JHEP 10 (2013) 115] [EPJ C72(2012) 1972, PRL 110 (2013) 222001, Nucl.Phys. B886 (2013) 665]
Production of y,, and y_, with (W )y rezecomzis  » Z(4430)* resonance confirmation prei 422000, PRD92 2015) 112009]
Precise measurement of parameters of . Observation of P (4380)" and P (4450)"
¢ 1 and M (23) with PP and o) [PRL 115 (2015) 072001, PRL 117 (2016) 082002]
C C ) . .
[EPJ C75 (2015) 311, PLB 769 (2017) 305, EPJ C77 (2017) 609] « X(4140) and X(4274) resonance confirmation

. 1., and ., with J fpi' i and ¢ [PRL118.(2017)022003: PRD9.5 (2017)012002]
[PRL 119 (2017) 221801, EBJ CT1 (2017)609] « Exotic contributions to the BY— J/AyK* ™ [pre1220019) 152002]

And many more ... « And many more...
Further search for charmonium states and determine their properties 3 /16



https://doi.org/10.1103/RevModPhys.90.015003
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https://doi.org/10.1140/epjc/s10052-017-5151-8
https://doi.org/10.1103/PhysRevLett.119.221801
https://doi.org/10.1140/epjc/s10052-017-5151-8

% Near threshold DD spectroscopy

Candidates/(2 MeV/c?)

« First analysis to make use of full

D°DY

JHEP 07 (2019) 035
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Near threshold DD spectroscopy

Simultaneous fit for DD~ and DD candidates

JHEP 07 (2019) 035
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« Observation of X(3842) — new narrow charmonium state with measured parameters:

. Mass and width are compatible with y,(1°D,) charmonium with J**=3""

- Prompt hadroproduction of the y_,(3930) and y(3770) states is observed for the first time.
The measured parameters:

— 2
M, osg) = 3921.9 £ 0.6 £ 02 MeV/c? T 303 = 36.6 £ 1.9 0.9 MeV My, 3770y = 3778.1 £0.7 £ 0.6 MeV/c
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Exotics in A) — J/w pK™ decay

Previous analysis of A — J/y pK~ with Run-|
« In 2015 the exotic contributions

PRL 115 (2015) 072001

P (4380)" and P (4450)" Skt T ;E . o
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[PRL 117 (2016) 082002]

Update of A{ — J/y pK™ analysis with Run-I + Run-II

S : PRL 122 (2019) 222001
© 18000 .
— 16000} . L
2 4000k Heb _ | | « Enhancement of statistics wrt Run1 only:
S ook T8 13TV Slgn;zzeg“f& - x2  (improved selection)
‘O — —_ . . [ ] z . . .
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@) m ) ) ’
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https://doi.org/10.1103/PhysRevLett.122.222001
https://doi.org/10.1103/PhysRevLett.117.082002
https://www.doi.org/10.1103/PhysRevLett.115.072001
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Exotics in A) — J/w pK™ decay

PRL 122 (2019) 222001

LHCb
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« Peaking structure at 4450 MeV confirmed (resolved in two narrow structures)

« A new peak (previously one-bin bump) seen

« Amplitude analysis faces challenge and takes time
« Simplified approach: 1D fits of m(J/yp) distribution

* To suppress A" contribution:
- apply cut m(J/yp) > 1.9 MeV

- apply weights according to the inverse A" background density (as a function of cos(6,,))
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Exotics in A) — J/w pK™ decay

PRL 122 (2019) 222001

Fit results:
State M [ MeV | ['[ MeV ] (95% CL)

P.(4312)* | 4311.9£0.7508 | 9.8 +27F 51 (< 27)
P.(4440)* | 44403 £1.3%77 | 206 +4.97 57 (< 49)
P.(4457)% | 4457.3+£0.6777 | 6.4+£2.07 37 (< 20)

« 7.30 for new P (4312)"
« 5.40 for 2-peak structure (P (4440)" and
P (4457)") wrt 1-peak hypothesis

« Large systematic uncertainty due to
unknown interference terms
« Established from the range of alternative

fits including ones that take into
account interference between BW
amplitudes. No significant change to fit-
quality with respect to incoherent sum
of BW (baseline model)

 Near threshold masses and narrow resonances favour the

hypothesis of baryon-meson molecule states
e P (4457)" could be generated by triangle diagrams, while

it is unlikely for P (4312)" and P (4440)

« Full amplitude is in progress, but it turns to be quite

complicated, therefore, requires more time



https://doi.org/10.1103/PhysRevLett.122.222001

n. - resonance in B? — n K*n~ decays

Eur.Phys.J. C78 (2018) 1019

Exotics decaying to chromium:

o InJ/ywp, Jyn, Iy, I, Ty, w2S)n, w(2S)y, x.m , system containing vectors Jiy, w(2S), x.,
. But what about the ground state charmonium nC(IS)?

* The disadvantage is mostly hadronic decay modes (pp is one of them)

B'—ppK'n~ B’ —cc[—pp]K'n™ Dalitz plot after sPlot
R L I L L L S T L I — T & B ' ' ! ' ' ' ! ' '
% C L.HCb —4- Data i %3000 — +4Data LHCb % i LHCb
2000 |- — Total PDF -1 = F 10
" [ /5 =7.813TeV W5 ok ] oaseof _owlPbE /s =7,813Tev] — 20
N - w2 BY = ppK - 1= - .BO - n(19)K'm . Tl; a
1500 |- — B, > ppK'’K~ ] £2000F #B —>J/yK'm 14X :
g [ 1¥V=30000 B opprn {2 F B ppKim (NR) 12
= B A Combinatorial 1500 F : d4 =
= 1000 - background 13 u A N,y =5899186 - S 15+
2t 2 1000 - 9
g - 10 = 1 S i
U 500 - e -"“""""“"-:" 500 :_ Nnc - 2105 i 75 — | 10
PN B L L L L L L L L L L L L 10 — . . . . . . . —
0732 525 53 5.35 54 2.9 3 3.1 3. > 1 —0
m(ppK* ) [GeV] m(pp) [GeV] m2(K* 1) (GeV?]

¢ B’—n [—pp]K'n signal extracted via 2D fit of m(ppK 'z ") and m(pp)

Dalitz plot analysis

* Decay amplitude: sum of resonant K'z~ + non-resonant processes

* Six K™ resonances give significant contributions

e Exotic Z(4100)" — n.t contribution added to improve the fit
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https://www.doi.org/10.1140/epjc/s10052-018-6447-z

% n. - resonance in B? — n K*n~ decays

Candidates / (40 MeV)

Eur.Phys.J. C78 (2018) 1019

K*n~ only contributions K'n~and n_~ contributions
—— Data —— Total PDF % K (1680)°

o . Combinatorial bkg Hm K'(892)° K'(1410)] | E
- LHCb % * & LHCb
140 s =7.813TeV i? + B’ — ppK*m (NR) bkg K*m S-wave K,(1430)° : ' + E
1201 oot * Z,(4100) .0“..' *" ® E
100 - . +++£ﬁ’-+ E & =7, 813TeV . #*ﬁ ;+ _
of gt et o L 5w W
of it #H'** a1 NN S ++*§ R ] S
- - S t 4
3 : R :
0 Es®ebasmny —— ] =] 0 Eeealils e g

3 3.5 4 4.5 3 3.5 4 4.5
m(n (1S)7) [GeV] m(?] (1S)7) [GeV]

Good description is achieved by adding an exotic Z (4100)” — n .t~ component
Evidence for exotic Z (4100)" resonance (3.4o significance considering systematics)

Both I'=0" and J'= 1 are consistent with the data

Mass and width are measured:

M = 4096 + 2075 MeV/c?, T = 152 + 5815 MeV
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K Conclusion

e The LHCb experiment provides a significant contribution to the
knowledge of charm and charmonium spectroscopy:

e Charmed baryons lifetime measurement: Q?, A, Z and Z! [Run I: 3fb™]

e (Charmonia and charmonium-like exotics:

e New charmonium state X(3842) compatible with ,(1°D;) [Run I+IL: 9fb™]

e 3 narrow pentaquark candidates: P (4312)", P_(4440)" and P (4457)" [Run I+1I: 9fb™']

* Evidence for an nC(IS)n‘ resonance in B'— nC(IS)Kﬂr‘ decays [Run I+II: 4.7fb"']

* | ooking forward for new results!

For more LHCD results see talks by:
Vladimir Shevchenko, Dmitrii Pereima, Pavel Krokovny, Evgenii Kurbatov
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Signal yield / 0.02 ps
(@)

Lifetime of the charmed baryons

PRL 121 (2018) 092003
PRD (2019) 032001

Fits of lifetime distributions
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Lifetime measurement results

Tar =203.5£1.0% 1.3+ 1.4(zp) 15 i agreement with PDG Lifetime hierarchy confirmed:
Toy = 456.8 £3.5£2.9 £3.1(7p) 1s o(E)) > T(Q‘c)) > 7(A)) > T(Ef)

T';'O — 154.5 i 1.7 i 1.6 i ]"O(TD"') fS

¢ 3.30 deviation wrt PDG

Too = 268 £ 24+ 10 + 2(zp,) fs
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% Near threshold DD spectroscopy

Simultaneous fit for DD~ and DD candidates

JHEP 07 (2019) 035

Candidates/(0.5 MeV/c?)

Candidates/ (0.5 MeV/c?)

------------------------------- ~ 2000 — 1200 ———
— CCCOX(3842) ===== bkg - C = [CCCOX(3842)  =====- bkg 1 - = [CCIX(3842) ---- bkg -
D°D° 2 (3770) total LHCb 3 © - DOD° oy (3930) total LHCb 44 900 D°D° total LHCb 3
=X (3872) Vs =7,8,13TeV ] X 1500 s =7,813TeVd % F Vs =7,8,13TeV 3

AN TR T2 P i 1 2 E
m hi 41 = C 1 = bt Y & .

’ﬁ W"’WWM“J‘W* i Mﬂ WWWVMM%MWM N&'ﬁ . WA < 1000 M&VWWW‘ W”hf‘?”\*#wﬁ«wwfm "M % 600?; it w,,mw it ,++f},++¢,+++q PRI H b Fw}H i *“’*Mﬁw —— #*H*“h NWST

: 4 2 F 1 % 400 —
s 4 £ 500 q 3 = ]
T - - 1 200 =
(I o Y e N s eSS R O [ E . /\L .................................. ] D S E

DtD— l = - 10003_ ’\ DtD~ _f § 6005— DYD- | E
Ill 3 5 ek * Z S00F- i E
< 800 } 4 z = ﬂH H 3
W B j 3 2 S0y M' « a |
"IMIW& ’,&I_[ MWLMW&HMWW%W M 'Wﬂ” vl S ol W™ \\v@‘j S 400intn'yalut it 4#*%**#”~ L M i +++ TR E
3 - %"MWW%W \ £ 300 Fi At gt gty
“u{ 2 4000 #bMﬁVM‘ﬁWﬁM% Tk E
| i r = 200 E
A 30w
. T . T . T 78 38 382 — .8. . e e T R S PR L S S B R =

o8}
~
N
o8}
~J
(@)}
W
~
%
o8}
o0
W
[o2e]
)
W
o)
~
W
00
(@)}
8}

mpp [GeV/c?] mpp [GeV/c?] mMpp [GeV/c?]

Observation of X(3842) — new narrow charmonium state

My 3g40) = 3842.71 £0.16 £ 0.12MeV/c*;  T'xiga0 =2.79 £0.51 £0.35MeV

Mass and width are compatible with y,(1°D,) charmonium with J**=3""

Prompt hadroproduction of the y_,(3930) and y(3770) states is observed for the first time.

The measured parameters:
mW(3770) = 37781 + 07 + 06 MeV/C2 PDG

m)(cz(3930) =3921.9+£0.6+0.2 MGV/CZ; m)(cz(3930) = 30272 +26 M€V/C2;

20 tension
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Exotics in A) — J/w pK™ decay

PRL 122 (2019) 222001
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Exotics in A) — J/w pK™ decay
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After cut m(J/yp) > 1.9 MeV

Weighted on cos(6,,)
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n. - resonance in B? — n K*n~ decays

Eur.Phys.J. C78 (2018) 1019
2D fit m(ppK'n")-m(pp) for Run-l and Run-ll
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