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O Introduction
© Recent LHCDb results on hadron spectroscopy and exotic states

O Summary



Introduction

© LHCDb is an factory for “standard” and “exotic” spectroscopy
© High cross-section allows high yield of heavy hadrons

K 1011 bl; / year LHCb Integrated Recorded Luminosity in pp, 2010-2018
» cc 20 times more

© Heavy flavor production and
spectroscopy Is a broad topic

O This talk only covers a
selection of recent results

2018 (6.5 TeV): 2.19 /b
2017 (6.5+42.51 TeV: 1.71 /b + 0.10 /b

2016 (6.5 TeV): 1.67 /b
2015 (6.5 TeV): 0.33 /b
2012 (4.0 TeV): 2.08 /b
2011 (3.5 TeV): 1.11 /b
2010 (3.5 TeV): 0.04 /b
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Candidates/(5 MeV/c?)?

New charmonium state in DD

JHEP 07 (2019) 035
O First LHCb analysis using Run1+ Run2 data: 9 fb~*
© Combined analysis of prompt D*D~ and D°D°
© Scan wide region of Q value above threshold

Strategy:
Reduce combinatorics background
exploiting D lifetime

Tight =20 MeV mass cuts

D mass constrained to known values

Candidates/(5 MeV/ ?)?

Fits performed in different mass regions for
better paramerisation of background components
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New charmonium state in DD

JHEP 07 (2019) 035
© Narrow charmonium state X(3842) found in both channels

O Interpretation as the unobserved ¥, (13D;) with JP¢ = 37~

O First observations of prompt hadron production of ¥ (3770) and
Xc2(3930) to00——

| I l I[ 1 T I ‘ T T T T ‘ T T T I
| |—— DYDY LHCb .
| ‘ DTD~ —]

|
350();— I ]
30005 \‘P@m) 2e2(3930) E
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Candidates/(2 MeV/c?)

Properties: :
2000?
mx(siz) = 3842.71+0.16+£0.12MeV/?, U |7

Tx(sssz) = 2.79 + 0.51 + 0.35 MeV , e
500

2019/07/29



New charmonium state in DD

JHEP 07 (2019) 035
O The mass of x.,(3930) is 20 lower than current world average

© The width of y.,(3930) is 20 higher than current WG

© Mass value is in the middle between mass of this state and for
the X(3915)

© Are they two distinct cc states or only one?
[PRL 115(2015) 0220001]

My 5(3930) [MeV/ CQ] [ yea(3930) [MeV

Belle 17] 3929 +£5 +£2 29 £10 2
BaBar 18]  3926.7+2.7+1.1 21.3 6.8+ 3.6
This analysis 3921.9 £ 0.6 & 0.2 36.6 £1.94+0.9
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Events / 20 MeV

Observation of excited B, state

© B, spectroscopy

> First observation of B, (CDF 1998)

> First observation of excited B.(2S) (ATLAS 2014)

» Resolving two radial-excited states, (T1)* and (T1)* (CMS 2019)
» Confirming of two states (LHCb 2019)

PRL 113 (2014) 21200

40: T T T I T T T T [ T T T T I T T T Yl T T T T " T T T T | T T T :
Qg ., =288+ 5 MeV é
Op iz = 18+ 4 MeV
Np . =35%13

30 J- Ldt=19.2 b
- \s=8TeV
251~ e Data
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Observation of excited B, state

PRL 113 (2014) 212004

O Look for mmr transitions

© Main decay mode: B.(2S) - B.r*n™, B;(2S) = B; (= By)m ™
© Low energy photon (not reconstructed)

O B:(25)":>50

OB (ZS)+ 2.2(3.2) o global(local) significance

--------------------

e ) U AP —— Dat
g LHCb Run 1+Run 2 1 SN LLHCb Run 1+Run 2 i Tata] i
é) pT(BL.) > 10 GeV/c i § - = B;(28)

i - 3 B3 B.(25)"
. 600 —4— Data o < 30 ;— === Combinatorial
S - —— Total fit - En; 25 E_ Same-sign
_<§= 400 : % s B:—>J/lyrmt - ,§ 20F é‘
S & B B! —J/yK* S 15 ]l l i : § * :
m - misinsszys . . -1 - i . ;
S 200 £ Combinatorial - 8 10 i +'T el ‘} { ' {' ['% } H { . .

SE § 3
0 0E AN v P
6200 6300 6400 6500 500 550 600 650 700
M/ yr*) [MeV/c?] AM [MeV/c?]
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Observation of new resonances in A)m* ™
LHCb-PAPER-2019-025
O Previous study of A, spectrum at LHCb: 1 fb~! of data
+ Discovery of A,(5912)° and A,(5920)° PRL 109 172003, 2012
» Confirmed by CDF PRD 88 071101, 2013

O New results with Run-1 and Run-2 data sample: 9 fb~?! of data

» Two decay modes: A}, —» Atm~ and A} - J/¥pK T
Ah£6146)°++ Ap(6152 )0

+1. -I-+—
+ 4 +f + ++ +
30—+ 4y + +++ i A S
= 0y Atm R e H‘& ]
- b c g _ 1004— —
L +F C ]
v =] C 7
+_‘_+ s ¥ }
WAy 4 - L b rogi 0 .
y * e * o0 4 L p(6152)" ===-= bkg
J B ba 600 b 0 total

II;T\\I
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Observation of new resonances in A} ™
o _ IHC-pAPER 2015025
Ap(6152)° = At 1 LHCb -

O M(Apn™*) after background
subtraction

O Different decay rates via ;'
and X;* for observed states

O Results:

f\‘r;\.,((;lsz)"/(S MeV)

My, 146 = 6146.17 £ 0.33 £0.22 £ 0.16 MeV
6152.51 + 0.26 4 0.22 £ 0.16 MeV ,

My, (6152)°

O Possible interpretation of the new H
states as a doublet of Abng)O
5

states with J¥ = % and >

EPJA 51 (2015) 82 - i - Gev]
2019/07/29 PRD 34 (1986) 2809 - 10



Measurement of b—hadron fractions at 13 TeV

ARXIV:1902.06794

O Part of Run-2 data, 1.67 fb™1

O Inclusive semileptonic decays to H.Xuv, are used to reconstruct b
hardons

© 2D fit to distinguish signal and background in decays to H.hXuv,

¢ : 350006
ook @ = > 25000F
> 8000F|  Dii, Dy E % ;
= ' ] S 20000F
5 6000 E = ]
3 | Background ] = 15000
] E O 10000 F
© 2000F E 5000 F
0& -

2500 3000 3500 4000
m(D’K*). [MeV]
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Measurement of b—hadron fractions at 13 TeV

ARXIV:1902.06794

O First measurement of b hadron fractions at 13 TeV

fs I8

=0.122 £ 0. = 0.259 + 0.
— - =012240.006, —2- = 0259 + 0.018

» Fragmentation fractions extracted as a function of p;

s 05— )

g + ' LHCb
= 02F \s=13TeV 7
0.15F -

0.05F 3

5 10 15 20 2 5 10 15 20 25
p(H,)[GeV] p(H,) [GeV]
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Measurement of the mass and production

rate Of EI; baryonS PRD 99 (2019) 052006
O3fh~l @7,8TeV+ 1.8 @13 TeV
O E; reconstructed via E; — J/WE~, normalization: A} — J/WA

§1500;LHCb +-Data S ' LHCb -+ Data
2 | \s=13TeV — Full PDF 2 60-\s=13TeV — Full PDF
< | e E— JWE
3 @ -
+ 1000 =
S S 40
© ©
C o
@ @
&) I O I
500 20
[ SRR Bt L.,&-"i"“ [ |“"|~-4 IR AR R ; |.; 1 'll % 1 ! ---'|"" 1 ‘ \‘I“\"{‘- 1 \% | H 1
5500 5550 5600 5650 5700 5750 5700 5800 5900
J/w A mass [MeV/c?] J/wE mass [MeV/c?]

fsb— B(Z, — JWZ=7)

First measurement of £, production 750wy = (108+0:9508) <107 [Vs =7,87TeV),

2019/07/29

fsb— B(=, — JW=")

_ 5 .
fa0 BAD 5 JjpA) (131 £1.1£1.0) x 107% [/s = 13TeV], 13




Measurement of the mass and production
rate Of EI; baryonS PRD 99 (2019) 052006

© Assuming SU(3) symmetry, the fragmentation fraction is

obtained |
~b — (6.74+0.54+05+£2.0) x 107% [/s =7,8TeV],

fao

f=- ,

f“b = (8.2+0.7+£0.6 £2.5) x 107% [/s =13 TeV].

JAY

b

© No significant production asymmetry observed

Asrod(E; ) =( 11£56+£1.9)% [vs=7,8TéV],
Anrod(5;) = (=3.9+£4.9+2.5)% [v/s=13TeV].

© The most precise measurement of =, mass

m(Z, ) = 5796.70 £ 0.39 £ 0.15 + 0.17 MeV/?,

2019/07/29 14



Precision measurement of the A}, Z?, and

baryons lifetimes
O Use Run-1 data set: 3.0 fb~!
O Decay channels: Af » pK~nt, B} - pK~n*, 20 » pK K™t

. x10° _ x10° - x10°
(f(:u_ - LHCb ~+-Data (\é - LHCb +-Data (f(:)_ 1.5~ LHCb ~+-Data

% | — Full fit % r ¢ — Full fit % i — Full fit

= oo — Al—=pK #* s 7 — Z;-pK x* = I — Z9SpK Kt
Touu | Background v 2r Background n | Background
e | SN S 1

% | o | o |

L 1 L 2

© (Y] § © i

O 5 9 4L O -

T | = Sos5

4] (T " 4] -

@) @) “"r':y C e O

1 Il 1 I;_J-/I/ 1 ‘ 1 1 1 | MI il 1 1 | 1 1 Il 1 1
2240 2260 2280 2300 2320 2440 2460 2480 2500 2440 2460 2480 2500

pK 7* mass [MeV/c?] pK 7* mass [MeV/c?] pK K 7* mass [MeV/c?]
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Precision measurement of the A}, Z?, and
=, baryons lifetimes

O Fit decay time spectra to get lifetime information

| LHCb Z,—E%VX

—_
o
T

Z¢ (PDG, 2018) =——e— =% (LHCb, 2019)

Ac (PDG, 2018) . (LHCb, 2019)

-0 L
Z; (PDG, 2018)=e= :
@; (PDG, 2018) == ——— ° (LHCb, 2018) - | |
0 0.2 0.4 0.6
» 1 » 2 2 2 2 » 2 2 2 1 —N . r 1

0 200 200 50
lifetime [fs] Tar =203.5 1.0 1.3+ 1.4 fs,

Ter = 456.8 £3.5+2.9+3.1 fs,
Tzo = 1545+ 1.7+ 1.6 £ 1.0 fs,

16

Signal yield / 0.01 ps

—
o

no
T

The measurements are approximately 3—4 times
more precise than the current world average values
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= _ )
A searchfor £ -» D"pK n™ QO

=+t

O First observation of double charmed baryon triggered a lot of =cc
theoretical attention

O AtLHCb: D™ —» K~n*n™ trigger is very efficient

O Similar tree level amplitudes of the inclusive decay of these
channels: but smaller phase space due to lesser energy release

d u > u A7
< d
Yy > u P d

u

< !

& > A > s . o A o s K~

C > > :
— T +
d - T
d
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Mass distributions e

PAPER-2019-011 arXiv:1905.02421

N " :q++
O After event selection Scc
9O'l""l""|""|""' P IS L L R B B B B S B BN S B B
cﬁ:; LHCb 13 TeV § 120 LHCb 13 TeV
< &0 Dat - 4Data ‘{
% tFietl a § 100 -Background ;
70 . ; 7o
= --Signal SPLN ~d) - ]
v O0E _Background ||/ H ] \ e SE E
= . = n 3
— U : < l bt
e 40 } -:g 60: :
5 N\ S 40F -
iy < + ' ]t - ;
. T IR -_
8 10 ‘ L 7 0k P s i S bo i s s e lwrnnlesasy
N5 e I hu 3 3500 3550 3600 3650 3700 3750 3800
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 [ ek, + s 2
1850 1860 1870 1880 1890 m(D pK™1") [MeV/c']

M(Kn'n] ) [MeV/e?]

2697 D+ events, purity ~“80%
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Upper limit @%

PAPER-2019-011 arXiv:1905.02421
O No significant signal is found in the mass range 330-3800 MeV Z¢c’

O Set Upper limit using CLs method:
» R<1.7(2.1) x 10~% at 90% (95%) CL level

é 1_' LT L S L e LA I LT O R L '—
A L.HCb 13 TeV 1
0.8F i
i --90% CL .
0.6 =S 0 R — B(:;EJF—)DJFpK_WJF)
ok LHCb, 2016, 1.7 fb~! 1 B(EIT SATK—ntnt)
0.23— _
[

0 0005 001 0015 002 0025 0.03 0.035
R
2019/07/29 19



Experimental history of pentaquarks

© In 2015 LHCD report the observation of two pentaquark candidates

Odg?aa I%/Sfls_eeur;(i)rzrgn?\i VX)'t]h/El;??("l PRL 115 (2015) 072001, PRL 117 (2016) 082002
» 26k signal candidates with 5.4%
background

© Dalitz plot analysis (6D amplitude
fit) confirmed 2 new states

© Followed by a model independent
analysis to exclude reflections from
A" resonances

© Two exotic states with opposite
parities

2019/07/29



Narrow P.(4312)" and two-peak structure

Phys. Rev. Lett. 122 (2019) 222001

MeV)
o
o
o

© Update of the analysis with full Run-1 and Run-
2 data set

O 246k signal events of nice A,— J/¥pK

[00)
o
o

Candidates/(2

(e)]
o
o

» more than 9x statistics used in previous analysis 400;
© More statistics — finer binning %
» Reveals more complicate structures in the //¥p 0
system .

W
o
o

O Summary:

» Narrow peak at 4312 MeV: width comparable with
experimental resolution (2-3 MeV)

» The structure at 4450 MeV now resolved into two

narrow peaks at 4440 and 4457 MeV MMN

> All statistical significance are well above 5o | T s
. . 4.6 4.8 5
2019/07/29 My, [GER1

250

N
an
o

20

Candidates/(2 MeV)

MN'WM'WM%




Narrow P.(4312)" and two-peak structure

- Phys. Rev. Lett. 122 (2019) 222001 ___
_ . o ] 2 1000 r : 4
© Amplitude analysis is challenging 3 Y
> size of sample S ook gl " ..
» amplitude model SR g
\ ] P (4312)" AL//\ ,/\\
7 massreSOIUtlon ”""‘/\":lii\:‘T::::::::::'/\.iif‘t/:.i\:“:::::

O Can reduce the contribution from A*
reflections with A* p; cuts

Candidates/(2 MeV)
NN
o
(=]
| ==
l
|
1

'l A —~—
© Other cross checks performed L et

1000 l -T &
L

| i | W .
5008 T iy

© For narrow peaks perform 1D fit __ ,\ _
4965"“254§“ '4456/>\3356' 4600 'Aéééd '4436/)\2556' 4600

to mass
m ., [GeV] m,., [GeV]
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Narrow P.(4312)" and two-peak structure

Phys. Rev. Lett. 122 (2019) 222001

© Wide P. does not perturbate the fit rp’
to the lower mass states : i

O P.(4312)" and P.(4440)™ are not
near triangle diagram thresholds

O P.(4457)7 close to thresholds

—h
N
o
o

[ — data | LHCb
- — total fit

| — backgrouhd

| ” N ﬁ“iﬁi"l;'i ‘: '
A‘*?/ | Wm{[ |

—h
o
o
o

800:—

Weighted candidates/(2 MeV)

O Data are described by BW than soof- o
triangle-diagram terms ot i
© Narrow widths and masses close to : pastzy O
thresholds points toward 2001~ |
baryon-meson L /N
bound StateS Interpretathn 4800 4250 4300 4350 4400 4450 450!?%135[&;{?]00
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Events/0.01 GeV

Study of the B - J/W Kt~ decay

© The Z(4430)" is the only confirmed exotic state, and it couples
to the excited W(25), rather than the ground state J /¥
» Discovered by Belle experiment: B® - Z(4430) (- ¥ (2S)n)K?
» Not confirmed by the Babar Collaboration PRL 100 142001, 2008

KN PRD 79 112001, 2009
Conflrmed by the LHCDb Collaboration SR A5 AR, A

1000

{0 Evidence for Z(4430)~ is found
| the B® - J/%W K+~ decay by
Belle

» Suppressed by at least a factor of
10

2 A new exotic hadron is observed:
B - Z(4200) (> J/Yn ) K*?

PRD 90 112009, 2014
2019/07/29 24
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Study of the B - J/W Kt~ decay

PRL 122 152002, 2019

O Run-1, 3 fb~*: Signal yield B® -» J/¥ K*m~ ~ 5 x 10°
» 40 times larger than in Babar study
» 20 times larger than in Belle study

O Angular analysis in 35 K¥7~ mass bins
9 y
> Slgnal purlty above 90% In every bin, 3D angular fit in each bin

= 2000~ LHCb m(K )e [1235 1265] MeV

E B

L - J

1500 F -

§ " ¢ Data I

< ) 4 P

= 1000 B” = J/YpKTr™ ]

g i B B - J/yKtn~ ]

8 _ ~o\ Background 1

[ - \ . .
SO0 —— Total fit i 15,4 \ 2 helicity angles: 6;, 6,

\
v 7t Angle between (u*tu~) and

(K*m™) decay planes x

05200 5300 5400 5500

m(J/YKTn~) [MeV]
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Study of the B - J/W Kt~ decay

PRL 122 152002, 2019
O Parameters of K* spectrum are not very well experimentally
measured
2 Model-independent analysis — relying only on highest allowed spin,

]ﬁqax
% T T T X (11980) T T
=T K(1950) e
F 5000 K*{1680) | Kinematic allowed region
£ i K;(2045)
‘E’ | K;(1430) K3 (1780) |
I _ K3 (1430) | This anlaysis
E K*(1410) _ﬂ
1000 _ K*%}Z) _
L~ - K*-only model:
- — . + —_
[ K3 (700) ] Jio o 2 1.f1085 <m(K +7T _) < 1265 VeV
‘ (') i é % (" 3if 1265 < m(K*m™) < 1445

Spin J of K% resonances
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Study of the B - J/W Kt~ decay

In the K*(892) mass region After vetoing K*(892) mass region PRL 122 152002, 2019
;/>\ B B O A A A SR R S N R S S g LR S R LR I S AR B H L L
b _ ]
< 100001~ 7K +7~) € [880,910] MeV g = - m(K*n) € [1265,1445] MeV :
2 | 2 3000 ]
Y I S ]
8 i 2 .
2 < 2000 —~
<
2 5000 ~ o y
o
=
< ¢ Data g
O i O 1000 |- -
I ‘]rlxclax =2 .
—Jk . =15 - .
0 1 1 l 1 | 'l A1 l 1 L 1 1 l A1 Lol l_l 1 1 l 1 | 1 A1 l 1 A1 1 1 l ! AL l ]
3500 4000 4500 3500 4000 4500
m(J/¢yn~) [MeV] m(J/¢Yn~) [MeV]

Well described by contributions with J,4,, = 2 only  Unphysical J,,,4,, = 15 is needed to describe the data
m(J/Wr) ~ 4200 and 4600 MeV regions

Significance well exceeds 50

Model-dependent amplitude analysis is needed to determine the nature of these states
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Summary

© LHCD detector is designed for the heavy flavour physics

O The first analyses using the full Run-1+Run-2 datasets

» Significant LHCb contribution to study heavy flavour production and
spectroscopy

» The exotic studies sector at LHCb is rapidly developing
» Many new states confirmed/unconfirmed/waiting for confirmation
» Still a large area for studies both from experimental and theoretical sides

© Many updates in the future, and many Dalitz analyses become
feasible Stay tuned for new results !
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JINST 3 (2008) S08005

L H C b d ete Ct 0 r IJMPA 30 (2015) 1530022

© LHCDb is a forward

spectrometer suited for b, ¢
hadrons: 2 <n <5

© Momentum resolution:

2 0.5% at 5 GeV, 1.0% at 200
GeV

O Excellent t_rack and vertex
reconstruction

© Good particle-ID
separation

2019/07/29 30



Comput. Phys. Commun. 208 (2016) 35-42

L H C b t” g g er Int. J. Mod. Phys. A 30, 1530022 (2015)

© Run real-time alignment and calibration of
the detector

© Data buffered out of first software trigger
stage

| © Second software trigger runs
asynchronously

O Permits Turbo real-time analysis strategy

E Software High Level Trigger

displaced tracks/vertices and dimuons

Partial event reconstruction, select j

.H

Buffer events to disk, perform online % Candidates reconstructed at the trigger level
etector calibration and alignment, PID . . ] .
t L1 saved directly for offline analysis + (online
{Full offline-like event selection, mlxturej a“gnment and Ca||brat|0n)

of inclusive and exclusive triggers

12 5 kHz (0.6 GB/s) to storage The first two analyses of today’s talk benefit from the Turbo stream.
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Hadron spectroscopy @ LHCb

1010 A, 10°P.* >])/Pp

(A, decays) 108 X(3872)>)/pTrmr

101°B (Prompt)

lll . v

101° B,

.

1010 =,

10° Q

CcCcC

v v

10 10° 300
L I i | 1 | I | II |
"Run3 |Runé Run 5
| ] I i i i LI lI i
10 10 300

Integrated Luminosity [fb™]
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B! — J/¥pp decay

) . h—t A T w;ﬁc I
© Rare baryonic B-decay W i s —
O Phase-space suppression ;bibbo Suppressed@; e D
O pQCD: Br(B") > Br(BY?) o g - (up

[EPJC 75, 101 (2015), Hsiao] ’
© Suppression can be lifted by pentaquark in [J /Wp] or glueball in
‘[1919] . b Ve J/
O LHCDb set upper limit B Hlm

using Run-1 data —

Intermediate
glueball

JHEP 09 (2013) 006 Intermediate

Pentaquark

/4\ 920 e
QLSS 2SRy
= =]
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B! — J/¥pp decay

© 2011-2016 data sets
© Powerful new BDT with proton PID + kinematic variables
O First observation of these modes: > 100 significance

PRL 122 (2019) 191804

B(B® — Jjbpp) = (4.51 + 0.40 (stat) + 0.44 (syst)) x 1077, = 200 Data LHCb 4
e okt s -6 [ — Total fit g
B(B° — J/bpp) = (3.58 £ 0.19 (stat) + 0.33 (syst)) x 107, i ) B0 ;gnal . :
0 0 ~ 150 B? signal =
O InvertedBr(Bs) > Br(B") g | -- Background
hierarchy confirmed in data < 100f
ER:
O -
50
O— = 1 -

~ . | " N " PR M | N

5300 5350 5400
m(J/¢ypp) [MeV]
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ZC(4100)_ In BO — nc(ls)K-l_T[_ EPJC 78 (2018) 1019

© Understand pattern of Z_ states
» Z.(3900)" seen by BES lll, and Belle

© Charmonium-like charged stats: exotic
O n.m~ accesses ¥ other than 17, that several Z_ confirmed to

be

ZY(3900)
Z19(4020)

Z+(4050)
Z+(4200)

Z+(4250)
Z+(4430)

2019/07/29

4024.1 £ 1.9

+24
40511§§
4196735

+185
424818
4477 + 20

3886.6 +2.4 28.1+2.6

13£5

+51
3702149

+321
1771321
181 + 31

1+-

1+-(?)

27+
1+

27+
1+

ete” — w0 + (J/pnt0)
ete” = =0+ (DD*)*+0
ete— = 7% + (he 70 0)
ete” — =V + (D*D*)T0
B— K+ (xe1m")

B— K+ (J/4rT)

B — K+ (¢/'nT)

B — K + (Xe1 W+)

B— K+ (' x)

B— K+ (Jrt)

BESIII (92;(101), Belle (88)

BESIII (102} 103)

BESIII (93;(104)

BESIII (105} 106)

Belle (107), BaBar (108)

Belle (51))

LHCD (46)

Belle (107), BaBar (108)

Belle (45109} [110), LHICb (46} 111)
Belle (51))
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B’ - n.(1S)K*n~ signal

O L=4.7 b7, including Run-1 + Run-2 (2011-2016) data
O Multi-stage signal/bkg separation fits in m(ppK *7~) and m(pp)

Candidates / (2.5 MeV)
o
S

n
@)
S

2000

1500 F
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EPJC 78 (2018) 1019
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BO RN nc(ls)K'l'n_ 2D mass fit EPJC 78 (2018) 1019

© Unlike narrow J /¥ ,%¥(2S), n, has I'y~ 32 MeV
O 2D fit in m(ppK*n~) and m(pp)
© Dalitz analysis: K* resonances + “non-resonant” Km and pp S-waves

p= [ — Total PDF @ ] =
< 80 MB’ - n (1)K 7 "
Q | —B’ > ppK*r (NR) ¥ g
~ ~ --- Combinatorial 1 S
§ 60 [ background ] =
s I 5
g 40 5
5 | O
~ 20f
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Evidence for an exotic Z (4100) s o 100

© Good description in all variables after adding an exotic Z, component

—
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o O

Candidates / (40 MeV)
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H# + LHCb :

m(n (lS)Jz") [GeV]

O Z.(4100)7: J¥ = 1~ significance is 3.40 after considering systematics
O Only 1.2¢ difference with alternative J* = 0" assignment

O Mass my = 4096 + 20135

2019/07/29
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Search for beauty teraquarks: X, ;.7

JHEP 10 (2018) 086
© No hadron containing > 2 heavy quarks has been observed so far

© Theoretical prediction:
> Mass within [18.4, 18.8] GeV, o x B(YI*1™)~1fb
> Typically below n,1; threshold: could decay to YI*I~ (I = e, )

» Lattice QCD calculation do not find evidence for this state Phys. Rev. D97 (2018) 054505
X}O3l N
1200 _— g —_
5 il LHCb : .
1000 - \ =735 131ev 1 LHCb search:
800

\ 1 > Xppps = YA, where Y(1S) - ptp~

600 \ 1 » Massrange :17.5-20.0 GeV

400 £ \ 4 » Run-1 + Run-2 data
N

200 E

Candidates / (20 MeV/c?)
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https://link.springer.com/article/10.1007/JHEP10(2018)086

Search for beauty teraquarks: X, ;.7

JHEP 10 (2018) 086

O Cut-based selection, with /¥ mass veto
O Y(15) yields after selection (+2.5¢ region): ~6 x 10°
O No significant excess is seen in data, upper limit are set

R od A S (N S B B — s
-;:.’ 228 ]| LHCh = I Obs. 95% CL limit i
o 20 | _7 8 13 TeV =~ | (5=7.8,13TeV T Exp. 95% CL limit, median i
= 18F : | : \5=1/09, © A B Exp. (68.3%)
S }2 ? 1 | i ™npNp threshold = 102 Exp. (95.6%) =
= LRI AL A d v(as)v(1s) threshold & ]
3 : : : X .
I3 13 3 | ' ’ Background-only fit = ]
= st =
Z opl Nl g H S
g5 4 I8 iy e X 10F
U 2 : l H9le | -! A e —~ =
b i 1 13 &2 L S Y e Lo Ei -
©

P B P R R
16000 \18000 QOOPO 22000 24000 26000 17500 18000 18500 19000 19500 20000
Y mQu2u7) [MeV/c?] p# [MeVic?]

Limits setting region
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https://link.springer.com/article/10.1007/JHEP10(2018)086

Weakly decaying b-flavoured pentaquarks

PRD 97 (2018) 032010

O Skyrme model: heavy quarks give tightly bound pentaquarks

_)_@ ‘P (b) b% “bing
P+82p ISJ—,_\ }q)
u—:QL\ }p

O Search for mass peaks below strong decay threshold

+
PBop

NN
CXZZW
A A

|
i

Mode Quark content Decay mode Search window
I bduud Pgop — JWKtr—p  4668-6220 MeV

11 buudd P_ = JWK 7 p 4668-5760 MeV
I11 bduud PIO L= JWK - rtp  4668-5760 MeV
1A% bsuud P+ — Jhpdp 5055-6305 MeV

O Upper limit on production ratio o - Bwrt A) - J /YK p
o(pp = PpX) - B(Pg — J/i X)

R =
o(pp — AX) - B(A) — Jhb K—p)

2019/07/29

PLB 590(2004) 185;
PLB 586(2004)337;
PLB 331(1994)362
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.032010
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Weakly decaying b-flavoured pentaquarks

© No evidence for signal, 90% CL u
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Search for dibaryon state oHYS, LETT, 8764 (2018) 101

O A dibaryon state [cd][ud][ud] could be produced in A} decays

+o+
to final state AL pp L maiani, et al. PLB 750 (2015) 37 }
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https://arxiv.org/pdf/1804.09617.pdf

Search for dibaryon state oHYS, LETT, 8764 (2018) 101

© Ratio of branching fractions

B(A) — Alppn~)

= 0.0540 %= 0.0023 = 0.0032
B(A) — Atm—)

O No obvious dibaryon peak in m(Afn™p) spectra
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