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» New resonances: (Ap "), (/lg”i)

* QObservation ofB?S) - J/Ypp, /12 - x1(3872)pK—,
B? - D¢ , excited B} state, B — (Z.— n.(1S)K* n~,
A, - J/pAp (CMS)

« Amplitude analysis of B* — m*K*K~, B - K*°K*°,
B? - K°K*n™

 Several sources of CPV in BY - it t* w~; model independent
observation of B® — J/WK*m™; CPV phase ¢, in
BY - J/y¢ (ATLAS)
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»  Excited states to the AR m™n™ has

already been studied by the LHCb:

e.g. Ay, (5912)°

* More states are predicted in the
mass region near/above 6.1 GeV

X ,(,*)inﬁ.

Split m A0t into 3 regions:

- Within the natural width of the known

Z;,—r mass
- Within the natural width of the

known X ,(,*)i mass

- Remaining nonresonant (NR) region.
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Significant A, (6152)° - X+
and A, (6152)° - X, *mTsignals
are observed

- 1/3 and 1/4 of the signal decays in
the sample

Ap(6146)° —» X T ¥ decays
account for about half of the
observed decay rate

Consistent with the predictions for
the doublet of A, (1D)°

- Similar natural widths are expected
for the two states of the doublet.

Interpretation of these states as

excited Xp states cannot be
excluded.

ARXI1V:1907.13598 (to PRL); 9f p~1
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* Beyond these ground
states ( X5, X% )
- Radially/orbitally excited
states are expected at higher

masses, but only a few
observed

* These excited states will
cast light on the internal
mechanisms governing
the dynamics of the
constituent quarks

PRL. 122(2019) 012001; 9fp~1
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Figure 2: Mass distribution for selected Agvri candidates. The points show experimental data.
The left (right) column shows A)7~ (A)7") combinations. The top row shows the fits to the
lower-mass states Ebi and E;i. The lower row presents the fits to the new mass peaks with the
requirement pr(7) > 1000 MeV.
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« Observation of two new mass peaks in the A+ and Apm™~ systems
* The ground-states ( 2 ,;—r, ) ,’;i) are also confirmed and the masses and

widths precisely measured.

Quantity Value [MeV]

m (3, (6097) ) 6098.0+ 1.7 = 0.5
m (2, (6097) 1) 6095.8+ 1.7 = 0.4
I'(Z,(6097) ) 28.9+ 4.2 4+ 0.9
'(X,(6097)") 31.0+ 5.5 &+ 0.7
m(X,) 5815.64+ 0.14+ 0.24

m (X)) 5834.73 4+ 0.17 + 0.25
m(3;) 5810.554 0.11 + 0.23
m(3;T)  5830.28 4 0.14 + 0.24
r'(x=;) 5.33 4+ 0.424 0.37
(=) 10.68 4= 0.60 &= 0.33
(=) 4.83 4+ 0.31 4 0.37

s 9.34 4 0.47 4+ 0.26

m(Sg ) — m(Zy)
m(E5+) — m(S))
A(XZp(6097)7)

A ()

A ()

19.09 &= 0.22 4 0.02
19.73 4+ 0.18 = 0.01

—223 2.4 = 0.3
—5.09 &= 0.18 &= 0.01
—4.45 £+ 0.22 £+ 0.01

Compatible with
being X, (1P)
excitations

Other interpretations,
such as molecular
states, may also be
possible
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 Sensitive to pentaquark in * ¢ ; Vo
the J /yp and ] /P et W T S
components and to glueball i ¢ ; s
states (pp) . Vg ib T Vs &
. u -
* Baryonic B&) decays: @ gp
U

- Study the dynamics of the
final baryon-antibaryon system
and the threshold enhancement (a)

d

A 4
Q==
==

IS
=

(b)

* Theoretical expectation for
the B r( B E)S) - ] / lljpﬁ ) 1S at  Figure I: Leading Feynman diagrams for (a) B” = J/pp and (b) BY = JJ pp decays.

the level of 1072,
- Intermediate pentaquark or Cabibbo OZI
glueball state can enhance suppressed suppressed

PRL. 122(2019) 191804: 5.2 fp~?
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 First observation of :

0 — — i LA L L U L L L O DL A | i
Bisy = J/vpp 2 200F # Data LEGE o
S [ = Total fit ]
* The measured BRs: a L B? signal IP ]
_ 0 \ il
B(B®  Jjugp) = (4514 0.40 (stat) £ 0.44 (spst)) x 107, ~ V[ [Z By signal | ]
2 S Background ( -
B(BY = J/pp) = (3.58 £ 0.19 (stat) % 0.39 (syst)) x 107°. = - ’ i
2 100 / )
* For the B?S) meson, the result is 5[ ‘S "\ |
much higher than the expected O ﬂ ’ g
50 ) . : ’ )
value of O(1079) ' et s g o
_ PN \“ 1§ / 4
* Most precise single measurement 0 -

. | el
5250 5300 5350 5400
m(J/vpp) [MeV]
mpo = 5279.74 £ 0.30 (stat) £ 0.10 (syst) MeV,
PRL. 122(2019) 191804; 5.2 fb~1 mpo = 5366.85 & 0.19 (stat) &= 0.13 (syst) MeV,

of both the B® and Bf;) mass
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AY - x.1(3872)pK~ with x.q (3872) - ] /1[)1t1t observed the first time

NUZZC I 1 I il I N35G: |IEEEE BT B

%200 3.62 < mypy i < 372GeV/e? > 300; 5.61 < mypy 4 - - < 5.63GeV/c? ]
= 180 S T — AQ— hrapK- LHCb
& 250F - A JipmtampK~ (NR) =

 Observing A} decays involving a _ y
the y.1(3872) state will allow Within (2 =

g - combinatorial bkg. -:

comparison of their decay rates 2 — ]
. & 100E -

to the rates for conventional G W(2S) _

charmonium states

5% ss e sel [éjs 6/602 ] 62 361 366 368 2
M Jpp et = pK = eV, M= Y

* The BR with respect to that of the ., .
A(l)) N llJ(ZS)pK_ , where the ;;120 380<m,.,,,,+,,_<395c;eV/cLHCb ‘;@* -,og_ 5.61 < Mypp b e pi- <563GcE/IL;CbE
P(2S) —» J/ymm final state, is 100 . 2% |

d ta be: g 30 {Wlthln )(C}: g §

measured to be: P N\ window |

z ] & % E

B xaBSTOK") Bl 3872) 4 o) S J 19 1\ 4
X BSTZDE") B ) 4

X =PATLIZ02 X107 2ob sttt H LI 25 T L N

By B ) pALLIEL) i i | S
558 5.6 5 62 5‘64 5 66 3.8 3.85 3.9 3.95

m JpntnpK- [GeV/ CQ] mJ/¢ﬂ+ﬂ- [GeV/ C2 ]

J HEP 09 ( 2019) 028; 1,2q 1 9 f b -1 at Figure 1: Projection of the two-dimensional distributions of (left) JApn*n~pK~ and
i (right) JAp7rtn™ masses for the (top) A — P(2S)pK~ and (bottom) A — x1(3872)pK ™~ candi-

7.8.13 TeV e
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Ay — J/WAg observed for the first time, at CMS

Better understanding of final-state strong interactions in the b-baryon decays
and test the heavy-quark effective theory
* Rich resonant structure in the J/w¢ system

5 CMS Preliminary 60 fb' (13 TeV) CMS Preliminary 60 fb™' (13 TeV)
< | e = N —Fit

u i ) N - —¢ signal

2 200~ Signals - 60 —Non-¢ component
o © [

= =

L

100

o

—

Aan
58 ] | +1.6_4 '
M(J/wAK'K) [GeV] M(K'K) [GeV]

e Measured:
B(AY — J/pAg)/B(AY — ¢ (2S)A) = (8.26 £0.90 (stat) £ 0.68 (syst) £ 0.11(B)) X 1072

CMS-PAS-BPH-19-002; 60 fp~1 at 13 TeV
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Figure 1: Diagrams that contribute to the (a) colour-suppressed BY — 5(*)01D(*)0q5, (b)
W-exchange OZI-suppressed B? — DY/ D" and the (c) colour-suppressed B — D% decays.

* No single measurement
dominates the world average of
angle y

» Decays BY - D*¢ open
possibilities to offer competitive
experimental precision on the
angle y
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* An upper limit 1s set:
Br(B° -» D%p) < 2.0(2.3) x

PRD (2018) 028: 3 fp~' at 7.8 TeV

First obeservation of

B - D*¢:

B(BY + D) = (37£05£03£02) x 107

- B - D%t~ is taken as

reference channel

107°) at 90% (95%)

- A factor of six improvement
over the previous BaBar result

Candidates / (10 MeV/c?)
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* An excited B} in the B "™ invariant-mass:
- Consistent with the B}(23S;) state reconstructed without the low-energy y
- The chain: BZ(23S;)— B:(13S))ntn~, B:(13S;) > B}y

— B;(25)*
B.(25)* —
ntn~
ntn”
- ¥ B*+
B P 4
0+ T

ch

PRL. 122(2019) 232001; 8.5 fp~?* at
7,.8.13 TeV

I, LHCb Run 1+Run 2

% S0OF B7)> 10 GeV/ ]
2 : pT( C evic :
% 600 —+ Data ki
™~ B ~
2 i — Total fit .
S 400 i B >Jlynt 4
S | [ )yl Gl
& 200F -~ Combinatorial

: TIPS Pl
0520 6300 6400 6500
M(J/yr™) [MeV/c?]

Invariant-mass of the selected B candidates
Green: K fake as 1t
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Candidates / (3 MeV/c?)

AL R ETOE 7
oE LHCbRun1+Run2 " poug — BA25)"  Bi(25)
- Signal yield 5110 2449
» BBy Peak AM value (MeV/c?) 566.240.6 5972+ 1.3
0 S Resolution (MeV/c?) 26£05 25£10
j; Local significance 6.80 320
& l l l ' I Global significance 6.30 220
10 linicq
sE T | H First peak:
Tl n e ¥ AR I 6841.2 0.6 (stat) & 0.1 (syst) £ 0.8 (B ) MeV/c?,
500 550 600 650 700
AM [MeV/c?]
Distribution of AM = M( Bt 1t™) Second peak:

- + 1 I
M(B?) with the fit results overlaid 6872.1 & 1.3 (stat) £ 0.1 (syst) £ 0.8 (B) McV/c2.

PRL. 122(2019) 232001: 8.5 fp~* at 7,8,13 TeV
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Events / 15 MeV

- CMS i © } Data
20001~ | - 143" | | — Fitresul
[ (s=13TeV W B! = Jiy ' signal
- i W B JyK
1500—_ ' B s Jhy " +X
- [ Comb. backg.
1000~

6.0 6.1 6.2 6.3 6.4 6.5
My %) (GeV)

* The higher peak mass :

6871.0+1.2 (stat) 0.8 (syst) + 0.8 (B ) MeV
e Mass difference: 29MeV

PRL. 122(2019) 132001: 13 fp~t at 13 TeV
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« Theory models predict 0% candidates below the open-charm threshold
that could decay into n.m~(e.g. the Z.(3900)7).

* Therefore discovery of a charged charmonium-like meson in (n.77) =
important input towards understanding the nature of exotic hadrons.

« B = 1n.(18)K*m decay is studied for the first time

) ,; F T T T I L B

,CE-QS% 5 }K ! §2000 - LHCb A ?5::1 PDE ]

W) - -Bo -3 p}iK :ﬂ" -

< 1500 - = §§ Zﬁ;ﬁ? -

wr L § : m B - ppnT .

P A S
d d d d g
® ® 500 W
Figure 1: Feynman diagrams for (a) B” - n.K** and (b) B - Z; K™ decay sequences. "
g 5.2 5.25 3.3 5.35 54
EPJC78 (2018) 1019: 4.7 fp~1 at 7,8.13 TeV m(ppK 1) [GeV]
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* Good description is obtained when e First measurement of
including an exotic Z.(n.(1S) ™) B° - n.(1)K*n~ BR:

resonant state( > 30) BB~ K 77) = (5.73 40244 0.13 +0.66) x 107"

E (@)

g
[
-

LHCb

 For the resonance:

my- = 4096 + 20 *5MeV and T, = 132458 *0MeV

Candidates / (40 MeV)
Candidates / (40 MeV)

e The fitted fractions:

Candidates / (40 MeV)
Candidates / (40 MeV)

Amplitude Fit fraction (%)
Sefe ey, 0 =] F B® — 1. K*(892)° 514+ 1.9 17
;o . I 3 | B? — n.K*(1410)° 21411 %
mmrh-unul é B? = n.K*x~ (NR) 10.3 + 1.4 19
| A "” Il - BY — ncK;(1430)° P53:435 130
4:'I’:(rr,nsurc‘ﬁ [GeV] : 4 | mm  (LS)KT) [GeV] BO — ncK;(1430)0 41 :l: 15 i-ig
_ ——Toslror SR X B® — 0. K*(1680)° 2.2+ 2.0 t1?
. Combinatorial bkg H-HH—\K‘(SQz)U %1{*0410)0 BO —3 776K3(1950)0 3-8 xe 18 i;g
B° — ppK 'm (NR) bkg EK+7E" S-wave 2(1430)° B? — Zc(4100)—K+ 3.34+1.1 i‘i?

- Z.(4100)
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* The first measurement of the production rate of £, baryons in pp collisions
- Relative to that of A baryons

fsb' B(Zy = JWET)

fa By~ JfA)
fsb‘ B(Z, = JWET)

f B4} = JfpA)

= (108£0.9£08) x 107 [y5="7,8TeV],

= (131 £11£10)x 107 [y/s = 13TeV)

* The mass of the £ is also measured
relative to that of the AY baryon:

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

- The last uncertainty is due to the precision
on the known A mass
- Most precise determination of Z, mass.

PRD 99052006 (2019); 1.,2.1.6 fp~* at 7.8,13 TeV
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* The first amplitude analysis of the BT - ntK* K-

* The data is best described by a £ 1::: | LHCb A 0D E
coherent sum of five resonant g Wb + } o :
structures + a nonresonant § 40§_ + ; _
component + a wmw < KK S-wave £ »f * + bt 0 3

rescattering o =l - . :

2 2/ 4
mK_K+ [GeV-/cY]

Contribution ~ Fit Fraction(%) Aee('h) Maguitude (B*/B~)  Phase[’] (B*/B7)

100

K800 75206405 +123%£ 87+ 45 09420042002 0 (fixed) S 3 LHCb V B Dua E
LOG£004£000 0 (fixed) R — 5 Modl =
K300 45407412 +104£1494 88 07420004009 176410416 g of -
08240094010 136411421 S LE Y i , -
Snglepole 32315441 -1074£ 534 35 21920134007 1384 74 5 £ E b vy APy .
197024020 166+ 65 0 & PF [ VY v v vy
1500 0TE12409 1094 444 24 2UL0UE00T  -IT5£10415 | E—
LOE0104007  10£134%0 Miry- [GeV/ ]

B0 TAE0SE0T +67£102% 48 08620002007 -106211£10
LIBL0084005 -18+11414
Rescattering 164208210 ~064= 38% 10 LOLZ0ME006 02 0+ls < | The fitted fractions
DS6L00TH000 8121415

S O3E01Z01 19SLBOLHE ODNENI0N  -RIBER
12006200 Wrxpta ARXTV:1905.09244(to PRL); 3fp—1
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« BY - K*°K*0 could be a golden channel for a precision test of the CKM ;.
* High-precision analyses of it, require to account for subleading amplitudes

Leading order Feymann diagrams; both
are dominated by gluonic-penguin

The amplitude analysis outputs:

- Measured observables are compatible with the absence of CP violation

- A low polarisation fraction i1s found

- Alarge S-wave contribution (60%), 1s measured in the 150 MeV window
around the K *°mass.

JHEP 07 (2019) 032; 3 fp~1
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* The first study of B —

K*°K*? decays is performed
* The ratio of BR:
B(B'~ KK S
O K 0007 )£ 0005 )£ 001 (f)
BB~ KF) h

e With this the B - K*°K*¢
BR 1s found to be:

B(B'—+ K K%)= (8.0 +0.9 stat) £ 0.4 (syst)) x 107,

JHEP 07 (2019) 032; 3 fp—1

;.;‘ 350
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o 300

E —4— Data

N 250 = Total PDF

.y B o (KK )
®200F WM E-EDET)
T v B S (KTNKK)
= 150 A 5 pr)E )
% Partially reconstructed
O 100

9150 5200 5250 5300 5350 5400 5450  530(
MK K 7*) [MeV/c]

Aggregated four-body invariant-mass fit
result of the 2011 and 2012 data.
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Undiscovered particles could contribute in the b—s loops and cause the
observables to deviate from the values expected in the SM
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K892 132424 K892 192423

Kj(1430° 339429  Kj(1430°  27.0441
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The fit fractions associated with each
resonant component

JHEP 06(2019) 114; 3 fp~1

The decays are observed for the -«

> S0F

first time:
BY - K (1430)*K¥ and BY - K j(1430) f?
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Observations of CPV from an amplitude analysis:

* Alarge CP asymmetry is observed in the decay amplitude involving the
tensor f,(1270) resonance

 Significant CPV is found in the m* ™ S-wave at low invariant mass.

« CPV related to interference between the m*m~ S-wave and the
P-wave BT - p(770)°n* amplitude is also established

— >00 -—-- Isobar —— Bt S K“*atax— (x10) g 1.0; -—-- Isobar - aml
= ———  K-Matrix Combinatorial =1 _I_ ——— K-Matrix -+ Data
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>} = ;
= -J-t = 0.5} r '_. . ‘IJ—;
S 300 :h=h+ +i_|_F_b-!-r; i‘.h*i‘ﬁ__l LHCb % “_Fﬁ#r:l_ﬂ + T
ks i, (a) T
2 100 AT o5 0:62 < My < 078 GeV/c?
< —. 05
0 : . =)
— 3 il Lt 1= = =
= PR e s YT = sall JFJrjrjr+|i++4f+ v,
= , ST
0.4 s L
g o2 ﬁ:#**"j ! 4 s, FIJ][ ! ]L ]l
C oot + ﬁ’ L w Y LHCD
~-0.2 , _ , . + -1.0} 0.78 < m,, < 0.92 GeV /c?2 ]
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m(KTn~) [MeV]

K*m~spectrum into 5 bins. In each bin, the hypothesis that the 3-D angular distribution
can be described by structures induced only by K™ resonances is examined, making
minimal assumptions about the K+~ system.

Data reject the K *-only hypothesis, implying the observation of exotic contributions in a
model independent fashion.
m(J /yYm ™) vs. m(K*tm™) suggests structures near m(J /ym ™) = 4200 MeV,4600 MeV
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Jmax k=2 model clearly misses the peaking
structures in the data around 4200, 4600 MeV
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 The CP violating phase ¢, is defined as the weak phase difference between the BY-B?
mixing amplitude and the b — ccs decay amplitude
* NP involved in the mixing may increase by enhancing the mixing phase ¢, with respect

to the SM
* Combined 7,8 TeV data, gives the R
i S © ATLAS Prelimi | | ]
most stringent measurements = as0r 1o S PR . -
s = -0.076 =+ 0034 (stat) + 0.019 (syst)rad & 30F - E
ATy, = 0068 =+ 0.004 (stat) + 0.003 (syst)ps™! o 250F -“* E
(1] - BJiyX s
I = 0669 + 0001 (stat) = 0.001 (syst.)ps~! © 200F — oy =
] 1501 3
Bl snssvidoy  —inliLEI 1 b e ementy | 100p™ == E
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— 68% CL contours :g:ﬂn;t::;:ﬂli.2+80.5fb ] CMS 19.7 fb-' = N
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0.08_* . LHCb 3 fb!
ol 1 um - f T Flavour tagging of B meson:
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* Hadronic B decays play a key role in checking the SM.
Numerous new results are out sincd PIC 2018, only part
of them are shown today.

* We have much more Run2 data to analyze, more results
are coming

* LHCDb currently ongoing a major upgrade for Run-3 and
Run-4
- Preparations underway for a new era of discoveries taking
maximum advantage of the High-Luminosity LHC
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* LHC Run-1(2010-2013) & LHC =~ #x- 3.3
Run-II (2015-2018) PN N
z ; :250§
* LHC Run-IIT, Run-IV (2021-2023,  £"': T 3
2026-2029) I
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2035
Year

2010 2015 2020 201)
2017 |2019 |2021 |2023 2027 2031 2033 | 2035

2025

Run 2 Run 3 Run 4 Run § Run 6
L=4x10%2 Lumi 2 x 1033 Lumi 2 x 103 Lumi 2 x 10°*
Lint~ 8 fb'" Lint~ 50 fb-1 Lint~ 350 fb'"

= high Lumi LHC era
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