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Introduction

1 In the Standard Model of Particle Physics, transitions between different
guarks are governed by the CKM mechanism:

Q=+2/3 Vud ‘/118 I/llb d W -
>( VC KM — V;:d T/(,b u.:b >"U\N\f
V;;d I/I%‘ Vcb u Vud

Q=1/3

1 The amplitude of a hadron decay process can be described using
Effective Field Theories: Operator Product Expansion (OPE)

AM — F) = (F|Heps|M) = ZV( kM Ci(1) (F|O;i ()| M)
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Introduction

AM — F) = (F|Hess|M) = Z Vi AF|01‘(M)|M>

CKM Wilson  Hadronic Matrix
couplings Coefficients glements
(m=scale)

- OPE.:aseries ofeffectiveverticesmultiplied byeffectivecouplingconstantsG.

q I Q
Y : ? 90
% ’10 E 8 OMW
C=CSM+(CNP
Electroweakscale~ 1/My,
[ Qf /EM+/ &P

NewPhysicscale~1/M \p

Primed/ iQ right handedcurrents:
suppressed iBM 4



Why Bdlecays?

1 Theb-quark is theheaviest quark forming hadronic bound states (m~4.7 GeV)
f Must decay outside the'3family Good for o

- Long lifetime (~1.s) experimentalists! %ﬁ
calye F00SaaA0fS RSOLe OKEyy:UALlss

xkcd

1 Type of processes:

" Dominant: b- c(favoured) and- u(suppressed)

Rare: Flavour Changing Neutral Current (FERC s,d

; Flavouroscillations and CHolation

Penguin
Wt

- =
= ~

THATS RIGHT,

- Vi s \ Vi .
ok ’
[;W |deal place to probe New Physics effects! g=uci

xkicd

Good for theorists! J > d
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The LHClexperiment

Thebb cross section in pp collisions is large, mainly from gluon fusionb 5
~ 300> & sKk7TeV '
~600> & KaTewo

[PRL 1182017)052002] P =P b,c 0 b

LHCb MC

[JHEFQ)Z (2021”23] p ' E’ E {s=8TeV

Theb quarkshadronizein B, B, B*, b-baryonsX
- averageBmesonmomentum~ 80GeV

Q TheLHCHhdea: to build asinglearm forward spectrometer
~ 4% othe solidangleH f ), f p
~30% othe b hadronproduction
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Letterof Intent, 1995



Integrated Recorded Luminosity (1/fb)

The LHClexperiment

3 (Runl) + 6 (Run2)tbrecorded from 2011 till 2018

2.2

LHCb Integrated Recorded Luminosity in pp, 2010-2018

2018 (6.5 TeV): 2.19 /b

2017 (6.5+2.51 TeV}: 1.71 /fb + 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): 1.1 /b
2010 (3.5 TeV): 0.04 /b

H-|-+-+-1-|-+-+-l-|-|-+-1-|-l-I-I-|-I-1-I-|-l-|

................................... 20182012

Month of year
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RareBddecays

b- s,d quarktransitionsare FlavorChangind\eutral Currents(FCNCs)
- inthe SMthey only canoccurthroughloops(penguinand boxdiagramg,
excellentprobefor physicsdbeyondthe SM

leptonic semileptonic radiative _
b ; > "
W ZO,Y
t
s ? W
BR ~ 10 BR ~ 10 BR ~ 10

Experimentallyb leptons/photonswith high transversenomenta
Theoreticallyb observablexan be calculated in terms of Wilson coefficients

~2 2
Gra

EX: F(B? —> ,Lﬁ,u_) ~ Wmégfﬁ- VmeF ‘2mﬂ(_710 i

Hadronic uncertainties in decay constants or form factors
10
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Rate Bddecay B.->nrm

Very rare decay: FCNC and helicity suppressed
BR,,= 3.66(14) x 1®

Searched for over the last 30 years,
observed by HChand CMS[Nature 522(2015)68]

New results by HC(Run1+Run2 = 9fi):

: %10~
[arXiv:2108.09283 and 2108.09284M2p-eX]] G 0.7 T T
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Rate Bddecay B.->nrm

Also measured by ATLAS and CMS (2016 data), combined restitt
[CMS PAS BPH-20-003]
ATLAS [JHEP04(2019)098] *

CMS [JHEP04(2020)188] B(BY — ptu™) = (2.691937) x 107°
LHCHPRL118(2017)191801]

ATLAS CMS LHCb Summer 2020

~ 06— e = — | _ATLAS CM.S LHCD - Sulmmer 2020 | _
. : ,/, e re 1m1nary ATLAS . E - Prehmmary .
= osp s 2011-20l6data __.cMs 4 9 MF 2011 - 2016 data E
T F/ /S surmTTTss._ -wHG 1T nE 3
+§ 0.4 :—/’/ / //// “-.,\\ \\\.,fCombined K 10 E_ _f
tosf E :
B 0af E J3 =
Q - - F E
o1k E 4E SM .
F ] 2F -
0E . ok | .

1 5 | 4
0 - -9 0 - -9
BB — urur) (107) BB — uu) (107)

Below, but compatible with the SM at 2L

* Result fromLHClwith partial statistics 12



Limit (90% CL) or BF measurement
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Rate BddeeayB,->nTm

Even more rare! (BR~ 10%9), still notobserved:

Zoom on LHC

[43]
AN RARR

[CMS PAS BPH-20-003]
ATLAS CMS, LHCb Summer 2020

EJ T f:;:4_ ‘ I I i: F I Prehmmary b
- ] i V1 TS_T % + + T ! «| CF 2011 - 2016 data E
R, ? _____________________________________________ %" l Q TE E
L S
;_ _______________________________________________ ’I‘ _____ T ____________________________ 1_ _____ 2014 2016 2018 2020 . . Z 3 E
??Ti ...... fﬁ; ........................................................ 2l : :
E IT E\L N [ E L) E
* CLEO A Bell 0
.| ¥ aReus O B‘;B‘;r T .......... T 0 0.1 02 03 04
— | YV UA1 B E LHCb B(B” — ) (107)
~ | ** CDF ¢4 CMS SM: B — s
= ii :;3 22 QL"SA?_HCD ....................................................... ATLAS [JHEP04(2019)098]
— +
~ | OO ATLAS+CMS+LHCb SM: B® — pu- CMS [JHEP04(2020)188]
E 1 19'90 T E—— 20'00 L 20[10 5020 LHCHPRL118(2017)191801]
Year
*
B(BY — pu )< 1.9 x 1071% at 95% CL

* Result fromLHClwith partial statistics
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Rare Hadde@a@@ -»ﬂ) prm

1 Differential decay width: @dqg?
Each gregion probes different processes

charmonium
resonances

photon *W“S)” i

- 27

SM valuegmm,): C, ~-0.33
G ~4.27
Co~-4.17

(Everything else small or negligible)

2 (GeV) q — QSM + QNP

(Primed/ ;,Q right handed currents:
suppressed in SM)




B, massvesusy? for B/ nm

5400

m(K K p'w) [MeV/c?]

1

5800

5600

Rare Bidecay B> nm

(sT)h

(s1)/r

15

1 data

— B! = guw
---- combinatorial

— total

5700

1
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Il
5500

m(K 'K~ i) [MeV/c?]
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[arXiv:2105.14007]
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dB(B? — ¢utu-)/dg? (GeV~2ch

[ N s—

RareB decayB~>bHumm T4

Results in other channels:

Em].CSR Lattice -e-Data
X 10_8 B s TR ke
| T —1 b, ]
[ —4— LHCb 91fb Ca LHCb 4
N: LHCb LHCb 3fb™! x :
2 " SM (LCSR+Lattice) & b+ taats
— PRD 71 (2005) 014015 H<ER)
0 . | SM(LCSR) % || PRu111(2013) 162002 (LoCD)
1 SM (Lattice) g JHEP 06 (2014) 133 :
8 ;{_‘ — =% 5 10 15 G i(;’/ .
[+ ] q* [GeV-/c
-_ i _— — 1.4 |.')9 u+u- _)/ \/’ZS) 1
N —4— | 3 ] T 12} JHEP06(2015)115 B ]
41 : : 1 3 1o} PRDE':; &016)074501] §
- i 't !. —4 : T oosp ! q
2 . — ] a o ==y M
K ] dB SM (binned) 7
0 1 | 1 1 1 1 ] 1 1 1 N d_q2 b
0 5 10 15 0.2 -
q2 [Gevz/c4] o 5 10 5 20
. 2 2
[arXiv:2105.14007] oo il
> ‘ JHEP 1611 (2016) 047
2
. = LHCb ]
In the ¢ region 1.16 GeV - £ o B KO -
. . _:? JHEP 08 (2016 ) 098 (LCSR) :
3.6s away from SM predictions 3 PRD 89 (2014) 09480 Laco _
0.05 H_—n—!— g L
....... J/ s 2 )l ae A.
0 5 10 15 16

¢* [GeV3/cH)



Candidates / 0.2

————t

140 L HCb 1.1 < g2 < 6.0 GeV¥c*
1o 847 (KK utp) = my| < 50 MeVie?
100 -I-Dalu =— Total PDF .Buckground

RareBidecayB~>Hrm T2

1 Angulardistributionin B~ f?7?*: it depends omg?andthree angles
[arXiv:2107.13428]

cosd,

1 d3 (T + F) 9 . 9 “ T cosB,
— = 2(] — O (1 + L cos26
d(I' +T)/dg2 dcosfdcosfx dp  32m {4( @) a1 4 g eas 20y
—I—COS2 O (1 — cos 26;) —l—in2 05 sin® ) cos 2¢
Sin 20 sin 20; cos ¢ +Sin 20 sin 0; cos ¢

+ % in2 O cos 0 —I—@in 20 sin 6; sin ¢

+Sjn 20 sin 26; sin ¢ +sin2 Ok sin? 6; sin 2¢]

Function ofobservableselated to CFaverages and asymmetries:

Mo Aes S A

17



Rare Bddecay B~ Hnm L N

- 1 T ""-VE"' 'E T N
=~ 09 LHCb —}— LHCb 8 41" E 08 LHCb —§- LHCb 8.4t 3
0.8 - m— —}— LHCb 3fb! = 0.6 F —4— LHCb 3fb™ 3
0.7 !1 B SM (LCSR+Lattice) = 04F B SM (LCSR+Lattice) 3
0.6 '_'+_' —; 0.2 - r
— E | "SR E
0.4 E —02F —4— 4= —
0.3 —+— ﬁ_ —04 = 3
0.2 }jr T ~0.6F &
0.1E ‘o Jhy y(2S) = -08F ¢ Jhy v(2S) -
= METERPE EEPEPIRT ST S TP T R | R U S S TS R

% 5 10 15 o 5 10 15
q* [GeV?/ct] ¢* [GeV¥/ 4]
L_,-)ﬂ' l a 1 ' H ' I ' ' 1 ! I 1 ' ’ ’ 1| ! ' ' ] c,‘)l--- l a T T T T T T T T T T T T T T T :u
08 LHCb —$- LHCb 8.4fb" 3 08F LHCb —§— LHCb 8 4fb ! E
0.6F ~+— LHCb 3fb™" E 0.6 ~}~ LHCb 3 3
VAE | B SM (LCSR+Lattice) 3 04 B SM (LCSR+Lattice) ‘ E
0.3 ﬁ_ E 02F —— I I:
_04F —+- . 0.4 E
~0.6F - 06 3
—08F ¢ JIy (28) = —08F o Jhy q;(zs) 3
R [ SR T NS S ST B L 7 | I N | . ]

o 5 10 15 ] -15 5 10 15
q* [GeV7/c?] ¢* [GeV¥/ ¢

- In general good agreement with SM (ng@P 2 0 A SNIJF 6 f S K S NBsO =



Rare Bldecay$-B K*mm

 dOptimized2 6 & S NIAwitdforrS factoEcancellations
[JHEM®5 (2013) 137]

Two new analyses WHChwith full data:

o Angularanalysis oB*- K*'nmm
[PRL126 (2021) 161802]

a Angularanalysis oB°- K*ntm
[PRL125 (2020) 011802]

—2AlogLl

/ _
Pi:4,5,6,8 =

[PRL 125 (2020) 011802

[JHEP 10 ('18) 047]
[PRL 118 ("17) 111801]
[PLB 781 ("18) 517]

== Run |
=== 2016

— R

n 1 + 2016

50 15

10 05 00 05 10 15
ARe(Cy)

U | PIE NP 120 (2021) 103885] f ;\TLA;S o .
Sj:4,5,7,8 BP- K*Orrfm ¥ Belle -
0.5 ]
VEL(1—Fp) i { auic ;
o= | . :
- | —t— i
~0.5F 4 B -
_1_— ._I .'J .\| | ;:;, F ]
0 5 10 15

[PRL 126 (2021) 161802]

~3s localdeviation

q* [GeV?/ 4]

[arXiv:2107.13428]

18 T
LHCH 9 fh! flavio v2.0.0 " — B O (P Saa) B
—_— Bt s Kt -
144
_ 0 _
BY— K™ i B — ou'y
¢ 9
310 2ol \ 190
ol
! \ / LHCh
2 flavio v220
0

1
ARe(Cy)

2 —4

0 1 2

mae(cg)

Negativeshift of Re(g) preferred ovelSM hypothesisit level of2-3s 19



Rate Bddecay, R

1In the SM all leptons are expected to behave in the same way

Test of lepton universality:
B(BT — KTutu™)
B(Bt — Ktete™)

1 Preciseheory prediction due to
cancellation of hadronic form factor uncertainties

RK — =1.000 + O(m/mbz)

11 track
1 Challenge: bremsstrahlung by electrons

—— . ———  — = . wr— T 3C K

1 Experimentally, we@erform a double ratio to
cancel systematic uncertainties

R B(BT — KTpu u) / B(BT — Ktete)
K’ p—

BB — K+J/(ut i)/ BBT — K+ Jjp(ete))

20



RareBdldecayR R N

Reconstructed B mass fotlBK"?*? (muons vs electrons)  [arXiv:2103.11769]

B+ TR B .
::,,l:l'Z!""'"--"-ﬂ::'f-'—_-é-}—'-.;—:::___;___;______ !-L—F_ ‘ e
PV ot PV

K™

ECAL HcaL

—_ —~ 240
U O0OF LHCb % 20 LHCb
Z sooF- — Data 9 b 2200 i —— Data 9 fb"!
= 2 — Total fit = 180 — Total fit
= 400F [ 4 0 B*->K'utu & 160 . [ Bi—)K e*e; )
> - Combinatorial = 140 BB — Jyete)K
2 300F ¢z 120 @ Part. Reco.
_-g s 5 100°E Combinatorial
2 200F BThY'ntm =
EOF 2w BTHC ete
100 S 40
Bt 20 B XTI
0 pE S B % 0 1 L L . e ¥ Pk g b by
5200 5300 5400 5500 5600 5000 5500 6000 21

m(K ) [MeV/c?) m(K ete”) [MeV/c?]



Rare Bddecay R R v7.

Reconstructed Bhassfor BTHK™?*? (muons vs electrons)  [arXiv:2103.11769]

25 10°  —25] e < 10°

N =t

2 ¢ %ol :

SLs 10" g20p 10
10° 158

10? 10

<o

50 52 54 56 58 6.0 46 48 5.0 52 54 5.6 58 6.0

+ _
m(K 1) [GeV/c2] m(K “e*e) [GeV/c?]

—_ —~ 240
U O0OF LHCb % 220f LHCb 1
% 500 F —— Data 9 fb’! % 200 !':: —— Data 9 fb
= - — Total fit = 180N i —— Total fit
~a0FE 0 fF 1 e B > K'utu = 160 % [— B> K'ete
~ - Combinatorial = 140 Bl B - Jyiete)Kt
3 300F 7 120 B Part. Reco.
< r < 100 . .
= C = : Combinatorial
S 200F S R0F
g 200F BThHY'mm 2 0
© oo S 40

et 20E TP

0 P —— = 0 1 " 0 N " " hiadebyych
5200 5400 5500 5600 5000 5500 6000 22

m(K ) [MeV/c?) m(K ete”) [MeV/c?]



Rare Bddecay R R v7.

Results v.vith fullHClata: | . — (0.846+ 8:83‘11 (1 GeV< < 6 GeY)
[arXiv:2103.11769]

1 ' ! ! T T — 14 L
: L,E LHCb
- —— BaBar o= 1
: 0.1 <g*><8.12GeV/e e 10— 9 fb
SN A
k= -
e : Belle |
1.0 < g% < 6.0 GeVZ/c? =
2
| 2
—.— - LHCbH 9 fb! D;:
: 1.1 < ¢%<6.0GeV¥/c!
i [ [ 1 2 |

0.5 1 1.5
RK

- Deviationfrom SM at3.1s Y evidenceof LFUviolation

(submitted toNature Physigs

23



Rate Bddecay, R

T Previous results in other channels: A LHCtmeasurement irthe L,- pKirtm

A LHChmeasurement irthe B- K*ntm channel Ry, with 5fb?
channel R., with 3fb? [JHEM5 (2020040]
[JHERS8 (2017) 055]
AN L L L A BB ] il.il_—
5,? 1.0 —zm T — — = 1 2__
N ) E O A
0.6 H} I o Ll ' : I :
04 v CB“I[I)DHI\-I\-" . 0'82_
O'Q;LHCb ; ?;iv'ioé D'6:_| LIHCIHJI [ I
B S ! : oo
¢ [GeV?/cd] ¢ [GeV? /¢t

TMore analysisonR Yy I32Ay 3IX 4SS G2Y2NNRsQa& [/ 9whb

https://indico.cern.ch/event/1065152 Wg
621
fMTyR .StfS LL SyBEBNRYPBEPLRWOIMKS 3IF YSX



https://indico.cern.ch/event/1065152/

(W]
)
e

—_— (o]
n n
o =]

n
=]

Candidates / (45.0 MeV)
3 S

Rate Bddecayd: ->IL\g 115@

1 First measurement of thphoton polarizationin a bbaryon system!
(Expected to be left handed in the SMXLHCbPAPEFQOZl -03]

o

" r\]\u Y
" J‘l.,,lr\.rJ\J\’ T a L /.)/L o ,.YR
VN o7 ~8cm YT
SV AD f}/L _I_ f)/R
p
W
T T :\200:—---- L
LHCb - S 180F -]. LHCb -
6fb" 5 = 160F 6fo!
—— Data ] ] > —— Data .
— Total ] ‘E; 140: — Total E
----'Ag—)A}’ :-9 120:— ..... Ag‘)/‘l')’ -]
-+= Combinatorial ] = C -+~ Combinatorial 3
A An g 100F =
5 = sof N 3
] 60 F 3
4;? 402_ ........................ —
L A ., . 08 e .
75000 5500 6000 6500 0 ' I
~1 —0.5 0 0.5 1
m(pry) [MeV] cos6,
0.17 0.04 -
= 0.82703% (stat.) T 75 (syst.)|  In agreement with SM .
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Rare BddecayX, -> X ¢

{| Searchor other channelsX,- Xg
1 Constraints from radiative (GH:

/) )/
Constraints at 20
PV 0 *x0 + ,—
B(B = X4v) BY = R™e"e
BO 5 Kn0y === AD = Ay
BY ¢y Global
1.0 -
— — —— : 1 LHCb e
Lo f—LHCb_l —— Data | Unofficial .-~ ’
E 7 ;_5'4 fb e Signal
= 6 ; N Rt Background 7
° sH | |4 — Total
-~ = . 5
§ 4 ; —_— —_— g )
S = -
"O N . Bk bR CET —
g 2 E- —— Hb\_’/—q(-—o- E
O E —
B TT [l LT
5500 6000 6500
m(z—npy)[MeV/c?]
—t— [ —4
B(=, — =7v) <13 x10"" at 95% CL

-1.0 —0.5 0.0 0.5 1.0

[arXiv 2108.07678] 26



Rare (Bddeeays

Global fits (more than 100 observables)

J. Matias et alarXiv:2104.08921 2%).M.Camalichet al, arXiv:2103.12738
;S 1 5 ‘—'~‘
1.0 g .
:6 O 5 "'4 ) ""
o) K *,_-’ ) ’
00 !: . .=*" SM
—— All Data mmmm(Clean Fit
_ O ) 5 e (GlObal Fit
- ACDMN*21
3030 54 18 12 —06 gi 06 12 18 24 30 —’]92 _-1 0 1 5
sCE

New Physics hypothesis preferred over SM by more thalbs
Main effect on theGn coefficient:4.27M-1,1NP

¢ NA IISNBER YepBgpdrkdo [ovAOIZK VWS FSNXY A2y a |y

dt

A L S L 27
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SemileptoricB decaysRRR,.

1 Another test of lepton universalitnow at tree level):

Ratio ofsemitauonicand semimuonicbranchingfractions

-
W—/H—,,A Uy

BBO D*—I_ U - b Te > _» %
(BY — T, Ba_..%,.c%iéf},_g D)

B(B" > D"y 1,)
B, S

_?__

R(D*) =

Sensitiveo chargedHiggsbosonsandleptoquarks

SMpredictionsvery precise : (V,, andform factors(partially) cancel)

Basedon HQETorm factors
R(D)},~0.299° 0.003 [H. Naet al., PRC92 (2015) 05451
. [Fajfer Kamenicb A O yPRR8§ZD12) 094025]
R(D*k,~0.252° 0.003 and experimentaimeasurement§HFLAV)

[D.Bigi Gambing PRD94 (2016) 094008]

29



R(D*)

0.35

0.3

0.25

0.2

{| Presentglobal picture of Rand R.

SeniileptonicB decays

A Last results from Belle usisgmileptonictags (D and D)
[PRL124,(2020 161803]

[} HFLAV average

Ax* = 1.0 contours

- Average3s deviation from SM

L LHCbI5 ]
C BaBarl2 ]
- 3o ]
C LHCb18 4
. ~ Bellels i
B Bellel7 n
— + Average of SM predictions HFLAV

— R(D) = 0.299 £0.003 |_Spring 2019 |-
C R(D*) = 0.258 +0.005 PO =27%

1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 L
0.2 0.3 0.4 0.5

R(D)

BaBar (2012), had. tag
0.332£0.024£0.018

Belle (2015), had. tag
0.293 £0.038 £0.015

Belle (2017), (had. tau)

0.270 £0.035 £0.0Z7

Belle (2019), sl.tag
0.283 £0.018 £0.029

LHCb (2015)
0.336 £0.027 +0.030

LHCb (2018), (had. tau)

0.280+0.018 £0.029
Average
0.295+£0.011 £0.008

SM pred. average
0.258 £0.005

PRD 95 (2017) 115008
0.257+£0.003

JHEP 1711 (2017) 061
i

0.260 £0.008

JHEP 1712 (2017) 060
=

0.257 £0.005

HFLAV

0.2

0.3

0.4
R(D¥)

30
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Shectroscopy

1 There are several possibilities fmvmbining quarks with color intcolorless hadrons
as predictedrom the origin of the Quark ModéM. GeltMann, PL8 (1964) 214]

Baryon Meson Tetraquark Pentaquark

1 Severabf these states have been announced since 1970, but have disappeared
GAGK OAYS YR ySg RIFEGE FylFfeaaax
1 Important for our understanding of the matter structure and QCD!




Mass [MeV/c?]

Sohectroscopy

1 More than 50 new hadrons discovered in the last decade, most of thelnkH Ry

11000
10500J,

"\

oGP 159 new hadrons at the LHC o2
Xb1(3P)
-
70007 B.(25)* B.(25)* Teece
o°° ®z (25> @
_ . Mw(6152)° 02(8340) -
) ( o =p(6227) m  /\(6146) | =,(6227)°
| Ay(5920)° == _B)(5970)* H M=, (6100)"
6000 -Ab (5912)0 =i M @5 (5840)* 0 25(6097)*  A,(6070)° B.(6114)°
5,(6097) - B.(6063)°
5000 - X(4700) X(4685)
® ﬁ’f P.(4450)*  ®X(4500) P.(4457)* $x(4630)
® Yg X(4274) P-(4440)* +
Z.5(4220)
o ctlad) o 4140 p (a380)* P(4312)* Z.1(4000)*
4000 - =7 X(3842 ®
@ cccC . ® ( )
O cqg —cc
® cdqq Q-(3119)°
m b D;(3000)*° . . QC§3090i° =.(2939)°
3000 - D)(3000)° @ D.;(2860) A(2860)* | Q;(3066)° X1(2900)
caq b,127601"® @ coreon @ G3000)° s20230 o990
W cqqq Bﬁ%;gg;o ® D3 (2760) h ®Dyo(2590)
1 1 1 | 1 1 1 | 1 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
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A2 - Jly p K- candidate

Event 251784647
Run 125013
Thu, 09 Aug 2012 05:53:58

Observation of J/ LEkesonance” ConS|stent W|ﬁ1

/PéntaqﬂarkStates , &
~—TPRL 115 (2015) 072001] 1283 citations !
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1 Hiddencharmpentaquarks
[PRL122 (2019p22001]
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