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Outline

O Introduction

© Recent LHCDb results on exotic hadrons and Doubly heavy
baryons:
Results from Exotic hadrons
Results from Doubly heavy baryons

O Summary



Success of the constituent quark model

© Quark model, introduced by Gell-Mann and Zweig, in 1964
» Construct numerous hadrons using quarks
» SU(4) and SU(5) to include new quarks: charm (¢), and bottom (&)
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Exotic hadrons

O Exotic hadrons: anything beyond meson () and baryon (] NN
scheme

© Could be various multiquark states, hadron molecules,
glueballs, hybirds

© FiIrst seen by Belle In 2003 Phys. Rev. Lett. 91, 262001 (2003)
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Observation of a Narrow Charmoniumlike State in Exclusive B* — K= @ o~ J /i Decays

[

]

Expected quark contentlgi9 0]
Internal structure is still
under discussion
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Exotic zoo

4800
T O Not a very strict naming scheme
s — g XEs0 . » X i neutral, first seen in B-meson
HOET S e decays, positive parity
[ VEDN oS =@y s : . .
R00E_ oo a0 e 2Y : neutral, first seen in ee
o qr{S'E;) u\\\\ ,i;' R / ) / e, o . . . . . .,
1000 .‘_wmﬂﬂ L L o =700 DA annihilation with initial state
i o quiilD) —rlz‘.._ X(‘J’glf),_g;’ﬁwg?z)_’ / HJJE}D)_I)U* rad|at|0n, negatlve parlty
3800 TS @ R / i pp 7 Z:charged (and their isospin
3600 | o  apy el partners)
: v R 1P » P : pentaquarks
3400 L =
3200f , . A s a oA
: ¢Charmoniumf A 1 S¢ adl S No clear pattern seen yet
3000 S.Olsen, T.Skwarnicki, D.Zieminskev. Mod. Phys. 90, 15003 (2018)
o 1T 1Y o™ 1 2% 27 &other
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Theoretical models

O Lots of predictions within different theoretical models

Tightly bound - o Meson Hadro-
tetraquarks Diquark-onium molecules quarkonium

® @ @

© Not only to find new exotic hadrons, but also to determine their
guantum numbers
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JINST 3 (200808005

L H Cb d ete CtO r IIMPA 30 (2015)530022

O LHCD is a forward s
spectrometer suited for o
hadrons: ¢ — U

© Momentum resolution:
2 0.5% at 5 GeV, 1.0% at 200
GeV

O Excellent track and vertex
reconstruction

© Good particle-1D
separation
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Exotic hadrons
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L‘JL T H O LJIIf -” L Z arXiv:180907416

I Submitted to EPJC

O Understand pattern of @ states
@ oa@T1 seenbyBESII,andBellein®t ¢ %t © orw* -

© Charmonium-like charged stats: exotic

("l 14 ] 11 4 L]
O — accesses U other than p , that several w confirmed to
be
Z1Y(3900)  3886.6+24 281426 1t— etem a0+ (J/paT0) BESIII (92;101), Belle (88)
ete” = =0+ (DD*)*+0 BESIII (102}[103)
Z394020) 40241419 13+£5 1t (?) ete— 5 70 + (hewt0) BESIII (93; [104)
ete™ = % +(D*D*)*+:0 BESIII (105} (106)
Z+(4050) 4051123 g2t2l 77t B K+ (xeamh) Belle (107), BaBar (108)
Z+(4200) 4196135 370+ 2% 1T B K+ (J/yrt) Belle (51)
B — K+ (¢/'nt) LHCbD (46)
Z+(4250) 4248195 177532 " B K+ (xeanh) Belle (107), BaBar (108)
7T (4430) 4477 +20 181 +31 1T B K+ @' nT) Belle (45;(109;(110), LHCb (46} [111)
B — K+ (Jynt) Belle (51)
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https://arxiv.org/abs/1809.07416

H O LJMI: -” L Z Signal arXiv:180907416

Submitted to EPJC

O L=4.7fA including Run-1 + Run-2 (2011-2016) data
O Multi-stage signal/bkg separation fitsin d (N0ND “ ) and & (NN
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0 i 1], Sahet pnntasas oo sns ~
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https://arxiv.org/abs/1809.07416
https://arxiv.org/abs/1809.07416

| ©tr & Z 2D mass fit

O Unlike narrow y
O2Dfitina (AAD “ ) and & (AAD

arxXiv:180907416
Submitted to EPJC

h ¢ 3 - hasax 32 MeV

O Dalitz analysis: 0°r e s 0 n a nrorerssorant V* and NHIS-waves
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https://arxiv.org/abs/1809.07416
https://arxiv.org/abs/1809.07416

Submitted to EPJC

Evidence for an exotic == ani 100007816

© Good description in all variables after adding an exotic 4 component

I T | T
2 b © iﬁﬂLHCb_ﬁ 2 b © *#ﬂLHCb
— ] =) - >
L 120:— 2 ND 120:_ = .
g 100 ' ++ W 1 3 oop
g sof bt £ ®f
2 60F T 60F
< - I -
O 40F O 40

20 20F

005 —2{"” T E— 05— :

m(n (1S)77) [GeV] m(ﬂ (18)7°) [GGV]

Ow 1t prnmy p significance is 3.4, after considering systematics
© Only 1.2, difference with alternative 0 11 assignment
© Mass a TTw@En MeV,3 pucguy MeV
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Search for beauty teraquarks: =y 4y

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

© Theoretical prediction:
> Mass within [18.4, 18.8] GeV,, 6 (& & X pfb
> Typically below — — threshold: could decay to & & (& G )

> Lattice QCD calculation do not find evidence for this state Phys. Rev. D97 (2018) 054505

. x10° e —
%1200:— f 3
2 1000 F t I;:{:C%) 3 13TevV LHCDb search:
S soof \ 30 Lpo L JHH , wherel {0 HH
g 600 \ 4 U Mass range : 17.520.0 GeV
S 40f \ 1 0 Runl + Rur2 data
Lc)% 200: \ -
0

9000 10000 11000
m(ut-) [MeV/c?]
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https://link.springer.com/article/10.1007/JHEP10(2018)086

Search for beauty teraquarks: =y 4y

JHEP 10 (2018) 086

O Cut-based selection, with O mass veto
O & p "Yyields after selection ( ¢®, region): ~@ pm
© No significant excess is seen in data, upper limit are set

] A S R S ~ B L B B B B
RA: 1 = I Obs. 95% CL limit i
% 20 E | LHCb | ~ | (5278, 13Tev T Exp. 95% CL limit, median i
2 18 E . I : \§ = 7, 8, 3TeV a - Exp. (68.3%)
8 16 ? l : — — threshold S: 10% Exp. (95.6%) =
— 144 : . s E
= 12 3 : ;' T i wp "Wwp “Mhresholc ] ;
|3 12 i;; | ‘ ’ Backgrounebnly fit S:i ]
5 SHt e <
% 6 i! " LT 114 =ij 3 H] Q
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5 o MOt Ly l X w0f

b i 1 13 &2 L S Y e Lo Ei -

©

P B P R R
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Y mQu2u7) [MeV/c?] p# [MeVic?]

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

2L JLMeasurements

r 1r
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Studies of © by SELEX experiment

© SELEX (Fermilab E781) claimed observation of 2. . 2k == B

1
O Qu “ and® ©O RO v decays
» Short lifetime: 1 ) o ds @90% CL, but not zero -
@)
» Large production: Y () Dgmnb %
» Mass (combined): c v &Y p& MeV .
JL AL
©Qu0u “ PRL89(2002) 112001 ©°nOvuv PLB 628 (2005) 18 o
% S T || e
26 Yield: 15.9 P | o
: 4 || Yield: 5.62
- 1 M n I ﬂ
| HF[ tH r"h I No confirmation from other experiment#
0 | | |

. 342 347 352 357 362 OZJUUUH UU H\_H_H_‘ HL
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Observation of 2L AL

1 Phys. Rev. Lett. 119, 112001 (2017)

O ¢1n0 etk Z Z observed by LHCb using 2016 data

r 1r T

S . . . NU __' | ! ! ' ' | | -
» Signal yield: 313 + 33 > 1235 LHCb 13 TeV :
. N = OUF E
+ Local significance > 12 &~ 140F +¥a:al 3
- " — ] Ota -
8 120F .S =
- : . e mp gnal ‘ .
> Decaying only via weak £ io0f - Backgrouna | | | .
interaction S 80F ! '
© S ooy dut, o ot S
40T 4 f =
GPGE 20 :

C e e L

2L L 3500 3600 3700
m_, (5 [MeV/c?

8 8 (1"JH18 (16)17 8 (e)E " Hify
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.112001

Phys. Rev. Lett. 121, 052002 (2018)

2L %Ilfetlme

O Inconsistent with zero in the observation paper

O A lifetime measurement is critical:
» To confirm it is a weak decay
» Necessary ingredient for theoretical prediction of BR
» Important information for experimental exploration of -

2 To test vari redictions from QCD model
0 test various predictions from Q Phys. Rev. Lett. 119, 112001 (2017)

Decay time measurement:

NU
% :_ LHCb 8 TE:V .
u 7] 4L = - t/0,>5
T 40 - —+ Data .
VV‘TI JL) - 1 AL e [ —Total ]
r r ] 2 : ]
] JIIF p— oy L Signal ]
I 2 30 . --Background ]

o

E 20
; L i
: %\& 1o} ;
1 1 L L 1 I I L
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2018/12/21

Exotic and doubly heavy baryons at L

s

m, (Z55) [MeV/e?]


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.112001
http://arxiv.org/pdf/1806.02744

Mass fit

O Signal: Double-sided Crystal-Ball + Gaussian
© Background: 2" order Chebychev

a | | I
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Phys. Rev. Lett. 121, 052002 (2018)

Yields: (2016)
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http://arxiv.org/pdf/1806.02744

Lifetime fit

Phys. Rev. Lett. 121, 052002 (2018)
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http://arxiv.org/pdf/1806.02744

F-S. Yu et al., Chin. Phys4€, 0510012018

O
Search for O QU

O 2L %0 °.Z, 1 o0ne of the best channels to confirm

>0Y O “ )X uwp P  prediction
> oYQ o U “  ~(6.35%), Measurement
oY °nvuv “ ~(2%) Prediction

» Fewer tracks (4 tracks) A higher efficiency

C
c—s — s Qe
u
W}\C bt
a! I
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Mass fit

O Signal: Double-Sided Crystal-Ball + Gaussian
O Background: Exponential function

b Z ) 0

@) D (‘
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http://arxiv.org/abs/1806.10793

©
M easu red resu ItS Phys. Rev. Lett. 121, 162002 (2018) %

© The measured 2. .mass is (with ¢..Z  channel): )
8 8 (v<9|=<8 (Ve w8 (s1) E "Hiff

Confirm previoud HClobservation of 2. i

=+t =gt t
e —AKTTW

O Ratio of branching fraction is defined as

Pt mtat
Eit=En

B(Zi+ — =rnt) B(EF — pK-n)

= LHCb —>—— Combined
B(E{ = AFK-—ntnt) * B(Af — pK-—7t) e 4. Oml mel L
N(EfnT) e(AF K ntnt) 3618 3620 3622 3624
T N(AFK-7txt)  e(Erwt) M(EL") [MeV/c?]
> 8 8 (V448 (Vi <

» consistent with prediction
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http://arxiv.org/abs/1806.10793

Summary

© LHCDb detector is designed for the heavy flavour physics

O The exotic studies sector is rapidly developing
> Many new states confirmed, or waiting for confirmation
» Still a large area for studies: both experimental and theoretical sides

O LHCDb has made significant progresses in the study of:

» [PRL 119, 112001 (2007)]: Discovery of

» [PRL 121, 162002 (2018)]: Confirmation of the discovery of © using = “ channel
» [PRL 121, 052002 (2018)]: Measurement of lifetimedlong lifetime as expected

Stay tuned for newresults!
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Integrated Recorded Luminosity (1/fb)

LHCb integrated luminosity
A 2018 2012

2016 {55 TEV}' 1674 | ....................................................................
2015 (6.5 TeV): 0.33 /b 5 :
2012 (4.0 TeV): 2.08 /b
2011 (3.5 TeV): 1.11 /b
2010 (3.5 TeV): 0.04 /fb

71 T — y

n
{.-:

N
I

P

—
o2}

] E— I —
Y I 5

Y E— .............................. 4 S 2015
ol s —— SRS

j_
R’Iar

Month of year
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Comput Phys.Commun 208(2016) 3542

LH Cb trlgger Int. J. Mod. Phys. A 30, 1530022 (2015)

© Run real-time alignment and calibration of
~> <) >

. <~ | the detector
L0 Hardware Trigger : 1 MHz | - i )
[readout, high Er/Pr signatures | © Data buffered out of first software trigger
|
|

I I stage

.5 5> . L% © Second software trigger runs
t Software High Level Trigger asynCh ronOUS|y
[ displaced tracke/vertices and dimuons | - : . .
— O Permits Turbo real-time analysis strategy

Butter Svents to disk perfomm online © | » Candidates reconstructed at the trigger level
t . | saved directly for offline analysis + (online
[F"':,:rr,'z'.':;:f,te;::f:i:.z':.s*:z':.;;z::"fej alignment and calibration)

va O < -
¢cKS FTANRG (g2 Fyrteasa 27 (2RI 8
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Weakly decaying -flavoured pentaquarks

PRD 97 (2018) 03201

O Skyrme model. heavy quarks give tightly bound pentaguarks

I

b < b
+ Jd Q‘Sl K + S }
R [ R oS
O Search for mass peaks below strong decay threshold

Mode Quark content Decay mode Search window

I bduud Pgop — JWKtr—p  4668-6220 MeV

I1 buudd Pro, = JJPK n"p  4668-5760 MeV

111 bduud PIO = JW K ntp  4668-5760 MeV

IV bsuud P+ — Jhpp 5055-6305 MeV

O Upper limit on production ratio, g6 wrt Q © O 0 n
o(pp = PpX) - B(Pg — J/i X)

R =
o(pp — AX) - B(A) — Jhb K—p)

2018/12/21 Exotic and doubly heavy baryons at LHCb

PLB 590(2004) 185
PLB586(2004)337:
PLB331(1994)362
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.032010
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Weakly decaying -flavoured pentaquarks

© No evidence for signal, 90%
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PRD 97 (2018) 03201

pper limits are set for the ratio
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.032010

Hadron spectroscopy @ LHCDb

1010 /\ 1(()6 P(cj* -)J/\I)Jp 1010 BC 1040 Ebe
A\, decays 108 X(3872)>) /1T
1010 B (Prompt) | 10° Q.. |
10" 10 10 300
L | : 1 1 L1 11 I |
"Run3 |Runé Run 5
I T T | T 111 I I
10° 300
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Integrated Luminosity [fb™]

..to be continued
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Search for dibaryon state PHYS. LETT. B784 (2018) 10!

O A dibaryon state [w [ ’Il_b Q6 Qcould be produced in ¥ decays

to final state ¥ “ NNI L wmaiani, et al. PLB 750 (2015) 37 < }
{d

wW—
Ve - d LD+ +
O LHCb has discovered the b —» CiDE— Atmp
T D Ag{ U > F Uu
decayy © v “ nnl . —
~_ S e — ~ T T — T 7]
t;j 200:_ LHCb ¢ Data E ‘; C 0 LHCDb 1
g R (a) — Total § oE Ec E
150 | C ¢ Data
3 - C 30 :— — Total —:
E 100 F E F [ g0 Bgckground ]
ks i s 20p - D AYT T ]
3 i 5 | IOSAT ]
g S0 S 10F -
o @) N ]
0 e e 0 -
5550 5600 5650 5700 2700
m(A ppr 7)) [MeV/c?] m(Al 7z 7)) [MeV/c?]
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https://arxiv.org/pdf/1804.09617.pdf

Search for dibaryon state PHYS. LETT. B784 (2018) 10!

© Ratio of branching fractions

B(Ay — Afppr)
B(A) — Atm—)

= 0.0540 %= 0.0023 = 0.0032

© No obvious dibaryon peakina ¥ “ 1 spectra
s e T Twel I8 [
% 40:_(21) +Slmu]ati0nH {‘H *HJIH_ = W[ (b) ] % 10_—(0) i -
R I BRI TR BTl
Z 20p ?HHH *f S0 b, .)Jd W : S J* +H ”w M |
B LI I A SR
0 ;,+-+;:+:¥D‘#+ijﬂ i i o bt ++ | bl ] 0 ‘* E*Hﬂl}{“ m Fﬂ
3500 4000 4500 3500 4000 4500 3500 4000 4500
m(A 7 p) [MeV/ec?] m(A 7 p) [MeV/c?] m(AI T p) [MeV/ec?]
All signals 1L region signals I region signals
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https://arxiv.org/pdf/1804.09617.pdf

SELEX result in tension with predictions

© Models to determine masses of ground state and excitations:
¥ (non-) relativistic QCD potential models, triple harmonic-oscillator potential model,

QCD sum rules, bag model or quark model -
»Predicted © " masses in range 8 8 GeV,
*Masses of ™ and’ only differ by a few MeV due to 0hiQ symmetry
> 30— 71— 1 T 1T 1
g Predicted Z,. " mass O - Q%If J,F
V11| e B -
E L - - O E
3650 - O - 0 m - 0
o 0 = .
3600 7 ° ST og =
N 00 ]
3550) _ SELEXf oo D _:
E___D_—D———-D-—D———E-
3500 - - - - s =
- u O O .
3450 | (TR TR TR TR (NN SN TR SO TN Y NN MO SN TN SN SN SN NN W N S
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No confirmation from other experiments

O Fixed target: FOCUS (Fermilab E831) Nucl.Phys Proc. Suppl. 115 (2003B

» Studies charm hadrons produced in photon-nuclear fixed target
collisions

O Electron colliders: Babar, Belle Basar: PRD 72006)011103 Belle: PRI97 (2006) 162001
» Large Q vyields, 0.6 (0.8) M at Babar (Belle)

JHEP 122013) 090

© Hadron Collider: LHCb . — " ﬂ

e

o 12 LHCb d ; lllll 1008 —150% 2'50fs;
Z wf  SELEXH EN o ]
i I E Z 10° :
= C ] S - ]
£ °F | | I N A NI
g JM Ml
{ AT e
W R BT
400 500 600 700 800 s 400 600 200
om [MeV/c“] dm [MeV/c?]
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Selections

@ ,x, O ')]L‘) 1
»n H tracks: positive particle ID, not produced from primary vertices
¥ : good vertex quality, separated from primary vertices

*nR K tracks and ¥ have large n

O Multivariate Selection: 10}

NQ 45 = ILH(IZb Fl’relilminlaryl l |
. @ @ . e @ % E 2016 Prescaled data
h ©Owv ¥ (© nu ) 2 A0F A—pK
o 35E Signal: 6 million
S -
g 30 - p 1t klata for plot
5 25F
< =
vhg 5 2
< > S I5F
S o < -
DVQ S 10k
5
PV ¢@ ™ fully reconstructed
0O Al . 2260 2280 2300 2320
¥ nu signaldecays oK 7t mass [MeV/c?]
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Mass spectrum

© A significant structure In right sign (RS) combinations
© Not present in wrong sign (WS) combinations

© Not observed for ¥ background candidates

© Distributions similar except the peak in RS

‘:"9‘350:'"'I""I""l""l""—: c:ggo():_
= - LHCb 13 TeV ] >
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o - —DataRS 1 o 700E
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Mass fitting

© Signalyield:cp oo o
© Resolution: g 1@ MeV, consistent with simulated value
© Local significance p ¢ ,

o0
()

100 ---Background

80
60

' | ! ! ! ' | T . ! | ! ! ' ! [ :

I80F 1 HCb 13 TeV E 140F LHCb 13 TeV .
160 3 120 t/o,>5 3
~+ Data . —+ Data ]

140 — Total E — Total E
120 ... Signal [V v 9 2 F Signal .

---Background + .

Candidates per 5 MeV/c?
o =
S S

Candidates per 5 MeV/c?
||||||||||||||||I||||||

N
o

40 ; ]
20 | 200 i E
0 - ] 1 n 1 1 | 1 1 n L | ! 0 [ l 1 1 L TR | F 1 | L 7

3500 3600 3700 3500 3600 3700
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p ¢ ,after requiringo v, .
2018/12/21 Exotic and doubly heavy baryons at LHC |t IS indeed a weak decay. 37



Compared with SELEX results

O Large mass difference: a0 o O 0 cgex P TTOC

MeV
? Inconsistent with being isospin partners

O Production: 0 f 70 ¥ much smaller in LHCb result

N2350_— """""" e
> C

D - 3
= 300E n
= 250F =
g "

@ 200F I

B - +
S 150F SELEX| e

g " ]
8 100E s E
- _4—.4. -

- AT .
50: T -

30300 3400 3500 3600 3700 3800
M. {Xce ) [MeV/c?
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Analysis strategy

© Same data sample, event selection as previous = observation

» Specific trigger requirement to simplify trigger efficiency determination
» Signal yields (2016): 313 A 304

© Measure decay time distribution relative to T °C ez Z Z
» Acceptance correction based on MC

© Weighted unbinned maximum likelihood fit (sFit) v.xie arxiv:0905.072

’ ( | 4)
oL L W

.QJLJL < lg < 7 L] V\@HF

TIr 1

%


https://arxiv.org/abs/0905.0724

o . N
Predictions: long lived 2. od @e

© Predicted W< . in range of [0.20, 1.05] ps hat )
2 Diguark model, effective constituent model, NRQCD potential model,
harmonic oscillator model
» Significant non-spectator contribution from Pauli-Interference diagrams
TF -exchange Paultinterference
c v c c d c
d ( U

®)
Vg Wy
2 Destructive Pauli interference In decays
» w -exchange between wand Qquarks only in ©  decays
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Lifetime fit G

| -
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ar

Candidates / (0.095 ps)

IO.SIIII'IIIIII.SIIII-Z
Decay time [ps]

2018/12/21 Exotic and doubly heavy baryons at LHCb 41



Systematic Uncertainty

© BInning:

Source Uncertainty (ps) N _ _

Signal and background mass models 0.005 Systematics dl_Je to bmn_ed
Correlation of mass and decay-time 0.004 acceptance estimated with pseUdO
Binning 0.001 experiments

Data-simulation differences 0.004 O Resonant:

Resonant structure of decays 0.011 \ _ o o0
Hardware trigger threshold 0.002 i We[ght MC to match v (U )
Simulated =11 lifetime 0.002 (for ), and

AP lifetime uncertainty 0.001 oC¢ ") (for Q ) distributions
Sum in quadrature 0.014 In data

Measured results: (%L 1) 8 S CIIHT8 (16T

i
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Cross-checks and Results

O Various cross-checks had been done: no evidence of other effects
» Charge: ©  vs."®
> Magnet polarities: Down vs. Up
> Number of PV

O Binned ... fit: consistent with nominal result

© Q lifetime using simulation-based acceptance correction,
consistent with PDG Value

. . . ©
Confirmation of exwith 2.1z channel

First measurement ok. ilifetime: weakly decay %

QL AL
T ar



F-S. Yu et al., Chin. Phys4€, 0510012018

2.7, Prediction

Tet+
B(:jj—:»:j?ﬁ)z( —cc )><7.2%.

B(Z —-pK 7n")=(2.24+0.8)%.

as B(ErQ — pK )/B(E;r — pK—ntt) = 0.544+0.10 [33].
Besides, the relation A(Z — pK*O) = A(Af — TK*?)
holds under U-spin symmetry. With the measurement

of B(AF — X+tK*%) =(0.36+0.10)% [34], the branching

'—‘++ S T_(‘i‘*‘ ~
BEL -5 (2455)K ) = (oo ) x (38 24.6)%(, |
11
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Signal and control channels

O Signalchannel: © © ° “ [ with® © Ru
© Control channels:
> 0Qou “ " ,withQ ©nu *
Py OQ v xy OQ" withQ O nfu “
» ¥ data is used to calibrate trigger efficiency, and life time measurement

o 1O L Z Z QiF(O — Z )

rar

Signalcchannel Control channel
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Event selection

O Hadron trigger: hardware trigger (nh) i), and high level software
trigger ()

O Final state hadrons, =kl-1Z: particle ID, not produced from primary
vertex (PV)

© @ or ¢u: good vertex quality, separated from PV

O Multivariate selector is used to further suppress the backgrounds
» n , decay angle, vertex fitting quality, IP ..., flight distance

As a followup analysis oferu© @l Z Z h

O 21z has similar selection cuts

as in previous analysis.
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Mass measurement

© The measured 2. .mass is (with 2.2 channel):

> 8 8(v<9|=<8(n y48($JL)EHJ”|=
O Consistentwith® O Qu “ “ result:

Yo @m T Qi 0Xyomg XOUO G (v )- ABA
© Combined results:

o @p T Wi 0o (O U @& BA

QUL JL
rar

R + =gt gt
e —ATKTTTT

(@]

@}

Confirm previoud HCtobservation of 2. .

LHCb °

mHt . mt gt
Lo 72T

Combined

3618 3620
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M(ZLT) [MeV/c?]

47



: : ©
Branching fraction measurement S

© The ratio of branching fraction is defined as: LA

B(=ZfH — =fn™) S
B(=i+t - A K—ntnt)  B(AF — pK—nt)
N(Zrn™) e(AFTK—7mrr™)

N(AFK-m+at)  e(Efrt)

R:

No direct branching fractioommeasurement
of e1 O wadt Z from experiments.

© Measure the signal yields and efficiency for each channel

O 8 8 (vakt <48 (Vi <
» Consistent with prediction
2018/12/21 x F-S. Yu et al., Chin. Phys. C 42051001 (2018 48



Uncertainty

e © euZ channel
T i

With limited statistics of both signal and control samples, the
dominated uncertainty is statistical uncertainty (1.5 MeV, 0.009)
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