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Success of the constituent quark model %

. P 1t P 3t .
 Two SU(4) baryon 20-plets with | = > and | = 5 each contains

a SU(3) triplet with two charm quarks: Z.(ccd), E/ (ccu), Q. (ccs)

p 3t 1t .
v J¥ == states expected to decay to = states via
2 2

strong/electromagnetic interaction

1+ .
v P = - states decay weakly with a c quark transformed to

lighter quarks




Studies of Z.. by SELEX experiment

« SELEX (Fermilab E781) claimed observation of £/.(ccd) in
EX. > ATK ntand £}, » pDTK™ decays

v Short lifetime: 7(£%.) < 33 fs @90% CL, but not zero
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Studies of Z.. by SELEX experiment

« SELEX (Fermilab E781) claimed observation of £/.(ccd) in
EX. > ATK nt and £Y. - pDVYK ™ decays @
v’ Short lifetime: T(£}.) < 33 fs @90% CL, but not zero %

o(2¢)xBF(E¢.~At K th) op

~ 0)
oD 0%

v Mass (combined): 3518.7 + 1.7 MeV
v No confirmation from other experiments

v’ Large production: R =
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LHCb detector %

LHCDb is a forward spectrometer : 2 <n <5

Dedicated to precision study of b, c hadrons
Momentum resolution: 0.5% at 5 GeV, 1.0% at 200 GeV
Excellent track and vertex reconstruction

Good PID separation
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First Observation of

 AJK m™m™ identified as the most promising channe

CPC 42 (2018) 051001

First observed by LHCb

v =mtt

Ecc Mass measured:

—=++

—ce

u

3621.40 + 0.72(stat) + 0.27(syst) + 0.14(A}) MeV/c?
v’ Decaying only via weak interaction, mass peak remains after

lifetime cut, t > 50;
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Searching for £fF - Efm™ %
« ZtF - EYmT expected to have large BR, one of the best channels
to Conflrm EC"|'C+ CPC 42 (2018) 051001

vV BR(EXT > EXn™) ~0(1%) Prediction
v BR(A} - p*K~ ") —(6.23+0.33%) Measurement
v BR(E} - pTK~tt)~(2%) Prediction

v’ Fewer tracks (4 tracks) = higher efficiency
 Data sample: LHCb runll at+/s = 13TeV, ~1.7fb~1

v’ Dedicated exclusive trigger ensuring high efficiency, full event
reconstruction at trigger level

u > > u




Analysis strategy

Blinded analysis

« Event selection of Zfr* candidates, 2016 data

Multivariate selector to suppress combinatorial
background

v’ Simulation as signal, data upper sideband as background

* Open signal window

v' > 30 signal: mass measurement, ratio of branching
fraction

v Otherwise: upper limit setting



Candidate selection %

e E.c Cross-section much smaller(~x 107>) in pp collisions, expecting
large hadronic backgrounds

« Ef o pK m":
\/p, K—, ™" tracks: particle ID, not produced from primary vertex
vVES good vertex quallty, separated from primary vertices
v p,K~, " and Ef have large pr

Strongly suppressing the backgrounds

As a follow-up analysis of £/ - A7 K nwtnt,

EtT — Erm* has similar selection cuts

as in previous analysis.




Machine learning %

« El combined with PID-selected 7t™ tracks to form E¢; candidates

* Multivariate selector is used to further suppress the backgrounds
v Decay fit quality (Vertex fitting quality)
v EXT vertex separation from PV
v Kmematlcs of final states

* More sensitive to long lived particles

TMVA overtraining check for classifier: MLP

HI T signal (test sample) « Signal (training sample)

X

© 7
— 40 = P =
z @ Background (test sample) * Background (training sample) 3
P._ 35 EKolmogorov-Smirnov test: signal (background) probability = 0.002 (0.287) —:
= 4 .
_— -
T g =

25 72; s

] g

Z/ Jo

g e

20 -1

g

15 -3

b s

10 é &

1 @

5 é 3

=

0 %_ [P P | ) 1 i g
0 0.2 0.4 0.6 08 10 1

MLP response



Signal yield %

e Significant peak structure around 3620 MeV /c? observed

 Studying £ mass corrected mass:
Mcand :g_c-l_) — M( 4 +) M( +) + MPDG(
v’ Signal yields: 91 + 20
v’ Resolution: 6.454+0.1MeV, consistent with simulated value

v’ Local significance ~60
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Mass measurement

e Systematic uncertainties studied
* The mass is measured to be

m(E}X") = 3620.56 + 1.45 (stat) + 0.49 (syst) MeV/c?

Value consistent with most of theoretical calculations
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Mass Combination %

« Consistent with 527 - ATK "™ result:
3621.40 + 0.72 (stat) + 0.27 (syst) + 0.14 (AY) MeV/c?
« Combined result: 3621.25 + 0.65 (stat) + 0.31 (syst) MeV/c?
v Using BLUE method epic7a (2014) 3004
v Momentum scale and lifetime systematic uncertainties are
100% correlated between two channels
v Other systematic uncertainties are uncorrelated
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BR fraction measurement %

* The ratio of total BR fraction (R):

No direct branching fraction measurement
of £f - pK~m" from experiments.

o BEL S p K r)r)

B(Z— Af(—»ptK—nt)K-—ntat
BEL —Eirt) €

B(Zt+ — AT K-—ntnt)  B(Af — ptK—=nt)
N(Zfn™) e(ATK 7mrnT)

NATK-ntnt)  e(Efnt)

 Measure the signal yields and efficiency for each channel:
R =0.035+0.009 (stat) + 0.003 (syst)
Consistent with prediction ¢ 45 2018) 051001
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Summary %

« EXF > ErmTt is observed in the 2016 data sample
v" Signal yield: 91 + 20
v" Significance is about 6o
 The measured mass result is:
3620.56 + 1.45 (stat) + 0.49 (syst) MeV/c?
v' Good agreement with 22 - ATK~n 't result
3621.4 + 0.72 (stat) + 0.27 (syst) MeV/c?
 The measured relative BR fraction is :
B(E: " - Efm™) B(EZ »p'K™n")

X
B(EIF > AfK—ntnt) B(AL - p*tK—nt)

R =

=0.035 + 0.009 (stat) + 0.003 (syst)
« Published: PRL 121 (2018) 162002
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Back Up



Profile likelihood scan

O m(ErT) = 3620.66 + 1.45 (stat) MeV/c?
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Uncertainty

Source Mass [ MeV/¢?]  R(B) [%]
Momentum calibration 0.38 —
Selection bias correction 0.10 —
Fit model 0.05 5.2
Relative efficiency — 6.5
Simulation modelling — 1.2
Selection — 0.7
Sum in quadrature 0.40 8.9

* With limited statistics of both signal and control samples, the

dominated uncertainty is statistical uncertainty (1.5 MeV,
0.009)
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