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Motivation

O =X *(ccu): Observed by the LHCb experiment in 2017 using 2} - AT K~ n*n™
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O To date, no baryons containing one b and one c quark, or two b quarks,
have been observed experimentally. An observation would enrich our
knowledge of baryon spectroscopy and improve our understanding of the
quark structure inside baryons.
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LHCb detector

[JINST 3 (2008) S08005]
O Advantages [Int. J. Mod. Phys. A30(2015) 1530022]

Good particle identification (Muon station & RICHes)

Excellent vertex resolution

Dedicated to precision study of b/c-hadrons
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Tracking System
Ap/p = 0.4%@5 GeV/c
to 0.6%@100 GeV/c

Muon System
e(u-p) ~97%
m — pmis-id: 1 ~ 3%

LHCD detector LHCD integrated luminosity
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Previous result from LHCDb

O First search for Z). —» DpK~ in run2 (2016+2017+2018) data

A9 - DK~ candidates (2018) Ep. candidates
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https://doi.org/10.1007/JHEP11(2020)095

Searching for 2. and Ep. in At~ and E}f ™ decays

O Theory predicts for Zp. and QP

Mass Lifetime Production cross- | Branching fractions
section
Egc [6700,7200]MeV /c? 0.09 — 0.28ps 19 — 39nb ~1077
Qgc about 100 MeV heavier than Ep. 0.22ps ~40nb ~10~7

O Examples Feynman diagram
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Searching for 2). and Ep. in Afn~ and Ef 7t~ decays

O Analysis strategy (Blinded analysis)

> Event selection of Z). — Afn~,Ep. — Efm~candidates in run2

(2016+2017+2018) data
» Multivariate selector to suppress combinatorial background

Simulation as signal, data upper sideband as background

» Open signal window
v' > 30 signal: mass measurement

v' Otherwise: set upper limit on the BR
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Searching for 2). and Ep. in Afn~ and Ef 7t~ decays

ClEvent selection
> Pre-selection

* Tracks:
« good quality, inconsistent with originating from any PV in the event
« \Vertex:
» The tracks must also form a common vertex of good fit quality
« A (E}) mass windows:
« The AL (E}) candidate is required to have an invariant mass in the range 2271—
2301 MeV/c? (2450 —2488 MeV/c?),
« corresponding to approximately six times the A*(E}) mass resolution, and to be
inconsistent with originating from any PV

» Particle misidentification background

¢ K~K* [1014,1024]MeV /c?
K ntmt [1869,1875]MeV/c?
+mM+
D™(Ds) e [1860,1874]MeV/c? and
K™K'm [1962,1976]MeV /2
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Searching for 2). and Ep. in Afn~ and Ef 7t~ decays

1 Multivariate selection(MVA)

> 23 input variables: similar to £} — Efn* analysis, but we add four PID

variables(after PID resamping)

23 training variables:
Jz2 of A./E! daughters (P.K.7)to its PV
log(PT) of A./E! dauters (P.K.x)
V23 of AU/E! toits PV
log(PT) of A./E:
Jx2, of AL/E! from its PV
X/ ndf of the AL/Z! vertex fit
V7 of Ewdaughters 7 to its PV
Jz2 of 8, toits PV /3 /i, among the daughters (P.K,m AL/Er-7x) of =
log(PT) of E,, daughters
cos'(DIRA of the E, to its PV/T
Xow!ndf of the Ey. vertex fit (non-DTF)
2’ of the Ei.vertex fit (DTF,with PV constraint)
PID of each final track
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Searching for 2). and Ep. in Afn~ and Ef 7t~ decays

C0MVA performance

At~ hera
c bl
TMVA overtraining check for classifier: BDT
3 a5 HE] signal (tbst sample) | '« Signal (training sample) | 5 45 i‘ Signal (test sample) | '+ Signal (trhining'sample)
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Searching for 2). and Ep. in Afn~ and Ef 7t~ decays

1 Punzi figure of merit (FoM)

» The FOM is used to quantify the performance of the selectors and to choose a working
point

» The FOM is defined as :

g(t)
F(t) = -—=—
(®) %+ B(t)
v a =5

v' &(t) from signal MC
v' B(t) extrapolated from sideband

» Optimization results: BDT is the best

T e e o

Aim~ 0.2370 0.46+0.01 0.97+0.01

52-7'[_ 0.2760 0.52+0.02 0.51+0.01

2021/11/25 CCNU 10




Searching for 2). and Ep. in Afn~ and Ef 7t~ decays

O Signal channels
Invariant mass distributions of selected (left) 0).(Z5,.) —» Az~ and (right)
Q).(Ep.) = C T candldates W|th results of the background only fit (blue solid line)
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O Control channels
Invariant mass distributions of (left) A) — A¥ (- pK~n™)m~ and (right)
E) - EF (> pK~ n*)n candidates with the fit results overlaid (blue solid line)
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Searching for 2). and Ep. in Afn~ and Ef 7t~ decays

OSystematic uncertainty

Fit model: signal: double-sided CB -> Ipatia function
background: double exponential -> first-order polynomial function

Size of simulated samples: track detection efficiency largely cancel, the uncertainty due to limited size of simulation samples
Particle identification efficiency: bins of particle momentum, pseudorapidity, and track multiplicity using control channels in the data

Mass resolution: ZF mass resolution difference between data and simulation.

Simulation model: BDT response correction and the kinematic modeling of the simulated control samples

Xf» simulation: mismatch between the data and simulation, studied in the previous Z2. — D®pK= analysis to be 5%.

oA HhoEr
Fit model 0.1% 0.9%
Size of simulated samples 1.6% 0.7%
Particle identification efficiency 1.7% 2.1%
Mass resolution <0.1% 0.2%
Simulation model 1.6% 3.0%
)(%P simulation 5.0% 5.0%
Total 5.7% 6.3%
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https://link.springer.com/article/10.1007%2FJHEP11%282020%29095

Searching for 2). and Ep. in Afn~ and Ef 7t~ decays

OR

esult

> The first search for the doubly heavy 27, baryon

> No 29, and Z}. signal in run2(2016+2017+2018) data
» Using CLs method to set upper limits on:

RNt

L.
o
=~

< 0.35

Upper Limit on R at 95% C
o o
—_ 92w ©
W b 'S

—
Yt

3EVs=13TeV

0.05F
ob

o(pp - Hp.X)B(Hp,

- AJgﬂ‘)

-y =

107

a(pp - NAX)B(AY - Atr—)

- Obsen ed CLs(O 2ps)
—e— Observed CLs(0.3ps)
—e— Observed CLs(0.4ps)
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—LHCb 5.2fb "

L | L ! L | L : ) 1 !
6800 7000 7200

m(Z),,Q).) [MeV/c?]
Upper limit range: 0.5x107% — 2.5x107* [R(Af7 )]
— 6.9x1073 [R(EF )]

1.4%x1073

2021/11/25

R(EITT) =

o(pp - Hl(J)CX)B(HgC - &

o(pp = EpX)B(E)

fiducial region: 2. 0<y<4 5 & 2<pr<20 GeV/c
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[CHIN. PHYS. C 45 093002]
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https://iopscience.iop.org/article/10.1088/1674-1137/ac0c70

Summary

OThe first search for the doubly heavy baryon Qp. and a search

for the baryon Ep. decaying to Afn™ and Zfn~ in run2
(2016+2017+2018) data

»No signal

»Using CLs method to set upper limits:
0.5x107* — 2.4x10~* (ED.(Qp )~ A¥m™)
1.4x107% — 6.9x1073 (ED.(QY,) » Ef ™)

OWith LHCb upgrade (50 fb~1) & upgrade-Il (300 fb™1),
more exciting results are coming.

> B, > JJWE?

=+ =++

Thanks for your attention!
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Back up
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BDT check using Ep or A}, channel

s-weighted data

— I l : —— 0.035F L =
004 i : - ey 5
0.035 F- ﬂ*}, t | 0.03F & H =
E e by = E 4t + =
0.03F 0 .- - 0.025 - " i + =
- +* + ] - control_data Mol + 1
- control_data + + = g i : 3
0.025 3 i S e = 0.02 F F—— ;f + o
02 E control_MC v 4 oo ] - ity CONrOL Mu.X . + 7. ]
0:02%% g Py E 0.015 - + =
0.015 P o - - & + .
i £ %, © 0.01F o oS
0.0l :_ PO L & o o ‘*++' 5 =
= o i = — b +,
0.005 £ T -2 3 0005 £ it *
0 - ..n;m°::: I T T~ 0 ettt f G ¥ 4§ § & s

-0.2 0 0.2 0.4 0.2 0 02 0.4
MVA_BDT_response MVA_BDT _response

_ _resp

& o aln | Af o Aln | Ratio T

Before 0.57240.005 0.6831+0.003 1.19440.012 0.6184+0.002 0.7794+0.001 1.261+0.004
After  0.431+0.005 0.561+0.003 1.261+0.004 0.44240.002 0.5951+0.001 1.346+0.006

The BDT efficiencies in different channels before and after reweighting
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Efficiencies

=0 — AFm A — AFm— R
Acc 0.7981£0.0004 0.837240.0003 1.0490+0.0006
Reco 0.01814-0.0001 0.05434-0.0002 3.0040+0.0273
PID 0.935840.0022 0.929840.0010 0.9936+£0.0025
Track 0.962140.0017 0.9609+0.0008 0.9987+0.0020
LO 0.431240.0042 0.4107£0.0019 0.9524+0.0104
HLT1 and HLT?2 0.95824-0.0026 0.975140.0010 1.017640.0029
MC-Match (1./) 0.980040.0008 0.963140.0010 1.017640.0010
Total (5.48 £ 0.07) x 1073 (1.69 £ 0.01) x 1072 3.08£0.05
=) — Erw = — B R
Acc 0.7916+£0.0002 0.8288+0.0002 1.0470+0.0004
Reco 0.0290+0.0001 0.0810£0.0002 2.7930+0.0105
PID 0.9382+0.0009 0.9313+£0.0005 0.9926+0.0010
Track 0.963740.0007 0.9620+£0.0004 0.998340.0008
LO 0.402740.0018 0.3865+£0.0010 0.959740.0048
HLT1 and HLT?2 0.892040.0018 0.9498+0.0007 1.064940.0022
MC-Match (1./) 0.9659+£0.0007 0.9475+£0.0009 1.019440.0009
Total (772005 x 10% (2.33£0.08) x 10% _ 3.0240.02
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0

Efficiency dependence on the Z;,. mass

® Efficiencies with different £). mass hypotheses @ Fitted result with a polynomial

for 2. — A¥m function
Mass( MeV/c?) 6700 6800 6900 i
Acc 0.8016£0.0004 0.8001£0.0004 0.7981£0.0004 )] R —
Reco and Sel 0.0175£0.0001 0.017840.0001 0.018140.0001 & [ he 3 )
PID 0.9354£0.0022 0.934740.0022 0.9358-0.0022 .§ T p0=(0.59£1.16)x10 B
Track 0.9621£0.0017 0.9621£0.0017 0.9621£0.0017 S L pl=(7.09+1.67)x107 :
Lo 0.4315£0.0042 0.431740.0042 0.431240.0042 =0 )
HLT1 and HLT2  0.950340.0026 0.95830.0026 0.9582-0.0026 m 8t -
MC-Match (1./) 0.9800£0.0008 - ]
Total (533£0.07) x 10° (541 £0.07) x 10° (548 £ 0.07) x 103 6 _
Mass( MeV/c?) 7000 7100 7200 = .
Acc 0.7967-£0.0004 0.7931£0.0004 0.7920-£0.0004 4L .
Reco 0.01840.0001 0.018740.0001 0.0191£0.0001 - )
PID 0.9350£0.0020 0.9358-0.0020 0.9356£0.0020 L E
Track 0.9621£0.0017 0.9621£0.0017 0.9621£0.0017 B -
Lo 0.4317-£0.0042 0.4294-0.0042 0.427340.0042 - o
HLT1 and HLT2  0.95840.0026 0.958040.0026 0.958340.0026 0— 6‘8 — % — '2
MC-Match (1./) 0.0800=0.0008 : 5 :
Total (BB6E0.07) x 10 (B.61£0.07) x 10% (5.60 £ 0.07) x 103 = Mass(GeV)
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Efficiency dependence on the E}.. lifetimne

® Efficiencies with different E). lifetime

hypotheses for Ep. - Afn
Mass( MeV/c?) 100fs 200fs 300fs
Acc 0.7981£0.0004 0.798140.0004 0.798140.0004
Reco 0.0063=£0.0001 0.012640.0001 0.015940.0001
PID 0.9357£0.0095 0.9371£0.0038 0.9365£0.0026
Track 0.9645+0.0071 0.9632+0.0029 0.9625£0.0020
LO 0.5512£0.0188 0.480140.0076 0.448940.0052

HLT1 and HLT?2

0.8957+0.0016

0.935240.0054

0.9503£0.0034

MC-Match (1./)

0.9800£0.0008

Total

(229 £0.10) x 107*

(4.16 £ 0.09) x 102

(4.98 £0.08) x 102

Mass( MeV/c?)

400fs

500fs

Acc

Reco

PID

Track

Lo

HLT1 and HLT?2

0.7981+0.0004
0.0181+£0.0001
0.9358+0.0022
0.9621£0.0017
0.4312£0.0042
0.958240.0026

0.7981£0.0004
0.0196£0.0001
0.9352+0.0019
0.961840.0015
0.4203£0.0037
0.9630£0.0022

MC-Match (1./)

0.9800£0.0008

Total

(5.48 £ 0.07) x 1073

(5.81 £0.07) x 103

2021/11/25

® Fitted result with a polynomial

| | Efficiency
L. = 1 = < ft D
D D — L © W — W N D W

function
= p0=(2.24+0.96)x10" E
= pl=(7.76£2.64)x10” E
g.I....I....I....I....I.g
100 200 300 400 500
T(fs)




Upper limit: CLs

® Define signal range [6700,7300] MeV/c?

® After all cuts, fit lower and upper sideband data to
get background shape

® Use true data to calculate CLs

U(pp - '-‘ch)B(Hbc - AZ(_) p+K_T[+)TL' ) N(Hbc - A+7T ) E(A )

R(Aém™) = 0 0 0
o(pp > MJX)B(AY — Af(= p*K-mHm-)  N(A - Afn-) e(Eg,
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