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Doubly Heavy Baryons

Baryon spectroscopy is an important test for the Standard '
Model (SM)

Charm doubly heavy baryons predicted include: =.c*(dcc),
=cct*(ucc), and Qcc*(Scc)

Theoretical predictions of =.*+ mass are 3.5-3.7 GeV/c?
and expected to be close to =¢c*[1-6]

Theoretical predictions of =.c** lifetime are within the
150-1550 fs [7-12]

Bottom doubly heavy baryons: =pc, Quc, =bb, - . -
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CP violation, hadron
spectroscopy and rare
decays in b and ¢ quark
systems

2011 - 2012 -> Run |
(3.0 fh-1)

2015 - 2017 -> Run I
(3.5 fh-1)
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- Vertex Locator (vertex reconstruction)
e Impact parameter resolution: 20pm

e Decay time resolution: 45 fs (z}~1.5p
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LHCb

- Tracking system (particle reconstruction)
e ¢ Tracking ~ 96%

o 5p/p ~ 0.5%-1% (5-200 GeV)
e o(MB-cc) = 22MeV
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- Magnet
e Bending power: 4 Tm
e Reversable polarity
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LHCb

- RICH detectors (K/z/p separation)

o ¢(K = K) ~95%
e Mis-ID ¢ (z = K) ~5%
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LHCb

Magnet

g%W- Calorimeters

e LO
e Scintilating detectors
e |D and energy
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- Muon chambers
e Multi-Wire Proportional Chamber (MVWPC)
e MislD rates between 6.2% and 0.33 %
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SELEX experiment E.." measurement

' =il Edc 2 PDYK™ LB 628 (2005) 18
SELEX (Fermilab E781) PRL 89 (2002) 112001 cc 2P LB 628 (2005)

% pD' K
= 4 peak mass:

Qa5 3516 MeV || -
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collides high energy
hyperon beams (-,p)

with nuclear fixed

Events /2.5 [MeV/c?]

targets, dedicated to
study charm baryons

Observed =c.t+— Act K- 1t+ and =¢.+— p D+ K- decays

>

Signal yields: 15.9 and 5.62

Short lifetime: t=c¢c+ < 33 fs @90% CL, but not zero

Large production: exceeding theoretical predictions by ~20%

Mass (combined): 3518.7 = 1.7 MeV
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Other =E..f searches

Other experiments attempted
to confirm SELEX’s results,
but no confirmation was
obtained yet

FOCUS, BaBar, Belle and LHCb

LHCb new search ongoing,
with selection criteria and
methodology drastically
improved

Nevertheless, SELEX’s result
cannot be discarded
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Dataset, reconstruction and selection

2016 data (1.7fb-1)

=cctt— Nt K- TTHTTH [1 3]
Signal kinematical distributions taken from MC

Background distributions taken from wrong-sign Z¢c*+— Ac* K- TT+TT-
samples

First reconstruct A¢+— pK-1t+, then combine with K-tt+rt+
8
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Dataset, reconstruction and selection

H [0 Selection is performed in three steps:

Trigger (dedicated trigger line): Kinematical
constraints, PID, track and vertex quality

(1/N) dN/ dx

Preselection: Ghost probability, kinematical
constraints, vertex and PV refit quality

MVA: Kinematical constraints and Vertex MVA selector
refit quality




Mass fit

PRL 119 (2017) 112001
Observable:

m(Zcc**) = m(Act K %) — m(N\c*) + mepa(Ac*) LHCb 13 TeV

—+ Data
— Total

Gaussian + double sided crystal ball for
Sk

Chebychev Polynomial for background
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Signal yield: 313 = 33
Resolution: 6.6 = 0.8 MeV, consistent with e (EE (MeVICD
detector resolution

Local significance > 12¢

Me++ = 3621.40 £ 0.72(stat) £ 0.27(syst) = 0.14(A. ) MeV

Mass value consistent with theoretical range of predictions!

Not consistent with =..* SELEX measurement [Miuco(=cc**) - MseLex(=cct) = 102.7 MeV ]
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Additional tests

Multiple candidates: not creating fake narrow structure

Checking combinations of tracks from A¢+ and =¢c** : not
peaking

MVA efficiency as a function of mass: very smooth

Varying threshold value of MVA selector and using cut based
selection: structure stays significant

Varying particle ID selections: no peaking structure emerging
in WS combinations, structure stays in RS sample

Run | sample used as crosscheck: same structure seen
11
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Additional tests

N

LHCDb 13 TeV

—+ Data
— Total

Structure still significant
with t=¢c > 50

Candidates per 5 MeV/c?

Consistent with weak

decay N
3600

---Background + N

3700

—+ 4
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Future prospects

0 Mid-term
Searching for =cc.++ with more channels: =+¢z+, Actz*, pD+*K 7+

Measurement of the =..** lifetime

Measurement of the production cross-section

Searching for its isospin partner =.c* in a larger sample than the previous measurement
Searching for Qcc+
> Doubly heavy baryons with bottom quark: =n¢, Qbe, =bb

> The excited states?

[1 Long-Term:
> Confirming its spin-parity: 1/2+

> GP violation studies
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Conclusions

A significant structure consistent with =¢.++ was observed in
LHCb 2016 data

PRL 119, 112001 (2017)

Measured mass is consistent with theoretical range of
predictions, but not with SELEX =¢.* measurement

Many studies more to come!
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Systematic uncertainties

Source Value (MeV/c?)

Momentum-scale calibration 0.22
Selection bias correction 0.14

Unknown E* lifetime 0.06
Mass fit model 0.07

Sum of above in quadrature 0.27

A} mass uncertainty 0.14




