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State of Charmed Baryon Spectroscopy

Many recently
observed new

states from
BELLE and
BABAR.

First
observations, J*,
BRs etc. of a
variety of =, 2
and Q)_ states.

C

Still many rich
avenues of
physics to be
investigated.
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Figure 1: The SU(4) multiplets of baryons containing u,d,s,c
guarks. Circled in blue is the =_*, which only SELEX has observed.

=cc !/

Circled in red are completely unobserved states. From PDG.
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Doubly Charmed Baryon Searches
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Figure 2: Searches for =_*-> A* K t* at SELEX (left) and BELLE (right). Searches at BELLE,
BABAR and FOCUS have failed to observe doubly charmed baryon production. From hep-
ex/0208014 and hep-ex/0605075v1 respectively.

* In 2002 SELEX claimed observation of =_*-> A_* K" t*(6.30), subsequently
claimed observation of =__*-> D* p* K" (4.80).

But no subsequent searches since then have found evidence of doubly
charmed production.
Production limits on o(=_*) x BR(Z_*-> A/ -> p* K 1t*) /o(A7) :

— BELLE: < 1.5 x10™*at 90% CL.

— BABAR:< 2.4 x 10™* at 95% CL.
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Doubly Charmed Baryon Searches

There also exists a strong discrepancy
between theory and SELEX results:
Theory M(=..*) = 3610 MeV/c?
SELEX M(=_.*) = 3518 + 1.7 MeV/c?

Theory t(=..*) = 0.07 = 0.20 ps
SELEX 7(=_*) < 0.033 ps at 90% C.L.

Predicted that 10~ of SELEX A_*s should
come from =_*s. They have measured 0.2
originate this way.

To my knowledge, neither CDF or DO

published any production cross section
limits for p-pbar environment.

Hopefully we can resolve this tension
between theory, SELEX and the non-
observations on LHCb.
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Figure 3: The SELEX observation of the
decay mode =_*->p* D* K. From hep-ex/
0406033.

Search for Doubly Charmed Baryons at
06/01/2011 LHCb - Stephen Ogilvy




N\t selection optimisation

* Daughter in dominant
decay mode in doubly
charmed baryons;
important to optimise for
a variety of analyses.

— Doubly Cabibbo Suppressed
mode
NS -> p* K* 1t has not been
observed (current BR
constrained at < 2.4 x 104).

— Potential for CPV in heavy
baryons. 2300 2350

M(AZ -=> p* K @*) (MeV)
* We have produced a first
selection and are moving
on to MVA to produce an
improved trigger for 2012.

LHCDb preliminary n=599.7+3
VE=7TeV u=2287.0 +

L = 14.9590nb c=5.8+0.4
P x¥/ndf = 0.83

3.2
0.3

Events /(6 MeV)
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Shamelessly stolen from the prompt charm
production internal note.
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Hybrid A" Optimisation

Hybrid Optimisation Cuts 1000

500

Mother Pt > 4.5GeV
End Vertex x> < 3

Dl > 0228l Shown above: massfit from signal MC from
Combination DOCA < 0.75mm 2.5M events. When weighted against an
Proton PIDp — PIDpi > 5 inclusive charm background and scaled up to full

2011 luminosity we expect a significance of
Kaon PIDK - PIDp| > 5 around 3500-

. . . A: - Kot mass fit Mass = 2287.459961 + 0.037807 MeV
* Hybrid analysis undertaken by using L o
) . 4500
/\C+ N p+ K— T[+ Slgnal MC WEIghtEd %l E é Peak Nsig = 23712.019531
. . . 000— Peak Nbkg = 4465.108398
against an inclusive charm = E ﬁ
3500
backgrou nd. 2 - 3 " S/0S = 133.770737
. éOOO :_ ': Number of true signal events = 33143
Undertook a series of rectangular i3 i
cuts to find a preliminary optimum 2000F B
selection. = '
1500—

1 | ], Lol I. 4 J-'I' | 1 1 1 ‘T’.L Lol l I I | | 1 ], L I_ Lalald
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JJJ

2%06 1 5220

All daughter track x? < 3
Daughter track Ghostprob < 0.5
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TMVA A" optimisation

Will be tricky to observe the
DCS At channel and the
we are currently looking

CC’

at MVA as an option for 2012.

Again use A_* signal MC and
incl. charm bkg.

Initial results encouraging,
MVA methods display greater
discrimination than cuts ->
definitely use MVA in offline

selection.

If the simpler MVA methods
can easily translate to
stripping/trigger may utilise a
Fisher discriminant, shown
bottom.
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Background rejection versus Signal efficiency

Background rejection
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=.c signal MC

Produced by Feng Zhang (Tsinghua) by interfacing genxicc2.0 to
Gauss. Prior to this could not generate double heavy quark baryons.

Still in early stages. We have:
— 100k =_*-> (A ->p* K ") K it events.
e BR~0.05, dominant mode.
— 30k =_*->(D*~> K mt* it*) p* K events.
— 40k =_*->(D%->K m*) p* K t* events.
Caveat: following slides are an offline selection only, have not gone
through trigger and stripping.

A speculative line for =_*-> (At -> p* K" t*) K" t* has been
operational since Stripping 13. Could we have anything in the 2011
data?
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t-> (NS> p* K tt) Kt Signal MC (100k events)

| Et.->(Af->p* K n*) K n* mass fit |

3140_

Apply very loose
selection to estimate
efficiencies.

+15MeV/c? At mass
window to suppress
reflections.

1t order Polynomial : I
ba C kg roun d & G auss | an 39350 3400 3450 3500 3550 = 3?1?253 (Me?;;SO
Signal [ Pull Distribution |

3F

Good agreement in MC
truth Nsig & fitted Nsig.

Approximately 0.51%
offline reconstruction o
and selection efficiency.
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= > (DY K t* it*) p* K signal MC (30k events)

=t s (D"' = K gt ﬂ;"') p"' K mass fit Mass = 3499.195068 = 0.758297 MeV
H H cc
W I d e n D+ m a SS W I n d OW Width = 7.929813 = 0.716272 MeV

to 100MeV/c?, same
loose selection.

)

Vv
IS
o

Whole Plot Nbkg = 242.850418 + 17.020233

Peak Nsig = 165.803055

35

Peak Nbkg = 41.284573

Fit ChiA2 = 1.817215

30

Approximately 0.44% 25
offline selection and 20
reconstruction 15

efficiency. 10 # f)
SELEX reports relative 5 M l%”ﬂ:dl IIH
3% & o la’l | Ll

50 3400 3450 3500 3550 3600 3650

B RS Of = Mass (MeV)

BR. __, ..
— Z=AKT _036+021
BRECC—>DpK

S/0S = 11.369287

Events /(3 Me

Number of true signal events = 132

[ Pull Distribution |

If accurate potentially MML ,
an important mode in '
our DCB searches.
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= *->(DY%-> K mt*) p* K mt* sighal MC (40k events)

—CC

* Not so promising channel,
approximate offline Xi_ccplus_M ]

reconstruction and selection oan” 3555
efficiency of 0.038%. h

However applying a + 50 MeV/c?
window on the D% mass results in

a very pure signal.

A RooPlot of "=, mass"

[
3300 3400 3500 3600 3700 3800
Xi_ccplus_M

A peak can be seen around 3.5GeV/c?
but the statistics are too low to permit a
decent fit.

Events /(4 MeV)
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Search for Doubly Charmed Baryons at
06/01/2011 LHCb - Stephen Ogilvy




=t (/\c+ ->pt K T[+) K-1t*in 2011 data

- CC

e Speculative

stripping code -
written pre-MC =Pt >2000MeV

= _* Vertex Chi? <30

—CC

has been =" Vertex Distance Chi? >16
running since =..' DIRA >0.999

Stripping 13. =..* Daughter K/t cuts (P>2.0%GeV) & (TRCHI2DOF<4.0) &
(PT>250.0*MeV) &

How many ECC+ -> (MIPCHI2DV(PRIMARY)>4.0)

NS K tmevents |ERIYEERWIERY 35004500MeV ~ <4500MeV
can we expect to B n/K/p PID ALL >-5 only for A >-5

. Child Vz — Parent Vz N/A >0.1mm
see in 2011
A Daughter cuts (P>2.0*GeV) & TRCHI2DOF<4

data? (TRCHI2DOF<4.0)

. A DIRA >0.98 >0.95
Apply trlgger and At Vertex Distance Chi? >9 >25

stripping to MC A Pt >1000MeV N/A
to estimate A.* DOCA <0.5mm N/A

yields.
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Outlook for 2011 data

* Plenty of theory
paperson =_*
production cross
section at LHC.

Should be of the — " C dronic =
— e dominant Feynman diagrams for hadronic =_*
order 107 =_*s . Y & <,
cc production at LHCb. k, , are gluon momenta, P is =
produced in LHCb momentum, q,, ., are c-bar momenta. From hep-ph/
acceptance in 2011. 0601032v1.

 Trigger and

seloction efficiency [T T BTN

. |t [ wnt | sl | wnts | sl | wuts |
studies underway to |y SRR VRN TR IRV
estimate how many | ESES) IFEIENETSN I TRRNEY N B TRNNET N
will have made it to

tape. Contributing subprocesses to cross sections for
hadronic =_* production, incorporating detector
acceptances. From hep-ph/0610205v3.
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Future work

 ASin2012...
Finalise optimisations.
Improve on trigger and stripping for 2012.

Begin optimisation for DCS decay mode, search in 2011 data.
Opportunities for CPV searches.

« = *in2012...
Full studies into existing trigger/stripping efficiencies.
Produce full sighal MC samples for doubly charmed baryons.
Begin selection optimisations and improve stripping.
Almost certainly will use MVA,
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