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Abstract

Recent results on observations, properties and decay modes of the charmed and
beauty baryons will be reviewed. Emphasiswill be placed on severa new high

mass states which include a cleanly- identified daughter L c+ baryon in data from
the SELEX experiment at Fermilab. These states are candidates for doubly-

charmed baryons. a XCC"""(ccu) state and a XCC"'(ccd) state. The candidates are

more than 5s signalsin each case at masses of 3780 and 3520 MeV respectively.

We have evidence of apionic transition from the XCC""" state to the XCC"'. We

present these first observations of doubly- charmed baryon states at BEACH
2002 for critical discussion and to find ways to confirm or refute the data.



Outline

' Recent beauty baryon results
No new reports since previous conference (2000)

' Recent charmed baryon results
New lifetime measurements (Lt , Xot, X0, We0)

New decay modes seen (Belle, Cleo, Focus)
Sergio Ratti' stalk from Focus on Wednesday
+ perhaps some |' ve missed

' Future Prospects

' SELEX - Have Doubly- charmed Baryon Been Discovered?
SELEX Experiment

Search method and results

some details

Problems with the interpretation as double- charmed baryons
conclusions



Heavy Quark State

Lifetimes
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New L ot Lifetime Measurements
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New X Lifetime Measurements

X; Lifetime Measurements

2 new measurements ~400 fsec
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New XCO and WCO Lifetime Measurements
* FOCUS will report two new preliminary measurement here:

XCO 118+ 13+ 5 fsec 110+ 17 events
WCO 79+ 12+ 8 fsec 64 + 14 events
- Wait for talk from on Thursday

Future prospects for heavy baryon results
- E791, Focus and SELEX all continue to produce new results

* CDF/ DO a Fermilab are now collecting large new samples of both
charm and beauty baryons.

- COMPASS at CERN has begun running.

-+ Belleis already reporting charmed baryon results (next slide)

- Babar will surely enter this game too.

-+ Cleo- ¢ ? Their plans don't mention baryons - but if I know them...
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High Mass Statesin SELEX
Have Doubly- charmed Baryon Been Discovered?
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Some Nomenclature
In this talk we replace PDG names with suggestive labels
While SU, is badly broken by the charm mass it still classifies all the states

There are many model predictionsin the 3.5- 3.8 GeV range

BARYONS WITH LOWEST SPIN (J =)

: SELEX candidates

TWO CHARM QUARKS

NO CHARM QUARK

X _"(I=1/2) = cout+ X _"(J=3/2) = cour ++
ccur+® Lot K p'p™ ccu*++® Lot K pp™

X (FFU2) = ccu+
ced+® Lo K p™t
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Experimental Evidence today - aPreview
SELEX reports 3 significant high mass peaks
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We will argue that these states are doubly- charmed baryons



Search Strategy

cc(u,d) ® cquark, squark and a baryon
SELEX's strength is charged tracking
1% look for states like:
Xce T (ced+) ® LK pt
Xce H(ccu++) ® LK ptpt
with existing Lt 1630 sample - Selection Cuts:

Primary vertex contains beam track ~4 mm
+ Secondary vertex outside of material
+ Secondary vertex separtion significance L /s >8

- 2" largest miss distance significance > 2s

L c+ momentum points- back to primary

RICH identifiedpand K™ inL .t ® pK-pt



Find new secondary vertex:"old" cutsg**”

7.43/0.60 mm

-03 b
New secondary vertex significance L /s >1 03025 63 mm L2 ls,
-0.305 |
Point back ccd+ to primary c? <4 osos |
No RICH PID on K~ p*(p*) <15% in RICH |
0315 S L
. . 0.3175 195 GeVic 150 GeVic
Preliminary results- ccd+ search o | e e
-1.8 -1.6 ‘-1.4‘ | ‘-1.2‘ - -1 - ‘-0.8‘ | ‘-0.6
Make L o™ K~ p* massplot using constrained L -+ mass z MmN
Gaussian + linear background fit confirms background
shape is consistent with linear | Mean 3510 1eI2N Ky
signal region 3520+5 MeV (22 events) | SignalRback oata

background from 35201120 MeV sidebands (140 events) - 159R6.1) =63

6.3s excess at 3519 MeV. Possion probability 1x10° ®
(with background uncertainty) Probability to see this

ANYWHERE on the plot - 1.1x10 *
 Width (3£1MeV) consistent with resolution (~5 MeV)
Lifetimeis short (<~30 fsec)

Thi S I OOkS I i ke a CCd+ 03.4 3425 345 3475 35 3525 355 3575 3.6 3.625
SKIP NEXT




ccd+ search detalls (skip)

Stability of signal significance vs cuts

(cuts used are green circles)
a) ccd+ vertex significance L/s

b) ccd+ point- back c?
¢) L ot mass window

d) ccd+ mass width of sidebands

ccd+ mass plots

a) most of mass window searched (3.2- 4.3 GeV/c?)

Wrong sign combination (L ot K*p~)

Note that feature around 3.45 shows in wrong sign too.

b) explicit signal (blue) and sideband (clear) regions
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Preliminary results - ccu++ search

10

|s there a ccu++ partner to the ccd+ candidate? :
Same cuts as ccd+ + s(ccut++ vx) < Imm (was 2 mm)
Make L K-p*p* mass plot using constrained L ;- mass

Large, broad 5.6s significant excess at 3780 MeV

Width is 27 MeV 2 |

Simulated resolution is9 MeV - 1/3 of observed

"Mean 3780 MeV/t LZ Kp'p'
'Sigma 27 MeV/t
signalR(back)
31LR31) =56

34 35 36 3.7 38 3.9 4

No significant structuresin wrong sign mass combination , LZ K'pp'
(recall no RICH PID, just mass assignments) 10| Wrong Sign
’ Data

=> Right sign ccu++ candidate isNOT arandom
combination of primary vertex tracks.

|sthis an excited state?

SKIP NEXT




ccu++ search details (skip)

- All wrong sign sugnals searched
NothinginLct K p™p*
NothinginLst p ptp
Nothingin Lt K= p™ p* (previous slide)
Nothing in any permutation pKp except the signal
channel
Not areconstruction artifact




|s there anarrow ccu++ partner to

the ccd+ candidate in the data?

I o
The ccd+(3520) should have an iso- doublet partner. .5 Mean 3460 MeV/e LK 0'p’

" Look in the ccu.++ mass plot with finer bin size (5 MeV). . Sigma 6.0 MeV/R
- Narrow 4.8s significant excess at 3460 MeV -~ signalRback)

35
© Widthis6.0 MeV ;

- T6R26)=48
~ On the edge of acceptance - only 2 events below 3400 :
MeV 25 |

- Simulated acceptance ratio 2|
€ ccu++(3460)] / € ccd+(3520)] ~

Data

We have a 3 high mass peak with |
double- charm characteristics

33 3.35 34 345 35 3.55 36



Are the ccu* ++ and ccd+ related? A

* I I % 10 | nzccarzoiu:l es
The ccu* ++ decay is complicated T R K a3
;17 chain decay candidat

The blue region is the background on the ccu* ++ plot 8t

Half of the remainder are chain decay candidates for

ccu*++ ® ccd+ pt .
Candidateshavea Lo K™ p* combination in 352010 MeV //jgﬁﬁ
The other half have NO such candidate - direct decays il { N
There appear to be two decay modes of the ccu* ++ s
" Mean 3783 VeVt LK

* i '
The ccu* ++ background is complicated . Sigma 25 MeviR

The structure at 3660 MeV (=3520+140) are from the ‘signalRback)
combinatoric background of areal ccd+ with avertex p* o 2TAR4T) =46

Simulation reproduces this effect

We fit from 3650 to account for this effect

The remaining significance is reduced from 5.6s to 4.0s 4

Thisisthe structure we found first!

3.4 35 36 3.7 38 39 4



What about Production?

Which beam hadrons? s-

Luminosity fraction 0.76
ccu++(3460) signal 9
ccu++(3460) sideband 9
ccu*++(3780) signal 43
ccu* ++(3780) sideband 30
ccd+(3520) signd 18
ccd+(3520) sideband 110

P
0.13
0

0
12
10
0

7

Dominantly produced by baryon beam
for ccd+ <x_>~0.35 (200GeV), <p>~1 GeV/c - likesingle charm SELEX

proton pt which target? diamond copper

0.18
0
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4

001  AllL: Tevents  0.68

18
93

N O O O O O

Focus has looked in 250 GeV/c photo- production

They see few entries with 20K L o+

Erik Vaandering and Sergio Ratti will say more in their talks.

Belle observes s(ete ® yceX) /s(ete ® yccX) =0.60 hep- ex- 0205104

Hybrid emulsion expts have seen large 4 charm /2 charm ratios (~1%)

0.32

a7



Can these be double- char med baryons?

L " Economics What fraction of L -+ events are associated with these states?

The short answer - about half
" We see ~16 ccd+(3520) and ~7 ccu+(3460) from 1630 L o+

" The detection efficiencies are ccd+(3520) ~10% and ccu(3460)~5% if L o isfound =>300 L ;"
' branching ratios [KOpO]/[K' p*] ~1/2 - + modeswith extra- p's 2X =>600Lc"

" ceq states require 600/1630 = ~40% of the L - events
' ccu* ++(3780) non- chain decays increase this by ~50%

The observed signals do not violate L .t conservation

Why Istherate so high?
Recall that the charmed baryons were discovered in aforward hyperon beam in 1984 (WAG2 at
CERN). There have been anomal ous production cross- sections since the beginning.

' Belle see amazing yields for double- charm/single- charm

" Fundamentally - we're experimentalists- the cross- section isn't in our job description.

|s60 MeV areasonableisospin splitting? No! We're guessing state assignments.

We observe statistically compelling signals - they are something.
They look like double- charmed baryons.



SUMMARY
SELEX reports 3 candidates for doubly- charmed baryons

[ 5 12
s | Mean 3519 MeV/cN LeKTp! . Mean 3460 Mev/t LK p'p’ Mean 3783 MeV/t LK p'p'
| SignalRiback) Data . Sigma 6.0 MeV/t Data 10 1 Sigma 25 Mevie Data
‘ — IRback | signalR(back)
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03.4 3.425 3.45 3.475 3.5 3.525 3.55 3.575 3.6 3.625 03:3 335 34 3.45 35 3.55 3.6 03,4 35 36 37 38 39 4
Statistically compelling " Statistically strong " Statistically marginal
Decays likea DCB (with cosg’,cut - > 7s) but chain decaysto ccd+
In the expected massrange - Decays like aDCB " Decay is confusing

" Very short lifetime (<30fs)  + massissomewhat low " mass well above other states
| * Very short lifetime (<30fs)  Wide- strong decay
=> LookslikeaDCB * Large isospin splitting? Doesn't fit in neatly

But something isthere



