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| The SELEX spectrometer

» Segmented target (2Cu and 3 C)
» High precision vertex detector o;,=270pm , 6, =550pm

»  Particle identification: 20, K/n separation up to 165 GeV/c
« Typical Lorenz Boost ~100
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RICH Detector

The SELEX Phototube RICH Detector 1 R Ty
=
{ First results publishec in FERMILAB-Can®-87 /210-E ) - A
= f:
» Badiator - 10m ey with Meon pas 62 ptreospheric poesa e o I :
» Bltrrie - apherical wilh ol lehgis Fgioom bl v 5 16 hoxng-
omally shaped spbssical talioors. covering o tornl ares of 24m = - h 1
12 The mirmor reflectiviey b > 855 ar 100mm. " || | I
» Photocathode  matris of 8838 phototules (1fam dismerer] 7 .l Ko Y
i [y R : L e
* Parfrmance - i oo 800 G0V e =7 beam bt onmiser of phooons B ]
detected oer ring i 14, giving o Hgues of meclt ¥, of 10cm !
The ting sadius rosalation obtmined ke 325, which provide 20
= meparation up e 180 QoW e and mep aeparation o e 360
GeV /e,
)
Array F_ l' 4 Iu
T -'Ej et g (Tl B _.il : L (] mar
Il m:y 3 o
ar

Baw R ERC i
Al 1T e el Y " paia -
a
o
" o i
o 3 b
- ] f
2 A
N K,
Sy P
a
Fcscnn o
fotiliar
Enp e -

9/4/2002 Selex results, M. lon 8

o




The spectrometer acceptance remains high at large x;.. The efficiencies for
charge coniugate modes differ by less than 2%
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Production and decay of doubly charmed baryons

PRODUCTION

- The valence quarks are relevant for the x; production as measured in
D mesons and A_ production

 In particular the X~ beam can be relevant to produce charmed baryons

1 Some guesses for doubly charmed baryons production cross-section
via charm excitation in proton (Gunter,Salev hep-ph/0104173)
predicts

6./ G ,m=107 10" at Tevatron, 10~ at fixed target
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Production and decay of doubly charmed baryons
cont’d

MASS
. Many model predictions give 3.5-3.8 GeV range based on
Lattice QCD (R. Lewis et al.), relativistic quark model (D. Ebert et
al.)
potential model (Likhoded et al.) = next : slide

DECAY

= Lifetime prediction order of 100 fs (as function of the baryon wave
function, [w(0)?, probability two quarks are at the same place)
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Estimates masses of Baryons C=2

. J=3/2 J=1/2
Q_(ccc) 4925490 MeV/c?
Q. (ccs)  3840+60 ,3730 3594
=, (cou,d) 3695+60, 3727 3562 +47, 3635, 3620, 3478

3625 £20, 3610
References:
- N. Mathur.R Lewis, R M. Woloshyn hep-ph/0203253 (Lattice NRQCD)
- V. Kiselev, A.K. Likhoded hep-ph/0206140 (potential model)
- J. FD. Biorken Conf-85/69
- D. Erbert, R. Faistov.O. Galkin,A. Martynenko hep-ph/0201217

(relativistic quark model)
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SOME NOMENCLTURE

BARYONS WITH LOWEST SPIN (J =V}

Q =7 (J=1/2)=ccu
-A" K '’

@ B (J=1/2)=e¢cd
—*ﬁ+cK' Tt

9/4/2002

BARYONS WITH HIGHEST SPIN (J = )
7

THRLE CHARM QUARKE

T CHARM CRIARKS
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Search strategy

cc(u,d) — ¢ quark, s quark and a Baryon
Selex’s strength is charged tracks

Bt AT K T

2+ »A* K- n'nt from 1630 A, @
CUTS: .

Primary vertex contains beam track —4um
Secondary vertex outside the material
Secondary vertex separation significance L/c>8
2 largest missing distance significance > 2¢

A", points to primary

RICH identified pand K in A",
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A* event .
1630 A, >
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New secondary vertex

[0 New secondary vertex significance

L/c> 1
) Point back ccd® to primary
X <4
O NoRICHPIDonK,mt <15%
in the RICH o

E [em|
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='ced search K'w™A_* mass plot

» Use a baryon to find a baryon:
require a A~ daughter

U Look for extra vertex between
primary and A~

O Ifit’s double ,ccq decay makes
ak’

*  Wrong-sign channel (b) has no

Events /2.5 [MeVic?|

significant structure (note the

feature around 3.45 shows in wrong

too!)

4 (a)

. Right-sign (a) channel has a peak
at 3519 MeV/c’ =

_..L
O B @D RO B R O = KNWEe T ~ @

Events /5 [MeVic®

32 33 34 35 36 37 34 39 40
M{AK®') [GeVich)
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[s this a Z_ signal?

d Single-bin significance 6.3 ¢

O Single-bin Poisson probability
10°

O Fluctuation probability
anywhere <1.1 10™

J Width 3+1 MeV/c?, consistent

with simulation

~ Mean 3519 [GeV/c'] ALK

Signal/V(back) Data

15.9M(6.1) = 6.3c

u3.4 3425 345 3475 35 3525 355 AS7F 36 3625
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Stability of signal significance vs cuts

J ced vertex significance L/

J ccd signal width
d A", mass window
U ccd” mass width sideband

(A The black points are the

values used in this analysis
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What’s about Z_ "~ lifetime

- No other mechanism than spectator mechanism
J c+td-s+u
than the lifetime should be of order
of EC“(cds)(IOO fs)
(J Guberina et al. predict:
*E, " (€2, ) =<=<UuE,")
U From the data
the upper limit 90% C.L. is 33 fs
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There is a narrow ccu++partner to the ccd+ candidate?

J The ccd(3520) should have an
iso-doublet partner.

J Look in the ccu mass plot with
finer bin size (5 MeV/c?)

J Narrow 4.8 o significant excess a5 AK x
at 3460 MeV/c’ ¢ Mean 3460 Mev/c”
. . 35 Sigma 3.5 MeV/c'
J Width is 6.0 MeV/c? 5 signali(back)
1 Simulated acceptance ratio 25 8N(2)=5.60

[ccu++(3460)]/[ccd+(3520)]=0.5

~ 335 3d 345 25 155 36
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Is the 3460 bumpa =™ ?

A Cut soft pion fakes at backward
angles (D’s)

J right-sign cost™,>-.6
peak at 3460 MeV/c* (BLUE)
Optimized on S,,./Bcktot'?

3.5 =
¢ Sigma 3.5 MeV/c”
. i i : s;ignﬂh’\“(huu;:k}
O Poisson probability <10~ 25| oty =To
. 2 ]
anywhere in the plot |
15 |
/|
0.5
%33 3.35 34 345
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Mean 3460 MeV/c’

,\; K a'n'
All Data
cos(@,.*) > -0.6

3.5 355 36
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Level diagram for doubly charmed baryon

E.. (3783) ccu (J=3/2) 2. (27??) ced (J=3/2)
N 3
v 8..'(3519) ced (J=1/2)= A, K- "

v E.7(3460) ccu (J=12)= A, K '
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Preliminary results Z*ccu search

3 Broad structure at 3.78 GeV/c*

d No significant structures in wrong
sign mass combination (RED)

=Right sign ccu™ candidate is NOT
a random combination of primary
vertex tracks
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‘Mean 3780 MeVic’ AKa'n
w0 Sigma 27 MeVic?

signal/(back)
¢ NGB =560
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Are the ccu " and ccd' related?

W The blue region is the background
on the ccu® plot

¥ T.ﬁ'}f_'n":*
) Half of the the decays are b s
candidates for ccu” - ced* ' I A i
D Thc ﬂther hﬂlf have no SuCh " 17 chain decay candidates

candidates -Two decay modes?
J Background structure is complicated: :
the structure at 3660 MeV/c? is from o
combinatorial bck, simulation reproduces

this effect I
%% 35 38 ar  ss EY) 4
MK "] | Gabic']
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What about production?

b g 14 p =  diamond copper
[Luminosity fraction 0.67 0.13 0.18 0.01 0.68 032
=. (3519) signal 18 0 4 0 18 4
=.. (3519) sideband 110 7 2] 2 03 47
=.. (3780) signal 43 12 | &
=.. (3780) sideband 30 10 3 0

Dominantly produced by baryon beam

<x>=0.35 (200 GeV/c?)

Belle observes o(e' e- = YeeX)/o(e" e — PX)=0.60 (hep-ecx-
0205104)
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Summary

» SELEX reports 3 candidates for doubly charmed baryons

statistically strong with
cosd .~ cut -

PRL € Il 3000

OK l

expected in the range

. Ak
, | M 3539 [GeVic'] MKW gy | Mean 3460 Mﬂ'h‘:‘ All Data
;| Sipmedtimel Ihata 4 Sigma 1.5 MeVic® cosl@) ") > 0.6
signalback)
=10
F

Bl AL AET L4T A5 AEm A5 LU b6 LG £ b 2 4 4 1% i8
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statistically marginal
but chain decays to
=.'(3519), wide,
strong decay |

" 2
Mean 3780 MeVic

o . Sigma 27 MeVic*
signalf/y(back)
s 3LNGL) =560

J'n; Kx'n'
D la




