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Update on Double Charm Baryons

The Discovery of Double Charm Baryons
Features, Problems, and Solutions
Observation of = =tata—
Observation of =

Features and Problems in Original Analysis. ..

@ All Signals have very low statistics
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Features and Problems in Original Analysis. . .

@ All Signals have very low statistics
@ There is nearly no background (— difficult to determine)
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Update on Double Charm Baryons The Discovery of Double Charm Baryons

Features, Problems, and Solutions
Observation of = -
Observation of =
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Features and Problems in Original Analysis. .

@ All Signals have very low statistics
@ There is nearly no background (— difficult to determine)
@ Entries in histograms only from baryon (X, proton) beams
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Update on Double Charm Baryons The Discovery of Double Charm Baryons

Features, Problems, and Solutions

Observation of =

Observation of =

Features and Problems in Original Analysis. . .

@ All Signals have very low statistics
@ There is nearly no background (— difficult to determine)
@ Entries in histograms only from baryon (X, proton) beams

@ Other experiments do not see the states
(but: nobody else has baryon beams...)
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Update on Double Charm Baryons The Discovery of Double Charm Baryons

Features, Problems, and Solutlons
Observation of = T
Observation of =

Features and Problems in Original Analysis. .

@ All Signals have very low statistics
@ There is nearly no background (— difficult to determine)
@ Entries in histograms only from baryon (X, proton) beams

@ Other experiments do not see the states
(but: nobody else has baryon beams...)

@ Lifetime is short (< 33fs)
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Update on Double Charm Baryons The Discovery of Double Charm Baryons

Features, Problems, and Solutions
Observation of = =tata—
Observation of =

.and Possible Solutions

@ Look for other decay modes to confirm DCB hypothesis
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Update on Double Charm Baryons The Discovery of Double Charm Baryons

Features, Problems, and Solutions
Observation of = -
Observation of =

.and Possible Solutions

@ Look for other decay modes to confirm DCB hypothesis
@ Develop new method for background determination
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Update on Double Charm Baryons The Discovery of Double Charm Baryons

Features, Problems, and Solutions
Observation of = -
Observation of =

.and Possible Solutions

@ Look for other decay modes to confirm DCB hypothesis
@ Develop new method for background determination
@ Include single-charm in vertex fit of double-charm vertex
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Update on Double Charm Baryons The Discovery of Double Charm Baryons

Features, Problems, and Solutions
Observation of = -
Observation of =

...and Possible Solutions

@ Look for other decay modes to confirm DCB hypothesis
@ Develop new method for background determination

@ Include single-charm in vertex fit of double-charm vertex
@ Redo full analysis chain to increase statistics
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Update on Double Charm Baryons The Discovery of Double Charm Baryons

Features, Problems, and Solutlons
Observation of =

Observation of =

Other Decay Modes of Double Charm Baryons

Easily accessible in SELEX:

Cabibbo allowed decay of 27 :
=L = AN Kot

© —_— -
~ :EC — pQJFK
d S~ Sam wt
wt

c S

c c

d d

In Final State:
@ Baryon

@ Quarks csdud
plus pairs from sea

@ Cascaded decay chain
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Update on Double Charm Baryons The Discovery of Double Charm Baryons

Features, Problems, and Solutlons
Observation of =

Observation of =

Other Decay Modes of Double Charm Baryons

Easily accessible in SELEX:

=L = AN Kot
=t — pDtK~

Cabibbo allowed decay of 27 :

u

d =L St at
wt
:2’0‘" — /\"’K*7r+7r”L
C B
c c —CC — pD+K 7T ( )
d d St = St
In Final State: = Statata

@ Baryon

@ Quarks csdud
plus pairs from sea

@ Cascaded decay chain
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Update on Double Charm Baryons The Discovery of Double Charm Baryons

Features, Problems, and Solutlons
Observation of =

Observation of =

Other Decay Modes of Double Charm Baryons

Easily accessible in SELEX:

=L = AN Kot
=t — pDtK~

Cabibbo allowed decay of 27 :

u

d Eg_c — E;';?r*w+
vy =+ + +o+
c s —CC — A K i 7{'
c c —cc — pD+K 7T ( )
4 d —cc — =¢ gnt
In Final State: =t =iatrtr
@ Baryon Qf > ZfK ot
i =+ +ato
@ Quarks csdud QL - =fK

plus pairs from sea
@ Cascaded decay chain
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Update on Double Charm Baryon

The Discovery of

Observation of
Observation of

s pD*K~ (PLB628 (2005) 18)
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Features, Problems, and Solutlons

Events/2.5 MeV/c*

@ pD' K

peak mass
3516 MeV/

4-bin Poisson Prob
<64x10*
Lic>1.0

Events/2.5 MeV/c”

3518(3) and 3519(2)
MeVie*
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Update on Double Charm Baryons The Discovery of Double Charm Baryons

Features, Problems, and Solutions
Observation of = -
Observation of =

c

Background Determination: Event Mixing

L\Lﬁ ”i’z’ ' Resulting combinatoric

bkgd is absolutely
normalized = Bkgd
shape known

@ First decay vertex close to primary

. %‘ pcaknu‘n‘:zpD‘Kr-/l-bmFm»manb
vertex: assume all bkgd is R T N
combinatoric .
@ Make combinatoric bkgd by taking first .
decay vertex from one event, second .
from other sy s
@ Use each single-charm event 25 times PLB628 (2005) 18

to increase statistics
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Update on Double Charm Baryons

The Discovery of Double Charm Baryons
Features, Problems, and Solutlons
Observation of =

Observation of =

=& = NK~ 7" — New Analysis
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@ Refit =, vertex using 5/\; together with K~ =+ tracks
= Better L1 resolution

@ Use event mixing for background
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Update on Double Charm Baryons

The Discovery of Double Charm Baryons
Features, Problems, and Solutlons
Observation o

Observation o
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Update on Double Charm Baryons The Discovery of Double Charm Baryons

Features, Problems, and Solutions
Observation of = -

Observation of =

Features of new Analysis

@ Re-Analysis and Relaxing Cuts on Single Charm:
@ some more background, but shape is well understood from
combinatoric analysis
@ more signal

@ Improved sec. vertex resolution:

o Cleaner Signals, access to other modes
@ Possibility (but challenging) to measure lifetime
(is around 1 o)
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Update on Double Charm Baryons

The Discovery of Double Charm Baryons
Features, Problems, and Solutions
Observation of =f, — =Fat ™

—cc
Observation of =it — A #

=t — =Intn~ — First Observation
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FIRST OBSERVATION: =%, — =trtzx—, =% — pK—n*
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Update on Double Charm Baryons

The Discovery of Double Charm Baryons
Features, Problems, and Solutions
Observationof =, — = =
Observation of
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Update on Double Charm Baryons The Discovery of Double Charm Baryons

Features, Prob\ems and Solul\ons

Observationof =1, — atx

Observation of =4+ — I\+K atat, Zfa—atat

—cc

Observation of =1 — AfK 77

N 20
_ s A K" n+
@ If we have a ccd state (=), g wp peak: 3452 MeV/c®
8 16F 5 bin sig/bkg: 14/9
there has to be a ccu State as § 1l Gaussian significance: 4.2 ¢
We” (E++) “ Poisson Prob < 6.7 x 10
12+
@ Lookin =i = AfK—ntnt 0t
@ Use same cuts as before o
ok
@ Use same code W
@ Just ask for one more 7t i
Green: Absolutely-normalized U3.4°3.41 3.42 3.43 3.44 3.45 3.46 3.47 3.48 349 3.5
b ackg rou nd M(A, K =* ) GeV/c?
Gaussian with fixed width (MC) New =t at 3452!

—cc
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Update on Double Charm Baryons The Discovery of Double Charm Baryons

Features, Problems, and Solutions
Observation of =

C
Observation of =3;F — At K~ nt ot =t~ atat

—cc -c

Observation of =1 — =f7 ntn*

4 bin sig/bkg: 10.2/5.8
Gaussian significance: 3.8 6

"s 25

2 * 4t
S25¢ A

8 f peak: 3451 MeV/c®
g

2

@

@ Now look in =fr—nta™

@ Same as before, ask for additional =+ I
@ Only use =f — pK—nt

n Lt 1
03,4 3.41 3,42 343 3.44 3.45 3.46 3.47 3.48 3.49 3.5
ME, 7 " x°) GeV/c?

.

peak: 3452 MeV/c?
5 bin sig/bkg: 26/14

Events/5 MeV/c®
8

@ Add data from both modes
@ Significance 6.5¢
@ Mixed event background describes st

sidebands
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Update on Double Charm Baryons The Discovery of Double Charm Baryons
Features, Problems, and Solutions
Observation of = f

Observation of =3;F — At K~ nt ot =t~ atat

80)™* —» AtK-rtrt

A K1 ¥ Beam
peak: 3780 MeV/c’
5 bin sig/bkg: 22/12

@ Re-Analyzed Data

Events/15 MeV/c®
3

s [ Gaussian significance: 630
P Restrict ’[O z__Beam Poisson Prob.: <1.0x107
@ Peak wider than °F
Resolution al

@ Half decay to =£,(3520)
@ Still working on Details

I I
03. 4 3.5 3.6 3.7 3.8 3.9 4

M(A, K n* *) GeV/ic?
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Hadro-Production of Charm

Hadro-Production of Charm

@ Usual parametrization of material dependend
cross section: o oc A%

@ From A-Production: a = a(xr, pt)

@ Charm: Published « vary between 2/3 and 1,
different(?) for open and hidden charm.

@ Usually experiments only give one « averaged over their
(xe, pt) acceptance

@ No model on first principle exists, even less for double
charm

@ Still problems calculating double-double-charm production
inete™ — J/Wnp
@ Important input for other fields like Heavy-lon Collisions
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Hadro-Production of Charm

Hadro-Production of Charm in SELEX

@ SELEX has charm signals with decent statistics in
13 particles and modes, in several xg and p; bins.

@ 2 Copper and 3 Carbon Targets
@ 4 different beam particles: ¥, 7, p, 7T
@ Cross check results with A and K° production

@ Average results in different categories: beams,
charm/anticharm, leading/nonleading

@ Results shown in Poster by Alex Blanco
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A} Semi-leptonic Decay

A& Semi-leptonic Decay

History:
@ Mark Il (1982): T(Af — et X)/T = (4.5+1.7)%
@ CLEO (1994): [ (A — Aetv)/T(pK~) = 0.43 4+ 0.08
@ PDG:T(Af — pK—nt)/T =5%

What are the rest of the modes?

@ D mesons: ground state and p-wave (K*(892))
~ 85 % of total semileptonic rate

SELEX observed Af — A(1520)e*v
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A} Semi-leptonic Decay

Measure I'(Af — A(1520)e*v) /T (Af — pK— 7t

PC4

1
g

region

@ Use all features of SELEX: tracking, RICH, eTRD, BTRD,

Pb glass

@ eTRD separates e from 7 up to 120 GeV/c,
momentum dep. efficiency measured with Pb glass

@ Look for 3-prong vertices, pK~et, pK—nt, L/o > 8,
RICH id for p, K=, M(pKe) < M(A})
@ Combinatoric Background via event mixing
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A Semi-leptonic Decay

The pK— Mass Spectrum from pK—e™ vertex
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Fit to A(1520) with fixed width (PDG) and MC resolution:
Yield: 132 + 26 pK 7t yield: 1544 + 34
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A} Semi-leptonic Decay

A¢ Branching Ratios

@ correct for eTRD Efficiency (~ 93 %),
relative acceptence (~ 1.2), A(1520) — pK— BR

@ I'(Af — A(1520)etv)/T(Nf — pK~—nt) = 0.47 £ 0.010
SELEX Preliminary

@ I(Af — pK—nt)/T =0.05+0.013 (PDG)
(Can this be measured well by BES or Panda?)
o = (F(Aetv) + I(A(1520)e*v))/T = (4.5+1.3)%

@ These two semileptonic modes saturate the Mark |l
measurement

PhD Thesis Jorge Amaro-Reyes
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First Observationof =f — ¥tz nt,=f - == xt 7T

Cabibbo-Suppressed Ej Decays

Cabibbo-Suppressed Weak Decay of Charm

@ Cabibbo-Suppressed weak decay of charm
(c—>svsc—d):
Expect (phase space corrected) ratio of ~ tan®> ©, = 0.05
if rescattering effects are not important

@ Results from D mesons: rescattering is important

@ Need to measure as many channels as possible to
understand rescattering effects
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First Observationof =f — ¥tz nt,=f - == xt 7T
Cabibbo-Suppressed Ej Decays

Cabibbo Suppression for Charmed Baryons

From PDG:
o Al:
o AK*/An+ = 0.047 + 0.009
o YtK*ta /Ttrta = 0.047 +0.015
o pr—nt/pK~ 7wt =0.07 £ 0.04

=+-
o =

o pK~nt/T*K—nt =0.22 £ 0.03
@ YTKTK—/x+tntK~ =0.16 £ 0.06

@ Generally not close to 0.05
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First Observation of =f — Ztn~nt,=f - Z-atza™

Cabibbo-Suppressed Ej Decays

First Observation of = — ¥*r— 7", =f - L 7"zt

S C
N N
S60 Sas|
Q
S S
=50 =301
~ ~
1] 1]
£40 £25¢
& g0 |
30
15}
20
10}
10 5
025225 2.3 2.35 2.4 2.45 2.5 2.5, 0227225 23 2.35 2.4 2.45 2.5 2.55

Mass [GeV/ic?| lass [GeV/c?
Can cross check analysis method with A modes

PhD Thesis Eric Vazquez-Jaurequi
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First Observation of =f — Ztn~nt,=f - Z-atza™

Cabibbo-Suppressed Ej Decays

Branching Ratio Results: pLB666 (2008) 299; arxiv:0804.2298

| Branching Ratio | This Analysis | Other Measurements |
BE, >xn n7)/ | 0.48+0.20 -
BEf 5= ntrt) | a=64%27
B(=f - % ntat)/ | 0.18+0.09 -
B(Zf - = atrat) a=25+1.2
BE; T nnt)/ | 042+0.24 -
B(Z: —» Ytr—nt) | a=043+0.25
B(Ef > pK-nT)/ | 0.194+0.054 | 0.234 + 0.047 + 0.022
BEf »=ntrt) | a=26+07 0.20 4 0.04 +0.02
B(Af =T nn7)/ | 0.314£0.067 =
B(Af — pK~n*) | a =0.30 +0.07
BN, = =tmat)/ | 072+0.14 0.74 +0.07 £ 0.09
B(Af - pK—7*) | a=0.68+0.14 0.547513
B(Af » X ntnt) / 0.38+0.10 0.53+0.15£0.07
B(Af = ta at) | @ =0.39+0.11
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What | whould have talked about too...
Conclusions

Summary

What | whould have liked to talk about as well...

There are many more interesting results on
strange and charm hadrons:

@ Excited States of AL, =F

@ The Pentaquarks are dying. .., again...

@ But the Tetraquarks are alive? The DZ? The X’s, Y’s, Z’s
° ...
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What | whould have talked about too...
Conclusions

Summary

Conclusions — Double Charm Baryons

@ SELEX is still the only experiment observing Double
Charm Baryons (until LHCb trigger upgrade?)

Published results on =, = AfK—nt, =%, — pDT K~

SELEX is re-analyzing the data, with improved efficiency

Presented =4, - AfK—nt, = — =fn— =t
Presented =" — A K ntat, =t —» =dn—ntrt

Working on determination of the = Lifetime

Searching for QF;
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What | whould have talked about too...
Conclusions

Summary

Conclusions

@ Working on Double Charm Baryons

@ Study of Charm Hadro-Production

@ Preliminary result on semi-leptonic decay of A

@ Study Cabibbo Suppressed Decays of charm baryons
o First Observationof =f —» Xfn ot =f > X ntrt
@ More modes to come. ..
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