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Baryon Ground States

e A reminder of the status of
ground state b baryons J=1/2 b Baryons
» Ay, observed in 1990’s

» Z.% observed in 2007

» B, observed in 2007

» Q.°, observed in 2008,2009
- The Q- results disagree

e =79, not yet observed
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Strange, b Baryons with a
J/ v Final State

C
C

Jhy

[1]

0/= - - S
b /_Jb /Qb u/d/s —l S —0/ —

| s =V = /Q
u/d/s

e So far, the £, and Q. have been seen through the
processes

r By—Jy B,y — ptpt, ET— AT
> Qr— Jhy Q7 Jly — prpm, QO — AKT

e The analogue for the E,°is inaccessible for CDF
» E0— Jly B0, Jy — pru, E%— An®
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Collecting b Baryons with a
J/ v Final State

: : Muon chambers

Steel hadron calorimeter { : % /
o Jy— ptu are —

: Solenoid
collected with a
2—muon trigger

Central Drift Chamber

Silicon Vertex Detectors

e This trigger matches central tracker and muon chamber
tracks.

e A successful match will trigger acceptance of the event.
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=/ > ]/ p X
Reconstruction

e The muons from the J/vy
decay trigger the data
collection.

e These are complicated
final states

» 5 tracks, 3 vertices

e Standard techniques are
applied
» Decay Z-orQis
constrained to originate from
remion si1E W54 Intersection.

» Fit the final state.




Alternative Channels

o TE_
b -

0/= - - S

b /2 M\ ars 1 ¢ = 0
| s CRVACR(ON

u/d/s

[1]

e Alternative final states with a n~ could be expected
» B0—E i, B — E ot
r 82— EM, B0 — Ent
Q- QM Q0 — Q nt
e The analogue A,— A" n has been known for some time.

e These lack muons, so they must be found through
another trigger mechanism.
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CDF Two-Track Trigger

Solenoid |—
e Drift chamber
tracks define
“roads” into the Central {
silicon vertex Drift Chamber
detector.
> pr>2GeV/c L

Silicon Vertex Detectors ™ %ﬁ\\

e Data that match prescribed patterns in the silicon triggers acceptance of
the event.
Provides purely hadronic final states - biased to heavy flavor

» Flight from the beam > 200 um

Fermilab Seminar — July, 2011 Lukens - 7



= —/0 - 5 = 00—/ 0—
=,/ = E P /Q T
Reconstruction

e The hadronic trigger opens
an alternative search
direction for the B baryons.

/K-
521, EL— Ent
» The pions have trigger

potential
= One from each decay

» =~ decay products are
displaced, and too low in Voo
= 9/Q) V)
momentum e T

. : C —E R
e Reconstruction is similar to
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=, Reconstruction
Strategy

e The approach we use is to follow the previously successful J/y
data set analysis

» Obvious difference with the trigger
e Selection and reconstruction as similar as possible

e The approach will be validated on the =~
» By now, an established particle, but not in this decay channel

e The method will then be applied to the E,° search.
» Two new final states will result
» Begin with the final particle in the long decay chain...
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Hyperon Selection

_ L 10l CDF Run II, 44 pb~
o A: 5.: :
» p1(m,p) > 400 MeV =
= p identified as track with E
higher momentum 4 |
> Flight > 1 cm 8
> P(x?) > 103 (vertex fit) T
» M(np) within 9 MeV of A °
112 1.I‘I3 1.‘II4 1.15
M(PTC'} GeV/c?
e Subset of the run
» 44 pbT
» Shaded area indicates signal
region
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Hyperon Selection

o =~
> p1(m) > 400 MeV
» Flight > 1 cm

» P(x?) > 103 (vertex fit and
mass(A) constrained fit)

» M(Am) within 9 MeV of = -
» Best vertex if ambiguities exist
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Candidates

200

CDF Run Il, 44 pb~

1] PP |
1.300 1.305 1.310 1.315 1.320 1.325 1.330 1.335 1.340

M({AT)

e Subset of the run

> 44 pb-

GeVic?

» Shaded area indicates signal

region
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Hyperon Selection

CDF Run Il, 44 pb~

o O o 2500p
> p1(K) > 400 MeV paee
» Flight > 1 cm —

» P(x?) > 103 (vertex fit and
mass(A) constrained fit)

» M(AK) within 9 MeV of Q- _
» Best vertex if ambiguities exist 500

e Not used in the E,° search N — :
1.650 1.655 1.660 1.665 1.670 1.67/5 1.680 1.685 1.690

» Gives a hint at how easy the M(AK?) GeV/c?
next project will be.

Candidates per MeV/c
8 &
= p=

e Subset of the run
> 44 pb-
» Shaded area indicates signal
region
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=~ Improvements

Add silicon hits to the =-
track when possible

Require impact < 100 um
Leaves a very clean =-
sample

» Roughly 50-60% efficient
This gives the =~ trajectory
comparable precision as any

track.
» 5 track state— 3 track state

Candidates per MeV/c?
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CDF Run Il, 44 pb”~

=1 =t
2 5
=] =1

2
T

800
600

400[-

200}

i k

1] i vl selendend
1.300 1.305 1.310 1.315 1.320 1.325 1.330 1.335 1.340

M(AT) GeV/c®
e Subset of the run
» 44 pb-
» Shaded area indicates signal
region
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Q- Improvements

Add silicon hits to the Q-
track when possible

Require impact < 100 um

Leaves a very clean Q-
sample

Not as efficient as for the =-
» Shorter lifetime
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Candidates per MeV/c?

CDF Run Il, 44 pb~

=

-l i - i - 1
1.650 1.655 1.660 1.665> 1.670 1.675> 1.680 1.685 1.690

M(AK) GeV/c®

e Subset of the run
> 44 pb-

» Shaded area indicates signal
region
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=.—> Zmh(m') Selection

C

e Forall:
» P(x?) > 104 (vertex fit and mass(A/E) constrained fit)
»pr>4.0GeV
» SVXII hits on the =~ track
» pr(nt) > 2.0 GeV, |dy| > 100 um

- Consistent with the trigger

Fermilab Seminar — July, 2011 Lukens - 15



Charmed

baryons

e A nice £ signal can be
found in the Z-=* final state
> ¢t > 100 um

A simple Gaussian fit was
Imposed on the mass
distribution

» Resolution of 9 MeV/c?

o
Candidates per 5 MeV/c®

100}

800

CDF Run I, 4.2 1b™

700
600/
500
a00f-{|[ "
300
200

| | |
235 2.40 2.45 2.50 2.55 2.60 2.65 2.70
M(=Zn* 2
{_ n ] GeVic

e Red is the signal range
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» Black are sidebands used later
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Charmed baryons

CDF Run I, 4.2 1b™

e A nice =_* signal can be y, 1000
found in the Z-w*r* final S ol
state w T00F
> ct>100 um 2 soof
e Asimple Gaussian fitwas 3 0}
. c 3
Imposed on the mass S zuu‘;r.l,q_w.mﬁ.u.__ e
distribution o B N
> Resolution Of 8 MeV/c;2 20 2.25 230 235 EMMEEE":EE"'TEEEH 2.55 2.60 éjzlr;?é?u

e Red is the signal range
» Black are sidebands used later
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Charmed baryons

CDF Run Il, 4.2 1b™

e We’'re not so lucky with the g

Q.0 signal in the Q-+ final
state
e A simple Gaussian fit was
Imposed on the mass
distribution
~ Resolution of 9 MeVi/c® '50 2.55 2.60 2.65 2.70 2.75 2.80 2.85 2.90 2.95 3.00

e This is last I'll say about the M(7") GeVic®
00,
» Included for completeness.

Candidates per 5 MeV/c®

180
160
140
120
100}
80
60
40
20
7
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. Mass Fits of =7 n*,

=T

COF Run I, 4.2 1"

—LE-I-
8§ 8 8
IIIIIII

Candidates per 10 MeV/c?
e
=
=)

[ %]

=

p=
L

u I L

— Data
Fit projection

M(Zn*)
e Unbinned likelihood fits
to the mass

» Gaussian signal, linear
background

» Projections in red
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M EPEEPE EMIPER PP B M EPETEPS EIPEPE IPUPEPE EPEPEPE B
2.38 240 242 244 246 2.48 2.50 2.52 2.54 2.56

[}
]
II=I-

CDF Run I, 4.2 1b”

2
S

]

[ e ]

=

L=
T

800}

400
200

Candidates per 10 MeV/c?

2
S,

1400}

g
S

00|

— Data

""" Fit projection

e

P PP TP PR B A EPETETE EPUPEPE] EUPRPT EPEPEPE B
2.38 2.40 242 244 2.46 2.48 2.50 2.52 2.54 2.56

GeV/c? M(Zr*r) GeV/c?
Signal Candidates Mass (MeV/c?)
Fit Result PDG oM
B0 2110 £70 2470.4 + 0.3 | 2470.88%034_, ., -0.5
= 3048 + 67 2467.3+0.2 2467.8*04_ -0.5

() SRe 410




A, as a Benchmark

e We have few options for cross checking the = _n~
reconstruction.
e A,— A, 7 is imperfect, but will have to do
» Charmed baryon - 7~ state
» Collected with the two-track trigger
e These were reconstructed using the selection from
the A, lifetime analysis
> (PRL 104, 102002(2010))

e The A, sample is then used to cross check two
selection criteria.
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Impact Requirement

CDF Run II, 4.2 1b” CDF Run 1, 4.2 fb”
o, 8000 e, 4500p
E ?mu; No requirement E 4[!]'0. |d| < 80 um
= so00] = 3500)-
™ L - gm_
g 5000f . g
o F —— o 2500
@ 4000 o g
B @ 2000f
g 3000 T | 2 asoofd
L= [ . = a
S 2000} || £ 1000} SR
o 1000} o Eﬂﬂ'f'— U
D45 550 555 560 565 570 575 580 51 D45 550 555 560 '5'.55'_5}.70 575 5.80 585
M(A.) GeV/c? M(Ac) GeVi/c?
s e Impact — transverse displacement
o .
The_ b_ase selection is CZ/, with respect to the beam
syfﬂcnent to extract a ; > |d,| < 80 um
signal ,2 M | > Used in the lifetime analysis
Beam do |~ > Improves the significance.
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A, Decay Time
Requirement

700,

CDF Simulation

CDF Run II, 4.2 1b™

Ly

E : o 3500
2wt ] s
4 500} [ E 3000 70 um < ct < 200um
E 400 H 3 S 2500}
E 300} | E_ 2000E-
O mop S &
- . L = 1500
100: -._._I.I LL—I,_I_ - II'EI
807 0,01 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 2 1000
ct(AZ) cm a a8
CDF Simulation 500 I -
g | l‘ ” $45 550 555 560 565 570 575 580 585
g 20F o Ly M(Acm) GeV/c?
B g N . . .
- T e Lifetime analysis used
e S Ty -70 < ct(A,) <200 um
*t jJ T » ~95% efficient, background
%00 0002 0.004 q,cllos 0008 0.010 reduced by factor of ~2
o(ct(Ac)) em
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The Fickle Charmed
Baryons

CDF Simulation
£ -
= 4501 '
ct(um) 2 a00f L
A E 350
+ 9 300f .
Cc 60 i 2 E o ] [
- 0 T 2000 |
= 341+ 4 > § 150 | L
100 |
= o+ 50 ___.--J; ﬁ‘l,..l_..
—c 1 32 i 8 802001000 0.01 0.02 ﬁ{:-:i:;;u'.ﬁq 0.05 0.06 0.07 0.08
Ct(.:.c] cm
QCO 21 i 4 ] _ - CDF Simulation
E 1e0f e
g 14u§ U
e Problem - the range of charmed 8 1200 |
baryon lifetimes is large £ i
. . T . 80
e Range of lifetime uncertainties is large S & )
> Requirement for A_* not right for = %+ swf | N
) n,
e Simulated Z° 2;’ ] g

D.{lllﬂd 006 0.008 0.010
o(ct(Ze)) cm

Fermilab Seminar — July, 2011 Lukens - 23

c .
> B, — Eco T 0. 0.002



The Fickle Charmed
Baryons

Fermilab Seminar — July, 2011

CDF Simulation
E 90F )
CT(Mm) E 80| _J“
g ™
Ac+ 60 T 2 g 4
E 501 [ il
— T 40 |
=0 34 + 4 : I
= + - 123: ] { ”JL
e 132+ 8 et e
302-0!]1 0.00 0.0 nnz ?(03 [}HM 005 [HlB I:II[II-? IJDB
Cl{=; cm
Q. 21+ 4
CDF Simulation
E F ;
e Problem - the range of charmed g 7 N [
baryon lifetimes is large g / ‘
e Range of lifetime uncertainties is large % m_’ ] *J., i
» Requirement for A_* not right for =0 S : -| H_
e Simulated E * m: I ||
> _‘bO — Hc+ z ol LI'JLJ s

0.0000. Dﬂlﬂ DD‘ED DDED Dﬂdﬂ ﬂ'ﬂﬁq_ﬂﬂﬁﬂ 0070, ﬂﬂBﬂ Dﬂ'ﬂ'ﬂ 010

o(ct(Z))

cm
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Test Variations on the A,

e A E_decay time requirement is needed that
» Varies with species — factor of 4 variation
» Depends on resolution — wide range is expected

e Small optimization study was performed on the A, to
choose a decay time requirement

» Binned fit gives signal and background (+2c,,)
» Find significance = S/(S+B)%>

e Significance without any ct(A.) requirement is 68.4
» Lifetime cut significance is 79.7.
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A, Significance Scan

Lambda_c Decay Time

Significance

e Parametrize the A, decay time
requirement

»  -a*oy<ct(A)<b*ct+a”o,
e Significance is found for several
parameter variations Lifetime factor

» Will chose a=2, b=3

Fermilab Seminar — July, 2011

5

0 70-80
W 60-70
050-60
M 40-50
[30-40
[20-30
W 10-20
@mo-10

* Resolution
factor
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Alternative ct Ranges

Candidates per 10 MeV/c?

g

n

=

=
T

CDF Run I, 4.2 1b™

70 um < ct < 200um

"

D45 550 555 560 565 570 575 580 51

M(A ) GeV/c?

CDF Run Il, 4.2 1b™

Candidates per 10 MeV/c?
™

n
(=1
=

20<cte3cTt+ 20

D45 550 555 560 565 570 575 580 585

M(A.T) GeV/c?

e Very similar results to the fixed requirement
» We will adopt this requirement for the =_ channels

Fermilab Seminar — July, 2011
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=, Selection

CDF Run Il, 4.2 fb”

k.

e o M W s D = 0 D o
LiL] T

Lo L]
o =0

> M(E-7*) = 2.471 + 0.03 GeV/c2
» - 204< ¢t < 3*Ct(E0)* 20

e 7.
> pr>2.0GeV/c, |d)| > 100 um
- Consistent with a trigger track

» Opposite charge from the L - o B ."59‘ Py —
baryon number ' M{EEW} ' GeV/c?

Candidates per 20 MeV/c*

o =0 e Recall from the J/ y=", M(zEb_) =
5790.9+ 2.6 + 0.8 MeV/c

icfi == = 0
~ Satisties A, 27, and E°mass Expected resolution is 20 MeV/c?

constrained and = - track fits
» |dol <100 pm
Fermilab Semimar -D@RISVeErse displacement Lukens - 28
from the beam, or impact



Impact of the E 1

CDF Run I, 4.2 fb"

ﬂu 6.1
> eof
m L
5.0f
5.8|
5.?’-—
5.6/
5305 0.04-0.03 -D.ﬂ!ﬁ[ll.rlﬁ 300 0,01 0.03-0.:03 004 0.05
M(Zc) vs. Impact cm
e Effect of the |d,| < 100 um
requirement CZ/
Beam > ‘\j
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Candidates per 20 MeV/c®

Candidates per 20 MeV/c®

CODF Run I, 4.2 1"

=k
=]

-
i=]

A JQ 1Y

No requirement

—E0  ad

5.
M{ } GeV/c?
CODF Run I, 4.2 1"
12
= |d,l < 100 um
8
E_
] J ‘—
EJ ILI_ _r
 — L 5.7 ' 6.1
GeWu
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Decay time of the = °

- CDF Run I, 4.2 fb"

GeV/c?

6.0f
5.9|
5.8]

o.M

55-1 _ - h | | | |-

-0.10 -{]DE- Dllﬂ DE {]1l] 0.1 0.20 0.25
M(Zcm) vs. ct(Zp) cm

e Effect of the
—-26, < ct < 3*ct(E0) + 20,
requirement
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CODF Run I, 4.2 1"

o, 12
> | No requirement
@ 10
=
& g
5
o
] ]
u -
i R |
i a
ﬂ -
B -
¢ TJ LL
'3 5.7 ' 6.1
M{ } GeWu
CDF Run I, 4.2 1o
o, 12
% 10 -20, < ct<3*ct(Z;") + 20,
=
& g
5
o
] ]
u -
" -
i a
ﬂ -
c i
- T J ﬂ ]|
s 1

GeWu
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Open the Z™n" mass range

CDF Run I, 4.2 fb”

o B CDF Run II, 4.2 fb”
E 12
E 6.0} ﬂﬁ 10 _ 2441 < M(Z'x*) < 2.501
59| i
. 8
5.8[ . g
571 ' i.E
5.5_;_ E
5956 555 3.50 235 240 245 250 355 260 265 2. 'S5 555 560 5.65 5.10 §. -
M{E'ﬂ*ﬂf—) VS. M{E'TE*J GeV/c? M=)
e Relax the £ mass constraint e Of these, only the E_mass
and range requirements range is absolutely required
» Plot the =~ constrained mass » Others are improvements
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=" — E.f m~ Reconstruction

Very similarto 2, > E n~
Slightly more complicated final state
» © tracks, 4 vertices

Same techniques used for the =, can
be employed.

Only difference is an additional =*
attached to the charm vertex.
The additional track

» Costs us in acceptance

» But provides an additional possible
trigger track

Fermilab Seminar — July, 2011
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=, Selection

o = *
> M(Z7* 7*) = 2.469 £ 0.025
GeV/c2
» =204 < ct< 3*ct(E)+
26

e T .
» pr>2.0GeVic, |d)| > 100 um
- Consistent with a trigger track
» Opposite charge from the
baryon number
o =t
» Satisfies A, =7, and Z.*

Fermilab Serygs&hvgdhstrained and = ~
track fits

CDF Run Il, 4.2 fb”

k.

e a BN W B M D = D O O
T T T

Candidates per 20 MeV/c*

. ‘ | ‘ . NI
5 5.6 5.7 E.'E 5.9 6.0 B.1
M(Z27) GeV/c*

e Expected resolution is 20 MeV/c?
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Impact of the =_r

- CDF Run I, 4.2 fb"

GeV/c?

6.0f
5.0f
5.8|
5.7 -—

5.6

53,05 -0.04:0.03 0,02 70.01 0,00 0.01 0,02 0,03 0.04 0.05
M(Z:7) vs. Impact cm

e Effect of the |d,| <100 um
requirement
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Candidates per 20 MeV/c®

Candidates per 20 MeV/c®

=k
=]

-
i=]

]

CODF Run I, 4.2 1"

CODF Run I, 4.2 1"

No requirement
5 Re 57 5.8 59 60 6
M(Z:) GeV/c?

|do| < 100 um

JWJL} Lo
M) :

6.1
m
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Decay time of the &_°

CDF Run I, 4.2 fb" CDF Run I, 4.2 b

GeV/c?

6.1 “ 12
i % No requirement
6.0} - *
5.9} E‘ EJ _
5.8[ 2
: 8 of UL L1 L 1 {
5.7 _
i _ ' - gj' 5.7 61
5.6( e : : M{ ] * Gevic?
: N - CDF Run Il, 4.2 1b”
- o - | - "o =
%:8.06 0.04 :0.02 0,00 0,02 0.04 0.06 0.08 0.10 0.12 0.14 3 10 ~20, < ot < 30r(E,") + 20,
M(Z:m) vs. ct(=2 cm s .
g
e Effect of the g o
—204 < ct < 3%Ct(z) + 204 : T L
requirement © T U } y
%. 57 59 60 1

GeWu
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Open the & n*n* mass range

CDF Run I, 4.2 fb”

o B _ _ CDF Run Il, 4.2 1b”
_En r . - .- . ., ¥ Lo- . o . . ]
- - 12
@ 6.0 “a 10 2444 = MZ'x*) < 2.494
o . >
- . T
59 =
- & 4 J
58 gl
I E l: | | L I—l
[ .. 2 o
sl § 1 :35?:{.'«[ <2382
; | 2
) F =
5 P M PP R PP TR il PP L
g"iﬂ- 2.25 2.30 235 240 2.45 250 255 260 265 2.

M{E‘ﬂ"ﬂ"'?’f) VS. M{E'E*T]GEWEE S M{E_WT]'

Relax the =* mass constraint e Same conclusion for the Z.°
and range requirements - :
g9¢ req e = IS required

» Plot the =~ constrained mass > Others are improvements
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@ Mass Fits of the E V"1

CDFRun i, 4.2 1b" CDFRunll, 4.2 16"
o Tr o T
LS - e g
- - - -
3 S Data 2 °F Data
S 5 — --------- Fit projection e S5 [apn 0000 e Fit projection
g 4 4
H E &
g Of &
= - =
T 21 : -
= n i =
[} H -]
S !ﬂ 1 shotb UL L
“I_,i' L 3 :"1"'- WEEEEE Tl | R TRIT . T L i i
b 5.7 EI.E 5.9 6.0 _l"h1 62 63 64 B. 5.7 5.8 59 _k 6.2 6.5
M(Z.m) GeV/c? M{_,::rf] Gew-:

e Unbinned likelihood fits to the mass
» Gaussian signal, linear background
» Low edge is 5.66 GeV/c?
= (M(Z,™) - M(77))
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COFRun i, 4.2 16"

Candidates per 10 MeV/c?
=
|

af 548 59 60 l"h1 6.

e Used for significance test

Data
Fit projection

5 P

» Fix signal=0, null hypothesis

» Float signal, fix all other parameters
- Mass =&, 5+ 5MeV/c? &~ -5 MeV/c?

Fermilab Seminar — July, 2011

Candidates per 10 MeV/c?

CDF Run I, 4.2 16

: Data
5% Apn = e Fit projection

b

ad 5.8

fax.gg_u..w._.u.n.;nué,,n....é.,ﬁﬂ.._ﬂ..u

6.0 6. . i ; 6.5
M(Z27) GeV/c?
e A2log(L) is equivalent to y?test
» 1 degree of freedom
e Null hypothesis is very unlikely
> Epm 3.9 x 1012
> 5,0 3.6 x 1012
e Equivalentto 6.8c Lukens - 38



@ Mass Fits of the E V"1

COFRun i, 4.2 16"

Candidates per 10 MeV/c?
=

= "y
HI T I T T T T I.IIIII.I.III T

a.f 5.8

e Allow all parameters to float.
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M(ED

)

B AW

CDF Run I, 4.2 16

o Tr
o
= sk
Data = ; Data
Fit projection = 5% Apn = e Fit projection
o
o :
s Of
= N
o 2
= .
[} '
QA 1 1 1 A
07 53 53 6.2 6.5
GeWn M{ ) Gew-:
Signal Candidates Mass (MeV/c?)
By" 25.8"55_, 5796.7 + 5.1
=0 25.3*56 5, 5787.8+5.0
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Mass Systematic

Uncertainties
= = = 0
= =b
=" mass 0.8 0.6
Momentum Scale 0.5 0.5
Resolution Model 1 1
Total 1.4 1.3

e Quadrature sum of several effects give the systematic
uncertainty on the masses.
» E, are largest of asymmetric PDG values

» Momentum scale is set by J/y and Y.
- Used in other CDF mass measurements

» Resolution model is comparison between track-based predictions and
observed resolutions.
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Mass Difference

b (yE)|  E’
Jy, 27, 2% mass| 0.07 0.6
Momentum Scale
Resolution Model 0.6 1
Total 0.6 1.2
Difference Total 1.3

To measure the mass difference between the two states, we use
our best =~ value of 5790.9 + 2.6 + 0.8 MeV/c?

» From J/w=-, PRD 80, 072003 (2009)
Drop the momentum scale term — common to both states
Daughter mass terms are trivial for J/y=-
Combine in quadrature, gives

M(E,)-M(E,) =3.1£5.6(stat.) £1.3(syst.)

Fermilab Seminar — July, 2011

Lukens - 41



Results

e |In conclusion, we have observed
By — B, ES— E -t 5796.7 £5.1 £ 1.4 MeV/c?
» B> E S, ESf— E-ntnt 5787.8 £5.0 £ 1.3 MeV/c?

C

e Combined with the =, ~— J/ yZ~ mass measurement,
M(Z,)-M(E.) =3.1+5.6(stat.) £1.3(syst.)

1 [1]

1 [

e Mass resolution is inferior to the J/y final state results
» Daughter masses are lighter
» More momentum to measure
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Conclusions

e = ~ observation is a first in this channel
» Only the second =E,~ final state observed.

» Demonstrates the analysis technique
- Find what’s been found before, in a new way

e = % observation is a first in any channel
e A nice addition to the Tevatron list of observations
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