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e How do CDF/DO0 go about observing baryons

e The observation of the O, andthe =,
- Areview of the CDF/DO0 disagreement

e Measurements of the Al lifetime
- Semileptonic decays, hadronic decays,and
decays to J /y final states
e Charmresonancesin A > Az 7'z
e SELEX observation of doubly charmed baryons

e Mass measurement of excited charmed baryons



How to go about observing heavy baryons, from the CDF/DO
perspective H

T
Triggers for baryons P -

¢ Single muon (CDF andD0) —»

semileptonic decays K™
e Dimuon (CDF and D0O) — decays

to (J/ )X

e Displaced tracks (CDF) — hadronic

and semileptonic decays

Reconstructing baryons

e Good charged particle and secondary vertex

Silicon

reconstructionin tracker = /0"

¢ PID in muon chambers, dE/dx, ToF

¢ No neutron andneutrino reconstruction — 5 /O
(atlow p;) O S

Primary Vertex
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Our knowledge of the bottom baryons has greatly increased

over the past few years
e CDF and DO have dominated the field
e>"" andx{"" discoveredin 2006 (CDF : PRL 99,202001(2007))
o = discoveredin 2007 (DO :PRL 99,052001(2007))
e O discoveredin 2008 (D0 :PRL101,232002(2008))
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The CDF and DO observations of the

agreement

For the mass measurement

CDF,m(Z,)=5790.9 +£2.6 (stat.) £ 0.8 (syst.) MeV/c’

DO, m(Z,)=5744 +11(stat.) £15(syst.) MeV/c’

CDF then makes the additionalmeasurement
of the lifetime

7(2;)=1.56"02

Toas (stat.) £0.02(syst.) ps
Lifetime measurement is statistically
limited

e = signal yield was only 61

¢ 17% relative lifetime error

e Doublingdata (8-10fb™") would
yield 10% precision

Candidates/cm

DO :Phys.Rev.Lett.99,052001(2007)
CDF :Phys.Rev.D80,072003 (2009)
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The CDF and DO measurements of the O, mass appear

inconsistent
For the mass measurement

CDF,m(Q;)=6054.4 6.8 (stat.) £ 0.9 (syst.) MeV/c’

DO, m(Q, ) =6165+10 (stat.) + 13 (syst.) MeV/c’ 3 20:DO, 1.3 fb™ . Data
: T — Fit
CDF then makes the additional measurement g o
of the lifetime 2 o
7(Q;) = 113723 (stat.) + 0.02(syst.) ps sjjjﬁt‘” B %ﬁ%ﬁ%ﬁﬁv

M(Q}) (GeV/c?)
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S 200 E Hyl [

N ] i

O 0 Bz o 607 00i 006 o008 o7 = 6.5 S'GG V/ A
0, —>J /Y0 cm A

DO : Phys.Rev. Lett. 101, 232002 (2008)
CDF : Phys.Rev. D80, 072003 (2009) 6




Comparing the CDF and DO results to theory

for the QE Measured and Predicted Masses
for the Z, and Q,

¢ Current estimates place
Jenkins (PRD 77,034012(2008))

-\ Lewis et al, (PRD 79,014502(2009))
m(Qb ) inthe range of 7 Kzrni:r St al, (Ann. Phys. 324,2(2008))

) - Systematic Uncertainties
6010—-6070 MeV/c
o CDF measurementin

= a COF
. —Db B
the range, DO differs —w— DO - PRL 99, 052001
by - 60 A
I. 11 I 111 l |.|.L..I.l.|. I.I L l]a]ll l L11 I L1 l 11 I L 11 I

e DO isin the process of

5.7 372 574 576 5.78 5.8 582 5.84 586 588 5.9

Qb_ _w CDF

DO — PRL 101, 232002 _. g

including more data, will
take some time

e Further analyses will 7
hopefully shedlight on e o Lo Lo L]

6 6.02 6.04 6.06 6.08 6.1 6.12 6.14 6.16 6.18 6.2

the phenomenon Gev/c?




CDF has measured the A’ lifetimein A} — Atz —
(PK 7z")7"
e Used1.1fb™ of data off of
the hadronic trigger

— B Four-Track
s Ay 2 ALK

—

[=]

X
III|

—— Combinatorial
---- A, Four-Track

A, Semi-leptoni¢
----- A, Other

e Corrections applied to lifetime to
account for displaced trigger _
e Sequentialunbinnedlikelinood 17
fit performed over mass, then '

—
[=]
IIIII|

Candidates per 0.0025 cm

lifetime andlifetime error
e Yield of 2927 + 58 candidates

fit for A} — Alz”

[ B
0.2 0.25

CDF thenmeasures ct(Ap) [cm]

7(A])=1.401£0.046(stat.) £ 0.035(syst.) ps
7(A2)/ 7(B®)=0.916+0.038

CDF :Phys.Rev. Lett.104,102002 (2010)




The DO collaboration has made a measurement of the

A} lifetime using semileptonic decays

'DZ L=1.3 fb™

14000

e Made use of the decay
A — uvALX
e Events came off of the

13000}

Events/ (15 Nle\llcz)

12000

single muon trigger for 2722 23 M(K;i'f‘(eev}c%
1.3 fb™" for a yield of

4437 +329

e Correction for missing
momentum (k - factor)

D2 L=1.3 fb™

1uzil( |
e - 1_1I
o B '__I

u A, yield (events/0.02cm)

—
o
TTT

DO then measures 4 003

7(A})=1.290 "1 j(stat,) ‘e (syst.) ps o

The value isin good agreement with other semileptonic measurements,
the world average, and theory

DO : Phys. Rev. Lett. 99,182001(2007) 9



CDF has recently updated a measurement of b —hadron
decays to J /i final statesin 4.3 fb™

e Of interest here is the T 2
lifetime ratio 7(A} )/ z(B’) ,

e Events taken off of

the dimuon trigger for P

J/wv —>uu

e Measure ct from the

J /v vertex, therefore

insensitve to details of A N
A reconstruction and

0
kinematics : Ab
e Yieldof 1710+ 50 O
Ay, = J /A’ found Primary Vertex

CDF :Public Note 10071
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The result of the CDF update gave a highratio
of 7(A}) to 7(B")

CDF Run Il Preliminary 4.3 o™

o CDF looked at the decays s o pata

Aob N /l//A,BO N /WK*a %wn_ Bl Sideband region
and B’ — J /yK!

e Performed unbinnedlikelihood 200g

fit over mass, lifetime, and lifetime

0 . X X 5.65 5.7 5.7.:)
Mass (J/y A)[GeV/c']

error

CDF Run Il Preliminary 4.3 fb”

7(A}) =1.537+0.045(stat.) + 0.014(syst.) ps
7(B”)=1.507 £0.010(stat.) = 0.008(syst.) ps

- Data

Events/50um
—
o
[*]

-
o
)

This then gives ,oi

7(A”)/7(B*) =1.020 £ 0.030 (stat.) = 0.008(syst.) | i“l

[\
015 01 -005 -0 005 01 015 02 025 03 035
ct (J/y A) [em]
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Summary of the current A} lifetime picture

e Currently, HQE makes the

- - . 1(A%) measurements
predictionof 'z(A})/z(B") =

0.88+0.05
) ALEP EP) C2 197 —Eaa 1.21+0.11+0.00
e Most theory uncertainty OPAL PL 8426 161 it 1.29%02% |, +0.06
DLPH EP| C10 185 ——— 1.117°%%% ,15+0.05
comes fromnon-pert. ME, COF 1 PRL 77 1439 i 1.32+0.15+0.07
. . ) DO Il PRL 99 142001 - 12182440 e 0042
improved lattice calculations DO Il PRL 99 182001 i 1.200%0120 ;, +0087 )
CDF Il PRL 98 122001 JjyA (1.0 fb) 1.593+9983 ;) ,5+0.033
could help CDF 11 9406 Ax H--H 1.401+0.046+0.035
CDF 11 4.3 fb?! - 1.537x0.045x0.014

e Semileptonic systematically

PDGO6: 1.23+0.074
low compared to fully recon. P

| i I

0.5 1.0 1.5 2.0
results from CDF
T (ps
e Two recent measurements (ps) ,
Yellow band from PDGO06, doesn't have previous CDF measurements
from CDF are best yet from A} — 3 /pA or Ay — Az

e Two CDF A} — J /wA results
are highly correlated

1. CTarantino et al., arXiv :hep - ph/0310241,up to O(1/m,) 12




Moving onwards toward the charmed baryons

The baryon SU(4) multiplets

13




CDF recently looked for resonancesin A}, - Az n"x~

CDF ends up finding
~900 A}, > Aix ntn
~45 A0 = AL(2595) 7
~110 A} - AL(2625) 7"

CDF Run Il preliminary, L = 2.4 fo'

o
8

I SN N (A7) ~ 900

Candidates / 10 MeV/c?
3
T

~85A% > S (2455)r w0
~35A) - 202455 7 e

300
200
- - M(A) -M(A) [PDG 2008]
{ s lLI|lIIlIILIIllll]ll]lLJILJIIJI[J|IJII
£15 3.2 3.25 33 3.35 3.4 3.45 3.5 3.55
T - M(Afxmnt) - M(AD)  [GeVicY
Lx
y i CDF :Public Note 10001
i
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The mass distributions for resonances observedin A - Atz 7*7z"

CDF Run Il preliminary, L = 2.4 fb’ CDF Run Il preliminary, L = 2.4 fo’ CDF Run Il preliminary, L = 2.4 fb"
e [ T T —
%70_N{Ac(2595))=45 Sgof- N(Zi(2455)) -85 ; " S | N(zY2455))~35 , .
S [ N(AL2625)=110 | Al — A(2595) 2r Ap—E Qusf- INEEDHE o
o [ . — C
=l As(2595) = AZ ' = ok 25 o Kint . 20~ Aso
w w C | e
2t o D r
® [ 4 w70 o 5 2 r ; -
B . Al — A_(2625) B E . * A, mass window (1 B . e A mass window
Osol- b ::( T 5 E g . O35 b
& [ Ao(2625) = ALt o Seol (] A;right sideband 2t [ ] Alright sideband
N - @
& F ot O30
“r sof :
r * A} mass window » 25—
30 - |:] A: right sideband 40 } E
L o 20—
L a0 E
20 F 15—
L 20( F
10(- E o
r 10 3 E
ol LIilJIIII!lll‘II L ‘II;I ;I E E
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0 S-d-3- eedlh i | I 1 1 1 I e S CF I izl Bt | I Pl | 1 r 1711 | | I I
0.14 0.16 0.18 0.2 0.22 0.24 L L L1 | o O L
M(AlntT) - M(A)) - 2m(n)  [GeVic?] &2 0.14 0.16 0.18 0.2 0.22 0.24

Mg [Bevi] M(AIT) - M(AY)  [GeVic?]

The mass plots used to identify the different resonances
1.M(A“ 7 77) = M(A%) — 2m(z) for A,(2595) > A"z 7~ and
A (2625) > N.x'7m
2.M(A“z™) = M(AD) for =5 — Atr
3.M(ALz7) = M(AY) for =0 — Atz
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The measured branching fractions for the A — Atz 7tz
resonances

B(AY A (2595)T 7~ AT a nat ™ N o - N—2
(Ap— A (2995) c L = (2.5 4 0.6(stat.) £ 0.5(syst.)) x 1072
B(Ay— Al T ntx— (all)) '

B(AY —A-(2625)Tn~ AT a7t 7n™) . : +1.0 N2
. < = (6.2 £ 1.0(stat.) "5 q(syst.)) x 10
BAY) AT 7= nt7—(all)) ( ( )00 (syst.))

B(AY)—S.(2455) " Tn n —Atn nlta) - . 9
: - = (5.2 & 1.1(stat.) £ 0.8(syst.)) x 10
B(A)— AT 7= ntm—(all)) (5 (stat.) (syst.))

B(Ag—.»ZC(QZLESS)OW+7T7—.»1'\Jf7r77r+7r7) : +1.2 N—2
— < = (8.9 4 2.1(stat.) "7 5(syst.)) x 10
BAY) —AT 7= nt 7 (all)) ( ( ) Tro(syst.))

- Yields come off of anunbinnedlikelihood fit of mass

- Complements a previous analysis performed looking

for resonant structuresin A} — A’z 7z*I"v (see Phys.Rev.
D 79,032001(2009))
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In 2002, the SELEX experiment announced the observation

of doubly charmed baryons, the = Hcc(ccd )yand =

e SELEX was a fixed target experiment

at FNAL, operating on the 600 GeV/c’
HyperonBeam
e The analysislooked for decays of

—+ f -+ —+t f -+ +a
=E.2>ANK 7z and=E2 > A K 7n'x

()

Events /2.5 [MeV/¢?]

Events /5 [MeV/c?]
S N OB M O N a0 O = W R T =~ &

32 33 34 35 36 37 38 39 40
M ( AZKT") [GeVic?]

a. SELEX updated with additional channels =

—++

=.. (ccu)

\Kr::t"

‘F

[ RIGHT-SIGN

a5 F

' WRONG-SIGN

i

cos(B") > -.0

cos(B") = -.6

25 [

2

15 F

il

3.3 3.35 34 345 3.5 3.55 36

eFound22=. —» AK 7" eventsand9

E. > AN K 7'z events
e They measure the masses as 3520 MeV/c”
for 2! and 3460 MeV/c? for the =7

e The mass difference of 60 MeV/c? is too large
for the same isospin doublet

SELEX:arXiv :hep-ex/0212029

> NK 7z, pD'K,andE > Ex 7' x" 17



Thus far, attempts to confirm the SELEX result
have turned up nothing BABAR for =

« BABAR looked for =, in S 1 """""""" E
AN K 7" and =)z, and for é SE i I' [ _
Ee iNAKK 77" andElr'n’ 5 0k J:H 1 l'lﬁl:lpl "* o nh':' i ﬂ!} |\"'m|“|!!!|: |||| '"":I' J:' f
e BELLE Iooked for Z;, in ° L "ﬁ sl it 1) i " . _ {l; *'
NK 7" T8 ee o AMZ:W :”l ?Ce\/'/a, %)
¢ Both experiments reported B
back the nullresult for their 450E-;ELL-EfO.r -
respective searches %Egg :
e Theory could help, though 5250 |
it might be tough for CDF/DO Eio
- Difficulty lies in triggering on el
them, lifetimes are short S K, (aeviery T 5B 3028 388
and they don't arise from A} BABAR :Phys.Rev.D 74,011103(R) (2006)

: 1
decays BELLE:Phys.Rev.Lett.97,162001(2006) 8




CDF is further examining the excited charm baryon states of
A.(2595), A (2625),Z_(2455),and X (2520)

e Aims to measure widths and masses withrespect to
*+ + _+ - 0/++ + __—/+
A > ANrx'r-andZ " > Ar )7

e Analysisuses 5.3 fb™ off of the hadronic trigger
3/2-

e Begins by reconstructing A, — p"K 7" then adding

N
Q9
~
-

. &5 1/2-
tracks under r mass hypothesis —
=

CDF Run |l preliminary, L = 5.2 fi5"

——Data

— Fit Function

- A(2595)" = A T T
1000 === A(2625) s A U T

N(A,(2595)") = 4900
N(A(2625)") = 7700

—_—

)

o

=)
|

Qo
o
o

600
234 172+

Candidates per 0.5 MeV/c?

400—

200

3;1,0340 el Mass fit from CDF PR blessing
Mass(A: " m)-Mass(AL) [MeV/c?] 19




Summary

e Lots of good measurements
- Charm spectroscopy
- b-baryonlifetimes

e Some discrepancies

- The O, mass measurement, hopefully resolved

with DO update
- The SELEX result for doubly charmed baryons
e Interesting future CDF, 2.4 fb™ for B — J /yr”

w
o

- The double heavy states are a stretch
(e.g.|bcu>and|bcd >), could potentially
see a handfulin~10 fb™" based

[\l
(4]

Entries per 10 MeV/c?

0_|||||||||||\||\||\||||||

. 1 6.00 6.10 6.20 6.30 5 6.40 6.50
onB —> J/wx" (108 cand.in2.4 fb™) Mass(J/yr) GeV/c
CDF :Phys.Rev.Lett.100,182002 (2008)
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How do the rates for the OO, compare between CDF and D0?

DO measures

f(b— Q,)BR(Q, > J/ypQ")
f(b>Z)BR(E, > J/y=")

=0.80+0.32(stat.) +7)3 (syst.)

CDF measures

c(Q,)BR(Q, = J /yQ7)
o(E,)BR(E, —» J/y=")

=0.27+0.12(stat.) = 0.01(syst.)

-Large errors, ratio of small samples taken
- CDF does measure a much smaller rate

22
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