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Bottom Baryons (I)

- b-baryons are nice laboratory to understand non-perturbative QCD
and potential models

Lf\ilj'

* heavy b-quark - sizeable simplification
in theoretical description

» basic model: light diquark system qq
surrounding the heavy b-quark
.hucleus” Q

» coupling similar as in hydrogen/helium
atom

- Ground states (L=0)
Joq= Sqq= 0 — J=J4q*Sq = 1/2 {A%, By}

To® Sqq=1 = J=T4#5q= 1/2 {5, By, Q)
— J=J,+Sq=3/2 {2, 5, ")



Bottom Baryons (ITI)

. Our knowledge of b-baryons greatly expanded in the last ~2 years
. This is totally a Tevatron field

- 3,0 and £, observed in 2006 J=1/2 b Baryons
- E, observed by in 2007
- Q. observed in 2008

J =3/2 b Baryons
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The CDF II Detector

Drift chamber in1.4 T B field

Excellent vertex & mass
resolution

Silicon VerteX detector
I.P. resolution: 35 ym @26GeV/c

Muon coverage |n| <1

DiMuon Trigger

Displaced Vertex Trigger

Secondary
Vertex

Decay Length B
L
- e /Pe(®) = 5 Gev
rimary ;
Vertex ‘ :.-" L.y = 450um
/e

d-= |mpac1' parameter



=/, Decay Modes

C

c J/'lp

Eb-/ Qb- S } S

d/s

.We search for the E,- and Q.- through the processes
- Z, = E, I = utu, B — A
- Q= Jhp Q,Jp — puru, Q@ — AK-

. The data set is from di-muon trigger

- JAp = urwin the final state
. The data set contains many b-meson candidates (useful crosscheck)



=/, Reconstruction (I)

5-track, 3-vertex fit

- utw constrained to J/y mass

- Hadron trajectories constrained
to appropriate topologies

_ Reconstructed = /Q- constrained to
originate from the u*u intersection

The long life of the E- and Q- opens
the possibility of seeing the hits
left in the Silicon detector
(more on this later)

— Eb_/gb-

Primary Vertex



=/, Reconstruction (I)

Selection may be satisfied by

Like sign pairs (p may form a A with
either) \
Both A - track intersections
Ambiguities resolved by

Track information in the longitudinal
(along beamline) view

Fully constrained 5-track fit

Helix constraint avoids “"wrong”
intersection




Inclusive E/Q Samples

The base sample is given by
- 11077 < M(pr) < 1.1237
- P-(E/Q)>2.0
— Flight(A/E/27) > 1 cm
- Impact(E/Q) < 30
- P(x?) > 10+
— P((®)used > PO swapped

- Veto 1.311<M(An)<1.331 for
AK sample (E- reflection)

ylelds |n The J/lp Sample: 1.64 1.65 1.66 67 168 iégelv/gzj

M(AK™)
- 21 41,000 Dashed histograms are WS Arn*/K*
- Q: 3,500 Shaded are selection and SB region

- Ak

Combinations/MeV/c?




=,/Q, reconstructed signals

CDF, 4.2 fb™
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JWE-, Jhp Q samples
Obvious E, signal when ct > 100 um

Cluster in the JAp Q- around 6.05 GeV/c?
Test of Q. significance finds 5.50 (with no ct cut)
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Require =/Q- hits in SVX

CDF, 4.2 fb™'
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M(J/%="), Sil. on =7, ct > 100 um
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Combinations/MeV/c?
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1.64 1.65 1.66 1.67 1.68 1.69 1.7 O 5.8 6 6.2 6.4 6.6 6.8 7

M(AKY) Cev/c* M(J /), Sl on 7, ot > 100EY4S
Inclusive A and AK with previous selection and additional
request of silicon hits on the =/Q track

Obvious E,- signal

Just 2 Q, candidates (due to lower Q-lifetime) but mass
consistent with the main selection



Sideband/Wrong-Sign selections

Same candidate selection,
except for the AK" pair
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2,7/92,~ Mass Measurements

b—baryons spectrum — TH predictions vs EXP

NQ
= M(B)-M(7,) | [Annals Phys.324:.2-15,2009]. .
o (MeV) (courtesy M. Karliner)
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m(Z,7) : 5790.9 + 2.6(stat.) + 0. 8(sys’r ) MeV/ c?
m(R2,7) : 6054.4 + 6.8(stat.) + 0.9(syst.) MeV/c?

Systematic uncertainty
0.55 MeV from BO(K.) error scale by 80% for kinetic energy in the decay
0.5 MeV from A, resolution treatment (considered largest possible)
0.3 MeV from Q" mass



=,/Q, Lifetime Measurements

1600

Binned lifetime fit distributions £
- Each bin comes from an independent & '
fit to the mass distribution o .
- Dashed lines are fit projections T | RPN

= J/YE

©(E,): 1.56*027  ,5(stat) £ 0.02(syst) ps  “
T (Qb-): 1.13*‘0'53_0.40(51-01-) T OOZ(SYST) ps 200

Systematic uncertainty | 0,—>J/yo- om
2 um from ot treatment
5 um from binning



=,/ Production Rate Measurements

We measure ratios of cross section times BR with respect

to the A%, only b-baryon with a large sample
Issues:

Experiment's acceptance is p; dependent
Cross section is pr dependent
Unknown - assume A° distribution
Limited data sample requires integration over p

Combine acceptance with yields
A% : 1812 + 61 candidates

r—

E, : 66*% 4 candidates
Q. : 16*¢, candidates

OBE, =T IYE) 167407 20,012
OB(A, = J /yYA) |

0B(Q; — J/yQ7)
arXiv:0905.3123 oB(A, — JIpA)

=0.045%71] £0.004



Search for 2 )

Decay chain PRL 99, 202001 (2007)
Eb-(*) — AboJ'E-
Abo N Ac+ T
AS— P K r

i we— Total Fit
1400~ ﬂ ------- Partially-reconstructed A,

------- Fully-reconstructed B

—
N
o
o

l[l

Partially-reconstructed B

Combinatorial

* Data

A9, vyield
3180+60

3
o

|
———

Candidates per 20 MeV/c?
g
|
+

m(A; 1) GeV/c

Contributions in A%, mass window
86.4 % of A% (all decays)

9.3 7% of B-meson (all decays)
4.3 7% combinatorial




>.t) Event Selection

Search for resonances in
Q=m(A, ) - m(Ap) - m(mw)

Exclude 0.03< Q <0.10 GeV region
from signal selection procedure
(blinding)

Optimize selection based on
- MC simulation for X signal
- Sidebands from data

Fix background contributions
at m(A9,) fit

Candidates per 5 MeV/c?

CDE Il Preliminary, L = 1.1 fb"
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Candidates per 5 MeV/c?

Observation of = )

CDF Il Preliminary, L= 1.1 fb"

Fit Prob. = 76%
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Observed four signals with

significance

« >5.20 (4 peaks vs. only BG)
 each peak >30 (except Z*,)

m(zb+) - 5808*-2’0_2.3 il.7 MeV

m(zb_) - 5816+1 O .

m(Z,*) = 5829+ 6
m(Z,) = 5837*21

+1.7 MeV
:1 7 MeV
.4:1 7 MeV

PRL 99, 202001 (2007)



A%, lifetime

CDF Il Preliminary, L=1.1 fb" A, Lifetime Measurements
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Use %3000 ev signal A% — A* .t from the displaced vertex trigger
ct(A%) = 420.1 + 13.7(stat) + 10.6(syst) um
Systematics dominated by MC model of trigger efficiency and decay

See Heather Gerberich's talk for details



Resonances in A% —A* 3nt (I)

CDF Run Il preliminary, L =2.4 fo!

CDF observed resonant semileptonic "
decay modes and measured 2
BR(A%—A*(2595)u-v) ;
BR(A%,—A* uv) M
BR(A% —A* (2625)uv) c ol
BR(A%—A*wv)  PRD 79, 032001 (2009) )

BR(AOb—)EOC(2455)ﬂ?+M V)+BR(A0b

400

5+ (2455)ruy) o
2X EQ(AOb_)A-'-CM-V) 2005

Similar resonant decay modes reconstructed’}

N (A%) ~ 900

in the A, —>A* st decay
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Candidates / 3 MeV/c?

Candidates / 20 MeV/c?

Resonances in A%, —A*_3n (IT)

CDF Run Il preliminary, L = 2.4 fb"
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BR and Ay in A%, — pm(K)
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First study of CP asymmetry in b-baryon decays (SM predicts DCPV ~10%)
Use large sample collected by two displaced track trigger along with B—hh

We take into account Lb pT spectrum (different from B), Lb polarization
(modifies kinematics) and p/K nd p/n efficiencies



BR and Ay in A%, — pm(K)

AY DT ) — —\0 o
Acp(A = pr—) = B 2 pm7) = B (*_g 2 PT) 0,034 0.17 (stat.) + 0.05 (syst.)
B(A) = pr—) + B(Ay, = prt)

_ B(AY - pK—) — B(R, = BK)

Acp(A) — pK™) = = 0.37 £ 0.17 (stat.) £0.03 (syst.)
B(A? - pK—) + B(X, — PK+)

o(pp = A)X,pr > 6 GeV/e) B(A) = pr)

o(pp = B°X,pr > 6 GeV/c) B(BY - Kt7n~)
b= AVX. pr > 6 GeV/c A) = pK~ Ny , NP

opp = 4 2,pr > 6 Gevje) By, 5 pKT) 663 4 00089 (stat.) + 0.0084 (syst.

o(pp = B°X,pr > 6 GeV/c) B(BY - Kt7n~) PRL 103 031801 (2009)

=0.0415 £ 0.0074 (stat.) = 0.0058 (syst.)

BRs are in agreement with SM predictions and exclude O(10-4) values
indicated for R-parity violating Minimal Supersymmetric extensions of the
Standard Model [PRD63,056006(2001)]

First DCPV measurements in b-baryon decays (statistical uncertainty
dominates)

First hint of DCPV in b-baryon decays (very interesting to pursue with
more data).




Conclusions

Tevatron is giving great contribution to increase our knowledge
of b-baryons
Observation of the Q,-and E, -
Measurement of Q.- mass and lifetime
Measurement of =, - mass and lifetime
Observation of the X, ()
Improving measurements of A, properties
World best mass and lifetime
Reconstruction of new decay modes
BR/CP violation in Ab — pTl‘(K) J=1/2 b Baryons
J =3/2 b Baryons

3b
® Qpbb
= ()
2 b — hb%u/hﬁ/' = hh
) '(21‘;'1 50
1 b b ~4




