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A total of 15 b baryons are predicted
(counting quark content only)

charmless b baryon (10 in total) multiplet
J =3/2 D Baryons
J=1/2 b Baryons
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b baryons at hadron colliders

* Unique to hadron colliders (not produced in B factories) J=1/2,1b
* Produced copiously at the Tevatron ground states
e At start of Run2 (2002): only A, was established (~20 events)
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* Since 2007: 5 new ground state b baryons observed by CDF/D@
* Interesting mass & lifetime predictions, using different models €2, (bss)

 However, very challenging analysis required
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b hadron lifetimes

In the simple quark spectator model, the b quark decays independently of the other quarks

- The lifetimes of all b hadrons are expected to be equal

Ay > J /(fv A Ap—J ly A (‘ J/ u,vj

b b
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Simplicity of the weak interactions overshadowed by the complexity of strong interactions!

- Measurements of b hadron lifetimes provide window into the importance of non-spectator
contributions to b hadron decays
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Experimental Status

A, lifetime

* Measurements by D@ and

CDFiIn Ay — J/9A:

PDG (2011) Lo i
-—-\ 1D (2005): ‘era, — 3660 ‘f—:};“;(slul ) £ 12.9(syst) um
CDF (2011, 4.3 fb), J/pA QH/ D (2007): “erx = o690 ‘E?I:}-(islut ) &+ 12.7(syst) um
CDF (2010, 1.1 b, A% - R CDF (2007): c7a, = 477.6 L537(stat) £ 9.9(syst) pm |

" CDF (2011): c7y, = 460.8 £ 13.5(stat) & 4.2(syst) um
DO (2007, 1.2 fb™), J/pA ——

DO (2007, 1.3 1), A% . = * Long standing discrepancy
\ between these measurements.

DELPHI (1999), A_I' + AI'T

OPAL (1998), A I + AI'T * The CDF <ZO| |) Measure=
ALEPH (1998), A_I' + AI'T T ments Of T(Ab) and T(/\b)/T(BO)

are more than 20 higher than
the WA. (FDG = 20 Sih

CDF (1996, Run I) A I | .
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Theoretical Status

* Precise predictions of b-hadron lifetimes are difficult to
calculate. Ratios are predicted with fairly high accuracy by heavy

quark effective theory (HQET). Up to O(1/my),

TAp — 0.88 4+ 0.05 = ct(Ab) ~ 378 - 423 pm
"Bag INLO

while the WA.is 7a, /75, = 1.00 + 0.06

(CDF = 1.020 + 0.030 + 0.008 and D@ = 0.811*00% _g g, + 0.034).
\

CDF measurement in the J/P A final state contradicts
the expected hierarchy t(As) < T(B?)
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b baryon search: data reprocessing — extended tracking

When tracks are reconstructed,
a maximum impact parameter
IS required to increase the
reconstruction speed and lower
the rate of fake tracks.

But for particles like the A, ,
g, or Q, this requirement

could result in missing the &
and proton tracks from the A m

decay
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Increase of reconstruction efficiency
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Reconstruction of A, & B° decays

Analysis strategy:
» Exploit the very similar event topologies of these decays
» Utilize the very precisely known W.A. B? lifetime
= to cross-check the event selection and analysis
method used for the A, lifetime measurement

Event selection:
O 2 oppositely charged muons forming a good vertex (J/y)
[ 2 tracks with significant IP forming a good vertex (A, K%)

= P(A) points back with 1° to the J/{ vertex (suppress

background from heavier b baryons to A,)
[ Fit to a common vertex for the A (K%) and 2 muon tracks,
constrained to the mass of the J/Y

= The trajectories of the decay products are readjusted
O The primary vertex is recalculated to exclude muon tracks
O Several optimization cuts to maximize S/ V(S + B)

= A decaylength > 0.3 cm, significance > 3.5

= P, (J/U)>4.5GeV, etc

= A, isolation
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A, signal & B reference samples

.. after removal of partially reconstructed b hadrons
N, 2 /LA BY = J/U KO

(a) D@, 10.4 b’ (o) D@, 10.4 b
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Main backgrounds: COMBINATORIAL and PARTIALLY RECONSTRUCTED b HADRON DECAYS

v

PROMPT: J/ from PV (~70% of total background)
NON-PROMPT: J/y from b hadron decays
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The Ay lifetime is extracted from a simultaneous unbinned maximum

LIfEtI m e ﬁts likelihood fit to M, A and 0 (PDL uncertainty) distributions:

We defined proper decay length (PDL) as: Boost
2 i y L= H fsFs(my, A, J) (i fs)]:b(my>)‘37‘7 )]
N (Zs — Zpv) - Pr{cMB
- & There are |19 parameters in this fit.
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ct(B®) =452.2 £ 7.6 um

ct(A,) =390.7 £ 22.4 um
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Systematic Uncertainties

Source Ap (um) By (pm) Ratio
Mass model 202 6.4 0.008
Proper decay length model 7.8 3.7 0.024
Proper decay length uncertainty 2.5 8.9 0.020 Changed
Partially reconstructed b hadrons 2.7 1.2 0.008 «—— b-hadron mass
1% of B «—> Bs — J/YKs e 0.4  0.001 threshold
Alignment 5.4 5.4 0.002
Total 10.4 12.9  0.033
Mass model A model| o model

* Double-Gaussian for signal.

e Exponential decay for non-
prompt component.

* Second order polynomial for
non-prompt component.

07/07/2012

* Double-Gaussian for resolution
function.

* Non-prompt exponentials
convoluted with the resolution.
* Only one negative exponential.
* Only one positive exponential.

A_b lifetime at DO/Tevatron - Peter Ratoff

e Extracted from data by
bkg. subtraction.

* Used O distributions
from MC generated
with different input
lifetimes.
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Lifetime Results

@ Using full D@ Run2 dataset (10.4 fb™?),
measured the A, lifetime in the exclusive

decay mode J/ A

T(A,) = 1.303 £ 0.075 (stat) £ 0.035 (sys) ps

Consistent with previous D@ measurements
and the PDG World Average (2011)
1.425 + 0.032 ps

€ Method was thoroughly tested in
BY = J/ K% decays

T(B%) = 1.508 + 0.025 (stat) + 0.043 (sys) ps

in very good agreement with the WA value
1.519 + 0.007 ps

07/07/2012

A, lifetime
——
PDG (2011) —e—
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A, / B lifetime ratio

e These measurements can be used to calculate the ratio of
lifetimes (with many systematic uncertainties reduced):

t(A,)/T(B°) = 0.864 £ 0.052 (stat) + 0.033 (sys)

* [heoretical predictions are in excellent agreement with our
measurement

Ay — 0.88+0.05
"By INLO

and it Is consistent with the W. A,
2 —1.00+0.06 (WA)

TBd

N.B. New HFAG value (including D@ result) = 0.930 + 0.020
arXiv:1207.1158v1 (5 July 2012)
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K.Toms (ATLAS) — this conference

Ratio of A, and B lifetime

llIIIIIIIIIIlllllllllIIIIIIIIIIIIIlIIIIIIIIl

Experiment
CDF (PRL 106 121804) ——

DY (PRL 99 142001) -

PDG* —

DD (arXiv:1204.2340)

ATLAS (ATLAS-CONF-2012-055)

NLO (EPJ C33 S895) - Theory

NLO (PR D70 094031) -

llllIllIlIlllllllIllllllllllllllllllllllllll

03 04 05 06 07 08 059 1 1.1 1.2

* doesn't include the ATLAS and D@ measurements

N.B. New HFAG value (including D@ result) =0.930 + 0.020
arXiv:1207.1158v1 (5 July 2012)
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Backup slides
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Fit models

Signal Model (physics motivated + resolution effects)
F? = Gauss(m;) x [exp ® R(05)](A;) X Es(oy)
N\ \

Event-by-event error Eelie
gaussian resolution

Background Model
(empirical, describes mass sidebands, divided in prompt and non-prompt J/\P decays)

Fi = [foMp(M;)T, (X5, 04) + (1 — pran(Mj)Tnp(Aja(fj)] Ey(0)
Constant — B exp l

=)
I

s
2 2
TTTTTT T T T
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o
T
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Sideban-,d:s Sidebands

Events /

All signal and bkg
parameters are allowed
to float in the 3D EIR :
likelihood fit Hlge “ W oy
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Events/
Pt
‘¢
TW

10E
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@ENSISTENCY CRIEESE

* Measured the Bq and As lifetimes
with an alternative method, less
dependent on background modeling,
but statistically inferior:

* Extract signal (mass fits) in bins of
PDL. 2 fits return:
cT(Bg)= 458.3 £+ 8.9 (stat.) um
cT(Ab)= 391.4 + 35.8 (stat.) pm

 Divided data in different data taking
epochs, N, number of SMT hits:
results are statistically consistent.

DY Run |l

N =5262.4 + 107.2

Jhyp Kg yield /0.02 cm

ct=458.3+ 8.9um
s= 1.53 = 0.19

¥3/NDF = 1.002

Pulls

Epoch

A, ()

7B, (M)

Run Ila

Run IIb

346.1 £ 46.1 (stat)

416.8 + 25.2 (stat)

480.4 £ 19.4 (stat)
456.6 + 12.6 (stat)
451.6 £ 123 (statl]

07/07/2012 A_b lifetime at DO/Tevatron - Peter Ratoff
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CONSIS

ENICY CHECKS (2)

* Our results remain stable when:

All requirements in variables used
in the optimization are removed
one at a time.

Apply looser and tighter cuts to
kinematic variables.

The high-end tail of the
uncertainty distribution is
removed.

Used the same selection criteria
as in previous DO lifetime
measurements.

07/07/2012 A_b lifetime at DO/Tevatron -

Requirement 7B, (Lm) Ta, (m)
Nominal 452.2 £ 7.6390.7 £ 22.4
Allow multiple candidates/event |451.7 + 7.6|390.2 £+ 22.4
No V? collinearity cut 448.3 + 7.4|388.5 4+ 22.2
No V° distance and significance cut [454.6 + 7.6(390.5 + 22.0
No AR(u™,u™) cut 451.5 E 75| 3G R bR
No B Isolation cut 449.6 £ 7.41394.1 £+ 22.4
No pr(J/v) cut 452.6 £+ 7.6(391.6 + 22.3
No p(B) cut 452.2 + 7.6(390.7 + 22.4
No vertex x*(B) cut 455.1 £+ 7.7(387.1 £ 22.7
No pr threshold cut 448.3 + 7.5(390.0 + 23.3
* pr(V°) > 1.4 GeV/c 433.8 + 6.5(398.1 + 23.6
pr(V°) > 1.6 GeV/c 441.5 4+ 7.0{397.3 + 23.0
pr(V°) > 1.8 GeV/c 452.2 + 7.6(390.7 &+ 22.4
pr(V%) > 2.0 GeV/c 453.5 + 7.9|387.7 £+ 22.9
pr(V°) > 2.2 GeV/c 444.4 + 8.1|407.0 + 23.4
pr (V%) > 2.4 GeV/c 447.0 £ 8.7|401.8 + 24.1
Omaz (pm)| TB.(wm) | 7a,(pm)
100 4520 7.5 ST 3=y
150 452.9 £ 7.6|391.8 £ 22.3
200 453.0 £ 7.6|391.0 £+ 224
300 452.2 £ 7.6390.7 = 22.4
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CONSISTENCY CHECKS (3)

A, Pseudoexperiments

g H i'rnus-omm ‘
goo— l { ‘Mun: 0.03904
Debugged the maximum Cap - -
: : : : ! i
kelihood fit code by generating - T
Dseudo-experiments: / i: i | s
zof- 1
* We recover the input lifetime. P\ SUGNUEE YUU0 YO SeNa |
ct (cm)
: : A, Pseud iment
» We find a lifetime error PR . i i |
consistent with expectations. Tt T (o
L L ==
. 1d :
T 0
G 1
ok I
And other checks... i
TR mo.ooz 0055500800035
|9 cx Error (cm)
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