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B baryon production at the Tevatron

At present Tevatron is the only place to study B baryons:
2 Production of all B hadron species in fragmentation
> Huge bb cross section

but

« ~103 times larger
Inelastic cross section

— Trigger

. Soft p, spectrum,
limited n acceptance
— Low efficiency

« Background tracks from fragmentation
— High combinatorial background q q




B baryon detection

Trigger

* Single muon (D0) — semileptonic decays
« Dimuon (CDF+D0) — decays to (J/)y X

decay vertex

» Displaced tracks (CDF) — hadronic and /2N
semileptonic decays /o
e 4,
Reconstruction *Corimary

vertex

 Good charged particle and secondary vertex
reconstruction in tracker

 PID in muon chambers, dE/dx, ToF
 Photon reconstruction only via conversion (at low p.)

- No neutron and neutrino reconstruction (at low p.)




B baryon spectrum

mass [GeV]
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A, Lifetime

(Mass: m(A,) = 5619.7 £ 1.2 = 1.2 MeV)
« Spectator model: ©(A,) = t(B°)

e Prediction: T(Ab) / ©(B%) = 0.88 £ 0.05 Tarantino, Eur.Phys.J. C33 (2004)
PRL 99, 182001 (2007)

Semileptonic decay:
AL =AWy X,
A=K p

> High statistics

> Correction for missing
momentum (k-factor)

t(A,) = 1.290 +0119

-0.110

d
o
w

U A, yield (events/0.02cm)
3 2,

PRL 96, 202001 (2006) (S8

DZ L=1.3 fb™

+0.087
-0.091 pS




A, Lifetime

Exclusive decay: A.° = J/y A°

CDF Il Preliminary 1.0fb”
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v Cross check: B? — J/y K%

DO :t(B°) =1
CDF : t(B°)
PDG : 1(B°)

1

1.

.501 +0-078 .+ 0.050 ps

551 + 0.019 + 0.011 ps
530 + 0.009 ps
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A, Lifetime
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« DO results consistent
with world average

e CDF result ~3c above
world average

« DOand CDF A’ — Jiy A°
results consistent at ~2c
> Need more measurements

Ay lifetime measurements

CDF (ABE 96M) ——
1.320+0.150+0.070 ps
ALEP (BARATE 98D) —e—
1.210+0.110+0.000 ps
OPAL (ACKER. 98G) ——
1.290 (+0.240-0.220) +0.060 ps
DLPH (ABREU 99VW) | F——

1.110 (+0.190-0.180) +0.050 ps

D0 (arXiv:0704.3909) —e—

1.218 (+0.130-0.115) £0.042 ps

DO (arXiv:0707.2358) ——

(semileptonic) 1.290 (+0.119-0.110) (+0.087-0.091) ps
CDF (hep-ex/0609021) ——i

1.593 (+0.083-0.078) £0.033 ps
CDF Run 11 Prelim. =

1.580+0.077+0.012 ps
PDG 2006

1.230+£0.074 ps

0.5 1 1.5 2 2.5

Ay lifetime [ps]




Fully hadronic A, decays |=o®

« Fully hadronic A, decay
A’ —= AT T,

r-b.. N m— Total Fit
AC+ — p K_ T E”uuz_ ﬁ ------- Partially-reconstructed A,
1200 B Fully-reconstructed B
. § E Partially-reconstructed B
> DISp|aCGd traCk :muu:— + Combinatorial
trigger § soof + * D
> Bias on lifetime 2 oo
8 f ~3000 A,
400—
>Hadronic A, sample  z0F
so far only used for 0255 54 55 56 57 58 ms o oai
Y, search m(A? 1) GeVic
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Y, Strategy

« Decay mode: ]=1/2 J=3/2
Zb(*)i - Abo T, |3=-]_ bdd Eb- Zb-
AbO - Ac+ T, |3=O bdu Zbo Zb*o (no T° reconstruction)
A*—>pKmr ,=+1 buu Zb+ Zb*+

> Optimize A,
and X, cuts

> Look at Q-value spectrum
(better resolution than mass):

Q = m(A.x) - m(A,) - m(m)
> Y, background (A, B, comb.): T«

« Normalization from A_ fit
« Shape from PYTHIA
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« Four peaks in unblinded signal region
* Significance > 5¢

PRL 99, 202001 (2007)
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Candidates per 5 MeV/c”

Q(£,) = 55.9 + 1.0 £ 0.2 MeV/c? T
- ol e 184

* +2.0  +0.4 2 60 ﬁ‘w:'*'*é##ﬂ‘*
AL " =21.2+20_ +04 _ MeV/C | o P M
m(x,*) = 5807.8 +2°__ + 1.7 MeV/c? or !
m(z,) = 5815.2 = 1.0 * 1.7 MeV/c? 20f W LT ; %}-ﬁ,
m(Z,™) = 5829.0 7 17, s MeV/c (] A— -.|-1 i

oy +1. 0 50 100 150 200
m(Eb ) =5837 = 2.0 18_1_7 MeV/c? Q= m(AE‘E) _ m(AE) -m, (MeV/cz)




d
Search for &,

= Dimuon trigger,
« B )y E,

Jlv - puiu, E— A

p
= Displaced track trigger
p— P— 0 —_— T
* Sy 7 T " VERTEX_2
E0>E T, E - A
_ A
L track
¢« B0 E T, ’

\

EloEann, o ATt " VERTEX_1

[x],

P.V.

= Lepton trigger
« B, 2 E I'X

> Need = reconstruction




126 1.28 1.3 132 1.34 136 138 14

Q...
=~ reconstruction i M;I.':::::«@
DO: -
* Cut on impact parameter (IP) in default | DO
reconstruction removes A daughters
- Reprocessing with released IP ,
cut significantly improves L —
efficiency M

m(Arn) [GeV]

CDF: - | I a——— A
« Hyperon tracking in the silicon S F @ [Jeor=
detector
- Improved IP resolution and #{W E
signal to background ratio 2
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Candidates / 1 MeV/c?

Candidates / ( 2 MeV/c?)
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=, Selection L
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> Cuts on kinematic and 2 550 00131 (b)
vertex fit quality variables Q300 — MC:E, signal
g 250_ --------- Data: wrong-sign
Do § o0 Do
' 1T 150"
 Cut optimization on A, data 100 1,
and ,_ signal MC plus T S
. 0 3 4 5
wrong-sign and p; (GeV)
sideband data ey Lt
I * —— data £y |
% s EI total fit
CDF' = 2000-_ - B*—>J/ym* ]
« Cut optimization on g [ comb. background |
B+ — J/w K* data, 51 ]
B/K E /= 3
b 8.20 5.25 5.30 5.40 5.45 5.50

5.35 +
M(J/yK™) [GeV/cY
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, Cross checks

v
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Wrong-sign (A°m")
=~ sideband
J/v sideband

Cut variations

B hadron reflections

Events
= N W B

-LI\)oo-h

- N W =

- (b) wrong- sign
;_ D@, 1.3 fb™
hlon o nﬂ
_(c) © S|deband
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(d) J/y sideband
ol
Mass [GeV]




=, signal

PRL 99, 052001 (2007)
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First direct observation

oy PRL 99, 052002 (2007)
o 1
s 8| -
10 I
g 6] _
g =
5 :
"g i
| | A N1 . .
54 56 58 60 62 64
S M(J/yE) [GeV/c]
Significance

(prob. of background fluctuation):

« DO: 5.20, LH ratio: 5.5¢
(>5.3c with systematics)

« CDF:7.70

O



dr.,,
E, mass measurement @
-
Unbinned maximum likelihood fit = Mass
DO: 7 ooy
e Q-value technique: Do ————¢ —_—
m{J/y &) - m{up) - m(An) CDF % Tt
+ My Uy) + My (E) |

> m(_b ) =5774 + 11 + 15 MeV 57 5.76 5.78 5.8 5.82 5.84

m(Z;) [GeV/c?]
 Dominant systematics: eventselection

CDF:
« 5 track fit with vertex and mass constraints «

> mM(E_) =5792.9 £ 2.5 £ 1.7 MeV
« Dominant systematics: fit model

O
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Fraction of b — O times BR, relative to AC

« Similar selection for A and ONe

« Relative efficiency from MC
 Dominant systematics: MC modeling

f(b—z,)BR(z,—~ Jly=z")

~0.28 + 0.09 (stat
F(b—A,)BR(A,— JIyh) (stat) +

> Compare to f(bo - B,) /f(b - B*) = 1/4

+0.09

008 (SYst)




Summary

Unique B baryon studies at the Tevatron:

> Precise A, lifetime measurements
Discrepancy between CDF and DO

> First observation of charged X,

> First direct observation of B
Production ratio measurement

Experimental knowledge on B baryon sector increasing
2> What comes next?




Outlook

Future measurement:

o

> A, lifetime measurement in fully hadronic decays
> Width and production rate of X
> Lifetime of &, - . 1
=14 D@, 1.3 fb"
> Search for =,° £ -
b O 12: :
> Search for Q N 105! . .
b o Data signal
e 8}, - Data sideband
S Ay
W 2 reres; I |
IIIIIIIIIIIIIII @ :. .:._"l".-I:lLHI' . L.h?d N -l SN .hr.LL
0.1 0.2 03 04 0.5

Proper decay length (cm)




Bonus: =, event candidate b




Bonus: E_event candidate

Run 179200, Event 55278820, M(Z,) = 5.788 GeV

O



- - G-,
Bonus: E,_ event candidate @

NS>\




M(Eb)=787‘|_‘ ‘(:‘/s / \m
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