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Birth of B Physics

The discovery of the upsilon

r M(MM) meson in 1977 at Fermilab by
. Lederman et al.
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16”° Fermilab’s giant accelerator reveals another new
i h sub-nuclear particle
bl e e ﬂ“ “ . B Physics, a whole field, was born
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Status of B hadrons:

0o Mesons:
m Established: B*(ub), B%(db), B,(sb), B.*(ch)
m Established: B*
m Preliminary: B,**B,** (CDF & D@)

0o Baryons:
m Established: A (udb)
m Preliminary (CDF): 3, *(uub),2, (ddb)
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The quest for b baryons

J=1/2 b Baryons Ap(udb)

discovered by UA1 in
1991

2y(uub,ddb,udb)

discovered by CDF in
2006/2007

E,"(dsb) ?

made of one quark
from each generation

Plus there is a ] = 3/2 baryon multiplet
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>p1,2,” observation
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The Tevatron & D@ ...

Fiber Tracker

Silicon p-strip Tracker

Preshowers
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Tevatron is doing great: Shielding =g —
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. “%  Central Muon 20m g .
Delivered >3 Scintillators s i
D@ Run Ila 1.3
DO Run Ib 13 Excellent, large angle, muon spectrometer and trigger.

Large B —u semileptonic and B »JAp+X samples

Run llb addition:
Silicon Layer @
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Run Il Integrated Luminosity 19 Apeil 2002 - 22 July 2007
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Triggering the E, search
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What do we know about the =, ?

O Predicted mass: 5.7 - 5.8 GeV

0 Predicted to follow the mass hierarchy
s M(A)< M(E,) < M(5,)

0 By using preliminary X, mass
measurement from CDF and predicted

mass hierarchy:
= 5.624 GeV < M(E,") < 5.8 GeV

o E, lifetime by LEP: 1.42 +0.28/-0.24 ps.

(Indirect measurement) *

*This 1s the world average (ALEPH+DELPHI). HFAG:
arXi1v:0704.3575 [hep-ex|
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How do we look for this particle?

o We have an excellent
dimuon sample.

o o We have experience in A
£ . —J/YA (~170 events)
o Then we look in the
decay =, —Jp+E" (This
could be very rare!)

__ (d) 2 d
_1 = (s @ =-
=i - b/ .
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The sister ... A,—J/yYA

&
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Searching for £, In E, —>J/Y+E"
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Kill
IP cut ... a killer

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 &, this
requirement could result in

missing the 5t and proton tracks \
from the A and & decays T
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What did we do to solve this problem?

0 We need to open up the IP at reconstruction

0 To reprocesses all D@ data with a wider IP for
track reconstruction is a very difficult task.

0o The Jy—pu-is a golden channel. Although
B — JApXis fairly rare, it is very clean channel
and easy to trigger on.

0 We therefore reprocessed D@ Runlla data for
events containing a JAhp, which is ~35 million

events.
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Mass distribution for K° and A signals for the
“standard” (bottom histograms) and “"extended”
(opening up IP) tracks reconstruction.
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o =
= Yield
D

The E yield increased a factor of five
from reprocessing
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Reconstruction strategy for =,

Reconstruct Jhp—¥u-
Reconstruct A—pm
Reconstruct Z—
Combine Jhp+ =

Improve mass resolution by using an event-by-
event mass difference correction .

We need some guides to look for a particle:

m The sister: A,—J/pA decays in data

m  The impostor: JAp+ E(fake from A(pm)m*)

= The clone: Monte Carlo simulation of E, —Jy+E"

O OO0 0

O
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Natural constraints in 5, —»J/y+E

O Three daughter signal
particles need to be P
reconstructed:

B A—-ptmw
B =T
. Jhyp—[u-

0 The final state particles (p, @ et
-, ") have significant impact
parameter with respect to
the interaction point.

0 Charge correlation: both '
pions must have the same Pl | )

charge

~5cm

ct=7.89 cm
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More features Iin E, >J/yY+E"

=- has a decay length of
few centimeters.

A has a decay
length of few
centimeters

=, has a decay length
of few hundred
microns, PV separation
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Reconstructing the daughters

J/p—[eu- E— [
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What background do we expect?

o Prompt background:
m ~80% of the J/y are directly produced at the
collision.
0 Real B’s:
= The remaining ~20% of J/y come from B
decays
o Combinatory background:
m Real J/y plus fake =~
m Fake J/y plus fake ="
m Fake J/y plus real =~
s Real J/y plus real 27, but not from =,
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Determination of Selection Criteria

O To retain efficiency, try to keep cuts loose

o We use independent samples:

= A,—J/PYA decays from data
Background from wrong-sign combination
Background from J/vy sideband events
Background from = sideband events

Use Z, signal MC events only when no choice
(e.g., pion from = )




Example 1: pT(zx™) from A
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Example 2: pT(z7") from =

Background events from wrong
2 sign combination (A(prt) t*)
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=2, Selection

O A—pr decays:
m pT(p)>0.7 GeV
s pT(n)>0.3 GeV
O = —Amn decays:
s pT(n)>0.2 GeV
m Transverse decay length>0.5 cm
m Collinearity>0.99

0 =y particle:

m Lifetime significance>2. (Lifetime divided by
its error)
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So now ... let’s first look at the background control samples
after all cuts

We have three independent

background samples:

= Wrong sign combination (fake =Z7's
from A(pn™)nt )

= J/vy sideband events

P

m = sideband events.
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Background: Wrong sign combinations

1500
, A
, . No peaking structure observed in
1000{— + Ly .
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Background: J/y sideband events

! - No peaking structure observed in
, | *
H .
o this background control sample
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Background: = sideband events
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Others backgrounds (MC)

o We investigated with high MC statistics, B
decay channels such as:

B*—J/y Kt (Kn*)
B'—=J/y K.
A, —J/yP A

12~ MC events of

10:_ + 4 0__+
No peaking structure : B" = J/y K" (Kgr™)
observed any these B i 10X data
decays MC samples

Events / (0.05)

IR .

P PR TR T A T
52 54 56 538 6 62 64 66 6.8 7
Invariant Mass (GeV/c?)
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What we expect: sighal MC

= 100~ MC events of
Q_ |
o =
= 8o Eb-—]/¢P+E-
ﬂ |
§ sol— Input mass at
w i generation level
40| =5.840 GeV
20
B ey pans icns | ooy s s coey | ane: s pymacigened] sy penns e s ey ac ey
82 54 56 58 6 62z 64 66 68 7
Invariant Mass (GeV/c?)

Mean of the Gaussian: 5.839 * 0.003 GeV

Width of the Gaussian: 0.035 * 0.003 GeV
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Looking at data

° 12
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Clear excess of events just below 5.8 GeV




Event scan of event in the signal peak

Illllllllll

O 5 10cm

LY

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




Event scan of event in the signal peak

FUNRENUN

| J v
\

Run 179200, Event 55278820, M(=,) = 5.788 GeV
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Mass measurement

o Fit:
= Unbinned extended
log-likelihood fit

* Data m  Gaussian signal, flat
— Fit background

+ M # + = Number of

1 ff L ﬁtﬁ background/signal
6.2 66 7.0 events are floating

M(Z,) (GeV/c?) parameters

-k
N
111

DJ, 1.3 fb™

-k
o
UL

©
~
>
Q
o
7]
S
S
@
L d
c
o
>
Ll

Number of signal events: 15.2 * 4.4 , :
Compare to width measured in

Mean of the Gaussian: 5.774 * 0.011(stat) GeV MC:

Width of the Gaussian: 0.037 £ 0.008 GeV p 0.035 £ 0.003 GeV




September 10, 2007 E. De La Cruz Burelo E!:!
Nothing in the background samples:
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Signal significance:

0 Likelithood method, “§ 12} DO, 1.3 fb™
two fits: & 19 ot
One with S+B S o — Fi? °
S 6f
One with B only ‘\2,'_’ of
2 4f
: L it
Lu [ 0 .”M[+.l.l.l|+. .l.l\ P e T
\/_21n(LS+B/LB)=5'5 0754 ° 538 6.2 6.6 7.0

M(Z,) (GeV/c?)

o Simple counting in a Vo =19
+2.50 mass window: N, =3.6+0.6"

Prob(3.6 = 19)=2.2x10""

or equivalently 5.20
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2, lifetime
Not enough statistics to measure lifetime,

but the decay length distribution favors signal over
background by a ratio of 5 to 1

T 14E. D@, 1.3 fb”
u‘-; 12F
1
o 19! { Data signal
g_, """ Data sideband
v — MC signal + data bkgd
S
>
(18}

4 02 03 04 05
Proper decay length (cm)
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Intermediate particles

12~

Events / ( 0.05)

'—

4' 0.5 H

2 oldeaddesstdihalsy wllds 1y
25 26 27 28 29 3 31 22 33 34 35

i | |1 | | ! l| |
82 54 BF 53 K% 82 4t el es?
Invariant Mass (GeV/c?)

/ Signal visible
in all
intermediate

7; (Aﬂi) particles

F rawwr¥¥ INTETR T N
07 1.2 1.09 1.1 111 112 113 1.

m(pr)
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Decision Trees

=, using BDT

We observed the signal >0
using alternative decision §1z—
tree based selection S ol |
* Minimum overlap between ‘% ol
S g
input variables of DT and Wt
cut based analysis 6
= Consistent with cut based 4;; T I
analysis. ok
= Only ~50% overlap in the a0 e el O

| | | I | | | | | | |
84 56 58 6 62 64
selected events between the Invariant Mass (GeV/c?)

two analysis.
Combining two analyses

= similar significance — significance 0f 5.9¢
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Systematic Uncertainties on Mass

o Fitting models
m Two Gaussians instead of one for the peak.
Negligible.
m  First order polynomial background instead of flat.
Negligible.
o Momentum scale correction:
m Fit to the A, mass peak in data, < 1 MeV,

m Fit to BO signal peak. Negligible effect < 1 MeV

m  Study of dE/dx corrections to the momentum of tracks
finds a maximum deviation of 2 MeV from the

measured mass .

o Event selection:
= From the mass shift observed between the cut-based
and BDT analysis, once removing the statistical
correlation, a 15 MeV variation is estimated .
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i |
Discovery!

_ : © 12} -1
S F DO, 1.3 fb

QU] C g 10| 2

E up | charm o B ° Data

S dl S S — Fit

O cown "stre::“n- -_bozt‘ m E
C

] C - [+H [

_ The Generations of Matter W L +..lén.é D, o

The first baryon yvi'th g M(Z,) (GeV/c?)

quark from"éach

generatlon of matter | 1/(Z-)=5.774x0.011(stat) £ 0.015 (syst)

e Generations or wvidter

N, =15.2x4.4(stat) + o (syst)

=
I
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Predictions:

Predictions come from
Lattice QCD, Heavy
Quark Effective Theory,
and potential models in
NRQCD

=, mass

= DO

Predictions:
N. Mathur et al, PRD 66, 014502

E. Jenkins, PRD 54, 4515
M. Karliner et al, arXiv:0706.2163§§

| | | | | | | | = Q\

5.72 5.74 5.76 5.78 5.8
M(Z,) (GeV/c”)




September 10, 2007 E. De La Cruz Burelo EI!
CDF observation

Same decay channel

e CDF signal has a - 8{:?"?5“,“?”?’?""’,“"?”/ I P
significance greater > Jield=17.5:4.3 E
than 7 sigma g 43 M=(5,792.9+2.5)MeV/c” -

] = =
s I :

Excellent confirmation L .Lﬂﬂ o

of DO observation O MInE) T ceved

Two weeks after DO paper
submission, CDF submitted a PRL
reporting their Z, observation.

Mass measurements in both
observations are consistent.
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CDF observation

Predictions come from

X, mass Lattice QCD, Heavy
Quark Effective Theory,

" DO and potential models in
NRQCD

= CDF Q

Predictions:

N. Mathur et al, PRD 66, 014502

E. Jenkins, PRD 54, 4515
M. Karliner et al, arXiv:0706.216
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Production ratio

In addition to the observation, we also measure:

f(b—E;)BR(E; = J Iy E°)
(b= A,)BR(A, = J [pA)

f(b—X) : fraction of times b quark hadronizes to X

This provides a measurement to allow other experiments to
compare their production rate with this result.
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Production ratio

We find :

E. De La Cruz Burelo

f(b—=E,)BR(E, = J/yp &)

f(b—A)BR(A, = J [yA)

=0.28 = 0.09 (stat) +

+0.09
-0.08

(syst)

Ignoring the ratio of Br’s, from ratio of
hadronization fractions of B, to B, expect

~1/4 or less
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=.” observation: Phys. Rev. Lett. 99, 1052001 (2007)

J=1/2 b Baryons

N

DJ, 1.3 fb’

o Data
— Fit

- -k
o

A
3)
~
>
)
Q)
0
o

=7
B
e
=
)
S
[

M(Z,) ('GeV/cz)-

N__ =15.2x4.4(stat) + ;,(syst)

=h

Signal Significance

M(E,)=5.774+0.011(stat) £ 0.015 (syst) | /2 AL =5.50
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Celebrating @ Fermilab

> : b 4 |
B 3 L ¢ http:/iwww.fnal.gov/ P ~% Search
ird Reload )2/ o a _’ 2

»Bookmarks /Fermi Linux errn1iIab ;j FermiLinux :]'Linux Distros

Fermi National Accelerator Laboratory

- [ D
2= Fermilab B e A D b

Examination of Possblke Top Quark

Special seminar Friday

DZero physicist Eduard De La Cruz Burelo,
University of Michigan, Ann Arbor, will present
results on the discovery of the cascade b

particle in a special seminar, titled
"Observation of a New b-baryon Xi_b at

DZero: Celebrating 30 Years of Beauty at
Fermilab” on Friday, June 15, at 1 p.m.in One

West.

Fermilab physicists discover "triple-scoop" baryon

Three-quark particle contains one quark from each family.

Physicists of the DZemo experimant at the Depatmant of Enemy's Fermi
National Acce kmtor Labomatory have discovered a new heavy parik,
= the = (pronounced "zigh sub b") baryon, with a mass of 5.774+0.019

GeV c:, appmoximate ly six times the proton mass. The newly discovered
electrcally charged Et. baryon, ako known as the "cascade b," is made
of a down, a stmnge and a bottom quadk. It is the first observed baryon
formed of quaks fom all thee families of matter. Its discovery and the

measurement of its mass provide new understanding of how the strong
nuckar force acts upon the quarks, the basic buiding blocks of matter.

The DZem experiment has eported the discovery of the cascade b
baryon in a papersubmitted to Physical Review Letters on June 12,

Fead More

Office of Science
Home Page
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Timeline:
e June 12, 2007: submitted to PRL and arXiv
e June 13, 2007: Fermilab press release
e June 14, 2007: Special Fermilab W&C seminar by Burelo

Fermilab-Pub-07/196-E
Direct observation of the strange b baryon =
V.M. Abazov®®. B. Abbott”®, M. Abolins®®. B.S. A 114.11‘.\112"‘. M. Adams®'. T. Adams*®. E. Aguilo®. S.H. Ahn®’

M. Ahsan®?. G.D. Alexeev3®, G. Alkhazov3?, A. Alton®*, G. Alverson®, G.A. Alves?, M. Anastasoaie3?,
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Production ratio

o We use Monte Carlo samples of:
B B, —J/Y+E
B A —J/P+A
o MC passed through DO detector simulation

O Same reconstruction and selection criteria as
used on data is applied to Monte Carlo.

o Monte Carlo distributions need to be reweighted
due to the Data/MC pT spectrum differences and
to account for trigger effects.

o From comparison of A, kinematic distributions in

data and MC, determine further weighting factor,
then apply to £,
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Systematic uncertainties in the relative production
ratio

Source Uncertainty
(%)

Ap/Z, hadronization Negligible

models

MC stat. on A, /&, 10

pT(m) reconstruction 7

Effect of mass difference
between data and MC

A,/Z, MC reweighting JS27

Syst. uncertainties on +13, -3
the number of Z, in data

Conservatively take difference between reweighting result and no reweighting .
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Why to look for particles?

O Spectroscopy:

= One of the best ways to test our
understanding of QCD and potential
models

0o Production and Fragmentation:

m Major source of uncertainty in many
measurements

o Discovery:

m Practice techniques for beyond the
Standard Model searches by finding
undiscovered Standard Model predicted
particles.
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We try to understanding this
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To then understand this ...

- Kg p(p) +
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What is this?
Pentaquarks?
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Combining: cuts+BDT

o After we remove

duplicate events, 3
we observe 22.8 + )

—
N
LA L

5.8 events.
o Significance:
m Sqgrt(-2AL) = 5.9 _ +
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