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> B Physics @ Tevatron

> B, mass measurement

> Excited Bs mesons

> &, and Q, observations
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Flavor Creation (annthilation)

ﬁi‘
Flavor Creation (gluon
fusion)

T

Flavor Excitation

e

Gluon Splitting
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Tevatron is an excellent place
for flavor physics:

v b production cross section is
x1000 than e* e B factories
v" All b and ¢ hadron species are
produced:
.« B*BYB. B, A%, 5, Q...
« D*DO,D., A, e 5, X(3872),
etc.

However:

* Inelastic (QCD) background is
x1000 higher than the b cross
section.

Needs smart selection starting
from triggers

MENU 2010

B spectroscopy

status

Mesons

B*, BY, B, B.*
(establlshed)

B* (established),
B**(CDF & D@)
B.** (CDF & DQ@)

. Baryons

A, (established)
Xt and X, (CDF)
B, , Q, (DD &CDF)
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Important:

* Triggering
* Muons

* Tracking/vertexing



B. meson
Bound state of two heavy quarks: (bc)
* Good lab for potential models

« B, is the only meson with two heavy flavors
* Only weak decays possible

: . C,
Experimental status: u

* Discovered in Run | of the Tevatron in semileptonic decays
« With higher statistics in Run Il of the Tevatron:
v More precise lifetime measurement (DO & CDF)
v Observation on fully reconstructed decays: mass measurement
Challenge:

* B*:BY:B:b baryons ~ 40:38:10:10, B.~0.5%
» c-like lifetime observed : t~ 0:45 ps
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B. meson decays

c as spectator (DO measurement) b as spectator (not yet observed)

* A Jlyin the final state has huge advantage for triggering
« Semileptonic decays are not fully reconstructed

« Mass extracted with large uncertainty

v' Higher statistics favors lifetime measurements
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B, mass measurement at DO

v’ Exclusive reconstruction in B_*—Jhyr*

v’ Optimization in B+—J/hyK+ and B_*—J/yn* Monte Carlo
v’ Data of 1.3 fb-lintegrated luminosity

W W b
o O O
TITT[TTIT[TTTT]

} D@, 1.3 fb™

Signal significance >5c

N N
o O

Events / (40 MeV/c?)
o

+ + ........ . +H
T

S | P

58 6 62 64 66 68 7 "z).z
M(uur) [GeV/c?]

M (B,) = 6300+14 (stat)+5 (syst)MeVi/c*
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B, mass predictions

6600 B i T T
B - (}?w +my )2 ]
B m potential models . I .
6500 |- Y e 00D . Lattice QCD_. |
- - v potential NRQCD - ® [a] Omitting sea
S aj= DO h quarks, (quenched
- N [ ]
2 - ] approx.)
= | Yy o = bl 1 * [b] Add 2+1 sea
2 6300 | | 1 _
= C o __ et aatat flavors, u,d as light as
i i possible, and
620017 § strangeness mass
Z from: PRL 94,172001(2005)
6100 | | | | | | | |

[22]  [23] 7]  [24] [25]  [26] (6) (7)

reference numbers as quoted in source paper

[a] PLB 453, 289 (1999)
Our measurement is very M (B,) =6386 +9+15+98 MeV/c’
consistent with predictions [b] PRL 94,172001 (2005)

M(B,)=6304 +4+11*° MeV/c?
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B. meson lifetime

= 180F 1 g 10% DO 1.3fb"" — Total Fit
N 140F S 10° Jhyp MC
= 120F 2 F . Jhy SB+y
£ 100F S 10%= : ] Prompt
S onf > f % .., Jhy+Track
I.E 80:_ 10;_ R Pt o B"
60;_ E | ,,: T 'T T' g LI .
0 e
NN
0k 10" cL I

34 5 6 7 8 9 10 %7 005 0 005 01 015 02 025 0.3
M(J/wp) [GeV] VPDL [cm]

* In addition we have measured the B_ lifetime in semileptonic decays
to be:

7(B.) =0.448"2% (stat)+0.032 (syst)ps
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HQET:

Spin of quarks decouple

710112 o,
~ 53F ghﬂi‘r—(—‘Bu,d
- 17 5.2 ud

J:]./Z@jq 2 1/281/2 0* Jq=1/2 are wide states, we cannot observe them
1/23/2

jq=3/2 are narrow states (we can look for them)
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Search for narrow B,” mesons

 |dea:
v By >BOK,
v’ B**—B*y (y undetected)
v B*oJhyK*
v Due to the undetected v,

we expect a Shift of
possible B, B, peaks

by AM(B™ - B") = 1000 N
45.78 MeV/c? (see PDG) :
I S
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9 " DO, L=1.3 fb"’
" o o DO
=

80

o
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: . TR SRS (TR
B*,, signal significance > 5c % 20 a0 60 80 100 120 140
: : : M(B'K) - M(B*) - M(K') (MeV/c?)
First direct observation of B_,*

M(B,,*) = 5839.6 + 1.1(stat) £ 0.7 (syst) GeV/c?
Br(b » B, > B'K")

" =(1.15+0.23 (stat) £ 0.13 (syst)) %
Sl PRL 100, 082002 (2008)
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When Tevatron Run II begun:

Notation Quark content SU(3) (1,13)

AL blud] 1/2* 3* (0,0) 0 5619.7+1.2+1.2 MeV

from hep-ph/9406359
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Notation

Quark content

SU(3)

(1,13)

A,° b[ud] 1/2+ 3* (0,0) 0 5620.2 + 1.6 MeV
g, b[sd] 1/2+ 3* (1/2,-1/2) -1 5792.4 + 3.0 MeV
" buu 1/2+ 6 (1,1) 0 5807.8 + 2.7 MeV
>, bdd 1/2+ 6 (1,-1) 0 5815.2 + 2.0 MeV
Q. bss 1/2+ 6 (0,0) -2 6.04 GeV

3, *+ buu 3/2+ 6 (1,1) 0 5829.0 + 3.4 MeV
> * bdd 3/2+* 6 (1,-1) 0 5836.4 + 2.8 MeV
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Search for 5, ->J/yE—>(p+u-)An-

Reconstruction procedure:

v Reconstruct J/y—pu*
v' Reconstruct A—pn

v Reconstruct Z=—A + «t
v' Combine J/y+ =

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

v  The optimization:
v A,—J/yA decays in data
v Jly + E(fake from A(pr)n*)

v" Monte Carlo simulation of
Eb-—>JI\|’+E-

June 2, 2010
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" p
— A et
=b = it
g W=l (L= 5 cm
~0 7 mim Tc'

T Construct composite

particle from Ar.
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g, Search optimization

Final =, selection cuts:

 A—pn decays:
— p1(p)>0.7 GeV
— pq(m)>0.3 GeV
« = —Amndecays:
— p:(n)>0.2 GeV

— Transverse decay length>0.5
cm

— Collinearity>0.99

« & particle:

— Lifetime significance>2.
(Lifetime divided by its error)

June 2, 2010

Based on:
* A,—J/yA decays in data
« Jy + E(fake from A(pr-)n+ )

= > A(pr)x

1500
1000} +

”
500 f5-, 0%

.‘.'I....I....I Y | PP AR

=28 13 131 132 133 134 135 136 137
M{Ar) GeVic

Background events from
wrong-sign combinations

(A(pr) ™)
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ﬁﬁ
=
S 12 DO, 1.3 fb™
8 10:
v 8 e Data
S 6 — Fit
8 4t
2 4f
§ L ﬁH [
0~ 6.2 7.0
M(Z;) (GeV/cz)

e Fit:

, observation (DQ)

Number of events: 15.2 + 4.4
Mass: 5.774 * 0.011(stat) GeV
Width: 0.037 * 0.008 GeV

Signal significance >5c

We also measured:

— Unbinned extended log-likelihood fit
— Gaussian signal, flat background

c(E)BR(E; —> J/y ="

)

 o(AL)BR(A, — J/ywA)

— Number of background/signal events
are floating parameters

R =0.28+0.09 (stat) 7, > (syst)

M(ZE,)=5.774+0.011(stat)+ 0.015 (syst)
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=, mass

® DO
m CDF

D@ PRL 99, 052001 (2007)
CDF PRL 99, 052002 (2007)

Predictions:

N. Mathur et al, PRD 66, 01450

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

572 574 576 76 58 _
M(z;) (GeVic?)
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Search for the Q) (bss)
J =1/2 b Baryons 3b » Dbss quarks combination
- » Mass Is predicted to be
5.94 -6.12 GeV
b »M(Q) > M(A)

0b

» Lifetime is predicted to
be 0.83<t(Q2,)<1.67 ps
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Analysis strategy

®» Select Jhy candidates Events are reprocessed to increase
reconstruction efficiency of long-lived particles.

B Select A—)pn Yield is optimized by using proper decay length
significance cuts.

®» Reconstruction of Q—A + K Optimize yield by using multivariate
techniques

» Combine J/y + (AKY) Keep blinded J/y + Q combinations and
optimize on J/y + (AK")

®» Event per event mass correction  Improve mass resolution from 80 MeV to
34 MeV

» Fix selection criteria and then Perform as many test as possible in

apply them to J/y + Q different background samples

June 2, 2010 MENU 2010 21



DT to select QO —»>AK decays

Enirles 17153 TMVA overtraining check for classifier: BDT |

= 500 Maan 177 ‘
o B RMS  0.04363 E & [E20 Bignal fest'sdmple] T 7 " [ T+ Sighal (traifing sampié) " T ™
E C T Zg Background (test sample) » Background (training sample) ;
g 4|:IEI_— + + % ++ E 3.5 FK -Smirnov test: signal (background) probability = 0.000519 (0.90159)]
s ¢ #y o bt e 2% F
£ 300 ++ 'ﬁﬁ'}:ﬁ%}f{‘%%{;}é%? .'IE:‘I T € > 25f | h] -
Lﬁ r '{".{.. 'I‘P}‘}%rl r}r{n '{‘ . ; | :E
P o L W7 =
r i ] s
o o El H s
C g 1 / 5 =
100 H 0.5 : ‘//}4;v 4<
- 2} -9 o i E
o o B4 M il bl 1,48
16“' L .1%5. - I1ITI - .1%5. — 08 06 04 02 0 02 04 06 08
' ) ' ' MIAK] II'GEWI BDT response
[ Entries 1132
Variable description 1 S - anli'laSn 0 0142152
- =+ + .
A vertecx o 70 =*>Antdecays Prob 0.5671
A ct;lalrit:jarjh.v uo., - N 144.6 + 16.8
A lifetime Signiﬁéange g 60— removed E 5 003811.3?[? Eﬂ%g'?g
p track (from A) x o < B a, -1.035e+06 + 4344444
p (from A) combined impact parameter significance =2 50 a, 3.9966+06 + 3906666
TS S it -~ = =J. T
; i‘;ﬁ CRFIE ﬁfﬁ: 2 - a, 8.994e+06 + 2209387
’ 2 E . a, -5.591e+06 + 3114946
m track (from A) X S 4o0p a, 1.115e+06 + 792862
7 (from A) combined impact parameter significance w - - —
m track SMT hits -
7 track CFT hits 30E -
p (from A) pr B l I l . | _.‘ H |
w (from A) pr 20 lll || l| i | l .| |-|-|| | l 4
A transverse decay length N | | [ | |n‘| ||J 4T|L| J_I‘ I Tﬂl T-| I|
Error on A transverse decay length R | TI% |ﬂ /Jﬂ-i—ﬁ—‘{'ﬂ . 'T#. |!1 I 1+ 1 s
Error on {17 transverse decay length 101 ¥ "‘J-?-'F?l J|1 [tle ‘ * 4! | [
1~ transverse decay length - j.q' Tﬁ' el ! * !
Q7 collinearity I L ST S N AR TR T TR SO S R T
K~ (from 7)) pr 1.65 1.7 1.75 1.8
K~ (from 07) combined impact parameter significance M( A K) (GeWcz)
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 We compare MC signal vs wrong-sign

Fraction removed (%)

background events.

60

C m Signal
50 e Background -
40—
30 .

r »
20 .

[ "
10 .

C -

L 1 I 1 1 I 1

|
u

8 8.5
P.(B) (GeV)

Fraction removed (%)

[2)]
(=]

30

20

10

= Signal
e Background

II|\III|IIII|III\III\ i i
0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045
Cut on g(lambda ) (cm)
J+Omega



Nothing where nothing should be

- DO, 1.3 fb™

Wrong-sign events

Events/(0.04 GeV/c?)

'3 6 62 64 66 68 7
M(Q;) (GeV/c?)
10
L 1 -1
o 8
b3 B
S o A sidebands
E
e 4
wor
2
6 58 6 62 64 66 68

g

June 2, 2010
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M(<,)

10

% . DO, 1.3 fb"
% s— Q sidebands
o

85 53 6 62 64 66 68 7
M(Q;) (GeV/c?)

We check also high statistics MC
samples

Ay = Iy > (i) ()
B" > J/yK"™ - (' w )(Ksz) = (u' ) (z" 7))
E, > IYE > )Ax ) > (W )(pr)x)

No excess is observed in any control samples after
selection criteria is applied to them.
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Looking at right-sign combinations

« After optimization: T | P i
> 5,<0.03cm s s D0, 1.31b Jhy +Q
» Jlhy and Q in the same §
hemisphere g o —L
§ |

> pr(Iy+Q)>6 GeV

o

« Mass window for the

search: 5.6 - 7 GeV ﬂlfﬂ]fT I i e

62 64 66 68 7
M(Q;) (GeV/c?)

Clear excess of events near 6.2 GeV
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Events / ( 0.04 GeV/c?)

QQ,  mass measurement

N
o

-
o
|

—
o
T | T T

154
|III

vV V.V *

'DO. 1.3 fb"I N= 17.8 + 4.9 (stat) + 0.8(syst)
- e Data
_ Fit Mass: 6.165 + 0.010(stat) + 0.013(syst) GeV
Width fixed (MC): 0.034 GeV
+ + Signal significance >5¢c
T 3= 5% 5_2= s_gf 6.6 6.8 * 7 R . f (b —> QE) BI’(Q; —> \] /W Q_)
M(Q;) (GeV/c?) — — _ —
Fit f(o—E,)Br(g, >J/y )
Unbinned extended log-likelihood fit R =0.80+0.32(st +0.14
— =\ (S at)—o.zz(SySt)

Gaussian signal, flat background

Number of background/signal events are _
floating parameters PRL 101, 232002 (2008)

M (€2, ) =6.165+ 0.010(stat) + 0.013(syst) GeV
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m Signal
50:— o Background

Consistency check: Increase p.(B)

>
|
N
(=]

—_
: S _____.---- N
OJ_LEHH'%“'I?IIll?jsllllala""3.15., .
pT[B)(GeV] >
Q
O 45
q —
q —
c —
S
——
w 10—
e
c
Q
>
L
5

- DO, 1.3 fo

Jhy+Q
pT(Q,'D)>7 GeV/c

8.
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4 14
&5 6

Lt
sf&'l : ﬁ sl.s"br
M(Q;) (GeV/c?)

6.2
Signal significance >6 o
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Cut Based Analysis (CIA)

N
=

DO, 1.3 fb™ Jhy +Q

15

—
o
|I\\I|I\II|I\II

Events / ( 0.05 GeV/c?)

(4]

Cut Based Analysis

L=y
| —®
of " ®

,_?

atey

¥ M(©;) (GeVIcz)

Number of signal events: 15.7 £ 5.3

Mean : 6.177 * 0.015(stat) GeV
Width fixed (MC): 0.034 GeV

Signal significance ~4c
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Events / ( 0.05 GeV/c?)

30

25

20

15

10

h:*_llll

——

BDT or CBA

Variable CBA
p+(m) (GeV) >0.2 and input to BDT >0.2
p+(p) (GeV) >0.2 and input to BDT >0.7
pT(K) (GeV) input to BDT >0.3
Q- collinearity input to BDT >0.99
Q) transverse decay input to BDT >0.5
length (cm)

Proper decay length <0.3 <0.3
uncertainty (cm)
DO, 1.3 fb”! Sy + o

» After remove
duplicate events, we
observe 25.5 + 6.5
events.

» Significance > 5c

Bl
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6.6

M(Q}) (GeVic?)
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Many unique results coming from DO:.
Direct observation of B,; and B.,*

Precise measurement of the B, mass and
Ifetime.

-irst observation of Z,- and Q, baryons
* Not shown here many more results ...

http://www-dO.fnal.gov/Run2Physics/WWW/results/b.htm
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