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OUTLINE

e Spectroscopy
— B baryons %, 5, Q
— orbitally excited (L=1) B mesons
— Charmonium-like states X(3872), Y(4140)

e Lifetimes
— Ab
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DETECTORS AND TRIGGERS
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large central tracker

Excellent momentum
resolution

particle ID (TOF & dE/dx)

Displaced track trigger and
di-muon triggers
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Muon chambers/scintillators

Forward Mini-drift

| | Forward Scintillator |
chambers

| Central Scintillator

Shielding | |

i

Y

New Solenoid, Tracking System
Si, SciFi,Preshowers

+ New Electronics, Trig, DAQ

-DO0

large coverage of tracking and
muon systems (|n|<2)

New Layer O silicon (2006)

High efficiency single and di-muon
triggers
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B-BARYONS

J =1/2 b Baryons 3b
« Unique to Tevatron (not 2k
produced in B factories) b

B baryons produced
copiously at the Tevatron o)

 Until 2006 only A, was
observed.

e Various mass predictions

J =3/2 b Baryons

3b ;
using different models. Pobo
2b ol =)
"b%u/m/‘ = bb
!2!:.’) ()
1 b .;> . 2p -
0b
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> (bdd), Z,* (buu)

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

Fit Prob. = 76%

— Total Fit
— Background
— 5 o AT
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Total Fit
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00 0.05 .10

Q = m(Am) - m(A

015 020
0

0 -m, (GeV/ic))

CDF

two-track trigger

2 ,O0F > Ay,
Ap=> A5 A= pKm

Q or As- Mass
State  Yield (Mev/cf) (MeV /c?)
35 32735 Ox = 485730403 5807.8%20 + 1.7
S, S9THT 0y =559+1.0%02 58152+ 1.0= 17
;0 7T Ase = 2121300 5829.0F1-6+17
= Q+18+16 - +1.8
7 69135 5836.4 + 2.0*13
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(bsd), €2, (bss)

= —Jy B ur .
Q. -—— Jy Q p
di-muon trigger 2,0, /E//,
g - o
=2, Q0 T

ct(=)=4.9cm
ct(Q) =2.5¢cm
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DO data reprocessing

+ - p—_ -
- b
K &> ' n A—>pm = —>ATm
10000 L C
n 3000 H 7o
15000 - C
r 2500 60— h
10000 B a0
L 2000 — C
L - a0+
|5000- —rE. :
I C 3ol
loooo- 1000 B
5000 500 -
n-l | Ll o _I | L1 |
03 04 05 06 07 08 108 11 112 114 116 1148 1.2 126 1.28 1.3 132 1.34 196 138 1.4

+ events with J/y are reprocessed
 larger impact parameter, lower pT
 improve efficiency for tracks from long-lived particles.

P. KASPER, SPECTROSCOPY AND LIFETIMES AT THE TEVATRON, HCP2009 7



:

/

PRL 99, 052001 (2007)

L 12} D@, 1.3 fb’

8 10+

0 82 e Data

S 6f — Fit

1 -

5 il R
w 0_1'1 llllll il . | vesl eee! + o .+,',1,1.. .....

M(Z) (GeV/c?)

Number of events: 15.2+ 4.4

Mass: 5774 +11(stat) MeV/c?
significance > 5¢

14
12

10 |

o N o

=, Mass

PR D 80, 072003 (2009)

Number of events 61 + 10

m(g,) = 5790.9 + 2.6 + 0 .8 MeV/c?
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Qp (bss) > Iy

&--10_
S | DO,1.3fb"
Decay length A° > 10c 8 of
.. . . S W -si
Optimize MC signal/wrong-sign BG from data S o rong-sign events
Use Boosted Decision Tree (BDT) s
to improve S/B for Q- signal )
Remove events from E- reflection -
g : & 62 64 66 68 7
&:-10_
3 £ DO, 1.3 fb”
Q- _)A K- Entries 1132 § E - .
s F Mean oims S o Q sidebands
8 - ErOb 144.6 3'51%:.’; § al-
N 60| n 1.672+ 0.000 o AL
8 B a 0.003814 + 0.000413 B
=] B 4, -1.035e+06 + 4344444 oL
= 50 a4 -3.096e+06 + 3906666 -
42 B gz 8.004e+06 + 2209387 C ‘ |—| |-| ’-H—‘
$ 40 a, 'ﬁ?ﬁ’]?éfﬁéﬁ}&éﬁég 85 58 6 62 64 65 68 7
w - M(%;) (GeVic?)
30 L | + * 100
= I c [l e 4 S | -1
20; i | '}1% 'j ’""H*FU:LJ‘HJ%LHJﬁle lﬁl #‘il:r g B:_ Do, 131
F j.:,.lr;-q!—'rﬁ;ﬁ“'l = T A T | S o A sidebands
S - I § T I TS g
M(AK) (GeVic?) a A
Background tests of
[ e EN AN H_ﬂ ! |_|
5.8 6 6.2 6.4 6

.6 6.8 7
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Flight distance of A° from primary vtx d > 1.0 cm
Remove events from =, reflection

Decay time of 2, ct> 100 um

()" constrained to J/y vertex

Impact parameter of Q, wrt J/y vtx, and primary vix < 3c

Q, background

side-band (o)

Q ->AK WHH O 1 l
- o 5.8 6 6.2 6.4 6.6 6.8 7
O 20 . M(J/YAK™), ct > 100 um
1750 ‘ . ®)
1500 Z oot ey - Wrong-sign
1;;8 BIIERRS (5 it il SRR v o o ribis: i
M n
500 5.8 6 6.2 6.4 6.6 6.8 / z
250 " - GeV/c
01.64 1.65 1.66 1.67 11.68 1.69 1.7 M(\.J//l///\‘K >’ Ct < 100 /u’m
, 2
M(AK) .
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Q, MASS

PRL 101, 232002 (2008) PRD 80,072003 (2009)
& 200
S DO, 1.3 fb”’ ~ "l . CDF 4.2 -
g 151 e Data (e 3.5 |
S | — Fit o 2
b S tehthi
5.6 5.8 6 6.2 6.4 . . 7
M(Q;) (GeVic?)
Number of events: 17.8 +4.9 Number of events: 12 + 4
Mass: 6165 +10 +11 MeV/c? Mass: 6054.4 + 6.8 + 0.9 MeV/c?
* unbinned max likelihood fit Mass fit : significance 4.9 ¢

« gaussian signal, flat BG

Combined mass and lifetime fit:
» significance 5.05 o significance 5.5¢
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Q, MASS

PRL 101, 232002 (2008) PRD 80,072003 (2009)
N:-g-- 20: 1 ) _
3 15:_'30’ 1.3 fb . Data S .|| CoF42 fb-" -
g : — Fit o 2 n|J|q
L £ o Lt I mﬂhuﬂ_
SNt

_ _ r
56 58 6 6.2 7
)

o fcou 6c difference in mass !
Not understood
DO : A, mass OK
CDF: reconstructed B9, A, M(=,) DO < CDF
with similar cuts — OK M(€2,) DO > CDF

Updated DO result in progress
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=y, €2, LIFETIME

CDF Q.

® Data

-1
1.3 1b —— MC signal (1.54 ps) + data bkgd
------ MC signal (0 ps) + data bkgd

<

Candidates/cm

-
o

Events/(0.05 cm)

-0.02 O 0.02 0.04 0.06 0.08 0.1 0.12 0.14

o> J/ Y

.

-
[ PrapTrn I

i

c—

-

. PRI B M B |
0 0.1 0.2 0.3 0.4
300 Proper decay length (cm)

r consistent with weak decay

-0.02 0 0.02 0.04 0.06 0.08 0.1

07 —> /Y0 cm

7(E,) =1.56"2%. (stat) =0.02(sys) ps
7(Q,) =1.13770%; (stat) =0.02(sys) ps
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=y, ( production rates

o(E,) BRE, = Iy E")
o(A,) BR(A, = Iy A )

flb > Q,)BR(Q, > v Q")
flb >&,)BR(E, - Ny E)

[(Q, »>JyQ)

=0.28+0.09£0.09
DO

=0.80+£0.32+20

using [(E 5 IvE) =9.8,and estimates for z(&,), 7(Q,)
=, =
>%) 007014
flb > Z,)
CDF o(E,) BR(E, > JyE") —0.167 %7
o(A,) BR(A, > Iy A ) 002
o(Q,) BR(E, > Jy Q") _ 0.045+0017
o(A,)BR(A, > JyA) %
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EXCITED (L=1) B MESONS

« Heavy-light quark mesons ~ hydrogen atom

 The heavy guark acts as a static source of charge and
color and the meson’s properties are governed by the
dynamics of the light quark

* good approx as m, >> AQCD

For L=1 mesons, energy levels characterized by

J=L+S, total angular momentum of light quark
2 degenerate doublets
j=1/2 (0+, 1+) S-wave decay , broad I' ~O(100MeV)
j=3/2 (1+, 2+) D-wave decay, narrow I'~-O(10MeV)
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EXCITED (L=1) MESONS

—~ 6.0 : : :
o | j =12 =120 j =302
> N
v 29 L=0 =1
g " 85 JP 0 0+ ,I+ ,]+ 2+
N O.0 . .
o - B, By B, 22
=570 —— T
561 :
5'55_ '5,,.-x"f:'_:,,,-"'D-wave T
54"
535 __Y B; d
- B ’
o L
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L=1MESONS B,, B, w

B,»>B*=n, B** > B*y
B,*—> B* m,
B,*>B**n, B** > B*y

DO, L=1.3 fb

N
(31
(=

N
o
o

T T TT TT 17T TTTT T T T7
AN ] l l

B*—> Jiy K, Jly—> ut u

—
o
o

di-muon trigger

Number of Events / 10 MeV/c?
a a

\\‘A llllIlllllllll

2 |
82 025 03 035 0.4 0.45 05 055 0.6 0.65 0.7
M(B*r) - M(B*) (GeV/c?)

m(B,) = 5720.6 + 2.4 + 1.4 MeV/c?
m(B,*) = 5746.8 + 2.4 + 1.7 MeV/c?
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L=1MESONS B, B,

B,—»>B*rn, B** > B*y
B,*—> B* 1,
B,*»> B**n, B** > B*y

B*—> Jly K*, Jly— putpu-
di-muon trigger

B*— D (3)x", D > K~
Two Track Trigger

Most precise mass measurement

First measurement of B,* width

CDF Il Preliminary L=1.

« Data
— Total Fit
---B,—>B'n

8005 %57 0% 08 1.0
Q = m(Br) - m(B) - m, (GeV/c?)

PRL 102, 102003(2009)

m(B,) =575 .3'3; (st ) "15(95 ) MeVE
m(B,) =570 2" (st ) “g5(95 ) MeVEe °
['(B,) =22.7"3% (stat) **2 (sys) MeV/c?
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B, B* K, B** > B*y

B.,"—» B* K,
B,,*—> B** K", B* > B*y

B*— Jiy K*, Jly— pt B*— Jiy K*, Jly— pt -

B*— D0 =", DO > Kt~

—
e
=]

o " DO, L=1.3fb™
. CDFRun2 1.0fb” > 120 %
O ,AF = C \
> 40F —BK 100 *
= 352_ - g 8 : + &# EHTF}}ﬁ%* ﬁﬂ,—#ﬂ’
S aof | -~ Signal 3 " e
é25§— — Background -E su;— \ H/f’{ﬁ+ +
8 20F '§ 4"5‘1“ t N
%’152_ z 20;, A /
S‘HOf— TR ID.IIJE‘_hﬁJBI 008 04 042 044
5% M(B'K) - M(B") - M(K) (GeV/c?)
oo 005 0710 015 020 *\ —
N v M(B.,*) = 5839.6 + 0.7 MeV/c?
Test for B, signal - fit AM with
M(B4,) = 5829.4 + 0.7 MeV/c? two-peak hypothesis --
M(B,*) = 5839.6 + 0.7 MeV/c? second peak <3c significance
PRL 100, 082001(2008) PRL 100, 082002(2008)
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CHARMONIUM-LIKE STATES

Large number of candidates for charmonium and
charmonium-like states

Many not easily accomodated by theoretical
expectations for cC mesons

Several models proposed:

Meson-antimeson molecules %.
diquark-antidiquark bound states D% ciquarkdiantiquark
cc-gluon hybrids 6" o

gq-gluon“hybrid”

threshold effects

D* — D “molecule”
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Discovered Belle(2003) DO
Seen at CDF, DO, BaBar S 800-DO X(3872)
Q
= [ |  J. /
JPC = 1++ or 2-* o 600
. . N o
available charmonium states £ 200 3
are not expected to have 2 4001 A z
large BF to J/vy p. S g
© 200- ) :
DOD*® molecule? close to o M (GeVic)
06 07 08 09 ,1
threshold. M. oM. (GeVic)

Tetragquark? Maiani predicts
another state very close In

mass ~8 MeV/c?
Maiani, PRD71,014028(2005)

mass 3871.8+ 3.1+ 3.0 MeV
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X(3872) > Jy nt

New CDF result 4500
o "-‘.'; 4000 -
Neural net to optimize S/B 2 4500
. © 3000
most precise mass measurement N
3871.61 £ 0.16 + 0.19 MeV/c? 8 #° N
@ 2000 3.
No evidence for 2 states 3 1500 il
?ﬁ 1000 A
Just below D° D™ threshold O ool B KIS
3871.80 + 0.35 MeV/c? N I St e
3.75 3.80 3.85 3.90 3.95 4.00
Possibly a D° D*® molecule Jhynr Mass (GeVi/c?)

PRL 103, 152001 (2009)
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X(3872) TWO STATES?

*Width of BW and gaussian resolution fixed

CDF Il Preliminary 2.41b"
to expected values -
*Introduce width scale factor t 51
«Compare measured value of t with toy MC
‘Data consistent with single state —~
Q L
> s
*Generate t for simulated mass differences = B
*Find upper limit as function of fraction of E L[
. < - =  95% C.L. Upper Limit
lower-lying state -
s * 90% C.L. Upper Limit
CDF Il Preliminary 2.4 b -
N Am = 0 MeV/c? : | | | |
L Am = / PRI I I BT RS NI
1800 - b0 0.2 0.4 0.6 0.8 1.0
1600 |- Measured Value Low-Mass Signal Fraction f,

Upper limit on mass difference
assuming equal mix:
3.6 MeV/c? at 95% cl

Experiments per 0.012
I

oL | L L L \ I h .
0.8 1.0 1.2 1.4

Width Scale t
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X(3872)

X(3872) Mass Measurements in J/ynn Mode

Belle —e—
3871.46 + 0.37 + 0.07 MeV/c?

BaBar (B™) | &
3871.30 £ 0.60 £ 0.10 Mew/c®
BaBar (B} | o
3868.60 + 1.20 + 0.20 MeV/c?
DO : o
3871.80 + 3.10 + 3.00 MeV/c?

CDF old
3871.30 + 0.70 + 0.40 MeV/c®

CDF new (preliminary) -
3871.61+0.16+0.19 MeVic®

average w/o new CDF result e
3871.24 + 0.29 MeV/c®

average with new CDF result HeH
3871.46 +0.19 Mev/c®

m(D°)+m(D**) [PDG] ——
3871.81x0.36 MeVic
| I I | I I

3866 3867 3868 3869 3870 3871 3872 3873
X(3872) Mass ( Mev/c?)
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EVIDENCE FOR Y(4140)

« Jhy ¢ - observation of S
Y(3930) near J/y » =
threshold motivates search 2
for similar states near J/y ¢ §
threshold §

e use B*— Jly ¢ K*to
reduce background

« di-muon trigger

« dE/dx and TOF to identify
kaons

CDF Il Preliminary, 2.7 fb™

40
35- B+
30—
25—
20-
15—
10-

T | R, prarares o o o j
922 524 526 528 53 532 5.34
my..k (GeVic)

CDF Il Preliminary, 2.7 fb!

w
o

3
\
&

N
o
TTTTT T TTT

—_— —_—
&)
T ‘ TTT

Candidates/2 MeV/c?
=

+

L A

C L
1.00 1.01 1.02 1.03 1,04
M+ (GeV/c?)

(=
TTTTr T T TTT
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AM = m(upKK) — m(up)

 unbinned likelihood fit
 Signal: relativistic BW
convoluted with gaussian
* BG: 3-body phase space

14 + 5 signal events
m=4143+2.9 £+ 1.2 MeV/c?

r=11.777 +3.7 MeV/c?

significance 3.8c

Not seen by Belle

4.0-
3.5¢
3.0-
2.5

2.0-

Candidates/10 MeV/c?
O O N W b OO ~N OO O

PRL 102, 242000(2009)

\
16 18 20

| |
22 24

m2(JIyo) (GeVZc?)

CDF Il Preliminary, 2.7 fb!

0

4 m

1.3

-
-
-
-
N
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B LIFETIMES

« Weak decays of hadrons with one heavy quark are
dominated by the decay of the heavy quark

* In limit m,—c all b hadrons have same lifetime, differences
due to spectator quarks.

« Theoretical predictions:
- 1(B*) >t (By) ~ T (Bs) > 7 (Ap) >> 1 (B,)
- 1 (BY)/(By) =1.06 +0.02
- (Bt (By) =1.00 +0.01
- 1(Ap)/t(By) =0.88+ 0.05 Tarantino (arXiv hep-ph/0310241)
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« di-muon trigger

« compare with B® —J/y K which
Is topolgically similar

CDF

1(A,) = 1.580 + 0.077 + 0.012 ps

(A)/7(B%) = 1.018 + 0.062 + 0.007

DO

T(Ap) = 1.218 £ 0.12 £ 0.042 ps

1(Ay)/t(B%) = 0.811 + 0.09 + 0.034

events/50um

Signal region

CDF Il Prelimina

-
Q
Fa
|

10

015 01 0O5 -0 005 01 015 02 0. 03 035

+ Data
[ Signal
— Bkg
— Signal+Bkg

1=1.580+0.077ps

IN

—t
Q

10°

-
(=
N

Candidates per 0.01 cm
S

—t
TTTTIT LI

10h-

* Data
B Signal
— Total

DQ, L=1.2 fb"
A= JIy A

0.1 0.2 0.3 0.4
Proper decay length (cm)

CDF : wwwecdf.fnal.gov/physics/new/bottom/06130.blessed-bh-lifetime_v2/ 28



B ] A, >pvA X, A K p

D@ L=1.3 fb"

- Semileptonic decay

* Single muon trigger without impact
parameter cuts

* MC used to correct for missing v

Events / (15 MeV/cz)

m(K;p)

* Yield measured in bins of B e e i s
Visible proper decay length 2.1 2.2 2.3 24

ARJVr -\ ll\_lll_z\

DZ L=1.3 fb”
— Lifetime fit
---Background

t(A,) = 1.29 + 0.11 + 0.09 ps

combined with J/y A results
T(A,) =1.25+0.10 ps

PRL 99,182001(2007)

0 01 02 03
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A, LIFETIME: A A 1, A.—>PKm

| CDF Il Preliminary, L = 1.1 fb’

« Clean high statistics sample from

. . Nu S R A, Four-Track
Two displaced track trigger (TTT) > 1400 A, Semileptonic
co A, Other
. . . ;1200 » I — BbFourl—Track .
 TTT has lifetime bias, correct sl = B o o
with MC T W | I el
i) "-_.' = A | p > P
m 800/ Ay = I T
% F Ap— A; X
c 600—— —— Combinatorial
8 600
E E L
= 0.0035F— ) o 4001
2 sson Trigger Efficiency ;
E 0.0025 200~
2 oo020f L
8 0
'S 0.0015F s
E 0.0010— %
0
[ 5 5.5l G 1 1 1 .I | 1 1 | '27
35 - m(A.; ) GeV/c
Tlc |

-0.05 000 005 010 015 020 025 0.30 35
ct(A,) [em]

wwwecdf.fnal.gov/physics/new/bottom/090416.blessed-Iblcpi-ct
30



A, LIFETIME: A A 1, A.—>PKm

—_—

CDF Il Preliminary, L=1.1 fb"

— B Four-Track
------ Ay —> A K

— Combinatorial
------ Ay, Four-Track

A, Semi-leptonic
Ay, Other

| |9 llm ] ]
\\\
!
!
‘\
\~.
1 1 1) | Il Il

| 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 1 | 1
0.05 0.1 0.15 0.2~ 0.25
ct(A,) [em]

102

Candidates per 0.0025 cm

* Fit mass distribution to find sample
composition of signal region

«unbinned likelihood fit - exponential
convoluted with trigger efficiency and
detector resolution

1(A,) = 1.401 + 0.046(stat) = 0.035(sys) ps

wwwecdf.fnal.gov/physics/new/bottom/090416.blessed-Iblcpi-ct

31



A, LIFETIME

1?0111]2?ﬂ11]13?0|IIIQTUIIIIET}IIIIETBIIIIUT
ALEPH A | + A"l NS 1.21+0.11
OPALA, | v - a 1.29 5, +0.06
DELPHI A, | . . . 1.117 ).+ 0.05
CDF Runl A, | — 1.32+0.15+ 0.07
DO Runll A, | pa— | 1.290 01 oo
DO Runll J/y A — 1.218 %01 +0.042
+0.083 |
CDF Runll JAy A —a—e  1.593%07%+0.033
CDF Runll A, @ (PRELIMINARY)  whs, 1.401+0.046 +0.035
PDG 2008 1.383 1004
| | 1 | 1 | I | 1 | 1 | 1 | 1 | I | 1
OIS 1 IO 1 -5 2-0

A, lifetime [ps]

P. KASPER, SPECTROSCOPY AND LIFETIMES AT THE TEVATRON, HCP2009 32



SUMMARY

« Tevatron is an ideal place to study b-physics

— production of B baryons, B_ and excited mesons not
produced at B factories

« CDF and DO have made many important measurements
— Many results presented here use < 2 fb! data
— Tevatron has delivered >7 fbt, and more on the way

— Looking forward to new and higher precision results
from data already on tape.
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. : 0 + _-_-_+
Observation of resonancesin Ay > At w7

final states and measurement of the relative BRs

A) = Afata—m~

— AZ(2593) 7~

— Afntn~ A0
CDF — A%(2625) T~ e--—-2 .
cr ~ 400pm
— Alnta~
4000 COF Run Il preliminary, L = 2.4 ' - 2:+7T—7l'— ny
‘gm Combinatorial <y A:ﬂ'+
- P AR x| Opr— o+ Y
§ooo :"’ Z"" — Yomw CDF observed same resonances
i 4 . = Other ot o
g: “ ':’ f}” T inSL A} — A*u v final
il — Alp'm states (PR D79, 032001 (2009))
‘00‘ " CDF Run |l preliminary, L = 2.4 fb™
E CDF Run Il preliminary, L = 2.4 fb’ = 5 P
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