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‘ Motivation b Why the huge
matter-antimatter asymmetry
Why B Physics? It's got it all! in the universe?

e Electroweak symmetry breaking —> determines flavor structure

CKM matrix, CP violation, FCNC's
A

o QCD Modeling: production, spectroscopy, masses, lifetimes, decays

— Challenges lattice gauge, Heavy Quark Effective Theory,
strong symmetries

e Searches for new physics — rare decays & departures in

Why at the Tevatron?

e Produce heavier states not accessible anywhere else:

3k >k 3k >k —
B., B™, B/, .. Ay, Xy, Ep

Y

— Complementary to Y (4.5) B factories
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‘ Motivation ' Why the huge
matter-antimatter asymmetry
Why B Physics? It's got it all! in the universe?

e Electroweak symmetry breaking —> determines flavor structure

CKM matrix, CP violation, FCNC's
A

e QCD Modeling: production, spectroscopy, masses, lifetimes, decays

— Challenges lattice gauge, Heavy Quark Effective Theory,
strong symmetries

e Searches for new physics — rare decays & departures in

Why at the Tevatron?

 Produce heavier states not accessible anywhere else: B!, B., B*, B}*

S )

— Complementary to Y (4.5) B factories Ay, Ep, 2 oo

e Huge production rate (but also huge backgrounds: triggers for specific

— Precision, rare decays, can also be competitive target decays)
with B factories in some B"and B decays



‘ Tevatron '

Luminosity [fo]

e pp collisions at 1.96 TeV
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e Tevatron running with peak §
luminosities of 300 x 10 cm™ s

Up to 10 interactions per x-ing!

e Delivered ~3.9fb ',

m Run Il Integrated Luminosity Apr|| 2002 - Aprll 2008

recorded ~3.4 fb,
data analyses with up to0 2.8 fb
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Detectors w CDF Il Detector
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Relevant for B physics:

DO Tracker: excellent coverage CDF Tracker: excellent mass resolution

e Silicon & scintillating fiber & vertexing e Silicon, Layer 00 & vertexing

e Small radii, but extending to Inl <2 o Large radii drift chamber, many hits,

e New Layer 0 silicon on beam pipe excellent momentum resolution

in 2006, improving impact para. resol. e dE/dx (and TOF): particle id

Triggered muon coverage: Inl <2 Triggered muon coverage: Inl < 1
E.g.triggers: dimuons, single muons, E.g.triggers: dimuons, lepton + displ.

track displacement @ L2 track, two displaced tracks



All different!

B2B° Mixing and Oscillations Neutral B° Mesons

} Weak Eigenstates propagate according to Schrodinger:

0 _ir _ 1l 0
i a B _ M 2 M. 2 B
dt| g° M — il V- il B°
Diagonalize v2 2
CP Eigenstates: 1B = B+ |B% |B*"Y= |B%»>- |B%
Y Mass Eigenstates: |IBYY =p|B° +q|B% |B-Y = p|B%-q|B%
Heavy Light
Vi
Mass Difference: - 0 I
AmM =M, - M, ~ 2/, Bg B; slow osc.lllajclon
B BY fast oscillation

Conversion of matter to anti-matter



BB Mixing and Oscillations

Weak Eigenstates propagate according to Schrodinger:

ir il

0 A1 _ 0
paf B | My Me ) B
at| B? Vi Le gy A0 (| B2
Diagonalize 2 2
CP Eigenstates: |1BY = |BY+ |BY |BI"y= |BS- |BY
Mass Eigenstates: 1By = p|B% +q|B% |BLy = p|B%-q|B%
Heavy Light
For the B2 meson:
Ams= My, - M, ~ 2“\”12‘
A= T,q Ty~ 21T Tiny for B§ meson, but

— - not for BO | eigenstates propagate
Al =1, - Ty 2|T%:| cos s with different lifetimes!

T =FL+FH o= 1 ¢SM=arg

2 T,

. M”] ~ 0.004 in SM
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B2B? Mixing and Oscillations

Weak Eigenstates propagate according to Schrodinger:

4 B M — il M. — %2 B° Probe entire matrix!
. S 2 12 s -
I — | _— = . , _
at| B? Vi Le gy i1 BY
Diagonalize 2 2
CP Eigenstates: 1By = |BY+ |B |BIY = |BY- |B
Mass Eigenstates: |1BYY = p|B% +q|B% |B.Y = p|B%-q|B%
Heavy Light

For the B2 meson: Whole new window for new physics!
Ams= M, - M, ~ 2/ M| Sensitive to new physics
A= [ -T _ ~2TI, Not sensitive to new physics
AT, =T, - Ty ~ 2TI.cos¢g, Verysensitive to new physics

=FL+FH - Z¢§M=arg

2 T,

_ M] - 0.004 in SM
T

12
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B2: Am. , Frequency of Oscillations

D@: first two-sided limit: 17 < Ams < 21 ps @ 90% CL
Now: new update of measurement of Amy

/x e Flavor (B or B?) at production
Opposite-side flavor tagging

Reconstructed or

signal-side
Frag. K* ) Same-side flavor tagging
: ‘. A >
Opposite = sy2:¥ _.--"7 ©o——— e Flavor at decay
side | é%' e* o _ |
PV B;ﬁ’, Semileptonic  ® Did it oscillate? ("mixed" or

> + "unmixed")

. (Fully & partially
f Reconstructed Measure decay length

b hadron/ P

Hadronic)



B2: Am. , Frequency of Oscillations

D@: first two-sided limit: 17 < Ams < 21 ps @ 90% CL
Now: new update of measurement of Amy

/x e Flavor (BY or B?) at production
Opposite-side flavor tagging

Same-side flavor tagging

Reconstructed or
signal-side

Frag. K*
. ., A
Opposite sy .-- = &~ e Flavor at decay

side W‘ei
‘. (=— . ) ) . . )
Q&/ Semileptonic  ® Did it oscillate? ("mixed" or
b hadron . Y + unmixed")

(Fully & partially

Reconstructed Measure decay length
Hadronic)
Purity of flavor tag
. K Kz |
Probunmzx,mzx (ZE) - eXp(_

= Gorm p— (1 £ (1—2n) '/I\COS(AmSK:B/c))

S

Amplitude



‘ B.: Am, , Frequency of Oscillations

Semileptonic+Hadronic D@ Runll Preliminary
L L 1

=

Amplitude

N W
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D@, > 3o significance
Am, = 18.56 = 0.87 ps”

DU Note 5474

: + data+ 10 a 95% CL limit 16.1 ps
- 1.6450 -o expected limit 27.3 ps! - o 2
. mm data=1.6450 215
] data = 1.645 o (stat only) 5: 1
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Amg (ps )

CDF Run I L=1.0fb"

C o datazioc A 95%CLImit 172 ps’

— . 16450 O sensitivity 31.3 ps”'

- [l data 16450 lﬁ! ‘ A ul )\

- data + 1.645 o (stat. only) w

— T A 'I i
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e Power of hadronic BY — D, m(X)
decay mode & two-displaced track trigger

CDF, > 50 significance

Am, =17.77 £ 0.12 ps™
PRL 97, 242003 (2006)




CP Violation

d/ Vud Vus Vub d
s’ — Vcd Vcs Vcb S
b’ Via Vie Vi b

e CP violation in SM occurs in only one place: complex phases in
unitary CKM matrix; new physics: plenty of new phases!!

(e.g., 43 in MSSM!)



CP Violation

d’ Vid
S/ — Vcd
b’ Vid

VUS
VCS
Vis

Vb d
Vcb S
Viv) \0D

e CP violation in SM occurs in only one place: complex phases in
unitary CKM matrix; new physics: plenty of new phases!!

By unitarity Vude;b 1+ Vch;z; i ‘/;fd‘/;z — 0

condition

Im

° Does it return to zero?

°* Measure lengths of all sides
°* Measure all three angles

e Consistent?

- Re




L_CP Violation j

d/ Vud Vus Vub d
s | = Vcd Vcs Vcb S
v Via| Vis | Vi b

e CP violation in SM occurs in only one place: complex phases in
unitary CKM matrix; new physics: plenty of new phases!!

By unitarity * * * _
c?ondltlon VuaVp + VeaVep + ViaVip, = 0

Golden mode,
B factories

B ——J /YK

2
Vo Vi N, <

Vcd Vcb

CP V|olat|on through

triaﬁgﬁs pc)):op interference of diagrams
to level of with and w/o mixing

CP violation 1



Tr Le Amg
‘ B2: Am. , Frequency of Oscillations ' Ao Vid

Y i CKM_|
; ) \ fitter
Summeznl[!'.Ir

,0.6
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0.5
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Window on to new physics not open very wide!



First assuming no CP violation in Bs mixing

AT, and T
‘ > - Mass and CP eigenstates the same

e Heavy (H, CP-odd) and Light (L, CP-even) B states
AFS = FL — FH ; FS = (FL + FH)/Q’ , fS=

/<‘ ? Not "flavor-specific”,

(=), 's predicted to be more
Bs b H

C CP-even than odd
‘\5 I

* Decays into two vector mesons that are s
either CP-odd (L=1) or CP-even (L=0,2) !

e Time-dependent angular distributions
allow separation of components

1
L

n

e Simultaneous fit to lifetime and
and three angles




‘ AT, and I

e Heavy (H, CP-odd) and Light (L, CP-even) B states
Arser_rH; FS =(FL+FH)/2;

n

/‘ ¢ Not "flavor-specific”,
=),'S < predicted to be more
<f\

C CP-even than odd

e Decays into two vector mesons that are
either CP-odd (L=1) or CP-even (L=0,2)

e Time-dependent angular distributions
allow separation of components

e Simultaneous fit to lifetime and
and three angles

1

T=_—

First assuming no CP violation in Bs mixing
Mass and CP eigenstates the same

L'
arXiv:0712.2348
CDF Il Preliminary L=1.7 fb
Al E
§400-_ e Data
= 350F — Fit
33002— — Signal
S 550k — Background
B F
-'&5'200—
2 s
c%150—
O 100 B bt d
g1 f {
50
oL L |- L PR T
5.30 5.35 5.40 5.45

Mass [GeV/c]



First assuming no CP violation in Bs mixing
Mass and CP eigenstates the same

e Heavy (H, CP-odd) and Light (L, CP-even) B states
Al,=T,-Ty; T, =T +Ty)2; =1
r

/‘ / Not "flavor-specific”,
b'S < predicted to be more
*b—<_ "¢  CP-eventhanodd

<\5 JIp . Do,28fb" * Data

— Total Fit

n

(_

200_— Bg — J/w ¢ """""" CP-even

. [ 5.26< M(B ) <5.46 GeV " CP-odd
e Decays into two vector mesons that are E Woleyss | Total Signal
either CP-odd (L=1) or CP-even (L=0,2) % — Packground

e Time-dependent angular distributions 100f-
allow separation of components

50}
e Simultaneous fit to lifetime and [
and three angles Y R R R Y R

Transversity




First assuming no CP violation in Bs mixing, ¢s=0

AT, and T’ .
: 2 Mass and CP eigenstates the same

CDF Il Preliminary L=1.7 b’
= i £10°E
20 - paa = Do,28fb!  ° Data

10°L It o [ L .

Nl — Signal 18, sL BY — JAp ¢ Total Fit
3 ! — Background 310 S Total Signal
g k ---------- CP-even o Mass 5.26 - 5.46 GeV ... CP-even
5100 (M, CP-odd g AN CP-odd
© N ®© -
© B R O F i — Background
s [ RTINS Different lifeti
O ald | T TER q 10E i ifferent lifetimes,

g T f -

’II'I . '||\ ||I~"l|||| 1 E_

C ok . 1l B AN |

T A B ] R . L 1057 0 0.1 02 03 04 05

0.0 0.1 0.2 0.3 ct (cm)
arXiv:0712.2348 [hep-ex] ct [cm] arXiv:0802.2255 [hep-ex]
AT, = 0.076T0 023 £0.006 ps~ | | ATy =0.14 £ 0.07ps ™ *
s = 1.52 £ 0.04 £ 0.02 ps Ts = 1.53 =2 0.05 &= 0.01 ps

1 2 _

o= — = c.f. AT2M:Pred — 088 + 0.017ps™ ! (hep-ph/0612167)

Fs FH + FL



L_CP Violation j

d/ Vud Vus Vub d
s | = Vcd Vcs Vcb S
v Via| Vis | Vi b

e CP violation in SM occurs in only one place: complex phases in
unitary CKM matrix; new physics: plenty of new phases!!

By unitarity * * * _
c?ondltlon VuaVp + VeaVep + ViaVip, = 0

Golden mode,
B factories

B ——J /YK

2
Vo Vi N, <

Vcd Vcb

CP V|olat|on through

triaﬁgﬁs pc)):op interference of diagrams
to level of with and w/o mixing

CP violation 1



CP Violation in B System

d/
S —

b/

Explore new part of matrix!

Vud Vus Vub d
Vcd Vcs Vcb S
Via |Vis| | Vi b

e CP violation in SM occurs in only one place: complex phases in
unitary CKM matrix; new physics: plenty of new phases!!

B, unitarity VsV,

condltlon

‘Squashed" (p,n)

Triangle an

wb + Ves Ve + VsV =0

S M % *
By = arg[—%s tb/vcs cb]
i} ~ 0.02
Vis Vo Tiny!
Vcs Vcb B
S

-



CP Violation in B System

d/ Vud Vus Vub d
s’ — Vcd Vcs Vcb S
b’ Via |Vis| | Vi b

e CP violation in SM occurs in only one place: complex phases in
unitary CKM matrix; new physics: plenty of new phases!!

Bs unitarity * _
condition VasVip + VesVep + Vis Vi = 0

Golden mode,

Tevatron
B — ﬁJ/Wb
sin 2
Vi Vi
'Squashed" (p,n) Vts th* CP V|olat|on through
Triangle - cs Yeb g interference of diagrams
/ —>,  with and w/o mixing




‘ CP Violation in B System '

e How could new physics affect these phases?

~0.04
ZﬂgM = 2arg|— Vi Vi /Ves Vi — 26§M — ¢NP

S Subtracts from one,

¢;S‘M _ al'g[—Mlg/Flg] N ¢§M + ¢§P adds to other
~0.004

e Both D@ and CDF also measure/observe
the phase responsible for CP violation in !

BY — J /1 decays
¢s — _2/88 ~ ¢é\7P

DO CDF If large

e Use flavor tagging to identify
initial flavor, B or BY — J/1¢ Flings the window open wide...
(and known value of Amy)



CP Violation in BS—JMpp |

e Even without initial state flavor
tagging, have sensitivity to ¢, = —20,

CDF arXiv:0712.2348
‘-F' -
.& 0.6 C_onggf/nce region: ¢ Standard model
E L ... 950/: I New physics models
0.4: -
0.2f .J
0.0f
2|12 cos ¢
-0.2f
0.4
i | |
2 0 2
2Bs
DO PRL 98, 121801 (2007)

¢s = —0.79 + 0.5670-1

For one of the ambiguities

o But 4-fold ambiguity, reduce to 2-fold with flavor tagging...




CP Violation in BS—JMpp |

e Now using initial state flavor tagging:

>
_ CDF arXiv:0712.2348 CDF arXiv:0712.2397
é 0.6 C_onggf/nce fégion: 4 Standard model . 0_6:—...S|V| prediction ',f .\‘3
E [ ... 95% Il New physics models ‘T8 - —68% C.L. ,,": '
0.4} A - : 0.4:—---95% CL../
I i < 0.2F /,—'/ N
0.2 .~ T :
E-‘ y _____;_.l' ______ ,4-': _____
0.0_ OO: E "'
2|12 cos ¢ 0.0 e K
-0.2¢ C
I -0.41 \
-0'4__ i Vool
I é _0.6__ | ‘\‘ ._‘l" I I
_2 O 1 1 1 1
28, 0 2 4
20 (rad)

e Remaining ambiguities:

2671V — w —2p7/Y* ATy — —AT,

Standard Model
Probability = 6.6%
~1.50

Strong phases
(relative phases between polarization amplitudes)

(5” — 2T — 5“

5J_—>7T—5J_



CP Violation in BS—JMpp |

e Now using initial state flavor tagging, constrain strong phases

CDF arXiv:0712.2397
CDF Run Il Preliminary L=1.351" A |
5 ' DO Flipped arXiv:0802.2255
— 0.6 — 2alog(L) =5.99 ,;\0.4:
‘% [ — 2Alog(L) =2.30 2 DD, 2.8 fb™ 90% CL
£ 0.4 — sm prediction \700'3‘_ 0
2 i z - "B, —=Jyo
[ 0.2
0.2 SM E AM, [ 17.77 ps”
N |y
R o
0.2f o
s . - — SM
| constrain strong phases BaBar: -0.1—
-0_4 __ mEm 2Alog(L) =5.99 E - AF - AFSM X ICOS((I)S)I
e 2og() =290 02 HE T30 05 T s
-0.6 R 2[38=-¢s(rad|an)
-2 0 2
2f (rad) Standard Model
. . .S Probability = 6.6%
Confidence regions underestimated ~1.86
using 2AlogL :

o Ambiguities:
267/ — ¢ — 2B/ AT, — —AT,

Constrain based on B observations

L i IR i S T



CP Violation in B Mixing: Other Handles? ‘

. . . I'(BY —
e Measured semileptonic asymmetries: as; = ( /) —T(B; _)
(B, — f) + (B — f)
e DO, 1.3 fb™" PRL 98, 151801 (2007) AF ¢ gb
0 — — an
N(B? — Dyutv) Am, s
V8. PRD 76, 057101 (2007)
N(B® — D) 7 O % Constrained ;
s s 5_0.45_* ;)ns rained ——@ DO, 1.1 fb
+ T F WB) R J{
1 (0.3 Combined
e DO, 1fb ', PRD 74, 092001 (2006) =50k semileptonic
1 £ charge
N(bb — /i—I_,LL—I_X) 0.1;— asymmets:'y
) VS. OE— band
N(bb R X) '0'1;_ « Constrained *
028 ™ +o 47 3
PRD 76, 057101 (2007) 0.5 g e
Regular flipping of polarity of solenoid (tracking) 0 (radians)

Combination with older

and toroid (muons) magnets essential : _
DO analysis before flavor tagging

for controlling systematic uncertainties



CP Violation in B? Mixing: Other Handles? |

e Measured semileptonic asymmetries:

e DI, 1.3fb™" PRL 98, 151801 (2007)
N(BY — Dyu*v)
Vs
N(B{ — Diu~v)
+
e DO, 1fb” PRD 74, 092001 (2006)
N(bb — p*ptX)
Vs
N(bb — p~ pu~X)

a's; = 0.0001 £ 0.0090

PRD 76, 057101 (2007)

Regular flipping of polarity of solenoid (tracking)
and toroid (muons) magnets essential
for controlling systematic uncertainties

L(BY — f) —T(BY — f)

ST TE S B — )
AT,

= tan ¢
Am ¢

e CDF, 1.6 fb™! CDF Note 9015
N(bb — p*p* X)
VS.

N(bb — p~ p~X)

New

as; = 0.020 £ 0.021 + 0.018




CP Violation in B? Mixing: Other Handles? |

o Flavor-specific B? lifetime 1 1+ (AT,/2T,)?

TfS(Bg> — 2
e Know flavor at time of decay I's 1— (Al /2T)
from charge of decay product - 1
B) - D;u"v B - D rt 77 = T,

e 50% CP-even, 50% CP-odd
attimet=0



CP Violation in B Mixing: Other Handles? ‘

e Flavor-specific B, lifetime

e Know flavor at time of decay
from charge of decay product

Trs(By)

B) - D;uv BY — Dot (n9)

e 50% CP-even, 50% CP-odd

1 1+ (AT,/2T,)?
- I',1— (AL, /2T,)2

B Flavor-Specific Lifetime

attimet=0
e CDF, 1.6 fb™! CDF Note 9015
CDF Run Il Preliminary 1.3 fb"
E ﬁITITT ® Data
1 ' T‘l { Fit Result
g ' Dn
[&]
™ = DK+Dp+D*n+B_others
8 s
o —— B"—DX, B’>DX, A X
= 10
2 - - - - Bkgd.
S ]
2
S W

=

LA T
0.2 0.25 0.3
ct (cm)

12 1.4 1.6 1.8
T T T | T T T | T T T | T T T | T T T
ALEPH 91-95 ] N 4 1.54 1 40,04
SRF 9296 A——t 1.36 0.09 0%
DELPHI 91-95 n . 142 %1% 0,03
SEAL 90-95 " " 4 150 01 0,04
GRF 0204 i 1.381.0.055 *°%%2
»| CDF 02-06 New
" | Do, (prel.) H—h—H 1.517 +0.041 =0.025
50,02-04 H—— 1.398 +0.044 0%
Average +e~ 1.455 + 0.030
] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ]
1.2 1.4 1.6 1.8

Tg_» picoseconds




CP Violation in BY: Combination |

o INBY — J/v¢ flavor-tagged analyses, in (Al's, ¢.) space,
CDF has ~1.50 deviation from SM, D@ ~1.8c deviation,

consistent with each other 320 DO, 2.8 fb~
15
e Need to be careful, non-parabolic log(L), %10

multiple correlations (best is simply more datall]*




CP Violation in BY: Combination |

o INBY — J/v¢ flavor-tagged analyses, in (Al's, ¢.) space,
CDF has ~1.50 deviation from SM, D@ ~1.8c deviation,
consistent with each other

UTTit group, arXiv:0803.0659:
Amy, SL) AT, T Add only CDF B! — J/¢é All combined (using DJ Gauss.

ey g T Z assumption)
§ g 0.1 3
£ & 5
0.05=f = E
: vt
50 0 50
. b L] 50
g 0.3 ”SM ‘ g 015 SM M q)Bs[ ]
5 ﬂ ' Add s " Add > 30 deviation from SM
3 o onl DA, 5 o " onl D, ..
g iassyumej 8 A ”keﬁ'ihcod e |ntriguing, results from D@,
o ) [:Gaussign  *§i §5| no corfelations  CDF with more data coming
.}f U fke”o.rs ' _/ soon; CDF+D@+HFAG

50 0 50 -5'0: o 50 : .
o, [°] o, [ also working on combin.



Direct CP Violation in b Hadrons

e Direct (not through mixing) CP
violation expected to be large
in some b hadron decays,
including Bs mesons and b baryons

e Measure asymmetry: f = final state
N(B — f) = N(B - f)
N(B — f)+ N(B — f)

CP —

e CDF: Br's and asymmetries of two-body
charmless states, 5 — hh()

e Two displaced-track trigger

e Separate decays using mass, momentum
imbalance of products, dE/dx particle id

Acp(B® — Ktn™) = —0.086 & 0.023 & 0.009
Competitive w/ B Factories

Acp(BY — KTr7) = 0.3940.15+0.08
2.50, can be used to measure y in CKM triangle

Candidates per 20.00 Mev/c?

800
700
600
500
400
300

200 _
100¢

X

2-52.15/39 CDF Run Il Preliminary L =1 fb™

5.2

- 5.4

* Data

Total

B B’ K* w+cc
/| B8 — K'K’
B B, — K n*+cc

[ ] Ag—> p w+cc
B A,— p K'+cc
Bkg Phys

@ Bkg Comb

5.6 5.8

Invariant w-mass [GeV/c?]



Direct CP Violation in b Hadrons

e Direct (not through mixing) CP
violation expected to be large
in some b hadron decays,
including Bs mesons and b baryons

e Measure asymmetry: f = final state
N(B — f) = N(B - )
N(B — f)+ N(B — f)

CP —

e CDF: Br's and asymmetries of two-body
charmless states, 5 — hh()

CDF Note 9092
Acp(AY) — pr™) =0.03+£0.17 £0.05

Acp(A) — pK~) =0.37+0.17 4+ 0.03

e Expectations, asymmetry ~30%

e First CP asymmetry measurement in
b baryon decays

Candidates per 20.00 Mev/c?

Candidates per 30.00 Mev/c?

800
700
600
500
400
300

X

2-52.15/39 CDF Run Il Preliminary L =1 fb™

200_'._;:-. _

100F

350
300
250

200

150}

@ Bkg Comb

* Data
— Total
B B’ K* +cc
/| BS — K'K’
W B, — K n*+cc
B’ n* v

[ ] Ag—> p w+cc
B A,— p K'+cc
Bkg Phys

100F |
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Direct CP Violation in b Hadrons

o D@: Small (~1%) CP asymmetry expected in SM for B" — J /1)K

e Again, frequent solenoid and toroid polarity reversals essential
to control charge asymmetry systematic uncertainties

o Correct for K'/K asymmetry

arXiv:0802.3299

ACP(B+ — J/¢K+)

= 40.0075 £ 0.0061 £ 0.0027

e < 1% precision,
factor ~2 better than
current world average

12000

10000

Entries/0.03 [GeV/c?]

2000}

8000
6000}

4000}

DO Run I, 2.8 fb™

3
[ o~
~ -
-~
~
-~ -

———

DATA
JYK
Jhym
JhpK*
BKG

L
5.2 5.3 5.4 5.5 5.

m(J/YK) [GeV/c?]

6 5.7




Spectroscopy Orbitally Excited B Mesons
L =1

Hydrogen atom of strongly Jo=Sqtl J=Sat ],
interacting systems lq =12 J=0,1|Bg,Bi||B%, B
o Jq =3/2 J=1,2 |B,,B;||B.,B"
Q Collectively referred to as: B** B™

Two will be narrow,
two will be wide

N Phys. Rev. Lett. 99, 172001 (2007 ) CDF Run 2 arXiv:0710.4199 1.0 fb’
= (aV}

Q - _ 1 O 4nE ]
S - D@ DO, L=1.3 fb N 40: CDF —B'K
) 250— () C L+
= T S 350 B'K
P C C * .
= ook a 30F B, —signal
@ - = ) — Background
c L Ry
Q 150 : B,
w L L 20
[re. C © r
© 100[ 5 15
Y S 10f

® 10f
S O 't
s 50 -
> 5

Ll A N A T N | [ N B | T R T | T T |
8.2 025 03 035 04 045 0.5 055 0.6 0.65 0.7 (900 0_65 0_|1 0 0_|1 5 0.20

M(B*r) - M(B*) (GeV/c?) M(B'K)-M(B")-M(K) [GeV/c]

e First separation of individual states e Comparisons to theory in backup slides
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(MeV/c™

Spectroscopy: B, Meson

e Unique in that it contains two different heavy quarks
Decays: viab quark B — Bln*; BJ(Tv
via c quark (B — J/yaT} J/pDE: T/l

m

- . arXiv:0712.1506
annihilation B} — ¢*v L e e
()
=
o
6600 | | | g
| - o
i - (mw+m&.).f_‘ g .8
6500 I m potential models . E’ - | : | |
500 [~ - — N L
- ® latuce QCD 1 Y 600 6.10 6.20 6.30 6.40 6.50
- v ggt‘lgml NRQCD i Mass(JApr) GeV/c?
6400 |- . — D — m(B) = 6275.6 £2.9 & 2.5 MeV
- . arXiv:0802.4258
| B { Y ] & 4OF
« 6300 Y ¢ e 1 DO DD, 1.3 fb"
F———F——-——g——~————"—"—"—""—""-"~""-"®""—""~"~-"~—"—"—"—"~"—"—"-F7-——"—-9 = _°Ff
oy P 1 ek
600 1 + 25§
i 1 £
5 | | | | | | | | 1 2 1s5F
6100 w E -
[221 [23] [171 [24] [25] [26] (6} (7) 10F
i

Q6 58 6 62 64 66 68 7 7.2
M(uur) [GeV/c?]

m(B) = 6300 & 14 &= 5 MeV



‘ Spectroscopy: B, Meson ' Lifetime

_ _ _ _ : Lifetime
e Unique in that it contains two different heavy quarks expected to
o Decays: via b quark B — Blr"; BT I, hbe mu?\h
: shorter than
viacquark B — J/ynt; J/DE| /g0ty T, other
annlhllathn Bé— — €+V I-‘a_nnih b hadrOnS
(~1/3)
+ imi -1 otal Fi
o <u_ . D@ Run Il Preliminary 1.3 fb E]h; L Fit .
u 8104L B Prompt
ue OTF [— Ve
r [ Signal
""MV/ Sk 3 Jhp + Trk
> - B+
%102%—
e D@: simultaneous fit to mass @

templates and lifetime models

—t
IIIII| LU

e CDF: normalization floats,

includes semi-electronic decay O B xS

CDF: 080327.blessed-BC_LT_SemilLeptonic D@ Note 5524 PPDL (cm)
0.053 _ +0.039+0.039

New world average, including CDF Run 1 pub: e c.f. theory prediction hep-ph/0308214

Tave(Be) = 0.460 + 0.037 ps - » 7(B.) = 0.48 & 0.05 ps




Spectroscopy: New =, Baryon

J=1/2 b Baryons

"Strangely Beautiful Baryon"
"Triple-Scoop Baryon"



Spectroscopy: New =, Baryon

D _ gPRL99,052002(2007)  L~1.9fb"
Dimuons! g—‘ 72_ CDF yield=17.5+4.3 _;
s ' o °F M=(5,792.9+2.5)MeV/c? 3
< SF E
CDFuses & F r.70 E
) silicon-only 5 3F E
""""" tracking for § 2f E
N ct~5 ¢M) - charged = N E I_ﬂ E
— =0 ]
AN OI' ” R " | " L |". " | E
5.4 5.6 5.8 6_.0 6.2 6.4
M(JAPE’) [GeV/c]
CDF PRL 99, 1052001 (2007)
M(=p) =5792.9 £+ 2.4+ 1.7TMeV 12 _
) : DO, 1.3 fb”
DO 10f
M(Z,) = 5774 £ 11 £ 15 MeV 8f * Data
6 : — F|t
e Theory prediction: af
e ey , LMW
hep-ph/0706.2163 0 AMAR .W.L.".+.l.l.l.+.,.l.l AFRAMR M

54 58 62 66 7.0
e Plus production rates; next step: lifetime M(Z,) (GeV/c?)



Rare Decays: Another window on to New Physics ‘

B 4 t b
e Excellent window into new physics, forbidden N
at tree level, highly suppressed in SM Bro tan®s :}0 o
in I\/ISSM T

Predicted: b

Br(B, — w'w) = (3.4 +0.5) x 10 et
ety
Br(B, — u'u’) suppressed by .

another factor of |V,4/V,| ~ 0.04 4.5

PRL 100, 101802 (2008)

CDE Il (21t b ACMU-EMX
0 + 0 + o | IR
_ P \ | A A ™Y " S [ ]
Br(B; —p'p~)  Br(Bg—pp) > ssp A we
@ 90% C'L @ 90% C'L (] 56-—A a2 ot A s
~ " H AM R I .
CDF <4.7x107° <15x107° = I, e .
E 541 A B 4 a {2 S
PRL 100,101802 (2008) FoLE T e S AAAEI
_ - "aa AU, mt, .:'°.":
D@ < 73 X 10 8 5-2: L a -PA"A . “A- PR &FBd
DO Note 5344 R O
5 an A._A - A a2 A A..'.A
New o e e s T e [ e eR
HFAG < 3.6 x 10~ agl” & AW Rl e
SR I
t s A% aw  wjm & s,
average 0.9 0.95 1

NeuralNet Output (NN)



‘ Rare Decays: Another window on to New Physics ‘

9 Phys.Lett. B538 121 2002
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‘ Regrets... ‘

e ) — b correlations
e 1)(2S) production & cross section
e Y, observations

e T(15),Y(2S) polarization

* Br(B] — D{'D{") for APCP
e CPasymmetryin B™ — DY, K+
e Angular analysis of BY — J/yK*"

e Rare charm FCNC limits
o D' — DY mixing
e DV /ﬁu_ limits

CDF: http://www-cdf.fnal.gov/physics/new/bottom/bottom.html
DO: http://www-d0.fnal.gov/Run2Physics/WWW/results/b.htm



LConcIusions & Prospects t

Diverse physics program at the Tevatron resulting in
continued large gains in understanding of B physics

Complementary to and competitive with the B factories

Bs system and CP studies B o
opening a powerful B N ig
new window: possibly already - —
providing hints of new phenomena? S5 _:L

Renaissance of spectroscopy (and properties) as new
heavy states continue to flood in

Continue to push on rare decays

Tevatron doing very well, expect to at least double
our data-set by the end of running




Conclusions & Prospects

Diverse physics program at the Tevatron resulting in
continued large gains in understanding of B physics

Complementary to and competitive with the B factories

B system and CP studies B lf i
opening a powerful SR e
new window: possibly already |J -t e
providing hints of new phenomena? l o= S

Renaissance of spectroscopy (and properties) as new
heavy states continue to flood in

DILBERT

FOR FIVE MILLION SOME OF MY SATISFIED IT COMES .
DOLLARS, T'LL NAME CUSTOMERS INCLUDE WITH AN I LIKE
A SUBATOMIC ARTHUR C. QUARK, UNSIGNED  ‘EM
PARTICLE AFTER AND GEORGE MESON. gg&g‘ln:l- CLEAN

YOU.

www.dilbert.com scottadams@aol.com

- 7lel6e3  ©2003 United Feature Syndicats, Inc.




Backup Slides
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= Theory

P 5746.8+2.4+1.7

o— 5738.0+5.0+1.0
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Theory: Matsuki, et al., hep-ph/0605019



Backup Slides

A, Lifetime Measurements
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(91-95)
CDF A, | —e— 1.32+ 0.15+ 0.06
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(CDF Jmp A° } —e— 1.58 + 0.08 = 0.01
1 b (02-06) (prel.)
~New
DO A, H—e—H 1.29 *%12+ 0.09
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0 ~New +0.13
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