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B B-physics: Where theory meets expt.

« EW symmetry breaking: determines flavor physic
CKM matrix, CPV, & FCNC structure.

« b-quark mass, etc. theoretical calculations well
adapted to b-physics : HQET, lattice gauge, and other
strong symmetries.

» B-state mass spectra: Much progress incl. lattice
> Lifetime comparisons: (theory) (exp.)

Tos [Ty = 1.063 £ 0.027 1.071 + 0.009
HFAG

oo Ity = 1.00£0.01  0.939 + 0.021
HFAG
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B Neutral K, D & B mesons

Box diagrams give FCNC.:

b u, o 5 T
—.—— B, —> b,

e.g. .
B, —> b,

- - -
5 u, o b

K<sd Dcii (B, <>bd| B, <>bs
K<sd D<<cu|B,<>bd) B, <>bs



Evolution of B,

i il
d (Bsoj ) M_E M, —% (BSOJ Weak Eigenstates time

% _ evolution via the Schroginger

M, - M—_ equation.
Diagonalize 2 2

CP Eigenstates ‘B;)dd>= ‘BS>+ ‘§S0>, ‘Bseven>= B£>— ESO>

Mass Eigenstates Bf[> = p‘BS> + Q‘Eso>a ‘BSL> =P B£> —4 ESO>
Heavy Light

If CP is conserved in

I\/Iixing, p :q Bfl> = ‘B;)dd> Bf> = B§V€n>

Am, =M, —M ; = 2‘M12‘ =17.77 £ 0.12 ps™! Precision better than theory!

CP
AL =1 e, =1 g & 2‘F12‘ } small for B,

di t osc. :

M12

r :rL+FH T :L d);gM:arg{— }z0.004intheSM
s 7 s by FS 1‘*12 5



DES Evolution of B,

i i1,

O M- M, - 0\ Weak Eigenstates time
d BO T T ESO evolution via the Schroginger
t * Wy I )

M, - M—_— equation.
Diagonalize 2 2

CP Eigenstates ‘B;)dd>= ‘BS>+ ‘§S0>, ‘Bseven>: B_?>_ Es0>

Mass Eigenstates Bf> =p‘BS>+Q‘ESO>a ‘BSL> =P B£>_q ESO>
Heavy Light
If CP is conserved in

Mixing,  p=¢ Bfl> = ‘ded> ‘BSL> B ‘Bseven>

Am :M M LR 2|M12| Sensitive to new physics => New high-mass
box diagram states.

AL " =T,,,,—T uu~2T};|  Smallfor B, (Cabibbo Sup) , B, Mixing sens.

even

Al_‘S :FL_FH ~ 2|F12|COS¢S Very sensitive: (I)s => ¢s+ (I)NewPhysics

I+, _ 1 0 SM  For CPV look for an imaginary
L= 5 , T = T s amplitude in a B, final state.
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W) + oK) b, ~0 .

s Since CP violation is expected to be small,
/5 ¢ assume no CPV, ¢ . =0 and mass eigenstates
—0 S are the CP eigenstates: Heavy (H, CP - odd) and
B. & e Light (L, CP — even) for B..
= YV The weak decay states are not flavor specific.

But, since the decay products, ¢ and J/y, are vector particles the final
states are CP - odd (L=1) or CP — even (L= 0, 2),
CDF Run Il Preliminary L=281b"

400 +

Analysis proceeds using Transversity basis:

@
¥ 30
___z ((I), 9, and \I’) | : =

3.2k signal
candidates

it TR B I A PRI AU SN SR S SR | S |
’ 5.28 5.3 5.32 5.34 5.36 5.38 5.4 542 5.44 5.46
;‘ m (J/y ¢)[GeV]
D@: ~2k signal candidates
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B, U y(pu) + ¢(K'K) ¢, ~0 .

A Since CP violation is expected to be small,
/5 ?  assume no CPV, ¢, =0 and mass eigenstates
_ 8 are the CP eigenstates: Heavy (H, CP - odd) and
s b 3 Light (L, CP — even) for B..

G J " The weak decay states are not flavor specific.

But, since the decay products, ¢ and J/y, are vector particles the final

states are CP - odd (L=1) or CP — even (L= 0, 2),

Ay =T, —IyiTs = ([, +Ty,)/2: T =1/ Ts DY

Analysis proceeds using Transversity basis:

* (¢, 0,and ) |

200

150

DO ,28fb"" * Data
— Total Fit
Bg - JhP ¢ mmnn (CP-even

5.26< M(B ) <5.46 GeV "= CP-odd
S Total Signal

—— Background

ct/olct) > 5

wan,, CP uud

DE DEG-IGE-{I {IEI‘.‘.I-I‘-IDEV%
Trans rsmr



DEJT. & AT, B~T/w(pp) + 9(KKD)

no CP violation in Bs mixing, ¢s~ 0

Mass and CP eigenstates the same

| CDF Run Il Preliminary 281fb" |
E -
5"1“3 L . Data
'E = Fit
s [ —— Signal
N Light {even)
10 ~—- Heavy (odd)
- Background
10 =
1 = " 1
c | NP e Y Y L
-0.2 01 0.1 0.2 0.3
ct (JAy ¢) [em]

CDF/ANAL/BOTTOM/PUBLIC/9458

Al =0.02+0.05+0.01ps—*
Ts = 1.53 +0.04 + 0.01 ps

No flavor tag

12
s Tyg+Tyg

Ty =

g10'e
= F DO,28fb" - Dala
S T o — Total Fit
N10°E Bs—=Jve 1ol signal
2 °r | Mass 5.26-5.46 GeV . \p_ayen
[7)]
L CP-odd
T — Background
s F
§ 10 , Different lifetimes,
g ATy #0
e
I F.F S Ll I I.t e [
10077 . . 03 04 05
ct (cm)

Phys. Rev. Lett. 101, 241801 (2008)

ATy =0.14+0.07ps™*
T¢ = 1.53 +0.05 + 0.01 ps

c.f. ATSM:Pred — (0088 + 0.017ps™! (hep-ph/0612167)
(0.096 £+ 0.039ps~* if don't use Am™e)



DEJ M and cP Violation: B,

(d (v, V. [V.]) (d)
" | = [IVu|Ves|Va S

b') ([ Va| Vis [V | ) (D

J

CP violation in the Standard Model appears in complex phases in
the unitary CKM matrix. New physics => new phases?
{

. C C
Byunitary v v* 4V Vi 4V, Vi =0 { K J{ K
M M

condition:
(P:n) B fac’romes
Vaa Vab * Via Vo sin 23 -
Vea Ve Vea Ve %\ /
Y BN
1

CPV via interference with
Area of triangle ~ |CPV| or w/o mixing.
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DEJ kM and cP Violation: B,

(@ (v, [V.IV.]) (a)
" | = |Vu| Vs |V S

b') [ Via| Ve[V |) (D

J

CP violation in the Standard Model appears in complex phases in
the unitary CKM matrix. New physics => new phases?
{

C C
Bounitary v VI 4V, Vi +V, Vi =0 { K J{ K
M M

condmon
B! Tevatron . Iy
(1) MM %ﬁl’ims <
Ves Ve Bs
K- —_—
1 B, CPV via interference with

Area of triangle ~ |CPV| or w/o mixing.
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DES CKM and CP Violation: B,

(@ (v, [V.IV.]) (a)
" | = |Vu| Vs |V S

b’ ) Vil Vi IVy b

J

\

CP violation in the Standard Model appears in complex phases in
the unitary CKM matrix. New physics => new phases?

1 * * * c c "
BS UHITGF‘Y Vus Vub +Vcs Vcb +Vts th — 0 [ K J[ K } ={ I J
M M

condition:
: B =arg {— Vi Va }
(p,n) Vis Vt*b Vcs Vcb
¢<¥ Vcs Vcb ~ 0. 02
1 B, Tiny

Squashed triangle
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w Searching for new physics in B,

« How might new physics affect CKM phases?

~0.04
285 =2arg |-V, Vi 1V V5| »285M — g

c

¢SSM = arg [_Mlz/rlz]_>~o¢6SM + ¢;VP

« DY and CDF measure the phase for CPV in
B! - J /v ¢ decays.

(I)s = _ZBS ~ (I)ls\IP

DY CDF If large

* Use opposite-side flavor tagging to identify the initial
flavor: B,or B, — J/v ¢ ; tagging efficency and dilution

« Use the known value of Am,.
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DED P violationin B~ J/¥ ¢

 Using initial state flavor tagging and
no constraints on strong phases:

CDF

CDF Run 1l Preliminary L =281b"

- = SM prediction
06 —95%cClL | .
"0 - — 68%C.L. |
204
-

< 0.2F
0.0
-0.2F

-0.4F
- = New Physics
_0'6‘_..|....|...:.|..
-1 0 1
B, [rad]
« Ambiguities:

Standard Model
Probability =7% ;~1.8c
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DED P violationin B~ J/¥ ¢

 Using initial state flavor tagging and
no constraints on CDF strong phases:

CDF ] H ]
CDF Run Il Preliminary  L=281b" 0 4D® Flipped”  PRL 101, 241801 (2008)
o —2r | @) L DY s -
"o [ — 68%CL : e e BT
& 04_ =] 0 2:_ 5 ¥ *
- B “E AM,[ 17.77 ps™
< n
0.2} o
0.0" o
_0-2: _0.13_ —_— SM
- - Bl AT = AT'gy x lcos(g )l
-0.4¢ . 0.~ 55 "7 %5 0 05 1 15
- = New Physics 2p =-0, (radian)
-0.6¢ | | : |
—1 0 1 ... use weak constraints on strong
B, [rad] phases &, (between polarization
« Ambiguities: decay amplitudes in B, => J/y¢ and

2[3;”‘”’ - n—2[3;”"’¢;AFS - —§ﬁ>;J§1ﬂ|§i~ﬂ—\8“;m
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Phases in Transversity Analysis
B,=>J/védand By=>J/yK* *

s .
/g ¢ e Same phases? (SU(3) symmetry?)
S V.
B, 5 cs CDF
*$ c 0 @ Notegsss .
Voo _ Jhp Bs DO
__________________________________ ® PRL102, 032001 @ m
. CDF .
d K+ Note 8905
S o DO
d/ =% PRL 102, 032001 o | DD
BD — Vcs d
b c . BaBar -
V., _ Jhp PRD 76, 031102
& Belle
®  PRL 95, 091601 L
| 1 | 1 1 1 1 | 1 1 1 | | 1 1 1 | | 1 1 | 1 | | 1
0.2 0.3 04 0.5 0.6
2 2
Ayl | Ao |

M. Gronau, J.L. Rosner, Phys. Lett. B669, 321 (2008): Strong
phases 5, and 8, should be equal to ~10° for B; and B®.

16



mCDF/DQ: B, > J/v ¢ w/o phase constraints

For the B the weak phase is (s = arg[-M2/I';,]. The SM prediction for (g :
#>" =0.004 But new physics could change this to: &, =#>" +@." . or

alternatively using the CKM triangle (a, B, y) notation: 23, =24 — g*
The relative phase between the B, mixing amplitude and that of specific b — ccs
quark transitions such as for :

B! orB) > J/w ¢in the SMis: 28 =2arg[-V, V,, / V. V.,]~0.04

CDF 2.8 fb" Preliminary

68% CL
95% CL

DO 28fb"

With preliminary systematics
oy

99.7% CL

095740 05 00 05 10 15 0B 10 05 00 05 10 15

37 1"';"'"5[1"1,(1] 37 “*rad
B e B rad]
CDF and DO agree: From publication: PRL 101, 241801 (2008);

DO Note 5933-CONF



w Combining CDF and DO Results

If the analysis results are correct the likelihood functions in terms of:

BY¥? and AT, should demonstrate it. To verify that the derived values of B,
and AI', and their errors are correct, CDF and DO separately generated
10,000 and 2,000 MC experiments, each with the number of events in their

collider data. cpr RuntiPrel. L=28f"" D@ Runll L=28f"
10—

(a) (b)

Coverage from
: ensemble tests

0.0y ——
2A log(L) 2A log(L)

From each generated experiment the 2-D likelihood function is determined
and from that confidence levels are established. To the extent that the
two histograms disagree with the Gaussian predictions (red curves)

likelihoods, including systematic errors, are adjusted (next transparency).
18



DED Likelihood Adjustment Example

0.1f

(1 —CL)

0.001¢

Gaussian
S[Tors,

1< distr,
2 dof

5049

Cioverage from
ensemble tests

-

0

2

A

6

8 10 12 14 16
2Alog(L)

In the CDF example shown
Here, the ensemble coverage
tests indicate that a value of
2A log L = 8.42 corresponds to
the 95% CL. Since the 95%
CL should be 5.99 for
Gaussian errors, 8.42 is
replaced with 5.99., i.e. the
95% 2 CL with two degrees of
freedom.

Although CDF and DO start
with different coverage this
procedure assures a uniform
way to combine results.

19



CDF's AT, vs.8)"? Scans

COF Aun |l Preliminary 2.8 ™

B8% CL

85% CL

99% CL : Before Likelihood Adjustment

/ After Likelihood Adjustment;

no systematics

-1.0 <05 0.0 0.5 1.0 1.5
0DO28 fb' , no systematics
T F eswcL
804 95%CL
- [ gemcL
= 0.2F
<7
0.0 FA\--m------m - -3
i
u
0.2
0.4
I
08510

After Likelihood Adjustment;
87 [rad] / with systematics

D@ 2.8fb ", with preliminary systematics

L L 1 4 4 4
0.5 1.0 1.5
B rad]

5

en[TT 17
=
(=
ll_'-I:I-
[S: 8
=
o

20



DEJ  COF/DO Combined B, — Jiy ¢

PRELIMINARY
06 CDF Run |l Prel. 2.8 ﬂ;‘f +D@ 2. afb“ IIIIIIII
- 68% CL ! ]
95% CL -

| _
2,041
SN
0.0 }

0.2t

0.4}

085790 05 00 05 10 15

Variation allowed by AI', =2|I'}, [cos @, i.e. CPV in the
Interference between mixing and decay amplitudes.
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w CPV in Semi-leptonic B, Decays?

s = N(BI() = 7w X) = N(BJ(t) = £7weX) _ |p/dls — la/pls
SUTUN(BO(t) — £t X) + N(BO(t) — -0 X)  |p/al2 + |a/p|2

2
| | lq/p|” # 1
Experimentally, fit to: N
CP violation
- Unmixed in mixing
Need flavor F(BD - utX) o< exp(—TI'st)[cosh(ATst/2) + cos(Amst))
tagging By — p X)
. Mixed

N(BY — utX) o< (1 + A%;) exp(—Tst)[cosh(AL'st/2) — cos(Amyt)]
N(BY =y~ X) oc (1 — A ) exp(—T'st)[cosh(ATst/2) — cos(Amit)]

BY D 0 -
sV BO B

+/K+
Flavor _
K
tag X~ 7?’/@ Ki?:
d qb/ K*/n™

ecay modes
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w CPV in Semi-leptonic B, Decays?

arXiv:0904.3907, sub. to PRL

% —1
= L |
s DO fy 4 Data S, = —0.0017 £ 0.009119 0033
= - It
S 15000
jﬂ : I|IIII|IIIIIIIIIIIIIIIIIIII|II
§ B
% 40000k CDF pp || . -
B (Run I) ! |
C 2g CDF uu
>000F S (1.6 ") prel. I+
- R ; s, DO B
O 7 T8 18519 195 2 205 51 215 57 (1.0fh )
M GeV/c? D0 Semileptonic Factor ~?
(—) KK:":( ) ﬂamr-taggf-fl H improvement
e ~115k total BY — D,uv decays (5
_ + Average H -0.0027=0.0066
II"5 acceptance ;J acceptance I|IIII|IIIIIIII|IIII|IIII|IIII|II
_ 4=(CP=» N 0.2 01 0 01 02 03 04
M . _
/ * f e D@ toroid and solenoid Agr By
\_®8/ polarities flipped regularly;
control & measure
p p detector asymmetries
©B (and then correct, some as large as 3%)

23



w Flavor Specific B, Lifetime DQ .

00 10 20 30 %50 20 10 00 10 20 50
¢3/%* [rad] 67/%? [rad]
» World average value of e p-value of SM point = 10%

B? flavor-specific lifetime _ _
of 1.456 + 0.030 ps (HFAG) e Again, goal to combine w/ CDF

(50% CP-even, 50% CP-odd @ t=0)

2 D@: Phys. Rev. Lett. 102, 091801 (2009)
0 1 1+ (%’-) (shown as special talk S.Youn last Users' Mtg.)
7(Bs )ts = - o
(Bo)s Tsy_ (&)2 B(B? — DM+ DM~) = 0.035 £ 0.015
2T,

0.6 DO 281" + A, T, s CONstraints 0.6 DO 28fb + A3, T, (s » Br constraints

TOr es%cL ] T L 68%CL ]
B o4l 9%%CL 1 B o4l 9%CL ]
m T 997%cL 1 .* [ 997%CL ]
{L:'] 0.2 SM - E 0.2 SM -
0.0 _Q ) 0.0 :——5—,7 @ @
_\/ - :._f-""// =

-0.2— - -0.2- .

0.4 - -0.4F -

O
L
o
Mo
=)

1
=k
o
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DES CDF BR(B, => ¢ ¢) Preliminary

The measurement consists in the evaluation of the ratio:

b s
g gt BB ) Ne o5 I 1vd) BRI > )
g
' BR(B,—>J/y$) Ny, &B,—>¢4)  BR(¢g— KK)
. _ )
: : =[1.78+ 0.14(stat.)£0.20(syst.)] ¢ 10
CDF Run Il Preliminary Ly =2.9fb" CDF Run Il Preliminary Ly, =29
%400:_ ' 72/ ndf81.76 / 68 % 905_ ’;‘“‘" -
E é E 80— p2 0.00
‘:-’;350:— : 705 p3 0.01717 £ 0.00125
S0 B > iy o I Boye 2=
T F Yield = 1766 + 48 3 8o L n
5250 « g E Yield = 295 + 20
200} Bp— Jy K s B 0K
150;_ combinatorial background 302— combinatorial background
1001 20
501 g 10
o AN R R AR R R I A AN P AR s s e
0% 5.45 55 555 56 °5.|2 525 53 535 54 545 55 555 56

m(J/y K*K)) [GeV/c?]

mK'KK'K) [GeVic?]

U

The data plus additional integrated luminosity will be analyzed for B, mixing and CPV studies.
http://www-cdf.fnal.gov/physics/new/bottom/090618.blessed-Bsphiphi2.9/
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w Conclusions

* Measurements by CDF/DO of B, mixing parameters:

Iy, I, T, AL vs. B, with good DO/CDF agreement for
integrated luminosity of 2.8 fb! (each experiment).

« Combined result for likelihood contours in AT’ vs. B,

show the most likely result is ~ 26 from the SM
prediction. Stay tuned!

* DO measurement of the semi-leptonic flavor specific

This reduces the world average to (-2.7+6.6)x10-3
compared to the SM prediction of (2.1+0.57)x10-.

» CDF has a preliminary measurement of:
BR(B.— ¢ ¢)/ BR(B,—~J/y ¢) = (1.78 +0.14 + 0.20) X 102
Implies a future CPV angular analysis.
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_. -1
w Outlook

 Present integrated luminosity: 6.1fb-1/6.8fb"; 2.8fb-!
just reported.

- DO/CDF Fermilab have asked to run through 2011,

 Should get to 10fb-! if nothing breaks and Fermilab
gets enough operating money.

« And LHC stays on a good schedulel

Comment!
Thanks fo MSU and all participants for a
very good meeting!
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The End
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