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x Motivation

x Measurement of Bs
mixing: Am,

x Measurement of AT

x CP Violation in the B,
system

x Rare |leptonic decays
x b->lIX transitions
X Summary




x Electroweak symmetry breaking — determines flavor

Why B Physics? - It's got it alll

structure: CKM matrix, CP violation, FCNC's

x QCD Modeling: production, spectroscopy, masses,
lifetimes, decays — Challenges lattice gauge, Heavy
Quark Effective Theory, strong symmetries

x Search for new physics — rare decays and
Why at the Tevatron?

(@) (e
B., B™ B .. Ap, Bp, Zp, -

— Complementary to Y(4S) B factories
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Tevatron
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Tevatron continues to perform well

Over 3.9fb! delivered and 3.4fb!
recorded by each experiment, 2.8fb-!
analysed

Peak luminosities of ~3 x1032cm2 s°!
— up to 10 interactions
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Luminosity Monitor /

Relevant for B physics:
DOJ Tracker: excellent coverage CDF Tracker: excellent mass resolution
& vertexing & vertexing
xSilicon & scintillating fiber xSilicon, Layer 00
xSmall radii, but extending to Inl <2 x|arge radii drift chamber, many hits, excellent
xNew Layer O silicon on beam pipe in 2006, momentum resolution
improving impact para. resol. xdE/dx (and TOF): particle id
xTriggered muon coverage: Inl <2 xTriggered muon coverage: Inl < 1
x E.g.triggers: dimuons, single muons, xE.g.triggers: dimuons, lepton + displ. track,

track displacement @ L2 two displaced tracks




Mixing and Oscillations

} Weak Eigenstates propagate according to Schrodinger:

= 0 _ i _ EE 0
: gfE] (M- mog|[e
:':E at éﬂ M*_ I_E; M - i én
S| Diagonalize "2 2
< — —
CP Eigenstates: 1B = |B°+ |B% |B"")= |B%- |B%
Y Mass Eigenstates: |BYY = p|B° +qg|B° |B-y = p|B°-qg|B%
Heavy Light
Vi

Mass Difference:

slow oscillation
Am =M, - M, ~ 2""‘/;12‘

fast oscillation

Conversion of matter to anti-matter




Mixing and Oscillations

} Weak Eigenstates propagate according to Schrodinger:

- 0 1 _ 1l 0
g a| B M M B
L at| g° vi— e gy il ]| B
S|  Diagonalize 2 2
< _ _
CP Eigenstates: |B = |B%+ |B% |B™")= |B%»- |B%
Y Mass Eigenstates: |BYY = p|B% +q|B° |B-) = p|B%-qg|B%
Heavy Light
For the B2 meson:
Ams= M, - M, ~ 2 Mz‘
AL=T,z T~ 2T, Tiny for B meson, but

-r _ . not for BU | eigenstates propagate
AL, =1, - T 2T/ cos s | with different lifetimes!

pooTitTw . zo1 Ly —arg

2 T

- M‘E] ~ 0.004 in SM
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Mixing and Oscillations

} Weak Eigenstates propagate according to Schrodinger:

- 0 il il o ) Probe entire matrix
@ i Q B — M 2 . ME 2 S
_ﬁ at éﬂ M*_ 1l M - il én
S|  Diagonalize e 2 2
< _ _
CP Eigenstates: |By = |B°+ |B% |B"")= |B%»- |B%
Y Mass Eigenstates: |BY) = p|B%+q|B% |B-) = p|B°-q|B%
Heavy Light
For the Bg meson: Whole new window for New physics

Ams=M,- M, ~2 M, Sensitive for NP
ATY=T, T ~2T, Not sensitive for NP

even

AT, =T, - T, ~ 2T, cos¢ Very sensitive for NP
/ ¢s" =arg

12

~ 0.004 in SM
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Frequency of Oscillations

Decays: B, — n T D (¢m ™) _ .
B§ _ EDS}E--- T f K+ ‘selechﬂn I

measure Bs decay length

_ b <
0 — D
= - [ s
_ _-h:l'l:"'
b
0 _
2= |
b-Hadron
X tag final flavor I
- / P
H,e
tag initial flavor using tag initial state using
opposite side information same side information




Decay channels

hadronic

e all decay particles reconstructable
->better time resolution
low event rate
higher combinatoric

more sensitive at higher Am,

semileptonic

high event rate
Vy, momentum not measurable
=> sensitivity proper time limited

by momentum measurement

more sensitive at lower Am;




CDF Signal Selection

+ 1y el b
Bs — p D, (¢m)X B, — 7w D, (¢7)
8|
COF Run I . . CDF Run Il L=1.0fb
C « data
6000 -~ data ! — it
. - fit “’_g_ 4p0}- o
§ | B signal > | Bl — D} /K
g - false lepton & physics = . E Dt /K-
— 4000 ©™ "9 © 300} TeT ek
— 0 .
E E Ea_' an
(=8
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gzﬂuu_ ‘.E . BD_" D-r T
E & A=A
E | comb. bkg.

PR | ad i & -

a‘ﬁmg )X
WA 194 196 198 200 , 52 54 56 58
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D@ Signal Selection

Bs — p" D, (¢m)X
64500 semileptonic events
D@ Run Il Preliminary (Runlia)

Im: =1.31b"
B, = Dguv, X, D, —on

Runlla

Events/(0.01 GeV/c)
588888¢

07 798 18 2 21 22,
M (GEV/C?)

Only 250 reconstructed and tagged

hadronic events (CDF ~500)

entries / 0.1 GeV

B, - 7D, (¢m) X
D@ Run Il Preliminary
[Ldt=1.3fb""

5 52 54 56 58 6
mkk)(GeV/c?)




Decay channels

CDF (data sample size: fLdt = 1fb!):

channel candidates
B, — (D, X 61500
B, — 7 D7 (¢n) 2000
B, — m~ DT (K*(892)'K™) 1400
By — T D+ (77w o) 700
Bs — TT_TT+?T_D+ (™) 700
Bs > m " ul D"'(K*(SQQ)GK"') 600
By —7n i DI (e w w") 200
partially reconstructed 3100
D@ (bigger dataset also includes resolution improvement through LayerO):
channel candidates improvements
By — put D, (¢m)X | 447771415  |data: 1.3 fb = 2.4 fb!
B, — e D7 (¢m)X | 1663102  |data: 1.3 fb! = 2.4 fb!
B, — ﬂ'+D— m) X 249417 new channel
B, — u"D; (K*K~)X| 18098+903 |data: 1.3 fb = 2.4 fb!




Amplitude scan

‘P(Ams) ~ 1+ cos Amst = P(A) =1+ Acos Amst

*L 1/Am
‘ i F i I Asymmetry

\J J J time Motivation is to
IRRTRIRY L. "
simplify combining
results with other
Power spectrum experiments

|

T e g,

* Am frequency

Purity of flavor tag

I3 Kax

exp(—

Prnb'uTLTﬂ-EIE?TH«ELE (I} —
2e7p. CTH

1+ (1 — Zﬂ}iTLCDS(ﬂTHHKIIC))

Amplitude
’
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B.: Am_, Frequency of Osci.

Semileptonic+Hadronic D@ Runll Preliminary
T 4F -
2 [ ¢+ datax1lo & 95% CLlimit 16.1ps* ]
i 3F 16456  -© expected limit 273 ps*
£ ,f W data:16450
< “F 0 data=1.645 o (stat only)

1 - 4 |‘|'|-|\Tl'hl _ﬁf«.-”"
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D@, > 3o significance

Amplitude

CDF Run Il Preliminary L=1.0f"
o[

1)&

L N /

0,

-1 \j
| —e— data

o[ —— cosine with A=1.28

Fitted Amplitude

B v v b Lo e Lo v Lo a Ly
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

CDF Run |l Pre“minary Decay Time Modulo 2rn/Am, [ps]

2
-« datatlc 4 95%CLImit  17.2ps’
1.5 — 18450 O sensitivity A‘I 3ps’
4| data+1.645 ¢ lﬂ A
~ data+ 1.645 o (stat. only) I '* AT
osfp | +
I‘ R
0 I;‘--..M | .
-0.5F
SIS
15F
_2 1_— L L L | L 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0 5 10 15 20 25 30 35
Am, [ps’]

Power of hadronic BY — D,m(X) decay mode
& two-displace track trigger
CDF, > 50 significance

Amg = 18.56 & 0.87 ps~*

Amg = 1777 £0.12ps™*




CP Violation

d’ Vud Vus Vub d
s’ — Vf::d I/cts V;:b S
b’ Via Vis Vi b

In the SM CP violation occurs in only one place:
complex phases in unitary CKM matrix; NP, plenty of places!!!

e.g. 43 in MSSM |




CP Violation

d’ Vud Vus Vub d
s’ — Vf::d I/cts V;:b S
b’ Via | Vis | Viw b

In the SM CP violation occurs in only one place:
complex phases in unitary CKM matrix; NP, plenty of places!!!

By unitarity * . . _
condition VuaVip + VeaVey, + ViaVi, = 0

Im ° Does it return to zero?

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

* Consistent?

Re




CP Violation

d’ Vud Vus Vub d
s' | = Vea | Ves | Ve S
v Via | Vis | Viw b

In the SM CP violation occurs in only one place:
complex phases in unitary CKM matrix; NP, plenty of places!!!

B unitarity * N . _
condition Vudv’“b + Vﬂdvcb + ‘/fdvtb 0
Golden mode,

B factories
B ——J/ K

sin 23
Vig Vip 2% B0 4

#*

Vcd Vcb

CP violation through

tri aﬁ;?s S Iop interference of diagrams
to level of with and w/o mixing

CP violation 1 -
18




B.: Am_, Frequency of Osci Am
= Vid

[ | | | | | | | | | | | | | |
0.6 = = 'Y A , \\ fitter :
v = m Summer 2007 _|
B Factories id . )
0.5 = ¢ ’ ]
E E =/ Te tron {:u::l atcl. nssj \\ Y E
04 — = ‘*' —]
= S ' | =
0.3 3 : =
: 04 _
EK .
0.2 =
0.1 -
0 | all | | | | ! ! | ! ! |ﬁ | ! ! 1
-0.4 -0.2 0 0.2 ﬁ 04 0.6 0.8 1

Not much room for New Physics!




First assume no CP violation
in B, mixing, ®.=0

x Bs_)Ds(*)Ds(*) CP and mass eigenstates are the same

x Three channels
% [D,D, (PP), D,*D, (VP), D,*D.* (VV)]
x Heavy quark limit + factorization
x BLeddp_*D. is forbidden
x D.*D.* in S-wave BF(B, = D{’D;”) = (%)(1 + O(%))
x = Ds(*)Ds(* pure CP even
x Flavor specific B, lifetime
x Flavor specific decays carry equal amounts of B,, and B,

x Get flavor specific lifetime if FS data with is fit w/ single
exponential

e—t/’rFs — 1 ) (e—t/’rH + e—t/’rL)
2

x BT/ ¢: P— VYV

x Even and odd paths distinguishable with angular analysis of final

state particles




AT from B.—D (D (¥

u N(Dg*)Dg*)) 13.4 +6 6

-~ 20 ~15
‘© [a) DO, L=13f5] ‘o |b) Do,
K 2, o
B—1 d) B d,
1 = 15[ =
B 8 L u?10
: r L d
K, g S 5 :
1 > B )
3 w 5 w l' “.
K4 G.I...I...t. G...I.{.I...*...I.
1.8 2 2.2 098 1 1.02 1.04 1.06
2
m,, [GeV/c?] m,, [GeV/c?]

N
' Phy. Rev.Letters 99, 241801 (2007)




AT from B.—D (D (¥

u N(Dg*)Dg*)) 13.4 +6 6

-~ 20 ~15
‘© [a) DO, L=13f5] ‘o |b) Do,
K 2, S
B—1 d) B d,
1 S 15/ b
B 8 - u?10
: r L
K, ¢} g s :
L > B '
3 w 5 L l' “.
4 0 1.8 2 22 0(?98 1 1.02 1.04 1.06
2
m,, [GeV/c?] m,, [GeV/c?]

nN
' Phy. Rev.Letters 99, 241801 (2007)




B. Flavor Specific Lifetime

Know flavor at time of decay from charge of decay product

; 1
= Bs — DsJV> = 5 (|BH> T |BL>) 50% CP-even, 50% CP-odd at time t,
= V2
é 2 E
=] - 1 1+y th oy — AT s [ DG, 0.4 b
& [TFS — = 5 wit =0 gw;
2 I's1—y 2| &

Al i
1003 .02 -01 0 01 02 03 04 05
Pseudo Proper Decay Length (cm)

Candidates per 11 MeV/c?
a S
o [=]
loll 1 g
%
§
$ +,
? *
i

5005— D+—)¢,7'L’

I | | | | | | |
975 18 185 1.9 195 2 205 21 215
Mass(o ) [GeV/c?]

N
' Phys.Rev.Lett.97:241801,2006




B. Flavor Specific Lifetime

Bs — Dy (n7)) =

%l

(|BH) + |BL>)

B, Flavor-Specific Lifetime

1 1.2 1.4 1.6 1.8
CDF, 1.6 fb™, CDF Note 9015 N s s Sy B S S S B S B S B S
__— -1
E:DF Run Il Preliminary 1.3 fb &%{EPH 91-95 ; " 4154 9% 004
e Data gDF 9296 At 1.36 :0.09 %
- : —— Fit Result EELPHI 91-85 . " < 1.42 +::; .0.03
o T bm OPAL 90-95 .16
g i —— DK+Dp+D*n+B, others D,1X * & « 150 0. 004
S ol —— B"DX, B'=DX, AX E,Efp,“g.%'”“ ——k— New 1.381:0.055 ") 2
3 g Bt R 1.517 =0.041 =0.025
S B Do 02-04 +0.028
% i DX —— 1.398 +0.044 " .
m L o 5 LIt T e e e e o o o omm o o o o o e o ommm mmm mm mmm mme mm mmm e s s e
]
I Average ~e- 1.455 = 0.030
h | 1 1 I 1 | | I ] 1 | I 1 1 | I 1 1 1
1 o Gt OGO L 1.2 1.4 1.6 1.8
0 u.15 02 025 0.3

ct (cm)

Tp_s picoseconds




B—J/y ¢

x Heavy (H, CP-odd) and Light (L, CP-even) B, states
ATy =T —Twm; Ts={r+Tw)/2; 7=

¢ Not “flavor specific”,
predicted to be more

c CP even than odd
; JM I et

o]
U‘tﬂ\
)]\ Y

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

x Time-dependent angular distributions
allow separation of components

x Simultaneous fit to lifetime
and three angles




aI'XIV/O8022255 arYi/-N74D ND2AQ

-1
i DO .28fbh"" * Data CDF Il L=1.7 fb
- — L
200 f'l.l.’ q} e CP-aven N — :_ N F|t ....... CP_even
- 5.26< M(B ) <5.46 Gev v+ CP-odd 11 ght = Background  —GP-odd
- i H>5 -- Total Signal E
150k ct/o(ct) > — Backgr_ound 4+ +
[ ' -+ +
- W
1Du_rll llllllllll /x
: | CP-even
su__l LRI TEITTERTY "
: i e T I L L LI CP odd ~ I‘ )
N el ] |.| e s gl e s atl oy ba s laaal i | 'l | O OAA /| 0 --""""‘--..,,‘----.,.......----~-—--nn--u::"""-.N“---. .......
Q{" -0.8 -06 04 -0.2 -0 0.2 04 0.6 m"!\ Odd / e
Transversity h | 05 0.0 05 1.0
500
E D@ , 2.8 fi' * Data Cavy N COS(WJ
Py — Total Fit N f.’_.'.:DF Il Preliminary L=1.7 tb
15 400 — Prompt Bkg L 400 « Data
o — non-Prompt Bkg S 5e0f )
o =%92506+51 f\ —
é 300 o 300F — Signal
] ! TR oY1, 5 3 — Background
gzoo HE A 3250:
ot . £ 200}
11976+65 Candidate Bg S_f
c :
100\ S 100 by
B + + 1
C 50
055152 53 54 55 56 57 58 of 1 A R
Mass ‘GeV) 5.30 5.35 5.40 5.45

Mass [GeV/c7]



First assume no CP violation
Al and rs in B, mixing, ®.=0 |

CDF Il Preliminary L=1.7 fb” CP and mass eigenstates are the same
= i « Data e10* )
= B = DO, 2.8 fb’ Data
0 1031 Fit o . .
C: g — Signal ﬁ.ma B0 _, I ¢ Total Fl.t
8 — Background 5 s o TET e Total Signal
0 - CP-even o {3 Mass 5.26 - 5.46 GeV ... CP-even
Sawfp [ CP-odd g10° -+ CP-odd
% - 3 % — Background
c B LY
S 4 v T, g 10 Different lifetimes,
104 1 + o ATy #0
4| - iy * |
I B ki 1
i Ul £ D
T IR : )
A IR N N 1053 0 01 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]
ATy = 0.076709%9 + 0.006 ps~'| | ATy, =0.14 £ 0.07 ps
Ts = 1.52 £ 0.04 £ 0.02 ps Ts = 1.03 £0.05 £ 0.01 ps

Te =

i . 2 SM,pred __ —1
T oT c.f. Al = 0.088 £+ 0.017ps™ " (hep-ph/0612167)




CP Violation

d’ Vud Vus Vub d
s' | = Vea | Ves | Ve S
v Via | Vis | Viw b

In the SM CP violation occurs in only one place:
complex phases in unitary CKM matrix; NP, plenty of places!!!

B unitarity * N . _
condition Vudv’“b + Vﬂdvcb + ‘/fdvtb 0
Golden mode,

B factories
B ——J/ K

sin 23
Vig Vip 2% B0 4

#*

Vcd Vcb

CP violation through

tri aﬁr?g OIO interference of diagrams
to igeveﬁj ofp' with and w/o mixing
CP violation 1




CP Violation in B, System

Explore new part of matrix I

d’ Vud Vus Vub d
s’ — Vf::d I/cts V;:b S
b’ Via | Vis || Vb b

In the SM CP violation occurs in only one place:
complex phases in unitary CKM matrix; NP, plenty of places!!!

B ViV 4 ViV 4 VisVig =0

)BSM = arg|—Vis Vi, /Ves Vo
vy ~ (.02
n n tS_tb . !
Squashed" (p,n) V. V> Tiny
Triangle /= B

g




CP Violation in B, System

Explore new part of matrix I

d’ Vud Vus Vub d
s’ — Vf::d I/cts V;:b S
b’ Via | Vis || Vb b

In the SM CP violation occurs in only one place:
complex phases in unitary CKM matrix; NP, plenty of places!!!
Bs unitarity v/ Vo + Ve Vi + Vi Vi =0

cond|t|on

Golden mode,

Tevatron
0
B 5J/W
Vis Vip

‘Squashed"  (p,n) Vts—,ﬁ CPonatlon through
Triangle /1._ cs Teb B, Interference of diagrams

—2. with and w/o mixing




CP Violation in B, System

x How could New Physics affect these phases

~0.04
SM r * * S M NP
253 = 2 a‘rgh_vté’ th/VCSVcb} 7 255 o qbs Subtracts from one,

¢£SM _ aI‘g[—Mlg/Plz} . Qf)SSMr + q5‘9}\&?3 adds to other
~0.004

x Both CDF and DY measure/observe the phase
responsible for CP violation in B, -> J/vy ¢ decays

gbs — _2/63 xé’fp

DO CDF If large

x Use flavor tagging to identify initial flavor of B, or
Anti B, in J/v ¢ decays (and know value of Am,)




CP Violation in B.—J/y ¢

x Even without initial state flavor tagging,
have sensitivity to ¢,

CDF arXiv:0712.2348

O —90%

- n
%) _ i ion-

a o6l Confidence region: 4 giandod model

z [ ..o 95% Il New physics models

0.4F

02 .7

0.0 =
2'1—'12' COs fﬁ/
0.2
-0.4F
i | I 1
-2 0 2
2B,
DY PRL 98 , 121801 (2007)

hs = —0.79 + 0.56 )01

For one of the ambiguities

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




CP Violation in B.—J/y ¢

% Now use initial state flavor tagging

CDF

arXiv:0712.2348

O —90%

0.0F

- [
(73] | H H .
a o6k Confidence region: 4 Standard model
z I New physics models

L .e-- 95%

2'1—'12' COS @
0.2P,

-0.4}

x Ambiguities

267/V¢ ¢ — 237/ A, — —AT,

» CDF arXiv:0712.2397
_— 0.6 ~-SM predictinn;‘T 'i
-m : _Eaﬂ-’n GL '; i lI11
Z 0.4[---95%cC.L. .~
N ‘
0'2‘_ ,‘f‘“ 'u"'-' A\

i St :
0-&?___?J___ --':.H' ——————
_0_2:_ :gv___n‘ S
-0.4[ ‘

- : 1
-0.61 L t‘,*--:'i" | N

0 2 4
2B (rad)

Standard Model
Probability = 6.6%|
~1.50

Strong phases

(relative phases between polarization amplitudes)

5” — 2 — (5“

§J_—>?T—5J_




CP Violation in B.—J/y ¢

x Now using initial state flavor tagging, constrain strong phases

CDF arXiv:0712.2397
CDF Run Il Preliminary L=1.35fb" — |
_ ' ippe arXxiv: 2255
DO Flipped Xiv:0802.22
—~ 0.6 — 2alog() =5.99 —0.41
@ [ — 2alog(L) =2.30 g 5 DO, 2.8 fb™ 90% CL
E 04:_ =+ SM prediction %ﬂo-sg - Bg—)dhp o
[ 0.2
0.2f SM C AM_[ 17.77 ps™
AE
T 5 '
0.2 o
[ constrain strong phases BaBar: -0_1_— = SM
-0_4__ === 2Alog(L) = 5.99 . Al = ﬂ.rs“ * ICDS({t}s)I
L SRS AP BT RS A I T A S R
e 2aloglL) =230 j 0B 45 4 05 0 05 1 15
-O.S_I T 2|38=-¢s(rad|an)
-2 0 2
2f (rad) Standard Model
. . , S Probability = 6.6%
Confidence regions underestimated -1 .86
using 2AlogL -

x Ambiguities Constrain based on B observations

J J
231/ — - 23/ AT, — —ATy 3 =2m=0) 0L —m=0)




¢, Measurement

-+

U
Two samples x_ — _BE_ --pB---

-

Exclusive untagged D _u

Observables: Semileptonic asymmetries, interference in decays to CP eigenstates

~
EXDS _

Inclusive like-sign uu M_\ 1 this versus this i / ‘li
_->--BB---B-- <7V

N(Du")-ND,u") AT
N(D,u")+N(D,u")

= A, (untagged) =~ —tan¢
Am

N p)-Npw) _ Ny
NG ) e N ) 88

o (untagged )

\\A ,
DS

N~
\O
~
o
~
S
=
N
3
=
3
N
=
-
N
=
\Y)
~
~




Same sign Dimuons

N(u'u*)-N(u u)
V() e NG ) 19880 = 2 umtagged)

~60/40 mix of B, and B, 7

12,
Ag = Ag (B,)+ E A, (B,)

Ag, (B,)=-0.0047+0.0046 (HFAG, B-factories )

A, (B, uu) =-0.0064 £ 0.0101

~ 2y

Phys. Rev. D 74, 092001 (2006)

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




Exclusive D u

3 smf
8 E BRI
sm

=

% emp
& "7E B
5

am E"
am g““(-
E +

I
=
=

4 m w8 oA uom
-8 8 4 8 84 8 8§
g u‘m.||m|£r,1uu|m-‘unpm T

NOUI=NDUD 1 oarmed)m o g
N(D,u")+ N(D,u") Am

ASL (Bs’Dslu’) =
0.0245+0.0193 = 0.0035

‘ D@ Combined: ‘

ASL(Bsﬂutl’L-l-Dslu) —
0.0001+=0.0090

Using Am, from CDF:

CDF: 1.6 fb-!, CDF Note 9015

Phys. Rev. Lett. 98, 151801 (2007)

AT -tan¢, =0.02+0.16ps™

New

as; = 0.020 £0.021 4+ 0.018




¢, Results

0.5

—

204

;; 03
0.2

0.1

0

-0.1
-0.2
-0.3
-0.4

-0.5

PRD 76, 057101 (2007)

- i -1

:_*Constralned —e DO, 1.1 fb

= BB > J/y o
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_I 1 I 1 [l I 1 1 I 1 I 1 1 1 1 I 1 1 1 1 I 1 [l 1 1 I 1 1 [l 1 l

-3 -2 -1 0 1 2 3
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Combined with older' DD analysns before flavor tagging




CP Violation in B,: Combination

x In B.—J/y ¢ flavor-tagged analyses, in (AT,,.)
space CDF has ~1.5c0 deviation from SM, DO

~1.80 deviation, consistent with each other

* Need to be careful, non-parabolic .y~ 5 g
log(L), multiple correlations F
(best is simply more datal!)

3 -2 -1 0 1 2 _ 3
0, (radian)




UTfit results

UTfit group, arXiv:0803.0659:

5 L gL
Amg, AS L AL Trs Add only CDF BY — J/ué All combined (using D@ Gauss.
MI;-m o assumption)

sm

Probability density
Probability density
Probability density
(=]
)

50 0

50 '
¢Ba[°] 50 0

50
oy

5 g 0T,
ﬁ. ﬁ. ' Add > 30 deviation from SM

3 2 . only Dp o

% % : ;"Qe’;}hm;j e Intriguing, results from DQ,

elations ~ CDF with more data coming
soon; CDF+DO+HFAG

-50 0 50 I I
Ny also working on combin.

no cor

Next talk from Marcella Bona




Direct CP violation in b Hadrons

x Direct (not through mixing) CP g SRS COF R Pty Ly
violation expected to be large in £, COF f =
N . 2 — n'_-l-ﬂc
some b hadron decays, including B : o ek
mesons and b Baryons g - -E.:: o
x Measure asymmetry: f=final state & =ﬁ; tvce
— - A= p K+
N(B = [)=N(B—=f) 20053 |\ [kt
— = — 100 m
o N(B — f) T N(B — f) 5 II_5’.4 5. 5.8
x CDF: Br's and asymmeftries of v Zoom
) 3 350F * Data — Total
two-body charmless states, B—hh" £ B oo lo-
CDF Note 9092 § 0% We - krvcelgern
250F B ot |iﬁ"—-pn‘m
Acp(A} — pr7) =0.03 £0.17 £ 0.05 I ] oo
5 2000 Ay— p K +cC g Lom
Acp(A) — pK ™) =0.37+0.17 + 0.03 ; 150
100f |
x Expectations, asymmetry ~30% o
x First CP asymmetry measurement 53

in b baryon decays




x D@: Small (~1%) CP asymmetry
expected in SM for B*—J/yK*

DO Run I, 2.8 fb™

x Again, frequent solenoid and v —— o
toroid polarity reversals g rovoof —
N S 8000[ ;o - -~ BKG
essential to control charge s | ok — Toraer
. S 6000 ‘ Bt — J/WK*
asymmeTrY systematic A
uncertainties ool L N[BT /e

5 51 52 53 54 55 56 5.7

x Correct for K*/K- asymmetry ) [eeve]

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

Acp(BT — J/YK™)
= +0.0075 £+ 0.0061 = 0.0027

Accepted by Phys. Rev. Lett.
arXiv:0802.3299




x B->|* |- decay is helicity suppressed FCNC " +

vl
x  SM: BR(B,->utu-) ~ 3.4x10 — v
x depends only on one SM operator in effective | - U
Hamiltonian, hadronic uncertainties small g
B, relative to B, suppressed by |V,4/V;.|? ~ o r
0.04 if no additional sources of flavor b . <
violation th _  yv, )
S \WY L

reaching SM sensitivity: present limit for > >
B, -> u'u- comes closest to SM value

SM expectations: Current published limits at 95%CL.:

Br(B,—/*F) | Br(B,—/*F) Br(B,—/I*F) | Br(B.—I*l)
=e| 3.4%x1075 | 8.0 x 104 =e | <6.1-10% | <54 107
I=u | 1.0 x 1010 | 3.4 x 10° =u <1.8-10° | <5.8 x10°
=7 | 31x108 | 7.4 x 107 =T <2.5% <5.0%




Purely leptonic B decay

x excellent probe for many new
physics models

x particularly sensitive to models w/
extended Higgs sector

x BR grows ~tan®p in MSSM
x 2HDM models ~ tan*p X

x mSUGRA: BR enhancement
correlated with shift of

(g-2),
x also, testing ground for
x minimal SO(10) GUT models

x R, violating models,
con‘rrubu‘rlons at tree level

x (neutralino) dark matter ...

R, violating: | .
b 2

— —; — — —_—

S 2

ED
TC

LHT
LH
RPV
SUSY
2HDM

SM prediction

10
Br(B, — p* u)x 10’




x Preselection of Di Muon events
x Normalization channel B*—=J/QpK*

x Background estimation using

sidebands

x Background reduction using a

LHR (DD) or NN (CDF)

i
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Relative Normalization

gg+ [eg, relative efficiency of normalization to signa

f /f fragmentation ratio - use world average (3.71) with 15%
uncertainty

€pq /€p, relative efficiency for B-> u* u- versus B.-> u* u~ events in
B, search channel (~0.95) R = BR(B,)/BR(B;) is small due to

B(B* = J/Yp(utp)KF)

+sa.tg

fb—’Bs . iLL_
fb_*Bu,d + R eBg
ptu—
channel

DO Note 5344

PRL 100,101802 (2008)

|th/ Vts | "2
Br(B,- >uuw) 2 fb-! 7.3x10-8 Prelim.DQD
Br(B,- >uuw) 2 fb-! 4.7x10-7 Prelim.CDF
Br(B,->uuw) combined 3.6x10-8 HFAG




Rare decays constraining NP

2 Phys.Lett. B538 121 2002
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Study of b -> s I'l-

x long-term goal: investigate b -> s I* I- FCNC transitions in B*,
B4 and B, mesons
x B* > |* |- K*and B, -> |* |- K* established at B factories
x B_->[|* |- ¢ only accessible at the Tevatron
x SM prediction:
x short distance BR: ~1.6x10-¢
x About 30% uncertainty due to B->$ form factor

x 2HDM: enhancement possible, depending on parameters for
tanp and M,




b->sl*l- Theory

uCyt
Z

Y u,cit y VI

§ £

AXb=3sI*I)

Sensitive to “new
Physics” contribution




Candidates per 10 MeV/c'

B->uuh @

CDF

arXiv:0804.3908
CDF Run Il Preliminary L~1fb" CDF Run i Preliminary L~1fb’ CDF Run i Preliminary L~1fb”
2“ = B —up KE* Data E.? [ = B'u_.. e p;-“ Crata iu" 5 s B —ppoData
—— Signal region £ Bl — Signal region £ Sigral region
— sideband ragion = —— Sidaband region = — Sigebard regian
15 —— Exirapalaied lil ?g —— Extrapaolated fit Tg 4 —— Extrapoiated it
& i
= 2 3
o o
10 2 2 H [
. o o
n
5 .
Ly T U |
o b 1 = 1 T— i -""--u.
n i i i L b L i i u i i i .|| u i i " I 1 L
5 51 52 53 54 55 bE 5.7 5 51 52 53 54 55 56 b7 5 51 5.2 53 54 55 56 5.7
m{upK') (GeVic’) mipuk’) (GeVic') mipus) (GeVic')

Mode BY 2"y KY | Bl - p "~ K" B -+ ptp" o
Ng 90 35 11

Npa 45.3 £ 5.8 16.5 += 3.6 3.5 +1.5
Gaussian significance 4.5 2.9 2.4
Nreh 6246 £ 79 2316 £ 18 121 + 21
E!+E_h‘|‘r{_rl,r¢h 0.71 £ 0.01 0.74 £ 0.02 0.84 £ 0.02

Rel B &+ stat + syst » 10™~

0.59 £ 0.15 £ 0.03

0.62 £ 0.23 £ 0.07

1.24 &+ 0.60 £ 0.15

Abs B & stat & syst x 10 °

0.60 &= 0.15 £ 0.04

0.82 &= 0.31 &= 0.10

1.16 == 0.56 =% 0.42

Rel B 95%CL limit x10~*

2.61

Rel B 00%CL limit =10

2.30




Branching ratio overview

+ + =gt 0 -
BR(B"™— u*wK*) BR(B'— u'w'K*)
....................... —
BABAR'06 0.317,,+0.03 BABAR'06 0.877,;,+0.12
e i . f |
BELLE'04 0.63,;, =0.03 BELLE'04 1.85), . +0.10
A =
i CDF prelllmlnary 0.60+0.15:0.04 CDF preliminary 0.82-0.31:0.10
I r ! o
NEW average 0.52+0.08 NEW average 1.18+0.20
e “Indf = 3.4/2 —— *Indf = 5.7/2
“ X
....................... M | i | i | A | " 1 L
0 0.2 0.4 0.6 0.8 1 1.2 0 0.5 1 1.5 2 25 3
x 10° x10°

Need more statistics to measure charge asymmetry
vs. invariant di-lepton mass and to add Bs channel!




x Am, established and well measured at the
Tevatron

x B, system and CP studies opening a powerful
new window: possibly already providing hints
of new phenomena?

x Limit on rare decay B.->utu-is getting more
and more stringent, help constrain physics
beyond the SM

x Other FCNC (b-> sll) decays test the SM

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




