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Introduction

Tevatron as
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Topics

BERFEDORREY, HVDEAT:

Brh i+ 4 AR (AR U LE. Arg)
BOK¥yp,B>ouu,Bgy>uu

CPIEMFFREAE (B ;)

B.>J/ W éd
b/\FAVBRIF (BE. &, RIEE)
Q, Y(1s)

don’t cover:---B;> ¢ ¢, A, and so on
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B>KYup,B>ouup

L
M_
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uds uds > uds
EW pengu1ns W box d1agram

b->sll FCNC

New Physicsic %
BR, Arg:-

CDF Run Il Preliminary L=4.4fb™ CDF Run Il Preliminary L=4.4fb™

Yield:101+ 12 (102 expected) £ jooYield:120+ 16 (142 expected)
Mass:5284 + 3 MeV/c? Mass:5277 + 3 MeV/c?

Events / (20 MeV/c?)

05 51 52 53 54 55 56 5.7 5.1 52 53 54 55 56 5.

M(uuK ) (GeV/c?) M(upK) (GeV/ic?)

BR(B%> K %up)
=[1.06+0.14(stat)+0.09(syst)] x 106
BR(B*> K*pp)
=[0.38+0.05(stat)+0.03(syst)] x 10°
BR(B.> pup)
=[1.44+0.33(stat)+0.46(syst)] x 106
NETICEHASNI-RT
xLFHEDLEB AEFHRIEORR

CDF Run Il Preliminary L=4.4fb™

7 n5 5.1 52 53 54 55 56 57
M(up) (GeVic?)



B->K® u u: differential BR

~  GDF Runl Preliminary L=4.4fb”__ Eﬁﬁ@ﬁd):i(qz)@mﬁ?

]
: i
" i
v
o RN

JgE W% B
ARIREZRD BL q2=m,2
- & U 2 B AR IR S D #REL

6fEDqg2 binTENENHIEERZAE
(binDhEZ(TBelle& [E L)

- SMEFBL L
- B-factoryEBREELEFFET .
FIEDREETRY

00 2 4 6 8 10 12 14 16 18 20 _22

q2 (GeV?/c?)




Sa1—7#

B°>K*%uu decay plane

Forward-Backward Asymmetry :

M(q2,cosf), > 0) —(q°,cosb, <0)
(¢2,cosf, > 0) + (g2, cosb, < 0)

Arg(q®) =

BiROAEEZF v
- BSMOZZEZ 8 %RIC R ER

>BSMiFgROFELTO-T

Kpp®Dis &, Apg(Kpp)~0




F.: K* polarization A;: FB asymmetry
1 »CDF Run Il Preliminary L=4. 4fb1 o CDF Run Il Preliminary L=4. afb™ 2CDF Run I Prellmlna

FB(B* — K'u'w)
# Data

0.2"274 6 8 10 12 14 16 18 0246 810121416 15 02 46 81012141618 20 22
q? (GeV?/c?) q* (GeV“c?) q2 (GeV?/c?

cos? Ok + %(1 —(1 — cos? OK) 2FL(1—COS2 b’u’,{,.,)—l—z(1—FL)(1+cos2 0,,) cos
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Bs,d9 HH
SMICESLVTHES T8 <l

B(BY - ptp™) =(3.6+0.3) x 107°
BBY - putp™)=(1.1+£0.1) x 10710

R LGNPETIVHBROLEZTE
$FICMSSM large tan B ~BRec (tanp) ©
HICNPEF IV DISFTA—2 BRI TS
N LFIREEAS

v'Current world’s best upper limit:
vBR(B,2up)<4.7(5.8)x10°8
vBR(By> uu)<1.5(1.8)x10°8 90(95)% C.L.



CDF BR(B.—~u"w) Projection
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Q
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Excluded: CDF PRL 100, 101802 (2008)

CDF Preliminary 3.7 fb"'
0.8<v,,<0.95

BR(B,—~p'w)

® Expected Limit | 3.3 X 10°
:4.3X10°

Candidates / 24 Me
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SM Prediction

SES<SM prediction!
2

~
3
]
=
<
&
~
@
2
©
]
©
c
©
o

10
Integrated Luminosity (fb™)

BEICRER R E(ISMF EEICEH:E
(limitld B RFRTHIR)
NPERAH R AH T AT REM

Candidates / 24 MeV/c?

v Preliminary @3.7fb-' (CDF public note 9892) 20105 EICSMO61E,
v BR(B,>pp)<3.6(4.3) x10-8 90%(95%)C.L. DO&dcombination T4~ 5S5{KIEED
v BR(B4>up)<6.0(7.6) x10-° 90%(95%)C.L. SIS LR B 2 AR5







B, H [ 7 3 1= 35115 CPIE S s e A 52

BBRBICHRINS, BEICKEL=CPOMN ~same as BO>J/ vk,
B'— > J/WK° B J/Pd

N \Bg/ (d;) % (Vud v (d)

: _ S Ved [Ves Veb s
= sin(2P) . = sin(2P)) b, _‘[td WS _[/tb b
B, T HEEGKE: B, BM i

v SM
BEZx: Ams=mpy—mp~2[Mio WLSW;/\-7AS\__.

BRIENEE: Als =T, Ty~ 2|12/ Ccos¢s Vv V:‘: ‘ not to scale
Ccs C

CPIELRTFHLIA -

oM ~ 0.004

BM = arg(—VisVih/VesVh) ~ 0.02
A. Lenz and U. Nierste, JHEP 06, 072(2007)

-d N IFP . EBDEFICHEET S
_28s = —285M 4 gNP  If NP dominates : —2Bs ~ ¢y "

KELCPLIAADAIE-NPODFE R B UCPLIHEDRE



CDF B . result@2.8fb-"

CDF Run Il Preliminary L =2.81b"

— SM prediction
— 95% C.L.

SM p-value=7%
BEERN DI N .80
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- % Tevatron combination

Combined
likelihood finds 2.1c0
deviation from SM
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Bottom barvons

Bottom spectroscopyldccBETE EIHRE
2006 X, ®*and X, ™-

2007 =,
2008 Q,-
REHMSKENLH (B2, FH--

J =3/2 b Baryons




Q,>J/¥Q, =50/ ¥=

DOIF18Q, (15=,) EREEM@1.3fb-"
B=:6165%£10%x13 (5774%x11+15) MeV/c?

CDFI316Q, (66=,) EH%Z&M@4.2fb~!
EE: 6054.4+6.8+0.9 (5790.9+26+0.8) MeV/c?
gan: 1.13+058_, +0.02 (1.56%027_,,.+0.02) ps

Measured and Predicted Masses
for the Z,” and Q.

44,\,
NN LR L NN
ovuULUouLUuLUwmow

Jenkins (PRD 77,034012(2008))

Lewis et al, (PRD 79,014502(2009))
Karliner et al, (Ann. Phys. 324,2(2008))
Systematic Uncertainties

—— Eb_/gb- :

Primary Vertex
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& CDF

— DO — PRL 99, 052001
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Illl|IIlIlIIIIIIIIIj,allIIIIlIlIIIIllllIlI

5.7 5.72 5.74 576 578 5.8 582 584 586 588 5.9

Qb_ & CDF

DO — PRL 101, 232002 oo

6.6 6.8

M(J/9), ct > 100 umeV/ ¢

llllllll,l,,l;,l,llllll]lllllllllll(lllllllllll Eb mass: _ﬁ Puzzle!
6 6.02 6.04 6.06 6.08 6.1 6.12 6.14 6.16 6.18 6.2
i 0, mass: +—
b [ |




I ﬁE’: ﬁll E 8- (a) J/W polarization

— RE R vectorfEFiRiEE &

NRQCD®D#REE (color-octet model)
¥ (nS) Ic&LVT, RIBEF—H
E(L\bhFRTHDY (nS) TLE—HTEHE?

CDF Il Preliminary, 2.9 fb"

dl’

9 *®
x 14+« cos 6”.
d cos 6*

10.0 10.5 121.0 '
Dimuon mass Mass(GeVic)




TEEFME%E%

0 CDF Preliminary, 2.9 fb-1

s 1 : ' D@, 1.3
0.8 £ 0.8

0.6 A 0.6
0.4 04
0.2 02
0.0 =
-0.2 09
-0.4 04
0.6 06
0.8 Y(1S) Inclusive '

j 0.8
1.0 = 20 1 0 25 5 75 10 125 15 17.5 20

p; [GeV/c] p; of Y(1S) [GeV/c]

DOIFY (1S) & (2S) ZAVWTIRIBE ZAE@1.3fb"!

S[El, CDFIZ Y (1S) 22.9fb- 17T —2THllE
NRQCDEDF—H
CDFEDO&A—H (---BGIRIER DRIE?)

MSEERIEY (nS) RU'Y (nS) ZHIEL . ERELLK TSI TFE
DOHASDJ/ Y HEHERDPEEL<EHSESITT



Summary

IRTECDF Tl ¥R A %

FSNLEBIT707 7 L0 ZF{TH
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CPIEXI#HREBIE (B ;)
b/\rFOVEF (BE. &F&i. RIEE)
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HELLIE B GIERHBS<HTIVS
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Backup



B triggers

CDF Preliminary: ~360pb™
‘ ... Triggers:..._|
JPsi
Rare B

i BBbar
B S 41 [6])

Di-Muon

* Conventional trigger
at hadron collider

* Wide mass range

Sillicon Vertex Trigger: SVT
* Online selection of displaced tracks using SVX
* UNIQUE at hadron colliders

R

Primary Vertex B decay

Secondary Vertex

Impact Parameter (~100um)

Level-2 SVT trigger

1-Displaced track +
lepton (e, w)

120 pm < .P.(trk) < Imm
P.(lepton) > 4 GeV
Semileptonic modes

2-Displaced tracks
P1(trk) > 2 GeV
120 pm < L.P.(trk) < Imm
TpT > 5.5 GeV

fully hadronic modes



Flavor Changing Neutral Current
b->s FCNC

Promising tool to search for new physics

Tree diagram is forbidden in the SM
May occur via higher order loop diagram

NP.-could enhance the amplitude
Interference with SM amplitude

Various observables are available
BR, K* polarization, and A,
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1 BOK® up :BR

BaBar (384M BB) Belle (657M BB) CDF (4.4fb1)
Kup  0.41%016 (stat)£0.02(syst) 0.53+0-08 | (stat)£0.03(syst)
K*O up 1.35%040 _ (stat) £0.10(syst)  1.06*01% ., (stat) £0.07(syst) KT.06+0.14(stat) £0.09(syst)
Kl 0.3910.07(stat)£0.02(syst) 0.48+0-05 | (stat)%0.03(syst) [ [Same as K*pp
K*I 1.11%0-19 | (stat)£0.07(syst) 1.07+0-11 | (stat)£0.09(syst rSame as K*up

The best measurement for single final state!!




1.2
LL L

1

0.2

Az (B>K™ g )

F,: K* polarization

CDF Run il Prellmlnary L_4 afb™!

0.8
0.6/

0.41-

. L(Bnﬁ'.9 K*

+ Data
= SM
=-cM

=G
.

..............

ww)

0_

L ?2\1

| T T
'0202468

0)

vents/(0.

Bin#2

& Data
— Total Fit

A Taaor

05 0 05

cos0,

10 12 14 16 18
g2 (GeV?/c?)

[ Bin#5

o

s

L =n

4 Data

— Total Fit
- -~ Signal

e
..... = Tao i

-1 05 0 05

cos0,

o
<

3 3
2cos2 O + Z(l —|F) (1 — cos? 6g)

Ag: FB asymmetry

,CDF Run Prellmmarv L=4.4fb™ . ECDF Run Il Preliminary L=4.4fb™
TR
i FB(B_:DKt"u W) < ;55.5 FE1(|_:,+ LK)
1.5 ;; ol 1.5F ~ “#Data
i 55 e C=-C3M . -~ —SM
1= n | <

-0.5}

L |||||||||||||||||.i:.|:||||||>.|::|III|III|III|IIIII
612 14 16 18 0 2 46 8101214161820 22
(GeV?/c?) 2 2/n2
q? o? (GeV?/c
Bin#5

I Data

— Tofal Fit
--- Signal
--— Kn Swap

g ol L
-1 05 0 05 1 - 05 0 05 1
cosf cosb,

3
ZjTﬂL(l CoS ON)—I— (1—F;)(14cos? 60,,) cose,u



2C:DF Run Prelim_ina

-0.

K* polarization

L=4.4fb"

 F(B® 5 KCup)
% # Data

F,:

20 2 4 6 8 10 12 14 16 18
q? (GeV?/c?)

Ag:
CDF Runll Prelil_nina

FB asymmetry
.L=4.4fb'1 2GDF Run Il Prelimina
 A(B" = K'uw)
: -# Data
—SM

s o
s ¥t N I
Arg(B® - Kup) <

* Data 1.5

05 5
0 2 4 6 8 10 12 14 16 18
q2 (GeV?/c?)

0 2 46 810121416 18 20 22
o? (GeV?/c?)



10 12 14 16 18 20

8
o? [GeVic?] o? [GeVic*]

10 12 14 16 18 20




B~ U : prospects

SM Prediction

SES<SM prediction!
2

200

200 400 600 800 1000
m, ,[GeV]

10
Integrated Luminosity (fb”)

ol Strong constraint on NP
2010 (approved, ongoing : ~8fb-1) parameters :
CDF Expected limit: 2x10-8@8fb=1 (- ) Could rule-out mSUGRA with

Combined with PQH Tevatron combination at 10fb-"
2011 (proposal, likely 10fb-1)

Combined limit ~0 (10-8)



B.>J/ Y ©@2.8fb-

-1 .
D@, 2.8 fb + —'[I?gttaal Fit | CDF Run Il Preliminary

’ ,  — Prompt Bkg
— non-Prompt Bkg

=Y
o
o

events/50um
=)

w
o
o
I
sy
o
Y

Candidates per 5.0 MeV

ct (Jhy 6) [em]

B.=0, no flavor tag :
1(B.%) = 1.53 = 0.04 (stat) = 0.01 (syst) ps
Ar = 0.02 = 0.05 (stat) = 0.01 (syst) ps™

PRL 102, 032001 (2009)

1(B.0%) = 1.487 *= 0.060 (stat) = 0.028 (syst) p
Ar = 0.085 *0-072 . (stat) = 0.006 (syst) ps™




_

B, =2 J/ Y & Decay Rate

— 2 x AT A1) + 4 PT 2(7) S —
dtdp

+ |ALIPT_ fa(P) + | Ay || AL Uy fa (P
+ |Ap rl||| Ctjls{:(5||)'r_|_ﬁ5{ﬁ)

+ |Ao||ALVfe(p), B < >

% [cosh(AT't/2) F cos(2/3,) sinh(AT't/2)
:F T]‘ Si]l(zﬂﬂ ) Ei]l(:.&'nl-gt}] $ ..............................................

cos(d 1 — &) cos(203;) sin(Am,t)
cos(d 1 — &) sin(203,) sinh(AT'?/2)]

% [sin(d ) ) cos(Am,t) o) = Arg(A4)(0)A5(0))
cos(d ) cos(203;) sin(Amt) 0, = Arg(A1(0)A5(0))
cos(d )sin(2/s) sinh(ATI't/2)].
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CDF Simulated Data, Assume BS =04

—_—20c
3¢
2, 2.8 fb” degraded
3 5, 2.8 fb" degraded
4c
56

10
Integrated Luminosity (fb™)




Ai>XNTo>A T min-

Charm resonant decay channel
CDFE"observed resonant-semileptonic decay‘channel: A, > X ()" v

First observationof A, > A m"m -

—— Combinatorial y — Ae(2595) "1 — Al -
— ey D) — Al
~ Bf,— Other | A : 55 T T T
: / ' ' 41.5£9.3
61088

Candidates per 0.01 GeV/c?,

o
[=]
=]

N ( A,(2595) ) ~ 45
N (A(2625))~110 || A)— A (2595)
Ac(2595) —,

3 3

. Bér%ma‘fes‘/_a. MeV/c2 ™

A= wta—(all))
BR(A)— A (2625) 7~ — A n—nta ™)
BR(A)— AT m—mtm—(all))

= (5.2+1.1(star) £0.9(syst))- 1072

—= (6.2 4+ 1.0(star) £ 1.2(syst)) - 102

)y, 0
MAo) - M) (GeVic?) BR(AY—A.(2595)t r— — Al mta) o
’- 'A! right sideband BR(Ay—=Ac(2595) T m” —ATmTmtaT) (2.5 + 0‘6(31‘(11.) —+ OS(SVL\I)) 1072

e oos 006 oo o1 012 ofe f BR(’H"lg_"J‘ij'Tr_ = (all))
M(A*wh) - MIAY - Omim) [GaVic?] BR(AY— E.(2455)0 x> A mta—)
BR(A)— Al 7= mta(all))

(8.9 4 2.1(stat) + 1.5 — 1.0(syst)) - 1072




B> & ¢ : gluonic penguin

Dominated by-b>sss (same as B> ¢ K*))

BR.is-sensitive.to NP.due.to the loop diagram
Previous result: (1.4%06_;.30.6) x10-° by 8 signal@180pb-*
Various BR expectations

QCDF: (2.18+0.1%394_,-)x10-5  NPB7.74.,64 (2007)
pQCD: (3.531083_ . ,+167_. ,) x10-5 PRD76,074018 (2007)

CDF Run Il Preliminary

Bi—00
Yield = 295 + 20 . CDF Run Il Preliminary

candidates / 10 MeV/c?

B 0K

ndidates / 5 MeV/c’

combinatorial background Yield = 1766+ 48

By Jy K

combinatorial background

e

L n [l i, .
545 55 555 56
mK'KK'K) [GeVic?]

400
350
300

3250
200
150
100

.
0

525 53 535 54 545 55 555 56
m{d/y K'K) [GeVic?]

BR(B%—¢¢) = [2.40 + 0.21(stat) + 0.27(syst) + 0.82(BR)] - 1072




