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Tevatron

- pp collisions at 1.96 TeV

- Buffalos are doing well, they don’t know about
the Fermilab budget cuts...

—— EM~. Run Il Integrated Luminosity April 202 — January 2008
L O (L =
Delivered 3.46 fb" )
Recorded 2.96 fb! 1/
//// r_
/1/
: L A A
p sedrce /  Main Injector | .
x___x__{_____-_“ & Rg_.cycle_c T /4: — Delivered
S p—— ; ! /;:?"' — Recorded
: — T |




CDF Il Detector

- Central tracking: - silicon vertex detector
- drift chamber
op+/pr = 0.0015 p;
— excellent mass resolution
- Particle identification: dE/dX and TOF
- Good electron and muon ID by
calorimeters and muon chambers

___._..--t,f_t_x-un.r:y_wrmm-mm"; A
¢ o - o I &

D@ Detector

- Excellent tracking and muon coverage
- Excellent calorimetry and electron ID

- 2 Tesla solenoid, polarity reversed weekly
— good control of charge asymmetry
systematic effects

- Silicon layer 0 installed in 2006 improves
track parameter resolution

tracker




B Physics af the Tevatron

g
- Mechanisms for b production in pp collisions at 1.96 TeV
g b
Flavor Creation (gluon fusion)
;:g;( q >m< ’
9 b
Gluon Splitting Flavor Ex0|tat|on Flavor Creation (annihilation)

- At Tevatron, b production cross section is much larger compared to B-factories
— Tevatron experiments CDF and D@ enjoy rich B Physics program

- Plethora of states accessible only at Tevatron: B, B, A, =, 2;...
— complement the B factories physics program

- Total inelastic cross section at Tevatron is ~1000 larger than b cross section
— large backgrounds suppressed by triggers that target specific decays
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CP Violat

B, System
- Standard Model CP violation occurs through complex phases in the unitary

CKM quark mixing matr
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Large CP violation ~ A®
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"
Neutral B, System

- Time evolution of B flavor eigenstates described by Schrodinger equation:

i (jmey) = (4-37) ([0

[
>
& l ya
- Diagonalize mass (M) and decay (I') matrices ': I ﬁ
— mass eigenstates 2 : §
B =pIBY —alBY)  |BY) =p|B) +alBY) DN 3
Vi V) 0 0 »

where _ it B I

q/p = LH,I; S Bs

- Flavor eigenstates differ from mass eigenstates and mass eigenvalues are
different ( Am = my - m_ = 2|M,,| ) -
— B, oscnlates with frequency Am, b W Vi s
I db 0

AT =T —-T'y=2|l'y,| cos(®P,)  where

- Mass eigenstates have different decay widths Mo
.f,:: L5 arg (— )



"
CP Violation in B, — J/W® Decays

- Analogously to the neutral B? system, CP violation in B system occurs through
interference of decay with and without mixing:

B — = J/¥YK% B!—— = J/¥¢

NN

= sin(2p) = sin(2f3,)

BN = arg(=VisVip /Ves Vi) & 0.02
INP

- New Physics affects the CP violation phase as: 23, = 23°M — ¢!

- If NP phase q}EP dominates



+
B, —» J/W® Phenomenology i JV
- Extremely physics rich decay mode u
0 —
- Can measure lifetime, decay width, BS K
and, using known Am,, CP violating (I)
phase f3 p—}O -~

- The decay of B (spin 0) to J/¥Y(spin 1) ®(spin 1) leads to three different
angular momentum final states: 0,50 |
L =0 (s-wave), 2 (d-wave) - CPeven = |B)

L =1 (p-wave) . CPodd =" B

- three decay angles p’= (6,0,y) describe
directions of final decay products

]/ W rest frame ) |
Q@ rest frame 9



" J
B, —» J/W® Phenomenology (2)

- Three angular momentum states form a basis for the final J/¥Y® state

- Use alternative “transversity basis” in which the vector meson polarizations w.r.t.
direction of motion are either:

- longitudinal (0) — CP even
- transverse (|| parallel to each other) — CP even

- transverse (< perpendicular to each other) — CP odd

- Corresponding decay amplitudes: A,, A", AL

- At good approximation (@ = 0), mass eigenstates !BL; and IB’f} are CP eigenstates
— use angular information to separate heavy and lignt states
— determine decay width difference
AT =T, -Ty
— some sensitivity to CP violation phase B,

- Determine By flavor at production (flavor tagging)
— improve sensitivity to CP violation phase B,

10



" J
B, —» J/W® Phenomenology (3)

- B, — J/WY® decay rate as function of time, decay angles and initial B flavor:

d*P(t, 7 ; 5 s g
dt;ﬁp) x |A* L f1(P) + AP L fa(P) time dependence terms

+ AL YT f5(p) + Al AL AL fa(p) angular dependence terms
+ [Aol[Ay | cos(d)) L4 f5(p)
_I_

[Aol|AL WV Felp), @h B, depen@
Ty =e 1" x [cosh(AT'£/2) :Finh(.&Ft/Z)
e '.r'm( :

T terms with Am, dependence

............................ due to initial state flavor tagging

7 ‘'strong’ phases:
) 5” = arg(AﬁAu)

0 = arg(AT Agl

+
Vi=+e 1" x
\sin(Amt)

+ sinh(AT't/2)] .

- Tagging — better sensitivity to 3, 11



B, Lifetime in B, — J/VY® Decays

- Most precise B lifetime measurements from B, — J/WY® decays:
(assuming no CP violation, B, = 0)

CDF DY
~2500 signal events in ~1.7 fb-" ~1040 signal events in ~1.1 fb-"
CDF Il Preliminary L=1.7 b
“o 400F o, A0 o D
3 - + Data S e D9,1.116 + Data :
2 3500 —_Fit 2 B Jiy ¢ — Total Fit
10 — Ssignal o400 — Prompt Bkg
o 300F 'gna S 350 — non-Prompt Bkg
o Background
;81_250 g ﬁsuo;
1 200 8 250
o 5 -
S 150F 3 200F .
S 100f WRLIAMY. §150-
; JY Eﬁ, 4 100:‘“‘“&HH
50_— __‘_—_‘____"‘“—-——___
E 50F —_-_h—“_-'——____
.. o [y b Lo |
0"~530 535 540 545

PR Bl B i BN Dol L el el
05 51 52 53 54 55 56 57 58

Mass [G eV/cz] Mass (GeV)

arXiv:0712.2348 PRL 98, 121801 (2007)

12



B. Decay Width
CDF DY

CDF Il Preliminary L=1.7 fb"
%_ . « Data i D@, 1.1 fb' B > Jiy¢ -« Data
0 10°E — Fit 10°L Mass 5.26 - 5.46 GeV — Total Fit
- g — Signal o E .
@t Background w F u @020 - Total Signal
P S . S — CP-even 3 Y S CP-even
£ 10 a1 ligh
g UF gt ++ GP-odd CP-even (=B,9"t) and
= B — Backgrou ~
-(% : %10__ Background CP-odd (~Bsheavy)
O 10} B components have

g [ b different lifetimes

IE 117 — AT'#0
1] : ,
i - 0 =
T LR | £UNS T T B 0 I 2
01 005 0 005 01 015 02 025 0.3
ct (cm)

best measurement

- Cross check: CDF measures decay amplitudes and strong phases in high statistics
B? — J/¥ K?sample — agreement and competitive with B factories

arXiv:0712.2348 PRL 98, 121801 (2007)
http://lwww-cdf.fnal.gov/physics/new/bottom/
070809.blessed-DG-BsPsiPhi/public_note_BsBd.pdf 13



"
CP Violation Phase B, in Un-tagged B, — J/W® Decays

- Without identification of the initial B flavor still have sensitivity to {3

- Due to irregular likelihood and biases in fit, CDF only quotes Feldman-Cousins
confidence regions (Standard Model probability 22%)

- Symmetries in the likelihood — 4 solutions are possible in 23,-ATl" plane

CDF: 90%, 95% C.L DJ: 39% C.L.

- Confidence region:

'T'_. - <
g 06 ~ g0 §# Standard model _8_.0'4 Dﬁ! 1.11b
% I New physics medels C

- - 95% 0aF. M B Jy o

0.3 — SM
0.4 W AT = AL, x |cos(0s)]
| SEARE

1 1 1 1 1 1 1 1 1 N =R NiREERE ERERA AR NN ARERA RRRE [IETRESEENE SNERN RREE
-2 0 2 Bt R R R R R R R R
20, 0, (radians)

arXiv:0712.2348 PRL 98, 121801 (2007)




CP Violation Phase B, in Tagged B, — J/VY® Decays

- Likelihood expression predicts better sensitivity to B but still double minima

due to symmetry: 203, — ™ — 283,

Al — —AT 0.8
(3| —>2’;T—5||1 ‘%—-\ 06
601 »m 01 Q
- Study expected effect of tagging using g 0.4
pseudo-experiments 0.2
- Improvement of parameter resolution is small -0.0

due to limited tagging power (eD? ~ 4.5%
compared to B factories ~30%)

- However, B, — -B, no longer a symmetry
— 4-fold ambiguity reduced to -0.6
2-fold ambiguity
— allowed region for B is reduced
to half

2B3,-AT likelihood profile

2Alog(L) = 2.3 = 68% CL
2Alog(L) = 6.0 = 95% CL

i — un-tagged
- —— tagged
I E U T RS ST R MR
-2 0 2
2p_(rad)

15




" J
CP Violation Phase B, in Tagged B, — J/W® Decays (CDF, 1.4 fb-1)
- First tagged analysis of B, — J/JWY® (1.4 fb") arXiv:0712.2397
- Signal By yield ~2000 events with S/B ~ 1

- As in un-tagged analysis, irregular likelihood does not allow quoting point estimate
- Quote Feldman-Cousins confidence regions

CDF Run Il Preliminary L=1.35f" CDF Run Il Preliminary L.= 1.35 fb™
— 0.6 — 2Alog(L) = 5.99 : — 0.6 —e SM prediction cos(o) < 0
» - — 2Alog(L) =2.30 ) —68% C.L. cos(dL —op) > 0
2 0.4 - SM prediction £ 04 —95% C.L.
o - = -
0'2:_ 0‘2: : strong phases
Y e LN 4 ; 0.0 A AT can separate
i ,'* | the two minima
0.2/ -0.2
-0.4F symmetry -0.4
[ axes TTe-a__ ~cos(01) >0
06F e ] e T cos(6, — 9)) <0
-2 0 2 -2 0 2
2p_(rad) 2B_(rad)

- Confidence regions are underestimated when using 2AloglL = 2.3 (6.0) to

approximate 68% (95%) C.L. regions 16



B, in Tagged B, — J/W® Decays with External Constraints (CDF)

- Spectator model of B mesons suggests that B, and B° have similar lifetimes

and strong phases

- Likelihood profiles with external constraints from B factories:

CDF Run Il Preliminary

— 0.6 — 2alog(L)=5.99
(7 [ — 2Alog(L) = 2.30
& 0.4 [ —e— SM prediction
= -
0.2¢
T
-0.2¢
| constrain strong phases BaBar:
04 2Alog(L) = 5.99
[ menee 2Alog(L) = 2.30
-06 L :
1 | I I I 1 ] I I 1 Hl |
-1 0 1
B (rad)

CDF Run Il Preliminary

L=1.35fb"

— 2Alog(L) = 5.99
— 2Alog(L) = 2.30

—— SM prediction

'....L._Illlllllllll

constrain t, strong phases:
""" 2Alog(L)=5.99
""" 2Alog(L)=2.30

R

1
B, (rad)

- External constraints on strong phases remove residual 2-fold ambiguity

17



" A
B, iIn Tagged B, — J/W® Decays Final Results (CDF)

-1D FeIdman-_Cousins procedure without external constraints: . —+ 2B
28 Inje 8252 G2l e 681 O 0 n ;
- with theoretical input AI' = 0.096+/- 0.039 I B
2B, in [0.24, 1.36] U [1.78, 2.90] at 68% C.L. 0 _7|t_ 2,
- with external constraints on strong phases, lifetime and AI | |
2B,in [0.40, 1.20] at 68% C.L, (') 1T 2B,
- B, parameter space is greatly reduced when using flavor tagging:
_ CDF Run Il Preliminary L = 1.7 fb™’ CDF Run Il Preliminary L=: 1.35 fb”’
g OISingi’nce region: # Standard model = 06—_ — 95% C.L.
B o ew physics models ' T — 68%C.L.
% 04: ----- % /0:_.“_‘ o phy - E‘-‘— 0.4 - SM prediction :
flavor tagging 0'0;_ ______________
> -0.2[ i
N/ - 0.4F
N 06"
) 0 2 e
2B, -1
arXiv:0712.2348 arXiv:0712.2397

- D@ results on B, using flavor tagging expected soon 18



" J
Charge Asymmetry in Semileptonic B, —-uDX Decays (DY, 1.3 fb-1)

- Study BS — "D, vX with D — o™ o — KTK™ RL 98, 151801 (2007) _
- L = 1.3 fb" with total signal yield ~27K events
- Compare decay rates of B, and By

NiptDo)y Nw Dy

AT [1.23 +0.97 (stat) + 0.17 (syst)] x 1072

NO D) N D)

- Suppressed systematic uncertainties due to regular change of magnet polarity at DG
- Semileptonic charge asymmetry is related to G.}qS_M: arg(— M5 /T 19)

As,-u.-n,t L 1 AT,
SL 5

= — tan ¢,
2 Amg

- In SM @, is predicted to be very small (= 4x10-3) |
- NP can significantly modify SM prediction ¢, = o?M + q'}_lfp

- If f:;}EP dominates 23, = —G)_l;IP = —Qy

- Can combine this result with B, measurement in B — J/WY® to constrain NP

19



Charge Asymmetry in Inclusive B, Decays (D@, CDF)

- Measure same sign muon charge asymmetry at DG with 1 fb-1:

Nttt —N—~ 1 JsXs0
A= = A A
NN a7 A+ e

f-A = —0.0023 £ 0.0011 (stat) & 0.0008 (syst)

- With knowledge of fragmentation fractions f, and f, the integrated oscillation
probabilities x4 and yx and known B? semileptonic asymmetry from B factories:
PRD 74, 092001 (2006)

p: .gov/physics/new/bottom/070816.blessed-acp-bsemil/

- These measurements can be combined with asymmetries in B, -uDX to
further constrain CP violation phase

20



" A
Combined D@ Constraints on AI' and @ Phys. Rev. D 76, 057101 (2007 )

- Combine width difference and CP violation phase from time dependent angular
analysis B, — J/WY® with measurements from charge asymmetry in semileptonic
decays

- Contours indicate 39% C.L. regions:

DG, 1.1 fb'
- Final combined D@ results with ~1 fb' :
AT, = 0.13+0.09 ps !
¢s = —0.70F037.

. Combined
% semileptonic
charge
asymmetry
band

- From tagged B, — J/Y® analysis,
CDF excludes ~half available space in
®_-Al plane (two LHS solutions)

Og ?radians)

- Assuming same lifetime and strong phases for B® and B,, CDF constrains strong phases
to B factories measurements — bottom — right solution is suppressed as well

- Expect tagged B, — J/Y® analysis from DY soon
- Expect updated analyses with 2x data from both experiments soon 21



"
CDF Impact on &, World Average

- Overlay CDF result on UT world average which includes DG combined result
http://www.utfit.org/

UTfit
1€ CDF 68% CL
no constraints

%— CDF 68% CL
with constraints

on strong phases,
lifetime and AT

0.15

-
-

Probability density

0.05

0 ]

- CDF measurement suppresses large fraction of CP violation parameter space !

0 5



" A
Direct CP Violation in B* — J/W K* Decays (D@, 1.6 fbo!)

- SM predicts small (~1%) direct CP violation in B* — J/Y K*
- Due to interference between direct and annihilation amplitudes

, |DORun Il Preliminary, 1.6 b} —___DATA
£ so00f- e JyK
I el
gluons 6000— v JYKX
5000 — BKG
B > W <_ 4000 — TOT FIT
K™ 3000

1.q--....l.._...|....l.ﬁ.
5.5 5.6 5.7 5.8
m(J/yK), GeVic®

- Signal yield ~28K B* — J/¥ K* decays s

- DD reverses magnet polarities frequently — good control of systematic
uncertainties in charge asymmetry measurements

- Correct for K*/K- asymmetry

_ N(B - J/pK ) - N(B' - JlpK)

C e L JUk NP 1

= +0.0067 = 0.0074(stat) = 0.0026( syst)

- Consistent with world average: A¢gp(B*T — J/¢Y K1) = +0.015+0.017
but factor of two better precision — best measurement

http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B49/B49.pdf 23



Branching Fractions and CP Asymmetry in A,— p 1(K) (CDF, 1 fo!)

- First study of CP asymmetry in b baryon decays (SM prediction ~10%)
- Use large sample collected by two displaced track trigger

CDF Run Il Preliminary Lim=1 b

4, 22000F 1?=52.15/39 CDF Run Il Preliminary L =1fb™
S " : : L - .
2200005 trigger only selection I _.[r]attal
= 13000 . z 700- o
R eooE 8 L )i K n+cc
E’.unnnz— e T 600C - BB KK
g o0 offline selection & - BB, - K n*+cc
£ 12000 » & 5000 B> 1
= 100001 S 4000 B 5 KK
S g 5 : 0 u
S 8000[ £ E BB ->ntm
O gooof -\\ © 300 [ | AB—> p T+ce
4000 E B A p K+ce
: 200 Bkg Phys
2000F i
G_:l | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 111 | 1 100;
46 48 5 52 54 56 58 6 6.2 64 i [oasl
Invariant tn-mass [GeV/c?] 5 5.8
variant an-mass [GeVic?]

- Different states that contribute to "1~ invariant mass are not separated in mass
- Use additional kinematic and dE/dx information to achieve better statistical
separation

http://lwww-cdf.fnal.gov/physics/new/bottom/071018.blessed-ACP_Lambdab_ph/

24



Branching Fractions and CP Asymmetry in A,— p 1(K) (CDF, 1 fo!)

-Results:

0 S - T ST ¢
- MM — 0.03+0.17 (stat.) +0.05 (syst.)
B(AY = pr—) + B(A, — pr+)

B(AY — pK~) — B(Ry — BK)

Acp(Ay —» pK ) =
i B(AY - pK ) + B(Ry — pK )

= 0.37 £ 0.17 (statl.) + 0.03 (syst.)

- First CP asymmetry measurement in b baryon decays

- Additionally, first measurement of branching fraction relative to B® — K1t decays:

a(pp = A)X,pr > 6 GeV/fe) B(A} - pr)
o(pp — BYX pr > 6 GeV/c) B(BY - Ktn)
o(pp = AVX pr > 6 GeV/e) B(AY) - pK )
o B X pr -6GeV/ia) BB + Kig |

=0.0415 £ 0.0074 (stat.) £ 0.0058 (syst.)

—0.0663 + 0.0089 (stat.) + 0.0084 (syst.)

http://lwww-cdf.fnal.gov/physics/new/bottom/071018.blessed-ACP_Lambdab_ph/

25



/\b Lifetime (D@, 1.3 fb'1) PRL 99, 142001 (2007), PRL 99, 182001 (2007)

Important test of models that describe interactions between heavy and
light quarks within bound states
- HQET + Lattice QCD predicts: 7(Ap)/7(B") = 0.88 & 0.05  Tarantino, Eur.Phys.J. C33(2004)

D& measures A, lifetime in two decay modes:

Ay — T / v A Ag — [J’,L_’AjX
1.2 fb!, ~170 signal events 1.3 fb1, ~4400 signal events
£ 10°E o
= [ ® Data DO, L=1.2 fb" £ 10°L DJ L=1.3 fb"
?;103;— B Signal A= Jdly A § :
§ C — Total a L[ [T
S10°F o
B F >
° N D
8 10 - T
i ® Rl L.
5 > |
3 g F |00 e
100201 : 02 03 04 0 0.1 0.2 i 0.3
Proper decay length (cm) A" (cm)

r(Ap)= E2IB 0 (stat) =004 (syst) Dy w0A) = 1290 T B ieeat) 0 (evet)

7(Ay) g4 40. ‘
150y = O-811T0 07 (stat) & 0.034 (syst) )




" J
Ny Lifetime Current Status

- DG measurements are in agreement with the theoretical predictions and with
the world average  7(AY) = 1.230 + 0.074 ps.

- CDF measurementin A, — .J/¢» A is ~3c high w.r.t world average
arXiv:hep-ex/0609021v1

- Expect CDF measurement in hadronic mode soon

decay mode ; CDEF lifetime (ps), 1 fb-1 Dd lifetime (ps), 1.3 fb-1

A L Loy e el R O0d (ks 215 o 0 eial ) DUSGysl
e X g L e
Al s Afm expected soon X

27



"
- , . ) Phys. Rev. Lett. 99, 1052001 (2007)
, Baryons (DY, 1.3 fbo'!

- =, (quark content: bds) — third observed b baryon after A, and CDF’s recent discovery of Z,
- Study b baryons — great way to test QCD which predicts M(A,) < M(Z,) < M(%,)

- Predicted mass: 5805.7 + 8.1 MeV

- Discovery decay mode at DO:

e

=, — J/WE, with J/¢p — ptp~,and 27 — Ar~ — prw

Run 179200, Event 55278820, M(Z,) = 5.788 GeV
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"
=, Mass Measurement (DY, 1.3 fb)

- Clear excess in =, invariant mass distribution
- Significance ~5.5¢

- Width: 0.037 £ 0.008 GeV in good agreement with MC expectation 0.035 GeV
- Production relative to A, —»J/W A

o 10

- .+ Dat
where f(b—X) : fraction of times 8 8 _a a
b quark hadronizes to X S 6 — Fit

2 nastha

g LI

0 tleli L 00 0ee g oL

Phys. Rev. Lett. 99, 1052001 (2007) 54 5.8 6.2 6. 7.0

M(Z;) (GeV/c?)



- = tracked in silicon vertex detector for the first time at hadron collider

Candidates per 15 MeV/c®

=, Mass Measurement (CDF, 1.9 fbo)

—
o

— reduce background
— improve secondary vertex precision

Yield=17.5 +/-4.3
M =5792.9 +/- 2.5 MeV/c?

Phys. Rev. Lett. 99, 052002 (2007)
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Eb Current Status Phys. Rev. Lett. 99, 1052001 (2007), Phys. Rev. Lett. 99, 052002 (2007)
=, Mass
. Theory
o
/ prediction

DO o

PRLS9, 052001 (2007) [ Jenkins

PRD54,4515
CDF Karliner et al
hep-ph/0706.2163

PRL99, 052002 (2007}

I
5.74 5.76 5.78 5.8 5.82 5.84
m(Z;) [GeV/c?]

- =, can be measured in hadronic decays at CDF
- With more data will study other properties of =,
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B. Mass in B. — J/Wtr (CDF, 2.4 fo')

C IV isa C 7 JI T 0 arXiv:0712.1506
- B, contains both heavy quarks b, c — each quark can decay
- Mass predictions:
- NR potential models 6247 - 6286 MeV
- lattice QCD 6304 +/- 12 *18 ; MeV
- Three decay possibilities:
- ¢ quark decays: B
- b quark decays:
- annihilation: B+
- Best mass measurement: 25— 2Pty
[ Mo 62734 4.2 MeVic
g 155400 . .
! Signal yield
20
6600 | | | - 108 +/- 15
- e (4 my2 ; i significance 8o -
N m potential models = 15 -
6300~ e lattice QCD . s ;
—_ B v potential NRQCD ]

o — CDF 1 [ 1
= 6400 ) B 1ol -
= | . : '
26300_— . 1 } i 4 ¢ .- I H
E :_ ______ !________________________ ___i 5=

6200 | T T - J HU [[
i i ol v o v )
a1onL ] 6.15 6.25 6.35 645

M(Jiy ) (GeVic®)



I/l Jii (D)
\~

(A 1
— J/ Y MA Y, | .4

- Lifetime expected ~1/3 of other B mesons

Main chall in partially reconstructed mode
s understanding

e backgrounds:

- real J/¥Y + fake muon

- fake J/W¥ + real muon

- real J/¥ + real muon — from bb events

- Bt — J/iK+ where K— pvv

- prompt J/W +

- Mass - lifetime simultaneous fi

disentangle small signal fraction among
Nnde

I\J

arae fraction o ackarou
| f i f h le
alrge iracuon O1 DaCKgrou

- Most precise B, lifetime measurement:

http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B52/

A fin-1
1

|\
/

[ Total Fit
| Jhy SB +
B Prompt
Jihyu MC
[ signal
[ Jhw+Track
B+

D@ Run Il Preliminary 1.3 fb™
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(=]
=]

-4-

+ 1200

Events/0.1 GeV
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[=]
[=]
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M(Jf yu) [GeV]

D@ Run Il Preliminary 1.3 fb™'[C—J Total Fit
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a
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Events/ 0.005 GeV

—
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Rare Decays (DY)

- In SM FCNC processes are forbidden at tree level — only occur at higher order
- In many new physics models, decay rates of FCNC decays of b- or c-mesons
are enhanced w.r.t. SM expectations

- B, — ptu~ theoretical SM prediction B(B, — putpu~) = (3.4240.54)-10~Y
- D@ limit with 2.0 fb1:

15000 ——————————
S
http://www-d0.fnal.gov/Run2Physics/WWWi/results/prelim/B/B48/ S 10000
p:/iwww .Tnal.gov/rRun ysics resuits/preiim . 1
- In case of c-mesons branching fraction SM expectations F
are ~10-° Z s000]
- Reconstruct D™ — 7"+~ where muons come from ® '
l?.40 0.65 0.90 1.15 1.40
m(p'w) (GeVic))
D@, 1.3 b
+ + 4+, - - 0O D
- Search for FCNC D™ — 77 ™ i~ outside ® — py mass window CO! 5 o8
- No signal seen — set most stringent upper limit: = il +
] {
1.3 fb-! 2 |
s | } t
& 100 }
hep-ex/0708.2094

0
140 165 190 215 240
m( 1) (GeVicd)



Rare Decays (CDF)

- With 2.0 fb-?, best limit in:

arXiv:0712.1708

- First observation of B — DT KF in1.2 b

109 +/- 9 signal events with ~8 sigma significance
Mea ) ) : :

http://lwww-cdf.fnal.gov/physics/new/bottom/070524.blessed-Bs-DsK/
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"
DO MiXiﬂg arXiv:0712.1567

- After recent observation of fastest neutral meson oscillations in B system
by CDF and DG — time to look at the slowest oscillation of D° mesons ©

- DY mixing in SM occurs through either:

- Recent DY mixing evidence «— different D° decay time distributions in




Evidence for D Mixing at CDF (1.5 fb-1)

—K*11" decay time distribution to
- Ratio of decay time distributions:

R(t/T) = Rp + V/Rp

where and |
0 is strong phase between DCS and CF amplitudes
mixing parameters are 0 in absence of mixing
o 0.01_ CDF Il Preliminary (1.51b™)
0.008
0,006 }[ L.
S e
LT L
LA




" A
Topics Not Covered

- Many other recent results not covered in this talk:

- B, oscillations

-B.->D," D"

- Y(2S) production,

-Y(1S), Y(2S) polarization

- B — J/yp K*0 angular analysis
- orbitally excited B mesons

- b-b correlations

- CP asymmetry in B* — DO K*
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" A
Conclusions

- Very rich B physics program at the Tevatron
- Complementary and competitive with Belle and BaBar
- Great Tevatron performance

— accumulate data fast

— expect ~6 fb-! by the end of the run

- Expect updates of many analyses

- Exciting time to study CP violation and search for new phenomena
in B physics at Tevatron !
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Backup Slides
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" J
Triggers

- Triggers designed to select events with topologies consistent with B decays:

- single lepton ( + displaced track) (semileptonic decays) «— D@ (CDF)

- di-lepton (B — J/V¥, B — pu, B —»up + hadrom) <« both CDF and DQJ
JIVY — pu

P.V. [ ® — KK

- displaced tracks (hadronic decays) <« CDF
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Effect of Dilution Asymmetry on f3,

- Effect of 20% b-bbar dilution
asymmetry is very small

0.8

0.6

o

= 0.4
<

0.2
-0.0
-0.2
-0.4
-0.6
-0.8

CDF Run Il Preliminary

—— SM prediction

III|III

+20% dilution asymmetry:
— 2Alog(L) = 5.99
— 2Alog(L) = 2.30

- —

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

II|||]I|

2Alog(L) = 5.99
2Alog(L) = 2.30

-20% dilution asymmetry: \

L=1.35fb"

-1
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" J
Branching Fractions and CP Asymmetry in B* — DO K* (CDF, 1 fb')

- Measures quantities relevant for determination of the CKM angle
Y= a-‘?“g( udv b/vrcd (b

BR(B— — D%y K~) — BR(B* — D&, K+)

A CP+ —

BR(B~ — D¢p K~) + BR(B* — Dgp K+) CP even eigenstate:
R . L
Repy = —- where: .
. —
BR(B~ — D°K—)+ BR(BT - D K+ .
R = ( ) ( = ) Flavor eigenstate:
BR(B~ — Dr—) + BR(B* — D +) 5
. BR(B~ 0p.K~)+BR(B* — Dlp K)

BR(B- — D%, 7) + BR(B* — D%p )

CDF Run Il Preliminary L_=1 iy \ \ CDF Run Il Preliminary L_=1fb" CDF Run Il Preliminary L_=1 fliJ
NUZUUU o, 4y E
S 1000 - e | 3 > - { —
% B — D n § 250 § B - DCP—J—”
<1600 0 o e L 2 e 0 -+
-— — - - . . —
51400 i B 200 5 D(;*p_*_ e
g . . o =
zA200] signal yield | » >0 -
8 g g . f yield ~250
10001 g 150 § 40
& aon— l“"'8000 o =) F
:“: : 100 £
Goof— - 1000 “ F
r 20F
4001~ 50[ F
200 F 1oL
P Ry q_._L T : Bl L L — ﬂ-"rLLuLﬂ
T R S U RN TR ¥ 98 heE B4 h2 B3 ha T R B I RN

Krr mass [GeVIc ] KK mass [GeVIc ] ’ nn Mass [GeVIc ]



" J
Branching Fractions and CP Asymmetry in B* — DO K* (CDF, 1 fb')

- Discriminating variables used to disentangle decay modes:

CDF Run Il Preliminary Lm=1 b

- (DY track) invariant mass
- momentum imbalance: Ptr < Ppo

- total momentum

of direct B track

y2=52/48

-"‘2 240
=
> 220
=700
@
o5 180
& 160
o
=140
2
5 120
2100
:L: 80
60
40
205

| -(H) L
; B =5 Dypn
0 )
B 5Dl K
BY D0t

combinatorial background

o=

CDF Run ll Preliminary Lm=1 b

53 B 55 5
KKn mass [GeVic?]

Frequency per 440 MeV/ic
o
=]
I

y2 = 48/49
L | N
L -} 0
7 ﬁ [ B_+ = Dep (+i
- i "7 5ol K
1 B 5Dt
1: {» combinatorial background

h
i
Gy

I 4‘ L‘I'.|.

Dir 2 Dpo

Ptot =Pt + Ppo

CDF Run Il Preliminary Lm=1 b

a=1-pg/ppo >0

a=—(1—ppo/p) <0.
- ‘kaonness’ contains dE/dx information

yZ%=44/49
o £
§ e B 5D, 7
x Yool k" l ,“'-Jr|
: 50 :—B'U) D gt | H | .
Q E comb. back. 1 | | X
5 40 J_ |
F F | [LLL .J.. 1 ]l
8 J[I J[| ]L I
w 30 i

0.5 0 0.5
o
i = fh1
CDF Run Il Preliminary Lm-1 fb ¥2=32/39
©w F
s e B S50l o I
H F -(+) U] =) \
Biop B 7Pok J'J[ J[
» r Y ptgw |
2120 J[
S E combinatorial
%100} background
e T
[
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Branching Fractions and CP Asymmetry in B* — DO K* (CDF, 1 fb)

http://lwww-cdf.fnal.gov/physics/new/bottom/071018.blessed-BDK/
- Results:

- ratio of branching fractions:

- o = n
R = w — 0,0745 = 00043 (stat.) & 0.0045(syst.)

s e RE D
#pn iR R i R
. «L———————‘l'ﬁ—l—}-i———g——w — 157 -0 24(stat) £ 0.12(sus )
BR(B- — D°K~)+ BR(B+ — D K+)]/2

- direct CP asymmetry:
2y DE—;P+I{—} — BR(DB+ — D%P+I{+}

e D%, K-)+ BR(B*+ — D2, K+

e B e

- Quantities measured for the first time at hadron colliders
- Results in agreement and competitive with B factories

Acp., Rees
BABAR jarXiv-0708 1534) : —— (.35 £0.09x0.05 BABAR (ar¥ivo70s 1534  —l— 1.07 £0.10+0.04
Belle rrrp 730510062006, -—E—.—' 0.06 £0.14 £ 0.05 Belle (ro 7305100602006, +——@— 1.13 £0.16 £ (.08
CDF Il —@— 037 £0.14+004 CDFI @& 157 +02440.12
OId AVG  (sabar-ele e 026 +0.08 Old AVE mata~siy B 109 £0.09
| New AVG iBabar+Belle+CDE) | g . . . 1.14 £0.09
New AVG iBgbariBelfeCDFy | | =, 0.28 £0.07 06 08 1 12 14 16 1.8

06 04 02 0 02 04 06
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" A
-, Production (D@, 1.3 fb')

- Normalize =b production to Ab production

- Normalization mode Ab —J/¥ A Np — J/ A
== L JjpES
0 12 -1
% of D@, 1.3 fb
R
0 8  Data -
S 6 — Fit E
\?X - 100f~
5ol : f
> 2 % H‘Jf # 50
m 111 oS It | Il‘llll l.|].ll|.l IS :
0754 = 58 62 66 70 ST TN T
) B2 53 54 55 56 57 58 59 6
M(Eb) (GEV/CZ) Invariant Mass (GeV/c?)

where f(b—X) : fraction of times b quark hadronizes to X
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