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» Three years ago only observed

b-baryon was Ay

» Lot of progress in last years
» Latest addition Qp — J/¥Q

» Used data: 1.3 fb~! (DD)
4.2 b1 (CDF)

SVX Layers

DESY, 9.7.2009

Events/(0.04 GeV)
SIS

[any
o
T T

[ee]
T T

5.8 6 62 64 66 6.8 7
M(Q,) (GeV)
M. Kreps

Comb./5 MeV/c?

Comb./10 MeV/c?

el o

Events/(0.05 GeV/c?)

(), observation

(a)
VRS
M(J/%=)

J " (b)
B

6.1 6.2 6.3 6.4 65 6.6 6.7 6.8

M(J/¥07) GeV/c?

2 D@, 1.3 fb
8f « Data

b — Fit

4:— +

¢ it

O* """" g

58 62 66 7.0

M(Z,) (GeV/c?)

B physics at Tevatron —p. 2



» Observed events: 17.8 + 4.9 4+ 0.8 (D@) and 16*° (CDF)

(), observation

» Significance: 5.40 (DY) and 5.5¢ (CDF)

» Rate of Q. /=.: 0.8 +£0.32*%%} (DY)
0.27 + 0.12 + 0.01 (CDF)

» CDF measures also lifetime:
7(Zp) = 1.56%%% 4+ 0.02 ps
7(Qp) = 1.13*%°2 +0.02 ps
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» Measured masses:
D@: 6165 4+ 104+ 13 MeV
CDF: 6054.4+6.8+ 0.9 MeV

» Clear discrepancy of about
6o

» Rates consistent within large
uncertainties

» No reason found

o More work needed to resolve
It
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for the -, and (1,

Jenkins (PRD 77,034012(2008))
Lewis et al, (PRD 79,014502(2009))
7722 Karliner et al, (Ann. Phys. 324,2(2008))
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B, system

» Bg system is unigue due to fast oscillation and non-zero Al
» Time evolution of states described by

d [|BdMD) ) _ i BY(t))
dt <|§2<t>>> ) <M B §F> <|§8(t)>>

o M and I'" are complex 2 x 2 matrices

» Observable parameters:
s Mean mass mg
. Mass difference Amg = my — m_ = 2|M15|
. Mean lifetime 7 =2/(I'y + )
. Width difference Al =T — 'y = 2|['12| cos(¢s)
» CPV phase ¢s = arg(—M12/'12)
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New physics Ing,

If there is new physics, than ¢s = M (= 0.004) + ¢NF

Measurement of semileptonic CP asymmetry
 AgL = —|['12/M12|siN ¢

Difficult due to smallness of the Ag_
Measurement of AI' — Al =T — 'y = 2|['12| cos(¢s)

Need input for |[12| «<» can come from B(Bs — DIDY)
Measurement of CP violation in CP modes
Golden mode pursued currently is B — J /¢

Does not measure ¢, but phase between mixing and
b — ccs transition (s

In presence of new physics —23s = —262M(= 0.04) + ¢NP

With current experimental precision SM values negligable
and we are testing NP contribution

tron
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» Uses Bg — Dg "X with Dy — ¢

and Dy’ — KK ag. = —0.17 + 0.91*%120%
» Measures difference in mixing rate
for Bs and Bg

» Tagged time dependent analysis

DO (tagged, 5.0 fb™)
e

- _ -5
o SM expectation agy =2 x 10 DO (untagged, 1.3 16
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CPVin Bs — J/v¢

» Both experiments using 2.8 fb~* of data

» Dimuon trigger

o Cut based selection at D@, Neural network at CDF
» Signal events: 1967 + 65 (DY) and ~ 3150 (CDF)
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CP-even vs.CP-odd

s Full decay Bs — Jip¢ with Jp) — p* ™ and ¢ — KTK ™
» Bs is pseudoscalar, J&) and ¢ vectors = L =0,1,2
» L=0,2are CP-even,L =1 CP-odd

= Angular distributions can statistically separate CP-even
from CP-odd component

» Use transversity basis as used in previous analyses
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Sighal PDF

» Signal PDF for single tag

1+¢D
Ps(t, o 5

P(t, plo)e(p)

1 2P (t, plo)e()

s £=-1,0,1Is tagging decision
» D is event-specific dilution
» ¢(p) - acceptance function in angular space

s P(t, ploy) (P(t, flov)) is PDF for Bs (Bs)
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Sighal PDF

d4P(t,
L0) o AT () + AP T(0) + AL PT F5(7)

A AL A4(P) + |Aol|A) | cos(d)) T+5 (1)
+  |Ao||AL|VLTs(p)

7. =e 't x [cosh(Alt/2) F cos(23s) sinh(Alt/2)
F nsin(25s) sin(Amgt)],
Ur =te™'" x [sin(d, — &) cos(Amst)
— €0s(dL — 0)) cos(20s) sin(Amst)
+ cos(d, — dj)sin(20s) sinh(ATt/2)],
Vi =txe "t x [sin(d,) cos(Amst)
— €0s(d ) cos(20s) sin(Amgt)
+ c0s(d,)sin(205s) sinh(Al't/2)].
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Sighal PDF

d4P(t,
L0) o AT () + AP T(0) + AL PT F5(7)

A AL A4(P) + |Aol|A) | cos(d)) T+5 (1)
+  |Ao]|AL|V+Te(p)

7. =e 't x [cosh(Alt/2) F cos(23s) sinh(Alt/2)
F nsin(25s) sin(Amgt)],
Ur =te™'t x [sin(d, — &) cos(Amst)
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Sighal PDF

d*P(t,
(t. /) o |Ag|?Z:f1(P) + |A\|\2ﬁf2(ﬁ)+ AL [*T f3(p)

A AL A4(P) + |Aol|A) | cos(d)) T+5 (1)
+  |Ao||AL|VLTs(p)

7. =e 't x [cosh(Alt/2) F cos(23s) sinh(Alt/2)
F nsin(25s) sin(Amgt)],
Ur =xe™'t x [sin(d, — &) cos(Amst)
— €0s(dL — 0)) cos(20s) sin(Amst)
+ cos(d, — dj)sin(20s) sinh(ATt/2)],
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B, — J/v¢ Lifetime

CDF Run Il Preliminary

2.8fb" |

7 = 1.53+0.04 £0.01ps
Al = 0.02+0.05+0.01ps™?
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i
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1.49 £ 0.06 £ 0.03ps
0.085%%%% + 0.001ps~*

Bs — DgnX 1 7=1.518 £0.041 £+ 0.027 ps
PDG B%: 7 =1.53 4+ 0.009 ps
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CPVinB, - J/vo |DED

CDF Run Il Preliminary L = 2.8 fiy’ Published result
L — SM prediction | ~0.4r :
" [ — 68%CL | 0.3 =Bl o
8 04f 5
- 0.2 AM, = 17.77 ps™
0.2_— ' : 0.1
OO{}.HH“ """"" -05—
0.2F | o1 T
N | I Al = Algy x |cos(@)]
- 5 NN BRI R RS B R B
-0.4F ; 07 315 1 05 0 05 1 _ 15
- =New Physics @, (radian)
_0.6__ | | | /
-1 = —20s

0 1
B (rady— b
SM p-value 0.07 < ~ 1.80 SM p-value 0.066 & =~ 1.80

Strong phases constrained to
B — J/yK*
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CPVinB, - J/vo |DED

s D@ updates the published analysis [ s
» Remove constraints on strong phases 3222 é}\
» Ensure coverage _g-;’ (7
» Include systematic uncertainties :2;‘ /
o Comparable in methods and sensitivity to CDF ' 20
0.6 DO 2.8 o™ 0.6 DO 2.8fb™" with preliminary systematics
= U F ' 1~ 7L 68%CL : -
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Other constraints on ¢, gD

D@ 2.8fb" +Ag , T, , Brconstraints

—06] ; » Several quantities can

| . 68% CL ] :

2 4k 05% CL - constrain Al's and ¢s:

- 0.25_ M 99.7% CL _E s Ag

< @ : . B lifetime in flavor
= = specific decays
02 1 . BFofBs — D{'D{"
04r 1 o D@ contributes
080" %5 10 0o 10 2o 5o  Significantly to them

#//¥¢ [radl — Combine with CPV re-
SM p-value 10% sultin Bs — J/v¢

DESY, 9.7.2009 M. Kreps B physics at Tevatron — p. 17



2008

68% CL
95% CL

99.7% CL

2 3

¢ L]
HFAG

p-value = 0.085

68% CL —
95% CL — |

99.7% CL —

1.720 from SM
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68% CL —
9% CL —
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061 | 1 | | | | ]
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— Lot of work to make CDF and
D@ more uniform

— Almost done with new
combination

o Work on combine fit
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BF of B — ¢

s Bs — ¢¢ decay proceed through b — sss transition <
Interesting window to new physics

» Two types of NP contribution

— NP which would be seen in decays like B® — ¢K?
— NP contributing to Bs — J /¢¢

» Only previous measurement from CDF using 8 events

» With 2.9 fb—1 observe
295 4 20 events

» Measure branching fraction
[24.0+£2.1+2.7+8.2]-10°°

» Consistent with SM
» Next step amplitude analysis

DESY, 9.7.2009 M. Kreps
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2 . FCNC Bs — uu decays

» SM expectation: 3.42 + 0.54 x 107 CDF BR(B,>u"y) Projection

107
» Existing results (1.3-2fb~1)

[ Excluded: CDF PRL 100, 101802 (2008)
SG-EW'de
- Ey ec Nce
D@: 9.4(12) x 108 | g
CDF 47(58) X 10_8 i Expectation:

CDF: 3.7 fb™ E"cfus,-c,n
~3.3X10°

BR(B,—un"w)

» On way to update with more data 10°}-
» Data still blind

» Expected limit

D@: 5.3 x 108 '2 —
CDF: 3.3 x% 10—8 Integrated Luminosity (fb")

[ SM Prediction

DO Run Il Preliminary : L~1.3fb™ DO Run Il Preliminary : L~1.9fb™ DO Run Il Preliminary : L~1.6fb™
9 10 7h
Ng 8 Blind Region Run lla Ng Blind Region Run lib-I Ng Blind Region Run lib-1i
3 | - 2 e | - 3 ~ ~
o7 o F U
o gl o | o i
S 36 S
S s S s i
= M = = 0
8 8 4l Q3!
@3 @ @ HF : :
o c c 2: % ]
o2 o2 : o F : :
> > "k ] = 1 " § ]
Y i R IO SR 0 1IN S RO A N 30 11 X NS MO WA B
% 45 5 55 . 6,65 7 % 45 5 55 . 6 65 7 % 45 5 55 . 6 65 7
Invariant Mass (U'W) [GeVic?] Invariant Mass (L") [GeVic?] Invariant Mass (U'W) [GeVic?]
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Prospects

Luminosity (pb'1)
[ T Pl1ful3 T T | ID?'O“I T T \D‘l”osl T \ID‘I'OI'E | IDI1FUIT T I|D1.r|ns T T T \D‘I\'ugl T ]
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» Plots show collected at CDF
» D@ plots look similar 2 {* :
» Get about 1.5-2 fb—* per year = { :
» Projections: o, i

FY 2010: ~ 9 fb—1 oo om0 00
1

FY 2011: ~ 12 fb~*
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Conclusions

» Rich program in Flavor physics at Tevatron
» In many cases competitive to B factories

» In Bg and b—baryon sector still
unique place in the world

CDF Simulated Data, Assume BS =04

20

» If there is sizable new physics in o LOF T30
b — s transition good prospects 5 |-
to get evidence for it § '

. 0.6

» Expect update on CPV in £l

Bs — J/v¢ still this year 9 o4

» Lot can be still done = stay tuned 0.2F
for new results from Tevatron -
0.0 5 10

Integrated Luminosity (fb™)
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Backup
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Experiments

o Excellent momentum and
mass resolution

» Silicon tracking at trigger

e Ml SSW) level
Tt VA » Particle identification
west CMX (miniskirt) east
» Excellent muon coverage or
» Very strong in semileptonic

and J /vy decays
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Trigger

» Huge bb and cc cross section compared to e*e™

» Enough energy to produce all heavy hadron species In
fragmentation

» But inelastic cross section ~ 102 times larger than a(bE)

— Need highly selective trigger

s At CDF:
s Muon pairs
s Lepton+displaced track
s Two displaced tracks

s At DOQ:
s Muon pairs
s Single muon
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Narrow resonance inJ /¢

CDFRun 2, L=2.7fh~1

g SF ~ 9
RN Lk
N>4.5_— %75_ b)
Q I F
QO 4 56;—
+;\3.5;— Ei:
S S.E
S 22t T ﬂ
S i il [
26 18 20 22 24 Or 11 12 13 14 15
m2(J/Y) (GeV4/c? AM (GeV/c?

o Search for exotic charmonium like resonances
» Use exclusive B* — J/¢Y¢K™ decays

» M =4143.0 + 2.9(stat) & 1.2(syst) MeV/c?
[=11.7"%3(stat) + 3.7(syst) MeV/c?
N=14+5

» Significance 3.8¢ with flat combinatorial background
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Bs — J/vY¢ Decay

» Bs mixing phase (or Vs phase) last experimentally
unconstrained part of CKM

» Best testing laboratory is Bs — J/¢¢ decay

t,c,u . - S
S > > > > C B
b C I3
W+ W_ :///46
S
b— fé - ~— 3 ; - - .

» We measure phase between Bs mixing and b — ccCs
. In SM 235M = 2 arg(— VsV /vcsvcb) ~ 0.04
. In presence of NP 235 = 23M — NP

» With our precision, SM contributions can be neglected

= 20s = ¢NP = —¢s
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Bs — J/¢¥¢ Analysis outline

1. Reconstruct data and select events

2. Disentangle CP-even and CP-odd fraction < Angular analy-
SIS

3. Determine flavour at production time < Flavour tagged anal-
ySIS

4. Perform unbinned maximum likelihood fit to extract interest-
INng quantities

DESY, 9.7.2009 M. Kreps B physics at Tevatron — p. 28



Data sample and Selection

CDF Run 2 Preliminary L ~ 2.8 fb™

S 10000
» Collected by dimuon trigger %8000 — saaromnd
» Data sample %6000
. CDF: [£=28fb1 S o]
» Selection of events: 2000
. neural network 850 o0 s o
s combining kinematics CoF Run i praiminary L2 281"
. topology

s 1 PID quantities

1oog Ly 1+ m
A LS )

50

: 1 I 1l I 11 I I I 11 I I I 111 I 11 I 11 I 11
528 53 532 534 536 538 54 542 544 546
m (J/ Y @[GeV]
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CP-even vs.CP-odd

s Full decay Bs — Jip¢ with Jp) — p* ™ and ¢ — KTK ™
» Bs is pseudoscalar, J&) and ¢ vectors = L =0,1,2
» L=0,2are CP-even,L =1 CP-odd

= Angular distributions can statistically separate CP-even
from CP-odd component

» Use transversity basis as used in previous analyses

DESY, 9.7.2009 M. Kreps B physics at Tevatron



Likelihood - background

» Using empirical description
» All parameters floating in final fit

» Mass space:
s Linear function for prompt background
s Linear function for non-prompt background

» Decay time space (convolved with Gaussian resolution):
s o-function att = O for prompt
s positive and negative exponential for mismeasured events
s exponential for long lived background

» Angular space:
. Product of polynomials in cos?(67), cos(2¢7) and cos(y)
s Correlations found to be negligible

DESY, 9.7.2009 M. Kreps B physics at Tevatron
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Sighal PDF

» Signal PDF for single tag

1+¢D
Ps(t, o 5

P(t, plo)e(p)

1 2P (t, plo)e()

s £=-1,0,1Is tagging decision
» D is event-specific dilution
» ¢(p) - acceptance function in angular space

s P(t, ploy) (P(t, flov)) is PDF for Bs (Bs)
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Sighal PDF

d*P(t,
(t. /) o |Ag|?Z:f1(P) + !A\|\27+fz(ﬁ)+ A |*T f3(p)

A AL A4(P) + |Aol|A) | cos(d)) T+5 (1)
+  |Ao||AL|VLTs(p)

7. =e 't x [cosh(Alt/2) F cos(23s) sinh(Alt/2)
F nsin(25s) sin(Amgt)],
Ur =te™'" x [sin(d, — &) cos(Amst)
— €0s(dL — 0)) cos(20s) sin(Amst)
+ cos(d, — dj)sin(20s) sinh(ATt/2)],
Vi =txe "t x [sin(d,) cos(Amst)
— €0s(d ) cos(20s) sin(Amgt)
+ c0s(d,)sin(205s) sinh(Al't/2)].
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Sighal PDF

d*P(t,
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A AL A4(P) + |Aol|A) | cos(d)) T+5 (1)
+  |Ao]|AL|V+Te(p)
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Sighal PDF

d*P(t,
(t. /) o |Ag|?Z:f1(P) + |A\|\2ﬁf2(ﬁ)+ AL [*T f3(p)

A AL A4(P) + |Aol|A) | cos(d)) T+5 (1)
+  |Ao||AL|VLTs(p)

7. =e 't x [cosh(Alt/2) F cos(23s) sinh(Alt/2)
F nsin(25s) sin(Amgt)],
Ur =xe™'t x [sin(d, — &) cos(Amst)
— €0s(dL — 0)) cos(20s) sin(Amst)
+ cos(d, — dj)sin(20s) sinh(ATt/2)],
Vi =txe "t x [sin(d,)cos(Amst)
— €0s(d ) cos(20s) sin(Amgt)
+ c0s(d,)sin(205s) sinh(Al't/2)].
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DESY, 9.7.2009

Flavour tagging

b }B
< S s/d

Sid

u }K-?T[-l_
@u

Performance:

s OST:eD?2=1.2%
efficiency=96%
dilution=11%

» SST: eD? =3.6%
efficiency=50%
dilution=27%
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BO _ J/@DK*O
» Test angular analysis on similar B® — J4/K*° decay

» Compare amplitudes to B-factories results

» Belle and BaBaAR comparable
CDF BABAR

A2 = 0.569 + 0.009 + 0.009  0.556 -+ 0.009 + 0.010
A2 =0.211 +0.012 £ 0.006 0.211 + 0.010 + 0.006
5, =-297+008+0.03  —2.93+0.08+0.04
5| = 2.97 + 0.06 + 0.01 2.96 + 0.05 + 0.03

CDF Run Il Preli

CDF Run Il Preliminary ~ L=13fb" =13fb"

L 800} r
~ 1500 L —— data 600~ —— data 600/~ —— data
R | L
S 4 o — fit o N — fit )
: 5 E t 3
o5 1000_ g © 400 | N\ D 400 - | \
T 8 @ \ e | + -
o T = I T |
0 o < ‘ o ++
£ : : -

C

2 5004, 4 8 8 200 8 200
c
]
@)

o I I I P N I R B R 07‘\”‘\”‘\‘ P N R BRI B

5.2 5.3 54 -0.5 0.0 0.5 -2 0 2 -0.5 0.0 0.5
Mass [GeV/cz] cos(y) (0] cos(6)

http://lwww-cdf.fnal.gov/physics/new/bottom/070830.blessed-BdPsiKS
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Result with SM assumption

800 :CDF Run Il Preliminary L=2.8fb" 800 :CDF Run Il Preliminary L=28 fb'l_L 800 :CDF Run Il Preliminary L=2.8fb?
700} b4 700f ' 700} T
600F | i 600} I e e e
: — all data - T : | F T I
500:4 —— signal region data 500: + 500; all data
- —— sideband region data - ;"gg:f?egion data g signal region data
400 ? — fit projections 400 ? ?idebgnd_region data 400E — ;ltd;t;?:cciigigslon data
300? o S - Lo 300?‘ o _“ ':ptoject;orzsf}' ‘7}.7 300% | - o - "%’ -
200f . + 2000 | 2000 S
95 085 00 05 10 2 4 e 96 05 00 05 10
_ ~ncl) ® (radians) cos(¥)
|CDF Run Il Preliminary 2.8 fb |
g = + Data
5 10° - :glitgnal
a = ---- Light
c - - Heavy
3 - Background
3 i
a3 T 1.53 4+0.04 £ 0.01 ps
L AT 0.02+0.05+0.01 ps?
Agl?  0.508 + 0.024 + 0.008
\ " A2 0.241+0.019 +0.007
0.2 o1 0 o1 oz o

ct (/g [em]
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Statistical Issues fors,

» Likelihood very irregular with two
overlapping minima

o Uncertainties are underestimated

» Uncertainties depend strongly on
true value
= Quote confidence region

. Use L/L, ordering
(Feldman-Cousins)

s Ensure coverage

DESY, 9.7.2009 M. Kreps

CDF Run Il Preliminary L=1.35 fb ()
—~ 0.6 — 2nl0g(L)=5.99 T—
1% - — 2Alog(L) =2.30 (@)
£ 0.4 ~ SM prediction —
— i Q
0.23 8
0.0
I @)
-0.2[ L
-0.4F ‘ Q
: ; —
-0-6¢ ! ! ! —
1 0 1
B, (rad)
CDF Run Il Preliminary L=28fb"
- —~ SM dicti 1
. 06F —swcL n
'8 [ — 68%C.L. -
= 0.4: )
< 0 27 -
. E ‘ O
0.0 g g U
i ]
-0.2} C
' ®
0.4} c
_0'6} L T ! %
1 0 1 LL
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Result for G5

CDF Run Il Preliminary L=2.8fb"

» Negative 35 practically — —~ SM prediction
excluded ~ 0.6 —o9gsncL
_ » - — 68%C.L.
» Change at negative 35 £ 0.4
most probably due to S . Af
L . 0.27
statistical fluctuation :
» p-value for SM 7% 0.0,
(180‘) _0_2:
» Most pressing open ;
: -0.4¢
guestion whether !
possible S-wave KK 0.6 | |

interference with ¢ can -1 0 | 1
bias result B, (rad)
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Effect of flavour tagging

With tagging of eD? ~ 5% we
don’t gain lot in precision

Main effect in reducing
ambiguities

Untagged case symmetric
under each

s 20s — —20s
0, >0, +m
s Al — —AT
205 — 20s —
Tagged symmetry
s 20s — T — 2[5
Al — —Al
5” — 27T — 5”
0 >mT—0]
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Single toy experiment

B physics at Tevatron — p. 41



	 $mathbf {Omega _b}$ observation
	$mathbf {Omega _b}$ observation
	$mathbf {Omega _b}$ observation
	$mathbf {B_s}$ system
	New physics in $mathbf {phi _s}$
	$mathbf {A_{sl}}$ in $mathbf {B_s}$
	CPV in $mathbf {B_s
ightarrow J/psi phi }$
	CP -even vs. CP -odd
	Signal PDF
	Signal PDF
	Signal PDF
	Signal PDF
	$mathbf {B_s
ightarrow J/psi phi }$ Lifetime
	CPV in $mathbf {B_s
ightarrow J/psi phi }$
	CPV in $mathbf {B_s
ightarrow J/psi phi }$
	Other constraints on $mathbf {phi _s}$
	Tevatron $mathbf {phi _s}$ combination
	BF of $mathbf {B_s 
ightarrow phi phi }$
	FCNC $B_s
ightarrow mu mu $ decays
	Prospects
	Conclusions
	Backup
	Experiments
	Trigger
	Narrow resonance in $mathbf {J/psi phi }$
	$mathbf {Bs 
ightarrow J/psi phi }$ Decay
	$mathbf {Bs 
ightarrow J/psi phi }$ Analysis outline
	Data sample and Selection
	CP -even vs. CP -odd
	Likelihood - background
	Signal PDF
	Signal PDF
	Signal PDF
	Signal PDF
	Flavour tagging
	$mathbf {B^0
ightarrow Jpsi K^{*0}}$
	Result with SM assumption
	Statistical issues for $mathbf {�eta _s}$
	Result for $�eta _s$
	Effect of flavour tagging

