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L.QNEASTE%
Introduction '

For past 10 years the Tevatron has pioneered and established the
role of hadron colliders for flavour physics

[t became the main source of results on B, B baryons, B,

Currently the experiments at Tevatron finalize their study and
publish the results with the full statistics (up to 10 fb-!)

In this talk the new results on:
— Rare B decays B, B,—u*u~ (CDF)
— B, —J/w ¢ (CDF, DO)
— Dimuon charge asymmetry (DQ)
— Acp(K'K") =Acp(m'n) (CDF)
— Related measurement B, —D (VD (Y (CDF)
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LANCASTER
B’and B, — u*u~ (CDF) —= A
SM prediction (A. Buras et al., arXiv:1012.2126) :
Br (B,—u u)=(3.2+0.2)x107°
Br (B,—u " )=(1.0+£0.1)x10710

New physics (e.g. mSUGRA) can significantly change this decay
rate

CDF presented in summer 2011 the analysis with 7 fb-! (PRL 107,
191801 (2011) featuring an accumulation of signal-like events with
~2.56 deviation from the background

New CDF analysis includes the full Run2 statistics (9.6 fb-!)

Given the interest to the previous result, the analysis of the
remaining statistics 1s kept the same
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— Excess for 0.97 <wvy < 0.987 appears to be statistical fluctuation

B, — u'u~ (CDF)

* Excess of events for vy, > 0.97
— p-value (background + SM B.—p"u~ hypothesis) 1s 7.2%

LANL%TE%

— p-value for two highest NN bins (bkg+SM B, —p"u™ hypothesis) is 22.4%
* Good consistency with the SM expectation
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B’and B, — u*u~ Result (CDF)

e Obtained results (9.6 fb'!):

Br(B, - p )= (1.317)x107°
Br (B’ > u"1)<4.6x107°(3.8x107°) at 95% (90%) C.L.

First double sided limit on Br (B,—u"u")

0.8x10° <Br (B, > u' 11" )<3.4x107° at 95% C.L.
2.2x10° <Br (B, > 1 117 )<3.0x10"° at 90% C.L.

e (Consistent with other measurements:

Dzero: Br(B, — u' 1) <5.1x107° (95% CL)

LHCb: Br(B, > u" 1" )<1.4x107* (95% CL)

CMS: Br(B, > u' )< 7.7x10~ (95% CL)
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CP asymmetry L“i‘““m}&

 CP asymmetry 1s a key ingredient for understanding the
evolution of our universe

* The CP asymmetry contained in the SM i1s not sufficient to
describe the observed abundance of matter in our world

* New sources of CP asymmetry are needed

 They should reveal themselves by the deviation of the
observed CP asymmetry from the SM prediction
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Decay B.—=»J/w ¢ LANWERA

It 1s a golden decay mode to measure CP asymmetry in B, system
CP asymmetry in B.—J/y@ decay is described by the phase ¢/v¢

Within the SM ¢/¥? is related with the angle S, of the (bs) unitarity
triangle:

Vio I/t: ~ A

¢’V M =28 =2 arg(— %) =-0.038+0.002| V,V, ~A ,-w

L it

@/v¢ can be significantly modified by the new physics contribution:

J/ J lyp,SM NP
i
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B —=J/y ¢ (CDF)

Full statistics (9.6 fb!) analyzed
~10950 signal events

Analysis 1s similar to the previous
measurement with a part of
statistics

— arXiv: 1112.1726

Both opposite and same side
flavour tagging calibrated in data

— Opposite side: eD? =(1.39+0.01)%
recalibrated for the full data set

— Same side: €eD? = (3.2 + 1.4)%,

calibrated and used for ~half of statistics

 This degrades the statistical resolution of @ by no more than 15%
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LANCASTER

B .—>J/y ¢ result (CDF)

CDF Run Il Preliminary L = 9.6 fo’

[T | L | ]
 Result of angular analysis >or e S E
consistent with SM e ey e -
. . - Mixing Induced CP Violation” |
prediction 02l -
~ T it .
— P—Value of the SM hypothesis % 03__,__;__,‘_ _______________________ F _________________________________ ]
1s 54% 5 F )
. -0.2— —
* Result on Al'yand I'; are still : :
finalized 04 B
- ' A Lenz and U. Nierste, arXiv:1102.4274v1 (2011) :
. Obtalned Value Of -0-6; L1 1 1 | | I: | 1 |2 flrjglrrloljlaiilﬂlozjjfsr 11 1 | L1 1 1 |__
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B,=—@ Ve /2 is: o/ racy

J/ :
B e[~ /2,~1.51]U[-0.06,0.30] U[1.26,7 /2] (68% C.L.)
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B .—J/y ¢ (DO)

8.0 fb! of data analyzed
6500 signal events

Only the opposite flavour
tagging 1s used

p-value for the SM point 1s
29.8%

A, =0.1631)% ps™
g =055
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Dimuon charge asymmetry AP, (D@Mﬂ%

N,"—N,”

N,"+N,”

* DO collaboration observes 3.96 deviation from the SM prediction
in the value of A” , using 9 fb-! of data

b __
Asl=

A’ =(—0.787 £ 0.172 (stat) = 0.093 (syst) )% v50.02 —

« AP, contains contributions of |
semileptonic charge asymmetries
a  and a* 0

€

)

 The separate values of @, and a*,
are obtained from the study of

. -0.02 |
the muon 1impact parameter |
b I

dependence OfA sl | 68% and 95% C.L. regions

are obtained from
adl = (—0,12 + 0.52)% -0.04 | the measurements with
* - IP selections
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Comparison with other

measurements

Combining dimuon asymmetry with DO measurement of a°; and

world average value of a?, we get: |a

= (—0.89+ 0.62)%

Relation with the CP violating
phase ¢ measured in B.—J/y¢ decay:

A

asl

AL tang

LANL%TE%

This result is in good agreement with the B —>J/l//go study of D@ and

other collaborations

- 04c 68%
» DA Run I, CL AM; = 17.77 = 0.12 ps™’
2038 __ ofp SM p-value = 29.8%
202
<01
0 95% CcL
“”? —68%CL
-0.2 ——90% CL
0.3 ;_ ——95% CL
04l L
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CP asymmetry in D'>K*K~, n*tn™ LANWERA

« CP violation in single Cabibbo suppressed D? decays at O(1%)
level signals the new physics contribution
« CDF previously measured A p(K*K~) and A p(m"7~) with 6 b1
CDF: A, (7" 77 ) = (+0.22+0.24 £ 0.11)%
A (K*K™)=(~0.24+0.2210.10)%

« New analysis uses the full data set (9.6 fb-!) and is optimized for
the measurement of 44 p = A-p(K'K™) —App(n'n”)

— motivated by the recent LHCb measurement:

LHCb: A4, = Aop(K*K™) = Ap(zt ™) = (~0.82£0.21£0.11)%

— In the difference of asymmetries many systematic uncertainties cancel and
the selection cuts were loosened to increase the statistics

— In total 550K D’— z*z~ decays and 1.21M D’— K*K~ decays selected
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Selected signal D'—>K*K-, mtn~ 80

— The plots show the signal in D’—K*K"~, n*z~ decays

Statistics in D' —» K*K~,z*z~ decays is about the same
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CP asymmetry in D'SK'K-, ntn L'ANCAEJTERA

CDF preliminary
L | | I I I | I
§. T AA, CDF
Y B No CP violation — AACP BaBAR ]
. 5 O 2 B P-value = 8.04x10° i AACP Belle |
e Measured value: < . AAL LHCD
< i A.BaBaR |
. — ) zas AL Bell
CDF : A4, = (=0.62 £ 0.21£0.10)% Ar Bele

— 2.7 o deviation from zero
e (Consistent with the LHCb result: 0

LHCb: 44, =(-0.82+0.21+£0.11)%

2-dim 68.27% CL

e The combination of the CDF and -2~ 2dmessswcL

e 2-dim 99.73% CL

LHCDb results gives ~3.86 " —e— 1-dim 68.27% CL

deviation from zero. -2 0 e
A (%]
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Br( B.—D.,”D(?) (CDF) mwsm%

CDF Il Preliminary 6.8 fb
401~ Dg(¢m") D_(¢m) | - D
- 4§ —— Fit projection
. CDE recons.tructs % af \ | - Backgrouna
semi-exclusive decays = H { B &2 - ; 0,
S 20 + I BY — D, D,
B, — D D; o SRR
— 10 =
B, - D'D. +D:D- 5 &
B, > D*D- e aP—
s s s Qo i D;(K* K+) Ds((bl'[) * D © DD
. @ | — D
with D.—emn or D, —» K'K 2w T8 - D; D
- i o+
« 750 decays Br( B,—D,”D (") |83 /4% -0 D
) 20 [ ]B”> D, D~
reconstructed in total :
* Result: | . Fifii
Br (B, > D;D,)=(0.49+£0.06%0.05+ 0.08)% Invariant Mass (GeV/c?)

Br (B, > D,;*D")=(1.13£0.12+0.09+ 0.19)%
Br(B, > D.'D.)=(1.75£0.19£0.17 £ 0.29)%
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Br( B—D,”D ()

 First evidence of this decay is obtained by DO:
Br (B, > D"D")=0.035+£0.010+ 0.01ﬁ

* Confirmed by Belle:
Br (B, > D;”D.”) = 0.0685" 513"y iy

 New CDF measurement has significantly better precision:

Br (B, - D' D) =0.0338 £ 0.0025 £ 0.0030 £ 0.0056 (norm)
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Summary p—A\

« Experiments at Tevatron finalize the analysis of their full
statistics

* New results are presented in:
— B’ B—uu~ (CDF)
— B, —J/w ¢ (CDF, DO)
— Dimuon charge asymmetry (DO)
— Acp(K'K") —Acp(m'n) (CDF)
— Related measurement B, —D (VD (Y (CDF)
e Tevatron experiments produced many more interesting
results in heavy flavour physics
— See online web pages of the CDF and D@ experiments:
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Backup
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* Time-of-flight detectors provides particle ID

CDF detector for B physics LANWERA‘

Silicon detector (SVX):
— 5 double sided layers, [n[<2;
— Radius: from 2.5 to 10 cm;
— LO0O atr~1.5 cm;
Drift chambers (COT)
— 96 layers; n| <2;
— Radius from 44 to 132 cm;
Magnetic field 1.4 T;

Muon 1dentification
— trigger up to |n| < 1;

| | "l, Tirme of Flight

f | Central Outer Tracker
| Silicon Vertes Detector
Intermediate Silicon
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DO detector for B physics g
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 Silicon detector (SMT):

4 mainly double sided layers;
nl <2;
LO atr=1.6 cm;

 Silicon Fibre Tracker (CFT):

8 layers, n| < 2;
Radius: 20 — 50 cm

* Muon system:

3 layers + Toroid;

Large acceptance ||< 2.2;
Scintillator layers for trigger;
Cosmic ray rejection;

Low punch-through;

Local measurement of muon
charge and momentum;
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DO: Reversing Magnet Polarities LANWERA

o Polarities of D@ solenoid and Eff™ = Eff "
toroid are reversed regularly; (u}" u—’\

* Trajectory of the negative particle . ,

Toroid+ 1 Toroid+ >
becomes exactly the same as the
trajectory of the positive particle
with the reversed magnet polarity;

» This cancels the difference in the p 7 P P
reconstruction efﬁmency .between Change Eff* = Eff-
positive and negative particles; polarities

. '
wr \
Changing Magnet polarities is Toroid— 4 et >
an important feature of DO
detector, which reduces
Significantly the SyStematics in avy ﬂanlr resuT‘:s from Evatron J/ A 22 1_)
CP asymmetry measurements




Dimuon charge asymmetry (5550

S B * B, ﬂ_

Ab = N;-I__Nb__
TN N

« Both B, and B, contribute in A :

A’ =(0.506+0.022)a’ +(0.494 £ 0.022)a’,

— a4, 1s the charge asymmetry of "wrong sign" semileptonic
B’ (q = d,s) decays:

o I'(B, > u'X)-I'(B, >y X)
" I'(B) > u'X)+I'(B) > u X)

q=d,s
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>
N f S 800
Decay B—J/y f, [
« 600
This decay ~ can  provide |22%0
complementary information on the |g 300
.. 200
CP violation in B, system 1008 ™. /%

— The final system 1s a pure CP-odd 81752 53 54 55 56 57 58
Eigen-state, and the angular analysis is Mone (GeV)
not required to measure the CP CDF Run 2 L=3.8 fb"
violation Ng 00F
. [} -

This decay was first observed by the [= 500}
. 9]

LHCb experiment, shortly followed |5 . F

. o 400
by Belle confirmation 2 o

: S 300 Tode
Both D@ and CDF collaboration |3 : — Fit projection
. . c - — Signal
confirm the observation of this |8 200} - - Background
decay 100[- A
§:|| | T BT
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Decay B —J/y f, A

« All experiments report the measurement of the branching fraction
rate:

_Br(B > Jly f)Br(f, > 7n'x")
7 Br(B' > J/wd)Br(¢ > K*K")

R, ,=0.275£0.041£0.061 (Dzero) iy .
HFAG
R, ,, =0.257£0.020£0.014 (CDF) 1:5442 0.041 ps
Coemotetss T
 In addition, CDF also measures i s ——
the By lifetime 1n this state: ) S S
©(B7) [ps]

7(B, CP-0dd) =1.70"} £ 0.03 ps (CDF)
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Other CP asymmetry results

CP asymmetry in B.— @@ decay:
CDF:4, =(-0.7£6.411.8)%

A =(-12.0%6.4+1.6)%

CP asymmetry in D° decays:
CDF: A, (7' 7" )= (+0.22£0.24 % 0.11)%

A (KK~ )= (~0.24+0.22+0.10)%

Consistent with the recent claim by LHCb of
the evidence of CP violation in D decays

LHCb : AACP = ACP(K+K_)_ Acp(”+ﬂ'_)
= (—0.82+0.21+0.11)%

CP asymmetry in D°—Kn*n~ decay

CDF: A, = (—0.05+ 0.57 £ 0.54)%
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BaBar 2008
(-0.24+0.52+0.22)%

Belle 2008
(0.43+0.52+0.12)%

CDF Preliminary 2011
(0.22+0.24+0.11)%

B-Factories Average
(0.11+0.39)%

New Average
(0.19+£0.22)%

BaBar 2008
(0.00+0.34+0.13)%

Belle 2008
(-0.43+0.30+£0.11)%

CDF Preliminary 2011
(-0.24+0.22+0.10)%

B-Factories Average
(-0.24+0.24)%

New Average
(-0.24+0.17)%
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B —J/y ¢ (CDF)
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Comparison between

L.{%‘xl\l CF\__STER
experiments
CDF/LHCb/DO results
* The comparison plot includes o Prefiminary esuts overtd
the previous CDF result obtained ETT s es0
with ~1/2 of statistics 2 F *
e The results of CDF and DO agree - T
with each other and with a recent R
measurement by LHCb 04
-3 -2 1 V] 1

Lad

(bsj.-"'l Jt!r (rad}
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Summary
New measurement of Br(B B.—u*u~) (CDF):

Br (B, » u" )= (1.357)x10""

Br(B' - 1t 1)<4.6x107°(3.8x107°) at 95% (90%) C.L.

First double-sided limit on this branching fraction:
0.8x10° <Br(B, - u" 1)< 3.4x107° at 95% C.L.

2.2x10° <Br(B, - 1 1)< 3.0x107° at 90% C.L.
New results in B.—J/y ¢ study from CDF and DO

— Result 1s consistent with the SM prediction

3.90 deviation in the dimuon charge asymmetry (D@):
A’ = (—0.787 £ 0.172 (stat) £ 0.093 (syst) )%
CP asymmetry in D’—-K*K~, n*n~ decays (CDF):
CDF:44., =(-0.62£0.21£0.10)%
— Consistent with the LHCb result
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Summary (cont.) ”‘“WERA

« New measurement of Br( B,—D (YD (V)

Br (B, > D D)= 0.0338 % 0.0025 + 0.0030 + 0.0056 (norm)

« Tevatron experiments produced much more interesting results
in heavy flavour physics
— See online web pages of the CDF and DO experiments:
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