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B Meson Factories

[1 BABAR at SLAC National Accelerator Laboratory, California, USA

The PEP- II B Factory (SLAC)
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[0 Another B-factory machine is at KEKB (Tsukuba) in Japan
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BABAR Detector

EMC
6580 CsI(TI) crystals
(1.5T) | LS et |
solenoid . _ 1 e e*(3.1GeV)
DIRC (PID) AR g > | ..,f.

144 quartz
bars 2
11000 PMs

e (9GeV)
/

¢ Drift Chamber
40 layers

¢ Silicon Vertex Tracker
* 5 layers, double sided

Instrumented Flux Return strips
iron / RPCs or LSTs (muon
I neutral hadrons)
+ Precision tracking + High-resolution calorimetry ¢ Excellent PID

[0 Collides (9 GeV) e~ <1 e™ (3.1 GeV) — Y (4S) with Ecps = 10.58 GeV

[0 Peak luminosity : ~ 1.21 X 103* em =257, B°B° production ~ 12 Hz

[1 Boost 3+ = 0.56 allows to measure B decay times
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BABAR Data: Y (n.S)

| Final BABAR Data I

« BaBar data sets:
- 122 x 10° Y(3S) decays
- 99 x 10° Y(2S) decays
- “offpeak” samples of 1.4fb™" and

the Y(2S) and Y(3S)

- 79 b “continuum background”
samples of Y(4S) with similar

2 4fb" collected ~30 MeV below
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CKM Matrix

[1 In SM, quark can change flavor by weak interactions:

d, Vud Vus Vub d
s’ — Vcd Vcs Vcb S
b’ Via Vis Vi b

Cabibbo-Kobayashi-Maskawa (CKM) matrix
[Weak eigenstates] = [Vok ] [quark mass eigenstates]

The CKM matrix contains complex numbers

| Wolfenstein’'s CKM matrix form: I

1— 22 A AN3(p — in)
Vexkm = —A — 3’ AN
AN*(1 — p—1in) —AN? 1

e )\ ~ 0.22 (expansion parameter)

e A, p, and 11 can be measured in B decays
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Unitarity Triangle (UT)

[J By applying the Unitarity condition (scalar product of any two rows or columns):

| VioVud + Vi Vea + Vi Via = 0 I

[0 CKM matrix can be presented in the complex plane — Unitarity Triangle (UT)
1.0

y \*

(p:n)

Vi | VoV
Vﬁdvﬁb %MHy@Vﬂh / Vea Ve \
i ‘I’?‘*\“h Bs— pKs /]\ B WKs

L +
| | B— D$K b— clv
0.0 X 1.0 5 dn

BB mixi ng

L~ By
L

e It is very important to measure the CKM angles and its sides!

e \We need to measure them precisely in order to search for New Physics

| — Deviation from the Standard Model will signal New Physics! I
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Status of UT Triangle

1.5 T LU BRI B T T T T
: excluded area has CL > 0.95 | %% :
L Y % ]
1.0 - qo\% 7]
L ]
L i e AR R $ 090 ' - W | =
05— - . ! _
- | - c yi  om, Ama&Am. e UH
: : 0.6 - 3 H K ICHEP 10 =
I= 00 ; —_ 0.5 :—E Sin 2[3 ; _:
r T - & sol. w/ cos 2B< 0 —
= - — 'S (excl..at CL > 0.95) -
B ~ 04 =3 ol /. —
0.5 — 7| 1= c o s O 2 o -
C ] 03 2 i S —
B ] SK ! P -
1.0 - € — 02 =
L Y N, 01 | \=
-1.5 C I I l ) | ’ ) I ‘ | ‘ 1| A_A_L ) I ] : V B o
-1.0 -0.5 0.0 0.5 1.0 15 2.0 0.0 [ m—— T E—— TSI =]
5 0.4 0.2 0.0 0.2 0.4 0.6 0.8 1.0
p
| Constraints in the p — 7 plane I | Zoomed constraints in the p — 77 plane I
L] L] O L] L] O L] L] O
Precision g =~ 1 Precision a =~ 4 Precision v =~ 14
= T = I
T
0 et
i) b
1
i .
- r
'J.!F"'-, e
1; .I:
Feas = I == | I T IT e — P e = 1 I
K] as 3 ] 1 E] as i 1 1
& P P
August 8-13, 2011 BABAR Results on CP Violation in B Decays (page 7) Romulus Godang

Brown University, Providence, Rhode Island University of South Alabama



Measuring Angle ~

[] Interference between b — cus and b — ucs tree amplitudes

<
B+
u
—
B

b — ués transition: BT — DOK ™
[J GLW: Cabibbo-suppressed D — CP-eigenstates (KT K, 7wt 7 ™)
Gronau, London, Wyler: PLB 253, 1991 & PLB 265, 1991

[J ADS: D — Cabibbo-favored and doubly-Cabibbo-suppressed (K *7¥)
Atwood, Dunietz, Soni: PRL 78, 3257, 1997

[J GGSZ: Cabibbo-favored D — self-conjugate (K27 Tn~, K'KTK™)
Giri, Grossman, Soffer, Zupan: PRD 68 054018, 2003 — time limited
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GLW on B¥* — DK* PLB 253, 1991 & PLB 265, 1991

0 In GLW method the D° mesons are reconstructed:

. DO - -
e CP+:D° - KTK—,ntn — Dcp+ = CP eigenstates of D system
e CP—:D° - K%°7° K%, K%

[1 Two direct CP-violating partial decay rate asymmetries:

A _ I'(BT—>Dgp+K~) — I(BT—>Dgp+KT) ) .
CPx = T(B-—DcpriK-) + T(BT>DoprKT) — I' = partial decay width

[1 Two ratios of charged averaged partial rates:

'(B-—Dcp+K~) + I'(BT—DcptKT)
(B-—DY9K~—-) + I'(Bt—D°K+)

Rcp+ = 2

[1 Then ~ can be extracted from the other two unknowns variables 6 5 and rp:

+2rpsindgsin~y

Rcpt =1+ 1% £ 2rpcosdpcosy Acp+ =

1—|—'r'123 +2rpcosdpcosy

[1 0 = the difference of their strong phases

[1 rp = the magnitude of the ratio of the amplitudes for each decay

— |[A(BT—>D°K™)|
— |A(B——D°K-)|

rB
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GLW BABAR Results PRD 82 072004, 2010

[J ML fit to AE, mgg, and Fisher (event shape variable)
= SEN: D-KK, | g 3  D-KK, 4 g = D-KK
x S 3 Domm 4 8 .-  Domm 2 8 s Domm
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S st D-KIM, 4 S 5 D - KP, 3 ; 8 Do KMY, E ; 38 Do KU, %
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AE (GeV) AE (GeV) my (GeV/c?) mgg (GeV/c?)
CP—: AFE CP—: mgs
[J GLW: Cabibbo-suppressed D — CP-eigenstates (K+ K —,mT7™)
Gronau, London, Wyler: PLB 253, 1991 & PLB 265, 1991
[1 Blue line: full PDF, Green: B — D, Purple: remaining backgrounds
[1 B — DK contribution: the region between blue and green
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GLW BABARR Continue... PRD 82 072004, 2010

[J Using BABAR Data: 425 fb—! (467 M BB)

Acp+ = 0.25 £ 0.06 £ 0.02 Acp_ = —0.09 £ 0.07 £ 0.02

Rcpy+ = 1.18 £ 0.09 £ 0.05 Rcp-— = 1.07 £ 0.08 £ 0.04

o 1 o
Q 09- E Q09 E
— 08F = — 0.8 =
0.7 = 0.75 =
0.6 = 0.6 =
0.5+ = 0.5+ =
0.4F = 0.4F =
03\ T 0.3
0.2F = 0.2F =
0.1 = 0.1 959 =

OTHx"‘m“mHm“m“m“m“xuf ot A Y N T
0 20 40 60 80 100 120 140 160 cl,fo 01 02 03 04 05 r0.6

Al B

[J At 68% CL: angle v mod 180° belongs to one of the three intervals:
(11.3, 22.7°), (80.8°, 99.2°), (157°, 168.7°)

[ At 68% CL: 0.24 < rp < 0.45
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ADS on B* — DK* Theory: PRL 78, 3257, 1997

[J In ADS method (D. Atwood, | Dunietz, A Soni)

e Bt - DOK+ — D9 — K—7T [doubly-Cabbibo-suppressed]
(interferes with <)
e BT - DK+ — D° — K—nt [Cabbibo-favored]

—> Opposite-sign (OS) because two kaons have opposite charges
[0 Define same-sign (SS) events:
e Bt — DK+ — DO — K*tx— [Cabbibo-favored]
[J BABAR published 2 results where D° are reconstructed:

e DY — KTx—; Data: 467 x 10° BB — PRD 82 072006, 2010

e D’ — KTn—=Y; Data: 474 x 10° BB — PRD 84 012002, 2011
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ADS on BT — DKT Continue...

[1 Extract new set of variables:

(BT [K ntT]KT) _ ; ; ;
o R_|_ _ ( —| 71'_] ) opposite sign ':yzeld from B+
I'(Bt—[K+trx—]KT) same sign yield

— _ I'(BT—=[Ktn7]K™) opposite sign yield —
* R™ = I'N(B——[K—nwnt]K—) — same sign yield from B

[0 Neglecting D-mixing effects the ratios R™ and R~ can be written as

Rt =7r% +r% 4 2rgrpkp cos(y + 0 + dp) I

R~ = r% + r% + 2rprpkp cos(v — 6 + dp)

[] where

+_ + N — _
o rp= ABT=DKDI _ 4064 0.016 12 = LR =K r) _ (9940.1)x10"3

|A(B+—DOK+))] r(DO—K—=+)
e 0 and 6p = (47‘_"13)0 are CP conserving strong phase
e ~ is CP violating weak phase

e kp is the coherence factor between 0 to 1: £kp = 0.84 + 0.07

e kp and 6p were measured from CLEOc
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ADS Results on D° — KTn— PRD 82 072006, 2010

[J Simultaneous fit to mggs and NN (event shape and tagging variables)

) 14F | | | | ] —~ 30k I e e I
(&) — ] N — =
s. @ 180 @
= 1 = BF I E
n 10 b - - N
o F . ‘2 200 T E
> SF » 4 O - | .
8 1 > 15F =
c 6 4 :I ]
G>J - E 10:_ | ||| ]
L 4 { ‘ ] - I I .
Lo el ’ - | | E
2 R A L e T ,,,,,,,,,,,,,,,,,,,,,,,,,,, = 5: ! Wi .||.|:r‘ TR Ao TR 5
| | l & ()Eml N l . . “lll'“ T 7|

9.2 5.22 5.24 5.26 5.28 5.3 -1 -0.5 0 0.5 1
mg¢ (GeVic?) NN

|mEs: opposite-sigh BT — DK+ I | NN: opposite-sign BT — D°K~ I

[1 Solid-blue: Full PDF, Red: sum of all bkgs, Dotted-blue: gq background

[0 ADS BT — DK results:

Rt =(224+0.9+0.3) x10°2 R~ = (0.2+0.6+0.2) x 102
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ADS BABAR Results Continue...

[1 This measurement allowed us to extract variables: 7 and ~

) T = ) 1: T =
3 DK 3 3 09F =
© 0,,- = O = =
= D*K — i 0.8:— =
[} = [} = =
o — S 0.7 =
S 3 S 0.6F 3
o = © - =
- = - 0.5 —
1o 3 M4E E
E 0.3E E
3 02t 3
1 = oE: T S =

0.25 0.3 -150 -100 -50 0 50 100 150
r$) y (deg)

‘Constraints onr$): B- — DMK~ I |C.L. curve as a function of ~ I

[1 For « result: combining B — DK and D*K

(*)

[J The variables 75’ can be extracted:

rp = (9.5731 ry = (9.672%)%
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ADS Results on D° - K+tx—7x®°

PRD 84 012002, 2011 (NEW)

~ 2000 events

.U]O
[\

5.22 5.24

52

mES (GGV/C ) 52 522

|mES: opposite-sign with F > 0.5I

[J Simultaneous fit to mgs and Fisher: OS =~ 20 events; SS
S @) | 300~ —— Ful
E 20 % % h % E """"""""" signal

200 v =
= E lTTltLTT I lmLTl | % ® gg Egﬁf‘peak
g 107 f ﬁ; % Tﬁﬁ‘ T % L 2100 oo continuum
9 - - - - 2 A

"5.04

326 (GeV/c )

150

Events / (0.12)

|mES: same-sign with F > 0.5I

Events / (0.12)
) w
S S
S S
|

[S—
o
=)

2 Fisher

2 Fisher

‘Fisher: 0S mgs > 2.27 GeV/c? I ‘Fisher: SS mgs > 2.27 GeV/c? I

August 8-13, 2011

Brown University, Providence, Rhode Island

BABAR Results on CP Violation in B Decays (page 16)

Romulus Godang

University of South Alabama



ADS Results on D° — K*tn—x% PRD 84 012002, 2011 (NEW)

[J ADS results on rp:

-3

x10
0.8

Probability density

has less precision for ~ result

1 PRI NI R S N M R
0.2 0.3 0.4 0.5

0.1 -
Mg
0 New results on Rt and R~ (statistical limited):

Rt = (57127 x1073 R~ = (1217213 x 103

[J At 90% probability limit:

|R+ < 23 x 1073 R <29 x 103 I

Bayesian probability density function for rp
Dark: 0.01 < rg < 0.11 at 68% probability

Light: 7 < 0.13 at 90% probability

— Subject to small rpg, this measurement
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Summary

[1 BABAR results provide increased constraints on CP Violation in B

E‘E&! - D(*) K(*) GLW + ADS N = (71+21)o

y (deg)

, —25
ICHEP 10 - D(*) K(*) GGSZ 3 Combined
Full Frequentist treatment on MC basis e CKM fit
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<> BABAR results on ADS
D° —» K+x—, PRD 82 072006, 2010

<> BABAR results on GLW Model PRD 82 072004, 2010

[] BABAR also contributes significantly on R, R—, and r3

CKMfitter Group, ICHEP 2010
> New results from BABAR on ADS

D° — KTn—n° PRD 84 012002, 2011
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