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The Asymmetric B Factories
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BABAR Detector

1.5 T solenoid

DIRC (PID)
144 quartz bars
11000 PMs

Instrumented Flux Return
iron / RPCs (muon / neutral hadrons)

2/6 replaced by LST in 2004
Rest of replacement in 2006
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EMC
6580 CsI(T1) crystals

Drift Chamber
40 stereo layers

Silicon Vertex Tracker
5 layers, double sided strips
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B factories — World Record Luminosities

. . 1
Luminosity(fb ) Combined dataset: ~ 1400 fb™
14060 I i T
Luminosity
200 | |Peak 1.71 %10 cm?/s
[ntegrated a40 fh!
- 750 fb " at Y (4S)
Luminosity
s00 | Peak 1.21%x10*"/em?/s KEKB
Integrated 531 fh
433 fb " at Y (45S)
e PEPII
400
-t e - — s
# papers published or submtted for publication
Ly
200001 200N 2004 20061 Z00EM
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The Cabibbo-Kobayashi-Maskawa Matrix &
The Unitarity Triangle

Quark couplings to W boson
described by 3x3 unitary matrix
(4 free parameters, inc. 1 phase)

Vud

V = Vcd

Vi

V us Vub
Vcs V cb
V ts th

V V:b + Vch:b + Vi V:; =0




B Factory Physics Programme

» Test the Standard Model mechanism for flavour
changing quark interactions

- Multiple measurements of sides and angles of the
Unitarity Triangle

- Studies of rare decays

» Exploit huge data samples to probe several
complementary sectors

- charm, tau, Upsilon, spectroscopy, ...

Tim Gershon 8
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Measurement of sin(2[3)

Carter & Sanda, PRD23 (1981) 1567; Bigi & Sanda, NP193 (1981) 85

 Sensitivity to CP violation between B° decays to J/y K° with
and without mixing d b

- B°-B° mixing phase: —----
V.V - _
arg|—4—2| = -28 " i
th th (usual phase convention)
ir

ta l":'l

« Exploit guantum correlations in Y(4S) — B°B°
- Energy asymmetry + vertexing = precise At measurement
- Lepton & hadron identification = performant flavour tagging

(At) o e_mt'/TB(li(Ssin(AmAt)—Ccos(AmAt))) + : tagB=B

I — : tagB=B’
Standard Model : S=—nsin(28) C=0

B-J/yK°

Tim Gershon
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Results for the Golden Mode

sin(2B) = 0.691 + 0.029 + 0.014 sin(2¢ ) = 0.642 + 0.031 £ 0.017
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Compilation of Results

= sm(2(|)1) Oy

sin(ZB)

FRELIMINARY

BaBar
arXiv:0808. 1992

Belle Jiy K°
PRL 98 (2007) 5[3131 802

Belle yw(2S) K
PRD 77 [EGD5)§D91 103(R)

ALEPH

0.69 + 0.03 + 0.01
0.64 + 0.03 = 0.02
0.72 +0.09 +0.03

0.84 *152 1+ 0.16

PLB 492, 259 (2000)

OPAL :
EPJ C5, 379 HiBE!E}

CDF
FPRD 61, D?EDE}E (2000)

Average
HFAG

3.20 ‘30 + 0.50,

0.79 "0ia

0.672 £ 0.024

-2 -1
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Measurement of sin(2[3)

Alternative Methods
.n(zBeff) _

 Decays mediated by several
different quark-level transitions
probe 23

- b-cCs (eg. P K))
- b-ccd (eg. J/p 1°)
- b-cud (eg. D_, )
- b-ads (g ¢ K

* Consistency of measurements
tests the Standard Model

e Today's situation :
no smoking gun

NB. Dalitz plot analyses for 'K  and K'K'K

Tim Gershon
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sin(2¢; ") S

....BaBar _E _._._._._._._._._._i._._..._.;.

PRELIMINARY

b—ccs  World Average T @ T 0.67 £ 0.02_
.~ BaBar ——— [| 028+DEB+DOS
Average : 0.44 017

' 0.5810.08£0.02

=< Bele 0.64 +0.10 + 0.04
F . Average: i P ... 0.60£0.07
~ ~BaBar . : 0.90 7518 "o me
v Bele ; 0.30 +0.32 + 0.08
o Average : e 0.74+017
o T BEBar YT T T T ST T U85 0,20 £ 003
= Belle - : : 0.67 +0.31 +0.08
B Average ! : . : 0.57 +0.17
ST, BaBar T T T L L 061 £ 0.00 £ 0.08
X Bele = : (.64 *312 + 0.09 £ 0.10
o Average: : i : 0.63 "2
Ta TBaBar VT aa— T T 085 has £ 0.02°
x Belle ' ' 0.11+£0.46 £ 0.07
8 Average ! : . - : 0.45 + 0.24
B T ol S | S S e e
X Belle : At : 0.60 *315
~ Average: : - ; 0.62 113
R - A St ._._..._._._._._._._._._._':!-_1':"_.
o aBar i 0.72+0.71 £0.08
S Belle : * -0.43+£0.49+0.09
S Averageif—————oH : § . 052041
X 'BaBar i T 0.97 1%
o B Average. kgL 0.97 hs
¥ = BaBar ; { et 0.86+0.08+0.03
v Belle : f"r008+01ﬁ+003311
t, Average ! = 0.82 + 0.07
-2 1 1 12 2




Measurement of y

Gronau & Wyler, PLB 253 (1991) 483; Gronau & London, PLB 265 (1991) 172;
Atwood, Dunietz & Soni, PRL 78 (1997) 3257

e Exploit interference between

- So N

e colour aIIowed e colour suppressed
e final state contains D® -« final state contains D°




B~ DYK® with D — CP Eigenstates

ACP Averages E

BABAR PRD 77 (2008) 111102 PRELIMINARY
N . BaBar o H« 1 0.27+0.00 +0.04
© f . <  Belle e 0.06 + (.14 + 0.05
= OF B —>D'K x& CDF e 0.39+d1?+004
% 40 CPeven — e Average 0.24 +0.07
% 20 E {%’"BaBar ._._.__.__.__0D9+009+002..
g F ] x Belle . 0.1240.14 £ 0.05

- . BaBar -011+009+001
60 [ B* > D°K* - Belle 0.20 % 0,22 + 0.04
402_ CP even _f _IAverage___l_ o D12+ODSH

S . BaBar S 0U6+010+002
20 _ o B Belle 0.13+ [I 30 +0.08
015 01 005 0 005 01 015 o Average  BM Q07010

A E (GeV) < BaBar 009+013+005

_ + n < . Average : 0.09 +0.14

A =0.27 £ 0.09 £ 0.04 5 B g L

_ _ _ ; i Average [{.234{{).2?

NB. DIreCt CP VIOIatlon @ 2.80- -1.4 -EPZ -1 -0.8 -0 -04 0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4
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B — DVK" with D - K_rt'rt” Dalitz Plot Analysis
Giri, Grossman, Soffer & Zupan, PRD 68 (2003) 054018 & Belle
BABAR PRD 78 (2008) 034023 BeIIe arX|v 0803 3375

~ 3
N .
~ 3F ~ 3F 2 o ; e + +
7 4 S - - > EE R WO —>
o [k AN 8 25 ?f B > DK 18 25~ B DK
> | > |1 E |E TR
@ || @ || e
N+27 oL 2 el " vt
= 1€ 7 e i
L 8 15} J; .. L] R
I I T g‘; .
1 f" . . 1 | . -
1 1 ... " ¢ .t
I I T, :.;- L el ] L YL e .
05} sl o osf A T
...... PRI L e L . | P | P 1 —— .
0.5 1 1.5 2 2.5 K 0.5 1 1.5 2 2.5 3
m? (GeV?/ic") m2 (GeVZ/ct)

m?2 (GeV?%c?) m2 (GeV?/c?)

ICHEP 2008

v=(76 £+22+5+5)° 02 I PRELIMINARY

— +12 o
o, = (76" £4+£09)

NB. Contours do not include - ,o

model uncertainties |-

Constraints on y from combination o | o apap | X+ T'pCOS ( 5Bi y)

of DK, D*K & DK* results using . 7 BelleB* :

! . : . p— +
frequentist procedures I | BaBar B | Y. =TSl ( 5B —)/>
02 | Belle B’

: Tim Gershon T s

B Factory'Results 02 01 0 01 02 x+

TEe— Contours give -2A(In L) = -_".;:2 =1, corresponding to 60.7% CL for 2 dof -



Measurement of y
Alternative Methods

* Direct CP violation in B - K1t sensitive to y
- too many hadronic parameters = need theory input (or much

0
better data on B~ K 1) Belle Nature 452 (2008) 332
NB. interesting deviation from naive expectation ., p*" TRE

500 -

A (K 7)=(-9.8")% A (K 7°)=(5.0%£2.5)% . ..
CP 1.1 CP S
A(A,)=(—14.8+2.8)%

HFAG averages i
BABAR PRD 76 (2007) 091102 & arXiv:0807.4226; also CDF

200 |-

100 -

2 p s

1 1 1 1
5.2 5.25
b (GeV/c?)

* Dalitz plot analyses of B - Kmimt e
provide extra information = can solve fory

Tim Gershon 16
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Rare Decays — b - sy

* b- sy is prototype flavour-changing neutral current
- rate & asymmetries highly constraining for NP *)"r
- Recent NNLO calculations

Misiak et al. PRL 98 (2007) 022002; Becher & Neubert, PRL 98
(2007) 022003; Andersen & Gardi, JHEP 0701 (2007) 029

Belle arXiv:0804.1580

o) Hm ~ Fully inclusive rate measurement
4000:_— Hﬁ % B(B—>X y>E ~1.8 GeV — (3 24+0.17%+0.24+0. O].)X]_O
{% g Consistent with SM expectation

0 X
L 3B

ﬁ} f@ﬁﬁﬁﬁﬂﬁg Other measurements:

i - BaBar PRL 97 (2006) 171803
ol « BABAR PRD 72 (2005) 052004

Tim Gershon 25 3 35 4
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Rare Decays — B - KTl

W
Ms b S b S
¥ Zﬁ;;;:;g

s N -
 Interference between contributing amplitudes

- Interesting distributions, eg. forward-backward asymmetry

BABAR arXIV 0804 4412 Belle ICHEP 2008
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B - K'I'I” Isospin Asymmetry
Feldmann & Matias, JHEP 0301 (2003) 074
* Another tantalizing possible hint ...
- not expected to be significant in the SM

- no effect seen in B- K’y
* (BABAR arXiv:0808.1915; Belle PRD 69 (2004) 112001)

BaBAr arXiv:0807.4119 Belle ICHEP 2008

- 2r — 2F
< - B
1.5} ¢1.5§
i 1|
0.5F L 05}
) — e e of
05— 1' v -05F
T | 1f
1 5E — Kl :

1_2+ . ||—|K.I|| 15:| . .

0 25 5 75 10 125 15 175 20 225 25 20 25 5 75 10 125 15 17.5 20 22.5 25

q°(GeV?/c?) q’(Gevic)
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n, Dlscovery

. Search for Y(3S) -yn,
Reconstruct only y

m(n,(1S)) =
—m(n,(1S))

m(Y (1S))

(9388.9 721+2.7)MeV/c’

= (71.4 33+2.7)MeV /¢’

B(Y(3S)= yn,(1S)) = (4.840.5+1.2)x10"* ‘

I hadrons

T (35)

T (25)

hadrons

BABArR PRL 101 (2008) 071801

Entries / ( 0.005 GeV )

l

Entries/ (0.005 GeV)

subtract
smoothly

Tim Gershon
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varying
background
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New & unconventional particles

» B factories have developed a remarkable sideline In
discoveries of unexpected particles

« Example: X(3872) (likely J*° = 1** — D°D™ molecule?)

| .B.A.B.’I‘."‘.'. .?.’.Xi": 08090042 - Belle arXiv:0809.1224

% 1or INSE & 5w
% i % [ E 50 E 1
5 0: +|| e +: E O%i *%. +M ) ; % u
5:_ . 5 “ + + + + U355 5 55 554 305 586 357 359 389 59 56T : T{m “&l:“-!'-l-l-
e Y T i B o M(Jmm}(evrc‘) o2 s mmwm,m”awﬂz)“'931
> ’ MJ/tIJY )(Gee'?gz) > > MLIJ'Y (Ge%/gcsz)
T T 0
B"' XK' B"'>XK" B'-XK;
+ _
X=>Jlyy  X-ow(2S)y X-oJlym

Tim Gershon Also seen in BaBar PRD 77 (2008) 011102

\
B Facily \Redults DD’ & DDy: Belle PRL 97 (2006) 162002
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Events / (20 MeV/c?)

More new & unconventional particles

. : Excess of “Y(5S)” - YTt
Y(4260) in J/p1tmt ISR production Belle PRL. 100 (2008) 112001

arXiv:0808.1543 Belle S il
sof CTTTTTTT PRL 99 (2007) 18200 E E

; 60 ) Solution | e ; 100
) - i 1 2 50
------- Solution Il = - -
E 0702 0.6 0.8 12

AM M(ppumr)- M(uu) (GeVlcz)

Compare lineshape to nominal Y(5S)
BeIIe arXiv:0808.2445

9_8 S ‘4!4| Yy g e '5.‘4- Q&= 4 - G 5 '-55 3 - (b) Fit with |ndependentusandr‘s ¥ind.t =29.9/12
m(r Iy (GeV/c) M(x'mJhy) (GeV/c?) ; ¢ Y(1S)r :
E B Y(2S)n : +
L v(38)rn

J'Ttrt ISR production
Belle PRL 929 (2007) 142002

Y(nS)nn cross section (pb)

C
—
U"I
—
(=]
T T
L4
—_
o
x®
-
o
=]
(4]

o L : 10.9 10:9; 1I1 11.05
% : CM Energy (GeV)
=, .
8 Compare R scan BaBArR arXiv:0809.4120
.g 5:_ 0_5;— =
LICJ [ 041
L 031
% 5 b5 :
M(z"myw(2S)) (GeV/c?) 02f- -
I C ot -
Tim Gershon . - 22
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Charged charmonium-like particles

B°_, Z(4430)K", Z(4430) - W'

B Z'K', Z7 X U
Belle PRL 100 (2008) 142001 c

Belle arXiv:0806.4098

40

35 F

Events/0.01 GeV

30F
25 F
20 F

15 F

Events/ 0.024 GeV/c?

10 E
M(x w)(G V)

BABAR data con5|stent with (Kr) reflection g !
BABAR-PUB 08/ 045

.=-.';.1;— B —)Jf'qi K" : [‘”_: ﬂu—
r eto

Vic?

Events/ 10 Me

al

Residu
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Searches for light Higgs & dark matter

* Y(3S) data can be used to search for exotics

- Y(3S) - yA®, A’ = invisible Wilczek, PRL 39 (1977) 1304;
Dermisek, Gunion & McElrath PRD 76 (2007) 051105

« A’ is a light scalar (CP-odd Higgs in NMSSM)
Y(3S) -1 Y(1S), Y(1S) - invisible
McElrath PRD 72 (2005) 103508

g BABAR"“"Staterrorsonly\Be"e PRL 98 (2007) 132001
3 | Preliminary [~ Stat ®Syst errors i B
§ 600 —E
_  arXiv:0808.0017 3 T, E
> E : g a00 B . —

i | © m | B(Y(1S)-xX) < 2.5x10°

_IOHH‘lIHH|2HH:‘|".’:IIllllllll5llllﬁllllz1;ol(éleé) 09.r4A J J9.4il2' 9.;4J rleca;IQAS J JQ.LI'BI | 9f5J J IQI.:‘.')Z

M. (GeVic?)
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Summary

« B factories continuing to produce a wealth of
results in a wide range of topics

* No smoking gun for new physics BUT

- several interesting hints
- strong constraints for model builders

- powerful motivation for better measurements
 LHCb & Super Flavour Factory

* Expect more (including more surprises) from
the B factories as final data sets are analyzed

Tim Gershon
\B Factory'Results
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Some of the things | didn't have time to talk about

Measurements of time-dependent CP violation in
- Jig i°, DYDY, D°, K K and more
Measurements of the Unitarity Triangle angle a

Measurement of y from B — Krtrt Dalitz plots
Measurements of [V _[and |V_|

- Inclusive and exclusive b - ulv and b - clv processes
- Alternative measurements using B - Iv (evidence for B - 1)

Studies of photon polarization in b - sy
Measurements of b —. dy dominated processes
Searches for b - sw

Evidence for charm mixing

Studies of (and discoveries of) charmed baryons
Searches for lepton flavour violating tau decays
Fundamental tests, eg. CPT, lepton universality
Precise measurement of [V _[from tau decays

Low energy spectroscopy: e'e” - 1T, KK, pp, PP, ... 26



B factories — World Record Luminosities

F

= 1.21 x 10%*/cm?/s \

=1.71 x 10**/cm?/s

peak 00000 peak
: | Bghar A
'g 500/—  PEP Il Delivered LUminosity: 553.48/f0  —-rmrrom oot 0 L
c [ BaBar Reconded Lumin osity: 531.43/fb i
e L BaBar Recorded Y(4s): 432.89/fb i C
3 - gaga geco ded $(2s) :132 i&‘:b ] 0 I
Bagol  Offestumnosisoese ) 10
5 [ __ 1 0F
P e Y 4 AN J 0
i 1 0F
| PEPN Lot 10
: 10}
R ERR: ? J—
" - et —+"|_'|—_|_’|__|—|_||||||'

~ 433/fb on Y(4S)
~ 375 papers

Tim.Gershon
\B Factory'Results

~ 750/fb on Y(4S)
~ 275 papers
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vy from B—Knm Dalitz Plot Analyses

 Evidence of large direct CP violation in B*— p°K*
Belle ICHEP 2008

Events/ (0,025 cev/d)
T EEEEE]
Events, (0. 025 aev/d)
TR EEEEE]

i Events/(0.015 G

06 0.7 08 09 | 1.1 07 08 09 1 1.1 1.2
m,.. (GeV/c?) m,, (GeV/c?)

HFAG A (p K" )=(42",)%

Ciuchini, Pierini & Silvestrini, PRD 74 (2006) 051301,
Gronau, Pirjol, Soni & Zupan, PRD 75 (2007) 014002

* Clean method to extract y from
_ B°—>Ksrr+rr‘ (BABAR arXiv:0708.2097& Belle ICHEP 2008)

- B°—K'ri° (BABAR PRD 78 (2008) 052005 & arXiv:0807.4567)

Tim Gershon 28
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Residuals

Charm Mixing

 Charm provides unigue laboratory among up-type quarks

— oscillations provide important test of Standard Model

BaBar PRL 98 (2007) 211802 Belle[ lﬁPRL 98 (2007) 211803
| Eﬁn_ts D_’KK,TITI'
50 D—Km z
| . X d T 014 |
.50 J "
5-10 ...... 1 233 [|_1]§
t(pS) i I]']._[.I o '1[|'[|[|' 'tl:.:lé'l'lli]
5)
Other recent BABAR results Other recent Belle results
« D—KK,im PRD 78 (2008) 011105 - D—Krmm PRL 99 (2007) 131803
* D—Kmm®  arXiv:0807.4544 . DK KK arXiv:0808.0074
| and more ... >
Tim Gershon and more ... 79
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Charm Mixing World Average

« HFAG world average includes results on
D—KK, T, D— K, Krm®, KT, D—>Ksrn'r, KSKK, D—Klv & LI—’(377O)—>DIZ_)

y (%)

y = A2 |15

(CLEOC)

ICHEF 2008

(0,0) excluded at >bo —

Next step: search for
CP violation

- |
05 | 'ng_mm <

x =(1.01 2%
y =(0.747015)%

Tim Gershon
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