B factories: present and future

/7 . . Belle IT
INEN Fabio Anulli

- INFN Sezione di Roma
on behalf of the BABAR Collaboration

XLII International Meeting on Fundamental Physics
January 26-31, 2014 - Benasque



B factories: 15 years of success

Established CP violation in B system and measurement of the CKM parameters 8
Observation of direct CPV in B decays o o
Searches for new CP violation sources in B, D and © decays § Ec
Search for New Physics (NP) in rare decays v .2
-~ B2 X 7.B > X "I, B2K®vy, B > tv,B —» D1y, B = invisible, ... a =
Observation of direct Time Reversal violation 2 c

Explore the region above the Y(4S) and study of B, decays at the Y(5S)
Discovery of several bottomonium (including 1,) and bottomonium-like states

Observation of D°-D%ar mixing
Discovery of unexpected states in charmed mesons and charmonium-like spectra
Search for Lepton Flavor Violation (LFV) in T and B decays

Precise measurement of the hadronic contributions to the muon (g-2)
Searches for low mass New Physics (NP) particles (light CP-odd Higgs, dark photons)
Searches for heavy neutrinos in B decays



The colliders

Asymmetric-energy B factories => Flavor Physics at the intensity frontier

7))

e Belle IE 23
@ 7 — s - /

sed B Factory:
PEP-11 and BABAR

Electrons

e- e+

—— Y(4S) Vs= m(Y(43))=10.58 GeV

PEP-II/BaBar e :9 GeV, e*:3.1 GeV, By=0.56
KEKB/Belle e :8 GeV, e": 3.5 GeV, pBy=0.42

B e AN
Y(4s) — i — 1 A, ~ cPyt
a B i ~ 200um
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Integrated Luminosity
- Belle:  >1000 fb-!
- BABAR: ~550 fb!

mainly at the Y(4S), but
also at Y(1,2,3,5S) and
in the continuum




The detectors

* Asymmetric beam energies to measure B-meson decay times
* Tracking & vertexing

* Cherenkov-based particle ID

* EM calorimeter

* WK, system.

BABAR Detector Belle Detector

1.5T Solenoid

Instrumented
Flux Return

L N\ Aerogel Cherenkov cnt.
,,I Y o N=1.015~1030

o

.g ~

SC solenoid |

1.5T

Drift Chamber 3.5GeV ¢*

Csi(TI) 16X, ~

TOF counter

8GeVe o . ,*
.

e* (3.1 GeV)

v

e” (9.0 GeV)

u/ K, detection

Electromagnetic ! : t
- S vis O 14115 lyr. RPC+Fe

Calorimeter Ivr. L
Cherenkov Detector 3 lyr. DSSD

(DIRC) Silicon Vertex
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CP violation
and the
CKM Matrix



The Cabibbo-Kobayashi-Maskawa (CKM) matrix

d S b
u 1-%;8 A AX(p —in)
Vexnr =
C 1 2 2
-2 1- 57\. AX + 0(]\.4)
Ul ara-p-in) -A4X 1
2 2 %
%4 - - %4
)\.2= zus = 24= 2cb 2; p+l77=— ud u*b
Vud + Vus Vud + us VCd VCb
»The CKM is unitary

»4 independent parameters:
»3 angles and 1 phase
=>» Vij are complex
» Interfering amplitudes can give CP
violating asymmetries
»The CKM is the only source of CPV
in the SM

»Measurements at B factories can over-
constrain the Unitarity Triangle

» New Physics would be revealed in
discrepancies among measurements
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Describes the quark mixing in
weak charged transitions

qi V W_

GV~

I/udVb-l_I/ch/cb-l_V V _O

B v mt, ptp

/

V Vrb
Vca’ Vcb

BO > J/¥ KO




Time—degendent CP aszmmetries

RO (P violation arises from interference between
Ar,, . . .
the two paths (decay with and without mixing)
=5
o |2 _
TP E fCP Independent q Afcp +«—— amplitude ratio
" ; ofphase A, =" A_
—0 Af convention ? f mixing
B cp cp
t=0

Ap, = x1 T (B, (£) = fep) = T (Bpy(t) = fep)

Time dependent CP asymmetry:

-7,
A (t) ( phys(t) fCP) - ( phys(t) fCP) CfCP = 1+‘)\, ‘2
" ( phys(t) fCP) + F(thys(t) — fcp) 5 ];:LA
=C, cos(Amt)+ S . sin(Am 1) St = 1+‘ A ‘J;CP
for
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Time—degendent CP aszmmetries

RO A (P violation arises from interference between
Q the two paths (decay with and without mixing)
ap |Z £ T

5 cp Independent q Afcp +«—— amplitude ratio

" ; ofphase A, =" A_
—0 Af convention ? f mixing
B cp cp

t=0

Ap, = x1 T (B, (£) = fep) = T (Bpy(t) = fep)

Time dependent CP asymmetry:

1_ }\’fCP 2
A ( phys(t) fCP)_ ( phys(t) fCP) Cfcp = 2
Cp(t) 1+‘)\.fcp‘
D(Byi (1) = fop) + T (B (1) = fo ) o
fCP
=C, cos(Amt)+ S . cos(Am t) St = 1+‘ 5 ‘2
‘1 =1 1if also &51 :> 2 _€2i¢ C, =
p Afcp fCP - ‘ S cp .
(no direct CPV) o = = SN2
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B'— Jry K;: the Golden Mode

quark subprocess: b — ccs

Dominated by tree decay amplitude, with a small penguin pollution Ap / Ay = O(A*)

.V . Vo
d 3 :
BO 3w w: RO BO
Z 3 +
B 3 i : d
VI: vﬁ

b w*§<‘6". Y

: 3K

@ Single weak phase

N =1;

Acp = -Im(A) sin(Am 1)

@ no direct CP violation

h_(rf,zrf,d)(n’:m) V:;Jcs)=_ez,~ﬁ

o VKo NV

B mixing b — ccs| | KO mixing

8

Acp(t) directly measure sin2

3

AJ/WK&L(’) ==1,,,x S 2 sin(Amy 1)
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v’ the asymmetry is large
v’ theoretically cleanest way to
measure sin2f3
v’ clear experimental signature
J/W—I1"l, Kg>nmr
v’ relatively large branching
fractions ( BR ~ 4.5 x104)
v similar considerations hold for
other charmonium modes
(W(25)K,, X, Kq...)

F. Anulli



sin2|§ from b—ccCs

2ok ® 3 & 400

S . 2 350 g 250¢
£ 200 - E 300 200
@ L ] = 250 =, f
g 04 = l.ﬁ 200 u:J 150E
AN ] 100 :
3 ook S 50
Z-02F E 50F ;
a 04F . . — (1] of
a0 BCE = 0.6 = 0.6}
< Fe . o 0.5 o 05
S200E, E E oaf E 04f
P - NN 3 > - 4 ++ = -
Li - . = = s : e naa. 0k ]
p=] - L [
g 04 { OF 0.2f 0.2}
o2 SRe, + | |
g o -+ 0.4} 3 0.4f
2 _ :— W — [ [
égi— + 06 [P PP RIS P NER 1 B 06

_ ' ' ' : 6 -4 20 2 4 6
5 0 5 A ) At (05)

BABAR, PRD 79, 072009

=-0.687 = 0.028 = 0.012
C=0.024 =0.020 = 0.016

Belle, PRD 108, 171802 (2012)
= -0.667 = 0.023 = 0.012
C= -0.006 =0.016 =0.012

World Average:
sin2f = 0.68 = 0.02
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The angle a=0,

o =@, accessible via b — u transitions in B — zw,B — pp, or B — pn

Measure Time-dependent CP asymmetries as for sin2f3

eg. B—nx'n and B— B — x'n interference Sizable penguin contribution
Vi Vi v y with different weak phase
1 T N UG + 3
a ¥ 1 b */<uﬂ vV ZWL
®  Iw b w S S - h—
+ B y ; T BO 7 -
E 3 L C! T ~ N3¢t d — d
Vio Via P~ Aet
At tree level Because of penguin pollution
C =0 C =0 allowed
- I > .
S = sin2a S =+1-C’sin2a,, =sin(20 + 2Aa)

Needs measurement of B*—x*n’ and B = processes and isospin analysis
to recover sin2a (see backup slides)



B — atm

PRD 87, 052009 (2013)

o B 5388853
VLML RAAS LA AR AR LA RAAN LA

Qe
BABAR -0.68 = 0.10 £ 0.03

Belle -0.64 +£0.08 +0.03

Events / (1.5 ps)

~Recent results from both experiments on time-dependent CP asymmetry in B—m*”

PRD 88, 092003 (2013)

300?—
250
2005,
150

it BABAR o pil 3

S | B ER e
© 467x10° BB pairs  + o | | | "2 o | I. . w
‘“-4“‘-2‘“o“‘g“q‘A‘t‘(?DS) 75 . .

Global fits to extract o

Overall fit using B »mx , B —pp, B 2pn CKMFitter

Tightest constraint from B —pp o or ¢, = (88 = +ﬂ)

B —pm is very promising but needs much :> UTfit

more statistics => key channel for Belle-2
LHCD just entered the game

aor ¢, =(88.7+3.1)



Angle V=05

» No time-dependent analysis Vi 4 ) ‘(\1 -
* Interference between tree amplitudes v,/ u - p \<E
b—c (Vreal ) and b—u (V< e) g- b ‘ ¢ o S e
* Unknown strong phases and hadronic u o u T o T

parameters to be determined experimentally dominant »—c amplitude  Color suppressed h—u amplitude

B* — D"’K"* decays dominate y = ¢, measurements

Different methods for extracting y depending on the D - meson decay mode
1 :

-l

f‘-.’ BaBar
» B4ABAR and Belle have reconstructed 08} Belle
the most sensitive decay modes using 06l BaBar+Belle
all or nearly all of their datasets 04

0.2
+ Recently published results on | i\ o
. g . 0 20 40 60 80 100 120 140 160 180

combination of all analysis methods 0, (degree)

AR and Belle
hysics of the B Factories to be submitted EPJ(

Y= (67 +1 1)0 (mod 180°)

BABAR PRD87052015(2013) Y= (69jg)° (mod 180°) LHCb with 3fb!
y=(67¢12)0 (mod 180°)

from both Collaborations

[0)
Belle cxmo12 arxiv:1301.2033 }/=(68’_’%Z) (mod 180°)




CKM summa

 All measurements of CKM parameters (not only from B factories) are used for

global fits to constrain the apex of the UT.
* Fits performed by several groups. Most common CKMfitter and UTfit

ol Wwiacz 2p <0
juxcd. at CL > 0.22)

p
Parameter Output Value
Consistent results between CKMfitter UTHfit
CKMFitter and UTFit P 0.1207703  0.132£0.020
bl 0.345+0.014 0.348+0.013
F. Anulli - - - - - 14
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CKM summary

 All measurements of CKM parameters (not only from B factories) are used for
global fits to constrain the apex of the UT.
* Fits performed by several groups. Most common CKMfitter and UTHfit

Fit including only CP-violating parameters Fit including only CP-conserving parameters
07 T T T T T W AN 07 T T T — L A I
s £ v DS - am, ATREET DHE -

X : - .
05 =2 sin 2p3 O .. 05 =
" N 7 E

= E 3 g a E 1= % E
03 & — 0.3 -

- a E b, E
02 — = 02 —]
0.1 S— é 0.1 —f

= 1 B u e 3

. .a L 1 2 L i 1 PE— i L i i i 1 " A " 1 i " ~] N : N N 1 A 1 A " i 1 A " -
0'0-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 0'0-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

P
* Subset of measurements allow to check

consistencies of specific parameters
* Generally good consistency, with some
tension in few cases:

* Inclusive vs Exclusive V

« for B = tv “case” see later

ol

 Consistency between:

- CP violating and CP conserving
parameters

- B-factories results (b —*d transitions), Bs
oscillations (b —s ), and CPV in kaon
system (s —d)

* There 1s no significant evidence for a departure from the KM picture of CP violation
and from the CKM matrix descritption of quark mixing
* However, there 1s still room for New Physics...

Benasque, 31-Jan-2014 F. Anulli 15



Direct observation of Time
Reversal Violation

Phys. Rev. Lett. 102, 211801 (2013)

Benasque, 31-Jan-2014 F. Anulli
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T, CP and CPT

* T, C, and P discrete symmetries related to each other via the CPT theorem:

— A QFT with local Lorentz invariant and a Hermitian Hamiltonian conserves CPT
e As a consequence, CP violation ==> T violation
* CPV well established in the SM framework of weak decays

 Can TV be directly observed, independently of CPT?
* In unstable systems, one needs to exchange [in> and |out> states and measure

the asymmetry (I — 1)) = P(f) — 1))
Iy = 1/ + P(f) — i)

P
Ar =

* What about using weak decays of B mesons?
 Large CP violation measured in many B decays (e.g. direct CPV in B—Kmx) , but it is
essentially impossible to observe the time-reverse process Kn—B.
* unfeasable to prepare a Kot initial state
* in any case hadronic interactions will wash out any asimmetry from the rare
weak Kmt—B processes



Measuring Time-Reversal Violation at the B factories

Solution: exploit the EPR entanglement of the BO-B? pair produced at the Y'(4S)

Bernabeu & Baiuls, 1
PLB464, 117 (1999) )= \/—[B (t)B"(1,) - B"(1)B" (1, )] \/5[Bcp+(t1)Bcp_(t2)—Bcp_(tl)ch(tz)]

* Because of EPR the state of the 15' B decay at ¢, dictates the state of the other B at the
same time ¢,, which will decay after a time At=¢,-¢,
* This is the way CPV in the interference between decays with and without mixing is measured

U I TR Method described in
%,x B"——B,_ J. Bernabeu et al. JHEPOS (2012) 064
_ {;(;p@;\ed hodd Semileptonic decays project a
e S\ 7 e At Iy B-flavor state:
- S¥- L2 MN\/\A/\IO<: + 0 - 1o
A o - B K. ["—=B" and | —B
er ! |
S \/} ¢ Tmirror Decays to J/p K ¢ project a
e g i CP eigenstate:
% B B ! JIWK,—B,,. and JhyK,—B,,.
SNBSS W\/\/\/\/\f0<: |
et /Y(49) Sz:;[ - e .

* Test TV comparing the decay time

— distributions of the two processes
K‘ Jhy B.,. ——B * 4 different T comparisons,
’ plus 4 CP, and 4 CPT

CP-even K,



Time-Reversal Violation: Results

- _TAt n L. o=B° B°
9o5(At) e [1 + C g cos(AmAL) + S5 5 sm(AmAt)] B=JwK_, JyK
L 1A + _ 2Im) — 4+
Ca,ﬂ_1+|/\|2 a,,6_1_|_|)\|2 T _At>0

Simultaneous ML fit to all flavor- and CP-eigenstates samples for At>0 and At<0 events.
Obtain 8 sets of S, C parameters, define from these the T-violating parameters AS, AC

(ASE,ACT) (ASy,ACT) / T conservation PRL 102, 211801 (2013)
H I — - -
U . > —— . _{_ ) i
3 = Sg_’K% -~ Sﬁ,ng —1.37 +£0.14 £ 0.06
Ml =S 0o — S, .o 1.17 +£0.18 £ 0.11
- - ’ L ) S
ok =C_ ., —Cf ., 010+0.14+0.08
\ 0L s
e =Cr o —C o 0.04£0.14£0.08
- oL - oBs
OS5,
T Large T violation observed
1= >

T-violation observed at >140 !
Asymmetry consistent with expectation from CPT theorem and measured sin2f3.
Measurement independent from any assumption on CP or CPT

Benasque, 31-Jan-2014 F. Anulli 19



Time-Reversal Violation: Results

. . 5 1
CP-Vlolatlng parameters I
a
(Asgp =57 o —Sh 0 —130+£011+ 0.07\ =
ASCp, =5, 0o — S5 o 1.33 +0.12 £+ 0.06 5
) ‘S’ g ) ‘S’
ACl, =CF o —C/L 10 0.07 +0.09 + 0.03
) S g ) S
ACcp =C, o —C. o 0.08£0.10 £0.04 N
Ce oo 0.5
1 =
*cbg - |
s -1
0.5
o +
(’2x£;CHDT’
0.5 AScpr
- No sign of CPT violation ACE,
A | AGG,
AS¢pr

0.5 0

i
Vo
\\ \\ \
\ \ \\
RN
NUERNEERNEERN
NN

\\\\\
\\\\\
\\\\\\

\\\\\
\\\\\\\
\\\\\\
\\\\\\
\\\\\
\\\\\\
\\\\\\

. “CPviolation significance

largest than for T violation,
-1

0 |

CPT-violating parameters

S~ — St

0.16 £0.21 & 0.09\

o+, KY o+ K
= St ko = Spx o —0.03+0.13 +0.06
=Cpt g0 — C;’Kg 0.14 £0.15 £ 0.07
= Cli o = Ot gy 0.03£0.12+0.08

J

Simultaneous and independent test of T, CP, CPT.
T and CP show compensating violation effects, while CPT is

Benasque, 31-Jan-2014
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Visualizing the time aszmmetries

The T violation effects can be visualized defining the time asymmetries as:
Ay — P(liy = |f)) = P(1f) = i) _ ACE ASTE

~Y

~ P(liy = [£)+ P(If) — 12)) 2
PRL 102, 211801 (2013)

cos AmAt + sin AmAt

BABAR - .
0.5- BY — B_ i B - B T conserving
< | i —— Observed
il ' 4»-T o I //
5 BT : |
B —0.5 =054
p> L ++
é ; ' T T T T
< 0 2 4 6 8 0 2 4 6 8
>
2
=
S
0.5 0.5-
9p) A g i e e —"-.\-1»--0-
< 0 '+' + 0 ¥ I ] — — =
-0.51 Py —0.5
BO > B+ B+ o BO
Y 2 4 6 8 0 2 4 6 8

TIME INTERVAL At (picoseconds)
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New Physics in “rare”

B decays

Benasque, 31-Jan-2014 F. Anulli
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Search for indirect New Physics effects

- Different experimental and theoretical uncertainties among the various modes
- Some channel impossible or very challenging at hadronic colliders

Rare decays via radiative and electroweak penguins

B = X, v B X M g B2 KMvw v
- MY L % C w2 v

/ \

b > | u:ct . > b ,'"‘ ) S, d b ,‘"l u, C, t 4 S
" uc,t B | K
B(sy) ~ 10 B(sll) ~ 1076, 8, ~12-20% B(svv) ~ 1076, §,, ~ 15%
8y, < 10% B(dll) ~ 1078, &y, ~ 24%
B—Tv Search for NP in tree processes B #D¥tv T
b ~ r N
>W —————— < B\ 1p®
B(zv) ~ 107, 8y, ~ 25% B(DH1v) ~0.02, &, ~ 5%

- Large New Physics effects predicted for H*, Z’, SUSY particles
- Indirect studies complementary to direct searches at the LHC

Benasque, 31-Jan-2014 F. Anulli 23
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Inclusive B Xy

F. Anulli
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B Xy
 B—Xyand B—XI*I” are FCNC processes forbidden at three level in the
SM, but happen at loop level.

* OPE factorize short-distance from long-distance effects

4G
Heﬁ‘ = \/{ EqquVqs(d)EiCi(xu)Oi q= M,C,t

* For radiative b—sy decays, theory uncertainty on BF is at 7% level with
calculations at NNLO (Misiak et. al, PRL 98, 0222002 (2007))

 Contributions from two effective Wilson coefficients, C°T, and Cg&ff

* New Physics can contribute at the same level as SM (more loops with new
particles)
— modify the SM values of Wilson coefficients
— Measurable changes in BF and CP asymmetry expected from NP

* (Can add constraints on several NP models, in particular on the Two-Higgs
Doublet Model (2ZHDM)

H X g X

-
i -
.

b uct s b uct s b 5 b s



B X v

* Three different analysis approaches performed:

Fully inclusive
(with lepton tag)

» Advantage:

- Insensitive to final state
fragmentation, theoretically
clean

* Disadvantage:

- huge background

-E, is measured in Y(4S) frame
- does not distinguish between
b —syand b—dy

Inclusive with hadronic tag
(full reco of the other B)

* Advantage:

- theoretically clean

- low non-B background

- identify B charge and flavor
- E, is measured in the B-
decay frame

* Disadvantage:
- low efficiency on the tag
side

Sum of exclusive modes

* Advantage:

- low background

- good photon resolution
-E, is measured in the B-
decay frame

* Disadvantage:

- sensitive to details of X
fragmentation

- Missing X, modes

S




B— X Y: Branching Fractions

* BFs measured in bins of photon energy
* Different minimum energy reached by single measurements
* Results extrapolated to E >1.6 GeV, and averaged

HFAG average:

BB —X.y) = (343 + 21 + 7)x10°6

SM prediction @NNLO:
BB Xy = (315 £23)x10

X,
Belle sum-excl L
PLB511,151 (2001) x‘
Belle not+lep tag XN. —b
PRL103,241801 (2009)
BABARIeptag | X id s

PRL109,191801 (2012)

BABAR sum-excl x;
PRD86,052012 (2012)

3.6910. LIOABIO.G

3.5010.15£0.41£0.01
3.3210.1520.31£0.02

3.5210.2Pp+05110.04

,3.90£0.9/1106410.04

BABAR hadtag |- XN
PRD77051103 (2012)

HFAG 2012
preliminary

SM (NNLO)
Misiak et al.

[PRL98, 022002 (2007)]

PR T ST 1 SR

| IR

| -

3.4310.2(1£0.07

3.151£0.28

| IR

2 3

BF(B—X_y) 107 scaled for E_> 1.6 GeV

Benasque, 31-Jan-2014
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* Use extrapolated results to constrain
m(H*) in the type-11 2HDM

* Exclude at 95% CL charged Higgs for
m(H*) <327 GeV, independent of tanf}

1000 [T T T
800

600 -

My (Gev/c)

400/

200




B— X, y: Semi-inclusive ﬂce results

* SM predictions yield -0.6% < Ap(Xy) < 2.8%
* Present world average A p(X,y) =-0.8 +£2.9%

_T(B—Xy)-T(B—Xy)
CT(B—Xy)+I(B—X_y)

'ACP (XSY)

* Recent BABAR analysis using 470 million Bbbar events, and a sum of exclusive
decay modes

*  Extract A, from simultaneous fit to reconstructed masses of B and B samples
* Correct raw asymmetries for detector effects

__tFlavor All 470x106NE}Bbarr Flavor All * In full X, mass region the corrected Ap is
— 1{2‘;111:;31? o | ,,,,,,, 1 sl BABAR Wi measured to be:
| conu o : o Ap(Xy)=(1.73£193_ =+ 1.02 )%
- — Good agreement with SM prediction

¢
C
<

w
o
(=}

N
ul
(=}

Events per 0.25 MeV
= N
=)
S S

—_
o
(=]

4| * These new results have significantly lower
\ uncertanties than previous measurements

0 ; ; L ‘ 0 ; ; p ‘
524 525 526 527 528 529 524 525 526 527 528 529
mys (GeV) mps (GeV)

50
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B— Xi Y: AACE

"+ The difference for charged and neutral B decays depends on C; and Cq Wilson coeff.

( Benzke et al., PRL106.141801.2011 ) o 5
& 17MeV < Arg < 190 MeV

AAcy(X,y)=Acp(B* = X[7)-Acp(B” — X]y) = 0.12 ’;78 m-
b 7

* Inthe SM, C; and C, are real ==> A4 ,=0

e From the simultaneous fits to charged and
neutral B samples B4ABAR measures

* Set 90% CL on Jm(Cy/C,) for any value of A, in the allowed range
68% and 90% CL for A vs Jm(Cy/C-)
BABAR | o A e | ]|

preliminary

AA,(Xy)=(50%39,,=15 )%

stat

—  min 2
B 68% C.I.
[ 90% C.l.

A78( MeV)

1k

0

et
Im& Tz

This 1s the first A4, (Xc;y) measurement and the first constraint on the
ratio of Wilson coefficients Cy/C, for new physics in this process

Benasque, 31-Jan-2014 F. Anulli 29



Benasque, 31-Jan-2014

Inclusive B =X I*1°
and
Exclusive B = X I*17

F. Anulli
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B X 1T

. - "
» Within the SM, it proceeds via electroweak penguin . iK - .
. W w*
and box d}agram | T [ .
* 3 effective Wilson coefficients: C,°ff, Cy°ff, C, W
7 77 7

* Expect BF in SM: B(X I*") = (4.6 £ 0.8) x10°

* Recent BABAR analysis uses a sum of exclusive modes B — X e*e” and B — X, utu”

* Reconstruct 10 X, final states, with 1 kaon, and up to 2 charged and 1 neutral pion
- It represents ~70% of the inclusive rate with m(X,)<1.8 GeV/c?, accounting for K% modes

- Unseen modes estimated with MC (inclusive generator model and JETSET fragmentation)

* Measure the total BF' and partial BF's in 5 bins of ¢?=m;? and 4 bins of my;
* General consistency with the SM predictions

-~ = = 470x10° BBbar
5 2 a Xote © B:l)lm
L -~ pr |mna.ry
> 1.5/ o Xe'e %
S m Xu'w =
o “"o :
L0.5] At
T 0 Lo e o
i S 04 06 08 12 14 16 1.8
b 20 z (GeV/c?)
s (GeV/c?)?
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D

¥ B X 11 :Forward-Backward Asymmetr

BELLE

* Preliminary measurement of Ay 1n inclusive B—X 1+1- decays presented
by Belle at the EPS-HEP Conference (Yutaro Sato)

* Uses a sum-of-exclusive analysis based on 10 X, exclusive modes

2
A, =-Re (2(/’;’!7 + q_zcgﬁ) o Cleg” Forward event Backward event
b

e e [+
i >
* Sensitive to 3 effective Wilson Coefficients s s A s
* Can constrain New Physics model @ dilepton rest frame

* Inclusive measurements have smaller theoretical and similar experimental
uncertainties than exclusive B — K™+~

@ Data
O sM (b>sll )

Total signal yields . .
T N, =139.9 % 186 (stat) Results consistent with SM

N 4 = 160.8 = 20.0 (stat)

: * Promising channel for Belle II
05

Ry ST
0O 5 10 15 20 25

P [GeVZ/c*



B — = 1*]" and B — nI*I° .

SM prediction of the order of ~10-8
The only observed channel (by

LHCb) 1s B*—=xtutu”
— BBxutu) = (2.4+0.6+£0.2)x1078
THEP 12, 125 (2012)

B factories searched for both electron
and muon modes, and for wtt, 7, and
M (only BABAR)

— see no signal in any mode

— set UL at 90% CL, for individual,
isospin averaged, and lepton flavor
averaged BF

All UL within a factor ~2-3 of the
SM predictions

All modes will be observed at Belle 11

Benasque, 31-Jan-2014 F

B->nd'¢

B%->ne'¢
B"->x%'¢
B'->n'c'¢

B->ap'w

B->ne'e

Bo->1|u+p'
BO->Jtop+u'
B ->n'u'yw
B°->ne*e'
B%->x’e'e
B"->n'e’e

% |:|B*—>n:*u+u' ;
s |:|B+—>K+u+u':
& Bs-orrr
@
o
>3
ko] _
c
<
(@)
0 ]
5000 5500 6000 6500
M —_— [MeV/c?)
| 1 1 1 1
5.9
6.4
_ | 5.3
SM 6.6
i m——  BABAR |
LHCb -111.0
-111.2
| . 6.9
155
10.8
Il 184
— 12.5
1 1 1 L
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Branching fraction [10]
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B—1tv andB > D®tv

F. Anulli

34



Common reconstruction methodologz

» Take advantage of the clean e*e” —Y(4S)— BB environment

— perform a tagged analysis reconstructing both B mesons

* Fully reconstruct one B (B,,,)

in hadronic modes
==> The direction of the B in the
signal side is fully determined

* Select events by:

* Look for signal decays
in the rest of event

’\/E S *)

AE=——FE_; my=—-
2 B'_| ES 4 pB

1,768 decay chains

5 MeV)
&
g
l T

smb Eff.: 0.40% [
= Purity: 75% E

Entries/(0

5.29

my (GeV/c?)

Hadronic tag in
B — D*tv

€
K* K° -

e

Xe

Btag hadronic reconstruction:
* High purity B-sample but low efficiency (¢ <1%)
* New BABAR analyses 3x more efficient than previous

Alternative tag method uses semileptonic B decays
* Higher efficiency but lower purity
* In general similar sensitivity



B - D®tvand B — tv: motivations

* Tree-level decays mediated in the SM by a W+

« BF and kinematic distributions (for D®tv) sensitive to a
charged Higgs H™

* (Can probe extensions of the SM with an enlarged Higgs sector
— e.g. Type-II Two Higgs Doublet Model (2HDM) of MSSM

/ B—tv \/ B~ D®twv \

b r — <"
> W~ /H- < w JH <5
—————————————— . C
B{Y - (%)
u % t 9 q D
* Small BF ~ 0.01%  Large BF (O(1%))
* Helicity suppression * 3-body decay, additional observables

* Theoretical uncertainties ~25% (V,,,fz) | | available to test models

N AN /




B—tv

* Tree-level leptonic decays b W~=/H~
— No QCD uncertainties from hadrons in the final state 7~
— BF depends onfzand V, u

B(B—1v),, =

fo T
- B decay constant from
™ Lattice calculations

2 -V, from global
G,mym; i m; 25 | CKM fit
8T

B

* Standard Model prediction:
¢ Boy(B > TV)= (110 £ [0.17,,#0.21, Iy, & [0.043,20.034,.],) x 107

- V| = (4.15+0.50)x107 (PDG 2012)
-f3=(190.6 £3.7+£29)MeV  (Laiho, Lunghi and van de Water, 2012)

* Branching fraction theoretical expression depends on the NP model
* For the 2HDM: 5

m
B(B—>ZV)2HDM B(BHZV)SM X (1—tan26 B

)2

* Previous analyses used both hadronic and semileptonic tag

mH



B — t v: results from Belle r:B

* Full event reconstruction with Hadronic tag

0
— B, TV T eV, uvyv,, wtv, p(atd)v,

T €
. l-e-Only l-prong T decays are used Belle, PRL 110, 131801 (2013)
700
(~70% of all T decays) _ 120 Belle
* Main discriminating variable : £, §100§ fit
* sum of the energy of the calorimeter clusters g 80r / QP
not associated with the reconstructed B’s 5 50l +
€ 40f ¥ background
 peak at zero for correctly reconstructed events :>J’ sob _.-signal (3.00)
&
° 1 1 . P el L1, 1 11 T TSP gy Sy
2 dimensional fit to: O T e T
— Extra neutral energy Epc; Eec (GeV)
2
- mmiss = (pe+e' - ptag - psig) )
O
 PDFs obtained from MC, validated with ‘%
control sampless: S
— Signal: B = D*0lvy P
— Background: M, and E,, sidebands E
1]

Br(B—1v)= [072*332_011]x104j o"'f"s""m" 15 20 25 30
(GeV?/c?)

mISS



B — 1 v: Results vs SM

Experiment Tag Branching Fraction (x107%)
BABAR hadronic 183i823j:024
BABAR semileptonic [9) 1.74£0.840.2

Belle hadronic 072t832j1011
Belle semileptonic [11] 154705102

New average (HFAG) |B(B — tv) = (1 A5+ 0.23) x10™

x10
0.30 K
% 3 CKM fit w/o BR(B—1V) 0.25
mmmmm 12 —— Measurements (WA) L
10 [y T T T T T T 0.20 —
08 |- ]
r 1 0.15 |-

0.6 -

BR(B — 1v)

\

0.4 — —

02 |- ] 0.05 —

i
0.0_ PR NI AT BRI AT BT AT R :Sunmenz
06 08 10 12 14 16 18 20 22 24 177 J, S S S S N S S S S S
BR(B — tv) x 10° 0.5 0.6 0.7 _ 0.8 0.9
sin 23
Fit to CKM parameters without B(B—1tv) Fit to CKM parameters without
—) .
Benasque, 31-Jan-2014 F. Anulli g(B 1N) and Sanﬁ



R(D(*)) —

B— D(*)TV W /H™.

Sensitivity to New Physics through the ratio B{
(B — D™tv) signal mode 1
(B — D™¢v)  normalization modes / = ¢,

Assume e, u modes unaffected by H™

NP contributions expected to change both rates and kinematic distributions of
the signal T mode

Scalar helicity T tan® 3 7’ — for B— Dtv
amplitude s s m>. 159 /m, + for B— D tv

Ht

Several theoretical (V_,, FF) and experimental uncertainties cancel in the ratio
* SM theoretical uncertainties: o”/(R(D)) < 6%, o"*(R(D*))<2%

Use leptonic T decays to further reduce systematic uncertainties
* same reconstructed final state for signal and normalizations channels
* but 3 neutrinos in the final state of the signal mode



B — D® 1 v: fits and results

New analysis: BABAR, PRL 109, 101802 (2012)
* x2 luminosity BABAR D°

10=m?_ <120GeV*

2

*  x3 higher efficiency (mainly ¢,,,)
D%y

Events/(0.25 GeV?

®Drtv
ED*lv
. EDNv % i ook 10=m2_<120GeV?, D*
Event selection: ED**ly " .
« Reconstruct D™ candidate --Bkg. ; B s
* Exactly one extra lepton candidate ) °t; .
(T—revv,uvv) ’ P, Ge)

e Multivariate analysis to suppress

backgrounds (uses control sample and
off-peak data)

* m,,  higher and lepton momentum p*
smaller for signal than normalization
e 2D Extended Maximum LH fit to
m? ... and p*, to extract yields

e Simultaneous fit with B=D®xO1v to

account for D** contribution
Benasque, 31-Jan-2014 F. Anulli 41

Events/(0.25 GeV?®)
Events/(100 MeV)

2
p*, (Gev)

10=m? <120GeV? D*
muss

Events/(025 GeV?)
Events/(100 MeV)
=
T




B — D™ 1 v: results vs SM

R(D)exp = 0.440 £ 0.072  R(D*)exp = 0.332 £ 0.030 PRL 109, 101802 (2012)

I 2.00 I 2.70 0.
R(D)sm = 0.297 +£0.017 R(D*)sm = 0.252 + 0.003 S,
SM expectations in S. Fajfer, J. Kamenik, I. Nisandzic, PRD 85, 094025 (2012).
» -27% correlation between R(D) and R(D*) —02 04 06
R(D
. combined BABAR results 3.4c higher than SM D)
— %Aﬁ%AR SM A
SM Aver. — . . ..
* ;067 cvipn [T bl * Unpublished deviations from
L et \ 4
2008 | 2330 BB - SM of Belle results presented at
' H—e— FPCP 2013 (A. Bozek)
2009|- 657M BB = o — *R(D*) :3.00; R(D):1.40
2010} 657M BB | | e - e Combined Belle+BABAR:
wi2lanves| | R(D™) : 4.80
,,,,,, -
0.8 At T T
R(D) 03 04 0.5 0.6
R(D¥*)
Averages do not include the new BABAR results
Benasque, 31-Jan-2014 F. Anulli
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B — D™t v: Type Il 2HDM scan

2HDM affects fit variables distributions and hence the efficiency.
==> measured R(D®) are not uniform in tanf/my,,

—

Q 038
& [] BABAR R(D): .
B W 2HDM tanp/my;, = 0.44 £ 0.02 GeV

PRL 109, 101802 (2012)

04

R(D%):
tanp/my;, = 0.75 £ 0.04 GeV™!

Exclusion probability from

R combined R(D™) measurements
0.6 038 1 = 100
tanB/my+ (GeV™')

/

999

* Best point is tanf/my;, = 0.45 GeV™!, and it is
excluded at 99.8% C.L. (3.10)

* All other points (with my,>15 GeV/c?) are worse -0
(B = X,y excludes my,< 300 GeV/c?) 0 65 mﬁ,%ol(GeV.l)
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998 _ SM excluded at 34 o
- Most likely tanp/m,;, =045
1 L L 1 1 L

Exclusion probability (%




TZEe—II 2HDM - connection with LHC

tanfS —m,, BABAR exclusion plot

B—-D®tvandB 2tV
searches at B factories are

Q.
g 50 Excl. at complementary to searches
3o .
B 4o at LHC 1n
M 5o t—>bH"

0 800 1000 | iy

tanf —
probed at LHC

QGO_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 60 \I'_ 7TeIV LI23fb CMS — -

§ - ATLAS % C t—>Hlb, Wi [ A

5 0-_ n'f,',“”‘ {§=7 TeV E B T, Hets, eth HT, and ey final states i
Data 2011 J.Ldt =46f0' I 501 Hor 1

[ u=200 GeV
40 [ =—=—= Median expected exclusion C

C : Observed exclusion 95% CL
30 -===-- Observed +1o theory

Observed -1o theory

7
o
.
L
.....
s
.......
.........
e

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

—&— Observed

----- Observed +10o (th.)
Excluded

||||||||||||||||||||||||||||||| . NI {555 Expected mediant1c

0 i |
90 1 00 1 1 0 1 20 1 30 1 40 1 50 1 60 :l 111 | 1111 I 111 l 11 .|..|.-I| Elxlpelcl'sldln‘leldllar: i;zlcl
m,. [GeV] %0 100 110 120 130 140 150 160

ATLAS: JHEP 1206, 039 (2012) CMS: JHEP 07, 143 (;18’1(;)9\/)
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B — D™ t v: limits on Type-III1 2HDM \ ‘

.General. spin-0 Heor = AGPVer [(E,),# Ppb) (Ty* Prv,) + Sr(SPrb) (TPLv,) + SL(CPLb) (TPLv, )]
interactions V2

R(D) = R(D)su + ApRe(Sr + Sr) + Bp|Sr + Si|?
R(D*) = R(D*)sm + Ap«Re(Sr — S1) + Bp:|Sr — Si|?
Corresponds to Type-II 2HDM case for S,=0

Impact on R(D™):

Crivellin, Greub, & Kokulu, arXiv:1206.2634 (2012); Datta et al, PRD 86, 034027 (2012)

BABAR, Phys. Rev D88, 072012 (2013)

Type 111 i IBABA R | Favored at 1 == Type-ll:
* 4 solutions for real ol prelminary I o 1o 1 Skt Si=5%-5
Spt+S; values. . L 1 % SMvalue
* Complex values L - > - e -
also allowed ‘; Un o ,,»'X '''' 7] X Measured

n ot { value for R(D)
* Type II has no _2'_ X 1 inType-Il:
solutions - | = | . 1 S=8, =-1.51
6 44 2 0 2
Sr—SL
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B — D™ t v: information from 22 distributions &

 Background subtracted ¢° spectra compared with Model prediction

* ¢° is the momentum transferred to the leptonic system BABAR, Phys. Rev D88,
072012 (2013)
X x2§ 15.1/14, P -369% DI | i xz': 110714, p ~686% DI - i 12': 445014, P ~00049% DI -

-
38

Weighted events/(0.50 GeV?)

2
2
0 . . % 0 ) . % : .
| 6612.p=854% g { S [ 6TM2p=876% oy | 3 f X 8112.p=T14% ey -
so- 1 B sl + 1 3B Sl + |
| +++H+ P2 Bl 13T ey
BTL LTRSS TR I
e B e R [ - e
5 qQ (GeVQ) 10 5 qQ (GeVQ) 10 5 qQ (GeVQ) 10
) S8, =-0.67 [ Ses=Lsi
2:_ """"" .li;aé;é: &.3'0 IIII ‘ ] p-value for R(D) is 0.4%, excluding
w o f ] solutions around S,+S,=-1.5 with >2.90
+ o —— | —
&
w
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Belle 11
and the
SuperKEKB
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WhX a super flavor factog

Despite all valuable results from B-factories, many questions remain unanswered

We saw that processes that occur at one-loop level in the SM may be of O(1) in
New Physics models: FCNC, neutral meson mixing, CP violation in B, D, ©
decays. NP can be probed at energy scale not directly accessible at LHC.

Physics motivations are complementary to LHC:

* Search for direct production of New Physics particles at LHC
can be effective for masses up to few TeV/c?

— If LHC finds NP, precision flavor physics is the main way to
investigate its nature

— If LHC does not find NP, high statistic B/D/t decays would be
a unique way to search for the O(1 TeV) (MFV scenario) up to
O(100 TeV) scale physics

— Complementarity between Flavor Physics program at LHC and
at a super B factory



Nano-beam scheme originally proposed by P. Raimondi
for the Italian SuperB project => x40 peak Luminosity

SuperBelle

Crab cavities

New beam pipe
& bellows

More RF sources
——)

More RF cavities

Higher currents
New IR Reduced boost: 4 GeV (e+) vs 7 GeV (e-)
Larger crossing angle

SuperKEKB luminosity projection

70
Energy exchange 605— GOdIOfBC”e II/\&‘M’KEKB
C-band ’d-\ Damping ring 50; . . 1
oL M ~ of. Integrated Luminosity: 50 ab’
A * \‘Vx¥%sitron source 3 ”E_
20}
10E— 9 monthalyosr
o“ o: 1 ' { zoommf-m
X107 8- Commissioning starts . [
of in early 2015. Peak Luminosity:
e~ b
,g - o neds 8x1035 cm2st
2} ——
2 : 1 | |- “1 1 1
iz 2014 2016 2018 7020 2022
Calendar Year

Benasque, 31-Jan-2014 F. Anulli
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Primarx Ehzsics goals

* In three years from now LHCb and partly BESIII should have significantly improved the
present B factory results in many processes

« Still e*e” colliders running at (or near) Y(4S) will have considerable advantage in several
classes of measurements, and will be complementary in many more

Main classes of measurements
* Missing Energy (E, ...
B(B—=1v),B(B— X, tv),B(B— hw),
invisible decays of bottom and charmed hadrons, ...
e Inclusive:

b—(d,s)y and b — (d,s)/" (" (rate, asymmetries,...) ...
* Neutrals:

S(B—K1'y),S(B—n'K,),S(B—KKK,),B(B—K'y),B(B—Kr"y),
T — uy, Low mass CP - odd Higgs and Dark bosons searches,....
For detail descriptions of the physics program at a SuperB factory, see:

- Physics at Super B Factory (Belle II) arXiv:1002.5012
- SuperB Progress Reports: Physics (SuperB) arXiv:1008.1541



BR(B - )

B — v

* Particularly sensitive to NP, because of helicity supression
 Small tension with sin2f3 and 7, with present measurements

* Can be precisely (~3% error) measured at Belle II

* ECL (= extra energy in the calorimeter) is the the key variable for the measurement,
* large machine background (environment significantly worse than in Belle)
==> crucial role of the EM calorimeter

0.30 T

0.25 |-

0.20

Benasque, 31-Jan-2014

-value
T .p 1.0

Red contour: expectation on
B(B—tv) vs sin2f at 50ab!

Cross: values at 1o measured at present
B-factories

Gymp ~ 0.012 @ 50ab-1 (now 0.02 )
O veny = 0.03 @ 50ab-1 (now 0.23 )

F. Anulli 51



LFVint decazs

* LFV not forbidden by SM gauge symmetry
* SM extended to include v mixing predicts LFV of O(107%)
* Any observation of LFV 1n lepton decays would mean NP
*  Most of NP models predicts T LFV BF of O(1077-10710)

e advantgae of using T :

— enhanced coupling to NP particles , many different
decays ==> tests of different models

* Eventually ratio of BF’s can distinguish among models

Touy Tl
Lee, Shrock, PRD 16 (1977) 1444

SM + v mixing Cheng, Li, PRD 45 (1980) 1908 1054 - 1040 | 1040
: Dedes, Ellis, Raidal, PLB 549 (2002) 159 o .

SUSY Higgs Brignole, Rossi, PLB 566 (2003) 517 10 10
SM + heavy Maj v, Cvetic, Dib, Kim, Kim , PRD66 (2002) 034008 10° 1010
Non-universal Z' Yue, Zhang, Liu, PLB 547 (2002) 252 10-° 10-8
Masiero, Vempati, Vives, NPB 649 (2003) 189 5 "

e Fukuyama, Kikuchi, Okada, PRD 68 (2003) 033012 0 0
Ellis, Gomez, Leontaris, Lola, Nanopoulos, EPJ €14 (2002) 319 . o

mOUGRA = Seesaw Ellis, Hisano, Raidal, Shimizu, PRD 66 (2002) 115013 10 10

Benasque, 31-Jan-2014

F. Anulli

LFV in SM

Examples of LFV beyond SM

U
0 A0S ns
HO,A!
<].L S
X T % T
T s T e
K 5 [
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LFV 1n t decays

48 modes analysed by Belle and BABAR

2] :
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a . ® * [al .. .. -‘
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O 10°F e
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Achievabl

Expect about one order improvement on

sensitivity with 50 ab™!"
* B(t ~uy)<107®
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Examgles of NP search in charm decazs

. -_ Illlll}lBa}IS;arllllll
e CPV in D%-D° mixing.
CDF
* New HFAG average [March ‘13] Belle
Aaccljl_rp — (_0.33 :I: 0.12)% LHSMrompt)
1.0 fo!
LHCD (semileptonic
— LHCDb should set the best results, but a cross S Tl
checks from the SuperB is mandatory Naiye average

TR N T Y S TN TN NN Y NS NN S S '

-1 0 1

 Radiatve D decays (D— Xy, D X I*])

— ¢ — u transitions c w u
— FCNC 1n the up sector can be different from those ‘@
in the down sector (b — s,d and s— d) d, s +b

— 1in particular no top-enhancement in ¢ — u

— Belle II can study them, tagging the ccbar events
by reconstruction of the other “D” (technique
already used for measuring absolute Ds BFs)
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B

elle II physics reach: a compact summar

Belle’ 06 | 5ab I 50ab-"

(~0.5ab)
AS(oK?) 022 0.073 0.029
AS(n’KO9) 0.1 0.038 0.020
AS(KsKsKs) 0.33 0.105 0.037
AS(Kgny) 0.32 0.10 0.03
Br(Xsy) 13%
Acp(Xgy) 0.058 0.01 0.005
Cq [Arg(K*IN)] — 1% 4%
CiolAmK)]  — 13% 4%
Br(B* — K*vv)  <9Br(SM) 33ab-! for po discovery
Br(B+ —tv) 350 10% 3%
Br(B* —uv) <2 4Br(SM) 4 .3ab ! for|5c discovery
Br(B* — Dwv)  — 7.9% 25%
Br(z —uy) <45 <30 <8
Br(z —un) <65 <20 <4 X1
Br(z — 3u) <209 <10 <1
Asin2¢, 0.026 0.016 0.012
A®, (px) 68°—95° 3° 1z
Ad,4( Dalitz) 20° 7 25°
AV, (incl.) 7.3% 6.6% 6.1%

:)-9

Benasque, 31-Jan-2014

Expected improvement in the
determination of the CKM parameters

07 T

06

Summer 12

05

- - 2ol wiaos 2B <0
iy, |uzcdiat CL > 0.55)

04

axdudad amahas CL > 095
- -

o
03

02

- HIIIIIIIIllllIIIllllllllIIlllllll

-0.4 -0.2 0.0 0.2 0.6 0.8

inclusive
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Conclusions

* The B factories continue to produce new and unique results

— The B-factories Physics Book will summarize their achievements

* BABAR and Belle are completing the CKM related program
— The CKM picture of CP violation describes generally well the data
* Rare decays and B decays to a T are ideal places to look for NP effects

— 3.40 tension with SM in BABAR B—D"tv decays. This result can be checked
with additional measurements already at Belle and BABAR

* A ssignificant part of physics programs are on exploring new areas, not in
the originl B-factories’ physics program, as :

==> B factories will continue to produce interesting results, until Belle II and
SuperKEKB will be fully operational

* The unique features of SuperKEKB will allow Belle II to perform a physics
program at the intensity frontier complementary to that of LHC

Benasque, 31-Jan-2014 F. Anulli 56



Conclusions

* The B factories continue to produce new and unique results

— The B-factories Physics Book will summarize their achievements

* BABAR and Belle are completing the CKM related program
— The CKM picture of CP violation describes generally well the data

* Rare decays and B decays to a T are ideal places to look for NP effects

— 3.40 tension with SM in BABAR B—D"tv decays. This result can be checked
with additional measurements already at Belle and BABAR

* A ssignificant part of physics programs are on exploring new areas, not in
the originl B-factories’ physics program, as :

==> B factories will continue to produce interesting results, until Belle II and
SuperKEKB will be fully operational

* The unique features of SuperKEKB will allow Belle II to perform a physics
program at the intensity frontier complementary to that of LHC

Thank youl!
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Luminositz and data sets

* Performances far beyond design...

-1
(11:;0 ) Integrated luminosity vs time > 1 ab™!

On resonance:

Y(5S): 121 !

r —KEKB e PEP|| 1
- Y (4S): 711 fb~
1000 | Y(3S): 3fb!
' : Y (2S): 25 fb !
800 | | Y(1S):6M!
: ] Off reson./scan:
[ ~100 fb!
600
~ 550 fb!
400 On resonance:
Y (4S): 433 !
_ . Y (3S):30 b
200 Y(2S): 14 b
. /./j : Off resonance:

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1
* More than 96% of the delivered luminosity was recorded by the experiments
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Experimental Techniques

e‘e— Y|4S) - BB
Boost: By =0.55

Y(45)

Flavor tag and
vertex _
reconstruction

4 8”
e—’)DC\, )
Coherent L=1 state I
e | Az
At = </3)/>C Start the Clock

Benasque, 31-Jan-2014

—
u
—_—) 1

JT

| Exclusive B meson and vertex

reconstruction

Stop the Clock

F. Anulli
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[sospin relations for measuring o

L : : v, d
* Penguin diagram (with weak phase 3) sizable “/‘4< N
* Non negligible shift on o measured from Time 07 Vidy! T
Dependent CP asymmetries B m
T ~ )\3627
C,, *<sinod
bt b T + Pe zyezé S =+/1-C, sin2a,, = s1n(2a . b B
B t u
d i
m  Aa from Isospin Analysis (Gronau & London, PRL 65 3381 (1990)
= Assuming SU2:
Bdecays = A" =247 24"
B decays = A*" =~24* - 24" .
A( 0 — TCOTCD)

LA(B0 S>ntn)

m  Need to measure all 1sospin related decays V2
= B/Bbar 2 ntr,mwtnl,mln?
= B/Bbar 2> p*p,p*p,p°p?
= B/Bbar 2> p*m,p*a!,pn?
m Alternatlve flavour SU(3) based approach can
be used to constrain penguin pollution, i.e. Ao

A(BO — 1'1°

LZ(E" —>n+7t‘)

2

Z(B‘ >’ )= A(B+ o n*n")




sin2o. (o= ¢,)

* The study of the three main systems to extract a, that 1s wrm, pp, and pa, 1s
almost completed by both experiments, using the full data sets:

* B —nam:
— Recently published result on B =a*n™ from BABAR and Belle
— BABAR published also B =x’7t® on full dataset
* B —pp:
— VYV final state, not pure CP eigenstate, => helicity analysis to measure CP

— B —=p*p~: old BABAR (384x10% BB pairs) and Belle (535x10° BB pairs)

— B —p%": full dataset from BABAR (2008) and Belle (NEW arXiv:
1212.4015)

« B (pn):
— requires a Dalitz plot analysis

— old Belle results (2007) on ~450x10° BB pairs

— NEW result from BABAR (ref.) ==> warning about lack of robustness in
extracting a with current statistics!
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World averages Cop=—Acp

+ -
T TS + -
P % T T Scp Vs Cep @

Ba'Baf ) ) N . L ) ~0.68't 0.10 :t' 0.08 CCP PRELIMINARY
& Xiv:1208.3525 - T
\ -1 ba ¥
Belle \ || 084008200 = -BaBar
CKM2012 prefimingary D Belle
LHCb N L 0564017 £0.08 u]]]]] LHCh
LHCb-CONF-2012-007 b '
i Average
Average 065+0.08 )/ .
y/
HFAG correlated average | ) )y
-1 L9 L5 47 Q8 L5 L4 03 ’/'
+ -
T nCep

PRELIMNARY
BaBar ' I| | 0i25+ 0.08 £ 0.02
& Xiv:1208.3525 N
Belle 0|33+ 0.08+0.08
CKM2012 prefiminary b
LHCb . L, 011110211008
LHCb-CONF-2012-007 | - ' _
Average 025+0.05 1 1 1 1
HFAG correlated average | 08 -06 -04 0.2 0
08 06 04 -0.2 0 02 SCP

Cortours gve -2A0n L) = &7 = 1, cormesponding 1o 60.7% CL for 2 dof

= good agreements between experiments (prev. tension removed)
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CKM summary: the angles

Average of B factories results

p=¢,=(21.4+0.8)° * Good agreement with SM
o = ¢,= (88.5 £4.5)° * Need to improve precision ony (and o) to

Y = ¢3= (67 £ 11)° better overconstrain the CKM with angles
a+B+y = (177 £ 12)° only

(p,n) constraints from fit to angles only

I= F
0-7 T T T T | T T T I T T T I T T T T T T | T T 1-_ UTflt
= . \C\ 7 . PBF
06 % 1y % T SM fit
© B ' \ Summer 12 —
Bz : \\ 3 '
0.5 *5 . ! \ = B
- ! . 0.5
= _§ \\\\\: :‘xw’ ‘12(3 s 3 |
04 —3 TN —] -
—3 i -
= mll] e o 3 5
03 [— i = R
- | o T 4 0- T
0.2 :— \\\‘\ — _: B
- RSN =
01 [— \= B
= ¥ B \& -0.5
0.0 T i . — e e ey 3 B
0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 i
5 L
-1
Y (N ST S T [T S 0 T T T T N TR T T
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Transformed processes JHEPOS (2012) 064

. Define processes of interest and their T-transformed counterparts
* Intotal we can build 4 independent T comparisons (and 4 CP, and 4 CPT)

Expected “signed”

decay time distributions
At =ty —tg,=AZ/ByC

T implies comparison of:
v Opposite At sign

v" Opposite CP states

v" Opposite flavor states

Benasque, 31-Jan-2014

B~ B_, (hJyK)
B~ B, (JwK)

BB, (NJyK)
B> B, ("JyK)

F. Anulli

0 =5 -

Bep. B )t B" - B,

B.p. — B I tag
. At

— B’ B° - B

B° > By, I” tag
B( P+ = BU
ek, Ik

B —B° (JwK_I)
T CP+ S
0 -
B —B° (JyK,I)

B,.— B® (JWK_)
B —B° (K,
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CPV

CPTV

Reference

Parameter

TRV: results

Result

AST =S 0 —

-0
K I

AS; =8t —

— 70
£ .I\L

ACF =C L, — CF

iKY

ACT = CF 4 — CF,

S L)
{ .I\L

St
t+.1\‘5’.

S£+ .I\’g

. -0
¢+, Kg

; 0
I+.I\S

~1.37 £ 0.14 = 0.06

1174018 £0.11
0.10 £ 0.14 £ 0.08
0.04 +£0.14 £ 0.08

AS}, =St — 8§t

Do 30
£ .I\S

¢+ .I\’g

ALS'(—-P -_ S'- o S'—

—-1.30+£0.11 £ 0.07

1.33 £ 0.12 £ 0.06
0.07 £ 0.09 + 0.03
0.08 £0.10 £ 0.04

0.16 £ 0.21 £ 0.09

—0.03 £ 0.13 £ 0.06

0.14 £ 0.15 £ 0.07
0.03 +£0.12 £ 0.08

— K% T Yt K9
ACH, = Cj—.z(g. N Cttr.lfg
ACcp =C ko = Cpi ko
ASEpr = S5 ko = Sh ko
AScpy = S::*.I\’g N St_+.1\'g
A(-"(ﬁtp'r - C;—+_K2 - ""vr-tL,K_Q.
ACGpr =CH ko~ O ko
Sf+.1<g
o—+.1\"2.
C'::”.I\'g.
-'r._+.1\'g.
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0.55 £ 0.09 £ 0.06

—0.66 + 0.06 + 0.04

0.01 £ 0.07 £ 0.05

—0.05 £ 0.06 = 0.03

Expected value (given CPV)

-1.4
1.4
0.0

0.0

-1.4
1.4
0.0

0.0

0.0
0.0
0.0

0.0

0.7
-0.7
0.0
0.0
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OEerator Product EXEansion SOPEZ

[ O
\{/ \ / Current-current :
O
. 2
’/)\\\\ ////A\\\\ O3
s |\+ wee  QCD penguin
® Os
q YT
0
b = s 07
t ' Magnetic operator
&Y - 08
d ] . -
\/ Vector electroweak penguin | Oy
t t
** _ Axial-vector electroweak penguin O
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BABAR analysis uses ~470x10° BBbar
events

Measure the total BF and partial BFs in 5
bins of ¢?>=m;? and 4 bins of my,

Exclusive final state reconstruction
separately in each mode using kinematic
variables

2 e -~
mES=J(%ECM—pB ) AE:EB_%ECM
Extract signal yield with 2D Maximum

Likelihood fit to mg and likelihood ratio
(based on signal/(signal+bckgd))
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B X 1T

MES and Likelihood ratio distributions
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Belle "» Belle II uEgrade

Higher background (x10+20)

ﬁL art1ld n|13l|‘°n getector:b out
. . . esistive Plate Counter (barrel outer
v Radiative Bhabha events dominate (

|
. * gﬁﬁ?ator + WLSF + MPPC (end-
» Fake hits and pileup noise in EM  EM Calorimeter: — _Capo<iuanilll 1 inner layers)

: Csl(Tl), waveform samplil
calorimeter Pure sI+waveform

v Radiation damage and higher cpe) N
occupancy . r;gg(t:igg?:gunter
Higher trigger rates (x40) electrons (7GeV) sing Aerogel RICH (fwd)

) Beryllium beam ’
v Level1 trigger (0.5—20 KHz) e o ter

v High performance DAQ, computing Vertex Detector
ghp Q, P gZIa ers DEPFET +

DSSD

Important improvements positrons (4GeV)

v ici Central Drift Charh
Hermeticity of the detector Helb056) Cat o (0%}, Sm
long lever arm, fast electroni

v |IP and secondary vertex resolution

JFDR: KEK Report 2010-1

~ K, and ©° reconstruction efficiency _

v K*In* separation

v PID in the end-cap parts
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