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Outline

Introduction

Time dependent studies:

* First direct observation of Time Reversal Violation - PRL 109, 211801 (2012)
e CP Violation in B® = D**D*~ decays - PRD 86, 112006 (2012)

« Search for CP Violation in B°BY mixing - Preliminary.

Time-independent studies:

» Search for B> K)v v decay - New, preliminary.

* Search for B-> n/m/*/~ decay - New, preliminary.

e Study of B> D)t v decay - PRL 109, 101802 (2012) & New preliminary extra studies.
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BABAR Experiment

. e'e” — Y(4s) —» BB B°BO (coherent state) , or B¥B~ with By~0.5

BABAR at PEPII, SLAC, USA From 1999 to 2008
e Calori ] Ldt~433fbl@Y(4S)
(superconducting) alorimeter

6580 Csl(Tl) crystals

Ldt ~ 550 fb-! total
Cherenkov et (3.1 GeV) (Off resonance,Y(ns))
Detector
144 quartz ba&
11,000 PMTs

. 0 Silicon Vertex
e~ (9 GeV) s P : - Tracker

/' ) 5 double-sided

layers

Drift Chamber
40 layers

Instrumented Flux Return
18-19 layers

~ 470 millions BB, full dataset used in analyses shown here
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Analyses methods

Time dependent measurement

/ Az &250 um \

»I
i Az=AtyBc (=

Coherent BYB° e
B

production “7
— Flavor tag: Lepton (e, u), kaon
B’ta
\_ 9 (e, ), K, .. -/

eKinematical identification with

A

c Reconstructed BO

cCs CP eigenstate (J/'¥ KO )
D*D" decay

o Mgs = VE,,om'2 — Pg*? (Beam energy substituted mass)

e AE=E";-E"},,, (Energydifference)
eEvent-shape variables combined in a neural network or Fisher discriminant to suppress

jet-like continuum events

Spherical BB Jet-like  qq 4
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Direct observation of time reversal violation (1)

PRL 109, 211801 (2012)
First direct observation of Time Reversal Violation, in any system.

_ B V',

Mixing / A Bf Iy, y(28), X

\ P final state ;
§—
AfCP : .
Projects CP odd B. Projects CP even B,

If CPT holds : T violation since N§ 'a) "~ 8000 signal evts E 1000-b) & ~ €000 signal evts
CP violation observed in the S K’ o
interference between decay Qm B —>\y(ZS)K° 2 B — J/yK’
with/without B® mixing. § o B —x_KS E 500
Never measured before. .
First direct observation of T - B
violation ! with also CP and | S ok BB B S . o &
CPT measurements. my (GeV/c?) AE (MeV)
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Direct observation of time reversal violation (2)

Semileptonic decay projects:

EPR entanglement from Y(4S5)
B%tol*,BYtol™

0 50 50 0
= \/_E [B+(t1)B_ (t,) — B_(t;)B.(t,)] J/WKs projects CP odd B-_

l+

: =0,
b x B —>B 4 independent T

comparisons (as 4 CP and 4
CPT comparisons)

Y(45) |
> AMEEEE W\JA\TIW\/0<: o
; Ak “B” . B K, T implies comparison of :
. \/}‘ ¢ Tmirror 1- OppoOsite At sign
e E i At=tcp — trlav

6
\ ‘B = I 2. Different CP reco states
+/" \\\:\\\ W\/\K (J/LIJKS VS. J/LIJKL).

d 3. Opposite flavor tag
\K‘W B —% B’

states (B® vs BY ).
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Direct observation of time reversal violation (3)

Signal model Assumes Al ;=0 but does NOT assume CPT
(for perfect time reconstruction: corrections needed to include time resolution)

s

g (A7) o e T A (zAT) [14S] ,sin(AmyAT)+C cos(AmyAT)]

[— i'ieavqside step function

8 sets of S, C parameters : 2 At (At>0, At<0) x 2 flavor (B°, B®) x 2 CP (Ks, K}
+ o

Extracted from simultaneous ML fit to
BY, BY, ccK,, and J/yK, for At >0 and At <0 events.

In usual CPV studies, one singlesetS,C  Assumes AI'; =0 and CPT
SM and CKM formalism: S ~sin2f3 and C~0
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Direct observation of time reversal violation (4)

|

Parameter PRL 109, 211801 (2012)  Result
ASp =S\ ux0 — Six o | 13T £0.14£0.06
[AS; = S, x.1/oK0 — Setx.cex® 117 £0.18 & 0.11]
ACT =Cy x jyyro — Clixexo | 010£0.16 £0.08
ACt =Cl« 1y ko~ Crrx.caro 0.04 £ 0.16 £ 0.08
ASee = S x ero — Sirx,exo | ~1:30£0.10£0.07
[A.S'EP N e, 1.33 £0.12 £ 0.06
ACEp = O x axo = Cfix oo 0.07 £ 0.09 + 0.03
ACop = Cp_x ero — Crt x oo 0.08 £ 0.10 £ 0.04
AScpr = Spix gpxo ~ Sprx,exo | 016 %+0.20 £ 0.09
AScpr =Sty juxo — Sirx.zxo | —0:03 £ 0.13 +0.06
AC¢pr =C,, /K2 C X,exo | 015 £0.17+0.07
ACcpr = Cix yjux0 — Crix cerco| 003 £0.14£0.08

Illustrative :

=

One of the 4 independent T violating asymmetrie
if there was no reco. effects :

Arz%[ASTisin(Am |At]) + ACr*cos(Am |AT])] -0

Sandrine Emery-Schrenk La Thuile 2013
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T and CP violation parameters
compensate each other to result
in no CPT violation

CPT violation parameters
consistent with 0

PRL 109, 211801 (2012)

T violation

O SN, R P

5 i
8

No T violation



Direct observation of time reversal violation (5)

-2 In AL scan with systematics included

First direct observation of
T violation in any system!
(with 14 o significance)

due to CP violation in the
interference between the decay
with/wo B mixing (AS #0), but not
directly in the decay

(AC consistent with 0).

CP violation seen with 16.6 ¢
significance

No CPT violation seen: 0.33 ¢
significance
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Time dependent CP asymmetry of partially reconstructed
B® > D**D*~ decays (1) PRD 86, 112006 (2012)

b — ccd transition: neglecting penguins TD MU

asymmetry is a measurement of sin(2p). ’\N\l\l\l\< o
RO
Mixing/ B\ ' \

2 s fep= D*D*- A few % in SM but possnble new physics

Need angular analysis to separate CP eigenstates (with fully reco events).

BABAR and Belle full reco. analyses measured CP even component CP parameters S, and C,, and
the fraction R, of CP-odd amplitude.

Here with Partial reco. measure average S and Crelated to C, and S, : C=C, ; S=S,(1-2R))

(Lepton or Kaon) Fully reconstructed D* Ex : lepton to tag B flavor %
BO utagn : ; B(] uCPu o PIRD86I,112906(2|012) ]

g : & ]

Y(4S) 2 600f S il -

-------- i z 400:_ : ey

2 P —— Fit:allcomponents ™|

- . —— Fit:signal =

D° not reconstructed . A . ]
Sx more statistics TN T I TN TR T 87

Myec (GeV/e )

un-reconstructed D*, use only slow pion .
Reco. recoiling D° mass 1o
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BO 9 D*D*- decays (2) Ex: kaon to tag B flavor

PRD 86, 112006 (2012)

Fit uses reco. recoiling D® mass, Fisher discriminant o ' AR ‘B("—’tag
: ) S— ]

(event shape), and time. PRD 86, 112006 (2012) g ~-= BOtag
= 4

C=+40.15 £ 0.09 (stat) = 0.04 (syst) hal

S=-0.34 £ 0.12 (stat) + 0.05 (syst) 400

Neglect penguin:S, =-S ;C=C,;S=S,(1-2R))
Use R, =0.158 £ 0.029 - BABAR PRD 79, 032002 (2009)

C, =+0.15 + 0.09 (stat) + 0.04 (syst) W=l

200

L ] LI | LI | T 1 T |

0

D

J o
: v,
1 1 1 I 1 1 1 I qnl

o
)

2 ] ]
S, =-0.49 + 0.18 (stat) + 0.07 (syst) + 0.04 (from R)) g |+ l‘l’ 1t 1
Result consistent with the latest (fully reco) BaBar and 2 T ‘T*ﬂ.k + 17
Belle results, and with SM predictions. 3 o W
Decreases BABAR uncertainties by ~20% by combining ) ! ’ IO}
with fully reco. analysis.
2t Ty =T yx-
D*' D*(S.,) M D*' D*(C,,) FEED
BaBar : 10.70£0.16 £ 0.03 BaBar { N—r0.05+0.09 + 0.02

PRD 79, 032002 (2009) e

‘ BaBar part. rec. ] -0-49 £0.18.£0.07 + 0.04 ‘ BaBar part. rec. : " 0.15+0.09 £ 0.04
PRD 86 (2012) 112006 : PRD 86 (2012) 110d6

PRD 79, 032002 (R0G9)

Belle 5 10.79+0.13 +0.08 Belle -0.15 £ 0.08 + 0.02

PRD 86 (2012) 071 1q'3(F5) e : PRD 86 (2012) ofi 103(R)

Average : 071+ o.oé;; Average . 0.01+0.05

HFAG correlated avetage HFAG correlated avetage . . 11

-1.6 W K -1 -0.8 ' 06 04 02 0 -0.4 -0.2 0 0.2 0.4 0.6




Search for CP Violation in B°B° Mixing using B® >D*v
Partial Reconstruction (1) — New, preliminary.  assume cpt

b, W ¢ bt g

> L 1 —
IS S0 IBe?!H) = , (|Bq> =+ (9/p), IBL;'})

o g V1 l(a/p)l?
q=d for BABAR
CP violation in mixing : P(B® - B%) = P(B° —» B?)

. Time independent

o A = N(B°B?)-N(B°B°) 40 A 1—|%| O(10%) in SM |

rAcp = N(BOBO)+N(B°B) CP 1+|g|4 Large valu_elndlcates

p new physics

A.p was previously measured with dilepton

New approach : partial D* reco (lepton, soft pion) and
kaon tag
. N(B°B°)-N(B°B°)  N(£’K*)-N(£K)
P~ =

N(B°B°)+N(B°R°)  N(£'K*)+N(£K)

12
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Search for CP Violation in B°B® Mixing (2)

14 x 10° events selected

Selecting Kaon from reco B can mimic B mixing e s
[ BABAR Preliminary

g

v \ Lepton

TR /0'4 —

Decay Side

il

Tag B PReco B

['ag Kaon

l'ag Side

Entries /0.2 GeV?

1]
=]
[=]

4D binned fit to : M 2, cos0,,, Az, p,

[ * Data
. — Fit Result

| mm Other Peaking

[ B D**

— W BB combinatorial
| 1 continuum

IM = (Ebeam Ep- — Ep)? —

Time : discriminating variable

|

Ty
Tag -side
Reco-Side

(kaon)

hxﬂlll[llx]T‘uL

l']'Il]‘T111‘\IIH m

h] T

P (PO NSRS || NP PO (PO (AR it v
0.8 -06 -04 -0.2 -0 02 04 06 08 1

cos0,,
Sandrine Emery-Schrenk La Thuile 2013

= [Ty

012

At (ps) @ Az

Pu ri#y ~30%

ﬁFrom soft pion

CP violation in mixing : time

independent.
Time analysis constrains
nuisance parameters :

backgrounds & detector charge

asymmetries...

13



Search for CP Violation in B°B® Mixing (3)

Continuum subtracted data

'BABAR Preliminary
[ (0) " (b) .
L0 TogSide I"K* < K™
E- Reco Side

10
At(ps)
- (e) Asymmetry +

Ty

{ ] + UYL PEPVIRIY S 2 ¢ HH+
1418 Y+Y v - Y ‘9 n +||

e .o -——

++T 'T'l

4D binned fit to : Az, cosO,, M, 2, p,

/K opposite signs also used to gain
sensitivity

BABAR Preliminary

+1.78
A = 1- |g| - [0.29 +0.84 (stat)-1.61 (syst)]x10-3

+0.36
Acp = [0.06 +0.17 (stat)—0.32 (syst)]%.

+1.50

Main systematics on A, : uncertainty in composition of M, ? peaking sample: A =-1.17x 103
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Search for CP Violation in B°B® Mixing (4)

0.02 T et 2
> | DO dimuon, 5 '
o | 9.0 fb! /7 I
(aa) i
P—

® 0
<
1
-0.02 --------—--s ol =
. DO D"y, Dsp,10.4 fb™ I
| CKM 2012 S ¥

p | This preliminary ! 5
measurement .| I

004 002 0 0.02

* Consistent and more accurate than
previous Y(4s) HFAG average.

e Consistent with SM and other results.

e (tension between DO dimuons & SM)
Sandrine Emery-Schrenk La Thuile 2013



Search for B> K®vv and invisible charmonium decays

> Invisible charmonium decay
. /z, 7 New physics : Non standard Z Same final state with:
i x l,r’”: N couplings, MSSM chargino or B=> K™ (¢), ¢E = vV
EW - ued - Higgs+, ...

Search also for rare decay:
cc = vv, cc=l/Y or ¥(2s)

SM : BR(B->Kwv) = (3.6 to 5.2) x10- >Z< i

BR(B->K"vv)= (6.8 to 13) x10°

ol
Q|

Theoretical prediction more accurate than for B> K() /+/- Standard Model New physics
Several previous upper limits on Bo>KM v : _
e BaBar (2005): Hadronic & Semileptonic B->K* v [PRL 94, 101801] New BABAR measurement with
® BELLE (2007): Hadronic B>K™ v¥ [PRL 99, 221802] I . I h d . B
e BaBar (2008): Hadronic & SL B->K* v# [PRD 78, 072007] EXCIUSIVELY reco nadroniC by,,.
e BaBar (2010): Semileptonic B=>K vv [PRD 82, 112002] Reconstruct 6 Kaon modes for Bsig:
Xiod e ; ® B*>K*vv
e O O —
Various Y K+ B 9KS*VV )
Hadronic decays 4\ ® B* S[K*>KT°] vy
e B* S[K™*>K ] vv
D)0 Btag\“/ 351g VoY 2K 2K ]

A e BOS[KOSKHT] v
® BO > [K0->K %] vv 16

A
>+ D M )/ :
or DU*,D M,/ i

VSN



Preliminary

~ F * o BABAR Preliminary
3 B-> K" decays (2)  Zeremee
E"’; % E —K'ce -"PZ *
5 5§ Expected combinatoric : grey shades g 5_ + T/é ]
18 mES peaking background : solid lines z o;Bo P HESIIRININN
- . . po . E10p- " °° -
p No significant signal 5 fi
c ST ConSiStent With SM < O%WH%#H#* _'r_fi,l
15F : ) L _ P B K*cT ;
o | * First lower limit for B*>K* vv i M :
% | * Most stringent upper limits using the I bodd T
fg' hadronic-tag reco for: BO>K° vv, g o
0.4 : B*>K**vv and B>K™ v decays * T =
5E : : . _ ORIV 1O IO
oﬁi"””’““” ddoainnd o First upper limit for \P(ZS) V. 0 05 1 15 2 25 3 35 4 45 5
0 0102 03 04 0506 07 08 09 1 m_ [GeV/cz]
sB = qz/rnB2 =(szig-pK( ))/mBZ
90% CL Limit Combined BABAR Preliminary
this meas. x | with S.Lept. S e e e .
earch for invisible charmonium
10 X103
. = +1.7404 Channel BF x 10 3 Limit : this B(cC —»> vV
B*=> Kt vy 1.5 - 0.8-0.2 >0.4 <3.7 <1.6 meas. x 10 3 /B(cc > e e‘)
BO-> KO vy 014 295 00 <8.1 <4.9 1PSvi 02+427+05 < 3.9 <6.6x 107
-0.9-0.4
+ *p o — + 6.2+ 1.7
B*> K™vv 3.3-36-13 <116 =04 W(2S) Sv7  5.64+7.4+16 <155 <2.0
B> KOvi 50 f5243Y <9.3 <12 4o -14
B> Kvv e >0.2 <32 <1.7

17
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Search for B> K"wv decay (3)

Normalized invariant vv mass
sg = q%/mg?

BABAR Preliminary

x10° - x10°
c 2F T T T T B

c 8
o =Ky o °—> f ] .
}31.5 ek E- SR 3 New physics can change not only global BF but
° 1 L 5% l_ 1 also the dependence of BF vs sg.
— b a= 2 =
‘céo,s I‘L 1 ¢ ol _L _L ]
[\ © ]
@ G l i @ 2_ 3 Altmannshofer, et al., JHEP 0904:022 (2009)
0-5 + - A E ﬁf IS} 1 Red: Enhancement in
0.15F ; 062{ R & g2 (vv invariant mass)
;3 0,1_— ' — ;3 TF E Lot ..
;\, E 5 U;ovm?e—r*ﬂ—e—'—"‘—e—_,_\_'__’__ : X from invisible scalars.
% 0.05F 1 %o002b —I 3 )
G: 1 I 1 1 E 0: 1 1 1 1 3 g 5F
0 02 04 06 08 1 0 02 04 06 08 1 T
SB SB 'GC:
—_— ﬂ e
- x10'5| . ‘ . c x105 _ 0.0 02 04 0.6 0.8
2 8 @B oKk E S (d)B Ky ] 5y
o _fF o 6 3
© 6 3 ® .
w r w 4 3
2% B E
2z l 2 ‘L _Ll 1 ] :
& | B o= 1 No BF enhancement seen at high s;.
£ 1 L T z
_l_ ] -4F .
e R ma = W A i -
o = R o= W O, E
I
" 0.005F- 1 "oo0of 3
© 02 04 06 08 1 0 02 04 06 08 1

Sg Sg 18



Search for B> wt/n /%~ decay (1) New preliminary

ﬁ-‘§ o+ & /ﬁ Search for new physics :
70 N\< / / b—>d €€~ similar to b>s 28~ but
PO u-—sy*\f'v& e II"‘ggé v %gﬁ W Rate suppressed by |V, /V,|?>= 0.04
; < 3 g B S S i SM prediction for BF ~ 108
(1 eI 7 U, G, t
Electroweak penguin Box

 Only B*>mt"u*u observed with LHCb

* Smallest upper limits from the B factories within an order of magnitude of
the SM predictions.

In this analysis:

* Search for B*> n* £7¢-, B°> 7’ £~ and B%> n £+8~ (first search)
with £*8-=e*e  or ptu”

* 1 reconstructed into 3w or 2y

* Lepton-flavor averages assume equal BF for ete~and p*u-

* Isospin average assumes BF(B*—>m*8*¢") = 2x BF(B°>nY¢*8")

Unbinned maximum likelihood fit to kinematic variables mES and AE to

extract branching fractions.
Sandrine Emery-Schrenk La Thuile 2013 19



Events

Search for B= ©/m 7%/~ decay (2)

BABAR Preliminary

I X-check

| B+ 4K ehd-

I 40f

Events / ( 0.0025 GeV/e2?)

/(0.025 GeV)

Ofs

-02 -01 0 0.1 02
AE (GeV)

-0.2 0 02 |
AE (GeV)

Some examples of m and AE distributions

- [S—
o )
———r—r—r——7—

N

BABAR Preliminary

0 v + ., —
B = 7“/‘“!'/1‘ /-"

Events / ( 0.0025 GeV/c?)

-O' ™ "‘l T

- 5.24 5.26 5.28
' g (GeV/e?)

[y o oo e g |8

g% [ 02
AE (GeV)

Sandrine Emery-Schrenk La Thuile 2013

: Events / ( 0.0025 GeV/c?)
o

-
O
o
v
I
=
(=)
S
—~—
7]
S
o=
)
>
88

N

—_
N

— 3= ,u+ T

9
i 'O

—_
N
——

BO

(8)

o- ™

524 5.26 5.28
Mg (GeV/c?)

10

‘AN
—

-ov Tl

(h)

P N SR S S NN SR SO U |

-02 0 02
AE (GeV)
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Search for B= ©/m 7%/~ decay (3)

BABAR Preliminary No significant signal found

Mode £ Yield B(107%) Upper Limit (107%)
Bt 5 ntete 0.199 Ve A 4.3753 £ 2.0 12.5
B? = 7%%e 0.163 1.0+3:2 1.9424 102 8.4
B° = nete
0 , _ 19431
g ; K "“Cf 0o 1.2_?_3 —4.071%° + 0.6 10.8  hep-ex/1210.2645
— m-e e 0.115 —0.5+3:2
13 -1.0 LHCb : B(B*>mtutu’)
BY 5 ntptyus 0.140 —0.533 —0.6744 +0.9 5.5 =(2.4+0.620.2)x1078
B = p 0.115 —0.275; —1.0757 £0.6 6.9
B - gutp~ But most of other
B® = mpyptp  0.102 —0.4773 e . ,,, Modes hard to study
B gty 0,063 —0.1787 i ~ atLHC
B — mete” 4.0135 £ 1.6 11.0 ®
B — mutp —0.9130+1.2 5.0 _ £ 3
- 3.9 g % 2
Bt — ntete- 25 aa+1.2 6.6 & 97D
B? - x%*+e- 1.2+39 + 0.2 5.3 e L £
R o
BY — pt+e- —2.8%68 1 0.3 6.4 23 <
. ; o € O
B — wtte 251334+ 1.0 5.9 - © O

X-check : measure BF(B*—>K*€*€") found consistent with current world averages.

Lowest upper limits to date on the B°>mn®e*e”, B>>n® u*u-, and BO>n® £+8-
branching fractions. 21



Study of B> D) t v decay (1)

PRL 109, 101802 (2012) W~ /H- <T__
,’ vV
b qu'/ C*:
. . . B{"® _}D™
* Semileptonic decays with a . q q
/=e, U, T Hadronic amplitudes
dry _ Go|Val*lPpe | B ﬁ : CHP) (14 ﬁ n 3'”?3
dg? 96m3m% q? ‘ ! 22 2q>
only forB - D* tv H- enters here (scalar).

Small term for I=e,u

e Test the SI}/L by m)easuring the ratio(s_: o)
B(B—=Dtv «~ _ B(B—=D v
R(D) = B(B-Dlv) and R(D7) = B(B-D lv)’
— Several theoretical and experimental uncertainties
cancel in the ratio.

e Sensitive to additional amplitudes.
— Charged Higgs (entering through the scalar amplitude).

Sandrine Emery-Schrenk La Thuile 2013 2



Study of B> D) t v decay (2) PRL 109, 101802 (2012)

Fv Ve - Ve
-+ Fully reconstructed tag B * L4 -
-~ Efficiency 2x previous Bic 3e°
analysis e _o®* Coee
Ki, K0 o ‘w e D(*)
. ¢
Xe

Old Biue: X = D, D" New By, : X, = D, D*, DT, D" J/%

Unbinned maximum likelihood fit over p;* and m? ;. = (P, - Pg..- P,")" P))?

Decay Naig Nuorm R(D™) B(B — D% 1v) (%)

D=7, 489 £ 63 2981 £65  0.440 £ 0.058 = 0.042 1.02 £ 0.13 £ 0.11
D*r~v, 888 £63 11953 £ 122 0.332 £ 0.024 £ 0.018 1.76 £ 0.13 = 0.12

PRL 109, 101802 (2012)

R(D) and R(D*) 3.4 o deviation from SM

not independent

-27 % correlation

0.2 0.4 0.6
R(D) Sandrine Emery-Schrenk La Thuile 2013 23




W=/H <v Study of B> D' 1 v decay (3)

B{ Z - }D(*) q = pg—Pp : four-momentum of the virtual W
Efficiency corrected, backg. subtracted g?
Normalized to nb of observed events. B® and B* samples combined
E' [ 4% 15.1/14.p=369%  DC ] [ 42 11.0/14.p=68.6% DI - [ 244514, p=0.0049% DI
© ] i - i 1
£ 3% < £ = +H+ ) —5
£ & - $ 14 | RN
o g x‘6617p 88.4% D¢ 1 % -12':647/'12,}):87.6% ' D¢ 1 g x'81/17p 774% D0
217 i | D i, ESDNE
M B | = _HH + | = | *H +
°+ PE—— .‘“’T" °+' T ——— i °’+' —
| ° ce” | | fem” | | e |

Standard Model tanpB/my+=0.30GeV™! tanp/my+=0.45GeV~1

PRL 109, 101802 (2012) HDM = « Higgs Doublet Model »

PRL: Combination of R(D"™)) excludes 2HDM type Il (@>99.8%)

New, preliminary : 2HDM type Il model is constrained (but not
excluded) using both R(D™) and g2 distributions.

Other more general charged Higgs models of New Physics
contributions with nonzero spin also compatible with

) 04 06 08 24
tanB/mpyy (GeV—1) measurements ... Sandrine Emery-Schrenk La Thuile 2013




Conclusion

Time and CP violation measurements

First direct observation of Time Reversal Violation - PRL 109, 211801 (2012)
In any system! Expected from SM but observed for the first time.

CP Violation in B - D**D* decays - PRD 86, 112006 (2012)
Results consistent with SM. BABAR global accuracy on S, and C, improved by ~20%

Search for CP Violation in B°B® mixing - Preliminary.
Improvement of the average Y(4s) result on |g/p|for the B%; mixing.

Search for new physics in rare decays

Search for B> K" vv decay New, Preliminary.
Search for B> n/n/*/~ decay New, Preliminary.

No significant signal found — New upper limits and improvement of existing limits on
BF.

Study of B> D) 1 v decay PRL 109, 101802 (2012)
New, Preliminary studies of g2 distributions to test new physics models.
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Direct observation of time reversal violation

EPR entanglement from Y(45)

|i)=—= [Bo(t1)BO(t2) B°(t1)B(t;)]
= ﬁ |B4+(t1)B_(t;) — B_(t1)B(t3)]

Final state (X, Y), one Bor B?, and one

Reference (X,Y) ‘
B°->B, I /P K,
B°->B I /P K,
B'->B, I+, J/¥ K,
B'->B I, J/¥ K

Semileptonic decay projects:
BO with I, BO with |~
JJWK; projects CP even B, = \/—1_ [B° +

/WK projects CP odd B_=—[B° —

o]l

]
]

oo

\/_

CP state B or B_, with decay time t,<t,
/
T transformed (X,Y)

B,—-B" /YK, It
B_-B° J/¥K,, I
B,—->B" J/¥K, I
B_-BY J/¥YK_, I

4 independent T comparisons (as 4 CP and 4 CPT comparisons)

T implies comparison of :
1. Opposite At sign.

2. Different reco states (J/WK; vs. J/WK).

3. Opposite tag states (BO V§£@ri)e Emery-Schrenk La Thuile 2013 27
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Time reversal violation Assumes AT, =0

Y Define At = t(ﬂavor) +(CP) [ =B’/ B ]

9 Consider cig}':t combinations (ﬂavor x CPx sign of A7)

Does NOT assume CPT

@ it each with EPR-motivated function

o (A1) « TP A (2 A1) (1450 ,sin(Am,AT)+C ,cos(Am,AT)]

— Heavgside steP function

> 5*_0cB ; CJ'—OLB - fit parameters

o T-Violation:  AS] = S5, —Sp, # O
s CP-Violation: AS.= 5;0 W =Sgy = O
o CPT-Violation : ASLPT_ 550 Ko S%’,Ks #= 0

, ; S, . = *sin(2p

9 AssumlngCPTc%’CPﬁt results, expect : LET (28)

AS. = 2sin(2B)

Sandrine Emery-Schrenk La Thuile 2013 28




Direct observation of time reversal violation

lllustrative : 4 independent T violating asymmetries
Include experimental reconstruction effects.

Neglecting reconstruction effects : A~ % [ASTisin(Am |At]) + AC;*cos(Am IAtI)]

< 05
0

-0.5

J.-]= = = = No T violation

Experimental
data

BABAR PRL 109, 211801 (2012)
e |
< 05-
NE:
0.5r
0 2 4 6 8
At (ps)
—~ d) B —>BO
< 05- -
ol =

AAAAAAAAAAAAAAA

8

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

2 -+
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Direct observation of time reversal violation

The T —invariance point is obtained
applying these eight restrictions :
AS*; =0

AC* =0

AS*cp = AS* ey
AC*p = AC%cpy

PRL 109, 211801 (2012)

Parameter

Result

AST =S; x sjuxs — Strxeexo | 137 £0.14+0.06
AST =S} XoJjoKO S;_\,,m\,g‘ 1.17 £ 0.18 £ 0.11
ACE =Cp y jyyxo — Clixaxo | 010£0.16+008
ACT =Cf y jjux® — Coixexy | 004£0.16:+0.08
ASCp = Sy ax0 — Sirxaxe  |~1:30£0.10£0.07
ASge = Siy.axs — Spxaxy | 133£0.12006
AG = R T;LX,C?K% 0.07 £+ 0.09 + 0.03
ACzp =C7y zxs — Crixang | 008£0.10004
ASEpr = Spix spexo — Seix.eexy | 016£0.20£0.09
ASgpr = Sfix spexy — Setx eexy | 003+ 0.13+0.06
ACEr = Cpix yyyd — Clix eaxg| 015 £017£0.07
ACGer = Cfix syyd — Corx caxco| 003£0.14+0.08
S spne 0.55 + 0.08 & 0.06
B _10 —0.66 + 0.06 + 0.04
e X'ﬁKQ 0.11 + 0.06 + 0.05

, ;X.M; —0.05 £ 0.06 = 0.03

30
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+ -
D* D* Scpvs Cep %

CGP PRELIMINARY

BaBarE

Belle
Average

1 1 1 L |

BaBar part. rec

-1 -0.8 -0.6 -0.4 -0.2 0

Contours give -2A(In L) = Ax” = 1, corresponding to 60.7% CL for 2 dof

Sandrine Emery-Schrenk La Thuile 2013
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Search for CP Violation in B°B® Mixing using BO >D*lv
Partial Reconstruction

p|° q|

q| [(H'p

T : 2
Fsignat (AL, 8¢, 8m) = e~T1a1 r'2) cosh(AT'At/2) —

2(1 +72)
_(1_

r' = ’EDGS/ Acr
b= 2r'sin(28 + ) cos &
c= —2r'cos(28 + ) sind’
' = Strong phase

q

p

2
r’z) cos(AmngAt) + l g'(b +¢) Sin(AmdAt)]

r', b, c: parameters resulting from interference
between Cabibbo-Favoured and Doubly
Cabibbo-Suppressed decays on the tag side

Assumptions:

oAl=0

eb, c are treated as effective parameters due to
strong correlation with resolution function

=> Only |g/p| is measured
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Search for B> KMvv decay (backup)

_ —Re(CICE") o
Nn= 17t TIDE
ICY |2+ [CRI2

VICL? +|CRI?

CF sml

B-> K'hv¥ sensitive to short distance Wilson coefficients |CY, | for
weak current (|CV;|=0in SM).

Constraints from B=> K vv (striped) & B> K*vv (grey shaded), from this
analysis (solid line) and semileptonic-tag analyses (dashed).

Consistent with SM

Sandrine Emery-Schrenk La Thuile 2013
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Wo/H <v Study of B-> D) t v decay

c
*
q }D( )q = pB-pD™ : four-momentum of the virtual W

BABAR Preliminary

B{

ETi~

Efficiency corrected, background subtracted g? distributions,
Normalized to numbers of observed events. B® and B* samples combined
—x2215.l/l4,p=36.9%. D¢ -x2§ 11.014.p=686% DI 1 x 44.5/14 p = 0.0049%

w
(=]
T
w
(=]
T T

-
L |
o 3 $ o o1 o
S = t + = f f = t ;
a 2 [ x:6612.p=884% peg | 2 | (:6712.p=876% prg { 2 Fx:8U12p=T774%  peg |
g E so- ++ E so- ++ E so- ++ i E _)D*T—.g
< ° LR 1 L HEEEEL |5 L HgEL
ot e B, = e B, o
’ (Gev?) T @) P (cev?) .

Stanéard Model tan ﬁ/mH+- 0.30 GeV™! tan B/mH+- 0.45 GeV~1

PRL 109, 101802 (2012)
HDM = « nggs Doublet Model »

: Favoredat BABAR =~ 1
, 2r Bic B0 [30 Preliminary
Combination of R(D™) excludes 2 f
2HDM type Il Db o — .. == Excluded by
C 1+——> measured g2
L[| e — e | distributions
A MR e R
Sr— 8L

Favored regions in independent scalar part of complex

SePAFAMETETY SRILFST 2ADM e il from R(D) 3535



