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Introduction

* Flavor physics experiments have measured precisely CP violation
and the parameters of the CKM matrix in B and D decays

— No significant inconsistencies or deviations from SM have been observed

¢ — The CKM mechanism describe very well the observed pattern of
CP violation

- However ~3 0 tensions in Vub, B—1v, B—>D1tv, A_, AA "

SL?

— Search for CP violation in lepton decays: there is no SM mechanism so the
new physics signature is clean.

— Precisely Measure sin2f in b — sqq decays to see the indirect effect of high
mass scale new physics in the b — s loop

— Search for CPV in b — sy, b — sll decays again to see the effect of new
physics in the b — s loop and SM can make precise predictions



Synopsis

B—K(")1I:
— Differential BF and direct CP asymmetry [arXiv:1204.3933]
B — KKK,

— Dalitz Plot <CP>, time dependent CPV <DP=>, S~sin2[3, C~0 [PRD85, 054 023]
B — KKK

— Time dependent CP violation with DP analysis, S~sin2[3 and C~0
[arXiv:1201.5897]

T+—>KS TV

— Direct CP violation, A_,~0 ( «— from T decay)[Phys.Rev. D85 (2012) 031 102]
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Trigger
s \ L1 ~2KHz, L3 120Hz
_—— Trigger eff. ~98%

Y(4S) C.M.
Energy

9.0 GeV®

Nucl.Instrum.Meth.A479:1-116,2002

Csl Calorimeter for

Photon detection

Integrated Luminosity 1999 — 2008

On-Peak 424 fb1~465 MBB M55=¢(5/2 +PoPs) EZ- P}
ff-Peak 44 fb*

Off-Pea b AE_E*_E

100M Y(2S), 120M Y(3S), 4fb* above Y(4S) B2




arXiv:1204.3933

B—K™Il rates and asymmetries
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EM penguin encoded in C7, EW penguin & W-box encoded in C9 & C10

» Effective Wilson coeff. (C) encode short distance physics,
calculated to NNLO in SM to ~5% accuracy

 BF and asymmetries can be studied as a function of m

e Coefficients can be affected by NP entering at the same order as
the SM observables and give a different dependence on m ?

H _ 5.y’
X g X
’;"F_ T ,,’-_ T e T
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b u.c.t 8 b u.c.t 8 b d,s,b 5
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Reconstruct B*O—K O, B*O—-K*OI*[- 1=e,u

K™I*l: signal extraction

Tight particle ID on e,l,K to reduce fakes

Neural Net suppression of combinatoric background (qq and BB)

Veto most peaking background (J/Q,P(2S),D(K*T) )l

J/Y 1l used as a control sample.

Ali et al. PRD 61, 074024 (2000)
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Ghinculov et al. EPJ €33, 288 (2004)
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ArXiv:1204.3933
BABAR prellmlnary

BF results % KIT
% 30~ combinatorial _
E -
Yo
. :; 20~ Cross-feed + peaking _
» Signal extracted from ML fit to M 2
2 2 2 ]
and AE MEs:\/<5/2 +PoPs)"/Eq—P5 g 10 R
* S > E%ﬁ“' EANE
AE:E i w TSR BT SRR SN S D -|-'J"i".ll:”3?\
e Total BF 52 52 522 524 526 528
m_ (GeV/c?)
B(B—K({ti7) = (47£0.6£0.2) x 1077, 5 08 |——BABAR. 471 M BB
B(B— K*''(7) = (10.27753£0.5) x 107", 3 0 o s ssuss |
o 0.4 E
@ 03 ] B —z
e BaBar Belle and CDF [and LHCb] g 02 '}H’T- ‘ﬁ“ E
. . . — - ) # -
agree with SM prediction 0.1 — S
o 1.2f I
. SM Based T L 3
e predictions Né\.f.ﬂj | R D= N E
[ nanR nes with g. 0.6F IS s el
e O-BelleSTMEE uncertainties 3 'HQ Sr=t— =
S = 8 ook 2 N
N R S R SR R || B ) \ ) ) \ " .
‘ o3 Ei:an ching F:éﬁctian 2 2 0 3 10 13 5 I:GE%E.’C"}
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K™II Isospin asymmetry

ArXiv:1204.3933
BABAR preliminary

1 5%_(8') B_I>K||I I—F—BABQR,#HMBEE

* Isospin asymmetries as the 1E - Belle, 657 MEE |

difference between B° and B* 0.5 -

0ET i . f—

K& _ BB —=KW% ) —r BB KW F ety B I #‘ 3

AT = B(BO—K M0t i—)+r, B(BT =K Titi-) ﬂ'i; ]

e In SM expect very small 4550 =

asymmetries O(1%) < F(b)BokHl N

1.5 Ve =

* Measure the asymmetry below J/{ . ;— JL—-% 3
(0.1<5<8.12 GeV?/c?) 0

. : 050 C T T e 3

Al (B — Keti™) = —0.581020 £0.02 [2.10], \ B E

A (B — K*rte7) = —0.257022 £0.03 [1.20], 0 5 10 B (eddieh

* Consistent with SM predictions at

20 and agree with Belle results
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CP Asymmetry

* Direct CP asymmetries agrees with SM expectation (0)

* Lepton flavor ratio agree with unity

15/6/12

5 [ GeViet)

Acp(BT — KTETE)

Aep(B — K*itE™) 8 {_(]Q\.-'EI-'(_J‘J

Rk

R

All

—0.03 £ 0.14 = 0.01

0.03 £0.13£0.01 All

100703 + 0.07

1.131538 £ 0.10

0.10-8.12 0.02+018+001 | —0.1315 15 £ 0.01 0.10-8.12  [0.7472-%9 £ 0.06]1.06 7925 + 0.08
=>10.11 —0.0612-22 £ 0.01 0161515 + 0.01 =10.11 143100 £ 0121181055 £ 0.11
1] ﬂ.f-: I I i E, 2.2; | T 1
 w *BKT | o [ *BKIT
- Jig  w2s) - A e
B « T =B
0.3 B K I [ T L ———— =
: ; . Jip  wE2ZS) ]
0.2 =] 18- ]
0.1 = 114"_ : | r =
o 1.2( -l =
p, R E — |
-‘D.E:— _: n.a_ |
-0.3:-- : 06- :
-0.4f BABAR- a4k BABAR/
: arXiv:1204.3933 ; b 1 B B wXKil3044933
05, : 30 35 30 0 5 10 15 20
Geviic)
s (GeViic) ol
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TD CPV in B’ — K KK : motivation

Penguin loop dominated — NP sensitive at large scales
CP=+1 => time dependent CPV analysis

b—ss loop diagram has the same weak phase as b—cc K

However b — u pollution and new physics contributions could
depend on the resonance structure -> study Dalitz plot

— Study the poorly understood f (1500)

15/6/12 G.Simi U. Padova - ICF2012
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Signal Modeling
e Dalitz Plot: time integrated , CP averaged:

— 3 identical particles in the final state = amplitudes are symmetric for
exchange of two K,

Smin = min(sqa, s93, $13),
SR 1 AP Smax = Mmax(8si9, 593, 513).
dF(B—PIKSESI‘LS) _ _ dSmindSmﬂx- T 12,223,213
(2m)3 Bme'g[] ' 5 5
Sij = Sii = Migakgy) = PitPi)
— Distributionins_._ s populates only "Symmetrized Dalitz Piot |

[P Y R R R R R R EEEEEEEEEEEEEEEEE)

1/6 of the phase space

— Isobar approximation:

[GeV?/c?]

- g =
[3,]
T I LI

N
A{Srnin-\. Stnax} = Z c_}'Fj (Srninw Srnnx}-

j=1 : :
Centrifugal barrier for tensors .
Fj(smm__sy@):%(m) L(|ﬁ*|rf)XL{|@@w T

S .
min

10—

L1  lineshape = Zemach tensors for — =jgbmguoprotobo o LM,
angular distribution s, [GeV?/c?]
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Signal extraction

e Discriminating variables

- M., AE, Neural Network(cos6*,cosO,,L ,L ), Dalitz plot

— Signal extracted from unbinned ML fit signal and sidebands region

£; = Z N;Pi(mgs, AE,NN, husin, Binax),
-

— & computed as function of Dalitz plot position to improve sensitivity

TTT T LI rTT T LI T T LI rrT m [TTT TTT TTT TTT TTT TTT TTT TTT TTT T

* <€>=6.6% - b 1 E E

50— - 2 :

— Background : '|' _|- S 12 ;

, - 4wt -

mainly from i oF E

a0 3 7k 5

continuum events u “t E

I +' IS 3

* $=200 * 15 o 1 s
- 0E 5

° S/B = 6 5 % £ZTI E.ETIE I5I.2|T1I| I.‘:.E‘!?é I 5I2|Té I Iilﬂl Iﬁlzlﬁé I.‘nl.zllﬁi- 5.288 .‘;Zlﬁé 52 -ﬂ.:l 008 D06 D04 002 0 002 004 006 D08 ;1
M, [GeVic?] AE [GeV/c?]
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Dalitz Model

Start with a basic model f (980)[flatte'], X [RBW],NR[e"™]

-5913

e
~

-5914
-5915
0.5 -5916

Width[GeV/c)
(=]
[-;]

-5917

-5918
-5919
0.2 -5920
-5921
-5922

2 22 2.4
1.1 i . } . 1.7 1.8 1.9 2 : :
Mean [GeVi/c?] Mean [GeV/c’]

» No need for £, (1500)

» Two solutions found for f (980):

— large f0 component with small NR

. & 0.8 1 12 14
15/612— small f0 with large NR G Simi U. Padova - ICF2012 Mag 1 (980) [arbitrary units] 5




[ ]
Flt re Sults Mode Parameter Solution 1 Solution 2
fo(980)K2  FF 044153 1.03403E
Phase [rad]  0.00+0.16 1.26 +0.17
—2AInL 11.7 -
Significance [o] 3.0 -
fo(17T10)KS FF 0.07 50 0.00+503
Distribution generated using the fitted values Phase [rad] ~ 1.11£0.23 0.36£0.20
—2AInL 14.2 -
= L N e L L ':. Significance [o] -
v - 0 3 - -
o ¢ BABAR 3 £2(2010)K¢ FF 0.00799% 010 +0.02
8E- preliminary = - Phase rad]  2.50 £0.20 1.58 £0.22
TE E —2AInL 14.0 -
6; _g-_ _ Significance [o] E.EU 3 - __
SE E NR FF 216703 13702
f,(2010) 4=—» = Phase [rad] 0.0 0.0
f(1710) s=—» —~ —9AInL 68.1 -
f (980) 2 = Significance [#] | 8.0 -
B = ) - - -
0 = = xeok 2 FF 0.07+33% 0.07+£0.02
oo s e 22 Phase [rad]  0.63 +0.47 —0.24+ 0.52
S]IIED( .
—2AInL 18.5 -
Significance [o] -
Total FF 284000 2667057
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Time dependent CP violation

e DP result useful to predict the deviation of sin2 Beff from sin2[3
Pl (AL, OaL; Giag, €) =

* Integrate over Dalitz plot and fit the emlatl/ro

i AD,
-L_HD +qmg s

tlme dlStrlbutlon Wlth +Giag (D) ¢ [S sin({AmgAt) — C ctu}ﬁ{.ﬁf?:d&f}]
i ‘Rgigfﬂf..ﬁjg::.

e TD determines also the weak and strong phases

* Use also Ks — 1T to improve sensitivitv

'1-1':-"_'"I"'I"'I"'I"'I"'IIII
Species  3Kg(ntw) 2K3(rtn)K§(n'n") £ TD CP asymmetry
Signal 201135 62155 3 0.5E ]
Continuum 3086 72§ 7086 T35 = D: | l I—I—|
B'B~ bkg —5473] 15+31 S —
B"B" bkg 9*3d 4138 <-05f
[.5 = —0.94 igjgi‘?l/{:PV observed at P S U B S P T
C = —0.17+0.18, 3.80
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B — KKK (excl. K K K)

* Also in this case b—s loop diagram has the same weak phase as
b—cc K" transitions and b — u tree diagrams can change this by

sin2_-sin2B= [~1%,4%] PLB620, 143; PRD72, 014006
« However K’K'K_ is not guaranteed to be a CP eigenstate

— interference of resonances = sin2f3 . extracted from a Dalitz plot, time
dependent analysis

e Interference allows to resolve the ambiguity on the sign of cos2f3
(3, 90°-3 ambiguity) . Can measure Beﬁ for other resonances

« A, inB— @K'K)K"is well predicted in SM ~ 0%<A _,<4.7% 554%273 ’

o Study the poorly understood f (1500) with the high statistics
B*—K'K'K"sample and B*—K'K.K, (L=even)

15/6/12 G.Simi U. Padova - ICF2012 16



— T — T T T
* Data

° 700 [Jsignal ]
Selection = S
400
300
* Background mostly from b—-c 200 f§
transitions, fight with NN(cos0., ”
327 5.275 5.28 5.285 5.29
cosO,, L2/L0, At/0, , tagging) m (GeV/c?)
- KKK sig: 5300, S/B=78% © o0t TS0 Ktkok
. $ e S |
- KKK sig 600, S/B=24% E
~ KKK (TUT0): sig: 1400, S/B=347% S e
 Dalitz plot E
— Isobar model . . 5.29
. my (GeVic?)
A= AB" — KTKTK ;mqa,ma3) = L ajfi(miz,ma3)
7
a; = c;(1+ bj)ei("f’ﬁﬁj)

o A, (= -2b/(1+b2) ), B, (= B+ 3)
a; = cj(1—1b;)e'@%) - '
15/6/12 G.Simi U. Padova - ICF2012 17



B — KKK Dalitz model

No need for £, (1500)

NR contribution better described by polynomial

CPV parameters set to nominal ones

Best fit with ¢(1020), f0(980), f0(1500), £2(1525), f0(1710), %O,
polynomial NR.

§
Angular moments used (B = / | Alrmicic: cos 12 Bicos B)d cos i
Ji

to compare data and fit

0.03

<P,>

0.03F
0.02 -
: 0.02F
0.01F :
Sk A o001F ||
0f 2 -
W
0.01F o
0.02F
= 0018

-0.03F

-D.D’l_....|....|....|...|.....

L T - | T R
25 3 35

Mgk ow (GeV/c?)




B — KKK Dalitz model (II)

« KKK best fit with f (980), f (1500), £,'(1525), £ (1710), x_,,
polynomial NR. First ever DP analysis

. K'KK_: best fit with $(1020), f,(980), f,(1500), f,(1525), £ (1710), ..,
best fit with £ (980), f (1500), {,(1525), {0(1710), xc0, polynomial NR.

o In all 3 channels: no need for broad £, (1500) [not yet established,
used to explain some older data]

f — f0(1500), f2’(1525), f0(1710)

<Py

15/6/12

5 S S ¥ S E—
My {1GeVicT)

1 1 1 1
R T S R ¥ N R
my g (GeVic’)
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B— KKK CP violation results

T I LI L L I T T 1

F% 12[};— - BT —i

« KKK o 1007 =B
g 80f =

- BF=(33.4+0.5£0.9)x10 [y K excluded] £ «f + E

= C ]

g 40 -

- A _(overall) = (-1.7+1.9-1.4+1.4)% & o F i@: i E

- i 4 Hﬁﬁi@cﬁm{;

ol tiies vt ? tegbaiieH

= A($K) = (12.8£4.4£1.3)% (2.80 from 0, b R e
SM:~0-4.7%) My 1o (GEV/C)

. KKK 3 of T
Y 50 —

- BF=(10.1£0.5£0.3)x10~° [x_K excluded] E 4& + =B E

= 30 =

- A, = (4£5%2)% g iﬂ%ﬁ ii#& i E
3 ot 47

oF :ShMakae siarti %% -

-I_D_ P T N T T N T T T O R S O I

my g _(GeVic?)
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s | PK, region

B— KKK CP L
violation results (II) -

Asymmetry
=
5]

RN AR B

o K+K'KS:

‘ =
.
[TTTTTTTTrTT

=)
N
\:
o
[ o]
oy
L=
(=]

- BF=(25.4£0.9+0.8)x10~° [x_K excluded] S O At (ps)

- B.(PK,) = (21£6+2)°, excellent agreement with

o b
p_(non-¢, non-f ) = (20.3+4.3+1.2)°, agrees D = t ' - _
with SM |

Asymmetry
o o
S O
RANRARNRRRN

o=
[
| | [TT
—4
b
I K
Dol b bl

- 90°-B_; excluded at 4.8c (ambiguity in J/YK,) 08 e

e Constraints on new physics: assume

~ Isospin symmetry [A(PK")=A($K)]

ratio(A EIA .

— 2nd amplitude with different phases w.r.t.

pengum | r~10% due to A(¢QK")
A= Al +Tez_zq+2)’ N: 0 and 180 disfavored
A = A (1 4+7re™T)
15/6/12 ! " ) G.Simi U. Padova - ICF2012
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CP violation in T lepton decays

e No CKM type mechanism exists in charged leptons.
e CP asymmetry in leptons has not yet been observed

e Tau is the only lepton that can decay to hadrons, which provides an
opportunity for observing non-SM type CP violation.

e Search for time integrated rate asymmetry for T — KT (= 0 T)V_
In e'e — T'T events

I[(r" > 7 Kv)-T(r" > 7 KNW.)
I(t" > 72 Kv)+T(c -7 KNv)

A

15/6/12 G.Simi U. Padova - ICF2012 22



Phys.Rev. D85 (2012) 031102

° ° "‘1_: lllllll T
Signal Selection A e
~ 107 — [l
S . =k
. . 100 T bkgd
» Signal side. P . =LA
0 E Y S O S P S +|Il |+. L
05 1 15 2 25 3
- 1K M. (GeVic)
— 1-prong (not identified as kaon) *:%.3 CEL BAR
o
— Any number of T 8
e Tag-side § =
I'E : ﬁ!ﬁ. T 1 = .'1.5' . . 2 — 'QI.E. 3
— Electron or muon Mass (GeV/c)

o Likelihood cuts to reduce qq background and Select good K°

— Bkg: number of neutral clusters, thrust, visible energy, pt

- K.: decay vertex, mass, polar angle

e Yield: 170k events each for T and T”

e 15% background dominated by 7~ — K~ K(=07")vr and 77 — 7~ KU K'vr
15/6/12 G.Simi U. Padova - ICF2012 23



Rate asymmetry
* Arec=-0.32% (e tag), -0.05% (M tag)

e The asymmetry in reconstructed events has several
contributions Arec = (A, Dy, +A 7+ A))

« A_: Control sample T — 3-prong

— No charge asymmetry expected in control sample —
extract detector asymmetry consistent with zeo,
included in sys (~0.10%)

e A_:Kaon interaction asymmetry
— A =(+0.07+0.01)%
D, background
- Dilution due to T background: D, _=0.75

e Result: A_=(-0.36 £0.23+0.11)%

15/6/12 G.Simi U. Padova - ICF2012
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At/2Reg,

SM expectation I

1ok '
osf

JHEP 1204 (2012) 002

st Asymmetry
* No CP violation in tau decay but known ¢ integrated up to t,
CP violation effects in Kaon decays T —— t /T

e T" > K, 1T" > K°, [K>=(K> + |K >)/2p, [K°>=(K > - |[K >)/2
S L p S L q

* Bigi and Sanda [Phys.Lett. B625(2005)47] predict an asymmetry due
to CPV in the K sector equal to 2Re€ 3.3 107

I[(r" > 7 Kv)-T(r" > 7 KNW.)

I(t" > 72K )+T(c -7 KN)

 Not end of story: K.—TuTand K, —Titamplitudes interference

Phys.Lett.
= +0.33% B625(2005)47

A =

generates a time dependence of the asymmetry [ Grossman and Nir
JHEP 1204 (2012) 002]

15/6/12 G.Simi U. Padova - ICF2012 25



Comparison with SM

Phys.Rev. D85 (2012) 031102

e Experimental detection of KO — 3 "?I_I
Tt has an efficiency dependent on g o8- 3
he decay length s ;
the decay lengt 04E E

) u_zf_ t/t<1 _f

* = Correction factor of 1.08 e 7 S X A KR

HrK:

e = SM prediction = +0.36%

e Result: A =(-0.36 £0.23+0.11)% . £
2.80 deviation from SM 5
™
()
A0 Similar situation in D*->K_TT" but
.5
> _
29 - DP>K,D —>K'=>A=-A
o D T
= o
£&@  _ Exp.Result A =-0.44%0.13+0.10 < Incompatible with the T

measurement!
15/6/12 G.Simi U. Padova - ICF2012 26



Summary

e BF and CP asymmetry in B —K™II consistent with SM

— Negative Isospin asymmetry at the 20 level

« Observation of CP violation in B — K K K consistent with sin2(3

* Observation of direct CP violation in B* — @K* 2.80 from zero

e Improved understanding of the resonance structure of B — 3K: no
need for broad f (1500), first ever DP analysis of B* — K K.K*

e Measured direct CP asymmetry in tau decays, inconsistent with the
SM (after correction for KS decay) and with direct cp violation in D
decays.

15/6/12 G.Simi U. Padova - ICF2012
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