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Amplitude Analyses
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Dalitz Plot (DP)

Three body decays described by two parameters

Mandelstam variables ml.? =(p, + pj)2
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Amplitude Analyses: Parametrization

Parametrizing Decay amplitude using Isobar Model:

palitzPlot  [A(DP) = > a,F,(DP)
Isobar Model A(DP) = > ajf} (DP)
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Amplitude Analyses: Parametrization

Parametrizing Decay amplitude using Isobar Model:

Dalitz Plot A(DP)=>»
Isobar Model

a;

K(DP):}LE

| = - |

“(DP)
F,(DP)

Shapes of intermediate
states over DP

4

Isobar amplitudes:
Weak phases information
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Amplitude Analyses: Parametrization

Parametrizing Decay amplitude using Isobar Model:

palitzPlot | A(DP) =) a,F,(DP)
Isobar Model A(DP) = > ajf} (DP)

F*(DP) :

Shapes of intermediate

states over DP

Line-shape

Kinematic part

Flatté:

For B—oKnn Gounaris-Sakurai:
S-wave Kr:

Non-resonant:
Other contributions:

Relativistic Breit-Wigner: K*(892)x

f (980)K

p(770)K
LASS
Different parameterizations
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Amplitude Analyses: Parametrization

Parametrizing Decay amplitude using Isobar Model:

palitzPlot | A(DP) =) a,F,(DP)
Isobar Model A(DP) = > ajf} (DP)

Time-dependent DP PDF (|q/p| =1)

Lo etlads
F(At, DP, gig) o (JAP* +|A") —=
2Im|(q/p)AA*] | Al — AP |
(1 + Gtag Al 1 AP sin(AmgAt) — Giag AP T (AP cos( AmgAt)
mixing and decay CPV Direct CPV

T

Only different from zero for final states
accessible to both B’ and B’

(e.g. B">K’ ')
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Amplitude Analyses: Parametrization

Parametrizing Decay amplitude using Isobar Model:

palitzPlot | A(DP) =) a,F,(DP)
Isobar Model A(DP) = > ajf} (DP)

Time-dependent DP PDF (|q/p| =1)

oAt /7

-

f(At, DP, gug) < (|A]* +|A]?)

!

277 AA*
(1 F g 2 (q/p)AA*]

= Sl
AP

mixing and decay CPV
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Sensitivity to phase difference
between amplitudes in the same
DP plane (B or B)

(A-mdAt)>

Direct CPV

Sensitivity to phase differences
between g . and g . amplitudes
Includes qllp mixing phase




Amplitude Analyses: Parametrization

Parametrizing Decay amplitude using Isobar Model:

palitzPlot | A(DP) =) a,F,(DP)
Isobar Model A(DP) = > ajf} (DP)

Time-dependent DP PDF (|q/p| =1)

L, el
F(At, DP, gig) o (JAP* +|A") —=
2Im|(q/p)AA*] | Al — AP |
(1 + Gtag Al 1 AP sin(AmgAt) — Giag AP T (AP cos( AmgAt)
mixing and decay CPV Direct CPV

Complex amplitudes d j and (. determine DP interference pattern.
Modules and phases can be directly fitted on data
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Amplitude Analyses: What can be measured?

¥ ArT; function of the isobar parameters which does not depend on conventions
is a physical observable

s Examples

— |2 2
- Direct CP-asymmetries: Al,= a_f|2 |af|2
|| +|a|
« Branching Fractions: B, (|aj|2+|aj|2)Fj(DP)dDP
« Phase differences in the same B or B DP: (pii: arg(aila,‘) q;ii: arg(ai/ai)

- Phase differences between B and BDP: A ¢, =arg (a]./a.,.)

s All amplitude analyses should provide the complete set of isobar parameters
together with the full statistical and systematic covariance matrices

s This allows to properly use all the available experimental information and to
correctly interpret the results
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Amplitude Analyses: the signal model

[

J Isobar model needs predeflned list of components with their Ilneshapes signal model
s No straightforward way of determining the signal model from theory
s The signal model is mainly determined from data
» Use previous experimental results to come out with a smart guess of this predefined list
= Raw Signal Model (RSM)
« Use the data to test for additional contributions which could eventually be added to RSM
= building of “Nominal Signal Model”
* Minor contributions treated as systematics = Model uncertainties
« Additional model errors: uncertainties on line-shapes (e.g. non-resonant and Kn S-wave)
a  SU(3) prediction: same components should contribute to SU(3) related final states
» Final states with high efficiency and low background can be used to build the signal model

« This model can then be used coherently among SU(3) related final states

« This implies correlations of the model uncertainties of the SU(3) related final states which
need to be evaluated = currently it is assumed no correlation

a We strongly recommend to analyst of all B—>hhh (h = &, K) modes to work in
coordination, ideally the same set of conventions should be used by all
experiments
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Phenomenological Framework
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B—K'n System: Isospin relations

------- g e R S e R e

B ->K"*n~ Penguin
s
u
SU(2) Isospin relations: Tree w4 3 ’
AO++ _\/2A+0= ,\/2A00+ A+- 7 - ‘.:z - -
— — —_— —_— / ub T
A% +2A%= Y2A" + A* ) - ) .
4 4 d d

0 L S S * +- % +-
b (S) A(B°—»K™T)=V V' T + VV.P
+ *0 ) — * 0+ * +- (03
A(B'-»K"r") = V.V, N + V.V tb('P +P EW)

V2AB'K™T) 2V, V, (THTP -N") +V V' (PP-PC,, +P,)

V2A(B°-K™n%) =V V' T + V V' (-P+P_)

 Due to CKM unitarity the hadronic amplitudes receive contributions of different
topologies. In the above convention they are referred by the main contributions
- T" and P™: colour allowed three and penguin
> N%: annihilation contributions
- T%_: colour suppressed tree

- P, and PCEW: colour allowed and colour suppressed electroweak penguins
RTCTaaTD PeICZ POICZ, — INCW PIIYSICS at BeTIe 1T, TeD. 2ot 20 TS ™




A(B’»K"*nt)=V V' T*" + V V' P*
us ub ts tb
+ *0pet) — * N0+ * + 3 pC
A(B'-»K*n)=V V' N + V V' (-P"+P_ )
+ . 0) — * +- 3 100 0+ * +- pC
V2A(B*—»K"*1°) =V V' (T"+T®_-N")+V V' (P"-P°_+P_ )

0 *0,m0) — — * +
YEA(B —-»K™n ) = VUSV ubT c + VtSV tb(-P +PEW) |

Neglecting P_ , the amplitude combinations:
3A,, = A(B°->K") + V2.A(B"—K" r’) =V V' (T"+T*)

BoKm System: extraction of o (CPSIGPSZ)

(S)

3A = A(B’>K'n') + V2.A(B’—Kn’) = V' V_(T"+T%)

)I(3A. ) = e >

3/2 312

which gives: R'..=(A

CPS PRD74:051301
GPSZ PRD75:014002

The actually physical observable is
(invariant under phase redefinitions)

_ A\ — 2B a2y _ A-2i0
R, = (alp)(3A,)I(3A ) = e*e "= e

3/2
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B— K System: unknowns and observables count

sersre g e R S e e e =

AB-»K"mn)=V V' T" + V V' P+

us ub ts tb

+ *0 - * 0+ * +, pC
A(B'»K"n") = VUSV ubN + VtSV tIO(-P +P EW)

0 *0,0) — * 00 * +-
V2A(B*—»K™*n°) = vV V' T® + V.V (-P*+P_)

11 QCD and 2 CKM = 13 unknowns

+ 40y — * +-, 00 pNJO+ * 15+ pC
V2AB oK ) =V V' (T+T N*) +V V' (PP +p_) | (S)

Observables:
- 4BFsand4A_ from DP and Q2B analyses.

« 5 phase differences:
- A¢ = arg((a/p)A(B' =K w)A*(B - K *x): B'-K’ =%
> ¢ = arg(A(B’ =K 'z")A*(B"-K %)) and
9 = arg(A(B' - K n)A*(B—K 1) from B'—K' 1 x°
- ¢ =arg(A(B'=K x")A*(B'=K"x")) and
"¢ = arg(A(B=>K m)A*B =K ") from B'->K xt'n’
A total of 13 observables
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Event if

N(unknowns) = N(obs),
reparametrization
invariance prevents the

simultaneous extraction
of all CKM and hadronic
parameters without
additional information

PRD71:094008 (2005)
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B— Kz System: two strategies

Scenario 1: set some constraints on hadronic parameters:
- If Had — Had + 5Had gives CKM — CKM + 3CKM ©
Ex.: o from B — ©tw

- If Had — Had + 8Had gives CKM — CKM + ACKM @&

Goal: test CPSIGPSZ method

Scenario 2: CKM from external input (global fit) and fit hadronic parameters:
- Uncontroversial: only assumes CKM unitarity
- inputs:
* Fix CKM parameters from global fit
* B>Knn experimental measurements
- output:
* Prediction of unavailable observables
* Exploration of hadronic amplitudes = test of QCD predictions

Alejandro Pérez Pérez, New Physics at Belle II, Feb. 25th 2015
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B— K System: CPSIGPSZ theoretical prediction

CPS PRD74:051301
GPSZ PRD75:014002

GPSICPSZ: relation betweenthe P_ and T_, = T + T°°C

-Bonn: P =RT_, R=1.35% and real. (SU(2) and Wilson coeff. |c_ | small).

312!

P and T CKM of same order — P__ negligible

- B—>Kn: P, = RT_, (same as x and SU(3))

P amplified CKM wrt. T (|V _V* IV _V* |~ 55)— P_ _non-negligible
- B—>K'n: P,=R.T.,

-R__ = R(1-r )I(1+r )

- 1, complex— vector-pseudoscalar phase space

- GPSZ estimation |r | < 5%
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B—oK® System: proposed parametrization of observables

B°—K° JR

B(B°—=K*'1)
0 +

A (B">K*')

AO(B°—K*1)

0

Re(A(K* T )AK*' 1))
IMAK*T)AK* 7))
B(B°—K*'1)
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B’—»K'nx° B*->K'nn* B'—»K’ n'n’

B(B°—K*1) B(B*—K*°r") B(B*—K*°1")

A (B°—K*T) A_,(B*'—K*1") A_ (B =K*r")

B(B°—K*°°) B(B*—K*'1t’)

A (B°—K*’) A (B'=K*1")

¢(K*Oﬂ0/ K*+TC_) (I) (K*+TEO / K*OTC+)

(I)(K*OTCO/ K*_TCJF) (I)(K*-TCO/FCOTC_)
[AK* ) AK*T)] |A(K*T)/AK* )] |AK*TO)AK* )|
Re(AK*1’)/A(K**1)) B(B*—K*1") Re(A(K*1")/A(K**r))
IM(AK*°1’)/A(K* 7)) Im(AK*7°)/A(K*°1))
Re(A(K*°1%)/A(K* ")) Re(A(K*1°)/A(K*r))
IM(AK* ) AK* 7)) IM(AK* ) AK* )
B(B°—K*°1°) B(B*—K*'rt")
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Scenarios to constrain CKM
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Closure test

* Fix CKM parameters to current values
« Assing ad-hoc “true” values to Had. amplitudes

« Deduce corresponding values of physical observables

Scenarios to constrain CKM: the strategy

« Explore constraints on CKM parameters assuming very small uncertainties on observables

« Had. amplitudes constrained to follow naive hierarchy pattern
- T">T®>N"and P">P_ >P°_

« Furthermore, P_  constrained to match CPS/GPSZ assumption

- [P (T + T%)| =0.0135 and arg(P_,) = arg(T" + T)

Hadronic par. magnitude phase (deg) | Physical observable ~ Measurement  Value
T+ 2.540 0.00 | B(B" = K**17) 82+0.9 7.1
70 0.762 75.74 | B(B" = K*'77) 3.3£0.6 1.6
NO+ 0.143 108.37 | B(Bt — K**7") 92415 8.5
Pt 0.091 -6.48 | B(BT — K*'7t) 1.6+12 109
Pgw 0.038 1515 | Acp(B" = K*t77)  —24.0£7.0 -12.9
Pl 0.029 10190 | Acp(B® = K*7%)  —15.0£13.0 —46.5
% 1.801 Acp(Bt = K*7%) —0.52+15.0 —35.4
0 /4= 0300 Acp(BY = K7%) 450450  +3.9
NO+/T%0 0.187
|Pow /P 0.420
Pew /(T +TY)| /R 1.000
Paw/ Py 0.762

This ad-hoc choice of “true” values roughly reproduces current BF and A__ (c.f. table)

Explored hypothesis

a4

a4

CPSIGPSZ-like assumption

Hypothesis on the annihilation
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Scenarios to constrain CKM: CPSIGPSZ-like (1)

-

=

« The CKM a is extracted from B—nx, pr and pp isospin analysis by neglecting the P_
contributions to the decay amplitudes

« Asimilar approach is tested here

CPS PRD74:051301, GPSZ PRD75:014002
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Alejandro Pérez Pérez,

Yields constraint on p—n following o contours
But fails (by large amounts!) to reproduce true o
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Scenarios to constrain CKM: CPSIGPSZ-like ()

P_, setto zero p-value P_, in (0, 0.5xgen value) ...
1.5 LI B — LA L L B Y N B B B L B B 1.0 1.5 [ LI N L N AL AL R B BB B T T T T T T T T ] 1.0
|~ | excluded area has CL > 0.95 n excluded area has CL > 0.95 |
- ' Toy |7 0.9 - Toy | 0.9
.0 — — 1.0 — |
1or . 0.8 u ] 0.8
05 - — 0.7 0.5 :— _: o7
: : 0.6 : : 0.6
00 AN L -] 0.5 o ¥ ) d, e T - 0.5
g | . 0:4 - I . 0.4
-0.5 [-Generation! - -5 - Generation; -
I ; 1 0.3 - ' . 0.3
- value . L value ]
- . 0.2 - i 0.2
-1.0 — ] -1.0 — -]
- Eem 1 Boa - 1 Bo-
- Toy h ~ TEST i
1.5 I B I B B R L 0.0 1.5 T R B RS RS P - 0.0
-1.0 -0.5 0.0 0.5 1.0 1.5 2. -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
P P
P__in (0, 1.0xgen value) P__in (0, 2.0xgen value)
EW p-value EW p-value
1.5 _I II;dI l hI ICLI Olgsl T T T T [ T T T L S S S S S — .0 1-5 7I II;dl I hl (I:Ll Olgsl T T T T | T T T T | T T T T | T T T T 1-0
C ' Toy 0.9 - ' __TEST ] 0.9
10 [ —] 10 -
C ] 0.8 N . 0.8
3 } 0.7 - : 0.7
0.5 — ] 0.5 — —]
C ] 0.6 C . 0.6
0.0 oo A - 0.5 1= 0.0 e N = 0.5
- o : 0.4 - oo . 0.4
.05 -Generation: - 0.3 -0s -Generation; - 0.3
- value . : - value . .
. - 0.2 . . 0.2
-1.0 — ] -1.0 — —
- . 0.1 - . 0.1
~ TEST — - TEST -
[ 3 I DI R B SR R 0.0 3 AR RN R U RN RN R 0.0
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

25tk
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1.5

1.0

0.5

0.0

-0.5

Scenarios to constrain CKM: CPSIGPSZ-like ()

P_ setto zero
EW

L L L L

T
excluded area has CL > 0.95

I
o |4
< |]
XI—

ITIIIIT]I]III]ITIT

IIIIllIIIlIlIlIIII

- Generation

azalia o

-value
P 1.0

0.9
0.8
0.7
0.6
0.5
0.4

0.3
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1.5

P

E

w i.n (0, 0.5xgen.value)

1.0

0.5

0.0

IIIIIIIIIIIIIIIIT

excluded area has CL > 0.95

0.5 - Generation;

value

Toy

The method is overly sensitive to the assumed P__ values

* Relaxing the hypothesis spoils the predictability of the method

+{ « Astrong hypothesis on P_ provides a strong, but biased constraint

- Remember the “true” P_ is 1.35% smaller than the tree amplitudes!

25tk

1.
) > Butits impact is strongly enhanced by the CKM factors on penguin terms
g
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Scenarios to constrain CKM: hypothesis on N™ (l)

[ PRERSn S LEELEE LA s ons S O BRC = s L LR et oo

« CKM enhancement does not affect tree terms
« Furthermore, the annihilation N°* is naively expected to be small
* May be constrained from theory and/or from annihilation-dominated modes

N’ fixed to gen value IN®*IT*| fixed to gen value

p-value p-value
1-5 [ T T T T I T T T T | T T T T I T I- T T | T T T T I T T T T 1-0 1-5 B T T T T | T T T T ll T T I T T T T | T T T T 1-0
B excluded area hasCL>0.95‘ Generatlon TO B B excluded area has CL > 095 Gene atlo TO |
- i value Y [ Fos - value Y |1 Bos
1.0 — — 1.0 — —
L 1 0.8 - ] 0.8
_ ] = - 0.7
0.5~ — 0.7 0.5 — 5
0.6 - 3 0.8
= 0.0 i _] 0.5 = 0.0 :— """"""""""""""""""""""""""""""""""""""""" —: 0.5
E \\; 0.4 § J |7 04
Py ~ -0.5 — —
- ] - - 0.2
10 ] 0.2 1.0 |- -
o Crl ] 1 Mo - e 1 Mo
u Toy H 7 ) B - \ ]
L 1 1 1 1 I 1 1 1 1 i 1 1 1 1 I 1 1 1 1 | 1 1 1 1 ] 1 1 1 1 ] -1'5 L : : I : : L : I : : : L I : ! ; ! I ; ! ; ! l ; ! ! 0'0
e 05 00 0.5 1.0 15 20 0 10 05 0.0 0.5 10 15 2.0

p
Hypotheses in the [N*/T"| provides a “B-like” constraint in p—m
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Scenarios to constrain CKM: hypothesis on N (ll)

IN*IT*| < 1.5x(gen val)
p-value
1-5 N ll ; dl I hl ::Ll 0]95] T T T T I l- T T T | T T T T I T T T ] 1-0
- excluded area has > 0. Generatlon m : 0.9
10 i value .
F ] 0.8
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0.5 — ]
C ] 0.6
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- . 0.4
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L 7 0.3
L ] 0.2
-1.0 — -]
B % 1 0.1
C L : ]
1.5 Lo MR R R L ] 0.0
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ST T o
| [ Tov ]9 Mos
1.0 ]
] 0.8
- 0.7
0.5 ]
] 0.6
R -] 0.5
- 0.4
0.5
C 0.3
- 0.2
-1.0 —
B % 0.1
C L
5L - - L L : 0.0
-1.0 -0.5 0.0 1.0 1.5 2.0

T B
0.5
P

25th 2(

IN*/T"| < 5x(gen val)
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Scenarios to constrain CKM: hypothesis on N (ll)

IN*IT*| < 1.5x(gen val) IN*IT*| < 5x(gen val)

15 I I | T I PVale o 1.5  alue
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Relaxing the hypothesis on N* yields only a mild
INC/T] deterioration on the constraints )
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Scenarios to constrain CKM: hypothesis on N (lll)

- N A A AN x x = x A S e

B coverage vs Upper bound on |[N*/T*| (in units of the generation value)

80— Even assuming a 500% uncertainty on the N*/T"
60 — bound the theoretical error is less than 9 degrees
@ -
o 405
S 20
E —
o OF
2
g -20— —
= - N
3 -40F —
- — _
-60 — ]
-80F | —
— | | | | | | :I | | | | | | | | | | | | | | | | | | | | | | | | | | | | 1 —]
2 4 6 38 10 12 14 16 18 20

IN®*/T*"| upper-bound
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Scenarios to constrain CKM: Summary

[

s CPSIGPSZ-like hypothesis:
- Conservative values on the uncertainty of the P_ prediction gives uncontrollable effects

of the p-n constraints
= The method is dominated by the theoretical uncertainties

- This is expected due to the CKM enhancement (|V _V* /V V* |~ 55) of “penguin” w.r.t
“tree” terms

s Hypothesis on the annihilation (N*)
* Itis possible to set a constraint in p-n by just setting a upper bound on the [N®/T"|

 Constraint on CKM less sensitive to theoretical uncertainties as there is no CKM
enhancement

Uncertainty of 500% on |[N*/T"| gives a theory error of less than 9 degrees

» Possibility to get bounds on the annihilation from data by measuring the annihilation-
dominated mode B* — K*’K* which is U-spin related to B’-K*'x*

= Accessible to LHCDb

Alejandro Pérez Pérez, New Physics at Belle II, Feb. 25th 2015



Current constraints
on Hadronic amplitudes

Alejandro Pérez Pérez,

New Physics at Belle II, Feb. 25th 2015
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4 BABAR

Experimental mputs BABAR (I)

.......

R R e R A

B’>K'ntnt analys|s PRD83:112010 (2011)

IA(K*T)AK*T)| = 0.74 +0.09

Re(K¥n/K*1) = 0.80 £ 0.20;
IM(K*r/K*T)  =-0.32+0.42;
Re(K¥n'/K*7") = 1.00 £ 0.15
Im(K*n®/K*")  =-0.07 +0.53;
B(K*'n) = (3.30 £ 0.64)x10°

s BABAR B’-K’ n'n” analysis:

Full Correlation matrix

1.0 0.06 0.02 -0.35 —-0.11 -0.06
1.0 078 030 -0.01 0.29
1.0 -0.06 0.00 -0.10

1.0 030 042
1.0 —-0.02
1.00

PRD80:112001 (2009)

two minima differing by 0.16 2NLL units

Global minimum

B(K*'1") = (8.3 £1.2)x10%;
Full Correlation matrix

1.0 0.93 0.02
1.0 —0.08
1.0

Alejandro Pérez

Re(K*n'/K*1) = 0.43 £ 0.41;
Im(K*"/K*'1) = -0.69 + 0.26;

Wm

Local Minimum
Re(K*r'/K*'t") = -0.82 + 0.09;
Im(K*t"/K*") = -0.05 + 0.43;
B(K*'1") = (8.3 £ 1.2)x10°%;

Full Correlation matrix

1.0 -0.20 0.22
1.0 -0.01
1.0
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Experimental mputs BABAR (II)

s = o = S R v

s BABAR B'-»K'nn' anaIyS|s PRD78:012004 (2008)
IA(K*° )/ A(K*1)| = 1.033 + 0.047;  Full Correlation matrix

B(K*'n") = (10.8 + 1.4)x10°; 1.0 0.02
1.0

s BABAR B'—K° nt'rt® analysis:| Arxiv : 1501.00705 [hep-ex] (2015) New Result!
s y

« Currently in communication with authors to get full set of observables and correlation
matrices

» The results shown in next slides just use
> B(K*x%) = (9.2 + 1.5)x10°%;
> C(K*'r’) = -0.52 £ 0.15; = ~3.50¢ significance

Alejandro Pérez Pérez, New Physics at Belle II, Feb. 25th 2015



Experlmental mputs Belle

. Belle B°—>K’ m'n analys|s PRD75:012006 (2007) and PRD79:072004 (2009)

two minima differing by 7.5 2NLL units

Global minimum

B(K*n) = (8.4 1.5)X10'6;
Full Correlation matrix

Re(K*n'/K*1) = 0.79 + 0.14;
Im(K* ' /K*7) = -0.21 + 0.40:

Local Minimum

Re(K*'/K*1) = 0.81+0.11;
IM(K* 7' /K*) = 0.01 + 0.44;

B(K*1) = (8.4 + 1.5)x10°%;

Full Correlation matrix

1.0 0.62 0.0 1.0 0.01 0.0
1.0 0.0 1.0 0.0
1.0 1.0
s Belle B'>K'n " analysis: | PRL96:251803 (2006)
|A(K*°1)/A(K**1t)| = 0.86 + 0.09; Full Correlation matrix
B(K*'1t") = (9.7 + 1.1)x10°%; 1.0 0.0)
1.0

2 No Belle results on:
B°—K'r'r’and B*eKOSﬁnO

Alejandro Pérez Pérez, New Physics at Belle II, Feb. 25th 2015
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Combining BABAR + Belle: B°—K’ x*7

e R R S e e e T =

4 Two solutions for both BABAR and Belle analyses

« Combine all possible combinations of BABAR and Belle solutions taking into account the
difference in 2NLL

. Results 4 solutlons dlfferlng in x O 7 7 8 4 and 97 2. Con5|der onIy the gIobaI m|n|mum

i I I T I ‘ 7 r T T
1.4F —Comb — 1.4}‘ ‘ ‘ ‘ ‘ —Comb ‘ { 1.45 —Comb _,
; 2: —BaBar r —BaBar 1 2i —BaBar ]
T —Belle 7 1'2; —Belle T T —Belle 7
15 . 1 1T -
% L ’ % L ] % L ]
s E-aa EEan3 E
2 060 - =06 - o6 -
04t o 04 T o4 E
0.2 J 02— =4 02 -
0:‘””“ Ll ] O:‘ L ‘ ‘m: O:‘ L ‘:x10’6
N5 1 05 0 05 1 15 2 7 A5 05 0 05 T 15 2 14
Re((q/p)K™-pi+/K" +pi-) Im((a/p)K* D'+/K +p|)
T T T T ><10»6 IIII o
15; ‘ ‘ ‘ — Comb oo "T—comb >7<1‘Q‘ e e e
- — BaBar 14 — BaBar 14 — Comb
C r L — BaBar
1= _ r _ C
.’-é‘_ r Belle . 12— Belle . 120 — Belle
h 0.5 = r ] C e i
X F 1+ 10 . Py 1
< 0 — '§- L ] E 101 P 7
0 r % r 17 C Py \ 7
oo EE e R i 1 ; ]
’%_0'5: 1@ C 1@ L N ]
S ] 6 = r el 7
EE 1 F 1o e ]
5 4 ERES -
e N I N B B R T B T SN D S D B 2} | | “|H“m“w“ww‘u‘\;
45 1 05 0 05 115 2 15 1 05 0 05 1 15 2 - oo T e

N =
—_
[$a]
o
—
o

— 1

Re((/p)K*-pi+/K*+piv) Re((a/p)K"-pi+/K*+pi-) o Im((Q/o)K*-Dis/K* i)



Combining BABAR + Belle: B*'=K'n x*

4 Single solution for both BABAR and Belle
Likelihood vs Mod(Kbar*Opi-/K *Opi+) Likelihood vs B(K*Opi+)
L LI L L T T 1T T T 17T LI L L [ T ‘ ‘ | ‘ J T ‘ T T |
1.4F S [ —comb 1.4 —Comb -
C —BaBar ] B —BaBar ]
— - 1.2 -
1 - 1 -
% C ] g - _
% 08 - 208 —
T r ] 2 : ]
= 06— - 206 =
0.4 - 0.4 —
02— - 0.2 —
O:‘ ol I A ] 0: L A O L dx10°®
05 06 07 08 09 1 1.1 12 13 6 8 10 12 14 16
Mod (Kbar*0pi-/K*0pi+) B(K*Opi+)
>I<)\I(\]>\6 L L L T I T \.\ T .\ \v\ T ‘ . |
B | — Comb
16? — BaBar
L — Belle
we -]
T 12- -
o120 ]
L C ]
< 10— —
@ ]
8- -
6 -
;\ L ‘ L1l ‘ ] ‘ ] I ‘ I ‘ ] | ] I ‘ ] I ‘ | I \;

05 06 07 08 09 1 11 12 13
Mod (Kbar*Opi-/K*Opi-+) , Feb. 25th 2015
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Results on Had. Amplitudes: CP violation (1)

[

a Decay amplitudes (5 and ¢ are weak/strong phases)

. . . . % Be
A =M exp(id )exp(ip ) + M_exp(id )exp(ie,) Bt +oaie C(B"—K*1)
A= Mlexp(i81)exp(-i(pl) + Mzexp(iSZ)exp(-i(pz) ‘-°E' LA RARE RS RN RRE! RARNRRANRARRRES
08 |
sin (A 8)sin (A @) :
ACP: 2 g 06 ]
(M,/M,)+(M,IM,)+2cos(Ad)cos(Ag) !
o 04 .
s Inourcase Ap =arg(V _V* IV V* )=2y+0 o.zi— .
s IfA_, is significantly different from zero then 05 0s o4 a2 o5 0z 04 o5 o5 10
« |CKM*(P/T)| ~ 1 C(E™ k') _
+ arg(P/M) %0 STCITITIBIIE AL SVSIPN, ) o

150 [

100 -

s 3o significance for C(B"—»K*'r")
A(B’-»K*n)=V V' T +V V P*

50 |-

« Two solutions with same * (Sol A and B)

arg(P*/T")

-50 [

* Both inconsistent with arg(P/T) = O/n
* Only solution A has [CKM*(P/T)| ~ 1

-100 |—

-150

2

-3 -2 -1 0 1
Alejandro Pérez, CKMfitter private communications, Feb. 18th 2015 Log,  (I(Vi Ve VusV ) (PT/TT)I)



Results on Had. Amplitudes: CP violation (i)

-

a Decay amplitudes (5 and ¢ are weak/strong phases)

: - : : em B{Bar + Bele

A =M exp(id )exp(ip,) + M exp(id )exp(ip,) = (B oK)
A= Mlexp(i81)exp(-i(pl)+ Mzexp(iéz)exp(-i(pz) B
A =9 sin (A 8)sin (A ¢) . o_sz_ ;
- (M1/M2>+(M2/M1)+2C05<A6)C05(A(P) 2 04 [ b
s Inourcase Ap =arg(V _V* IV V* )=2y#0 0'2;_ E

1 1 L L 1 1 1 1 1 L L
10 -08 06 -04 02 00 02 04 06 08 10

4 IfACP is significantly different from zero then (B KrY
 |CKM*(P/T)| ~1

(PIT)+0 p-value
e arg(P/T)=0 = I B UL I I N S L 1.0
g( ) oz 150 :_exc\udedareahasCL>o.95 E B 09
. . + 10 8|_ 100 __ _f 0.8
4 3.4c significance for C(B*—>K*'r") * 1 Hoz
+ 0} — * g 00 pjO+ * >+ DBC [ 1 Bos
V2A(B'5K™nY) =V V' (T™+T®_-N™)+V V' (P"-P°_+P_ ) =: @ El
* Both solutions inconsistent with arg(P/T) = 0/z and n-'; ok 3 Foa
with |CKM*(P/T)| ~ 1 ol f 1 Boa

+ 00 _“

- Appearance of other local minima - 1 §*
AR BTN AR BN I I S 0.0

4 3 2 3

©
4, 10 1 2 4
+- C += 00 0+
Alejandro Pérez, CKMfitter private communications, Feb. 18th 2015 -00, (I(V, VisVusVip)(P™ + Pey, - Peg)(T7 + T7-N7))



Results on Had. Amplitudes: CP violation (lli)

p-value

arg((-P* + Pg,,)/T%)

. B4Bar + Bele { BBatBefe A(B*—K™m*) =V V' N*+V V' (-P"+P°_ )
BaBar + Belle BaBar + Belle o Y007 — . 00 . .
C(B*—>K*'x’) C(B*—»K*'1") AB-K'm) =V V TP +V V (P7+P,)
1-0_|!\|||I\lll\Wllll[\W|||||I|!‘|II||I_ 1'0_| ||||||||||‘||||||“||\||||||I\I\I
08 ] 08 ]
06 g ] 2 06 L ]
: P
04 ] & 04 ]
i L 1 %00 %0t
n ] ol 1a A_(K'm)and A_ (K" n")
S o ] b N ] consistent with zero @ 1o
0 e e a2 2> 00 0 02 88 65 10 98 06 04 02 00 02 04 06 08 10 )
10 08 06 -04 oz(BoioK‘on;)).z 04 06 08 10 OB K a4 P /T constraints are
(PIT)® (PIT)* consistent either with
SENNEEEE WL S pvaue ¢ |[CKM*(P/T)|>>1or<<1
150 ;_9"“’ reathae ip0: 09 150 excluded area has CL > 0.95 \\ . arg(P/T) — O or iTc
100 f— 0.8 ~ 100
; 07 Z
50 :— 06 J\E 50
. o
0 [ 05 + 0
-50 :_ 0.4 g‘; -50
E 03 D
-100 [~ 02 LT
a KM
-150 : ‘BaBar + Belle 0.1 -150
o b Lo L S 0.0 4 3 2 A 1 2 3 4
4 3 2 44 0 1 2 3 4 * * +- C 0+
Log, (I(V, Vy/VusV ) (P + P, JT%)) L°910(I(Ytthb/VusVub)(( P™+ Pey )N 38




150

100

50

arg(P*/T")

-50

-100

-150

150

100

50

-50

arg(N/T")

-100

-150

Alejandro Pérez Pérez,

Results on Had. Amplitudes: all together

L L L L B B T

excluded area has CL > 0.95

BfBar + Bol;

L

'
BT

excluded area has CL > 0.95

CKM.
[ fltier]

BaBar + Belle

-3

-2 -1 0 L]
Log, (IN/T*])

arg(PEW/T 3,2)

arg(T*/T")

(o]

150

100

50

-50

-100

-150 |-

T TT T
excluded area has CL > 0.95

B
CPSIGPSZ -
prediction

|-  BaBar+ Belle

excluded area has CL > 0.95

-2 -1 00 _0
Log (IT2/T*])

New Physics at Belle II, Feb. 25th 2015

-value
T Ld 1.0

Bar+ el

")

C
EW

arg(P

E I I i .
I [ excluded area has CL > 0.95 : 7
150 [ B-Bar +Belle Mo,

100 | . 08

1 I“2
ST

-3 -2 -1 0
Log, (I(V, V" VusV",)(PS
Two solutions for the P™/T™
with same % (sol: A and B)

 Those generate
multiple solution on the
other had. parameters

Essentially no constrain on
N% and T%

Marginal agreement with
CPS/GPSZ prediction
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Results on Had. Amplitudes: agreement with CPSIGPSZ

[ o T T e e e R oo

p-valu% 5
C ) N B S B .
1% - CPSIGPSZ prediction BRBar + Belle; 0.9
wb — Irl<5% ! 4 [—os
. F Ir, | <30% 1 o7
. S 5o ]
4 CPS/GPSZ prediction - e 06
; L
+- 00\ — o o[- 0.5
P /(T +T%) = R(L-r, )/(1+r,) S N y
with R = 1.35% and |r_| < 5% & F 0s
VP C A
s The current experimental constraints in poor ™| 0.2
agreement with the CPS/GPSZ prediction 150 [ Cihiter 0.1
s Marginal agreement only reached by e e e 05 00 os 10 09
inflating the uncertainty on |r_| up to 30% Log, (IP.,/Tszl)
ofEar - Bele
1.0 N
08 - ]
3 06 [- -
a 04 - -]
0.2 — _
oo b L S T
-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0

Log, (IP_ /T,

Alejandro Pérez Pérez, New Physics at Belle II, Feb. 25th 20 40



Results on Had. Amplltudes Hlerarchnes ()

[

a Current data favours a relatlvely hlgh P_.,

.,..|..,.|....|.,.._...|.,..p"a'“e
s This results is mainly driven by the K*+7c‘/K*°7t° phase T Bg >
differences measured in B°—K*rt n° T E -
2 Without these phases there is good agreement among the t&; °F 1 Joe
experimental observables (y* = 1.29, p-Value ~1.10) &é"’ ’ _0 """""""" E Zj
s Adding the phases brings slight tension (Ax? = 7.7, 2.66) =  © | 1 Bos
4 Only one experiment has performed the B’—K*rtn’ analysis :: - pom E Zj
4 An independent confirmation is needed to claim non-zero P b oo
(and large!) value of P_ Log, (P, /P™1)
Constraints on |[P_ /P
Excluding K*'1/K*1t° phases Including K*'n IK*n° phases
x*=1.29 B{Ear+ Befe KM 42 =9.10 8fBar + Befe
| pvalue ~ 26% (L.10) " Pvalue ~ 1.1% (2.60)
N A 1.0:,....‘,._.”' " Precise
*I Upper bound ] e measurement -
g 05| 1 g el E
Lol ] 2ol E
02| ] 02 E
e I 20 IR I TR T R TR T a—T
Alejandro IPey/Pl e P /Pl 41



Results on Had. Amplltudes Hierarchies ()

T i = e

Constralnt on N°*IT00

4 Essentially no constraint is possible on N%/T 150
with current data 100
; C
a Strong constrain on P~_ /P_ &
2 solutions at ~0.8 and ~1.0 L o
« Result on PCE «/Pey IS @lso consequence of =
the large P_, 100
* Needs also confirmation for the B°—K* =’ 150
analysis
Log (|N°+/T°°|)
. C
Constraint on IPcEWIPE | Constraint on P~ IP prvalue
_"'I""I""I"'I | ] -
Be 150 }M B g 0.9
BaBar + Belle 100 E_ ; _E 0.8
1.0 — C ] 0.7
= 50 - : —
08 |- ] o C 1 [os
L (_)D-E (1] :— ----------------------------------------------------- —: 0.5
g 06 7] S - . 0.4
: s *C a E
A 0.4 L _ C : ] 0.3
i -100 - — 0.2
02 | ] n ]
- -150 :_ BaBar + Bell ' _: 0.1
00 eloi Lo b n by I AR BV EFATIVI SR B 0.0
0.2 1.4 1.6 1.8 2.0 4 -3 -2 -1c P 0 1 2
- L P
Alejandrc - 8th °9,(IPew/Pewl)



Prospects for future
LHCbh and Belle-Il data

Alejandro Pérez Pérez,

New Physics at Belle II, Feb. 25th 2015
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Prospects for LHCh and Belle-ll (1)

------- g e R R e R A

4 Assume future experlments will measure central values used in the closure test study

2 LHCDb will have high statistic measurements in the fully charged modes:
B'—>K’ (»n'n)n'n”and B'»K'n'n*
» Expect a significant improvement of signal/background ratio w.r.t BABAR/Belle
«  Error on Ag(K*-pi+/K*+pi-) scale as 1/NVQ (effective tagging efficiency)
= degrade the error by a factor sqrt(30.5/2.38) ~ 3.6
» Resolution in Dalitz plot = negligible effect according to LHCb experts
« Scale the errors by the expected statistics

- LHCb will have signal for B"°—»K'nn"/B*—K"_n'r’, but difficult to anticipate performances due to =’

reconstruction efficiency and resolution
s Belle Il will measure all modes: B°-K° n'n",B"»K'nn’°,B*->K'nn" and B'—K’ n*n’
« Experimental environment similar to BABAR/Belle. Will scale uncertainties by luminosity
= errors should get reduced by a factor of v/(50ab™/1.0ab™) ~ 7

4 Both LHCb and Belle Il will be able to measure B'-»K't " mode with high precision
* Will be able to well define the signal model and probe line-shapes of the main components
* Model systematics will be significantly reduced = assume negligible model uncertainty

Alejandro Pérez Pérez, New Physics at Belle II, Feb. 25th 2015
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Obhservable
Re(A(K* T )AK*T))
IM(AK*TYAK*T))
B(K*1')x10°
|A(K* ) AK* )|
Re(AK*)/AK*T))
IMAK* 1)/ AK* 1))
Re(A(K®m)/AK*"1))
IM(AK=®)/AK*T))
B(K*1%)x10°®
AR )AK )
B(K*1')x10°
JACK* ) AK*10)|
Re(AK*T)/A(K*n"))
IM(AK* )/ AK* 1))
Re(A(K*n)/AKK* 1)
Im(AK* )/ AKS "))

............ e

Expected evolution of the uncertainties on the observables

Analysis
B'—K’r'n
B =K'
B =K'
B°—»K'nn’
B°—»K'nn’
B°—K'rn’
B°—K'mn’
B°—K'rn’
B°—»K'nn’
B'-K'mn*
B'>K'mn
B'—K°n'n’
B'—K°n'n’
B* K’
B'—K°n'n’
B*—>K’r'n’

B*—>Kn'n°

Y A

Current

0.11

0.16
0.69
0.06

011

0.23
0.10
0.30
0.35
0.04

0.81
0.15

R v e

LHCb (runl+run2)
0.04
0.11
0.32
0.06
0.11

0.23
0.10
0.30
0.35
0.005

0.50
0.15

Belle-lI
0.014
0.023
0.094
0.008

0.016

0.033
0.014
0.042
0.05
0.004

0.113
0.021

0.023
0.042
0.030
0.018
0.130

Prospects for LHCh and Belle-ll (ll)

LHCb cannot perform B-
counting like in B-factories

BF are normalized w.r.t modes
measured somewhere else
(mainly @ B-factories)

Error contribution from norm.
modes not scaling with stat.
B(B’—K*'®") norm. mode:
B(B"—=K'n't) (o, ~4%)

|
B(B*—K*°t*) norm. mode:
B(B'—>K'nn") (o, ~5%)
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arg(N°*/T*)

arg(P*/T")

Had. Pars.

LHCb (runl+run2) 2018
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arg(N®/T*)

arg(P*/T")

Had. Pars. : LHCbh + Belle-ll 2023

-3 -2 -1 0 1
L°910(|(VtsV*thusV*ub)(P+Tr )

-value
_I L LI ‘ T T T I T 1T | L ‘ L Ip_ 1.0
[ excluded area has CL > 0.95 | _
150 - HCl + Belle-11i2028 o o
100 :_ _: 0.8
: | 1 o
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a4

a4

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

B—K*t system has a large amount of physical observables among charmless

decays
« Charmless B decay system with as many observables as unknowns
« Large potential for phenomenology of charmless B decays

- Model-independent extraction of hadronic parameters (assuming CKM and SU(2) as
only hypotheses)

> Extraction of CKM parameters limited by hadronic uncertainties

Extraction of CKM parameters
» o-like constraints spoiled by sensitivity to electroweak penguins
» [B-like constraints in the vanishing annihilation approximation
> Future constraints from annihilation-dominated B—PV modes could be used
> LHCb measurement of B(S)%K*K will play an important contribution to this program

Alejandro Pérez Pérez, New Physics at Belle II, Feb. 25th 2015 49



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

s Study of hadronic amplitudes with available experimental data
* For the first time, at least one complete amplitude analysis of each B—Knt mode available
« Evidence of CP-violation provides strong constraints on the relevant tree-to-penguin ratios
» Loose bounds on colour-suppressed tree and annihilation amplitudes
« Current data favours relatively large EWPs
> Mainly driven by BABAR B’ —K'nn’ analysis
> If confirmed, would set evidence for EWPs in charmless B decays
> Until now, EWPs only established in €'/e0 (radiative B decays are different operators)

s Expect significant improvements with LHCb and Belle Il data
» Model-independent measurement of all hadronic parameters
> Both amplitudes and phases can be measured with outstanding accuracy

* Results on hadronic B—>K*r parameters can be used as “standard candles” to study other
B (S)—>PV modes

- B_oK*r, B —>K*K, B_—pK

Alejandro Pérez Pérez, New Physics at Belle II, Feb. 25th 2015 50
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Parameterization

Parameterizing Decay amplitude using Isobar Model:

Dalitz Plot A(DP) = Z ’ ij (DP) \ "~ Shapes of intermediate
Isobar Model states over DP

g

MK 1 208
- Jcotdp —iq (mg& —m?2 ) — 'i?”ﬁrﬁﬁ%
ou Effective?ange Term
S-wave Krx: LASS lineshape.

| Nucl. Phys., B296:493, 1988 |
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B—pK System: Physical Observables

AB' oK)=V V1 + VLV
AB'>p°K)=V V' n*  + VV (-p+p° )

V2A(B*—p*K°) = V V(Y -n™) +V V (pT-p©_ P

V2A(B’—p°K°) = VusV*ubtooc + V.V, (PR,

11 QCD and 2 CKM = 13 unknowns

EW)

Same Isospin
relations as K'x

Observables:
-4 BFs and 4 A__from DP and Q2B analyses.

- 1 phase differences:
*2B_ = arg((q/p)A(B = p K)A*(B"—p°K")) from B - K’z

A total of 9 observables

Alejandro Pérez Pérez, New Physics at Belle II, Feb. 25th 2015

Under constraint

system. Still some
constrains possible
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pK+K'® system: Physical Observables

............ R v e

Global phase between K'n and pK now accessible:
- K'm: 11 hadronic parameters (1 global phase fixed)
- pK: 12 parameters
- CKM: 2 parameter

A total of = 25 unknowns

Observables:
- K'n only: 13 observables

-pK only: 9 observables

- 7 phase differences from: interference between K'n and pK resonances
contributing to the same DP

- ¢ = arg(A(B"—p°K)A¥(B"—K"'x")) from B’ 5K’ z'n”

- ¢ = arg(A(B’—p K)A*(B°=K"*x")) and CP conjugated from B’—-K* =’
- ¢ = arg(A(B"—p°K)A*(B"-K™ %)) and CP conjugated from B'-K'% %"
- ¢ = arg(A(B"—p*K)A*(B"—-K™=")) and CP conjugated from B*—-K’x'x’

A total _9f 29 e)gperimentally independent observables
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BoKm System: extraction of o (CPSIGPSZ)

Neglecting P_ , the amplitude combinations:
3A_ = A(B’>K"1) + V2.A(B—K*n’) =V V' (T*+T%)
3A,, = A(B°>K'T') + V2.A(B K %) = V'V _(T"+T%)

Wthh giveS: R3I2 - (qlp)(3A312)I(3K ) - e-ZiBe'ZiY - e-Zia

3/2
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B—K'% System: extraction of . (CPSIGPSZ2)

Neglecting P_.; the amplitude combinations:
3A,, = A(B°—>K"*1") + V2.A(B*—»K™*x°) = VusV*Ub(T+'+T°0)
3K3/2 =K(§_)K*-TC+) +V2.A(B° K™ °) = V*usVUb(T+'+TOO)

which gives: R__= (q/p)(3A_)I(3A_) = 2 e?" = 2

3/2

From experiment:
¢ = arg(A(B"-»K"n)A*(B'-K™ "))
o = arg(A(B°-> K" ®')A*(B°-K "))

Measured from an amplitude analysis
of B° =K'’ decays
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Neglecting P_.; the amplitude combinations:
3A,, = A(B°—>K"*1") + V2.A(B*—»K™*x°) = VusV*Ub(T+'+T°0)
3K3/2 =K(§_)K*-TC+) +V2.A(B° K™ °) = V*usVUb(T+'+TOO)

which gives: R__= (q/p)(3A_)I(3A_) = 2 e?" = 2

3/2

From experiment:
¢ = arg(A(B"-»K"n)A*(B'-K™ "))
o = arg(A(B°-> K" ®')A*(B°-K "))

Measured from an amplitude analysis
of B° =K'’ decays

A¢ = arg((g/p)A(B =K ®)A*(B°-K ®)) |~

BoKm System: extraction of o (CPSIGPSZ)

Measured from a time-dependent amplitude
analysis of B°—K’ n'n” decays

Alejandro Pérez Pérez, New Physics at Belle II, Feb. 25th 2015
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Feynman Diagrams

PR R S R R R I

y b Annihilation 3
Tree Colour suppressed three d
_ b < ~ < u
W+ o7y, N u T
- -~ "’us W \\\ W _
b - L - m \ d
ub u u
- § 5 v —
d d d p d b il ;b - T
Exchange ! d
]
W
]
]
: a
U g ’V' o s
Gluonic Penguin
. Col llowed w, d Colour suppressed
o olour allowe Electroweak Penguin

v ,° NV Electroweak Penguin 0

b L 3 "
b
U
B} O
_ d
(¥
|
d d
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CPSIGPSZ theoretical prediction

[

4 Effective Hamiltonian of B—=K*rt

10
GF
H=— (02,Q" + 2.Q°) — 2 Qi ¢ +h.c. with 25 ="VeV,
\/E{gjf( Q Q%) t;c@} = VsV
s Hierarchy of Wilson coefficients for electro-weak operators |co.10| > |c75]
3cg+c 3cg—c
[Hewplar=1 = 2 : 5 21w + Q5lar—1 + 5% |QF — Q5] A;—; Electro-weak Hamiltonian
_ C1 — Cg i i i i
[Heclar—1 = Cq —;CQ Q" + Q¥ 0,y + 5 (@) — Q3] 5, Current-current Hamiltonian

s Using (Cﬁ teo | —0.0084) ~ (C‘J — G0 +0.0084)
c1+ ¢ C1 — Ca

c1—C R=1(3/2)(co+ c10)/(c1 + 2)

c1+ co u u
2 QF — Qs lar— R =(1.35+0.12)%

2

|Hewp|ar=1 = R QF + @5)ar — R

Obtain the relation P_. =R (T™ + T%),
: o = R T T a1 = 3/9) 01 B)

with R, =R+, )I(L-r,) VP = g —a oo gy @e = (@uEG)/2

. fff*F(iB_}ﬂ_fWA[J?_}ﬁ < 0.05
free Fo~™ + frAp Feb. 25th 2015 60
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s  CKM constraints
. B’-K*r" and B’ -K*’K" modes related by U-spin
= expects the same annihilation amplitude (N°*) up to U-spin breaking effects
A(BOS—>K*°K+) =V, dV*ubN0+ + VtSV*tbP(“S
* LHCDb will measure this modes in the near future

« Can include this mode in out phenomenological framework to set a bound on N° and be
able to set constraints on CKM

s Extending the B—»>K*rn system: include B—pK modes

« B—pK resonances also contribute to the B—Knn final states and hav same isospin
relations as B—~K*t = same number of hadronic parameters

« Smaller number of observables (9) than B—K*n (13), but can measure interference
phases (7) between B—>K*r and B—pK modes

« Combined system B—K*rn + B—pK
> Unknowns: 11 + 12 hadronic from B—K*r and B—pK + 2 CKM = 25

> Observables: 13 + 9 from B—»K*r and B—pK + 7 phase differences = 28
> Still need hypothesis on hadronic or CKM to raise reparametrization invariance

Alejandro Pérez Pérez, New Physics at Belle II, Feb. 25th 2015 61
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