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B— K modes: Motivation

[ T e O e e e R oo

s Generally dominated by intermediate vector/scalar resonances (e.g. B—VP)
« Some of them receive sizeable contributions from tree and loop diagrams
> If different weak phases = CP violation = constraints of CKM parameters
> If sizeable loop contribution = sensitivity to NP

s Several resonant states contribute to the same three-body final state
» Interferences along DP allow to disentangle strong and weak phases
. Many observables: besides BF and ACP, also access to interference phases

* Rich phenomenology to be exploited
"’ : I{m]-ll-:;;z}z | I Dlallill:lzI Pllloltl(bpl) :

_____ _ ————— (M-m)) ¢

s B—K*rn system is particularly interesting

2 [ (mtm)?
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Amplitude Analyses

Parametrizing Decay amplitude using Isobar Model:

[ Shapes of intermediate
- A(DP) = a . .(DP
Dalitz Plot (DP) =>| a fF,(DP) ctates over DP

E(DP) — l a Fj} (DP) Isobar amplitudes = Weak phases

Isobar Model

Sensitivity to phase difference
between amplitﬂdes in the same
DP plane (B or B)

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

oAt /7

-

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

21 m
(14 22020,

APAPR
mixing and decay CPV

(A-n-ldm))

Direct CPV

Sensitivity to phase differences
between (7. and ¢ . amplitudes
Includes qllp mixing phase
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Amplitude Analyses

Parametrizing Decay amplitude using Isobar Model:

[ Shapes of intermediate
- A(DP) = ¥ .(DP
Dalitz Plot (DP) =>| a fF,(DP) ctates over DP

E(DP) — l a Fj} (DP) Isobar amplitudes = Weak phases

Isobar Model

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

s |sobar amplitudes determine interference pattern in DP

s Any convention independent function of isobar amplitudes is a physical
observable
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B—K=n System Isospin relations

=] _)K*" - Penguin
wt
u
SU(2) Isospin relations: Tree w5707 ‘
A™+V2A"= 2A% + A" e .
A"+ 2A% = Y2A"+ A" y g i - )

b (S) AB’»K'n)=V V T" + V.V P*
AB'->Km) =V V' N*  +  VV (P+P°_ )

V2A(B*'—»K 1) =V V' (T™+T®_ N*)+V V' (P*-P°_ +P_ )

V2A(B»Kn) =V V' T®  + V.V (-P+P_)

s CKM unitarity = different topological contributions to hadronic amplitudes

s |n above convention hadronic amplitudes referred by main contributions
« T & P™: colour allowed three & penguin
« N & T%_: annihilation & colour suppressed tree

- P, & PCEW: colour allowed & colour suppressed electroweak penguins
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B— Kz System: sensmwty to CKM (c PSIG PSZ) O R0t

A(B° K'n)=V V' T* + vtsv P
+ + 0+ * +- Cc
A(B'-K" n 0 )= VusV ubN + VtsV tb('P +P EW)
V2A(B'»K™7°) =V V' (T*+T®_-N")+V V' (P*-P°_ +P_ )

0 *0 — * 00 * +-
VZA(B _)K “0) - Vusv ubT C + Vtsv tb(-P +PEW)

S)

s Neglecting P_ , the amplitude combinations
« 3A, =AB-K'1) +V2AB-Kt’) =V V' (T"+T%)
. 3K3/2 = A(B—K ") + V2. A(B°—>K 1) = V*USVUb(T+- +TO)
= R'_=(3A,)(3A,)=e" = access to y CKM (claimed by CPS/GPSZ)

3/2 3/2

B’—K'mw'n’ Analysis

w-w [

S ¢ = arg(A(B°-»K"xn")/A(B'-»K" x’))

-% ¢ = arg(A(B"»K"=")/A(B°-> K "))

o

O < B"—K’ n'n” Analysis

£ — — .

S A¢ = arg(A(B'=» K =')/A(B’»K*r))
L\
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B—K'® System: sensitivity to CKM (CPSIGPSZ)| grsrroreosisor

AB»K™n)=V V' T" V.V P" (S)
AB'-K’n)=V V' N*  +  V V (P"+P°_)

V2A(B'»K™7°) =V V' (T*+T®_-N")+V V' (P*-P°_ +P_ )

V2A(B°»K*n’) =V V' T + V.V (-P*+P_ )

s Neglecting P_ , the amplitude combinations
« 3A, =AB—-K'T) + V2. AB-K 1) =V V' (T"+T%)
. 3A, =AB’-KT) + V2. AB—K ) = V' V_(T+T™)
= R'_=(3A,)(3A,)=e" = access to y CKM (claimed by CPS/GPSZ)

3/2 3/2

. ButB"—K’7'n” analysis actually measures | A = arg((q/p)A(B’ =K x*)/A(B"-K*x"))
* The actual physical observable (invariant under phase redefinitions) is
— T A — A 2BA21Y — A-2i0
R,, = (@/p)R,, = (a/p)3A,,)(3A,,) = e = e™“= access to o, CKM

s Inreal life P_ is not negligible = complicated constrain on CKM parameters
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B—K'n System: counting unknowns and observables

[

oo

ABSK'T)=V, VT ¢V VP (S)
A(B'-»K’n*)=V V' N + V.V (-P™+P¢_ ) 11 Had. + 2 CKM 13
V2A(B*—K™*1°) = VusV*Ub(T+-+T00C -N*) + Vtsv*tb(P+--PcEW+PEW) unknowns
. . . A and A well known
V2A(B K1) =V V' T  +  V V (-P*+P_ ) (Aandh )

Observables: a total of 13 observables

e« 4BFsand4 ACPfrom DP and Q2B analyses = 8 observables

 Phase differences = 5 observables

- A0 = arg((a/p)AB =K 1 )A*(B" K 1)) = B =K’ '

> ¢ = arg(A(B° =K )A*(B" =K 1)) &

o = arg(A(B°—>K 1")A*(B° K 1)) = B'—K* nn’
> ¢ = arg(A(B* =K tHA*(B*-K"1")) &

¢ = arg(A(B =K’ )A*(B—=K ")) = B*=K’x'

# unknowns = # observables, but =)
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PRD71:094008 (2005)

No free-lunch Theorem
Reparametrization Invariance (RI)
prevents the simultaneous
extraction of CKM and hadronic
parameters without additional
information




B—K'® System: two strategies

s Scenario 1: theoretical hypothesis on hadronic parameters and constrain CKM
* If Had — Had + 5Had gives CKM — CKM + CKM ©
E.g.: a from Bonrn

* If Had — Had + SHad gives CKM — CKM + ACKM @
 Goal: test CPS/GPSZ method and/or find alternative methods

s Scenario 2: CKM from external input (global fit) and constrain hadronic parameters
* Uncontroversial = assumes CKM unitarity + no large NP contributions
* Inputs
> CKM parameters from global fit
> B—K*r experimental measurements

e Output
> Prediction on unavailable observables

> Constraint of hadronic amplitudes = test of QCD predictions
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B— Kt System: CPSIGPSZ theoretical hypothesis | Srasrmmresrionz

s CPS/GPSZ: relation between the P_ and T, = T + T°°C

e B—onw system

» P, =RT,, withreal and R = 1.35% = assumes SU(2) and Wilson coeff. |c_ [ small

> CKM accompanying P and T of same order
= P_,, contribution negligible even if high uncertainty

* B—Kn system
> PEW =R T3/2:> same assumptions as in B—nr + SU(3)

Eur. Phys. J. C. 11 (1999) 93
Phys. Lett. B 441 (1998) 403
PRL81 (1998) 5076

- |V V5V V|~ 55 = P/T CKM amplified = P_  cannot be neglected even if small

« B—oK*r system
» P, =R T ,withR _=R(-r)/(1+r,)

eff = 3/2’

>

Mo complex = vector-pseudoscalar phase space

» GPSZ estimation |r | < 5%
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Scenarios to constrain CKM
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Scenarios to constrain CKM: Exploration of Had. hypotheses

s Benchmark of theoretical hybotheseé to constrain CKM

oo

s Assume ad-hoc values of CKM and hadronic amplitudes (Closure Test)
 CKM parameters from global fit
* Had. amplitudes constrained to follow naive hierarchy pattern

+ 00 0+ + c
> T7>T C>N and P >PEW>PEW

o Furthermore, PEW

constrained to match CPS/GPSZ: P_ /(T™ + T% ) = (1.35%,0)

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

s Test theoretical hypotheses: explore constrains on CKM assuming very precise

observables = test stability of theoretical method

Hadronic par. magnitude phase (deg) | Physical observable Measurement ~ Value
T+ 2.540 0.00 | B(B" = K* ™) 8.2410.9 7.1
" 0.762 75.74 | B(B" — K*'7%) 3.34+0.6 1.6
N+ 0.143 108.37 | B(BT — K*tx9) 92415 8.5
Pt= 0.091 -6.48 | B(Bt — K*'77) 11.6+1.2 10.9
Pew 0.038 15.15 | Acp(B” — K*tn7)  —240+£7.0 —12.9
Piw 0.029 101.90 | Acp(B® = K*07%)  —15.0+13.0 —46.5

Ve VP 1.801 Acp(B* = K* 1) 0524150 —35.4
Vs VT

)T+ 0.300 Acp(BY — K*7F) 450450  +3.9
NO+ /7% 0.187
| Pew /Pt | 0.420

PE\)\r/(T+_ + TOO)‘ /R 1.000

Pew/Piy| 0.762

Explored hypotheses

]

]

CPS/GPSZ-like assumption

Constrains on annihilation

Alejandro Pérez Pérez, CKM2016 TIRF, Mumbai, Nov. 29th 2016
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PEW set to zero

.05 [-Generation!

||||||||||||

.05 [-Generation;

Scenarios to constrain CKM: CPSIGPSZ-like | eSproracsisor

« a-like constrain with negligible P_

3A,, = AB K T )2 AB K ) =V V' (TH+T%)

3A,, = AB K T2 AB K ) = V'V (T™+T%)
= A = p2Ba2 = g-2ic

= R3/2 B (Q/p)(3A3/2)/(3A )= e =g

3/2

» CPS/GPSZ method overly sensitive to
assumed P_  values
- Realistic uncertainty on P_ spoils method
predictability
- Remember that "true” P_ is 1.35% smaller
than tree amplitude!

~  But its impact is strongly enhanced by the
CKM factors on penguin terms

7.29th 2016 11
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Scenarios to constrain CKM: hypothe3|s on |N°*‘IT+ |
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- : ] 0.6
0.0 = 0.5
- 1 | 0.4
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-3 AT B Ll L. Ll ] 0.0
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
P
|N°*IT*| W|th 500% uncertalnty p-value
: 1.0
excl a SCL)DVQS
TOY 0.9

« P-like constrain with negligible N,.
A'=AB—Kn) =V V' (-P+P°_ )
A'= AB K1) =V V (-P+P°_ )
= R' = (g/p)(A)/(A") = e**

e CKM enhancement does not affect “tree” terms

« Furthermore, N is naively expected to be small:
in this example |[N®/T*| = ~6%

* May be constrained from theory and/or from
annihilation-dominated modes

« Relaxing the hypothesis on |[N*/T*| yields
only a mild deterioration on the constraints

.29th 2016 12



Constraints on Hadronic amplitudes
with current data
(Fixing CKM params. from global fit)
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Experimental inputs

s B'—=K'nn* amplitude analysis: PRD78:012004 (2008) N
s B"->K° n'n time-dependent amplitude analysis: PRD80:112001 (2009)

« A_(K"n)=(-20 £ 10 £ 2)% (~2o significance)

a  B°->K'nrn’amplitude analysis: PRD83:112010 (2011)
« A (K"n)=(-29 £ 11 £ 2)% (~30 significance)

a B+—>K°Sn+7t° amplitude analysis: 1501.00705 [hep-ex] (2015)

. A_(K*1) = (+52 + 15)% (~3.4c significance) /

CP(

: : ™
s B'—>K'nmn" amplitude analysis: PRL96: 251803 (2006)
s B"->K" n'n time-dependent amplitude analysis: PRD75:012006 (2007)

. A_(K"x) = (20 £ 1 £ 7)% (1.5 significance) <07 21072004 (2009)

s No amplitude analyses for B°—>K'nn’ & B*—K° n'n’ modes D

s BABAR and BELLE have been combined and used for this analysis

Alejandro Pérez Pérez, CKM2016 TIRF, Mumbai, Nov. 29th 2016 13



Results on Had. Amplitudes: all together
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arg(PEw!PEW)

p-value
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2 solutions with similar y?

But, with very different
precisions on hadronic
parameters
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Results on Had. Amplitudes: agreement with CPSIGPSZ

s CPS/GPSZ prediction: P_ /(T + T%) = R(1-r )/(1+r ) with R = 1.35% and |r | < 5%

a  The current experimental constraints in poor agreement with the CPS/GPSZ prediction
s Marginal comparison only reached by inflating the uncertainty on |r | up to 25%

-value
T I T Ip 1-0
I area h
0.4 — — 0.9
= = 0.8
0.2 — — 0.7
. B - 0.6
% L |
..."é-.. 0.0 — — 0.5
- . (]
= - - 0.4 2
= . 2
0.2 |- — 0.3 e
= = 0.2
-0.4 [— tit‘{e —] 0.1
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Results on Had. Amplitudes: Hierarchies (1/2)

[

s Current data favours a relatively high P_

4 This result is mainly driven by K*'n/K*'rn’ phase differences from B —K'r n’

4 Good agreement among measurements without these phases: Ay* =1.29 = ~1.1¢
4 Adding these phases brings slight tension: Ay* = 7.7 = ~2.66

s B’—K'n’ analysis performed only by BABAR

s Independent confirmation needed to claim non-zero (and large!) P_ value

Constraint on P_ /P" Constraint on [P_ /P™|
E
= R L B R P value_
[ [exciumed area nas CL= 0.65 ! x H Yt om— [ %00
: 1 Bos % — with K" /K*r’ phases
10 - Bos ssarsBslel @ without K*n/K*'n° phases
E E 1.u LI T T T T T T T T T T T T LI T T T T T T T T T
— 1] DR ] e = s i ! ! Axi = 7.7| | i
S 1 @°° 08 |- pValue ~ 1.1% (2.65) 7
[TT T, B — 0.5 ]
o UF ] : 2= :
5 - 1 Boa g 06 Ax®=1.29 ]
© 2 - 7 Bos 1L pValue ~ 26% (1.10) 1
—30 :_ _: 0.2 r
L i 0.2 —
- s ] ™ [
_40 C 1 I 1 1 1 I 1 1 1 i 1 1 1 | 1 1 1 I 1 1 1 B a-o u.u _I 11 | | 111 1 1111 1 1 | L1 1 | | L1 1 1 | | - - 1
-0.4 -0.2 0.0 0.2 0.4 0.6 0.5 1.0 15 2.0 25 3.0 35 4.0
Log (IP_ /P™) P_/P*|
10" EW EW
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Results on Had. Amplitudes: Hierarchies (2/2)

T i = = Forvrs AL o

Constraint on N°*/T% c

s Essentially no constraint is obtained on N*/T*_ 0

a Strong constrain on PCEW/PEW o
. C _ .'l-:

. 2 solutions @ |P®, /P_, | =0.8 & 1.0 £ o

- Result consequence of large P_ | s o

« Need independent confirmation of B’>Ktx° e

analysis results

2 X 0+ 400,
Log, (IN°*/T))

. C
Constraint on Log, |P°_ /P_ |

H C
Constrainton P EWIPEW

p-value

T — : — 1.0
ST T T [ SO ST I I I
|- [ excluded area has GL > 0,956 | ! - .
' K%M with K1 /K“n’ phases
oy B ] 0.9 itter P

k ! 0.8 fsarsBee [ without K*1t/K**n® phases
e 20 |— —] O_T 1.0 _I T T T | T | T ]
E E - i
= [ 1 Wt 0s | 3
& E 0 — — 0.5 B
n_ | ] L -
— g 06 —
o E = 04 2 L -
© B ] 7 - ]
—20 — — 0.3 o 04 ]
- - 0.2 L i
o - 0.2 — —
—40 [— = 0.1 [ i
|  BaBar+Selle ! | i 7

L 1 I 1 L L I L 1 L i L L 1 | 1 L 1 | L 0 0 0.0 11 1 1 | 1 11 1 11 | 11 1 | I 1 L1 1 | 11 L1 | 1 L1 1 | L1 L1
0.6 o i 0.0 0% 0.3 : -0 -05 00 0.5 1.0 15 2.0 25 3.0
C , c
Log (IP_,/Peyl . Log (IP_ /P,l) 17



Prospects for future
LHCbh and Belle-Il data
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Prospects for LHCh and Belle-ll

LHCb: high statistic for charged modes B°-K’ (»n'n)n'n” & B'>K'nn* A
4 Statistical error scaling considering different performances w.rt BABAR/Belle

o Better S/B = improvements on BF & A__

« TDCPV error scales as 1//Q = sqrt(Q 1Q = sqrt(30.5/3.02) ~ 3.2

BABAR LHCb)

4 Resolution in Dalitz Plot: negligible effect according to LHCb experts
a4 Sensitivity to B°—>K+n‘n°/B+—>K°Sn+n0, but difficult to anticipate performances

Belle-ll: high statistics for all modes a

4 B°+K08n+n‘,B°—>K+Tc‘n0,B+ﬁK+ﬂ:‘n+& B+—>K°Sn+7t° > )

#  Similar environment to BABAR/Belle. Naive statistical error scaling s @
= V(50ab"/1.0ab") ~ 7 )

4 Both LHCb and Belle-ll will measure B*—K"n™n* mode with high precision
* Will be able to well define the Signal Model = Model systematics significantly reduced
* Assume negligible model uncertainties

2 For this study assume same central values as in closure test

Alejandro Pérez Pérez, CKM2016 TIRF, Mumbai, Nov. 29th 2016 18



Had. Parameters: LHCh (2019) & LHCh+Belle-ll (2023)
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Summary and Outlook
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Summary and outlook

[ PRERSn S LEELEE LA s ons S O RO = L L e oo

s B—K*rn system: large phenomenology potential
» Constraints on CKM limited by hadronic uncertainties
- o-like constraints (CPS/GPSZ): spoiled due to high sensitivity on P_  theo. Prediction

- B-like constraints (bounds on |[N%/T*|): less sensitive to theoretical input
* Model-independent extraction of hadronic parameters (SU(2) & CKM from global fit)
» Constraints on hadronic amplitudes with current data

- Results don't favour colour suppression for P°_ /P_ and to lesser extent T /T"

- Current data favours relatively large EWPs (mainly driven by BABAR B’—=K'tn° result)
- If confirmed, would set evidence for EWPs in fully hadronic charmless B decays
* Paper about B—>K"x results currently on preparation

s Outlook
* Future LHCb and Belle-ll data will allow precision tests of QCD models

» Possible extension: include B—Kp modes
- Same isospin relations as B—K*=, but only 4 BF, 4 A__ and 1 interference phase

» Crossed observables: 7 B—>Kp/B—K*r interference phases
> B—pK + B—>K*rn system: 25 unknowns & 29 observables = rich phenomenology!

Alejandro Pérez Pérez, CKM2016 TIRF, Mumbai, Nov. 29th 2016 20
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Amplitude Analyses: the signal model

oo e ——

s |sobar model needs predefined Ilst of components w/ line- shapes Signal Model
s No straightforward way to determine the Signal Model from theory

s Signal Model mainly determined from data

* Previous experimental results (e.g. quasy-two-body analyses) to come out with a smart
guest of Signal Model = “Raw Signal Model” (RSM)

« Use data to test additional contributions which could eventually be added to RSM

= building of the “Nominal Signal Model”
* Minor contributions ignored and treated as systematics = Model uncertainties
» Additional model errors: line-shapes uncertainties (e.g. non-resonant and K S-wave)
s 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 no correlation is assumed

s  We strongly recommend the analysts of all B—>h'hh (h/h' = ©t, K) modes to work
in coordination = coherent conventions used by all analyses and experiments
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Amplitude Analyses: What can be measured?

s Any convention-independent function of the isobar parameters is a physical
observable

s Examples

— 12 2
« Direct CP-asymmetries: Al,= a_j|2_|aj|2
a|”+|a|
. . PR = 2
« Branching Fractions: Bjocﬁ (|aj| +|aj| )FJ(DP)dDP
» Phase differences in the same B or B DP: (pij:arg(ai/ai) (T;U,:arg(ai/aj)

» Phase differences between Band B DP: A @, =arg ((q/p)c_l‘]./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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B—K'n System: Observables re-parametrization

B°—K° JUT

B(B°—=K*'1")
A_.(B"—K*'m)
AP(B°—=K*' 1)

0

B’ K n’

B(B°—=K*'1)

0 *+ o~
A . (B"—K*T)
B(B*—K*'r’)

0 *0
A (B"—K*r")
O(K*n"/K**1t7)
O(Kn /K ")

B'-K'ntn"

B(B*—=K*’r")
A . (B'—=K*r")

l

l

oo

B'—K° sn*n"

B(B*—=K*’r")
A . (B'=K*’r")
B(B*—K*'1")
A (B'=K*)
O(K* T /K*"')
o(K*n'/K*°rr")

l

Re(AK* 1 )/AK*T))
Im(A(K* T AK* 1))
B(B*—K*'1")

|AK* T AK* )|

Re(AK**’)/AK*1))
Im(A(K*1)/AK* 1))

Re(A(K*YA(K* 1))
Im(A(K*1)/A(K* "))

B(B°—K*’r%)

IA(K* ) A(K*)|
B(B*—K*rt")

Alejandro Pérez Pérez, CKM2016 TIRF, Mumbai, Nov. 29th 2016

IA(K* ) AK* 70|
Re(A(K*1°)/A(K*°1*))
Im(AK*°)/A(K*°1"))
Re(A(K*°)/A(K*1"))
Im(A(K*°)/A(K*r))
B(B*—>K*1°)

31




Prospects for LHCh and Belle-ll: numerical inputs

Observable
Re(A(K* T /)A(K*T))
IM(ARK* ) AKK*T))
B(K*7*)x10°
IA(K*T)AK* )|
Re(A(K*1°)/A(K*1"))
IM(AK*°1)/AK*0))
Re(A(K*n’)/A(K** 1))
Im(AK™’)YAK** 1))
B(K*n)x10°

AR )AK )
B(K*)x10°
IAK*TO)/AK* 10|
Re(A(K*1’)/AK* "))
Im(AK* TO)/AK* "))
Re(A(K*1’)/AK* "))
Im(AK** )/ AK* 1))

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

Expected evolution of the uncertainties on the observables

Analysis
B'—K'm'nt”
B°—K '
B°—K '
B’—K'mn’°
B’—K'mn°
B°—=K'tn’
B°—=K'tn’
B°—=K'tn’
B’—K'mn°
B*—»K'nn*
B'—»K'nn*
B' =K'’
B*'—>K’rn'n’
B'—K°r'n’
B'—>K’rn'r’

B*—>Ka'n°

Current

0.11

0.16
0.69
0.06

011

0.23
0.10
0.30
0.35
0.04

0.81
0.15

0.16
0.30
0.21
0.13
0.92

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-II

0.01
0.02
0.09
0.01

0.02

0.03
0.01
0.04
0.05
0.004

0.11
0.02

0.02
0.04
0.03
0.02
0.13

LHCDb 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*'n") norm. mode:
B(B°—=K'n't) (o, ~4%)

B(B*—K*’1") norm. mode:
B(B'=K'n 1) (0, ~5%)
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B—pK System: Physical Observables

[ .

A(B'—p*'K)=V V' ¢ + V.V p*
A(B*'—p’K") = Vusv*ubn"+ + VtsV*tb(-p+'+p°EW) Same Isospin
V2A(B*'—p*K%) =V V' (t"+t® -n®™)+V V' (p"-p°_ +p
0 OOy — * 400 * +-
\IZA(B _)p K ) - Vusv ubt o + Vtsv tb(-p +pEW)

11 QCD and 2 CKM = 13 unknowns

relations as K«

EW)

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

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

system. Still some
constrains possible

A total of 9 ohservables
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........................

Global phase between K't and pK now accessible:
- K'n: 11 hadronic parameters (1 global phase fixed)
- pK: 12 parameters
- CKM: 2 parameter

A total of =25 unknowns

Observables:
- K'nt only: 13 observables

-pKonly: 9 observables

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

- ¢ = arg(A(B’—p’K’)A*(B"—K"x")) from B'-K’_ z'n”

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

A total of 29 experimentally independent observables
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Scenarios to constrain CKM: hypothesis on [N*/T"|

- 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*
— bound the theoretical error is less than 9 degrees
60— ‘
'%‘ n
o A40b
o -
(b 20 —
=) _
o OF
g} Z
o -20— —
3 - .
o 40— -
Q. — ]
-60 — -
-80F -

N —

4 6 08 10 12 14 16 18 20
IN""/T™| upper-bound

Alejandro Pérez Pérez, CKM2016 TIRF, Mumbai, Nov. 29th 2016
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Feynman Diagrams

PR R S R R R I

u b Annihilation 3
Tree Colour suppressed three d
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- § 5 v —
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Exchange ! d
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W
]
]
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U g ’V' o s
Gluonic Penguin
. Col llowed w, d Colour suppressed
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CPSIGPSZ theoretical prediction

[

4 Effective Hamiltonian of B—>K*nt

10
GF
H=—"2 (92,Q" + 2,Q5) — 2 Qi p+h.c. with 2 =V5Vy
\/E{gjf( Q Q%) t;c@} = VsV
s Hierarchy of Wilson coefficients for electro-weak operators |co10| > |c75]
3cog+c 3cg—c
[Hewplar=1 = 2 : 5 21w + Q5lar—1 + 5% |QF — Q5] A7 Electro-weak Hamiltonian
— C1 — C2 u u i i
Heclar—1 = Cq —;CQ QU+ QU + 5 (@} — Q3] 5;—, Current-current Hamiltonian

s Using (Cﬁ teo | —0.0084) ~ (C‘J — G0 +0.0084)
Cc1+ o C1 — C2

c1—C R=1(3/2)(co+ c10)/(c1 + 2)

c1+ co u u
5 [QF — Q5] a7 R=(1.356+0.12)%

2

|Hewp|ar=1 = R QF + @5)ar — R

s Obtain the relation P =R __ (T +T%), (K*n(I = 3/2)|Q_|B)
m = _
with R =R(1T+r )(1-r,) e = (K*n(I =3/2)|Q4|B) Pu=(Q1G0)/2

. fff*F(iB_}ﬂ_fWA[J?_}ﬁ < 0.05
ferFy 7™ + fr A ‘Nov. 29th 2016 37
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Experimental inputs:

y BABAR 1)

s BABAR B'-»K'n rn’ analysis
IA(KK* ) AK*T) = 0.74 +0.09

PRD83:112010 (2011)

A_(K*T") = -0.29 + 0.1 + 0.02

3o significance

Re(K*OTCO/K*+TC_) = 080 + 020 Full Correlation matrix
* o _ 1.0 0.06 0.02 -035 -0.11 -0.06
Im(K*'n/K*"t") =-0.32+042 10 078 030 —00l 029
Re(WOﬂ;O/K*‘nJF) = 1.00+0.15 1.0 -0.06 0.00 -0.10
o 1.0 030 042
Im(K*n’/K* ") =-0.07 +0.53 0 oo
B(K*°n®)x10° = 3.30 + 0.64 1.00

s BABAR B’—K’ n'n” analysis

PRD80:112001 (2009)

two minima differing by 0.16 2NLL units

Global minimum
Re(K*n'/K*n") = 0.43 + 0.41
Im(K*"/K*n") = -0.69 + 0.26
B(K*')x10° 83 1.2

Full Correlation matrix

1.0 0.93 0.02
1.0 —-0.08
1.0

B i e e e AP

Local Minimum
Re(K*n'/K*'rt") = -0.82 £ 0.09
Im(K*"/K**n") = -0.05 + 0.43
B(K**1)x10° 83 £1.2

Full Correlation matrix

1.0 —-0.20 0.22
1.0 -0.01
1.0

A_(K*T) = -0.20 £ 0.10 + 0.02

~20 significance

e Gt B A
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o

Experimental inputs: &1 BABAR (22

s BABAR B'—»K'n n" analysis | PRD78:012004 (2008)

|A(K*OTC_)/A(K*OTC+)| - 1033 + 0047 Full Correlation matrix
B(K*'n*)x10° =10.8+ 1.4 1.0 0.02)
1.0

s BABAR B'—=K°® t*n® analysis | ArXiv : 1501.00705 [hep-ex] (2015) New Resulit!
s y

* In communication with authors to get full set of observables and correlation matrices
* Results shown in next slides just use (no correlation between observables is assumed)
B(K*n’)x10° = 9.2 £1.5
> C(K*7°) =-0.52 + 0.15 = ~3.40 significance
> ¢ = arg(A(B* =K tHA*(B* =K ") = (10 £ 112)°

— — - \ Huge uncertainty on phases
> ¢ =arg(A(B—K"n)A*(B—K’) = (98 +97)°
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s Belle B'—K’ n*n” analysis

Experimental inputs:

PRD75:012006 (2007) and PRD79:072004 (2009)

two minima differing by 7.5 2NLL units

Global minimum
Re(K*n'/K*'n”) = 0.79+0.14
Im(K*n"/K**n”) = -0.21 £ 0.40

B(K*1)x10° = 84 +1.5
Full Correlation matrix

1.0 0.62 0.0
1.0 0.0
1.0

Local Minimum
Re(K*n'/K*n") = 0.81 £0.11
Im(K*®"/K**n") = 0.01 £0.44
B(K¥n)x10° = 8.4 +£1.5

Full Correlation matrix

1.0 0.01 0.0
1.0 0.0
1.0

A_(K*m) = -0.20 £ 0.11 £ 0.07

~1.50 significance

s Belle B'»K'n " analysis
IA(K*)/A(K*1)| = 0.86 + 0.09
= 9.7 £1.1

B(K*’rt")x10°

PRL96:251803 (2006)

Full Correlation matrix

1.0 0.0
1.0

a2 No Belle results on: B°->K™t'n’and B+—>K°Sn+7c°

Alejandro Pérez Pérez, CKM2016 TIRF, Mumbai, Nov. 29th 2016
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Combining BABAR + Belle: B°—K’ w'x-

oo

s Two solutions for both BABAR and Belle anélyses

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

. Results 4 solutlons dlfferlng in x 0,7.7,8.4 and 97.2. Consider onIy the gIobaI minimum

Im((g/p)K*-pi+/K*+pi-)

‘ r T ]
1.4; T T T T T T comb { 1.4}\ \ T T Comb { 1.45 " Comb ]

B —BaBar ] B —BaBar 1 2: —BaBar ]
1.2F - 12 a4 12 1

C —Belle ] C — Belle ] r —Belle 7

1 . 1 1T .

C 7 % L ] % L ]
08 - 2 o8- =2 08 -

C 13 17 r ]
0.6:— { 06— — S 06 .
04E - 04r 4 o4f =
0.2F - 02— - 02- =

:\\ oo AL N Ll ] 0‘:‘ - : 1 0:‘ ___3x10°

91 5 -1 -05 0 05 1 15 2 2 1.5 -1 -0.5 0 0 5 1 1.5 2 14
Re((a/p)K*-pi+/K* +pi-) . Im((a/p)K"-pi+/K"+pi-)

J T ‘ L ‘ T ‘ ‘ T :(I\O\ ‘ ‘ T ‘ T ‘ ‘ L ><)|0>b
15 — Comb r — Comb o

: — BaBar 14— BaB L — Comb

[5 Bell - o 14 — BaBar

: — Belle | 12; —Belle 1 o — Belle

0.5~ — : 7 r R ]
g T~ 10— ] e 1
L Eaa L . ’Iof K /,---~.;.‘ |
0? = S—L C 7 é_ L « " ]
B 1% 8 - - P @ : .
0.5 5 r 41x 8 Vol —
0'55 12T 1@ L LS ]
g 30 ER S W ]
1.5 = ERIE -
e N I N B B R 2 25 | N H\‘H‘\;

15 1 0.5 0 0.5 1 1.5 2 1.5 -1 0.5 0 0.5 1 1.5 2 2 15 1 05 0 05 1 15

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



Combining BABAR + Belle: B* =K'z &

s Single solution for both BABAR and Belle
Likelihood vs Mod(Kbar*Opi-/K*Opi+) Likelihood vs B(K*Opi+)
L s s [ D ]
1.4 T =comb ] 1.4 —Comb
C —BaBar ] B —BaBar
1.2 — 1.2 ]
C — Belle ] C — Belle ]
1 - T .
o C ] e - ]
z r ] Z B ]
=06/ - 26 =
0.4 - 0.4 -
0.2 — 0.2 -
O:H\.H. i IR Ll LT Eo A O . 1x10®
05 06 07 08 09 1 1.1 12 1.3 0 6 8 10 12 14 16
I\/Iod(Kbarf‘Opi-/P_(”‘Opifr)v S B(K*Opi+)
x10°
L\ T ‘ L L ‘ L ‘ T T 1T ‘ T T 17T | T 1T \_Comb
16? — BaBar
L — Belle
4= =
T 12- -
= C i
e B ]
< 10— —
@ L ]
8 =
6 =
: L1 ‘ ] | ‘ L1 ‘ L1 | ] | ‘ | ‘ L1 \;

L L1 ‘ I ‘ ] - L1
05 06 07 08 09 1 11 12 13.
Mod(Kbar*0pi-/K*0pi+) 1, Nov. 29th 2016 42



No Free Lunch Theorem: Rl | S 2osia’ndshe

[

PRD71:094008 (2005)

oo

Freedom in writing decay amplitudes in terms of weak and strong phases

A — J'Il E‘l‘tﬁ:’l Etﬂl _|_ _.1[2 e‘l‘?i@z 6“52 |

A — ‘;II'-[]. E_le e'ml _I_ _.'."lfzr e—'ﬂ.f'i e'ﬁﬁ? 1

Consider two basic sets of weak phases {¢1, @2} and {1, pa} with ¢o #
wo; if an algorithm allows us to write ¢, as a function of physical
observables then, owing to the functional similarity of equation (1) and
[5), we would extract o with exactly the same function, leading to

®o2 = 9, in contradiction with the assumptions; then, a priori, the
weak phases in the parametrization of the decay amplitudes have no
hvsical meaning. or cannot be extracted without hadronic input.

It is not possible to extract at the same time hadronic
and CKM parameters without additional input
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[

s Decay amplitudes (5 and ¢ are weak/strong phases)
A= |\/|1exp(i81)exp(i(p1) + M2exp(i82)exp(i(p2)
A =M exp(id,)exp(-ig,) + M_exp(id )exp(-i¢,)

P sin (A §)sin (A @)
cP— (M,/M,)+(M,/M,)+2cos(Ad)cos(Ag)

s Inourcase Ap=arg(V V* IV V* )=2y=0
s IfA_, is significantly different from zero then
o |CKM*(P/T)| ~ 1
 arg(Ap)#0

s 3.0 o significance for C(B°—K*'1")
AB’-K"t") = VusV*ubT*' + VtsV*tbP’"
« Two solutions with same y* (Sol A and B)

» Both inconsistent with arg(Ae) = 0/n
* Only solution A has [CKM*(P/T)| ~ 1

Alejandro Pérez Pérez, CKM2016 TIRF, Mumbai, Nov. 29th 2016

p-value

arg(P*/T")

0.8

0.6

0.4

0.2

Results on Had. Amplitudes: CP violation (1/3)

BaBar + Bell —
= C(B'—K*)
1-0 _I TT T 1T 1T | T 1T | T 17T | L T 1T | LI | T 1T LI
0.0 _I 11 l 11 1 | 11 1 | 11 1 | 11 1 111 | 11 - | |- I |-
10 -08 -06 04 02 00 02 04 06 08 10
C(B’> K1)
(P/T)+- p-value
|||||||| ] T T ] T T T 1T L B B 1.0
0.9

150

100

50 |-

-50 [
-100

-150

[ [ excluded area has CL > 0.95 l ! ]
— B:_Bar + Belle

2

-3 -2 -1 0 1
Log1 0( | (VtsV*tb/ VsV ) (PT/TT)))




Results on Had. Amplitudes: CP violation (2I3)

[

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

A= M1exp(|81)exp(l(p1) + MzeXp(|62)eXp(|(P2) Faar Bele C(B+—)K*+TC0)

1-0IlrIII|III|III|I1I|III|III|IIIIIIIII

A= |\/|1exp(i81)exp(-i(p1) + M 2exp(i82)exp(-i(p2) :
— sin (A §)sin (A @) _
P (M IM,)+(M,IM | )+2cos(Ad)cos(Ag)

06

p-value

04 -

02 -

s Inourcase Ap=arg(V _V* /V V* )=2y#0

00_ 1 L 1 L
-1.0 08 06 04 02 00 02 04 06 08 10

a |If ACP is significantly different from zero then OB K'nt)
o |CKM*(P/T)| ~1

(P/T)+0 p -value
e arg(Ap)=0 = R AManassssssussal L
z BpBar + Belle Mo,
8 _: 0.8
a 3.5 o significance for C(B*—=K*'nt’) ': s
V2A(B' K™ =V V. (T+T" N +V vV PP +p ) = = @ : o
» Both solutions inconsistent with arg(A¢) = 0/ and : _ 04
with |CKM*(P/T)| ~ 1 n
« Appearance of other local minima EN
. 0.1
I ITIT v T T 0.0

2 3

4
PE(TT + TP -N™))
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p-value

arg((-P*" + P, )/T)

Results on Had. Amplitudes: CP violation (3/3)

. B{Bar + Bele , sEaisl  AB'—Km)=V V' N"+V V' (-P*+PC_)
BaBar +Belle BaBar + Belle
0 0 0,0y = * * +-
C(B'—K*r) o C(BK T ABSK) =V, VT,V (P74
W e e g e o LN IS IR IR IS IR IS IS IR R
08 - ] 08 [ ]
06 i ] g 05f i
0.4 :— - Z- 04 _
[ *0,.0 *0,+
n ] L ] 4 A (K'm")and A_ (K"
S o ] N ST A W consistent with zero @ 1o
00 s 05 04 02 0o o2 40 08 06 04 02 00 02 04 06 08 10 ) .
R oK) s PIT constraints are consistent
(PIT 00 (P lT)°+ either Wlth*
U LA pvalie o |CKM*(P/T)| >> 1 or << 1
150_— ' 0.9 0.9 ° arg(P/T) — 0 or iTI:
100 [ 08 0.8
: 7 Z 0.7
3 06 o 06
o
0 oo 05+ 0.5
: 04 B 0.4
-50 — =
; 3 D 0.3
©
-100 [ 02 0.2
150 I e seie : ol 01
Ce e lees bl 0 b 0.0

4 3 2

; . X 3
Log, (I(V, Vig/VusV ) ((-P* + Pey ) T™)

-1 0 1 2 4

-2*

40 1 2

- 3 .
Log1 0(|(Vtsvtblvusvub)(('P+- + Pgw)/N0+)|)
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arg(N°*/T*)

arg(P*/T")

Had. Parameters: LHCh (runl+run2) 2019

-3 -2 -1 [1} - 1+_
Log, (I(V, V" VeV, P7T))

e 4
150 — HCb 201§ 0.9
100 :_ _: 0.8

- . 0.7

50 — —
C ] 0.6
L e, - o5

C ] 0.4
=50 I~ 7

C b 0.3
-100 :— —: 0.2
-150 — o - 0.1

Covn bl <] 0.0

-4 -3 -2 -10 0 1 2
I+ +=
Log, (IN*/T*])
p-value

RANsNRsARASARANRANS nana nana 1.0

| | excluded area has CL > 0.95
150 | HCb 20181 Moo
100 |- | 1 5%

- § 1 |07

50 - : —
r : 1 |06
T = Blos
- | 1 Hoa

-50 - | -

B b 0.3
-100 :— —: 0.2
150 - Srceae ] 01

_l 1 1 | | 11| | 11 1 | l 111 1 I 1111 I 11 1 I— 0.0

-4

arg(Tg°/T+')

arg(PEw/T a/2)

Log, (IP_ /Ty

150 HCb 201 _
100 -
0 : 2
0 eI -
-50 -
-100 -
CKM ]
150 e -
-4 -3 2 -'1|'°° 0 1 2
Lo "
0, (IT™/T")
p-value
—l L L I L I T T 17T | T T T I T 1T | 1-0
[ | excluded area has CL > 0.95
150 | HCb 2018 Moo
100 :_ _: 0.8
E E 0.7
50 — —
L : ] 0.6
e — . ------------------- 4 Bos
- i 1 Foas
-50 - ) -
L ] 0.3
-100 _— 7 0.2
C i 9
150 | csaen ] 0
_|||||||||||||l||||||||||||||_ 0.0
-4 3 1 2

C +-
arg(PEW/T )

Main impact of LHCb data on

0+ +-
N, P~ &P_,

Only upper limits on T & P°_

Generation value
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With LHCb + Belle-Il data
will be able to make
precision measurements on
the hadronic parameters
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