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Motivation: Search for new physics (=NP)

In charmless hadronic B-decays:
ñ “Loops” of b Ñ s qq̄ transitions

§ B Ñ PP p“ Kπ,Kηp
1
q, . . .q,

§ B Ñ PV p“ Kρ,Kφ,Kω,K˚π, . . .q,
§ Bs Ñ . . .

Final data set
@ Belle I

New data with high statistics
@ Belle II
@ LHCb (for charged final states)

Theory beyond naive factorization:

§ QCD Factorisation (=QCDF)
§ SCET (I + II)
‘

eff. coupl’s in terms of NP pmr’s
‘

universal non-perturbative input

BUT: “QCD”-model-dependence
@ sub-leading order from end-point
divergences (not yet resolved)

[ñ comprehensive analysis Hofer/Scherer/Verrnazza arXiv:1011.6319]
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B meson decays are a multi-scale problem . . .

. . . with hierarchical interaction scales

electroweak IA

MW « 80 GeV
MZ « 91 GeV

" ext. mom’a in B restframe

MB « 5 GeV

" QCD-bound state effects

ΛQCD « 0.5 GeV
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Ci “ Wilson coefficients: contains short-dist. pmr’s (heavy masses Mt , . . . – CKM factored out)
and leading logarithmic QCD-corrections to all orders in αs

ñ in SM known up to next-to-next-to-leading order

Oi “ higher-dim. operators: flavour-changing coupling of light quarks and leptons
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B Ñ M1M2 matrix elements in QCDF [Beneke/Buchalla/Neubert/Sachrajda hep-ph/0104110]

Different classes of diagrams can be calculated perturbatively due to large momentum transfers

Vertex corrections

B

M
1

M
2

Penguin corrections

B

M
1

M
2

B

M
1

M
2

spectator quark not involved

xM1M2|Oi |By “ F BÑM1
j T I

ij ˚ fM2ΦM2 `

Hard spectator scattering (HS)

B

M
1

M
2

T II
ij ˚ fBΦB ˚ fM1ΦM1 ˚ fM2ΦM2

perturbatively calculable

“kernels”: T I,II
ij

non-perturbative quantities (sum rules, measurements, lattice)

decay constants: fB,M1,M2

form factors: F BÑM1
j

convolutions (˚) of distribution amplitudes: ΦB,M1,M2

@ leading order in ΛQCD{mb expansion
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Endpoint divergences @ sub-leading order in ΛQCD{mb

. . . arise in HS from higher twist LCDA’s Φm1
ż 1

0

dy
1´ y

Φm1pyq

” Φm1p1qXH `

ż 1

0

dy
r1´ ys`

Φm1pyq

with Φm1pyq ‰ 0 for y Ñ 1

ñ phenomenological parameter of soft-gluon
interaction with spectator quark

XH ” p1` ρHq ln
mb

ΛQCD
, XH , ρH P C

Ñ for ρH “ 0 ñ XH « ln 10 « 2.3

. . . arise in weak annihilation (WA) = QCD & QED penguin operators
M

1

M
2

B

M
1

M
2

B

M
1

M
2

B

M
1

M
2

B
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ñ they are chirality-enhanced

ñ in principle different for initial and final state radiation

ñ also for 3 possible Γ1 b Γ2:
k “ 1: pV ´ Aq b pV ´ Aq, k “ 2: pV ´ Aq b pV ` Aq, k “ 3: p´2qpS ´ Pq b pS ` Pq

ñ Api,fqk with Af
1 “ Af

2 “ 0 and Ai
3 negligible for B Ñ PP [Beneke/Neubert hep-ph/0308039]
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Api,fqk are divergent, however regularized by
ż 1

0

dy
y
Ñ XA,

ż 1

0
dy

ln y
y
Ñ ´

1
2
pXAq

2

XA in principle different for each meson Mi , each k “ 1, 2, 3, each process
. . . assuming isospin-symmetry single XA,H for each system PP “ pKπ, . . .q, PV “ pKρ, . . .q,
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What are XA,H ???

. . . stand for something we do NOT know (yet)

. . . approximate that “something” in a to us “unknown” manner

represent a strong phase Ñ affect CP-asymmetries

might be used to estimate the uncertainty due to our ignorance

might be fitted from data to check with our naive expectations

Can we still constrain New Physics in the presence of XA,H ???

In literature usually central values for |ρA,H | and argρA,H “ 0 chosen
and errors estimated from variation

ρ “ |ρ|eiφ with |ρ| P 1 . . . 2 and φ P r0,2πs

We fit the ρA P C with prior |ρA| ď 8
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Observables
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Observables

CP-averaged branching ratios

Direct CP-asymmetry

Mixing-induced CP-asymmetry

Ratios of Br’s

Here: errors determined from
error propagation, BUT only
experiments can account for
common systematic uncertainties
and should provide the errors on
these ratios

Differences of CP-asymmetries

BrpB Ñ f q “
1
2

”

Br
´

B̄ Ñ f̄
¯

` Br
´

B Ñ f
¯ı

ACPpB Ñ f q “
Br

`

B̄ Ñ f̄
˘

´ Br
`

B Ñ f
˘

Br
`

B̄ Ñ f̄
˘

` Br
`

B Ñ f
˘

Br
`

B̄ptq Ñ f̄
˘

´ Br
`

Bptq Ñ f
˘

Br
`

B̄ptq Ñ f̄
˘

` Br
`

Bptq Ñ f
˘ “ S sinp∆MB tq ´ C cosp∆MB tq

pACP “ ´Cq

RB
n “

1
2

BrpB0 Ñ K`π´q
BrpB0 Ñ K 0π0q

RK
c “ 2

τ0

τ´

BrpB` Ñ K`π0q

BrpB0 Ñ K`π´q

Rπc “
τ0

τ´

BrpB` Ñ K 0π`q

BrpB0 Ñ K`π´q

∆A´CP “ ACPpB´ Ñ K´π0q ´ ACPpB̄0 Ñ K´π`q

∆A0
CP “ ACPpB´ Ñ K̄ 0π´q ´ ACPpB̄0 Ñ K̄ 0π0q
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Experimental input from HFAG arXiv:1207.1158

B Ñ PP

b Ñ s
B Ñ Kπ B Ñ Kη1 Bs Ñ KK Bs Ñ ππ

K 0π0 : Br , C, S K 0η10 : Br , C, S K`K´ : Br , C, S π`π´ : Br
K`π´ : Br , C K`η10 : Br , C
K`π0 : Br , C
K 0π` : Br , C

b Ñ d
B Ñ KK B Ñ ππ

K 0K̄ 0 : Br π0π` : Br
K`K´ : Br
K`K 0 : Br , C

B Ñ PV

B Ñ K˚π B Ñ Kρ B Ñ Kφ B Ñ Kω
K˚0π0 : Br , C K 0ρ0 : Br , C, S K 0φ0 : Br , C, S K 0ω0 : Br , C, S
K˚`π´ : Br , C K`ρ´ : Br , C K`φ0 : Br , C K`ω0 : Br , C
K˚`π0 : Br , C K`ρ0 : Br , C
K˚0π` : Br , C K 0ρ` : Br , C
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SM Fits

All results are preliminary !!!
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SM Fit for “ρA only”
Questions:

can ρA be fitted separately for each B Ñ M1M2 pM1M2 “ Kπ,Kρ, . . .q with current data?

is the size of ρA consistent with naive expectations from QCDF?

what are the preferred regions of BR’s and CP-asymmetries?

what about composed observables R and ∆ACP?

Assumptions:

one ρA for each system B Ñ M1M2 pM1M2 “ Kπ,Kρ, . . .q with current data?

. . .

Use 2 sets of observables: for M1M2 “ pKπ, Kρ, K˚πq

Set Observables

Set I BrpB´ Ñ K̄ 0π´q, BrpB´ Ñ K´π0q, BrpB̄0 Ñ K´π`q, BrpB̄0 Ñ K̄ 0π0q

ACPpB´ Ñ K̄ 0π´q, ACPpB´ Ñ K´π0q, ACPpB̄0 Ñ K´π`q, ACPpB̄0 Ñ K̄ 0π0q

Set II BrpB´ Ñ K̄ 0π´q, RB
n , RK

c , Rπc

ACPpB´ Ñ K̄ 0π´q, ACPpB̄0 Ñ K´π`q, ACPpB̄0 Ñ K̄ 0π0q, ∆A´CP

C. Bobeth Portorz 2013 April 18, 2013 11 / 24



SM Fit for “ρA only”
Questions:

can ρA be fitted separately for each B Ñ M1M2 pM1M2 “ Kπ,Kρ, . . .q with current data?

is the size of ρA consistent with naive expectations from QCDF?

what are the preferred regions of BR’s and CP-asymmetries?

what about composed observables R and ∆ACP?

Assumptions:

one ρA for each system B Ñ M1M2 pM1M2 “ Kπ,Kρ, . . .q with current data?

. . .

Use 2 sets of observables: for M1M2 “ pKπ, Kρ, K˚πq

Set Observables

Set I BrpB´ Ñ K̄ 0π´q, BrpB´ Ñ K´π0q, BrpB̄0 Ñ K´π`q, BrpB̄0 Ñ K̄ 0π0q

ACPpB´ Ñ K̄ 0π´q, ACPpB´ Ñ K´π0q, ACPpB̄0 Ñ K´π`q, ACPpB̄0 Ñ K̄ 0π0q

Set II BrpB´ Ñ K̄ 0π´q, RB
n , RK

c , Rπc

ACPpB´ Ñ K̄ 0π´q, ACPpB̄0 Ñ K´π`q, ACPpB̄0 Ñ K̄ 0π0q, ∆A´CP

C. Bobeth Portorz 2013 April 18, 2013 11 / 24



SM Fit B Ñ K π

|ρA| ´ argpρAq

@ 95, 99 % CL

|πK
A

ρ|
0 1 2 3 4 5 6 7 8

)π
K Aρ

A
rg

(

0

1

2

3

4

5

6

SET I = BR I + CP I
|πK

A
ρ|

0 1 2 3 4 5 6 7 8

)π
K Aρ

A
rg

(

0

1

2

3

4

5

6

SET II = BR II + CP II

ñ p-Value 21 % 0.5 %

ñ Best-FP p3.8, 2.8q p2.2, 5.7q

ñ Pull’s @ BFP
RB

n ´ 2.8σ
Rπc ´ 0.9σ

CK´π0 /∆A´CP 2.3σ 2.8σ
CK̄ 0π´ 1.6σ 1.4σ
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SM Fit B Ñ K ρ

|ρA| ´ argpρAq

@ 68, 95 % CL

|ρK

A
ρ|

0 1 2 3 4 5 6 7 8

)ρ
K Aρ

A
rg

(

0

1

2

3

4

5

6

SET I = BR I + CP I
|ρK

A
ρ|

0 1 2 3 4 5 6 7 8

)ρ
K Aρ

A
rg

(

0

1

2

3

4

5

6

SET II = BR II + CP II

ñ p-Value 100 % 98 %

ñ Best-FP p1.7, 5.6q p3.2, 2.7q

ñ Pull’s @ BFP
RK

c ´ 0.7σ
CK´ρ` 0σ 0.2σ
CK̄ 0ρ´ 0.7σ 0.7σ
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SM Fit BÑK˚π

|ρA| ´ argpρAq

@ 68, 95 % CL

|π*{K
A

ρ|
0 1 2 3 4 5 6 7 8

)π*
{K Aρ

A
rg

(

0

1

2

3

4

5

6

SET I = BR I + CP I
|π*K

A
ρ|

0 1 2 3 4 5 6 7 8

)π*
{K Aρ

A
rg

(

0

1

2

3

4

5

6

SET II = BR II + CP II

ñ p-Value 98 % 89 %

ñ Best-FP p2.0, 5.9q p1.8, 5.9q

ñ Pull’s @ BFP
RK˚

c ´ 0.9σ
Rπc ´ 0.6σ
CK̄˚0π0 0.5σ 0.3σ
CK̄˚0π´ 1.0σ 1.0σ
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SM Fit |ρA| ´ argpρAq @ 68, 95 % CL

|'ηK

A
ρ|
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)ππ Aρ
A

rg
(

0

1

2

3

4

5

6

Bs Ñ ππ
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Summary SM Fits: “ρA only”

only problems in B Ñ Kπ system, fit is bad (p-value ă 1 %)
for BR Set II, pull values up to 2.8σ for ∆A´CP and Rn

B

BR’s and CP-asymmetries give very complementary constraints

Br’s usually constrain |ρA| ă 8 which is larger than
used in previous literature,
though in some cases |ρA| ă 4 for B Ñ Kρ,Kφ,K ˚π

CP-asymmetries in B Ñ Kπ,Kρ,K ˚π (B Ñ Kη1,KK , Bs Ñ ππ)
prefer argpρAq „ π or 2π Ñ close to real
!!! contrary to B Ñ Kω (Bs Ñ KK )

pure weak annihilation Bs Ñ ππ allows also large |ρA|,
but only one Br -measurement
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New Physics fits

All results are preliminary !!!
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Z -penguin scenario

Eff. Lagrangian @ high scale µW „ MW

LbÑsZ “ LSM `
GF
?

2
e
π2

M2
Z cW sW VtbV˚ts ˆ

“

s̄ γµ pZLPL ` ZRPRq b
‰

Zµ withZL, ZR P C

(in principle not 100% proper, might be gauge-dependent, depending on New Physics scenario)

Modification of QCD- & EW-penguin

CNP
3 pµW q “ ´

αe

6π
ZL

CNP
7 pµW q “ ´

2αe

3π
s2

W ZL

CNP
9 pµW q “ `

2αe

3π
p1´ s2

W qZL

Modification of b Ñ s ```´ Op’s

CNP
9,` ¯̀pµW q “ ´p1´ 4s2

W qZL

CNP
10,` ¯̀pµW q “ `ZL

Questions
fit for XA still stable?
can we fit for both: New Physics (ZL) and QCD (ρA)?
is there a strong correlation between ZL and ρA?
goodness-of-fit improved?
what is the complementarity among B Ñ M1M2 and b Ñ s ```´?
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ð RepZLq vs ImpZLq @ 68, 95 % from

Set I (Br + C): B Ñ Kπ

`K˚π ` Kρ

Set II (Br, R + C, ∆ACP): B Ñ Kπ

`K˚π ` Kρ

Improved pull-values @ BF-point
Observable Set I (SM) Set II (SM)

RB
n – 0.5σ (2.3σ)

CK´π0{∆A´CP 0.3σ (2.3σ) 0.5σ (2.8σ)

CK 0π´ 2.1σ (1.6σ) 0.0σ (1.4σ)

|ρKπ
A | vs argpρKπ

A q ñ

@ 95, 99 %
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ð RepZLq vs ImpZLq @ 68, 95 % from

b Ñ s ` pγ, ```´q

process observable experiment

B Ñ K˚γ Br Babar, Belle

B Ñ K˚```´ Br , AFB, FL Babar, Belle, CDF, LHCb

B Ñ K ```´ Br Babar, Belle, CDF (including LHCb˚q)
˚q [LHCb Collaboration arXiv:1209.4284]

See talk A.Khodjamirian: discrepancy for Brr1,6sGeV2 ¨ 107:

LHCb: 1.21˘ 0.12 Ø SM: 1.76`0.60
´0.23

[Khodjamirian/Mannel/Wang arXiv:1211.0234]
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Summary

pull-values in B Ñ Kπ slightly better than in SM,
even after including b Ñ s ` pγ, ```´q

combination of several B Ñ M1M2 give comparable ZL,
depending on Set of observables BR’s vs. RB,K ,π

n,c

correlation between ZL and ρM1M2
A

strongly reduced when combining several B Ñ M1M2

More to do . . .

implications of ImpZLq ‰ 0 on CP-asymmetries in B Ñ K ˚```´

repeat fit with hypothetical Belle II experimental uncertainties

extend scenario ZL Ñ pZL, ZRq
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C7γ & C8g dipole operators

Eff. Lagrangian @ high scale µW „ MW

LbÑpsγ, sgq “ LSM `
4GF
?

2
e

16π2
VtbV˚ts ˆmb

“

s̄α σµνPRbβ
‰

´

CNP
7γ δαβFµν ` CNP

8g T a
αβGa

µν

¯

withC7γ , C8g P C

C8g mixes into C7γ

CNP
7γ pµbq “ η

16
23 CNP

7γ pµW q `
4
3

´

η
14
23 ´ η

16
23

¯

CNP
8g pµW q

with η “ αspµW q{αspµbq « 0.5

ñ C7γpµbq strongly bound by b Ñ sγ

ñ implies correlation between CNP
7γ pµW q and CNP

8g pµW q

ñ CNP
8g pµW q is bound from B Ñ M1M2 (CNP

7γ pµW q only marginally)

Further constraint on CNP
8g pµW q from inclusive charmless

BrpB Ñ Xc{q “ BrpB Ñ Xsgq `
ÿ

q“d,s;q1“u,d,s

BrpB Ñ q1q̄1qq
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C7γ & C8g dipole operators

Individual modes B Ñ Kπ, Kη1, Kφ, K˚π, KK and Bs Ñ KK yield

RepC8gq P r´15, 15s, ImpC8gq P r´6, 6s

however, usually strong correlations with ρM1M2
A towards large values

Combining B Ñ pKπ, Kη1, Kφ, K˚πq @ 95, 99 % CL

and b Ñ s pγ, ```´q + B Ñ pKπ, Kη1, Kφ, K˚πq
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Summary

B Ñ M1M2 interesting probes of New Physics

QCDF ideal tool, BUT endpoint divergences not understood yet
ñ phenomenological pmr’s ρA,H @ sub-leading order in mb{ΛQCD

Here: Infer ρA from data in SM
B Ñ Kπ data difficult to describe in SM (not only with QCDF)
BR’s yield usually |ρA| ď 8 (in literature |ρA| „ 1 . . . 2)
argpρAq „ π or „ 2π suggests no large strong phases

and beyond
combination of several B Ñ M1M2 modes allow reduce correlation
of NP-parameters and ρM1M2

A
present bounds from single B Ñ M1M2 modes very weak
Ñ need their combination + complementary constraints

Reduced experimental uncertainties would be helpful &
On theory side: resolution to endpoint-divergences +

inclusion of NNLO αs corrections at LO in 1{mb in the future
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Fit method and treatment of theory uncertainties

Parameters of interest
~θ “ pCi , ρA,H , λBq

Nuisance parameters

~ν

1) process-specific
FF’s, decay const’s,
LCDA pmr’s,
renorm. scales: µb,0

2) general
quark masses, CKM, . . .

Observables
1) observables

Oi p~θ, ~νq

depend usually on sub-set of ~θ and ~ν

2) experimental data for each observable

pdf(Oi “ o)

ñ probability distribution of values o

Fit strategy:
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LCDA pmr’s,
renorm. scales: µb,0

2) general
quark masses, CKM, . . .

Observables
1) observables

Oi p~θ, ~νq

depend usually on sub-set of ~θ and ~ν

2) experimental data for each observable

pdf(Oi “ o)

ñ probability distribution of values o

Fit strategy: Put theory uncertainties in likelihood using RFit-scheme and . . .

sample ~θ-space (Markov Chains: BAT = Bayesian Analysis Tool)

theory uncertainties of Oi due to ~ν at each p~θqa:

vary ~ν in some ranges and combine uncertainties in quadrature ñ ∆i,thrp~θqas

use Bayesian method ñ 68 & 95 % (CL or probability) regions of ~θ with flat priors
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Likelihood in Rfit scheme

Likelihood = product of pdf’s of measurements Oi
prOi “ oi s “ probability of Oi having value oi

most Oi gaussian distributed

Lp~θq “
ź

i Pdata
p
”

Oi “ oi p~θq
ı

Ñ exp

»

–´
1
2

ÿ

i Pdata

´

χi p~θq
¯2

fi

fl

χi p~θq “

$

’

’

’

’

’

’

’

&

’

’

’

’

’

’

’

%

|Oi,th´Oi,exp|´∆`i,th

σ´i,exp
if Oi,exp ě Oi,th `∆`i,th

|Oi,th´Oi,exp|´∆`i,th

σ`i,exp
if Oi,exp ď Oi,th ´∆´i,th

0 else

experimental measurement:
`

Oi,exp
˘`σ`i,exp

´σ´i,exp

theory prediction:
`

Oi,th
˘`∆`i,th

´∆´i,th

Theory uncertainties for Oi : ∆˘i,th “

c

ř

a

´

∆˘i,a,th

¯2

ñ each νa P pνa,min, νa,cen, νa,maxq:

∆`i,a,th “ oi pνa,maxq ´ oi pνa,cenq, ∆´i,a,th “ oi pνa,cenq ´ oi pνa,minq

if oi pνa,minq ď oi pνa,cenq ď oi pνa,maxq, else . . .
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ź

i Pdata
p
”

Oi “ oi p~θq
ı

Ñ exp

»

–´
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|Oi,th´Oi,exp|´∆`i,th

σ´i,exp
if Oi,exp ě Oi,th `∆`i,th

|Oi,th´Oi,exp|´∆`i,th

σ`i,exp
if Oi,exp ď Oi,th ´∆´i,th

0 else

experimental measurement:
`

Oi,exp
˘`σ`i,exp

´σ´i,exp

theory prediction:
`

Oi,th
˘`∆`i,th

´∆´i,th

Theory uncertainties for Oi : ∆˘i,th “

c

ř

a

´

∆˘i,a,th

¯2

ñ each νa P pνa,min, νa,cen, νa,maxq:

∆`i,a,th “ oi pνa,maxq ´ oi pνa,cenq, ∆´i,a,th “ oi pνa,cenq ´ oi pνa,minq

if oi pνa,minq ď oi pνa,cenq ď oi pνa,maxq, else . . .
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Topological amplitudes for example B Ñ Kπ

[Hofer/Scherer/Vernazza arXiv:1011.6319]

B Ñ Kπ dominated by PQCD penguins and polluted by . . .

topologies Ñ suppression factor

Ñ QCDF

T “ tree CKM ˆ1{αs rT “

0.17`0.07
´0.06 ` i 0.03`0.03

´0.10

C“ col-sup tree CKM ˆ1{Nc ˆ 1{αs rC “

0.07`0.04
´0.06 ´ i 0.01`0.03

´0.05

PEW“EW peng αe{αs rEW“

0.13`0.05
´0.05 ` i 0.02`0.02

´0.07

PC
EW“ col-sup EW peng αe{αs ˆ 1{Nc rC

EW“

0.04`0.02
´0.03 ´ i 0.01`0.02

´0.03

PAEW“EW annihilation αe{αs ˆ ΛQCD{mb rA
EW“

0.007`0.002
´0.010 ´ i 0.004`0.011

´0.003
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[Hofer/Scherer/Vernazza arXiv:1011.6319]
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In SM: using unitarity of CKM & factored out ñ contains the weak phase

rX “ VCKM,X

A

M1M2

ˇ

ˇ

ˇ

ÿ

a P X

CaOa

ˇ

ˇ

ˇ
B
E

PQCD
, PQCD „ VtbV˚ts

A

M1M2

ˇ

ˇ

ˇ

ÿ

a PQCDpeng

CaOa

ˇ

ˇ

ˇ
B
E

with

VCKM,T “ VCKM,C “ VubV˚us, VCKM,EW “ VCKM,EWC “ VCKM,EWA “ VtbV˚ts
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Expanding the amplitude . . .
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Very popular: each topological amplitude parametrised

ra “ |ra|eiφa

and fitted from experiment (with additional assumptions to reduce number of parameters)

However, in QCDF they can be calculated...
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Observables and topological amplitudes [Hofer/Scherer/Vernazza arXiv:1011.6319]

B Ñ Kπ dominated by PQCD penguins and polluted by ri ” Pi{PQCD . . .
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CP-asymmetries . . .

ACPpB´ Ñ K´π0q „ ´2 Im prT ` rCq sin γ

` 2 Im
ˆ

r̃EW `
2
3

r̃C
EW `

2
3

r̃A
EW

˙

sin δ

ACPpB̄0 Ñ K´π`q „ ´2 Im prTq sin γ

` 2 Im
ˆ

2
3

r̃C
EW ´

1
3

r̃A
EW

˙

sin δ

∆A´CP „ ´2 Im prCq sin γ

` 2 Im
´

r̃EW ` r̃A
EW

¯

sin δ

QCDF predicts small rC

, BUT in the presence of New physics r pC,AqEW Ñ r pC,AqEW ` r̃ pC,AqEW e´iδ
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Ratios . . .

RB
n „ 1` 2 Re

´

rEW ` rC
EW

¯

´ 2 Re prT ` rCq cos γ

RK
c „ 1` 2 Re prEWq ´ 2 Re prCq cos γ

Rπc „ 1´ 2 Re
´

rC
EW

¯

` 2 Re prTq cos γ

in the presence of New physics: Re
´

r pCqEW

¯

Ñ Re
´

r pC,AqEW

¯

` Re
´

r̃ pC,AqEW

¯

cos δ
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Extending SM Fits for B Ñ Kπ: A) “several ρA”

),3fπK
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Abs(X
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ρ1i
A

ñ Fit 2 annihilation contributions: ρ3f
A and ρ1i

A : using comb = BR-Set II + CP-Set II

p-Value: 0.4 % (before 0.7 %)
Best-FP for ρ1i

A “ p18.3, 3.1q

ñ ρ3f
A takes role of ρA

ñ ρ1i
A weakly constrained: Br’s prefer 8 ď |ρ1i

A | ď 20
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Extending SM Fits for B Ñ Kπ: B) “ρA and ρH ”

)PP
A
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H

A
rg

(X
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ρH

ñ Fit both ρA and ρH : using comb = BR-Set II + CP-Set II @ 68, 95 % CL

with prior |ρH | ď 20

p-Value: 81 % (before 0.7 %) ñ good fit
Best-FP for ρA “ p2.6, 5.7q and ρH “ p12.1, 3.0q

ñ |ρA| ď 4
ñ BUT large 8 ď |ρH |
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