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Theory



Structure of B — Kn/ ¢~ decay

Differential decay rate of the full decay

q2 = dilepton invariant mass
Ok, 0, = angles final particles

d°T ¢ = angle dilepton-plane
=W %%
dq? dm2,_ dcos O dcos 0, dg PIAYs

Contributions from and B — K*( — Kn)t ¢~

We parametrise the decay as:

Wp = 3% [Jls sin? 0 + Ji.cos? Ok + (J2s sin? 0 + Jo, cos? Ok ) cos 26,
s

+J3 sin® O sin? 6 cos 2¢ + J4 sin 20k sin 260, cos ¢ + J5 sin 20k sin 0; cos ¢
+(Jgs sin® O + Jg. cos? Ok ) cos 0 + J7 sin 20 sin 0; sin ¢ + Jg sin 20k sin 26, sin ¢
+Jg sin® O sin? 6, sin 2q§] -

J., J: = functions of q2

l l

1 1~ . . . .
We = i [Jfa + Ji cos Ok + (J5, + J5p cos Ok ) cos 20, + J4 sin Ok sin 26, cos ¢
0

+J5 sin O sin 0, cos o+ J sin O sin 0, sin o+ Jg sin O sin 26, sin qb}
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Structure of B — Kn/ ¢~ decay

described by 6 complex

L, R = chirality of outgoing lepton current
S-wave described by 2 complex AOL’R |, L ,0 = helicity of K* meson (P-wave)

+
2 additional A,, A if m, # 0 and scalar op.

\—b Amplitudes multiplied by lineshape BWP,S(mlz{ﬂ)

Observables J,, fl described as spin-summed squared amplitudes
— structure A7"A" £ AAF

Useful to define complex 2-component vectors combining amplitudes

L L L L
| Af* ? _Af* ) A(I)%* ) A6R*

'L
AO

n'e = n. vectors used to obtain symmetries among J, J. coefficients
S —A’R* l 1°Y1
0
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Structure of B — Kn/ ¢~ decay

Definitions of J,, fl (examples):

2‘|‘52 4m *
ne = ! ; £) A5 2+ |AF 2+ |AR? + |AF ]+—q£Re(ALAR +AfAf)

4m? %
T = A5+ AFP + =50 [|Ad? + 2Re(AF AT)] + 67 | 457

* * m
T = V28, [Re(AgAﬁ — AFAT) — —=Re(Af A5 + Aff AS)]

v
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Structure of B — Kn/ ¢~ decay

Definitions of J,, J~l (examples):

2—|— 2 4m *
Ji, = ( ff) [|A 2+ 14712+ AT + A ] que(ALAR + Af A )

4m? *
L2 R )2 14 2 L AR 2 2
Sie = AT+ 140+ =57 + 2Re(Ag Ap )] +‘5£ s ‘ Cp p contribution inside A,

* * m
T = V28, [Re(AgAﬁ — AFAT) —[ == Re(Af A5 + Aff AS)]

v

m, # 0 introduces extra amplitudes At(/) + breaks symmetries
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Structure of B — Kn/ ¢~ decay

Definitions of J,, J~l (examples):

2‘|‘ 2 4m *
J1s 2+50) [|A |2+|A 2+ |AF |2+|A ] ER@ (ALAR A|| A|| )

1 q°

2

4m *
Do = |AFP + AR + 5L || A2+ 2Re(Af AE)] 48 |45

Cp p- contribution inside A,

* * m
Js = V2B [Re(AgAﬁ — ARAR") —| DL Re(AL AL + AT AS)]

v

m, # 0 introduces extra amplitudes At(/) + breaks symmetries

[|A/L|2 4+ |A/R| 4+ (1 . ,82) (|A |2 4+ IRe [A,LA,R*])] |BWS|2

Byl
Q
OOIOO

T = — 362 (AR +145°%) |BWs[? = — 2 BIns

S-wave

J. §\/§ BRe [(ALAL* — AR AT\ BWsBW) = g\/gﬁ[Re(nins)Re(BWsBW;) — Im(n' n/s)Im(BWsBW})
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Structure of B — Kn/ ¢~ decay

Definitions of J,, J~l (examples):

2‘|‘ﬁ2 4m *
5, = 280 AL 2+ AR + | AR + |AF] + =5ERe (AL AR + AF AF")

4 g
Jie = |AFP? + |AF”? + 4my |A 2+ 2Re(AL AFTY | H82 |45
lc 0 0 72 t 0 <%0 ¢ 1475 Cp p contribution inside A,
Js = V2B, [Re(AgAﬁ* — ARAR) — | == Re(A“ 5+ A As)]
\/ g

m, # 0 introduces extra amplitudes At(/) + breaks symmetries

S-wave
[|A/L|2 4+ |A/R| 4+ (1 . ,82) (|A |2 4+ IRe [A,LA,R*])] |BWS|2

Byl
Q
OOIOO

BWSBW;f introduces mixing S-P wave

T = — 362 Q1 +145°%) |BWs[? =|- 2 82Ins

Js = \[ BRe [(Ag- AT — AT AT |BW BWg]| = \[ B[Re(n LnS)Fe(BWSBWP)‘ Im(n J_ns)|l (BWSBWpi

Fg « |ng |* needs to be extracted from JS iftm, # 0!
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Structure of B — Kn/ ¢~ decay

Writing .7l in terms of n; + making mass dependence in BW explicit

~ Re[BW BW:
L» split]iin<: ALEWSEW]

Im[BWsBW:]

extra d.o.f. from the splitting of fl

1
St =24/3 = /32|Re(ngn5),

full

S§2=\/§ : p*Re(n'ng), S =\/§ : pAIm(nny),
2 T “ V2T I8
S§3=2\/E : PBRe(n'ng), S =2\/E : pIm(nng),
2 T + > 2 Ty L
S§4=2\/E : pRe(nny), S =2\/§ : BIm(n'ny),
2 F],Cull ” > 2 F]C‘ull ” S

S5 \FlﬂzRU') s \flﬂZIU)
=4/— e(n'ng), =4/— m(n'ne),
> 2 Lpuy L > 2 Lguy L
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. 1
St =2V/3 T ﬁillm(ngng),

Take BW as external input
to disentangle Re[ ], Im|]

In massive case Sg’li defined
1C 1C 1C
through J, because J{, # J5,

Notice different products

ngnS VS ngné



Take Home 1 &

Complex interference terms BWBW give rise to new S-wave observables

for Real and Imaginary parts of the ]i using the full my _ lineshape

\

Neglecting Imaginary interference observables 5S¢, could hide missing
information so they must be considered
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Structure of B — Kn/ ¢~ decay

Angular distribution (P-wave) in terms of optimised observables:

1 d'C+T 9 [+ A 1 . A
— ( _,) = —— | F;M, sin® Oy + F; M, cos® Oy + (—F;sin® 0, — F; cos” 0y)cos 20,
dI" +1)/dg* dg2dQ 32n 4

P

1 . ~ ~ (1
+5P1FT sin® @ sin” @, cos 2¢p + \/ FrF; <5P£1 sin 20y sin 20, cos ¢ + Ps sin 20, sin 6, cos gb)

A A 1
+2P,Fysin” Oy cos 0, —\/ FrF} (Pé sin 20, sin 6, sin ¢ + EPé sin 20 sin 26, sin qb)

— PyF ;- sin® Oy sin® @, sin 2gb]
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Structure of B — Kn/ ¢~ decay

Angular distribution (P-wave) in terms of optimised observables:

1 d'C+T 9 [, - 1 . A
- ( _,) = —— |F;M, sin® Oy + F; M, cos® Oy + (—F 7 sin” 0 — F; cos? 0)cos 20,
dI"+1)/dg* dq2dQ 32r 4

P

| A ~ ~ [ 1
+5P1FT sin2 O, sin2 0,cos2¢p ++/ FrF; (51)21 sin 20 sin 26, cos ¢ + Ps sin 20, sin 6, cos gb)

A A 1
+2P,Frsin” O cos 0, — \/ FrF} <Pé sin 20, sin 6, sin ¢ + Epé sin 20, sin 26, sin qb)

— PyF ;- sin® @y sin® 4, sin 2¢]
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Basis of observables

He = Hypp = 2nA — Ngym

Massless case (m, = 0)

dI’

—— + 7P, + F; = 9 observables | dI

dg? Experimentally — =]

dqg?
S-wave: 5 SX¢ + 58/™ + Fg = 11 observables
dl’ 14 d.o.f. = 6 non-trivial
Total: 19 + (ﬁ = 1> observables relations

q
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Basis of observables

He = Hypp = 2nA — Ngym

Massless case (m, = 0)

dl’

—— + 7P, + F; = 9 observables | dI
dg? Experimentally — =]
dqg?
S-wave: 5 SX¢ + 58/™ + Fg = 11 observables
dl’ 14 d.o.f. = 6 non-trivial
Total: 19 + <ﬁ = 1) observables relations
q

@mFO = {dF/dqz, Fp, Py, Py, P3, Py, Pé’ Pé’ Pé’ kg, Sgl’ S§2’ S§3’ S§4’ S§5’ Sél’ Séz’ S§3’ S§4’ Sgs}
“Basis” of 20 obs is redundant — 6 non-trivial relations — 14 indep. obs
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Basis of observables

He = Hypp = 2nA — Ngym

Massive case (m, # 0)

dl’
— + 7P, + F; + M;, = 11 observables | dI
dq? ’ Experimentally — =1
dqg?
S-wave: SSZ.Re + SSl-Im + Fg + M; , - = 14 observables
adI’ 18 d.o.f. = 7 non-trivial
Total: 24 + <ﬁ = 1> observables relations
q
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Basis of observables

He = Hypp = 2nA — Ngym

Massive case (m, # 0)

dl’

— + 7P, + F; + M;, = 11 observables | dI
dq* ’ Experimentally — =1

dqg?

S-wave: 5S7¢ + 58™ + Fg + M, , s = 14 observables

dl 18 d.o.f. = 7 non-trivial
Total: 24 + - = 1 ) observables relations
q

Oy =0 = {dTU1dg*, My, My, Fy, Py, Py, Ps, Py, P§, Py, P, My, My, M5, F, S§1, S5, Sbs, Sius Séss Sty Ses Sezs Segs Ses |
“Basis” of 25 obs is redundant — 7 non-trivial relations — 18 indep. obs
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Predictions of M,

J . .
M, = Ic > M, potentially sensitive to pseudoscalar (Cp) & scalar (Cy)

Jr. NP contributions but very insensitive to C%\IP, Cé\lip

I mS=4+097.P=0 [Fleischer et al. arXiv: 1703.10160]
120¢ : ]

: 7S =068 P=068

: : m; mz [ Cy—Cy
1_15j S:O)P:—OQ? i S=,(1-4 > s —

: ] mg 2mym,, Co

Z Z 2
110 R CT-Co M (Gp=Cp
o5 == | CsM 2mym, \  CSM

, ,

; —
100+

o s o 15w

q*(GeV?)
Reduced sensitivity to Cy , only for extreme values of Cp = 0.28 (P = — 0.97) there is some disentangling

between NP scenarios albeit high precision required
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Example of new relations

Since n, n, span space for complex 2D vectors, we can contract other 7; with them

E.g. (i) In, P = (a{ng)(njny)
ro__ ’ 2 g =
nInS - aS(nIn”) +bg|n | |1 |2|n¢ |2 - |nIn|| |2
/ / 2 / / / 2
anS =ag|n, |”+ bS(anL) . (nlJlfnS)(nIn”) — (ning) |ny |
S 2 2 2
|nIn”| — |n”| |n |
: . 2
Starting point: |ng|” = aS(n§n||) + bS(nSTnl)

Some :>{#@) (1@ later...

0= —38*FgJ2, + T u[—8(2J2s + J5)S52 — 16J5S5, S5 + 8(—2.ns + J5)SE2]
+28%(6Fs(4J;5, — J5 — Jg) + [un(—2J2s + J3)S55 + 2J9S555%,
_(2J2s T J3)Sgi + 2J68(Sg25g3 + Sg45g5)])
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Example of new relations

Since n, n, span space for complex 2D vectors, we can contract other 7; with them

E.g. (i) In, P = (a{ng)(njny)
ro__ ’ 2 g =
nInS - aS(nIn”) +bg|n | |1 |2|n¢ |2 - |nIn|| |2
/ / 2 / / / 2
anS =ag|n, |”+ bS(nl?LnL) . (nlJlfnS)(nIn”) — (ning) |ny |
S 2 2 2
|nIn”| — |n”| |n |
: . 2
Starting point: |ng|” = aS(nSan”) + bS(nSTnl)

Massive relations simplify to
massless once ff — 1

Some >{#@) (1@ later...
0= —3B'FsJg, + Dpuu[—8(2J0s + J3) S5 — 16J9S5, S5 + 8(—2J25 + J3)S62]
+252(6FS(4J225 _ J:’? - J92) T F;‘ull[(_2‘]28 T J3)S§32, T 2J9S§3Sg4
_(2J2s + J3)Sgi T 2‘]68(5;252”3 T 5?545%5)])

All relations have been translated in terms of optimised observables
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Information from relations

Solving for S, & imposing real solution: x=1-=P;—4p°P; - 4P32

0 < A(Sgy) = — B°5(S5s)" — 42(Ss5)* — B*(2P3Ss3 + (1 + P1)Sgy — 4P2Sgs)’
+ 3B'Fs(1 — Fs)Fr(1+ P)
Insensitive to q2 + safe
Negative terms individually < Positive term I::> Bounds! from details of FFs

|S5a| < 52\/ZFS(1 — Fs)Fr(1 — P1) |Ss| < BV/3Fs(1— Fs)Fr(1+ Py)

Sl < BV/3Fs(1— Fs)Fr(1— Py) |Sks| < 52\/2175(1 — Fs)Fr(1+ P)

% k T, ) 7,9 k2
Same strategy for other relations | |Sg,| < 5251 |Sgsl < Bk 1S6q|l < Bk |Sge| < 525

2

More information from relations | 7, = % [2]3255{5 + %\/ x( ﬂ472 — SSrS)z)] Can b? teSttelfl
T experimentally
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Information from relations

Solving for S, & imposing real solution: x=1-=P;—4p°P; - 4P32

N pr N
0 < A(Sgy) = — B'2(S53)" — 42(Ss5)” — B(2P3Sg3 + (1 + P1)S54 — 4P Sgs5)°
+ 3B'Fs(1 — Fs)Fr(1+ P)
Insensitive to q2 + safe
Negative terms individually < Positive term I::> Bounds! from details of FFs

55l < 822 B~ Fo)Fe(1— P) |S5,] < BVFS(1~ Fs) (L + P)

Sl < BV/3Fs(1— Fs)Fr(1— Py) |Sks| < 52\/2175(1 — Fs)Fr(1+ P)

% k T, ) 7,9 k2
Same strategy for other relations | |Sg,| < 5251 |Sgsl < Bk 1S6q|l < Bk |Sge| < 523

2

More information from relations | 7, = % [2]3255{5 + %\/ x( ﬂ472 — 555)2)] Can b? teSttelfl
T experimentally
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Information from relations

Solving for S, & imposing real solution: x=1-=P;—4p°P; - 4P32
N pr N
0 < A(Sgo) = — B*3(S53)" — 42(Ss5)* — B*(2P3Sg3 + (1 + P1)Sgy — 4P Sgs)’
+ 3B'Fs(1 — Fs)Fr(1+ P)
Insensitive to q2 + safe
Negative terms individually < Positive term I::> Bounds! from details of FFs

3
|Ss2| < 52\/ZF5(1 — Fg)Fr(1—-P1) |Sgs| < ﬂ@_ FS)FT(@

. . 3
Sl < BV/3Fs(1— Fs)Fr(1— P1) |Sgf'< 52\/1175(1 — Fs)Fr(1+ Py

() .7 ) ; k2
Same strategy for other relations | |Sg,| < 5@ 1Sgs| < Bk 1S5, < Bk1 |Sgs| < 523
: : : k3
More information from relations | 7, = 2 2P,S!, + 1 x(B—= — ( S5)?) Can b? tested
1+ P, f 4 experimentally
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Information from relations

, 2 vl , T, 7,7 22
Bounds 1Sgy| < B 5> 1555 < Bky  |Sgul < Bk [Ses| < B 5
Ssr2 Ssr3
— ” L
= | | |
. SM — “H SM |
NP (C9=-1) | NP (C9=-1) |
A | q2 A " " A q2
Ssrd Ssrd
[ G !
@ b 2o
| 2 —
z < -
1 & SM | SM |
e B ) NP (C9=-1)
_ q2 D S N S O SR .‘q2
Very preliminary plots (&
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Take Home 2 &

Independent information must be the same

v

Out of these bases there are only 14 (18) independent observables, so we
find 3 (4) new relations for m, = 0 (m, # 0)

\

Relations provide bounds for interference observables Sggi
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New disentangling: correlated zeroes

1
Ceff pmax 2 —
If no RHC or particular combination C, ~ — L _(Cyy = Co) 2 ) 2/
! C Cstt 0 ’ o) o)
||\ 2max

» Several observables are 0 at g, = 2.02 GeV* where n,(q;,.) = 7(gpa) :

X1 = B
, , Completely new strategy to determine
X2 — ﬁp5 — P4 position of c],fwx l.e. 0 of observables

Xy = [Sg3— 254,

Y1 = P; Correlated analysis to all X; & Y; observables
with more precision
/ /
; : Applies when:
1 1
}/3 — 5554 — 2855 - No or tiny RHC

- RHC fulfill combination above

Y, = BSL;—25%,
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New disentangling: correlated zeroes

1
Ceff pmax 2 —
If no RHC or particular combination C, ~ — L (Cyy— Cy) 2 ) 2/
! ClO — Cgff ’ h ( 2 ) ( 2 )
When 1 \4g,qx) = n|| Amax

» Several observables are 0 at g, = 2.02 GeV* where n,(q;,.) = 7(gpa) :

X1 = B
, , Completely new strategy to determine
X2 — 5P5 — P4 position of c],fwx l.e. 0 of observables

Xy = [Sg3— 254,

> What if sizeable RHC?

Y1 = P; Correlated analysis to all X; & Y; observables
with more precision
/ /
; : Applies when:
1 1
}/3 — 5554 — 2855 - No or tiny RHC

- RHC fulfill combination above

Y, = BSL;—25%,
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New disentangling: correlated zeroes

If sizeable RHC:

"x =1— P} — 45%°P; — 4P

ll: 3 new observables that will
be zero at such qlz

Caveat: quadratically

1—P .

Z1 = B \/ _ Pl P5’ — éi suppressed terms @(P3S§;.’,P32)
- Al are neglected
1+ P,
- T T

Zy = Py/- Sga4 — 295
1— P
1_ P Correlated analysis still

Zs = [B4]= L Soq — 255, possible even in presence of
14+ P~ arbitrary large RHC
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New disentangling: correlated zeroes

Considering very small qz—bins

1.0+

0.5

05
10
15

-20

Marcel Alguerdé & Mark Smith

15

Standard Model

0.0~

1 e
¢°(GeV?)

P/S-wave interference observables

P
RPN .
P
X, = 8P, — P}
1
20

17



New disentangling: correlated zeroes

Considering very small qz—bins

Cy, = —Cy, = —1.10, Cyy, = Cioyy, = 0.28

1.5+
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New disentangling: correlated zeroes

Considering very small qz—bins

Cy, = —Cy, = —1.10, Cyy, = Cioyy, = 0.28

1.5+

q°(GeV?)

Shift of position of 0 of Z; (coincides with maximum of P,) compared to X,
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Local analysis of zeroes

Local analysis in bin g € [1.8,2.5] GeV?

We parametrize new observables in terms of NP contributions in relevant Wilson Coefficients
{C&LP, Ci\g;, Cory Clop} and study them in significant NP scenarios from Global Fits

v

(X)r1.82.51 = (PPs— Pi)p1 825 "’{O'la* 0.22 (Ci\(I)l/)l - Céj?) —0.015

(XSM) (lllustrative exercise, only
2 /11.8.2] CV considered)

142Gy, - Céjf)]

All scenarios from Global Fits [1903.09578] predict Precision reached by Run 4
0.03 < (X,)[1.82.5 < 0.14 except: .
_ Scenario CNF = 0.57 = (Xo) _ G X, can be a discriminator
10y 2/11.8,2.5] I::> between some of the
- Scenario {Cy, = — C),, = — 0.30,Cy = — 0.92} preferred scenarios (like Q)

= (X825 = 0-19,(Xp0) 11525 = 0.06 See talk by P. Stangl & J. Matias

Next step: try to get some info about hadronic contributions (WIP)
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SM7 ng C101 Hyp 41 Hyp 5, Sﬁ SS

SM

SM, RHC—O or
Cy =

Decision Tree from Zeroes

Measure@ Max-of-P:
[1.8-2.5]GeV?

Cio

Ss

Yes?

Marcel Alguerdé & Mark Smith

Yes? /
P; <0.05?

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

0.03 < AP} — P < 0.14?

Cioor Ss

Co, Hyp5

No?

Yes?

Co, Hyp4,5, Se

—P|, #0?

Yes?

P/S-wave interference observables

\ 4

Sé

Co-C¢’, Co-C10’, Hyp 1, 2, 3, S11

RHC and

Co # — Cig

Yes?

No?

Hyp3

Co-Co’,

Si1

Pl,l’4’6] > 001?

No?/
Co-Cyo’

Yes*

S11

19



Take Home 3 &=

Correlated zeroes of different observables give us new local information

\

Link between local fits to zeroes and global picture through these
observables

\

Zeroes can provide a way of disentangling NP scenarios from global fits
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Experiment



(Pseudo-) Experiment setup |

These plots are aimed at LHCb Run 1 and Run 2 (with some upgrade consideration)

* Minimal and well separated background
* Will equally apply to Belle Il with statistics
* Perhaps with a simpler angular acceptance

Setup

* Benchmark is expected LHCb Run 1 + Run 2 yield (scaled from published results)

» Representative background - product of Chebychev polynomials + exponential (71p)
* Representative acceptance function on signal to mode effects of selection

. 0.75 < my, < 1.2GeV

e Wide Mg, window for maximal S-wave and interference control
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(Pseudo-) Experiment setup |l

The S-wave lineshape you choose matters

 Minimal sensitivity to it in the fit (~ % contribution in G(10%) events)
e Normalise the | o/ (my,) |2 P- and S-wave lineshapes over my, window

 Total rate in the window doesn’t depend on mig

» Choice of my_ lineshape changes S-wave normalisation - changes observables
* See K. Petridis talk.

14

12

oF-

6— / Run 1000 experiments for the various it

: configurations

e ————— * In all cases the fit converges reliably

j— T * We examine biases and error estimation
o e

R %

m(Kn) [GeV]
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Massless interference observables

Can we fit the & and .# part of SS;?

4<F<6

15 < gf < 17

r 2 r 2

SS5im —l— A SS5im

SS4im - -=-pull mean " ss4im |

SS3im —— A SS3im B

SS2im —lH —— pull std dev A SS2im B

SS1im —— A SS1im B

SS5re il £ . — 9 f b_ 1 A SSb5re :

SS4re —l nt A SS4re

SS3re .- A sS3re |

SS2re — i SS2re B

. SSire v—I ) l—u kSS1re

FS Hil A FS
P8p il A P8p B ——
Pép —— HA P6p B —
P5p —l— A P5p B —l—
Pap . " Pap |  —m
P3 —l— HA P3 B —l
P2 —— A P2 B
P1 —l— A P1 B I
FL M VI IR N T N N MR I AR FL IRl B
-0.2 0 0.2 0.4 0.6 0.8 1 —0.2 0

Lint — be_l

-=- pull mean

—— pull std dev

A

+AH

Marcel Alguerdé & Mark Smith

P/S-wave interference observables
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Massless interference observables

Can we fit the optimised observables?

i Sgﬁ(lm) re(im Sgg(irg%
)2 Sre(lm) — PS (Im) _
S1

S2-S5
~ ~ ~ ~ 2 ~ ~
\/ (1 —2J¢ + %JQ) L5, \/ _ (1 _2Je 4 Ejga) 15,

4<F<6

15<q° < 17

4 ) ( )
PS5im - A PS5im - A
pssre | - -=- pull mean 4 pssre | - -=- pull mean .
PS4im B —— ok PS4im B —l- '
PS4re il —— pull std dev - PS4re Bl —— pull std dev Pl
PS3im B 14 PS3im B — e
PS3re | — L A PS3re | L . — f —1 HAo
PS2im — Lint — gfb 1 A PS2im E int 9 b A
PS2re B '— ' PS2re B il A
PS1im B il A PS1im B i A
. PSire : il ) A L PSire : - ) '-I'
FS il A FS - e
P8p B —— ' P8p B - A
Pep | Hil A Pep | - A
P5p e HA P5p e A
P4p [ . A P4p .- A
P3 | — A P3| S A
p2|  m A P2 | — A
P1|  me A P1| H— A
FL I ’_F_|I |1 | |1 | I | | I F_A_|I FL | I 1 1 ’_’_'I | I 1 1 | I 1 1 | |1 | | '_A_i
—0.2 0 0.2 0.4 0.6 0.8 1 —0.2 0 0.2 0.4 0.6 0.8 1
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Massless interference observables

Estimated precisions for 4.0 < g% < 6.0 GeV?

N - PSire
'ES:I .4_— —- PS2re
D - - PS3re
- - PS4re
1.2 [ PS5re
9
0.8/
0.6/ 4
0.4 _—; A
0.2
I A A A
OI_ | | | | | L1 1 | A
2
10 10 L [fo

Marcel Alguerdé & Mark Smith

Ostat.
S

0.8

0.6

0.4

0.2

o - PS1im
— —-A PS2im
i A PS3im
B —- PS4im
B PS5im
A
_—1
- A
- A
A
i A A
L B A
2
10 10 L [fo
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Massive observables: S-wave

~/

M,

C
2a

» Essentially a ratio - not ideal experimentally

e Not feasible with Run 2 statistics; still struggle with estimated Run 5, 300 {b™

M3p - 0.1<q?<0.98

Lint — 9fb_1

2 Qc C
. —p Sla o SZa

1

M3p - 0.1<q?<0.98

35
30
25
20
15

10

T

()]

o
TTT1
|
1

int — SOOfb_l L

% 4 ) 2
(fit - true)/o (fit - true)/o
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Massive observables: S-wave

2Qc,re _ Qc,re __Q2Qc,im __ Qc,im
_ﬂ Slb 2b IB Slb 2b

M; = My =
~ ~ ~ ~ 2 ~ ~
V=285, + 355,058, V=285, + 555,055,

e Constructed more like the P’ P-wave optimised observables
e Could be feasibly with Run 2 statistics

M4p - 0.1<0?<0.98 M5p - 0.1<g%<0.98

Eint — 9fb_1 ssg—ﬁz‘nt — 9fb_1

25

20

15

10

3|

) 1 5 1 4 0 .
(fit - true)/o - (ft - true)/04
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Massive observables: S-wave

_ 2§c,re __ Qe,re _ 2§c,im __ Qc,im
M, = P51, 2b M. = P51, 2b
V(1= 286, +385,)8:.55, V(1= 285, +385,)8,.55,
570 ~M4p
Iz
© 6 7‘rl\/|5p
5
4t
LA
3
A A
21—
B A
1 i
L 1
OI:I | l I | *
10 10 L o]
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Summary

Theory

» Interference observables S¢; were not considered and for a fit to decay rate they have to

be included
» Splitting P-S wave interference terms in Re & Im allows building new observables
» P-S wave interference obs provide more precise determination of position of zero of

observables X, Y;, Z; from correlated analysis
» Local analysis of bin [1.8,2.5] can help disentangle NP scenarios from Global fits

Experiment

» With the data in hand LHCb can measure all the P/S-wave interference observables

» Can also measure the theory optimised PS; in all g* bins

> For the lowest g2 bin (0.1 < g* < 0.98 GeV?) the extra optimised interference observables,
1» M might be measured with the current
» Certainly feasible with Run 3 and Run 4

» To fit the remaining optimised S-wave observable Mé’t will likely require Run 5 statistics

Marcel Algueré & Mark Smith P/S-wave interference observables
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Structure of B — Kn/ ¢~ decay

Definitions of J,, J :

4

2 4 *
= CEBO (AL g |AF2 4 |AR2 4 472 + Z”ERG(ALAR +AFAR).

Am? %
A7+ AT+ =5 A + 2Re(AF AT)| + BF | s,

B T|AL 2 4+ | AP+ |ARE +ARR], oo = =62 [P + 1R
557 (1AL — AR+ 422 — 1Af ], Ji= 267 [Re(abaf” + ATAf)],
V28, |Re(Af AL — ATAE") - %Re(AﬁA + AT A)] .
2, |Re(Af AL" — ARAT")| Joe = 40 % Re(Aj A5 + Aj " As),
Vg, [Tm(Ab AL — AFAR") + wizlmmm — AT Ag))]

_ %/33 Im(Af AL + AFAT)] Jo = B [m(Af" AL + A" AT
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Structure of B — Kn/ ¢~ decay

Definitions of J., J; : S-wave

[146°1* + A * + (1 = B%) (1AL + 2Re [AG-A™]) | I BWs|?,

| W

— 2B (LAE P + | AR [BWs P = —SF%Ins ],

%\/gRe [(AQ"Ag™ + AGAT™ + (1 - B°) (A Ag™ + A AY™ + AjA})) BWsBW]
Jiy Re(BWsBW}) — Ji/Im(BWsBW})

-3 VBBRe (AL AL + ARAE") BWSBWS

J5 Re(BWsBW ) — J5 Im(BWsBW})

_ §\/§52 [Re(n{, ng)Re(BWsBW}) — Im(n{ n's)Im(BWsBW3)],

3 .1 3 /3 , ,
\[ B°Re [(AgLAﬁ* + AgRAf*)BWSBWP] = Z\/;BQ[Re(nﬁ ng)Re(BWsBW},) — Im(nﬁ n's)Im(BWsBW?}),

3 /3
\[ BRe [(Ag- A" — AFTA'")BWsBWS| = 5\/;6[Re(n1ns)Re(BWSBW1’S) — Im(n! n'y)Im(BWsBW}),

3 /3
\[ BIm (A’LA” — A AL )BWSBWI’S] = 5\gﬁ[lm(nﬁns)Re(BWSBW;;)+Re(nﬁn{g)Im(BWSBW;;)],

4\[ B%Im [(AF AL + AFFAT*)BWsBW ] = ?1@52 Im(n' ng)Re(BWsBW}) + Re(n! n's)Im(BWsBW})
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Structure of B — Kn/ ¢~ decay

Definitions of J., J; : S-wave

[146°1* + A * + (1 = B%) (1AL + 2Re [AG-A™]) | I BWs|?,

ol W

3
— 28 (JAF2 + | ATP) [BWS P = — 5 8%1ns ?,

%\/gRe [(AGP AL + AGTAT + (1 — B%) (AP AF™ + AJ A + A;A;‘))‘BWSBW;;

JerRe(BWsBW}) — J& Im(BWsBW )
3 * * *
—Z\/§52Re [(Af)LAé’ + AP AY ) WsBWp BWSBW;< introduces mixing S-P wave
J$'Re(BWgBW3) — J Im(BWsBW?)
~ 2 V36*[Re(nf ns)Re( BWs BW) — Im(n n's)Im( BWs BIW3)],

3\[ B°Re [(A()LA” + AGCA[ |BWSBWP \[ /32[Ren nS)Re(BWSBWP)—Im(n” n's)Im(BWgBW}),
\[ BRe [(Ag AL —AgRAf*)lawsBW,’;

\/>ﬁIm (A’LA” A’RA” iBWSBW; = §\/§5[Im(nﬁn5)Re(BWsBWI’S)—I—Re(nﬁnfg)lm(BWSBWj'S)],

= 5\/;6[Re(n1ns)Re(BWsBW}5) — Im(n, ns)Im(BWs BW}),

4[ B%Im [(Ag- A + AT AT |BWSBWP \[ B%Im(n' ng)Re(BWsBW}) + Re(n! n's) Im(BWsBW})
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d.o.f. and new relations among observables

Massless case (m, = 0)

L (% 2nA — I

ym

S-wave

n° coeffs 11 12
trivial rel. 2 1
non-trivial rel. 1 2+ R"",

=
n° amplitudes 8x2

2 symmetries broken by new
n° symmetries ) Sl.r” coefficients

new '
nc_nrel=23'6'Rmf=o — ZnA—nSym=14

Marcel Alguerdé & Mark Smith

'

3 new relations!

P/S-wave interference observables
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d.o.f. and new relations among observables

He = Nypp = 2nA — Ngym
Massive case (m, # 0)
S-wave
n° coeffs 11 14
(1 = 3)
trivial rel. 0 0
non-trivial rel. 1 2+ R T+ R
n° amplitudes 10x 2
1 symmetry from L, R phases
n° symmetries 2 + 1 extra symmetry At(/)
!
n N
n.—n, =25-6 - Rﬁéo = 2ny —ny,, =18

'

1 extra relation!
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Anatomy of M, M,

Jl
Ml — 3JS —> M, insensitive to contributions of New Physics
2s
M. = — h - M, potentially sensitive to pseudoscalar (Cp) & scalar (C) NP
2 Jr. contributions but very insensitive to C%\IP, CgLP

[Fleischer et al. arXiv: 1703.10160]

S 1 _4 mj ml%s Cs— Cy
- m%s 2mym, Ci

BR(B. —
B, = ) =|S|°+ | P|*, where ,
N+ CN-Cyy My (CP—CP,>

BR(B,; — pu) used to constrain possible values of Cp, Cg

From R, ., =
B BRSM(B, — pp)
Chl 2my,m,

We take the experimental value of Ry _, , to determine a 16 region for S, P

36

Marcel Algueré & Mark Smith P/S-wave interference observables



Constraints on §, P

1.0_- B¥®(B, — )

- BSM(B, — )
0.5¢
o 0.0:
_0.5}
—1.0:-

Marcel Alguero & Mark Smith

00 05 10

P/S-wave interference observables

BREP(B. — uu)

BRSM(B, — puu)

= 0.80+0.13

lo

* OM

o Cyp, = 0.34

CIO/ — CP/ — CS/ — O
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Constraints for Cp, C

Same constraint but in terms of WC Cg, Cp

0,3 T T T T T T T T T T T T T T T T T T T T T

02

0.1

—-0.1

-0.2

_0'3_|...|‘|1\|......\.\...

203 -02 -0 0.0 0.1
Cp
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,02. L

03

lo

* oM
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