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Motivation

We are interested in CP-violation on semileptonic b-decays (b — s¢¢ and

b — svv)

® FCNC processes, which are loop supressed in the SM (potential
sensitivity to NP)

® Hints of NP in b — s/

m LFU Ratios:

M8 — KMutu)

MN(B— K®ete)

m Tension wrt the SM of ~ 3¢ for Rk and Ry~

m Set of deviations in branching fractions and optimized angular
observables

Rkt =

e Constraining CP-phases of potential NP (Wilson coefficients) in
semileptonic decays.
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b — stl and b — svi Effective Hamiltonians

Local operator effective theory at scales below the electroweak scale

Short distance dynamics

4G, "
Hetr = —T; Vib Vi z,: Ci O

Long distance structure

ci=cNP oM

Operators relevant for this transition

b — stl b — svv

2
e -
Og) = —5 (57uPr(r)b)(¢1"£) y e >
YT Ter2 Y Of(r) = g2 GMuPLRD) P (1 = 75)1)

O100 = 1222(5’Y;LPL(R)b)(f’Y”’st) ¢ ¢
O70) = @mb(gﬂuuPR(L)b)FW J b%e ) 1: i
From b — sll to b — svv
Co —C} Cio——C/ Cy —Ch Cio — — Ck C7 =0 C, —0
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Constrain CP-phases through time-evolution

® Direct CP-asymmetries probe only the interplay of strong and weak phases
® To cleanly constrain CP-phases of NP we can look at the interaction of BB mixing and

weak phases
Bl - fop 0 vs B -t a

® We will look at the following cases:

m P vs V meson m Charged vs neutral leptons

fop = Ks, Ksn°, ¢ 0 =0, v
Mixing
B
K@’-eiganstate By —KslT 0~ By —»Ksvv
Decay fop ¥l By =K'= Ksr®)T 1= By =K*(—= Ksn®)wi
/ By —ol 0™ Bs —¢uiv
B
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Bd — stﬁ
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B — K{¢: Charged vs Neutral mode

2r( g+ +pt+p—
ITE 2K TE) _ Go(e) + Gula?) cost + Gala?) 3 (Beos” 6y 1)

dq? d cos b,
2
Go = 0 (I + 1hal —21hr —alhr)  haox (Cuo + Cro)fi (@)
Bt — Kteti— cp B~ — K+~
> -
/'IX hX
I I hx = hxnx
By — Ksttt~ | Bg++Bg | By— Kstte~
— ~
hx hx

hx: Transversity amplitudes nx: CP-parity associated to hx

SM _ _7SM
M = B3

nvapT,=-1 and ns7=1 =

[Dunietz et al '01, Descotes-Genon et al '15]
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Time dependent analysis of By — Ks¢¢ [2008.08000]

Gi(t) + Gi(1) :e—”[ (Gi+ G;) cosh (i”) — 'h; sinh (%)]

Gi(t) — Gi(t) :e-”[ (Gi— Gj) cos(Amt) — (& sin(Amt)]

Mixing ® 6 new observables

Si

o = 9,‘
Bd I

J=F

G(t) CP-eigenstate ® y=Alg, /2l very sma.II :> Only 3 B
observables (o) accessible in By — Ksft¢

Decay KS £+€- ® Interplay between mixing and decay =
= Access weak phases!
G(t)

2 ;

\ / ooy, [e"v’ [%Vh’(, + Fatty — 2hrhts — 4717,17;]
3 gl

B,

4 2
G =~ 2L (1P + Ihal? — 2 hr? - 4]hr, )
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Time-integrated observables: Coherent vs incoherent
production

® Time integration different for hadronic machines (incoherent
production) and B-factories (coherent production).

m Incoherent: t € [0,00) =-time since b-quarks have been produced
m Coherent: t € (—o00, 00) =time difference between B and B decay

~ 1 1 ~ X

<Gi - Gi>HadroniC :F 1+ x2 X (G’ N Gi)_]. + x2 o
~ 2 1 =
(G,' - Gi>B—factory :F 1+ x2 [G' o G’]

® Hadronic machines involve an additional term compared to the
B-factories (x = dm/I" =mixing parameter).
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Time dependent analysis of By — Ks¢*¢~ [2008.08000]

® Requires flavour tagging

¢ Accurately computed in the SM and on V/, A scenarios (independent
of form factors and c¢ contributions!)

. sing
02~ 00 = ——
® In practice, big sensitivity to complex phases and independent of
real SM-like NP
Observable | SM | C§F = —1.12 | C§7 = —1.12+i1.00
00 0.368(5) 0.368(5) 0.273(6)
09 —0.359(5) —0.359(5) —0.266(6)
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B — Kvv and B — K*vv
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CP-phases in B — Kvi and B — K*vi

No available angular distribution for B — Kvi since v goes undetected, one angle
available in the case of B — K*(— Ksn°)vi (Longitudinal polarization fraction)

1
+ +u5 2
B(BT = KTvi) « 3 E (1-=2n)e,

v

- 1
B(BT — K*vi) o 3 Z(l +1.311,)€2

v

+ x4+ = Zy(l + 2771/)612/
(FL(BT = K*tui)) ESETRER

_VIGPEIGE _ Re(CrC)

€ - ) T] - )
’ | Cul COIGP +IGRP

® CP-phases only accesible when right handed currents are present
® In absence of Cj (C SM — 0) = Time-evolution observables (mixing + decay)
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Time-dependent observables: B — Ksvv

They can probe CP-phases when only left handed NP is present
1 amplitude hY, = —h% o< Vi VEE(CY + CY)fy
3 observables available B”, A7, S

B o Ve VP I(CE + CR)P I P
5 oc Im[(Vip Vi2) e (CY + CB)P £

GY(t) — Gy(t) = e TH[(GY — GY¥) cos(xTt) — sy sin(xT't)] .

Form factor dependence naturally cancels in the ratio sp/B5!
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NP benchmark + future prospects at Belle |l and FCCee

e Simplified projections for the future experimental uncertanties (no
background, no detector acceptance, no systematics)
m 200 events (Belle Il 50ab!)
m 2000 events
m 20000 events (FCCee, CEPC)

® Sum over neutrinos =-lepton flavour structure

® Comparaison with NP in C/ (25% of SM) with several lepton flavour
structures
m Effect only on muon neutrinos
Democratic (Same effect for each family)
Hierarchical (Effects proportional to the masses of the charged leptons)
Anomaly free (Effect on muons opposed to tau)
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NP benchmark + future prospects at Belle Il and FCCee

-025

CENP — oSNy

_ -030 | :
gl

= \\ — SM

3 \!

& -0365 L] —

N = — un

T ] — xe=xm =7
xQ
a — AP o my
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= —040 4 )\/;u =\

—045 -
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NP benchmark + future prospects at Belle Il and FCCee

10 NP — CSM/4
09l N =200
N
E)
< — SM
T o8l N = 2000 I
&y
x N = 20000 oo
= =
>;0_77 1 — AN xmg
* — M= T
06
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Time-dependent observables: B — K*vv

dr(By — K*ou)
dq?d cos O

—Z[ Jcos? Oy + S, sin? QM] ,

no mixing

Koo AP, s [ 1A

JU(t) = JV(t) = e TE[(JY — J¥) cos(xTt) — s sin(xT't)] .

® 3 amplitudes combining 3 different form factors
® 6 observables available B”,FV, ACP-V, AE . Ster Sae

® Hadronic uncertainties do not cancel trivially

Optimized observables

Certain combinations allow for cancellation of hadronic uncertainties
(Ar,)/(FL), sic/hc
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NP benchmark + future prospects at Belle || and FCCee

—04F NP = M4 ‘ : 4 : I
=200

V4
= — SM
—
A= A= T
-08 \;\\ N \ 1 — A xmg

s1(B = K*vv) x 1/Br(B — K*vv)
S
N
T

\\ — ] — = x
-09

-3 -2 -1 0 1 2 3
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NP benchmark + future prospects at Belle Il and FCCee

s1:(B = K*vv)/J1o(B = K*vv)
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Optimized!
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Conclusions

® A By — Ks{T¢~ time dependent analysis can help to constrain NP
complex phases in b — sff

m LHCb, Bellell? Precision at FCCee/CEPC?

e Similarly in By — K®*)ui a time-dependent analysis might (if no right
handed currents are present) be the only way of accessing CP-phases
m Bellell, FCCee/CEPC?

® Time dependent observables can be clean probes as their form factor
dependence can be cancelled in optimized observables.

® Similar arguments can be made in the case of B decays.
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Thank You!
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Back up
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NP from an EFT Lagrangian

Same flavour structure for all operators
—_——
Lett. = Lom — % AL Mg [CT (Oi’YuUaQ{) (_‘Z‘w“oaL‘z) + Cs (Q[WQ{) ([‘LW“L/E)
+Ch (Trvech) (LivL]) + Clr (@i @) (T R) + Chr (Frch) (Pr"tz) |

Quark Sector: U(2), and Minimal Flavour Violation

We classify the NP flavour structure in terms of an approximate U(2),—q,p flavour symmetry.

a=(qha) ~ (2.1) M, 00
d = (di, d2) ~ (1,2) AM=10 A, 0|+ O(U_2), breaking)
N
d}3?7 qz ~ (17 1) 0 0 )“373 Non diagonal terms

" —_  Aligned with SM Yukawas (MFV)
leading term U(2)q limit

Lepton Sector: U(1)? symmetry

We consider )\f#_j ~ 0 in order to fulfil LFV limits
@ The simplest: Af, #0; X, =X =0
@ The anomaly-free assignment: /\fm =N e N =0
© The hierarchical charge scenario: A4, < /\fw < AL,
@ The democratic scenario A&, = /\fm =N
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Weak Effective Theory [Buchalla, Buras,..]

Local operator effective theory at scales below the electroweak scale

Short distance dynamics
Hefr Z Ci O

Long distance structure —1 Axp
® As in Fermi Theory: non-local high energy processes = local
operators (O;) + Wilson coefficients (C;). 4 Apw

® Factorisation of scales C; vs O;

I
I
I
I
I
I
I
I
I
I
I
I
I
e C; accurately computed: :

Integrated out

m Matching at EW scale O e 4
= Running to m;, scale (RGE, anomalous dimension and resummation)
® Model-independent NP framework through shifts of WC —— M=
u ©)
d e —Aqep
G _ & _ soft QCD
e V2 T M8 €
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Relating (G)MFV Lagrangian with WET

— 6l
B(B — Kvip) =(4.5+0.7) x 10 65 ;(1 —2n,)é2,

B(B — K*vi) =(6.8 + 1.1) x 10*% > (1+1.31n,)e2,

v

1
B(B — Xsvi) =(2.7£0.2) x 10*55 > (1+0.09n, )€z,
v

[0902.0160]

where (F;) is the longitudinal K* polarisation fraction in B — K*v decays. For each flavour
of neutrino v = ve, v, V7, the two NP parameters can in turn be expressed as

_ VIGP+ICRE —Re(CrCgY)

v — | v 7”]V*|CL,,|2+|CE‘2y

where C} p = C/’p M Clr 2F and €M = —6.38 and C;™™ = 0 at yu = mp. Including
leading U( )q breakmg effects we can write again

Vo , NP 2 —i

cy = 7WA AL [Vi0ge % 4 3] [Cs — C1],
vo,NP m

CR W/\33)\Mr23 CRL s

with o = e, i, 7.
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Relating (G)MFV Lagrangian with WET
Linear order in U(2)4 breaking

w,NP
Co

C,LL,NP
b — st/ 1

C!‘LzNP

u,NP
ClO’

Vo, ,NP

b 5]
— SVU Vo NP

R

™
s — dvp +
+

W)\gii u[vt*seqe_iqbq + r23]
x (Cr+ Cs + ClR)
W)‘g3 ;L[Vt*seqe_’d)q + 3]
( CT—CS—FCLR) ,
l
—W%Awfm (C,’QR + Chy)

~ tem vtb Vi )‘33>‘uu r3 (Cg L)

= — VeV M3 Naal Vishge %0 + r3][Cs — Cr]

w9\ !
rom Vi Vi, Az3Aaa23Cry

%/\33 /\f;a [93 Vis Vt*d ( Cs — CT)

Oq(Vese'aris + Ve "%ar3) (Cs — Cr)
ri2 (Cs — Cr + CI/?L)]
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B — K*vp

® 3 amplitudes combining 3 different form factors

® 6 observables available B”,F¥, ACP:, AE, Ster Sae

AL o Vs Vis(CL + CRIVI(a?) A ox Vi V(€Y — Cr)A(e?)

/z\é 0.8 th V:;(CII_/ - C/.Ié) [Al(qz) - /B(mBa mKsx, q2)A2(q2)]

dr(By — K*up)
dg?d cos O

_Z[ J_cos® Oy + J¥, sin? GM] )

no mixing
where
J— | AL - |A P+ AP
1c 0 ’ 1s —7 .

JU(t) — JY(t) = e TE[(JY — J¥) cos(xTt) — s¥ sin(xTt)].
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