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' Outline

- Introduction to b — s£¢ decays

= Status of the field

= Amplitude analysis of B > K*O,uJ“,u_
= Methodology
= |LHCb detector & selected dataset
= Results

= Future prospects & conclusions

decays




| The indirect search for NP

Direct search Indirect search

; P /@
New Particles ’
from the collision? b \ S
- So far, no direct evidence of physics beyond the SM lave 01 = 100) TeV

= |Indirect searches Rare decays (AF = 1)

HNP X —5—

> Study processes that are suppressed or even forbidden
inthe SM — NP can be relatively large \/(5)

Direct searches

> Precision measurement of observables — compare

with (precise) SM predictions Couplingyp(x) <
> Access higher mass scales (virtual contribution) —_E_'F




| Why b — suu

- Flavour Changing Neutral Currents such as b — suu
are excellent candidates for indirect NP searches SM Vs NP

» Strongly suppressed in the SM: B ~ 0(107°)

> arise only at loop level .

> quark mixing is so hierarchical
> GIM mechanism

> only left-handed chirality participates in the SM

= NP particles can compete with the SM process and modify the properties of the decay

]



'The SM as an Effective Field Theory

= Low energy processes (B decays) can
be described by an effective theory
by integrating out the heavy fields

4G

A

— Local
operators

Wilson coefficients
(effective couplings)

= NP particles can modify the effective
couplings of the different types of
interaction



| The SM as an Effective Field Theory

= Low energy processes (B decays) can = SM operators contributing to
be described by an effective theory b — s ¢ transitions
by integrating out the heavy fields
077 — 1667_[2 mbl;%alﬂ/ ;41/5%; photon
Ogy = %E%’y”sﬂ”yyé, vector
7. =200y v 3 (CM 4 ACYP)0 Lpe s
eff — 5 th " ts Z ( ] T ] ) l O104 = Eb%’yﬂ stLyuyst, axial-vector
l A 4
Wilson coefficients — Local
(effective couplings) operators
- can modify the effective

couplings of the different types of
interaction




' Exclusive decays

= |n the real world, we do not observe the
quark transition, but the hadron decay

BT - K utu~

_ B' - K*O/,ﬁ/,t_

b— suu- —» B - dutu-
\)

= Need to compute hadronic matrix elements
(form-factors, decay constant, etc.)

> non-perturbative QCD — difficult calculations!

> main uncertainty in the SM predictions

y/C




Status of the field: experiments

g%. dimuon invariant

Branching fraction measurements
mass squared

- Measured to be lower than SM in several b — su™*u™ decays

» SM prediction largely affected by form-factors uncertainties

Anomaly or common issue with form factors from SM?

*Q). 4+ —
+ = B - K - +
B, = ¢u™u K H BT = K u"u
x 107 o . s
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S —
O//t +//t Q = {cos @, cosb,, ¢}

- Optimised P observable: reduced form-factor uncertainties

| Angular analysis of B’ —» K

> |ong standing discrepancy (since first measurement in 2013)

(2020) 4.7 fb-
5~< Ie | L A LA a
(2013) 1 fb- . e LHCbdata © ATLAS data i
L A, ez — : = Belledata © CMS data :
- 0.8/~ LHCb SM Predictions N O°5__.__. 'I. SM from DHMV __
0.6 — T :

ot | 4 om : THE | —— 7/ SM from ASZB. -
B I OF——— :
-0.2|- - _ _

+ §ind |
0.4 - i — - ' %) o
-0.6— —_ | _ _ : - . .
-0.8 + = _05 B B L) % 8 v W.
T I T i Z ~ Ca [ |
q2 [GeV¥/c? - .
[ PRL 111 (2013) 191801 ] _10_' L él L1 1'0 S — 1'5 S

2 2/ .4 |
[ PRL 125 (2020) 011802 ] q [GeV_/C]—__'»
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More angular analyses...

- LHCb performed angular analysis on other exclusive b — su™u~decays

PRL 125 (2020) 011802

» BY > K%t with 47 fo (~ 4600 events)

PRL 126 (2021) 161802
x — .
» BT — K TuTu~ with 9 fb' (~ 700 events)
JHEP 11 (2021) 043

» B, — ¢u"u~ with 9 fb' (~ 1900 events)

Intriguing coherent pattern...

Is it New Physics or charm-loop...?

[*] based on Flavio software, only C9 floated

b — sutu-

K*O
K**
¢

3.30 |- SM
310 |—e—] ;.:?
-
1.90 — | E
)
o)
I I 1
2 4 -

Vector coupling C,




Long-distance QCD effects (charm-loop)

= Long-distance hadronic contribution “charm-loop”

» Difficult to calculate reliably Resonance magnitudes and phases chosen arbitrarily for illustration purpose

from first principles

» Can mimic NP

S
dB(B’ — K*%u*u)/dg?

SM cc loop
/as
b s QN 371 _______ T ~<
D cC A
d 4 d " narrow c¢ broad cc and
4 Jly DD thresholds
I ] ] ] ] I ] IW(IZSI) I ] ] ] :

S 10 15

Cs" = Cy™ + C§° 7 [GeV?/c* l
11




| Motivation to the analysis

- A deeper comprehension of the impact of these hadronic contributions is crucial for
a final understanding of the b — su™u~ anomalies

]



Motivation to the analysis

- A deeper comprehension of the impact of these hadronic contributions is crucial for
a final understanding of the b — su™u~ anomalies

S I AR

Can we get this from data?

|
* J
i Y kil | B
Q A\ e i I | R _
‘-U _______________

cCc  narrow c¢¢ broad cc and
DD thresholds

! L | L !
0 5 10 15
2 27 .4
: [GeV~</c"]
9% unbinned !

-4 |
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| Motivation to the analysis

- A deeper comprehension of the impact of these hadronic contributions is crucial for
a final understanding of the b — su™u~ anomalies

e ————— 'II'.' 1 R — Perform a (model dependent) amplitude
Can we get this from data? analysis of B® — K*O/ﬁ,u_ decays

1 J : > Fit the full 5D differential decay rate
% 4/ """"""""""" : unbinned in q2

cCc  narrow c¢¢ broad cc and
DD thresholds

> maximal sensitivity to non-local
hadronic effects (and New Physics)

! L | L !
0 5 10 15
2 27 .4
; [GeV~</c"]
9% unbinned !

-4 ]
14|




The B - K™ %u*u~ decay rate

Q= {cos Ok, cosb,, @}
— K'Y meson has spin-1 (P-wave)

» reconstructed through K> Ktrn~
» 3 polarisations: A =1, .,0

L rich angular structure

°T[B? — K*0,Tu— 9 .
| P 9 NS 2 k) ()
dg2 dk2 dQ 327 &

1

Angular coeffs Aungular terms (11)

bilinear combination of
decay amplitudes [’]

| N difference w.r.t. b (02) 02
IZ X (A)\ A; ) < > < SZ >= fa bz((iz )dq
S binned approach J, 424

[*] Full definition in the backup —1_7_|_;



The decay amplitudes

= Need to parametrise the decay amplitudes
Won-local hadronic

» model local vs non-local contributions
MAtVrix elementg

> choice of parametrisation introduces a model dependence («
Ch&VW\—IOO?”

, . 2my Mp , Mg . .
Af’R:N/\{ (Co £ Cy) F (Cr0 £ Chg) | Fale®) + =5 | (Cr £ C)FX (¢%) — 167° —=Hx(4?) }

) q : My -

wilson coe$s. Tovw Factovs

This work N =3
LQCD only

Local form factors (FFs) constrained to: 1 |

AP (¢?)

. . [Gubernari, Kokulu, van DyKk;
> light-cone sum rules JHEP O1 (20199 150]

> |attice QCD [Horgan, Liu, meinel, Wingate;  E— i

PRD 89 (2014) 094501 [ Gubernari, Reboud, van DyKk, - - |
PoS LATTICERO14 (R015) 37&] Virto; arXiv:2305.06301] .. .-~ |
—15 —10 -5 0 5) 10 15
2 2 .
q° |GeV
(GeV7] 18 |




' Non-local hadronic terms (1)

Bobeth, Chrzaszcz, van Dyk, Virto; EPJC 78 (2018) 451

Gubernari, Reboud, van Dyk, Virto; JHEP 09 (2022) 133

= Based on the parametrisation proposed in Refs. {Gubernari, van Dyk, Virto; JHEP OR (R0R1) 088

> exploit analytic properties of the hadronic matrix elements

(1) Map g* into conformal variable z(g?) :

@ Remove J/y and w(2S) poles

@ Taylor-expand the remaining function

g’ — 2

V=@ ==
Vie— @+ i =T

(¢°)

-HA(Z) —

I =2z, 1 = 22504

Iy

LT Ly £ T {y(28)

Zl’l

. x Y a*
n

?

Yoles

\

sowe knoww

'\

These are the parameters we want to measure

Polynomial expansion
Sunctions gypv 20217 —19‘| |



=  Add information to constrain charm-
loop parameters

dB(B’ — K*u*u)/dg®

= —

—
"
———
‘———__

4

[1.1, 8.0] GeV?

[11, 1

qummn

2.5] Ge

_

15

V2 q2 [G@Vz/c4]



=  Add information to constrain charm-
loop parameters

(1) experimental measurements
k
on B — y K™ decays

My, f; AV
_Af%.F}(A4£n)

2
Res HAT)

q2—>M12pn F (C]2)

[BCvDV 2018]

» Branching fraction, polarisation
fraction and phase differences

" PRD 76 (2007) 031102
T PRD 88 (2013) 074026 ]
" PRD 90 (2014) 112009 ]
T PRD 88 (2013) 052002 ]
T EPJC 72 (2012) 2118 ]

dB(B" — K*utu™)/dg?

5)
NG Magnitude and

phase differences
—

_—
——
——
L

= —

4

[1.1, 8.0] GeV?

10 15

—
[11, 12.5] Ge

—

V2 q2 [G@Vz/CA]



S -7 2 -7 Magnitude and
. , . phase differences
= Add information to constrain charm- . | ] I — T T T -
loop parameters 3
- =
(1) experimental measurements < |
O >I<O ? ! 5\0)\‘\ N
on B —- v K * decays ? '-'. (2O° _
% i :
@ theory predictions at g < 0 Theory 5 — o i
: 9) ) Pr-ea(ic/‘ioms e B l| 1 RN
> reliable for g° < 4m; et NE
_ - . - |
[GRVDV 2022] ) ,} {-} '{' - ' /' |
S, S
) | . .
2 v 10 v 15
g <0 ¢ Pt > 2/ 4
[1.1, 8.0] GeV* [11, 12.5] GeV? 4 [GeV7/c]

—_



X
O
NG Magnitude and
phase differences
—

= Add information to constrain charm-

(Q\
)
loop parameters 3
| 2
(1) experimental measurements 3 1 qor®
on B — y K™ decays o= : {605\0“‘ _
. Sy
@ theory predictions at g < 0 Theory % _____7'-' —————— ===_
. redictions o5 | ~~————-"""7" o ! TN
» reliable for g* < 4m? recictiont = L. Nt
- - 1 s
[GRvVDV 2022] ,{-}—} ‘i" ' P
- A 4
* R B R B
¢ 2 <0 .10 15

-t 2 2 4
[11 8 0lGeV? [11, 12.5] GeV? 4 [GeV7/c7]

Two studied configurations:

- q2 < 0 constraints: include theory points @ g2 <0 +
- g° > 0 only: exclude theory points @ g2 <0 —Z’)-L

s WRUAN R SAAALR AN AR ARSI e RN SRR RN RAARAREN UG RIRAITAREN LD DARAMAREN N DERIL




Choice of the z order

= Data driven determination of the truncation order: .

> fit repeated with increasing polynomial order #H,[z2, 2%, 2%, .. .]

> till no significant improvement in the likelihood is found

“With four parameters I can fit an

(each z-order brings elephant, and with five I can make him

2\ log L > QANpars six additional wiggle his trunk.” J. von Neumann
parameters)
2Alog L
2 2 S
g° < 0 constr. ¢° > 0 only > H, _Z2_ for qz > 0 only fit
Ha[27] — Hilz? - 3.6 s , .
Hol24] — Hyl23 21.22 _ » H,lz*| for g© < O constr. fit
H[2°] — Halz?] 8.64 -

—



- B - K™27u*u~ decays can also proceed though a scalar K*z~ configuration (S-wave)

. » . NOZ, R , , 2my M ,
> require additional scalar amplitudes 4% - -~ EWBJ% M (€2 — ) F (Cuo— Clo)] £1(a2 %) + S (G = G fr(a’ R
B
: 2 _ _2¢w+ )\ [ Descontes-Genon, Khodjamirian,
» extend thefitto k“ =m(K 7n™) it SHEE 12 (B019) 085
8 —
interference
— — P-wave
. 9 6 - —— S-wave

J;

, L.R L,R r 2
P'Wave AO,J_,H,t H A()’J_,H’t X fBW(k ) ,

Swaver - ALE s ARG x| |gs| €% fuass(K?)

feoals fk: P, Re(fx:
(\9)

relative magnitude and phase >
between P and S-wave

0.9
m*(Kn) [GeV?]

—EL

I
\)
[

0.7

S
o0



| Total signal amplitude model

= Five-dimensional P- and S-wave = Large number of signal parameters:
0 + =+,
total B - K"n~u"u~ decay rate > Co, C10, C, Clo [floated]
> expressed in terms of decay > Cr7, C7 [fixed to SM® c5M = —0.337, C/SM = 0]
amplitudes . , . .
> 4 CKM pars (inA,'s norm.) [constrained to CKMfitter]
> Fit this to data! 0 £ ,
T » 19 B” - K V" FFs pars [constrained to LCSR+LQCD]
pd sig X - _ ~ | : :
: % 12 A2 dO > 18-30 non-local pars @, ; [constrained viaH, ]

> depending on the order of H[z"]

> 2, Og relative magnitude and phase [floated]

> 9B — Knr|,_, scalar FFs (nuisance) [constrained]

(*) Strongly constrained by radiative decays
[ Paul, Straub; JHEP 04 (2017) 027 ] o
26



The LHCDb detector

= Analysis performed with 4.7 th-! of pp
data collected by the LHCb detector
between 2011 and 2016

> same dataset of previous binned
BY - K %utu~ angular analysis

PRL 125 (2020) 011802

M3
SPD/PS 14~ ALMZ
Magnet ECAL =
2 — R
e VY i
I
/‘ 5 o .

5.1 Ve 1 T T ! ! | ! ! | ! | 1 ! ! ! | ! ! ! _
LHCb
sRun 12016 T
0.5 e Combined —
- SM from DHMV -
Of :
i ﬁ— 2) . i
-0.51 — = EV\]J/
i S = :
o | T T e S P B
0 5 10 15
g2 [GeV?/c?]

» LHCDb is a forward arm spectrometer to
study b- and c-hadron decays (2 < < 5)

[ JINST 3 (2008) SO80005 ] |
[ Int. J Mod. Phys A 30 (2015) 1530022 ]
27



'The LHCD detector

Muon stations

Cherenkov

Calorimeters

. , detectors
= Analysis performed with 4.7 fb-! of pp ‘A’ ‘/
ﬁ =

data collected by the LHCb detector
between 2011 and 2016

> same dataset of previous binned
BY - K %utu~ angular analysis

A7

‘ §
Vertex detector \ S
r
o % 15 um | Tracker
o r n
| by~ SOum | 6,/p = (0.4 —0.6) %

@ 5-200 GeV/ce

—

&

» LHCb is a forward arm spectrometer to
study b- and c-hadron decays (2 < < 5)

[ JINST 3 (2008) SO80005 ] |
[ Int. J Mod. Phys A 30 (2015) 1530022 ]
28




| Selection of the candidates

= Require large impact parameter (IP)
for final-state particles and small IP
+ good vertex for BY

= Peaking backgrounds suppressed

below 1% by dedicated vetoes = BDT trained against combinatorial
based on mass and PID background
requirements > 85% efficient on signal

> B;) — $(1020)( > KK )u*u~
> Ag — pK utu~
» B> K% u-

> reject 9/7% of background

)



Combinatorial background

total

— Surviving combinatorial background must be 600 = signal -
. . L] combinatorial
modelled in the fit F oda
400
LHCb 4.7tb~!

» Added reconstructed m(K 2z~ u ™) invariant mass

Events/(10.60 [MeV/c?])

» double CB (signal) + exponential (background)

s r
AsEm g
. [

> background g2, k2 and angles modelled with 2nd

order Chebichev polynomials (free parameters) 5300 » 5700
/ m(K 7 pu ) [MeV/c?]
Fit projections in the high mass sideband
g - L L . g - L L L ey .
SPF LHCb 4.7fb""! Sosk LHCb 476" 2
Z20¢ = 20f { Sculpting due to the
E | st 1l o i1 BT — K'u"u~ veto,

S A

background model

15 + | '
[ T T T HTIT ¢ : " o 1 _ Included in the




Sig + bkg total pdf

true deca Y rate

= Trigger, reconstruction and selection requirement
distorts the signal distributions: acceptance effect \/
| o acceptance
> studied with simulated samples e vanens l P
> parametrised by Legendre polynomials reconstructed " .
— >
Acc(cos 8y, cos Ok, &, q*) = Z Crimn L(cos 0, k) L(cos Ok, 1) L(¢,m) L(¢°,n) COS HK

k,l.m,mn

= Extended 6D maximum likelihood fit

Detector Physics

d°T(BY - Ktn—ptp™)
dq2 dk2 df) Signal mass pars., acceptance, and

background pars. allowed to be different
between Run1 and 2016

(different beam energy and condition)

—t

pdfsiq(q?, k2, Q, Mirun) = doubleCB(mpcr,,) X Acc(q?, ﬁ) X

Pdforg (@7, k%, Migcrpy) = e M (1 —ebl (7)) x H (Z il )




Branching ratio constraint

[ Greljo, Salko, Smolkovic, Stangl;
JHEP 05 (2023) 087 ]

2.0
By — pp 1o

—— Rg & Rk« 1o, 20
159 — p— sup lo, 20

flavio

= Differential decay rate can only access the relative size
of the Wilson coefficients

1.0 ~

39 0.5-

N\

> Scale of Wilson coeff. set by branching ratio

0.0

—0.5 7

_1.0 I I I I
-20 -15 —-1.0 -0.5 0.0 0.5 1.0

bspups
C9

= Extended fit allows to link the observed yield to the signal
branching fraction

2

Gimax  [Fmax Q2T
B(B° K*O+‘:T—B/ / da?dk>
|—> (B = K*u* ™) b e dgdi q

BB’ — K*utp™) x 2 /
Noig = Napprn X B(B® — J/oK+ 1) x [I19K7 5 B(JJb — pp) fie
@ +100MeV f H Wilson coefficients

. enter here

Normalised to B — J/wK*z~ control channel to reduce systematic |
32




Input for BR determination

= BR determination requires several external inputs:

B(BY — K*ut ™) x %

Nsig — NJ/?,DKW X

from mass fit to
control channel
(include exotica contribution)

from Belle dedicated
BY = JIwK* n~
amplitude analysis

[ PRD 90 (2014) 1122009 ]

B(BY — J/YK*ta~) x fIeEm x B(J/y — ptu~) x e
— ) \ﬁf-/

oo |

Ratio of efficiency:
from simulations

» B(B’ — J/YK*r™)=(1.154+0.01 £0.05) - 1073 — inclusive norm. BR

BY = Jhp K
> f:l:lOOMeV

window of the analysis

= 0.644 £ 0.010 —» fraction of events in the m(K*7")

(determined from Belle model assuming
conservative uncorrelated uncertainties)

yvield ~ 358K

(\9
-
-
-
-
I
|

0 + -

BY - JlwK™
VN I 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
<, 80000 -
; r* total -
O LHCb Runl === BY = J/yK* T

— . no *()

S0 i -
\O
S + } data
540000 - —
<
Mo
;-8
-
S
@)

5300

5200 5400 5500 5600 5700

m(K*n ptu) [MeV/c?]

yield ~ 328K

DD
-
-
-
-

~80000 F T T T T T
§ I total :
O LHCb 2016 ===+ B = JIyK*
= 60000 [ + —== BY > JJWKC S
% —-— combinatorial A
S ¢ data

= 40000 |- + -
O

1=

o

;-5

c

S

@)

5200

5300 5400 5500 5600 5700

m(K*7n p* ™) [MeV/c’]

33|



Systematics due to the
amplitude model

Largest systematic for Cq, Cqp
comes from BR external inputs

Systematics related to exp.
effects are in common with
binned BR/angular analyses

Total syst. negligible w.r.t.
statistical uncertainty

Systematic uncertainties

Cy Cio Cq Cio
Amplitude model
S-wave form factors < 0.01 <0.01 <0.01 <0.01
S-wave non-local hadronic 0.02 002 [0.14  0.04]
S-wave k? model <0.01 <0.01 0.05 0.03
Subtotal 0.02 0.02 0.15 0.05
‘ External inputs on BR
BB’ — J/YyKTr™) 0.05 0.08 0.02 0.01
0
B 0.03  0.03 001 <0.01
Others (R,) 0.03 0.04 0.03 0.01
Subtotal 0.04  0.01
Background model
Chebyshev polynomial order 0.01 0.01 0.01 < 0.01
Combinatorial shape in k? 0.02 < 0.01 0.02 < 0.01
Background factorisation 0.01 0.01 0.01 0.01
Peaking background 0.01 < 0.01 0.02 0.01
Subtotal 0.03 0.02 0.03 0.01
Experimental effects
Acceptance parametrisation < 0.0l <0.01 <001 <0.01
Statistical uncertainty on acceptance 0.02 < 0.01 0.02 < 0.01
Subtotal 0.02 < 0.01 0.02 < 0.01
Total systematic uncertainty 0.08 0.10 0.16 0.05
Statistical uncertainty (¢2 <0 constr.) 0.40 0.28 0.40 0.24




F1t projections

= Observed 2568 =+ 60 signal decays

) S L L I L L L L L IR L BN ey L L <
N o ) | -
§6OO — — total | o LHCb 4.7tb=!1 | S 250 LHCb 4.7fb~!
0 | signal % 1 <
E 1 combinatorial O 150 % 200
% I-I-l data % - g
S 400 |- . S ] S 150
- LHCb 4.7fb~" 2 100 1 O
7] 'ES' i
§ S | 100
= 200 - — = L h I
§ i - O 0 50
O— % ] O.I.///..WI...I. N 07./../../.|/..//./..
5200 5300 5400 5500 5600 5700 2 4 6 8 10 12 ~1.0 -0.5 0.0 0.5 1.0
m(K n ) [MeV/c?] q* [GeV?/c*] cos Ok
’l;\ L : L L L L L L L G0 r ! ' vt | vt ' ol
) NS
S LHCb 4.7fb"! S LHCb 4.7fb"! 3 LHCb 4.7fb"!
150 F . =150 F . S 300 | -
8 QL - &)
5 1 5 LL ok S A R
?%100 T b 2 100 ' "FP "I"—- g’
] ..C'E +
- - . - 3
50 . 50 | . § 100 |- -
7 i : l
O A /u// OW'/’///'///I"/‘/I/"')//'/ 0— f v A/, .TI i ALY N L LA
= 0.5 1.0 I 0 1 2 3 0.7 0.8 0.9
cos 6, ¢ k* [GeV?/c*]
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Form factor results

— Dominant uncertainty in b — s£¢ SM branching ratio prediction

— Fit results are found to require small adjustment in F, /Fo ratio

E e ~ L A B
05 [ LHCbAT b GKvD’18 + LQCD
- Fit result g* > 0 only
Fit result ¢g* < 0 constr.
(W
=0.7 ° [ T -
B E % 1.4 LHCb 4.7 fb~! _
0.6 | oy ,:/ ]
0SE— 12 =
X ”” — i I | I
- = u I ' I
= =
] 2T =
0.4 - ,/,/!wz‘::‘. 1.6 e
O} ,,t,!,v;ozo:o‘o:?fo?"y - [ 7/
TS - ;
KL -
= 1.4
0.3 | L |




= (Good agreement between
the two configurations

> Small discrepancy in ImH ()

Re(H,) / F. [1074]

Im(H,) / F. [1074]

p—
()]
T

p—
o

I
)]
1 LI

_10}

Non-local hadronic results

[9)
T

o r
@@t S 2
/

-

I
[
S

|

[E—

[9)
ET T 17171

- g* > 0 only
[ [ ¢* < 0 constr.

LHCb 4.7 fb~!

20F

10}

S

Im(Hy) / 5 [107]
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= From the fit result we can reproduce the classic binned observables
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P5’ angular observable

GRvDV
= From the fit result we can reproduce the classic binned observables DHMV
"7 q* > 0 only
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Wilson coetficients 1D

g*> > 0 only
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> Uncertainty obtained from neg.
log-likelihood profile
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 Wilson coefficients 2D

| Gubernari, et al.; JHEP 09 (2022) 133 ]

[ Greljo et al.; JHEP 05 (2023) 087 ]

— [ Alguero et al.; EPJ C83 (R023) 648 ]

[ Ciuchiniet al.; PRD 107 (2023) 055036 ]

[ Hurth, Mahmoudi, Neshatpour; arXiv:2310.05585 ]

» Results consistent with global analyses of b — su™u~ decays | Gapdevile, Crivellin, Matias; arXiv:2309.01311 ]
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» Many global fits available in the literature
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Results overview
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= New analysis method to determine hadronic contributions
in B - K'%utu~ decays r

» choice of parametrisation — model dependence

Impact of cc on P: found to be consistent with predictions —+ 2

_0.5-_1|||||||||||||||||||||||_
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- Despite the extra freedom given by cc pars, fit still prefers

to insert a shift in Cq = sk R B
SR TR P
» Result consistent with pattern of anomalies seen in ] N . PR |

b — su*u~ decays
» compatibility w.rt. SM: 1.80 in C9 and 1.4 global

— Should not forget the importance of the form-factors! + S




Auxiliary files

= Analysis offers a large set of results A/ moor bt o
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| A look to the future

= |Important step towards a better understanding of
B - K% *u~ decays....

» Dbut this is not the end of the story!

= Need to update with the full Run2 dataset

» Binned angular analysis coming soon
» Binned branching fraction too

e LHCbdata © ATLAS data
m Belledata © CMS data

|_|SM from DHMV  —
SM from ASZB

£ i

» More unbinned analyses

» different long-distance parametrisations
Ly complementary info

= Run3 dataset will boost the precision of these measurements

» also allow to study even more suppressed decays

dB(B— K*
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=== BSM best fit

— == BSM benchmark
SM prediction
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Conclusion

= Set of anomalies in different measurements of
b — su™u- processes

> Difficult interpretation due to SM hadronic uncertainties

= L L
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— First g2-unbinned amplitude analysis of B - K 'u*u N i s
-3.0F —
» Complementary and more in-dept set of information ;
w.r.t. previous binned analyses —3o 0
. O . —4.0F
» Non-local hadronic contributions determined from data :
under two assumptions —4.5F
= Result consistent with pattern of anomalies seen in 2

b — su*u~ decays with significance of 1.85 in Cg9 and
1.40 global







Wilson coetficients 2D
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= Phase difference between rare mode and

BY — J/IwK™ decays
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Non-local hadronic results (J/y)
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S7 angular observable

GRvDV
= From the fit result we can reproduce the classic binned observables DHMV
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Choice of 7y and the z order

= Choice of 7o impacts the convergency = Data driven determination of the
of the series truncation order:
g% <0 Iy w(2S) > fit repeated with increasing
) - N> polynomial order #H,[2%, 2%, 2%,...]
¢’ =0 1 . S . .
> till no significant improvement in
2 o _ Vi — @ — i — 1o . . .
o 2l = e the likelihood is found
v (each z-order brings
/ 2A1log L > 2A N1 six additional
Jhy  w(2S)
2 : parameters)
g~ > 0 only fit < Y e
2 —0 : 2A log L
Aq) ! z=0 q> < 0 constr. ¢* > 0 only
]
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A > xX— > Hi[2?] for g* > 0 only fit

2 ] o ,
€qy 2= | » H,[z%] for g% < O constr. fit |
z=0.10 z=-0.73 50




Control channel

mass fits
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| Results 68% 95% CL

g > 0 only
S s o, o
Co 3.34 | 2.77, 3.87] | 2.30, 4.33 1.9 o
Cio | —3.69 |—4.00,—-3.40] |[—4.33,—-3.12 1.5 o
o 0.48 |-0.07, 0.97] [-0.62, 1.45 0.9 o
0 0.38 | 0.13, 0.66] [—0.14, 0.92 1.5 o
q°> < 0 prior
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External constraints

BY — JhpK* BY — ¢(28)K*
CKM parameters | CKMfitter Summer19 fo - 0.455 & 0.057 65)
A 0.8235 + 0.0145 f|| 0.227 + 0.006 [64,66,67 0.22 4+ 0.06 64
A 0.224837 4 0.000251 f1 0.209 4+ 0.005 [64,66,67] 0.30 £ 0.06 64
1 0.3499 £ 0.0079 0| 0.20 +£ 0.03  [64,66,67 0.34 £ 0.4 64
p 0.1569 & 0.0102 01 —0.21 +0.03  [64,66,67] —0.34 & 0.3 64
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0 *0
T e 0.487 £ 0.021 [68]
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o | 0.010 0.013 0.016 0.021 | 0.009 0.011 0.013 0.018 | 0.004 0.003 0.002 0.001
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| The angular functions
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| Form factors
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| S-wave amplitude

(Cio — Cip)

f+(q27 kz)




Upper mass projections
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g= spectrum
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g= spectrum

2 signal regions
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> light resonances: p%(770), ©(792), $(1020)

> extra complications without real benefit




GRvDV parametrization

« The bound can be “diagonalized” with

orthonormal polynomials of the arc of the

unit circle [Gubernari, van Dyk, Virto ‘20]

Ha(2) = 5(2)P(2) > axipi(2)

k=0

e The coefficients respect the simple bound:

>0 2 I 2
Z B—K Z B—K* Bs—¢
2 aO,n + 2 a’/\,n + a/\,n

Meéril Reboud - 27/10/2023

2

}




Global fitsto b — s£¢ observables

= Many global fits produced in the literature

» suggest a flavour universal shift in C9 arXiv:2309.01311
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» (global fits from different groups use » constant long-distance
sub-sets of inputs, different statistical QCD allowed

tools/theory assumptions, etc...




What about LFU?

— Measuring ratios of branching fraction 4L LHCb Ri  low-g? = 0.004+001

between b — S//t+//t_ and b — sete” 9:"b—1 Ry central-g? = 0.949+0048

- R+ low-¢* = 0.927700%

_|_ — B .

R~x = B(b — Sk 1 ) 1.2 i Ry central-¢*> = 1.027f%‘_%%

B(b— seTe™) ) - I
&r\ L

» hadronic uncertainties cancels at O(10~%) Q§ LOr ] { 1 T
» QED correction at O(1072) :
0.3 -

j t gﬁta’ 2 =16 p=0812 o =0.2

0.6 i

- | atest LHCDb results from December 2022

2

Ry low-¢° Ry central-¢° Ry« low-¢° Ry~ central-g°

—

> Compatible with SM within 5%
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