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% Outline

» Introduction to Flavour Changing Neutral Currents
» Branching fraction measurements:
— Differential branching fraction of B — ¢u™* ™ using 9fb™" (new on arxiv)

— First observation of B? — f5(1525)u™ 11~ using 9fb™" (new on arxiv)
— Branching fraction measurement of B, — whp™ using 9fb~?
» Angular Analyses:
- B K"t~ using 4.7fb7!
~ BT K*tutu using 9fb~!
— B°— K*%%te™ using 9fb~!
— B?— ¢utp” using 8.4fb™" (shown for the first time)
» Summary
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https://arxiv.org/abs/2105.14007
https://arxiv.org/abs/2105.14007

% Introduction to Flavour Changing Neutral Currents

» b— s{T( transitions are Flavour Changing Neutral Currents (FCNC)
» Only allowed at loop-level in SM (penguin and box diagrams)

leptonic semileptonic radiative
b Y/ t,c,u t,c,u
W b T - s b . - s
S ZO ‘\ // ‘\ //
t,c7u /: 17 \\\\Wz/ E \\\\W’/
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= Sensitive to New Physics

» b— s{T¢~ transitions in tension with SM (flavour anomalies)
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% Effective field theories in b— s{t¢~ SM predictions

» Integrate out heavy degrees of freedom in b— s/~ decays and replace with effective
couplings, denoted as Wilson Coefficients C;

Cro.10

» Rare b— s{T¢~ decays most sensitive to C7.9.10
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Observables in b— s¢™¢~ transitions

» Complementary information from different observables

» Flavour anomalies observered coherently for all observables

Branching fractions
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» Conceptually “simple”

» Significant hadronic
uncertainties

Angular observables
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» Reduced dependence on form

factors

Lepton universality
see Shun Watanuki's talk

» Compare ™ p~ and
eTe™ final states

» Probes structure of potential NP » Theoretically clean
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Branching fraction measurements



% Typical branching fraction measurement strategy

» Cleanly select signal decay by using kinematic, particle identification
and tracking information to reject background candidates ,
» Perform measurement of differential branching fraction B according to '
dB(signal) _ B(norm)
dq2 o q2max7q2min
» Relative to normalisation mode

— Cancellation of systematic uncertainties
— Additionally used as control mode to e.g. correct simulated events

Nsignal €norm
X N X
norm €signal

» Determine event yields in maximum likelihood fits to data

» Determination of efficiencies from corrected simulation
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% Measurement of B(B?— ¢u*p)

dB(B.(‘,‘)H(")“’JF/Ii) N B(BS%J/II/} dj) *Nrbigna‘l €norm
17 X X

new on arXiv

q2max_q2min Nuorm €signal

10*

10° ®» Updated analysis using full LHCb
data set (9fb™1)

102 » Candidates after full selection

» Accumulation of candidates

10 2round known BY mass

= Signal visible as vertical band

N Y 1
5400 5600 5800
m(K* K~ ) [MeV/c?]
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https://arxiv.org/abs/2105.14007

% Measurement of B(B?— ¢u'p™)
dB(Bi~éutu=) _ BB I/ )

D% Nsignal X €norm

new on arXiv

dq2 o q2 max _q2 min Nnorm €signal

A FCh |
‘\‘> ‘ Niorm 9fbt
Q = 282440 £ 570
.(2. —1- data ]
o — totd

o — B L Jye

------ combinatorial
R = —— __

00 00
- m(K*K ) [MeV/c)
LHCb » Model signal with Crystal Ball
N D LA N |9t ; function (param. from J/i) mode)
=200 400 e 56_00 5800 » Combinatorial background described
m(K™K"u 1) [MeV/c?] by exponential function
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Measurement of B(BY— ¢utu™)

dB(BY=opt ) B(BY—=Jhh o)

X A‘Nbignal X €norm

dq2 o q2max_q2min Nnorm €signal new on arXiv
5 P ~ .
& 4 S0OF LHCb]
= 100 = oty
% s 40oF Nsignal = 2006 £ 537
9‘ 103 \a_, 300 §- +data -
~ > — tota
= & 200} — B - quipr
% ------ combinatorial
2 L 4
of w gl )
6 075300 5400 5500 5600 5700
4 b 10 m(K*K ) [MeV/cg
ok » Model signal with Crystal Ball
oF gt L . function (param. from J/i) mode)
=200 2400 . 6_00 5800  » Combinatorial background described
m(K"K"w* 1) [MeV/e?] by exponential function
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Result for B(B?— ¢ut ™)

x 108

::r; s T I'_H'Ct') T ] T—3— LHCb gfb:l new on arXiv

| o LHCb 3fb™ Run 1 result: [JHEP 09 (2015) 179], [arxiv:2103.06810]
% 12fF SM (LCSR+Lattice)
e 10 [ IsM(LCSR) SM LCSR: [JHEP 08 (2016) 098], [EPJ C 75 (2015) 382], [arXiv:1810.08132]
S L SM (Lattice) SM Lattice: [PRL 112 (2014) 212003], [PoS LATTICE2014 (2015) 372]
g o :

S oF 0] Jy Y(29) .
Iy - ]

X f F’—h ; Ly

S ar _ 1 ==

T o —— '—i—'_i_' -
¥ 2F = E
) .
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o2 [GeVZ

» Branching fraction in good agreement with Run 1 analysis

» Tension with SM in ¢2 bin [1.1,6.0] GeV?/c* at 3.6 0 (1.8 o with LCSR alone)
dB(B?— ¢utp~)/dg? = (2.88 £0.21) x 1078/( GeV?/c*) for ¢* € [1.1,6.0] GeV?/c
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https://link.springer.com/article/10.1007%2FJHEP09%282015%29179
https://arxiv.org/abs/2103.06810
https://link.springer.com/article/10.1007/JHEP08(2016)098
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-015-3602-7
https://arxiv.org/pdf/1810.08132.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.212003
https://pos.sissa.it/214/372/pdf
https://arxiv.org/abs/2105.14007

% First observation of BY— f1(1525)u™ u~

» f) meson is a spin-2 KTK~

resonance

new on arXiv

> f1(1525) heavier and wider (width ~ 86 MeV) than ¢ meson

» Tighter selection to combat increase in background

> Fit mpo and my+ - to separate signal from other BY = K+ K~ ptpu~

—~ T T T 3 —~ F T T T T 3
P 20F - data LHCb 3 % 90 Gn(K*K ) - my, (% 50Mev LHCh 3
> BoF — total 9fb* > ®F : 9fb 3
s oF — B - S s 7of ;
g Mo - combinatorial E 9 60F 3
g ﬁg: —— other BY - K*K u 3 . 3
8 “gob —- A~ PR 3 g aof 3
;S 60 B L Kt 3 B i
k=] E e E B

AF s E 2 E B bbb

b=t ) L E 05—2—'4——1‘1—'—1 """ e

5300 5400 5500 5600 5700 1300 1400 1500 1600 1700

mMK*K~ ) [Mevic?
> B(BY— f5(1525)ut = )=(1.57 £ 0.19 4 0.06 & 0.08 £ 0.06) x 10~7

P First observation with 9 o significance

m(K*K") [MeV/c?]
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% Measurement of BY\ — u*pu~

» Long history of searches for B?s) — ut T

c E — Zoom on LHC
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» Updated measurement with full LHCb data set (9fb™!)
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% Branching fraction of B, — pp~

» Two normalisation channels:
BT — JW KT, BY— Ktr~

——

Data

Total

Bo- U'H”
B -
B U'UY
B-h'h~
Xp—huv,
8% 7y
Combinatorial

s BT T
» Analysis performed 3 40F Ig‘:;f:b preliminary
in 5 bins of BDT classifier E » BDT 205
N 30
» Simultaneous fit to all bins and data sets ;
8 20
> Measured branching fraction for B) — i 5 ¢
B(BY— p ) = 3.005045401% % 1079 (100) 8 10F
» Measurement consistent with SM :
B(BY— ptp7) =3.66+0.14 x 1077 —

» Set limits on B — pp and BY— putpy:
- BB = pt ) <26 x 10710 at 95% CL
- BB = 1 1 Vom0 cave2 < 2.0 x 1077 at 95% CL
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https://arxiv.org/abs/1908.07011

% Effective lifetime of BY— u'u~

» In SM only heavy mass eigenstate contributes to BY — it u~
» Test for possible NP contribution from light B? mass eigenstate (AZ’? =-1)

g 25 E_ I L HCb rel |m|lnar ° Data ’g 10 -_ L HCb re |m|narI _:
> o Ef ot —Toa 2 g ot " E
= 200 e 055<BDT<100 T"Enfi 1 g oF 0.55< BDT < 1.00 ]

! & 3 E
R S 4F E
[i 5 2 + ;
£ r OFf-mmee L e .
S 0 C $ L. " " " 1 " " L L 1 L L L M-
8 5400 5600 5800 6000 0 5 10 15
O m,.,,- [M eVv/c?] Decay time [ps]

» Fit dimuon mass distribution to statistically subtract background contribution
» Subsequent fit to BY— p ™ decay time finds: 7(B%— putp) = 2.07£0.29 £ 0.03 ps
» Consistent with lifetime of heavy (light) mass eigenstate at 1.5 (2.2) ¢
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Angular analyses



% Typical B— V¢ angular analysis strategy

» Decay described by ¢? and three decay angles, 0= (cos O, cos by, ¢)

» Differential decay rate given as

d‘r 2N £ (O
dq2d3ﬁ - Zz JZ(q )fz(Q)

— Angular coefficients J; and functions f; identical for different b— st~ transitions
— Accessible angular observables J; 4+ J; differ for self-tagging and untagged decays

» Parameterise efficiency in decay angles and ¢? using corrected simulation

» Simultaneously fit reconstructed B mass and 2 to extract angular observables
— Fitting mass component improves separation of signal and background
m !P'!{s‘\ka‘isches
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% Angular analyses of B,y — K*pu*p~

LHCb 2016

)
. _ S 1Ch 2016,
» Known decay flavour (self-tagging) as e.g. K*0 — K*r 2 0% <0Gt
o
» Access to CP-averaged observables [y, Apg, S; ;33‘
— Access to clean observables P/ 5
°
» Separate S-wave from P-wave with fit to mg, 8
0 0+ —
» Exemplary plots from B — K*u™p - -
m(K*r) [MeV/c?]
- T T T — T T T b=t T T T
S 4 LHCb2016 S ol LHCb 2016 i LHCb 2016_
7 40<¢?<6.0Gev/ct f 40< 2 <6.0Gev/ch E 40< 2 <6.0Gev?/ct
B g g
£ ;- :
S 3 8

-2 0 2
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Results in B, /q— K*u"p~ decays

» Results in B — K*9u+~ using 4.7fb %
— Simultaneous fit to O, mpgo and My 4, —
- Local tension with SM up to 2.9 in P
— Global tension determined by varying Re(Co): 3.3¢

» Results in BT — K*tput = using 9fb~1:

— Two step approach:

> S-wave fraction fit in 2 dimensions (mpz+ and ngﬁ+)

> 4-dimensional fit to §} and mp+

— Local tension with SM up to 3.00 in P2(~ Arg)
— Global tension determined by varying Re(Co): 3.10
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https://arxiv.org/abs/2003.04831
https://arxiv.org/abs/2012.13241
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Angular analysis of B — K*¢te™ at very low ¢°

» Probe photon polarisation

in very low ¢? region [0.0008,0.257] GeV?/c*

» S-wave fraction assumed to be negligible

> 4-dimensional fit to O and mpgo

» Results consistent with SM

» Strongest constraint on photon polarisation
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https://arxiv.org/abs/2010.06011

% Angular analysis of B — K*%ete™ at very low ¢°

1.0

Constraints at 20

» Probe photon polarisation BB - X.)

in very low ¢? region [0.0008,0.257] GeV?/c* v / \\ e

:TT \ B - K*%¢te~
» S-wave fraction assumed to be negligible 5 o : \ﬂa/‘ ‘ “- Global
> 4-dimensional fit to € and m o 2 \ /
» Results consistent with SM -

» Strongest constraint on photon polarisation “10

10 0.5

50FLHCb 4
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5
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L f ] 0 ! L
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https://arxiv.org/abs/2010.06011

% NEW: Angular analysis of B — ¢utp~

» Updated angular analysis using 8.4fb~! of LHCb data, more than 4-fold increase in yields
» Latest addition to analyses related to flavour anomalies

» Decay of B?— ¢(— KTK~)utpu~ flavour-symmetric = untagged decay

» Untagged angular decay rate described by g2 and the angles O:
1 &EBr+T o 9 |4 .2 1 2
A T)/ag [ 5 } =39 {Z(l—FL)sm Ok (1 + 5 cos26;) + Fr cos” Ok (1 — cos 26;)

+S3 sin? Ox sin? 0, cos 2¢ + S4 sin 20k sin 20; cos ¢

+ A5 sin 20k sin 0; cos ¢ + %A%PB sin? Ok cos0;
+S7 sin 20k sin 0; sin ¢ + Ag sin 20k sin 20, sin ¢ + Ao sin? Ox sin 0, sin 2¢

S; CP-averages A; CP-asymmetries

» Minimal S-wave pollution due to narrow K+ K~ window
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% NEW: Fit strategy for BY — ¢utp~

[LHCb-PAPER-2021-022] (in prep.) & iy LHGB Ao
] o ) ) . 2120 11<g?<6.0Gev¥ct
» Simultaneous fit in 4-dimensions to {2 and mpgo S 10 T Daa
» Signal modelled by Crystal Ball function in mass and g 2‘; — Total POF
untagged decay rate in angles % of | W pakorouns
20

» Combinatorial background described by exponential function in

mass and Chebyshev polynomial of order 1 in angles 5300 5400 m(ﬂ*w;)s??wew;}m

(\!160 T T T o 250 L T T %160 T T T
S prefiminary | HCh8 AT 1] O peliminary  LHCh8ATH 1] S F Peiminay | HCh84fb !
g 140 1.1< < 6.0 Gevct 8 200 1.1<q?<6.0 Gevct P 1.1<?< 6.0 Gevict
8120 = g 120
S 100 T 150
§ &

80 3
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% NEW: CP-averaged angular observables in B? — gbu o

Emmy
Noether-

Programm ¢

» Precision for angular

observables significantly
improved with respect to

3fb~! LHCb analysis

» Compatible with SM
prediction
» Global compatibility

determined by varying
RB(CQ) 190

1
w
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Emmy
Noether-
Programm ¢

% NEW: CP-asymmetries in B — ¢utu~

w  1fp T T T 7 am 1f T T T g
< 08t LHCh $LHobsab ] L osf LHCb 4$LHCb84IbT 3
06f Preliminary LHCb 3fb" E 06E Preliminary L 3
» Precision for angular 04F E 04f E
0.2 = 0.2 =
observables significantly Og?‘*—*’q:;F**:*’ *** = 02?’*’:&5‘*:**:’*‘**—*—2
improved with respect to -04f T 3 -04F o W wes 3
_ . -0.6F = -0.6F =
3fb~! LHCb analysis -osf 3 -o8f 3
£ : ‘ L = -1E ‘ ‘ L 3
» Overall good compatibility ° ° P g leevaed ° ° P g leevied
with SM prediction
o 1F T T T p o 1fp T T T e
. < E _ E < E 1 E
_ 08k LHCh 4 LHCh84fb™ 3 08k LHCh 4LHCb84fb™ 3
> T Odd CP asymm?trles 0.6; preliminary LHCb 3fb™ é 0.6; preliminary LHCb 3fb™ é
Ag g close to zero in SM, 04f E 0af E
. 02F E 02F E
can be large in presence opp= - ——— et Ot — — ]
of NP contribution o L 3 o 3
“04E o I wE E “04E I wE E
-06F E -06F E
-08F E -08F E
) 5 10 5 =) 5 10 15
q? [GeVcH ? [Gevct
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% NEW: Global fits using CP-averaged angular observables

» Global compatibility with SM tested using flavio by scanning over Re(Cy)

» Fit CP averages (F1,, S3.47) in narrow bins below 6 GeV?/ctin ¢?
and wide bin (15 < ¢% < 18.9) GeV?/c* (not sensitive to potential charm loop effects)

preliminary BY = it (Fi, S3.47) 84D

NEW

—2AlogL

LHCb

—4 -3 -2 0 1

-1
ARe(Cy)

» Preferred value for Re(Co) agrees with the SM value at 1.9 ¢ level
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% NEW: Global fits using CP-averaged angular observables &

» Global compatibility with SM tested using flavio by scanning over Re(Cy)

» Fit CP averages (F1,, S3.47) in narrow bins below 6 GeV?/ctin ¢?
and wide bin (15 < ¢% < 18.9) GeV?/c* (not sensitive to potential charm loop effects)

preliminary

NEW

—2AlogL

BY — ¢u™t

N\

LHCb

-4 -3 -2 -1
ARe(Cy)

0

1

~2AlogL

25
LHCh 9 fbh~! lavi
— B o K™t
20
Bt - K’H',uﬂ',u*
ZIC 15F
4
]
| 10
v LHCb sk
v
o
0 1 1
-20 -15 -10 -05 00 05 L0 15 20 —4 -3 -2 -1 0 1 2
ARe(Cy) ARe(Cy)

» Preferred value for Re(Co) agrees with the SM value at 1.9 ¢ level
» Similar trend as found in B— K*utpu~
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% Summary

» Discussed current status of LHCb b— s/~ measurements:
— Fully leptonic B?S) — putp~ decays compatible with SM
— Branching fraction of B — ¢ut ™ in 3.6 o tension with SM (new on arxiv!)
— First observation of B? — f5(1520)u™ 1~ with significance of 9 & (new on arxiv!)
— Angular analyses of B — K*°u™ ™ and Bt — K*Tu™ ™ in tension with SM at 3.3 0 and 3.1 ¢
— Most stringent constraint on photon polarisation from B° — K*%e*e™ (consistent with SM)

» Presented angular analysis of Bg — ¢utT ™ with 8.4fb~! for the first time:

— Most precise measurement of angular observables to date
— CP-averages compatible with SM at 1.9 o
— CP-asymmetries compatible with zero
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