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Rare b-hadron decays




Exploring FCNC processes

* Flavour changing neutral current transitions only occur at loop order
(and beyond) in the SM.

b W~ s b 1 °
———— SM diagrams involve

> I the charged current
e interaction.

 New particles can contribute at loop or tree level:

b t S b S
> _\ > \ :_l_ > o >
Hoo o T+ ot
% ot
po po

 Enhancing/suppressing decay rates, introducing new sources of CP
violation or modifying the angular distribution of the final-state particles
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Properties of FCNC processes

Can also look at other properties of the decays:

e |nthe SM, photons from b— sy decays

are predominantly left-handed
(C7/C7 ~ me/ms) due to the charged-

current interaction.

* Flavour structure of SM implies that the rate of b—d processes is
suppressed by |Via/Vis|* compared to b= s processes.

e Inthe SM, therate I'[B — Mu p~ | ~T[B — Me"e™]
due to the universal coupling of the gauge bosons (except the Higgs)
to the different lepton flavours. Any differences in the rate are due to
phase-space.

Lepton flavour violation is unobservable in the SM at any conceivable
experiment due to the small size of the neutrino mass.

T. Blake
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For more new results from LHCDb
see talk by Kostas Petridis.

Outline

e — e ——— R — e — -

e B%and Bs—u*u- [CMS & LHCb, Nature, 522 (2015) 68]

e Recent measurements of b—s £+£- transitions:
= BV—=KPy*u~- angular analysis [LHCb, JHEP 02 (2016) 104]
= Bs—@¢u*u- [LHCb, JHEP 09 (2015) 179]
= B—K®u+u— branching fractions [LHCb, JHEP 1406 (2014) 133]

e Lepton flavour universality in b—s £+¢-transitions.
LHCb, PRL 113 (2014) 151601]

e Recent measurements of b—=d Z+7-transitions:
= B+—71*y*u~ [LHCb, JHEP 10 (2015) 034]

NB Results are based on the LHCb Run 1 dataset
(3fb-1 of integrated luminosity collected at v/s of 7 and 8TeV).
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Motivation for Bisogy= ut =

« Bs—utuis a golden mode to study g k t 70K 1
FCNCs at the LHC. Bys WoH
{ +
U
= CKM suppressed, GIM suppressed d/s
and helicty suppressed ) .
(pseudoscalar B meson producing two muons). b o \V'L_ o "
= Predicted precisely in the SM B:/d teulg  Tlv
(6% uncertainty on branching fraction). | G | -
[Bobeth et al. PRL 112 (2014) 101801] d/s -

 Powerful probe of models with new or
enhanced scalar/pseudoscalar

interactions, e.g. SUSY at high tang.

T. Blake
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CMS & LHCb Bs = u" u~ result

09 CMS and LHCb (LHC run 1) [CMS & LHCE)O, Nature, 522 (201 5) 68
cl-'>_| . :l T T | T 17T 1 | T T T 1 | T T T 1 T T T T ™NT T T T T T T | T T T°1 | T T T |: E‘ :
; 0.8 f— _f §30;

S 07E 3 20
% 06 =
“ 05E . =4 %
0ac 3 o _
0.3 3 3 8f ;
C I ! : ]
0.2 = 5 ':
g | 4 -;
E a 7 2z C:
0 — | R I B B A B e O .......
0 7 8 9 0 0.2 0.4 0.6 0.8
B(B? — pt 1) [10°9] B(B® — pt ) [10°°]

e PBest fit results:

= Bs decay observed at 6.2¢, evidence for B° decay at 3.0c.

= Compatible with SM predictions at 1.2¢ (Bs) and 2.2¢ (B9).

[SM predictions from Bobeth et al. Phys. Rev. Lett. 112 (2014) 101801]
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ATLAS Bis,o— utu- result

A new result from ATLAS
was presented last week
at Moriond EW using their
full Run 1 data sample

e QObserved limit (95% CL):
BB} — ptp™) <3.0x107

e Expected limit (95% CL):
BB} — ptp ) <1.8x107

NB ATLAS sensitivity is

approaching that of LHCb
and CMS.

T. Blake

B(B" — ptu) (10

[From talk by S. Palestini at Moriond EW 2016]
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BY—= KYu+nu- decay

-

. Large number of J/w‘(ls) tree level b — ccs
observables: branching
fractions, CP asymmetries I
and angular observables. ! P(25)

« Sensitive to new vector or ﬁ%

axial-vector currents and
. > A o0 a0 o0 ol
virtual photon polarisation. 7 L9 g and L
interference Long distance B
* Reconstructed as a four contributions from CC
_ o above open charm
track final state containing \/ threshold
a kaon, pion and dimuon

pair.

4 [m(ﬂ)]Q —3q°

dimuon invariant mass squared, g2

T Blake | 9




BY— K*Yu*u~angular basis

 Four-body final state.

= Angular distribution provides
many observables that are
sensitive to NP.

e.g. at low g2 the angle
between the decay planes, ¢,

IS sensitive to the photon
polarisation.

« System described by three
angles and the dimuon invariant
mass squared, g-2.

= Use helicity basis for the
anales.

(c) ¢ definition for the BY decay

T Blake | 10




BY— K*0u+u— angular distribution

 Complex angular distribution:

9
= oo [H0—~[F) sin® 0 +{FiJeos? 0 +
P

+1(1 —@ sin? O cos 20,

fraction of longitudinal
po|arisa’[ion of the K* OS2 (9]( COS 2(95 + Sg Sl'ln2 HK Sin2 (9[ COS 2gb

+54 sin 20 sin 260; cos ¢ +in 20 sin 0; cos ¢

1 d3( +T)
d(I' +T)/dg*>  d0

forward-backward
asymmetry of the
dilepton system

_|_%sin2 O cos ) + S7sin 20 sin 0; sin ¢

+.Sg sin 20 i sin 26; sin ¢ + Sy sin? @5 sin? 0, sin 2¢}

The observables depend on form-factors for the
B — K* transition plus the underlying short
distance physics (Wilson coefficients).

T. Blake

11



B’ K*u*u~ angular analysis

 [LHCb has performed the first full angular
analysis of the decay.

e Perform an unbinned maximum likelihood fit to
the K*mm-u* - mass and the three decay angles

in bins of @2.

= Simultaneously fit the Km mass to constrain
contributions where the K is in an S-wave
configuration.

Legendre
polynomial of
degree I.

 Model efficiency In four—dimensiony
Z Cijanz‘(COS (91)

1ymn

e(cos O, cos bk, d,q°)

X Lj(cos 0 ) L () Ln(q?)

e Use BO9=JAFK™ as a control channel to
understand the acceptance of the detector.

T. Blake
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BO— K*0u+u-example fit
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Results

—— CDF CMS —¥— BaBar —® Belle —— CDF CMS —¥— BaBar —® Belle
B SM from ABSZ B SM from ABSZ

! | ! ! ! ! | ! ! ! — |
1 K
4 5 —
_1'....|....|....|. ,|,,H,'
0 5 10 15 15
g? [GeV?*/ c4] g? [GeV?/c*

 New results for AL and Arg last year from LHCb [JHEP 02 (2016) 104] ,
CMS [PLB 753 (2016) 424] and BaBar [arXiv:1508.07960] + older measurements
from CDF [PRL 108 (2012) 081807] and Belle [PRL 103 (2009) 171801].

 SM predictions based on
[Altmannshofer & Straub, arXiv:1411.3161]
[LCSR form-factors from Bharucha, Straub & Zwicky, arXiv:1503.05534]
[Lattice form-factors from Horgan, Liu, Meinel & Wingate arXiv:1501.00367]

T. Blake



Results

 [LHCb has performed the first full angular analysis of the decay:

= Extract the full set of CP-averaged angular terms and their
correlations.

= Determine a full set of CP-asymmetries.

[LHCb, JHEP 02 (2016) 104]

@ L DL L L s NI L DL L L DL L L L gl T
705k 4 7 ost 47 osf- -
I LHCb | ! LHCb ] . LHCb
I B SM from ABSZ | B SM from ABSZ | ? i Bl SM from ABSZ |
o+ HZEHH 0+ 0 ——
] I } + : | [ — + ¥_
0.5 - 0.5 - 05 |
o s 10 15 0 5 10 15 o 5 10 15
q* [GeV?*/c*] q* [GeV?/c*] 4% [GeV¥/c4]

NB: These observables cancel when integrating over the ¢-angle
(e.g. in the CMS analysis).

Statistical coverage of the observables corrected using Feldman-Cousins
(treating the nuisance parameters with the plug-in method).

T Blake | 15




Form-factor “free” observables

T. Blake

In QCD factorisation/SCET A" T T T T T T o

there are only two form-factors - LHCb
= One is associated with Ao 0'5}+ SM from DHMY-
and the other Ajand A.. ]

Can then construct ratios of
observables which are
independent of form-factors at
leading order, e.q.

P; = S5/\/F.(1 - FL)

'LHCb, JHEP 02 (2016) 104]

! 1|5 ! !
g* [GeV?*/c4]

local tension with SM predictions
(2.8 and 3.00)

P’s is one of a set of so-called form-factor free observables that can be
measured [S. Descotes-Genon et al. JHEP 1204 (2012) 104].

16



/Eero-crossing points

 We determine the zero crossing points of S4, Ss and Ars by parameterising
the angular distribution with g2 dependent decay amplitudes.

e Six complex helicity/transversity amplitudes modelled as:
Agiis = i+ B/ + v’
[JHEP 02 (2016) 104]

\n LI L EEL L R L L R R L L B R o LI L I R L L L L R L L B L U? LA B

0.5 - < 05F - 0.5 -
- LHCb . - LHCb . - LHCb .
] = Amplitude fit i i = Amplitude fit i i == Amplitude fit i
[ e Likelihood fit y B e Likelihood fit y B e Likelihood fit y
3 o0 Method of moments 4 - 0 Method of moments l . l - = 0 Method of moments 4

0 % 0 ‘ == —  — 0 ;
- | {} - J/‘ | . [ J. =]
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- ; % - ! ! I | T
0.5 — 0.5 — 0.5 —
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2 3 4 5 6 2 3 4 5 6 2 3 4 5 6
g* [GeV?%c4 g* [GeV?¥ ¢4 g* [GeV% ¢4

e Zero crossing points are determined to be:

g5 (Ss) € [2.49,3.95] GeV?/c* at 68% confidence level (C.L.)

C](%(AFB) € [3.40,4.87] GGVQ/C4 at 68% C.L. NB For S the data are consistent

2 2/ 4 with No zero crossin oint in
S 2.65 GeV t 95% C.L. gp
0 (Sa) < eV7/c” at 95% the 1 < 2 < 6 GeV2/ct

T. Blake 17




Bs = ¢putp-

T. Blake

Equivalent process for the Bs
systemis Bs = ¢utu-.

= Angular observables are
consistent with SM
expectations.

= Not a flavour specific final

state so cannot determine

P's.

SM predictions based on

[Altmannshofer & Straub, arXiv:1411.3161]
[LCSR form-factors from Bharucha et al. arXiv:1503.05534]

[LHCb, JHEP 09 (2015) 179]

Al.5—— —
~ T LHCD
1.0F E
0.5k =4 ]
- + =
X S S E
02T 10 15
g* [GeV?/c?
mlO — 1 T —
A LHCb
0.5F oot ]
0.0 f—‘» ............. e (-_
05F ]
S| S— . .

[Lattice prediction from Horgan et al. arXiv:1310.3722]
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Bs = ¢putp-

* Equivalent process for the Bs [LHCb, JHEP 09 (2015) 179]

system is Bs = ¢pu+tu-. = g | ——
y s = putp N; :_ CHOh
= Angular observables are 3 71
consistent with SM = 6———}/»
expectations. 5 i://////////////////% —I— T
= Not a flavour specific final E‘E 3— } * = SM pred.
state so cannot determine ¥ %E e
P 5. ?nw 15_ ~ Data (wide
g ° s 10 15
= Branching fraction below q* [GeV?/cH]

SM predictions at low g2
(similar trend seen in other

b— Su*u- Processes).

i |
In a wide bin from 1 < g2 < 6 GeV?/c4,
the data is 3.36 from the SM prediction

 SM predictions based on
[Altmannshofer & Straub, arXiv:1411.3161]
[LCSR form-factors from Bharucha et al. arXiv:1503.05534]
[Lattice prediction from Horgan et al. arXiv:1310.3722]

T Blake | 19



B—K®u" u~ branching frachon

[LHCb, JHEP 1406 (2014) 133]

0 B[ CSR Lattice —O—Datlal N . -LCSR . ILatt§c§ T.TDat.a. N . -LCSR . ILatt}c§ T.TDat.a. -

% Bt— K*J“M*u_ % B — K0M+M_ _ % B"— K utu _

QO 1sf LHCb 4 © LHCb § © LHCb A

~ - 1 X . ~ N

x F X X

o0 10 = o0 o0

) i ) ) +

= [ = — +

' S5+ ' '

S 5'“ } | 5 T 3

CQO'.. Q N B N B N mo....l....l....l....l..

= 9% © 10 15 20 = 9% 5 10 15 20
[Gevz/cﬂ ¢ [GeV?%/ 4] ¢ [GeV?% 4]

B+— K*+M+M— BO0— KOM+M— B+— K+'u+'u—

« Branching fractions of other b—su+u- processes also tend to be below
SM predictions (although consistent with SM at 1¢).

 Decays with KO in the final state are experimentally challenging due to
the lifetime of the Ks in the experiment (KL escape the detector).

 We normalise the rate using B—=J\WK™ decays to reduce experimental
uncertainties.

T Blake | 20



Resonance structure

T. Blake

See large resonant contributions
from cc states at large dimuon
masses.

We can fit this with a
Breit-Wigner ansatz

(but only after assuming some
g° parameterisation for the non-
resonant part) to extract
magnitudes and relative phases.

l.e. use a shape

e
()
-

Candidates / (25 MeV/c?)
o

-

BT = KTputp~
T g 1 ' I ' ' '
[H * data
B Cb total n
----------- nonresonant
interference
--= TESONANCEs  —

e
-------------------

drinyy,
[LTh
3
Tlaeryy 14
i
i iy
re
i

background

1 1 1 1
4000 4200

A T
4400 4600

5
M., - [MeV/c?]

phsp X (‘-AV(muu) - Zei(biAi(mum L Fz‘)‘z T ’AA‘Q)f-ZF(muu)

for narrow states this needs to be convoluted by our experimental resolution

[LHCb, PRL 111 (2013) 112003]
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Fffective theor B

e (Can write a Hamiltonian for an effective theory of b—s processes:

Wilson coefficient
(integrating out scales above u)

—————— e e e —

141G
V *
\/i tb t84

KNP
( NP scale }’
e NP can modify

SM contribution
or introduce

‘ new operators )

Heﬂ" —

—————

e kNP Can have all/some/none

of the suppression of the SM,
e.g MFV inherits SM CKM
suppression.

T. Blake

Local 4 fermion operators with
different Lorentz structures

c.f. Fermi theory of
weak interaction where
at low energies:

2 2
lim ( 29 2) = —92

l.e. the full theory can
be replaced by a 4-
fermion operator and a
coupling constant, Gr.




Operators B

e Different processes are sensitive to different 4-termion operators.
= (Can exploit this to over-constrain the system.

)/l photon (constrained by radiative decays and
~ b—st+¢~ processes at small g2)
) (SO”u PRwa/)

Or = (myp/e t t
09 _ (§’YMPLb) (Z/y,ug) veclor Cl.Jrren
_ constrained by b—s£+¢- processes
O10 = (57, Pb) (1"350) J v P )
Og = (5Prb)(E0) axial vector current (constrained by
/= 7 leptonic decays and b—s£+¢~ processes)
Op = (5Pgrb)(£v5¢)
scalar and pseudoscalar operators
(constrained primarily by leptonic decays)
e.g. B, — pu” constrains Cyg — C,, Cs — C4, Cp —C%

BT — Kt u"u~ constrains Cy + Cy, Cio + C1g
B’ — K*°uu™ constrains C7 &+ C%, Cy + CY, Cho £ C,

The primes denote right-handed counterparts of the operators whose
contribution is small in the SM.

T. Blake
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Global fits

Several attempts to interpret our results by performing global fits to
, [arXiv:1510.04239], [arXiv:1512.07157]).

T. Blake

b— s data (e.g. [arXiv:1503.06199]

Re(C5")

Re(C§")

branching fractions, angular observables and combination

Altmannshofer & Straub
[arXiv:1503.06199]

Consistent picture, data favours modified vector coupling (CNP = 0O)

at 3-4c.

Y



Interpretation of global fits

__ Optimist’s view point

Vector-like contribution could Vector-like contribution could
come from new tree level point to a problem with our
contribution from a Z’ with a understanding of QCD, e.q.
mass of a few TeV (the Z’ will are we correctly estimating
also contribute to mixing, a the contribution for charm
challenge for model builders) loops that produce dimuon

pairs via a virtual photon.

More work needed from experiment/theory to disentangle the two

T. Blake
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Lepton universality

e |nthe SM, ratios

_ JdU[BT = K*ptp~]/dg - dg?

Ru —
“ [dT'[BT — Ktete™]/dq? - dg?

only differ from unity by phase space — the dominant SM processes
couple equally to the different lepton flavours (with the exception of the
Higgs).

* Theoretically clean since hadronic uncertainties cancel in the ratio
(same hadronic matrix element).

e Experimentally more challenging due to differences in muon/electron
reconstruction (in particular Bremsstrahlung from the electrons).

T. Blake

26



Bremsstraniung recovery

T. Blake

Two big experimental differences between
electrons/muons:

= Bremsstrahlung/FSR from the electrons.

= Jypically require higher trigger thresholds
for electrons than muons (Er > 3 GeV c.f.
pr > 1.76 GeV/c in 2012) and have a lower
tracking efticiency.

Bremsstrahlung causes migration of events
IN g2 and In reconstructed B mass.

= Recover clusters with Er > 75 MeV/c2to
correct for Bremsstrahlung.

L K*utu- _
K+ete-
o
)
) 1 3
x10 @)
)
] ] PR T T T IJ ] =
2 3 4 5 E
m(K*1"17) [GeV/ ¢?] O
O
| | @
£
u =
Q.
Q.
<
2 | 3 | 4 — 5
m(K*1717) [GeV/ ¢?]
o7



B+— K+ +¢ - candidates

* Even after Bremsstrahlung recovery there are significant
differences between dielectron and dimuon final states:

_LHCb [PRL113 (2014) 151601 ]

r— 25 |
RS - - B + K Tt B
T | - LHCDb ) ,u '& 38 10
O - 20 ' LR L
9 : . : .',: il
s A 5 - X 10°
10} }ﬁ 10°
0 = ":-\-' -';'tf",-a e .'_-. L..; . . oh l 0 .‘.-“‘ <3 . '-' R .‘a DA ':7 - ',. : ‘; : l .:.' 1
4800 5000 5200 5400 5600 4800 5000 1 5200 5400 5600
m(K*ete™) [MeV/c? "m(K™ MeV/c?
( ) ] oartially <+ (K"uww) | ]
reconstructed
decays
T. Blake 28



Hk result

T. Blake

——[L_HCb —*BaBar —=*—Belle
In the Run 1 dataset, LHCb L
determines: - LHCb
1.5F I -
_ +0.090 +0.036 ' ]
Rk = 0.745 1574 20036 \: ]
in the range 1 < g2 < 6 GeV?, [ o SM ]
which is consistent with the SM 05k -
at 2.6c. - _
()-' PR B B SR N
Take double ratio with 0 : 10 b 2 .
. q° [GeV~</c*
B+— JAFK+* to cancel possible ‘
¢ sustematic LHCb [PRL113 (2014) 151601 ]
SOUICEs Of Sys BaBar [PRD 86 (2012) 032012]
uncertainty. Belle [PRL 103 (2009) 171801]
Correct for migration of events
in g2 due to Bremsstrahlung NB Rk = 0.8 is a prediction of one class of
using MC (with PHOTOS). model explaining the B9=K™u*u-

angular observables, see Lu - [ models
W. Altmannshofer et al. [PRD 89 (2014) 095033]
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B+— 7T+M+M—

 Rare b—dFCNC process with a branching fraction:
BBt — ntutp™) = (1.834£0.24+0.05) x 10~ °

[LHCb JHEP 10 (2015) 034]
— 600 — T T T T T 0

T I T T T I T T T I T T T I T T T +

o PF 1 Q) 70 :
> 500F \ LHCb 1 = LHCb E
= - 1 S S ]
o 400 o BT=Kwtw 40 g A TUTR
- v 1 B —=K*uruX « °B {0 B =K uw
~ 300 (| 0 e Combinatorial = - YK U1 Bt—Dutv -
8 - { ] 8 e BO’*‘ Ot 4+ -
= - . = —poun o
:-g 200 - _: :-C“S BSQfOM*‘M' ]
S S mrmrim Combinatorial 3
S S E
5200 | 5400 5600 5800 6000 520 5400 5600 5800 6000
m(Ktuwtw) (MeV/c?) m(wrutw) (MeV/c?)

cross-feed suppressed by RICH PID in LHCb

 Major experimental challenge is control of background from
B+— K+u+u- decays with K= mis-id.
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B*™—=m"u"u~ branching fraction

 Determine branching fraction by normalising to B+*— JAVK*

* LHCb APR13 # HKRI15 @& FNAL/MILCI15
T T T T T T T T I T T T

D
(9,
L

1 ESOIRXARS
J00RXXKS
LXRRRRR
SRRty

Can also use and B*—=K+u+tu-

LHCb

and B*—mtutu- to determine

the CKM elements Vis and Vig
(see €e.Q. [Du et al arXiv:1510.02349])

dB/dg? (107 GeV2c%)
:

WV, x10° 1V, 1 x 10’

[LHCb JHEP 10 (2015) 034]

0.5F e e e |
: e From
0f T o o | ™™ FNAL-MILC
: —o— PD .
7 (GeV¥ch [arXiv:1602.03560]
—E— = B Kmpu~
~ 10 T T T T
L 1 Enhancement for |
& - LHCDb . : unitarity:
A 1 @ < 1GeV2/c*due n . CKMfH ’
S 6 + 1 to light resonances : ’
S T i ! DA LA tree
§4Jr Jr JFJF : (p, W) 7 8 9 35 39 43
S of : . . |
E Oi I]J’Ill m B .l.l.l.l.l.‘l:- These are included Ratio consistent with MFV
02 04 0.6 q?kzg(}ev2/c4)l N HKR 15 hypOtheS|S

SM predictions [Ali et al. arXiv:1312.2523], [Hambrock et al. arXiv:1506.07760] and [Bailey et al. arXiv:1507.01618].
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T. Blake

Flavour observables place strong
constraints on many BSM models.

Large number of analyses based on 3 fb-
of data Collected during Run 1 of the LHC.

Several Interesting tensions seen

, in data on b— s+~ processes.
ﬂ-,.m'.agrﬂ Y W

P Many more results to come

using the Run 1 dataset and

the first data from Run 2
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Signals in LHCDb 1 fb-1 dataset

{

%)

o

o
]

[o—

-

o
|

candidates/10 MeV/c?

o

5300

5500

K'u'u™ mass (MeV/c?)

30 —

candidates/ 10 MeV/c?

5300
Kouw' i~ mass (MeV/c?)

G — R —-—_‘TT —

5500

Can profit from a Irge bb production cross-section at the LHC
O reconstruct large samples of these rare processes.
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suppressed by fa/f4

[from CERN courier, May 2013]

36



~ exploit the B lifetime to select candidates (~1cm decay length)

_Candidate selection
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VMoment analysis

e (Can also determine the angular observables using principal moments of
the angular distribution:

v Robust estimator even for small datasets (allows us to bin more finely in g2).
x  Statistically less precise than the result of the maximum likelihood fit.

[LHCb, JHEP 02 (2016) 104]

as)
[
T C

1-— OS_Jr_ 05_ LHCb _
|! LHCb g + LHCb : +-++ ++ ‘Tﬁ-

I SM from ABSZ | I SM from ABSZ | ~£
R T B S P R Lo

0.5 - 0.5¢
OllllSll.llOllllISlll Olll 5 10 15l 0 5 llO 15
¢* [GeV?/c*] g2 [GeV?/c?] g2 [GeV¥c4]

 SM predictions based on
[Altmannshofer & Straub, arXiv:1411.3161]
[LCSR form-factors from Bharucha, Straub & Zwicky, arXiv:1503.05534]
[Lattice form-factors from Horgan, Liu, Meinel & Wingate arXiv:1501.00367]
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BO— K*0y+ - signal

[LHCb, JHEP 02 (2016) 104]
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Reconstructed candigates

S.eleclt clean sample of [LHCb, JHEP 02 (2016) 104]
signal events using a A S R B HCb -
multivariate classifier. ‘i . L = n 10*

(QD) = " am = ]
2398 + 57 candidates in L 1o3§ w(2S)
0.1 < @2 < 19 GeVaafter
removing the Jiy and y(2S). 1Oz§ Jy

B’ — J/yK*°

il L " F ra S
5.5 5.6 5.7
m(K*mw utw) [GeV/c?]

combinatorial background
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Angular acceptance

Efficiency

T. Blake

[JHEP 02 (2016) 104]

p—
1 1

0.5

T T T > > '
3 3
5 | S|
‘ -
0.5 0.5 —
- LHCb
simulation ¥ - simulation N - simulation
" " 1 " " " " 1 " " " " 1 " " " " O N N N N 1 N N N N 1 N N N N 1 N N N N O _. L 1 L L L 1 L L L 1
-0.5 0 0.5 1 -1 -0.5 0 0.5 1 -2 0 2
cos 6, cos O, ¢

Momentum/impact parameter requirements in the reconstruction/
selection bias the angular distribution.

We determine the acceptance using a large sample of phase-space

events, with a model:
Legendre

polynomial of
e(cos by, cos Ok, b, q°) = Z CijmnLi(cos ;) degree n.

x Lj(cos 05 ) Lin(¢)Ln(q”)

and cross check this using BY = Jay K™ events in data.
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Jos

d) = utu- history

or BF measurement
o

T 1077

@)

> s

o 10 X CLEO /\ Belle

2 * ARGUS [ | BaBar

= VV uaAt BM LHCDb

£ 10 Y3 CDF 446 cms

— VV L3 { ATLAS ) O

0| AA Do @0 cwsshcp | SM:B —ww

— I
19%5' — '1950' — '1955' 2000 '2055' T 2010 2015

[CMS + LHCDb collaborations, Nature, 522 (2015) 68]
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[SM from Detmold et al. Phys. Rev. D87 (2013) 074502]
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Hlavour in the SM

* Particle physics can be described to excellent precision by a very
simple theory:

ESM — LGauge (Aaa wz) =+ LHiggs(§b7 Aay wz)

* Luiggs is responsible for flavour in the SM. Without the Higgs, the
three fermion families would be identical replicas.

* Yukawa matrices are the only source of flavour violation,

b t C

= Quark flavour-violating interactions governed by the CKM.

= No tree level FCNCs in the SM.

T. Blake



Ssmall couplings?

 New flavour violating sources (if there are any) are highly tuned, i.e.
must come with a small coupling constant or must have a very large
mass.

generic tree-level
KNP 4
~ 1 "——"'> ANP Z 2 x 10™ TeV

generlc loop-order
~ (4 B —3 Axp 22X 10° TeV
70

tree-level with "alignment”
~ (Y ViiVey)? e Anp 2 5TV

loop-order with "alignment”
(Y Vi Lti;')Q
~ —p Anp 2 0.5TeV
(47)? A °
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I heoretical Framework

* |n leptonic decays the matrix element for the decay can be
factorised into a leptonic current and B meson decay constant:

(0 e Gol By) = (670
~ (010

7¢10) (0l 74| Bg)
7410) - fB,

* In semileptonic decays, the matrix element can be factorised into
a leptonic current times a form-factor:

(007 Mje o BY = (+4
~ (0Te

Je
Je

0){M|jq| Bg)
0) - F(¢*) + O(Aqep/mE)

however this factorisation is not exact (due to hadronic

contributions).
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Flavour constraints

[Straub, arXiv:1107.0266]

20 (T T T T T T T T T T T T S0 i 6 P N
' MSSM-AKM
1.5 i MSSM-LL '1 20 L |
R +
=1 3
0 10| |
j o |
a o=
et M
aa X
X s> OF .
o ()
o bl
MSSM-SU(5) |
2 I I I I | I I I I I | I I I I
-1.0 -0.5 0.0 0.5 1.0
10° x BR(B; — ptp™) Sy

constraints prior to LHC, constraints at the end of Run 1

« FCNC processes can be highly sensitive to the presence of new
TeV-scale particles.

e.g. Bs = u*ru branching fraction or CP violation in Bs mixing.
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Particle reconstruction

(in the LHCb detector)

muon system

!/ \

HCAL
electron
hadron

| / muon
vertex 11— 1 B
B-field © or ®

Electron reconstruction includes recovery of
Bremsstrahlung photons (for clusters with Er > 75 MeV/c?)
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BY— K*0u+u— angular distribution

[LHCb, JHEP 05 (2014) 082]

T

« Single angle and two parameters = LHCb ]
describe the decay: E
| dar 3 -
— = —(1 — Fy)(1 — cos? T - [
I'dcos by 4( ) cos” 6 - -
1 T _ T
+ §FH + App cos 0, = - T 1 T 1

S 10 1 20

* fy corresponds to the fractional g [GeV¥c]

contribution of scalar/pseudoscalar 2 02— T T
and tensor operators to I A LHCb
0.1 u
 Expect Ars = 0 and 1 = 0 in the SM. - TI .|_ IT T
= - _==E __T 1 - __—=
= Result consistent with SM OI — 1= IM'
expectation. o 1
R T R

q? [GeV?/c4]
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BO— K+ - example fits

[LHCb, JHEP 05 (2014) 082]
— T r r 1 1
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|ISOSpIN asymmetries

* |nthe SM expect the partial widths of B+
and BY decays to be almost identical, 1.e.

y I[B° — KWOty=] —T[BT — KU+t
I p—

[[BY — K®0¢+¢~] + T[Bt — KM +¢+(-]

should be O(1%).

e Sensitive to spectator quark differences
between the decays (exchange and
annihilation processes).

e TJo reduce experimental uncertainties
measure the difference in Al c.f. decays
via a J/Jy meson (where A « 1%).

e Measurements are consistent with zero
ISOSPIN asvmmetryv.

T. Blake
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LHCb [JHEP 06 (2014) 133]
BaBar [PRD 86 (2012) 032012]
Belle [PRL 103 (2009) 171801]
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CPasymmetries . whessmeroeo

<C 8‘31%: LHCb BT — K+M+H_ :%

» Direct CP asymmetries ‘())21— | E

o ['[B— K(t¢~]—T[B — Kt(] OJI 4;_+_+%+$.__-+__- CLT___J_%_

P =B o RO 1 (B — Ki+i-] 01} T 11

02F £

are tiny in SM due to size of Vs Vsl 03f +

04 F B

* Correct the observed asymmetry for 05—ttt s

production/detection asymmetries 7 [GeV?/ ]
using B— JAFK™ events: & 03—

< - | LHCb « _

ACP — Araw — AD — HJAP gL 0.2 BO — K OM—'_:M ~

Dilution factor - .

~ Araw — AJ/QpK(:\l due to B 0.1 —t =

oscillation. - s -+ + -

0;‘%__'__’:__-—_-:______?"_ —_ ]

 Additional cancellation of detection 01fF a8 *f

asymmetries by averaging data 025_ 1T E

taken with positive and negative F

magnet polarities. 03
g* [GeV?/ c4]
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CP asymmetries
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No visible CP asymmetry in the full dataset.
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[LHCb, JHEP 09 (2014) 177]
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