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Introduction

A The Standard Model has 3 generations of pairs
of quarks and leptons, differing only in mass
Their study is the topic d¥lavourPhysics

A Many of open question®f the Standardviodel
lie in the flavoursector:

¢ Whyare there 3generations?Related to
being minimum required for CP violation?

¢ Whatdetermines the extreme hierarchy of
fermion massesndthe CKM quarkmixing
matrix elements?

¢ Howcan theobserved matter/antimatter
asymmetry of the Universe be explained
(Standard Model CP violation insufficient)?

A TheLHCb experimenis dedicated tdlavour
physics at the LHC, has the largest samples of
beauty and charnmadronsever produced
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Rare decays

A The bulk of hadron decays proceed via tree diagrams ¢ .
Rare decay#volveloop diagrams:

A New Physicgi.e. beyond the SM) involves new particles, »

which could also participate in sutdopsvia virtual Gt y ddzA ¥y €
quantum fluctuationdh y 20 AOSF6f S STFTSE Ao
In particular since they are suppressed In the SM v 70
A{ dZOK a2 VR
dlscovery Of new B decay Fermi 1932 Reactor v-CC  Cowan, Reines 1956 \?:9
phySICS Vla pl’eCISIon W B decay Fermi 1932 wW->ev UA1, UA2 1983 .
measureme_ntSha:S C KO2>uu GIM 1970 Wy Richter, Ting 1974 ?
a_long and II|UStrIOUS b CPV K%>nn  CKM, 3™ gen 1964/__% Y Ledermann 1977 N
h|St0ry Z v-NC Gargamelle 1973 Z> ete UA1 1983 ﬁ
N. TuningJCHEP2018 t B mixing ARGUS 1987 t=> Wb DO, CDF 1995
H ete- EW fit, LEP 2000 H=> 4u/yy CMS, ATLAS 2012 ﬁ

A Qurrently no clear signs of new physics from direct searches at the LHC,
but therearea number of hints of notsMbehaviourin b-hadron decays
T the sccalledFlavourAnomalies
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1. The LHCDb experiment

>

(tunnelis ~100m underground)
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Joectrometer

A Forwardpeaked productiorof b-hadrons at the LHC:
HLHCDb is a forwarspectrometer (in collidemode)

A bb crosssection =154.3+1.5+14.3>b atK &13TeV |
b 9 ™ n bidpais produced/second (¢ x B factorie§ 4
and allspecies ob hadron: B, B, BY, B, [ ,°X

Quark content:bu, bd, bs, bc, bud
A Charm production ~2@higher Pru118(2019 052002

A

v P4 % N
- ,// M4 M5 N X

/ / M3 \ \ -~
smi-/ / SPDIPS iyesai)

Vertex
Locator _ |
gy 1

'S
=4
r i
bl o e LA
o il o I

NY

Roger Forty Rare Decays and Flavour Anomalies

JINST 3:S08005 (2008



D ete Cto r CO m p O n e ntS Int. J. Mod. Phys. A 32q15) 1530022

s % Mp~h T2 A 0A-3%
VELO RICH systertRICH1, RICH2) 1 Muon system
Vertex locator Particle identification B > RS Y

Trackingsystem(TT, OT | Calorimeters(ECAL, HCAL
momentumresolution Dipole magnet e/gidentification

np/p =0.5-1.0% (5100 GeV/Q BdL=4 Tm NHE= 1% ™ /& :EKGEeV)
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VELO

A Surrounds the interaction point for
precision vertex detection

A Siliconmicrostripsthat close around the
beam, approaching to 8 mm

A 20>m spatial resolution, corresponds to
45 fs: sufficient to resolvB.-B, oscillations

r-. geometry:

e e

BB, oscillations

3 o Tagged mixed
g - o Tagged unmixed
5 400 Fit mixed
8 [ —— Fit unmixed
©
o :
T
c 200
]
S L
E-3 5
0 1 2 3 4

decay time [ps]
J. Phys. 15 (2013) 053021
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RICH detectors

A Ringimaging Cherenkov detectors for particle |

A Separating charged hadroris, K, p) essential for

flavourphysics, to suppress background

limited in ATLAS/CMS since lack RICH detecto

Magnetic
shielding

Reconstructed ring
image(single photons) |
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Data taking

A LHCDb luminosity levelled at410%2 cmr2st

A Chosen to maximize trigger yield, gives
pile-up ~ 1 and limits radiation damage

A 8.5 fb! of integrated luminosity to date
Results shown mostly from Runl (3'b

40 MHz bunch crossing rate

. .

LO Hardware Trigger : 1 MHz

readout, high Ex/Pr signatures

450 kHz 400 kHz 150 kHz
h* H/HH e/y

. Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online

detector calibration and alignment

of inclusive and exclusive triggers

- - L
12.5 kHz (0.6 GB/s) to storage

[Full offline-like event selection, mixture]

Roger Forty

Trigger yieid [rel. to 10 "]

design today
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E o 2016 (65 TeV): 167 o

E 2015 (6.5 TaV): 0.33 /o l
F e 2012(4.0TeV): 208 4 '
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P hyS | Cfp rOg ramme See talk of Nevillelarmew @iext)

A In addition toRare Decaypresented here, LHCb has broad phypicgyramme

A CPuviolation: differencesin BB - DK) > B(B- DK)
decayrates between particles | | | | | | |
andantiparticles, a key

LHCb
200

Events/{ 10 MeV/c?)

. . . FomTL K B [nrnT] K"
ingredientto make the Universe ¢ «, & _ - .
we see (Baryon Asymmetry) e et
A Spectroscopy: LHCEPAPERO17.018
¢ test-bedfor QCD: e.qg. first observation G ooBTY L
of doubly-charmed(and doublycharged) PR oo
++ + -+~ + 2120F . Signal 3
baryOn RCC - [ c K § 100;_ ---Background
— 5 80F
¢ Most hadronsmesong(qq) or baryonsdqq) 5 oof,
arethere moreexotic structures, ok 1 E

[=]

S Y L Y B
3500 3600 3700

tetraquarks(qqqq) or pentaquarks(qqqqo)? L

A And much more Heavylon, Fixed Target, ElectrowebBK & & A O & X
b [ lig a@enerapurposeexperimentcovering forward regiof2 <' < 5)
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2. Rare Decays

A Rarest fullyhadronic b decay observed so far
B(B" = pp) = (1.25+0.27 £ 0.18) x 10~

— [ [

Lh = Lh

TITTTT [T TTT]
|

=
TTTTTT

However, such decays are difficultpeedict
b AYuSNbauAy3d F2NJ dzy =F ' 1 / ¥
but not for discovering New Physics S0 500 500 3400 5500

m(pp) [MeV/c?]

Candidates / (19 MeV/c?)

(=] L
T T T T

A We want to study decays which are suppressed in the Standard Model,

but can bepreciselycalculated, sensitive to New Physics

A FlavourChanging NeutraCurrents(FCNC) are suitable:
Since quarklavouris only changed via exchangeWst (in the SM, at least)
F2NDARRSY [|thesedebisSnvolvSlabsst

Fullyleptonic Semileptonic Radlatlve
B + '€+
t
s i (-
BR ~ 10 BR ~ 107 BR~ 10>
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Fullyleptonicdecays . .I

A B.- >*> isthe archetypical rare decay:

A Highly suppressed in Standard Mobglloop LW .
CKM coupling .| 2 and helicity ./ mg)? b VZTN

A PreciseéSM prediction:  B(B,- >">)=(3.65:0.23 x10° (~6% error)
B° even moresuppressed:B(B°- >*>)=(1.06£0.09 x10 10 ggpethetal

PRL112 (2014) 101801

A Challenge hugerate of events with 2 muonsB(B- >X) ~ 10%
Use topological and muon ID information in a multivariate analysis (BDT)

Mass resolution interpolated betweedl- and - >*>
&3 P R R B —~ %
E ]:—O— % 55 %
Z <
= 45 =
10! —o— . S =
- ‘g £ B
102 _O_—o— E S w =
" LHCb —— : 2 = =
10-?'?— ] S1gnal _(:)——(})E 20 E
43 O Background ] 18 8
10 . PR =
0 0.2 0.4 0.6 0.8 BDTI Mass (MEV)

w

Roger Forty Rare Decays and Flavour Anomalies 1



+
Bs- >"> search
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CMS& LHCb, Nature 522 (2015) 68
ATLAS, EPJC 76 (2016) 513
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Caoriours for -2 alnil) = 2.3
&2, 115 from madmum of L

R BV P BN L VP

1 2 | 4 5 5] T

B(BY — ' p)[10°7]

A Search for this decay has been an historcaleavourover 30 years
ABOARSYOS S@Syidz ffe@
>*> rate was high, but not seen in ATLAS data

Hint that B -
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B -

S

>t> opservation

PRL 118 (2017) 191801

A Finally observed in a single experiment S T w2
: : 5 ..Fl  LHCb —- Bl :
by LHCb a milestone oflavourphysics : 30% D s e
woaas5sH A e Combinatorial —
A Used Runl + part of Run2 (3+1.4)fb SEr O B o ]
R . . 8 40P e Bl o WKU', 3
7.8 significance : o Biﬂﬁﬁﬂut‘u_ :
B(BY = utp~) = (3.0 £0.6793) x 10° (~20%) & 10 o It :
B(B® = ut ™) < 3.4 x 1071 at 95% CL : | .1.1+. I
. . . 5800 6000
A Even madae firstlifetime measurement (@) mE) My MeV/c?]
et (Bs(t) = p ™) = (2.04 £ 0.44 £ 0.05) ps 00 X10° -
E 8f ol ILPIICb‘ - - li 0.8; LHCb
8 I . 0.7F \s=7,8 TeV: 3 fo! 3
g 6 —— Effective lifetime fit T 0.6E Vs=13 TeV: 1.4 fb! 3
ST ™ 8
=0 o 0'55 E
. aa] 0.45— E
E” i 03F =
5 of 02F N
z ' : 0.1F 3
" ’ Il)(:acay time [ps] 00: - é 1 EX]O_g
NP could affect this due to largem BF(B] — p)
(needsmore data to be sensitive) M AY F3ANBSYSyd oAl
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Implications

A B(B,- > )result consistent with Standard Model expectation
Implications depend on the model of Nd¥uysics (with scalg)

s _
A7 2 1

Bl%xp/BRSM PB,—ptp- = 1E 2(V*V, 12 A2 /
g | tb t8| z . .
Haisch arXiv:1510.03341

b w

N o (0TV>F 2 NJ 16Q 6 A (Hével @bpying Madifcatio .
X th " 1s ~
@ Oneloop modification of Z penguin assuming MF\

~ /0.2
1
Straub, arXiv:1107.0266

A Minimal FlavourViolation:
new physics has similar
flavour structure to SM

X
A Branchingatios could 3
have been strongly f
modified by new physics o]

&

=

A Large regions of parameter
space ruled out, e.g. for SUS'

40 50

0 10 20 30
R(B, = pp) x 10° T

Roger Forty Rare Decays and Flavour AnomaliesB



Otherfully-leptonicmodes

A Helicity suppression faglectron mode B)- e'e is even strongem(,/ my)*
HSM BF isurrently out of reachQ(1013)1 but interesting for newphysics

Fleischeet al. arXiv:1703.10160v2
A By same tokerSM ratefor the _*_ mode is larger du& _ mass
B(Bg —7777) = (7.73£0.49) x 107 Bobeth et al.
0 B _8 PRL 112 (2014) 101801
B(B® — v717) =(2.22+0.19) x 10

A hallengingdue to undetectecheutrinos 3 =
i = LHCb | =
Searched for using decar™ - 7 a7 v, =S -
. = —+- Data %
A B-B° mass difference cannot be resolved for S ¢} ~tou N
- . . = . o
this channel.Limits set(at 95% CL): 551 Signal, 5
‘ 10 ackgroun T\;
B(Bs — 7777) < 6.8 x 1073 ; S
1E 8
B(Bq— 7777) <21 x1073 =, N
=P
A Alsosearchin the strangeand charmsectors 00%2 Oﬁglﬁ,;lsngt;’%;lfglftgml
B(KY — utpu™) < 0.8 (1.0) x 107 at 90% (95%) CL. EPJC 77 (2017) 678
B(D° — ptp~) <6.2(7.6) x 107 at 90% (95%) CL. PLB 725 (2013) 15
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Semileptonicare dec

ADb- sK Hias similar loop diagrams to

B, -

> >but instead of annihilation the

s quark leg is rotated to the final state

A More observablesm(> ¥, angular
Information from decay products

A Contributions from many experiments
ATLAS, CMS, LH&m the B factories
LHCbbestmass resolution athe LHC
highest statistics, lowest background

Add a spectator
d quark:

BO - K*O > >
d
K+
d s
BO
b W
v/Z
ut

Roger Forty

Events / ( 0.003 GeV/c?)

Belle

PRL 118 (2017) 111801

ays

ATLAS

, arXiv:1805.04000

Events /25 MeV

50

(o]

100

{ T
ATLAS (s =8 TeV, 20.3 fb’’
S5 fold, g* =[0.04, 6.0] GeW? _|

+ Data
—— Total Fit Model
----- Signal

--- Background

PLB 781 (2018) 517

5200

i, L
5400 5600
My [MeV]

7
é'//////2//
y/////////

77
L
Z s
A s
L
fo

L
o
Y

o

S
L

.22

M, (GeV/c?)

F 2 <g2<4.3GeV?

5.1

Candidates / ( 10.0 MeV/¢?)
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e Corractly tagged signal
w44 Mistagged signal
- Background

20.5 tb' (8 TeV)
CMS

¢+ Data
Tota! fit

., .55
mKTTu ) (GeV)

————T—
LHCb
+ Data —:
— Fit 3
Bl = K'wrum

B —= K 'uwru- o
Wl A - pK o
I Comb. bkg.

Vs=7.8 TeV: 3 fb! ]
Vs=13 TeV: 1.6 fb!

L9T.0'v08T:AIXIE

|
5300

5400 5500 5600
m(K-mrutu) [MeV/c?]
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b- sK K

A b-hadron mass is reconstructed from final hadron decayg. K#- K™ *)
andtwo energetic leptons

A Backgrounaevents suppressed by requiring displaseditices
A Thedecay width is expressed in termsgdf= invariantmasg of dileptons

A Treelevel decays involvinggk and- 6 Hrésenancesisedascontrol samples
and theg? regionsremovedfrom the analyses of b sK Klecays

dr/dg?

!B ¢ : 5 R0
¢ e K JHEP02(2016)104
Plot from Prog. Part. Nucl. Phys 92 (2017) 50 ! (2016)
T T T T T T T T T T T T T T T T T T ‘1_1_' T |:| || LY T |-.|.| |.-|-| T LI T
Broad ck i o
//1,0\‘ 1,/1(25)\ r(;(c;nm?(:l(;r I(I:S)I:)l\‘rl(fnthv ::-,,
open charm threshold) )
Photon pole o
4« enhancement (from C7) Ay,
Sensitivity to
Cy and Cyg
CKM suppressed
¥ light-quark resonances
Sensitive to Cy7-Cy pllascsp‘afc}
interference Suppression
AREPEET T e WP T R TR N BT Ml
0 5 10 15 20 T
3 % 2 2 - . - . o
Invariant mass2 of di-leptons 9" [GeV?] m(K 1) [GeV/e?]
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A Study same process with different spectator quark(s)“b@%" ros
A In general, data tend to bwerthan SM predictions "

dB/dq? [10°® x c¥/GeV?]

dB(B! —»ouu)/dg? [10°GeV 24

Decay rates

Hadronic uncertainties limit precision of the predictions

. CSR Lattice -e-Data
B'— K'utu
LHCb 4
++
1
0 L L
0 5 10 15 20
¢ [GeV?/c4
; - LHob
7 _l_ B SM pred.
6 BS %’ ¢IL u “* Data
5
; + ==
3 | —'I—
2
1
0 ; 10

15
¢ [GeV*/c4]

JHEP 09 (2015) 179
Roger Forty

dB/dq? [10® x c%/GeV?]

dB(A, — A p ) /dg” [107(GeViehy)

ENI.CSR Lattice —eData

B’— K’utu
LHCb

ol 1 ]

15

0 5 10 20
¢ [GeVct)

|87 7
:j;: SM pred Ag — AO,u-Jr,u :;
Iz;_ Data _;

N B!
08 _l, E
0o6fF 3
o :
02F LHCb 4

0 5 10 15 20

q> [GeV¥ 4
JHEP 06 (2015) 115
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20 | .CSR Lattice —e-Data
% B"> K utu ]
QO 1sf LHCb -
< ]
\J b= -
X 2 ]
< 10F - ]
5t + 3
o 5 ]
o [ d
3 | 4+ +\_ il
o 0- . A T N A
= % s 10 15 20
q* [Geszcﬂ
L 1.5 T T N B
% I 0 %0+, — ]
= CMS 1
~ |
T} LHob o 4
= T8 =
% [ gt Er—
% 'li 1'0 1'5 20
q* [GeV ¥t

LHCb: JHEP 11 (2016) 047, JHEP 04 (2017) 14

CMS: PLB 753 (2016) 424 20
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b- s> >angular analysis

A Study the rate as a function of the
decay angles. \, " . -

A Complicated expression:

1 Ar+r) 9
AT +0)/d a0 321
— I} cos® 0 cos 20, + Sy sin® O sin® 6, cos 2
+ Sy sin 20y sin 26, cos ¢ + S sin 20 sin b, cos ¢ JHEP 02 (2016) 104

[%(1 - ) sin g + Fy, cos® 0 + %(1 -F) sin? B cos

- %AFB sin® B cos by + S7sin 26 sin 8, sin o &
+ Sg sin 20 sin 20, sin ¢ + So sin? 0 sin” 6, sin 2@] SM from DHMY

* LHCb Run 1 analysis —
O Belle arXiv:1604.04042 ]

A F,_= fraction oflongitudinalpolarization o= e _
of the K : T _J | ]
o ~ . 0.5~ + S
Al Yy RSTAY Sbsénalhlds X Y) | T =

with form-factor cancellationse.g TN e s
q* [Ge V¥ 4]

/ 85 < . . . ;
Py = 3.4 significance, bearing in

V. A-F
bt = Fi) mind lookelsewhere effect
DescotesGenonet al, JHEP 05 (201837 (other bins, other observables)
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Theoretical uncertainties

A Discrepancies of rates and angular distributions for
b- sK Klecays comprise the firffavour anomalies ()

A Ongoing debate about the reliability of the theoretica. ““———= ]
LINBRAOUAZYaz LJ2aaAoctsS O2yul YAYI UA

A Modelling has been studied in detail usingaBcays, fitting the fulé? range
allowing contribution from shortand longdistance effects to be constrained

A Including latest resultand alternativecalculations, anomaly is less striking

300 —r T rr 1 1| rr 1T
- w0 C T T T 'I T T T I T T T T T T T 'I T T T [ T ]
V5o LHCb Br- K-> > || o 2 ATLAS Vs =8 TeV, 20.3 fb'
a> -1 I C -4 ATLAS CFFMPSV fit ]
i —— (710 decays) | m 1.5 ~4LHCb  theory DHMV | g
% 200 total i o) . - CMS theory JC 1 X
E =s==ass short-distance {:" 1f + Belle 7] E
—TCSONANCES \' L : ..
g R interference — e — A '5
— N 0.5 m ()
~ background o [ 1 0
% 100 = - 1 5=
< = c 1 &
E 50 (22 - 1 o
= i H 0.5 o il El
B = - .
< H -1 —t -
_50 IR T T [ T R TR T PR TR T TR R Y S NN SR SRR NS S S N SR R S R S S S '
1000 2000 3000 4000 0 2 4 6 8 10 .
migs [MeV/e?] o [GeV7]
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B,- K*¥>*>

A B, counterpart ofthe B - K* > >decay

2) 5

mh i de

H"\“-z-’}},'77—< nt
o
A Heavilysuppressed - dK Kransition

SM predictiorfor BRO(1038) dueto
| Val/l Vil

A Normalize to decays witm(> ¥ atJ/-
then search in regions gf away from
Wk andother resonances

A Frst evidence seen: 382 signal events
(3.4 significance) BR consistenith SM

A Sets grounavork for detailedanalysis
of this channel in the LHCb upgrade

Candidates / { 2.5 MeV/c?)

Candidates / ( 10.0 MeV/c?)

500

300

=

25

arXiv:1804.0716Runl+2, 4.6 fb

LHCb

v Data

— Fn
.E':' — B
B — gk
B =Ky
[ ERETWATEY
BE - ek
Il Comb. bks,

5200 5300 200 3500 5600
miSwRK ) [MeVic]

30

L S ) LA e T

LHCb

 Data

D 5200 5300 5400 5500 5600
m(K mtutu-) [MeV/e?]
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Rare charm decays

A Uniquelaboratory to probe FCNCs in the
up-type quark sector

A Rare charm decaysensitiveto new physics  ( » ¢ x N6 | VEXSWAT G | y
contributions, but need to separathort

andlong-distancecontributions PRL119 {2017)181805

15

i Low-m(u* 1) In LHCb |

ADP- hth>*> rarestcharmdecaysverseen: | _
BD’ - rr ™) = (9.64 £ 048 £0.51 £0.97) x 107,
B(D" — KK~ pm) = (154 £027£0.09 £0.16) x 107, 2
o]
A Now studying asymmetries, none significal 2
seenso far: = o 8,
arXiv:1806.10793 ® mat LHCb - L
Run1+25 fiyt , <
-E High-m(gt " p7)
e E & 10 T — Fit
5 VD —»nmuu
Ir pi -D°—m‘:r;r+;r ]
_04, D ey oo 19 m}!} ------ Comb. backg.
06 500 000 1500 05850 1900 1850 1900

m(u*u-) [MeV/e?] m(DU) [MeV/c?]
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Rare hyperon decays

A LHCb can also contribute in tefangequark sector

such as hyperons (baryons carryinguark)
A Interest sinceHyperCRE871) saw 3 events in the

17-

p> >xhannel that clustered im. .

A LHCDb sees evidence for the decay with'4.1
significance, but no evidence for clusteringnn

B(X* = putp~) = (22513) x 1077
B(XT = pX(—= pTp)) <14 x107°

|
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Radiative decays

A Radiative decayd¢ sg) measured by Bactory
experimentsBaBarand Belle, in agreement with
StandardVodel expectation

A LHCHhas made first measurement photon
polarizationin radiativeB, decays
(dominantlyleft-handed in SM)

A Timedependent analysis of ratio & - . g
and B- K*gto measure parametef" (related
to ratio of right and lefthanded polarizations)

A2 = sin (2¢), where tanv) =

A(BY— o)|/|A(B? = ¢)|

Agu= 0.047 0%

5 o ]
% 0_255_ LHCb _
g0 ., 1 Result:
g OTEL T : A _ +0.46 +0.23
= sk B— AL = (.98 F0-46+023
e - i
g ufE .o 4 Consistent with SM
=] o s Py —Fit E . . S
R, -sm 3 value within 2
% — 10 Phys. Rev. Lett. 118, 021801 (2017)
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CLEOQ Phys.Rev.Lett.B7,251807(2001)
BR(B—Xsy) = (3.28% 0.63) 10+ (9.1 fb')

Belle Semi Phys.Lett.B511:151(2001)
BR(B—Xsy) = (3.29% 0.53) 10 (5.8 fb1)
BaBar Semi Phys.Rev.D72:052004(2005)
BR(B—Xsy) = (3.28v52 ) 10+(81.5 fb)

BaBar Incl Phys.Rev.Lett.97:171803(2006) —_——
BR(B—Xsy) = (3.92¢ 0.56) 10~ (81.5 fb)

BaBar Full Phys.Rev.077:051103(2008)

BR(B—Xsy) =(3.91% 1.11) 10~(210 fb")

BELLE Incl (A. Limosani, Moriond EW08)
BR(B—Xsy) = (3.374 0.41) 10~ (605 fb)

HFAG Average 08 (preliminary) ——
BR(B—Xsy) = (3.52% 0.25) 10 >

SM predictions:
Misiak st al.  (hep-ph/0B09252)
Becher et. al. (hep-ph/0610067)

Andersen et al. (hep-ph/0609250) 2.5 3 35 4 L 45

BR(B—X_7) (10+)
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3. FlavourAnomalies

Charged_FV
A Other anomalies seenoncernhints for £ 0 v -
LeptonFlavournon-Universality 103 -% -
. i 10 F 'V Tog,
A Distinction between LeptoRlavour 1076 Mol et
. . . - 109 vve "
Violation CFVY and UmversahtyL(FL) onE T e
¢ Inthe SMCharged LFV ferbidden onf " =N g B
(andhas not yet been seen) wbiion Belles 2.4x 107 &l
y 1017 LHCb < 4.6 108 Mzl meT 1
eg..- 3> o0rB- e> O
Year
¢ On other hand, LFU assumedn SM: JHER3 (2018) 078, arXiv:1710.04111
Gaugecouplings areequalfor the 3 Ot S A
generations, which are distinguished 212 wsrsio O il
only by theirdifferent mass S 108 fi i ----- Kooy
PDG g 85 ----- B - e*uF =
€.9. " Z DECAY MODES |  Fraction (Ii/I) § 6H ~I» Esew ]
. . (3.3632+0.0042 )% 24 N E
W (3.3662+0.0066)% “ 3_[ o o ?,,,__‘L ,_E
e . (3.369620.0083 )% 000 5200 5400 5600 S800
A Testing LFU probes the validity of SM B(B! —> ') <6.0x107(90% CL)

B(B" —e"'u)<1.0x107(90% CL)
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Testing LFU In rare decays

A Compare rates of b s> >and b- see processe®.g
B(BT — Ktutu™)
B(Bt — Ktete™)
A First example of a family of rati®% between hadronic b decays-b hKX

to final states which differ just by leptdtavour
Ratios labelled using the hadrénn the final stateas a subscript

Ri = =1.000 +O(m,/m,2) (SM)

A Preciseheory prediction due taancellationof hadronic uncertainties

A On other hand, experimental effects are tric Magnet ECAL
particle ID performance far from universal,
triggering and reconstruction of muons is
much easier than electrons (oyin LHCDb

A Massresolution affected bylectron ®
bremsstrahlung hneedto recover
energy using clusters in the calorimeter

A Trigger thresholds higher for e thanh
also use signal triggered by rest of event O
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R..

A lllustrate analysifor neutral modeB°- K*K K JHEPO&017 055

. , x10°
A ExperimentallyuseB®- K Wk - p) 0E hen
and B- K Wk - e'é) to performa 50 — BK™Jly
; . 10 P Combinatorial
double ratioto help cancel systematics B K Py
30 -E?—)K 'HW

B(BO—> K*OM+M_) /
B(B'— K*Jh) (= ptp™))

Pulls Candidates per 10 MeV/¢2

dat

RK*O - 3 """""""""""""""""""""""""""""

0 o.+.— g2 Ve Ty T T e T

B(B"— K*e"e™ ) ~ 55300 3300 5600 5500

B(BO—> K*OJ/w (_> 6+6_)) m(K*zu*u) [MeV/c?|

A e.g. lower efficiency for electron mode ™ % su, LHCb
. : s e B Ky S

would cancel in the double ratio 5 6000 B Combinatorial 3

. E-S()(]U -XE_)K:J?J/W —;

A Computedin two bins ofo?: g Bkl

[0.045 1.1]Ge\tavoiding photon pole 2™

1000

[1.1, 6.0] Ge\tavoiding radiative tall

0 ]

Pulls Cand

A Manychecks made, e.g. e

m(K*me*e) [MeV/c?]

BB- K+ J. ,)/BB- KJ. )=1040.05
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