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Lepton universality

oln SM, charged lepton flavors adentical copief one another
Electroweak couplings are trivially equal for all three flavors by construction,
Higgs Yukawa couplings differentiate them

Amplitudes for processes involviifly it must all be identical up to effects
depending on lepton mass (these effects can be large!)
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0->0Observation of violations of lepton universality would be a clear sign for
physics beyond the standard model
Searches have been underway for violations in a number of different systen
the years
@O Jbfw © /It O /b’ [ © Jbh) O “ Jbhletc...
These provide very strong limits aonuniversalityin the SM electroweak
Interactions



Nonuniversality in NP

oUniversality of the EW interactions does not necessarily imply universalit
of physics beyond the SM

oln particular, new physics preferentially coupling to fiégeneration is
usually less weltonstrained, and can modify SM charged and neutral
currents

Examplesd KO , new vectors coupled to SM Higgs doubleptoquarks

oMany models are strongly constrained by highsearches, but can be
tuned to evade these bounds while preserving their effect on heavy flavor
searches

oLFU measurements in heavy flavor decay provide additional constraining
power beyond light flavor and tau decay measurements




SM flavor structure and fhysicsbasics

oStandard model flavor structure is described by the
CabibbeKobayashMaskawamixing matrix

2 .
0Vexmhierarchical & nearly diagonal -2 A AN (p—in)
2
0 Quark flavor transitions mixing different generations = —% AN
suppressed AN(1-p—in) —AN 1

0 3rd generation especiallgisolatect

0This leads to suppression of all tresel b quark decay
amplitudes

0 |Vy|~0.04

0 Makes B physics quite sensitive to NP generically
misaligned with CKM

u
0Also leads to long quark lifetime:

cl} ~ 40Cem! (= about2x charm lifetime)
d

o Very Important for hadron collider b
tagging/reconstruction

0 Allows access to timdependent phenomena



The players




Cast (1/3)BABARPERI|

SVT Measures origin of charged particle trajectories
DCH Measures momentum of charged particles
DIRC Identifies particles by their Cherenkov radiation
EMC Measures energy of electrons and photons

IFR Identifies muons and neutral hadrons

Instrumented Flux Return (IFR)
(resistive plate chambers)

Superconducting Solenoid
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et injeclor

layermulticell drift
chamber (DCH) in5
Tesla axial B field

oDedicatedCherenkov
PID system with quartz
(n~1.474) radiator

PID at low p frondEdx in
both DCH and SVT

0Cs(T]) crystal
calorimeter

oMagnet flux return
Instrumented with RPCs
and/or LSTs Sdepending
on run period

o| (t°Y dataset;
T X TIP TIOO pairs

- B o ki . for (4S)running ——



>
Cast (2/3): Belle/KEKB Sy

3 =

BELLE

03/4-layer double />
sided S_|||C0n Tracker BEEEE & Aerogel Cherenkov cnt.
plus drift chamber =< A n=1.015~1.030
_ _ SCsolenoidgh® «
oParticle ID via 1.5T =
measurementsf Csl(TI)16Xo
time of flight and TOF counter

Cherenkov counter 8GeV e- ,
oExcellent F0 ¥ Tracking + dE/dx
detection -\ "small cell + He/CaHs
ﬁ%d ‘_
0Cs(TI) crystal
calorimeter w/k. detection

Positrons

Si vtx.det. 14/15 lyr. RPC+Fe

3 lyr.DSSD

measures photon
energies and assisl
in PID

o| (t°Y dataset: —
X XU p TIOO pairs




Cast (3/3LHCH.HC

Single-arm spectrometeri 2 Od O5
ECAL HCAL
SPD/PS M3
RICH2
T3

00 production
dominately

at lower p:
parton CM frame
highly boosted

M4 M5

LHCb MC
s =8 TeV

At 7 TeV.
Ginel ~70 mb
U ~ 6 Mb
Clb@ ~ 280 ¢b

o0Single arm spectrometer optimized for beauty and charm physics at'large
Trigger~90% efficient fodimuonchannels~30% for athadronic

Tracking@i,/p ~ 0.4% 0.6%(p from 5GeVto 100GeV, (i, < 20em
Vertexing Oy~ 45fs for B.gy Wk
PID97%e IDfor 1-3%" i (e misID

Dipole magnet polarity periodically flipped to change the sign of many reconstruction asymmetries
olnstrumentsM 3% of the solid angle to cover 27% of thqumrk crosssection

oRunl dataset: 3fb, Run2latatakinghas already begun with 50ns ramp



b hadron production

Figure from TLN O tafk at ICHEP 2014
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oB-factories:exploit clean BBroduction from Y&S)
Event shape discriminatésd vsQ ‘Q © Anhnn  ohoh hw
B mesons fly together, easy to credsed tracks between the two B mesons

oLHCbexploit clean B hadrodecays

At LHC energies, b hadrons fly macroscopic distances before decaying: use displ:
vertex, large impact parameter of charged trachs,

Production iSQ'@ cn 0 0 Oi'G 0 Qi "QIOWYE, very messy



Selected Results




Tau

oB-factory measurements iR ‘Q © 1 t arxiv1112.3815
have been used to set tight limits on _

KEDR

nonuniversalityin the electroweak : L amaraos
Interaction P — T BELE207
5 el KEDR 2007

ot decays to different charged leptons are : OPAL 2000
calculable in the SM and naturally have ; —"
negligible hadronic uncertainty. Thus: | T amuts 100
T (g_f)z _ B @~ ey )(mﬂ)jf(@mi)rﬁw U I S
Fu—e 8u Tz N\ me ) f(m2/mE)rEy,
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oWaveragevalues with uncertainty of T e e
" (p® p 1) have been obtained using |
information from Bfactory measurements —ol o
(esp. mass, lifetime) A N

P0S:KAOB54 2008 + HFAG 20 HEAG 2014



EW penguin
decays

ol =
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GELLE

PRI113(2014) 151601 PR86(2012 032012 PR1103(2009 171801




Electroweak Penguins

oPenguin transitions stringently test the
structure of the electroweak interaction

Loop structure withelmost SN

all majorSM players at onces il ho AP . LA S
New particles connected to EWSB can 720

appear and introduce - or angulardependent "
interference ¥

oExcellent targets for bothHCland Bfactories
Dileptonin final state allows for clean event selection

Rich phenomenology with scalar and vector hadronic final statési@ )

SM calculations become unreliable néat/bjb & (Gff Yhd [ (¢ )Y
(tree-levelw© cof amplitudesoadd I OdzdzY LI2 € | NAT F GA2y T f

oLepton universality test: standard lore is that
Y(O) Kk (° ) p " p 1 ifonlyr hidparticipate
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More on decay structure

0R(K) measurements can be
performed anywhere im

B factory measurements in (,) »(28)
high and low regions &

oLHCDb onIy measures below to(
n ¢ A6

[ resonances may dilute out
NP contributions

highny is very poorly
modeled by naive 4[m(p))?
factorization

) i}

Long distance
contributions from CC
above open charm
threshold

C;/)ngl)
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Analysis
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oAnalysis is (relatively) straightforward at all facilities
Fully reconstructed final state

LHCDbfit directly in reconstructed mass

B-factories: cutorlO 'O K J(—) )
Belle additionally fits ir—=angle between B and beam in CM frame

Cfitina  p

Fit

| Signal
«{ | Combinatorial
| Hadronic

Crossfeed

oNonB background suppressed by multivariate classifiers in all experiments



Results

0Good compatibility between various experimentsS _g-1HCb -m-BaBar -aBelle

(by eye) )
. N L I DL U B
Belle: o - .
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0f .
oMore data clearly needed here to clarify the i i
situation and set harder limits in this system o 1 . | . ]
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oRelated results: q* [GeV7/c?]
Belle:
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BaBar: 5
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analysis ongoing PRL113 (2014 151601 PRD86 (2012 032012 PRL103 (2009 171801

16



iy Entertaining hypotheticalg
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0Other similarlysized deviationsacross® i * "o o
measurements: o) %00

Franching fractions consistently below expectations at
OW I

Angular variabl® ain poor agreement

LHCbPAPER015023

oCombined fittow©® i * gives P=~0.02 for standard

model :
Preferred NP operators contribute left handeod© i "o Mo
FCNC [PRD 90 (2014) 054014] 0 U

oBut highscale dynamics that generates these must be
YY) Y Mp) invariant!
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