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Introduction: why LFU?

Recent data show intriguing hints of Lepton Flavour Universality violation.
- b = s neutral currents in e vs. M (Rk, Rk, Ps’ etc)

- b = c charged currents in T vs. e, 4 (Rp, Rp+)

|. LFU is not a fundamental symmetry of the SM Lagrangian.

2. LFU tests do exist, but mostly constrain the gauge sector [Ler phys. Rept. 427 (2006) 257]
or Ist and 2nd generation quarks and leptons [rieNu collab, PRL 115,071801 (2015)]

Could there be New Physics where LFU is violated more in
processes involving 3rd generation quarks and leptons!?



The LHCb experiment

V?rtex Particle ID Calorimet
Finder |

epu)(K ~ 95%

Muon

o(IP) =~ 20um

epip (1)
MisID(m — p) =~

detection

~ 97%

1 - 3%

M3

dp/p = 0.4 — 0.6%
Etrack -~ 96%

oooooooooooooooooo

Covers 4% of solid angle,

but accepts 40% of heavy
quark production cross

section.

LHCb MC
1s=7TeV




A typical LHCDb event

nPVs ~ 2 %%' i
“nTracks ~ 200 b A

Prompt LHCb
background

/

B decays with
lifetime of ~1.5 ps
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LHCDb data sample

Integrated Recorded Luminosity (1/fb)

LHCDh Cumulative Inmegrated Recorded Luminosity in pp, 2010-2016

Run | (3 fb!)
— >
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Run 2 (~2 fb)

s 2016 (6.5 TeV): 1.67 fib
2015 (6.5 TeV): 0.32 /b
e 2012 (4.0 TeV): 2.08 /b
2011 (3.5 TeV): 1.11 /fb
2010 (3.5 TeV): 0.04 /b
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2010 2011 2012 2015

Year

» (L2011 ~ 2.7 x 1032 cm—2%s~1
» (L)2012 ~ 4.0 x 1032 cm™%s~ !

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz

readout, high Er/Pr signatures

450 kHz 400 kHz 150 kHz
h* H/pp

. Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online
detector calibration and alignment

.

Full offline-like event selection, mixture
of inclusive and exclusive triggers

12.5 kHz Rate to storage



SM

b @ s neutral currents




Theoretical framework

Use effective Hamiltonian to describe b — s transitions. b s
4G g . / / ‘
Hepp = VoV > [ Ci(p)Os(n) + Ci(m)Oi(p) | Y
* left-handed part right-handed part =/ photon penguin
b 14
/
0 in the SM
S 14
=9, 10, P, S
Ci Wilson coefficients: short-distance physics (perturbative)
couplings, M = energy scale. |
§=1, Tree .
Oi operators: long-distance (non perturbative) matrix elements, 1=3-6,8 Gluon penguin
. 1="7 Photon penguin
e.g. from lattice QCD. 1=9,10  Electroweak penguin
1=S Higgs (scalar) penguin
New physics can modify Cj Wilson coefficients and/or add new i=P Pseudoscalar penguin

operators. a



Theoretical framework

Use effective Hamiltonian to describe b — s transitions.
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Compare muons to electrons

BY —» K*0, T~ Signal Signal BO _
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Electrons emit large amount of Bremsstrahlung as they traverse LHCDb; leads to

degraded momentum and invariant mass resolutions; migration between g regions.
[arXiv:1705.05802]



Electron reconstruction @ LHCb

Bremsstrahlung photons emitted
downstream of magnet will deposit
energy in same ECAL cells as electron

Bremsstrahlung photons emitted
upstream of magnet can be recovered
during reconstruction.

4-momentum from photons deposited in
ECAL is added to a matching electron
track.

‘ Velo |

Take photons within
this region as Brems




LHCDb hardware trigger

so00 i Rapidsim -
Hardware trigger: 4000
[0 Muon  pr> 1.5 - 1.8 GeV B? = K™t
L0 Electron Et > 2.5 - 3.0 GeV .
LO Hadron Et > 3.5 GeV N: L

0 5 10 15
maximum lepton P, |GeV]

Single category for muons

Three exclusive categories for electrons
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Pulls Candidates per 10 MeV/c
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Pulls Candidates per 34 MeV/c
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Cross-checks (1/2)

B(B°—= K*Jf) (= ptu))

= 1.04330.006 =0.045

= B(B°— K*Jh)(— ete™))
Measured to be ~independent of decay kinematics and event multiplicity.

B (B0 — K *O,u+ ,u_) consistent with [LHCb arxiv:1606.04731]

) _ Ty(25) _ B(B”— K*y) Compatible with
. w(zs) B 7"7 B 0 (0 — .
: B(B°— K¥Jh)(— ete™)) expectations

If corrections to simulation are not accounted for, the ratio of the efficiencies (and
thus Rkx) changes by less than 5%



Cross-checks (2/2)
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Compare background-
subtracted data distributions
with simulation.

Good agreement between
electrons/muons and data/
simulation.

Distributions normalised to
same area.



Systematic uncertainties on Rgx

ARjc0/Ryceo %]
low- ¢° central- ¢~

Trigger category LOE LOH LOI | LOE LOH LOI

Corrections to simulation | 2.5 4.8 3.9 | 2.2 4.2 34

Trigger 0.1 1.2 0.1 | 0.2 0.8 0.2

PID 0.2 04 0.3 | 0.2 1.0 0.5
Kinematic selection 230" "3 1" "8 1 18 BT
Residual background -

Mass fits 1.4 2.1 25| 2.0 0.9 1.0

Bin migration 1.0 1.0 1.0 | 1.6 1.6 1.6

Ty, Tratlo 1.6 1.4 1.7 | 0.7 2.1 0.7

Total 4.0 6.1 55| 64 7.5 0.7

Double ratio means that many systematics cancel.

Description of Brem
tail in mass fits

Residual background
contamination due to

B— K™ )/ (ee) events with
a Ke—>e or TT<—e swap

Statistical dominated (~15%) due to small yields in electron mode.



Rk likelihood scans

Good agreement between trigger categories

—(InL-InL, )

o = 2w ks L N N CC

- IlIIIIIIIlllllllllllllllllllllllllIlllI

't LHCb
i ---- LOE
f ---LoH
L — LOI
: f— Combined i,
. poe Comb. (stat) 77

-
-

|

--770.045<g°<1.1 [GeV?/c]

\

IIIIIIIIII‘IIIIIIIIIIIlllllllllllhll

—(InL-InL, )

\
IIIIIIIII'lllllllllllllllllll'llllIllll

v B S TS S & e U e e

1

”ll\ T r‘: | T T T T
{ |: LHCb
v ---- LOE

1.5 2
R -

KO

low- ¢q

-

2

RK*O

I
‘ i — Combined
{ e Comb. (stat)

- - LOH

1.1<4’<6.0 [GeV?/cH]

Illlllllllllllllllll|llll|ll;l|llll

05 1 1.5

central- g°

0.66 = 5-ix +0.03

0.69 T 04X +£0.05

95.4% CL
99.7% CL

0.52,0.80
0.45,1.04

0.53,0.94

0.46,1.10

R

3 po LLLis

K



Comparison to theory and B-factories
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Another hint of LFUV: Rk
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b—sp"U” branching fractions

dB/dg? [10° x c*/GeV?)

dB(B!—¢uu)/dg? [10°GeV2c¢4]
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Many BR’s of similar decay
modes are lower than
predictions.

QCD effect, NP or some
systematic!

Dominant systematic
comes from BR of
normalisation mode
(typically measured by B
factories)
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N
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11
E Ij (qz)fJ (ﬁ), Ij —> T_y for BO
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_ dI’ dr _ dI’
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In the end we measure each S; and A, in each bin of q2.

2398 + 57 events, excluding the charmonia.

Q= (cos @, cos b, @) (L))

Dimuon7ﬁnal state is experimentally clean, but
BR ~10

P->VV’ decay, fully described by q” and 3 helicity
angles.

Rich system of observables (rates, asymmetries)

that are sensitive to NP [JHEP 02 (2016) 104]



Experimental challenges

Isolate signal events from two backgrounds:

Combinatorial - use machine learning (BDTs etc) built from kinematic and topological
information.

Peaking - use particle ID information from the LHCb RICH to suppress contributions from
decays that look like signal when one or more particles mis-ID.
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[JHEP 06 (2015) 131] m,, g (MeV/e?) [EPJC (2017) 77: 161] My




Experimental challenges

Angular and q*-dependent efficiencies

Use simulation, corrected to look more like data in terms of detector
occupancy, particle identification performance and production kinematics.
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Candidates / 11 MeV/c?

Candidates / 0.1

BY— KK Tr)u*p-

—

600

400

200

" LHCb
B’ - K utu

| 2 | | I ] | ] I | | ] | | | ]

5400

5600
m(K 'z utu™) [MeV/c?]

80

I I I I I I
LHCb
1.1 < g2 < 6.0 GeV?/c*

——

- '
i
[« , /)
v 7
VA )
.'/ ~ o ."'- 4
o
)
e e
- S
< ,'.-' >
ST I
LYY I’"I"l | - |

Candidates / 10 MeV/c¢?

Candidates / 0.1

150

100

N
-

--:-ill‘l::!!!!i

I I | 1 l I
LHCb
1.1 < g2 < 6.0 GeV?/c*

\j )
.Q@ ;9“‘b' |
_+_
| | | I | | | 1 I | | | | | | |

.............................

m(K*7) [GeV/c?]

100

50

~ LHCb

1.1 < g2 < 6.0 GeV?/c*

Candidates / 0.1 7 rad

.“Vgl{ [ ] ' Ilig;%;i:ll L
gﬁ;ﬁﬁ -
7 -
%iﬁ% -

Si and A extracted using
a maximum likelihood fit
of the 3D angular

distributions in bins of g*

LHCb

80 1.1 < g2 <6.0GeV?/ct

60

|- I 1 1 I 11

40

20

[JHEP 02 (2016) 104]



BY— KK Tr)u*p-

Measure the S; observables, but build

“theoretically clean” observables that divide-
out the leading order form-factor uncertainties.

[Descotes-Genon et al., JHEP 05 (2013) 137]
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New kids on the block

o« LHCbdata o ATLAS data

= Belledata © CMS data
.| SM from DHMV
SM from ASZB

'_'———1

[LHCb-PAPER-2015-051, ATLAS-CONF-2017-023, CMS-PAS-BPH-15-008, Belle (PRL 118 (2017) no.11, 111801)]



New results from Belle on LFU

B—K*u*u- and B—K'e*e

[Belle, PRL 118 (2017) 111801]
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Qi != 0 would be indication of new physics.

Will likely hear more about these observables in the future (see later).



Observation of B’ ,— -

= CKM, loop and helicity suppressed ((m,/mpg)?). B(Bq — £7¢7 )sm =
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BF(B — pu) [CMS+LHCb Nature 522, 68-72 (2015)]



Anomalies in b—s transitions

Observable Experiment  Standard Model Pull (o)
GO ~0.30+0.16  —0.82 +0.08 2.9
(Ps) 16,8 —0.51 £0.12 —0.94 + 0.08 2.9
R, 0.74570.97 1.00 + 0.01 +2.6
RI0,0451-11 0.6679113 0.92 + 0.02 423
Ry 0.68519122 1.00 £+ 0.01 +2.6

o e 0774014 1.55+0.33 422

o e 0.96+0.15 1.88+039  +2.2

[J.Virto, Instant workshop @ CERN]

Most prominent out of
~ |70 observables

Are these just statistical fluctuations? If not, do they make sense and what can we learn!



A smorgasbord of global fits

[Capdewlla et al., arXiv:|704. 05340]

P P S S S G SR W W W e . ... .-y

v v ' \J L L L4 ' L4 L4 - .

—_

: 2D H Best fit |Pullgy |p-val

NP in CNPg,, only OR . Wosu |pvalue

CNP — _CNP OR (C9M )CIO/.L) (-1.17,0.15) 5.5 74
9u — 10 (CNF,ch) || (-1.05,0.02) | 5.5 73

CNP9|1 — —CNP’9p (Coy ,Cory) || (-1.09,0.45) | 5.6 75
(Coy ,Ci04)||(-1.10,-0.19)| 5.6 76
@ (Coy ,Coe ) || (-0.97,0.50) | 5.4 72




A smorgasbord of global fits

— 4——
L ;‘f}';f;:;:*:ﬁt 3f Ry Different fitting groups exist,
| using different assumptions (e.g.,
form-factor parameterisations)
Pattern is the same: better
fits obtained with new
L2 contributions to Cy and/or Cy,
mainly for muons.
() - PMD [Altmannshofer et al., arXiv:1704.05435]
=212 [Ciuchini et al., arXiv: | 704.05447]
[Geng et al., arXiv:1704.05446]
G = 015 g [...]




New physics interpretations

Instant workshop on B meson anomalies
https://indico.cern.ch/event/633880/

Z’ and lepto-quarks lead the way

[Buttazzo et al., J[HEP 1608 (2016) 035], [Bauer et al., PRL |16 (2016) 141802],

[Crivellin et al., PRL |14 (2015) 151801], [Altmannshofer et al., PRD 89 (2014) 095033]

[Diptomoy et al., PRD 89 (2014) 071501], [Descotes-Genon et al., PRD 88 (2013) 074002]...

95% C1. limits on MFV 7' frompp -» put i~

13 TeV, 36.1 fb~!

[Greljo and Marzocca arXiv:1704.09015].

lllllllllllllll
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Limits from direct searches
providing complementary
information to b meson decays.

But may be able to escape bounds
with more elaborate models or fine
tuning [Crivellin et al., arXiv:1703.09226]



Oris it QCD?

Potential problem with our understanding of contributions from B = [cC](—2 MU H) K

[Lyon and Zwicky, arXiv:1406.0566],[Altmannshofer and Straub arXiv:1503.06199], [Ciuchini et al,, arXiv:1512.07157], bUt:

|. LHCb measurements of these effects in B"—= K*U"" indicate this is not the explanation
[EPJC (2017) 77:161]

2. Global fits in bins of g% indicate no dependence

| 1 1 L L] | 1 I L] Ll ] 1 L L] 1 l

1.0 | - -
U, d 0.5 1 N [Descotes-Genon et al., JHEP 06 (2016) 092]  :

0.0 [
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Global Fit
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CL, = CL/CL,

LHCb

[PRL 11 (2013) 141801]

B(B® — ep) < 2.8 x 10° @ 90%

Can translate into limits on lepto-quark masses

Lepton-flavour violation

Future: study decays with tau-leptons
in the final state since less constrained
b)’ existing data eaear PR 86,012004 20127 aNd often
enhanced in NP models.

e.g.,B* =@ K*UT predicted to be 10

(Glashow et al,, Phys. Rev. Lett. | 14 (2015) 091801]
Crivellin et al., Phys. Rev. D 92 (2015) 05401 3]
‘Guadagnoli and Lane PLB 751 (2015) 54]




b = c charged currents




R(D*)

B(B° — D*tru;)
B(BY — D**uv,,)

R(D*) =

Experimental challenges at LHCb:

Missing neutrino, so no narrow peak to fit

Signal and normalisation mode have identical

final state B(r — pv,vr) = (17.41 £+ 0.04) %

Background from partially reconstructed decays
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R(D*), R(D)

+ 4000 T T Jac L 2 A hn a2 T S 4000F T T S 2 A a0 s e T
- 3 . \Y% {1 = . 3 . Vv -
s : 5 < q® < 12.60 GeV2/c LHCb - 2 : 935 <q* < 12.60 GeV/c LHCb - PRL 115 (2015) 111803]
g 3000 Highest g2 bin 3 £ 3905 E
N C g q - Z C 7 —— Data
S 2000 - — 5 2000F = B B — D*tv
P - 1 = . . B B — D*H (- MX)X
et - - o - - * %
< 1000 e S 1000 = B B - D"l
o - O _ BB - Duy
5 - Combinatorial
< = 1. = I Misidentified u
= - ..
Y e T T S e S T VR T R T T T W
-2 0 2 + 67 8§ , 0 500 1000 1500 200)9 2500
m-. (GeV7/c") E,* (MeV)
o 0SS 7 1 ]
A NP .
x 0,45:— LHCI;,PRL11,5,111803(2015) == SM Predictions —: R(D ) — 0,336 1 0.027 1 0,030
[~ Belle, PRD94.072007(2016) R(D)=0.300(8) HPOCD (2015) -
|~ Belle, arXiv:1612.00529 R(D)=0.299(11) FNAL/MILC (2015)
0.4 — [0 Average R(D*)=0252(3) S. Fajfer et al. (2012) —
A —— - Systematically limited (size of simulation samples for templates)
035 7 —
- HFAG global average ~40 from precise SM
03 — . .
C e, N 7 prediction
025 =T I Many other “R” measurements ongoing (D*, D%, D*, Ds, A, J/Y).
— | Moriond EW 2017 |
- P() = 67.4% ]
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Looking to the future




Rk

Ry = 0.7457 0074 £ 0.036

Use available Run 2 data (~2.0 fb™') to update result.

Improvements in offline processing and increased
cross-section at |3 TeV.

~250 = ~800 B"— K'e"e” candidates.
Rk uncertainty decreases by factor ~1.8.
Systematics should be data-driven.

Add high-q? region, but difficult due to part-reco
backgrounds from higher K* resonances and Y (2S)
leakage.

-o-LHChb

- BaBar —a—Belle

T | T T T T | |

LHCb -

SM

LHCb, PRL 113 (2014) 151601]

1 I 1 1 1

‘BaBar, PRD 86 (2012) 032012] A
Belle, PRL 103 (2009) 1718011 T
L L .
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Ry, Rx and other measurements

B(BY? — ¢ptp)

Ry = B(BY — ¢gete)

Re is analogous, but using Bs— @I"I" decays.

Signal suppressed by fs/fd ~ 0.25 and BR(¢(p—=K"K") = 0.5 but has

experimental advantages (narrow ). Run | yields in
muon modes

NB: the electron yields will be of the order of 10’s of " -K-p-p-: 1200°

0

events. : K*pp ~600!

' @up ~100s

Effort starting on (K,K*,(p)ep searches; even some effort on uT and TT : oK ~600"

modes.  KTTTTpp ~360

] Kk _ 0

Angular analyses will be important. : KK““ 3;8

[Gratrex, Zwicky PRD 93 (2016) 054008] : K EEE ~4OI

0



LHCDb upgrade

2015 2016 2017 2018 2019 2020 2021 _J
4
-l

Q1 [Q2 |Q3|a4|a1|Q2]|a3 Q4] we are here ||Q1[Q2]|Q3[Q4 4|a1]az 23]

ATLAS/CMS (LHCb) visible g = <20-50> (<1-2>) || Belle-ll Physics Run >

2022 2023 2024 ' 2026 2027 | 2028
Q1{Q2iQ3{Q4|Q1{Q2|Q3{Q4|Q1{Q2|Q3 1Q2|Q3|Q4 |Q1 &2 |02 Q4|Q1iQ2 Q3 |Q4

Full Run-1+Run-Il dataset
will effectively have 5x
statistics of Run-I

Run 3 | S 3 - Run 4

LHCDb visible £ ~5 Belle-Il 50 ab"! HL-LHC — | ATLAS/CMS visible ¢ =<140> I'
| | 031

2¢ 2032 2033 | 2034 2035
Q41Q1iQ2iQ3|Q4|Q1Q2|Q31Q4

s
I
I

m Run 5 LS 5 .

" P e e——
LHCb visible u =<50>

Q1 (2 a3 {a4|a1{a2]a3ia4 a1 {23

LHCDb-upgrade (phase 1) will be installed in LS2 and operate during Run-3



LHCDb upgrade (phase |)

New tracking | design 2012
stations Reduce PMT gain + ‘. y y
YR AN new electronics % 2 ' ' _ _
vyl / VRN RN Mg M5 \\\ S “F|Y B I/ve : LHCb Upgrade Trigger Diagram
Emm ol / /o \\ SPD/PSY ., M2 M ) \ \ v b :ﬁ:": 30 MHz inelastic event rate
from T/ TR 13 Rick2 e e \ \ g Nl @ B.— ,')YK (full rate event building)
|-/ BCM-D 7142 ‘ | 8 e
beam //T:RICHI / \ : yj :} T a4l :
oL : | \ ! 1
4 i 4 | O\ NN 12 :
New pixel v AN - il _ AN ; '
VEL ol — |- N\ N\ | : :
; - - _. | \, \ o.a; 2 .
‘ / : RN 08 : :
5 — Y Y S S T T
(] || " llp’, _ = | Luminosity [x10 “cm?s ) Buffer events to disk, perform online
\ — / - k/ 100, | detector calibration and alignment
{ S | S— / E‘ N L A [ B R
| ifn g/ | ] (im _— | : qlm | | mlm | = 90 LHCb simulation
' ’ i £ 80
. = 70 Add offline precision particle identification
New PMT —|— New e ec_:tro_nlcs - %‘ 60 Exce”en.t IP and track quality information to selections
new electronics More shielding O 50 resolution Output full event information for inclusive
= triggers, trigger candidates and related
& 40 primary vertices for exclusive triggers
Many LHCb measurements will be 30 o v .
c .. 20
statistically limited after Run |+2. o 2-5 GB/s to storage
. 32 33 L
Increase luminosity from ~4x10°“ to ~2x10 %

1/p. [GeVc]



LHCDb upgrade (phase |b and 2)

2015 2016 2017 2018 2019 2020 J 2021 _j
Q1|Q2|Q3|Q4|Q1{Q2|Q3 Q4| we are here ||Q1[Q2|Q3|Q4 4|Q1iQ2123 |04

B vl

ATLAS/CMS (LHCb) visible g = <20-50> (<1-2>) || Belle-ll Physics Run >

2022 2023 2024 - 2026 2027 | 2028
Q1{Q2iQ3iQ4|Q1{Q2|Q3iQ4|Q1{Q2|Q3 [a2]a3]a4|a1 2|0z a4|ai]az]a3|as
Run 3 SRS - - Run 4
LHCb visible ¢ ~5 HL-LHC > | ATLAS/CMS visible 1 =<140> |-
2028 D3( 031 2032 2033 2034 2035

a3 ]a4|a1]az]a3]a4|ai]azlez]a4]ai]azlaz[a4]ai[az]a3[as’

S . Run 5 Eaar) .

LHCDb visible uy =<50>

Q1|2

Eol for LHCb-upgrade(s) in LS3 and LS4 so that it can operate in Run-4,5.

Stations in the magnet (to improve reconstruction of multi-body final states).

Improvements to PID via time-of-flight (TORCH project)

Expression of iInterest

. 34
Increase luminosity to 10°%. o\ https://cds.cern.ch/record/2244311?1n=en



Summary

A

T heoreticiar

Recent data show hints of LFU violation.
- b = s neutral currents in e vs. 4 (Rk, Rk, Ps™ etc) 2

- b = c charged currents in T vs. e, 4 (Rp, Rp+)

More measurements (with more data) on the way.  Leptoquarks,
charged Higgs, Z°>" """

Starting to plan for phase-Ib and phase-2 upgrades
to extend programme into HL-LHC era (~2035). £ ¢




LHCDb upgrade (phase |)

Type Observable LHC Run1 LHCb 2018 LHCb upgrade Theory
BY mixing ds(BY = Jh) @) (rad) 0.049 0.025 0.009 ~ 0.003
b5(B° = Jhb fo(980)) (rad) 0.068 0.035 0.012 ~ 0.01
Aq(BY) (1073 2.8 1.4 0.5 0.03
Gluonic ¢ (BY — ¢¢) (rad) 0.15 0.10 0.018 0.02
penguin ¢ (BY — K*OK*0) (rad) 0.19 0.13 0.023 < 0.02
231 (B° — ¢KJQ) (rad) 0.30 0.20 0.036 0.02
Right-handed o (BY — ¢7) (rad) 0.20 0.13 0.025 < 0.01
currents (B = ¢7) /7o 5% 3.2% 0.6% 0.2%
Electroweak S3(B° — K*%utp=;1 < ¢ < 6 GeV?/c?) 0.04 0.020 0.007 0.02
penguin gt Aps(B° = K*u*p™) 10% 5% 1.9% ~ 7%
A(Kptu—1 < 2 < 6 GeV?/ct) 0.09 0.05 0.017 ~ 0.02
BBt = ntutu™)/B(BY — Ktutu™) 14% 7% 2.4% ~ 10%
Higgs B(BY — putp~) (1079) 1.0 0.5 0.19 0.3
penguin B(B° = putu™)/B(BY — putu™) 220% 110% 40% ~ 5%
Unitarity v(B — D™ K®) 7° 4° 0.9° negligible
triangle v(B? — DFK*) 17° 11° 2.0° negligible
angles B(B° — J/v KQ) 1.7° 0.8° 0.31° negligible
Charm Ap(D° - KTK~) (107%) 3.4 2.2 0.4 —
CP violation AAcp (1079) 0.8 0.5 0.1 x




LFV in lepton decays

B(tau -> 3mu) < 4.6 x 107-8 @ 90%

1 l L) L) L l L\l 1

LHCb =

[JHEP 02 (2015) 121]

1074%in the SM

O
=)
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i -
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2 4 6 8 10
B(T ) [x 107]



Low-g° region and hadronic resonances

In the low-g? bin there are hadronic resonances (¢,p,w,N) that decay to di-
lepton final states.

BR(B — K*(p,p,w,n)) ~ 2-30 x 10-'° (compared to 10~/ for the signal modes).
In this region, the electrons and muons are similar in the detector.
We do not subtract these. T hey should actually contribute to increase Rgx.

Also can have N—/*I'y (BR’s ~ 0.3-7 x 10-%) but where we miss a photon,
leading to the partially reconstructed background.



Electron-muon universality test

[PIENU collaboration, PRL 115,071801 (2015)]

Rejy =Tl(m = ev(y)|/T(m — pu(y)

RSM — (1.2352 T 0.0002) x 10~

e/u

R7P = [1.2344 T 0.0023(8'[&'[):: 0.0019(syst)| x 10~

e/u

Gives sensitivity to new physics beyond the SM > O(500) TeV



Comparison between experiments

ATLAS (s=8TeV, 203"

Preliminary
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SM

NP

b @ s neutral currents

A a
s
- _ W' Sw
b b L, cu L 8
BO BO K*O
d d d
a e
b b . /LQ/ 3
B° B° K™
d d d




Hadronic uncertainties

Coloured bands represent different
NP scenarios

Size of band indicates size of hadronic
uncertainty

In models with LFUYV this gets larger
as there is no long a cancellation for
e/mu

Value of Observable

[Capdevilla et al., arXiv:1704.05340]

0.045, 1.1] GeV?

[1.1,6.0] GeV*?




