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Today’s outline

* R(K*)

* Lepton Flavour Universality
* R(K)

 The LHCb experiment

Semileptonic Rare b-sll

Introduction decays decays Conclusions
e Muonic R(D*) e Conclusions
* Hadronic R(D*) * Prospects
* RU/Y)

For very rare decays see Joao Coelho talk (Friday, 10:00h)
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Introduction
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Lepton Flavour Universality YW

o SM predicts Lepton Flavour Universality (LFU): equal couplings
between gauge bosons and the three lepton families

o Observation of violation of LFU would be sign of new physics

o Alarge class of BSM models contain new interactions that involve third
generations of quarks and leptons:
* Charged Higgs
* Leptoquarks
° Y4
° W’

o Tensions between SM expectacion and experimental results:
e Charged currents: b — clv
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Searches for LFUV
R (D(*)) _ B(B=»DY™rTp,) |[b - clv]

 B(B—=D®u—p,)
-

+ Tree Level W_/H_,/:/ U

 Potential NP that couple _ I /,; . e C ()
only to the 3rd generation *
yiothe 3rdg B{,” 3 F 9D

R (K(*)) _ B(B%K(*)/ﬁ_ﬂ_)

B(B—K®ete™) 2
W e ¢
 FCNC process. Forbidden tree level in SM - o
 Sensitive to either tree or loop h___ LG u S
NP contributions B’ K"
d d

\
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[Int. ]. Mod Phys. A30, 1530022 (2015)]

The LHCb detector

liCAL HCAL
SPD/PS M3
RICH2 a1

e Excellent vertex and momentum resolution
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[Int. ]. Mod Phys. A30, 1530022 (2015)]

The LHCb detector

e Excellent vertex and momentum resolution

* Excellent charged particle identification

Beatriz Garcia Plana (IGFAE-USC) LISHEP 2018 5



[Int. ]. Mod Phys. A30, 1530022 (2015)]

The LHCb detector

Magnet

 Excellent vertex and momentum resolution
* Excellent charged particle identification

e (Capability for neutral particle identification
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Semileptonic decays
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Why semitauonic decays?

Tree level decays in the SM, mediated by a W boson
R(H,) = B(Hp—HeTvr) My = B, BLy, AD...
R Blo =) .= D*, D% D+, D, AY, I/v...
o Clean predicion from SM
» Partial cancellation of form factors uncertainties in the ratio
« Large rate of charged current decays BR(B—»D*tv)~1.2 % in SM

* Deviation from unity due to different available phase space (t, u)
o Sensitivity to NP contributions at tree level
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Why semitauonic decays?

Tree level decays in the SM, mediated by a W boson

R(H,) = BlHeoHorvn) Hyp = B®, B(,), Aj...
¢) T B(Ho—Hcepvy) = T pU DD SR

o Clean predicion from SM
» Partial cancellation of form factors uncertainties in the ratio
« Large rate of charged current decays BR(B—»D*tv)~1.2 % in SM
* Deviation from unity due to different available phase space (t, u)
o Sensitivity to NP contributions at tree level

At LHCb...

o Missing momentum of neutrinos not measured: Missing kinematic constraints
o B momentum unknown: approximations
o Two reconstruction channels for t

* Muonic mode: T- uv,v,

« Hadronic mode: - u mn*m (n’)v,
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B-factories

Belle 2007 . .
BABAR 2008 e H—e—t K M
Belle 2009 e < I \
Belle 2010 et e — N SR D* . =2V
BABAR 2012 Ho—H — DO -
02 04 06 08 03 04 05 06 0 am __---- >V
R(D) R(D*) o;ignd

Before LHCD...

Belle and BaBar studied semitauonic B decays e’ e
at the B-factories

« e*/e collisions producing Y(4S) ->BB tag

* Measurement of the B-signal using fully /v %}

reconstructed B-tag and a constraint to the m
Y(4S) mass l 47 K

* Complementary measurement of R(D) (

and R(D*) yielded to 3.76 from SM
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[PRD 115,111803 (2015)]

R(D*) muonic at LHCb

First measurement of R(D*) in a hadron collider, using the muonic decay of T

bioe . TE D e

== — with 77 — - U,V
B(B'=D*+tu-7,) i

Features of the analysis...
* Missing kinematic constraints. Rest frame approximation

* B boost along z axis >> boost of decay products in B rest frame

(752)3 SeE (WB)D*,LL = (pz)B e m(T?)B;,u) (pz)D*,u ,I,:/

18 % resolution on pg, good enough to preserve
signal and background discrimination
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[LHCb-PAPER-2015-025]

18 % resolution on py, good enough to preserve signal and background discrimination

2 | #0.08 12 06
z = L = - 7777
g = / N g > s
g MC truth 5 %, N 5 I 7
> > S NN B AP Ps
= 5006 NN = IS
- A N AN e L I
g B-D* N7 AN\ Z 04 7
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0.5+ 0.04F V7 /7 AXPOODNNN NN ;< K
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- [ RSB SRS
N S IIIT, 00005 NNNNN\N 0.2k 0000 020 0% %0 %%
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L [ KL NN
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2 2 2
m2.  (GeV/c )? E.. MeV/c}) q? (GeV/c?)
(75} (75} 0 08_ %) 0 6_
= < U < 0. -
£ I ] Reconstructed g1 N s 7
0.15- %% N I
0 z 2N z 2
s 2006 L N s i -
= = VSIS, AN 2 04k KR
g S [ VAN I RS
< 0.1 < SR IPP2277, s SNNNNNN < §§§§§
0.04F [ A0 NN _
‘ SIS AN AN\ S s
I 7 RSN L NN
[ WS IIIP NN NN oo
L 103 NN\ 0.2+ NONNNKKKKKS
0.05 7 ARSI NN 0% IS
I 0.021 1 ALK NN SO0 25 Yoo s
i LT ARSI L SIS
NI 0 0002000200205 NN\ SANNN LR
- 0202020202020 2 S NN NI EELKELRLILIKLHKKK,
L ] RARIIIIIIANNN NN e te 0 %0 0% %% %00 00 %020 %
O 4 “ A 0 Y DA @@ e | AN OO >
0 5 10 500 1000 1500 2000 2500 0 5 10
(GeV/c?)? E., MeV/c?) q? (GeV/c2)?

mlSS
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Result: separate T and yu components :
via a 3D binned template fit to the g2, i
and £, distributions :

m?

miss

@(D*) — 0.336 = 0.027(stat) + 0.030(sys@

. 70000

Q

4

1Y )
oS 9O
oS 9
]
oS O

40000

== 30000

Candidates / ( 0.3 GeV?/

10000 F

m? miss

20000F

~ LHCb]

—— Data

I B - D*tv

I B - D*H (— VX)X

I B > D**lv

I B > Duv
Combinatorial
Misidentified p

6

m?2
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[PRD 115,111803 (2015)]

R(D*) muonic at LHCb

Systematics:
Model uncertainties Absolute size (x10~2)
Simulated sample size 2.0
Misidentified p template shape 1.6
BY — D**(r~ /u~)v form factors 0.6
B — D**H.(— prX’)X shape corrections 0.5
B(B — D*r5.)/B(B = D*u7,) 0.5
B — D**(— D*nr)uv shape corrections 04
Corrections to simulation 0.4
Combinatorial background shape 0.3
B — D**(— D**r)u~ v, form factors 0.3
B — D**(D, — 1v)X fraction 0.1
Total model uncertainty 2.8
Normalization uncertainties Absolute size (x107%)
Simulated sample size 0.6
Hardware trigger efficiency 0.6
Particle identification efficiencies 0.3
Form-factors 0.2
B(t— = p7,v,) < 0.1
Total normalization uncertainty 0.9
Total systematic uncertainty 3.0

Beatriz Garcia Plana (IGFAE-USC) LISHEP 2018 11



[PRD 97, 072013 (2018)] [PRL 120,171802 (2018)]

R(D*) hadronic at LHCb

 First measurement of R(D*) using the hadronic 7 decay with t = m*m (n’)v,

e What is measured:

B(BY— D* 17v,;) Nisig  Enorm

1

Rhad(D*™) = b
h d( ) B(BO 200 D*_7T+7T_7T+) Nnorm €sig

B(rt - ntn—

(7))

Overlapping signal P L (T BR (%)
decay mode [PDG-2017]
+
« Approximations are done to reconstruct the Band t T WYYy 17.39=0.04
momentum. Good precision obtained TV, vV, 17.82£0.04
 Signal and normalization same visible state: D" mm*m Ay, N\ 9-31 £0.05
* Most of the theoretical and experimental uncertainties < T — Ty )4.62 +0.05
on cancel out in the ratio
* . TV 10.82 £ 0.05
 R(D™) obtained from: .
TPV, 25.49 £ 0.09
S A B(BO T D*_7T+7T_7T+> [4.0 % precision]
R(D ) — Rhad(D ) X 0 T
B(B =i D M V,u) [2.2 % precision]
Beatriz Garcia Plana (IGFAE-USC) LISHEP 2018 12




[PRD 97,072013 (2018)]

o Largest background due to B—» D*m*mm* X
(neutrals), where 3 pions come from the B

vertex (100 higher than the signal)

* Requirement: decay topology with
minimum distance between B and t
vertices: Az >4 o,,

* Suppressed by 3 orders of magnitude

2nd largest background is the double charm
B— D™D *X : Multivariate Analysis

- 10* = T T T T T T T =
S E LHCb simulation E
95 = .
) K+ ] F_.C; 107 Prompt (D¥*xwaX)
g T I B—D*n'mn(+N) I ) g [ Double-charm (D*DX) 3
§= - B signal (D*7v) .
< ) i ]
Do ©I0E 3

y s ... N

B 10 E

z
TE+
PV o 1
P (Y * -8 -4 0 4 8 12 16 20

. Az/o,,
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[PRD 97, 072013 (2018)] [PRL 120,171802 (2018)]

+++ LHCDb simulation
¢ Signal

+ ++ ++++i ¢ Background

Most important background after the —~ 0.09F
inversion cut comes from B— D*'Ds“X 0.08
Multivariate Analysis: 18 variables 007

0.06 F
0.05F

combined in a BDT:
3 71t variables

Candidates / (73.4 MeV/c?

te o
* D™37 dynamics * H ey
* Neutral isolation variables 0.04 R 4 *
0.03 + ote
[ T l T T T l T T T l T T T l T T l- + ‘_. + .’. ‘
- L i - 0.02 . B
0.1 F LHCb simulation 0.075+ ] . + .
i — - oo +
; 4 ; ) 0.01 e *,
0.08 [ +Signal - 0 m: 0 1 1 L Selpe i el
et SR ) B S 3000 4000 5000
g T ackgroun ¢¢* * | ) m(D~m*m-m) [MeV/c?]
S 006 . 4 p o
© [~ -
g - . *a t
“ 004F . ++‘ -
5 . "e L BDT used as variable in the fit to
0.02- . ¢ . N L
i - o . , extract signal yie
Olunast™ . o qoee®e |, | . | o
-0.4 -0.2 0 0.2
BDT response
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Candidates / ( 0.25 ps )
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Candidates / ( 1.375 GeV?/¢*)

0
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LHCb (a)

® Data
—— Total model
e B — D' t'v,
B — D"ty
B — D*D*(X)
B — D'DY(X)
B — D" 3nX
s B — D'D'(X)
@ Comb. bkg.

\S)

0 0.5 1 1.5

-~
—
o
2]
—_

T

0 5 10
¢ [GeV?/ 4

6000

5000

4000

Candidates / 0.1

3000

2000

1000

BDT

Result Run 1 data:

 N(B’-D*m*mm*) unbinned
likelihood fit to M(D"mm*m)

* N(B’-D"t*v,) three dimensional
binned fit to data
Variables: T decay time, q%, BDT output

(R(D*) = 0.201 + 0.019(stat) + 0.026(syst) = 0.013(ext)

LISHEP 2018 15



[PRD 97, 072013 (2018)] [PRL 120,171802 (2018)]

R(D*) hadronic at LHCb

Contribution Value in %
Systematics: B(r" — 37v,)/B(r" — 3n(7")v,) 0.7
Form factors (template shapes) 0.7
T polarization effects 0.4
Other 7 decays 1.0
B — D*71%v, 2.3
B’ — D7ty feed-down 1.5
DF — 37X decay model 2.5
D}, D and D" template shape 2.9
B — D* D} (X) and B — D* D°(X) decay model 2.6
D*~ 37X from B decays 2.8
Combinatorial background (shape + normalization) 0.7
Bias due to empty bins in templates 1.3
Size of simulation samples 4.1
Trigger acceptance 1.2
Trigger efficiency 1.0
Online selection 2.0
Offline selection 2.0
Charged-isolation algorithm 1.0
Normalization channel 1.0
Particle identification 1.3
Signal efficiencies (size of simulation samples) 1.7
Normalization channel efficiency (size of simulation samples) 1.6
Normalization channel efficiency (modeling of B — D*~3m) 2.0
Form factors (efficiency) 1.0
Total uncertainty 9.1

Beatriz Garcia Plana (IGFAE-USC) LISHEP 2018 16



[PRD 97, 072013 (2018)] [PRL 120,171802 (2018)]

Main systematic uncertainties due to:

* Size of simulated sample

« Shape of the background B— D*D*X

* Dy'»m*mrm*X decay mode. BESII future measurement will reduce this
uncertainty. Improvement as well of the upgraded ECAL

* Branching fraction of normalisation mode B—»D*m*m m* known with ~4%
precision. Belle II can measure it precisely

\}
S
S

180
160
140
120
100
80
60
40
20

Candidates / ( 24 MeV/c?)
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[S—

=

]

o
I

— —] (_/\]\ T T T T
— - b I -
E ¢ Dua EF 4 5 | LHGb p: || 1
- = Total model (a) 3 O 800 ]
= B' - DD} E E i ]
- Wl 0D 1 T 600} .
F B° - D*"D ,*(2317) 1 = - ]
= B° — DD} (2460) * 94 9 s ]
— B> DU D] X 4 5 “r o
— B - D" D! X = E‘ i .
= [ Comb. bkg. E 8 200 - Dominated by B
= = B D *»mtmmtX -
E_ d - _E 0 L ’ | L L L L | L L L L ]IL“-':
4000 4500 5000 5500 200 1000 1500 2000
m(D~rtr ) [MeV/c?] m( ") [MeV/c?]
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[HFLAV 2018]

o R(D*) world average is in
tension with the SM at the
level of 3.0 o

BaBar had. tag
0.332 +0.024 +0.018

Belle had. tag
0.293 = 0.038 = 0.015

Belle sl.tag
0.302 = 0.030 = 0.011

Belle hadronic tau
0.270 = 0.035 = 0.027

LHCb muonic tau
0.336 = 0.027 + 0.030

LHCDb hadronic tau
0.291 £0.019 £ 0.029

Average
0.306 + 0.013 = 0.007

SM Pred. average
0.258 + 0.005

PRD 95 (2017) 115008
0.257 £ 0.003

JHEP 1711 (2017) 061
0.260 = 0.008 B
——

JHEP 1712 (2017) 060
0.257 £ 0.005
HFLAV

0.2 0.3
R(D*)

Beatriz Garcia Plana (IGFAE-USC)

N I T T T T T T T T I T T T T I T T T T I
% (0.5 —— BaBar,PRL109,101802(2012) ) ]
) - ——— Belle, PRD92,072014(2015) Ay~ = 1.0 contours =
~ u LHCb, PRL115,111803(2015) o
045 —— Belle, PRD94,072007(2016) === Average of SM predictions 4
" ——— Belle, PRL118211801(2017) R(D) =0.299 = 0.003 5
C  ——— LHCb, PRL120,171802(2018) R(D*) = 0.258 = 0.005 ]
04 [ [ Average _
035 —
03F l] ; =
e l -
- ]
02 P(3) = 74% —

I 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 I

0.2 0.3 04 0.5 0.6

R(D)

o WA combination of R(D) and

R(D*) is in tension with SM at
the 3.8 o level

LISHEP 2018
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Generalization of R(D*) in the B, sector [R(J/w) = BB b VTy

Candidates / ( 0.6 GeV?/c*)

| E—

Candidates per bin

6 51
ZIq E])

Beatriz Garcia Plana (IGFAE-USC)

B(BSL—%]/@WLJFVM

with 7% — putv, v,

—— Data BB —=Jyt'v,

- yuv, B~ ySI,
B! —’XC(]P)FV; B 3. —J/yH!

B J/ ) +u comb. bkg. J/ ¢ comb. bkg.
Mis-ID bkg.

1'Sdecay ‘[ime2 [ps]

* Form factors unconstrained experimentally.
Poorly calculated from theory

Result: 3D binned maximum likelihood fit to data.
Variables: decay time, m?_. Z(E*u, q?)

(R(J/4) = 0.71 £ 0.17(stat) £ 0.18(syst))

Rsa(J/¥) €10.25,0.28)  (~20 fromsM)
LISHEP 2018 19




[PRL 120 (2018) 121801]

R(J/) in LHCb

Systematics:

Source of uncertainty Size (x1072)
Finite simulation size 8.0
B! — Jly form factors IZ.J
BT — y/(28) Torm factors 6
Fit bias correction 5.4
Z binning strategy 5.6
Mis-ID background strategy 5.6
combinatorial background cocktail 4.5
combinatorial J/y background scaling 0.9
B} — JhyH_ X contribution 3.6
w(2S) and y, feed-down 0.9
Weighting of simulation samples 1.6
Efficiency ratio 0.6
B(z" - uty,0,) 0.2
Systematic uncertainty | 7 4 4
Statistical uncertainty 73
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Rare b—sll decays
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Rare b—sll decays

Flavour Changing Neutral Current transitions. Proceed via loop diagrams.
Within a given range of the dilepton mass squared, g:

qmaa:d QdF(B%XM K )

q8 dq®
mzn7 max qgnaw 9 dE(Bm2Xefe ) WX S = K, ¥4€ ,gb
q2. . dq dq2

o SM expectation R, =1, neglecting lepton masses
* Partial cancellation of hadronic uncertainties in theoretical predictions
o Suppressed in SM: more sensitive to NP

5 g = 1 "
o = < Ji (28] Broad charmonium
S { 3 s N o e o theeshold)
o Extremely challenging due to L, Poon b L,‘gr o
significant differentes in the way u © Sensitivty to
- : 'y and ('
and e interact with the detector: CKM suppressdi D
2 * light-quark resonances
Bremsstrahlung, trigger A
o LHCb published measurements: e Ill\
interference SUppression
S RK PR N S SR R U RS
* 0 5 10 15 20
o RK < increasing hadronic recoil q2 [Gev 2]

increasing dimuon mass =»
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[[HEP 08 (2017) 55]

R(K*) at LHCb

LHCb measured R(K*) for ¢ € [0.045, 1.1] and [1.1, 6.0] GeV?/c* with K - K* 7 -
Double ratio to reduce systematics:

Srvetil BB i i) BB -5k Y eine i)
R(K™) = gBos ko I/p(=Gi i) B RO I6(= (e o))

Magnet
two reconstruction strategies ’

* Downstream of the magnet: Photon
energy is likely to be in the same
calorimeter cell as the electron

* Upstream of the magnet: Photon
energy is likely to be in different
calorimeter cell than electron

Beatriz Garcia Plana (IGFAE-USC) LISHEP 2018 22



[[HEP 08 (2017) 55]

R(K*) at LHCb

* Recovery procedure — improvement momentum resolution, B mass resolution
* Worse separation of partially reconstructed backgrounds
* Background from the J/y and ¥(2S) contaminate the signal region

:? 1? 20
™ ]0‘1 ™
> > 18
~ 10° PZS) =l 10
= 12
> ]/lp 10
10°
8 SE 10
6 & Centralbin —» ¢
4 4
CEae 3 €— Lowbin =—> 2 , A : |
0 - - = . — kR = "= - . = v 3 0 L - - - ™ o Y — A ~L
4500 5000 5500 6000 l 4500 5000 550 6000
m(K* ) [MeV/c?] m(K*me*e) [MeV/c?]

o Electron sample is separated in 3 Bremsstrahlung categories (0y, 1y, 22y)
o 3 types of trigger: electrons (LOE), hadrons (LOH) and signal independence (LOI)

l
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[JHEP 08 (2017) 55]

R(K*) at LHCb

Fit to B mass distribution in lower and central g bin
Simultaneous fit M(K*m ~I'l') to the //1 and non-resonant channels

Low @7 bin Central g° bin Normalization channel

| f . . 0, —\
90 T —: ol 80 T T L _: cl 6 —_ T T T T _—

2[5 o LHCb E . LHCb s " LHCb 1)
0 — E ) _ - - #) ]
i $ E e B">K utu E < I | S B—»K up- ¢ sof b e B K Iy 3
i S 6o I Combinatorial 3 = s P Combinatorial 3§ 2, E I Combinatorial 3
- ERCEE 34 5 F B A—Kplly T
- g 50 E g = g - =b #) =
* | g 4 i 5 2 1 5 F W BSKIY
K S 30 0.045<g%<1.1 [GeVY/c*] ] 8 ;0 1.1<q<6.0 [GeV¥/c*] 3§ 8 20F =
g 2 3 B ° i B E 3
S 10 4 3 lofgy 4 3 F i
T S o S R s 1 = 5 =
= 0 = 0 = 0 -
o (=W g B = (=W -5 = (=W -5 o
5200 5400 5600 5800 5200 5400 5600 5300 5200 5400 5600 5800

CQ \ m(K*-u+u-) [MeV/c?) m(K*-u+u-) [MeV/c?] m(K*w-p+u-) [MeV/;ZV

| N\
1 T T __: ol T T T __ cl Smo T T _:

B /5(25 LHCb 1 = LHCb E = LHCb _;\
+ 12 Bl - B' 5Kt 1 & 0f 4 e B»K'%e 3 27F  f) B' K Iy
Q) 3 I Combinatorial 3 3 [ Combinatorial 3 6000 [ gombinatorial _g
S |g s B—Xete 1 & B—Xe'e 4 g2’ Bl A KPPy 3
* 7 1 2 W B'—K )y 3 00 e B—K Iy 3
2 10 3 L 4 2 3
k 3 0.045<q?<1.1 [GeV¥c41] 8 1.1<g><6.0 [GeV¥/c] 8 3000 E
5 1 =5 1 52000 5
=] 5 — =1 = =1 =
/[\ 3 l 1 G EReRLY =
@ 5 c S S S ———— —— @« 5 o

= of : S0 e e M 4 = o ‘
() =W _5 - =W B Al -5 E
4500 5000 5500 6000 4500 5000 5500 6000 4500 5000 5500 6000
m k m(K*me*er) [MeV/c?] m(K*me*e”) [MeV/c?] m(K*me*e) [MeW
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LHCb: JHEP 08 (2017) 55

* Babar: PRD 86 (2012) 032012
R(K ) at LH Cb Belle: PRL 103 (2009) 171801

LHCb: 2.0 [
!
= 151 T .
Low 0.6670707 +0.03 ~ 2.2 _ u
1.0 B . ST NSO SR i
Central (.69 5 £0.05 ~ 2.4 S| :
0.5 ® LHCh —
] | | . l . [ LHCb " .
C:éqlo:_ ........................................................ Ao _: 0.001 — léll I Illol — l11511 l '20
05k o ] ¢ [GeV?/cY
.61 I @ LHCH .
B BIP ]
04 v CDHMV * LHCb result most precise
B B EOS ]
02k ® flav.io measurement to date
oobt ]  Statistically limited by the
0 1 2 3 4 5 6

electron sample size
2 [CV? /Y P
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[[HEP 08 (2017) 55]

R(K*) at LHCb

Systematics:
ARjgc-o/Rycvo [%]
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 03| 0.2 1.0 0.5
Kinematic selection 2.1 2.1 2.1 2.1 2.1 2.1
Residual background — — — 5.0 5.0 5.0
Mass fits 1.4 2.1 2.5 | 2.0 0.9 1.0
Bin migration 1.0 1.0 1.0 | 1.6 1.6 1.6
Ty Tatio 1.6 1.4 1.7 | 0.7 2.1 0.7
Total 4.0 6.1 5.5 | 64 7.5 6.7
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LHCb: PRL 113, 151601 (2014)

BaBar: PRD 86, 032012
R ( K) at L H C b Belle: PRL 103, 171801
In 2014, LHCb measured R(K) for g% € [1, 6] GeV?/c*
* Double ratio of rare /i channel used to reduce the systematic uncertainties
* Low efficiency for electrons: Bremsstrahlung effects
» Signal extracted via invariant mass fits

* Dominant source of systematic uncertainty are due to the parametrization B*— J/i (—e*e’ )K* mass
distribution and trigger efficencies. Both contribute ~3% to the value of R(K)

--LHCb —m-BaBar -a—Belle

v 2_ | T T T T T T T ]
= LHCb ]
1.5 u ]
l
Ir T SM
— e
0.5 ] ~
0_ T N B B Aol
0 5 10 15 20 0.5 —— LFU observables
qz [GeVZ/c“] b — spp global fit
———=tall
R(K) — 0.7551_8822 (Sta,t) :l: 0,036(8y8t) B ——- all, fivefold non-FF hadr. uncert.
e =45, —-2.0 —]'..5 —i.O —(l).5 OTO 0f5 1?0 1.5
Rsy(K) =1+ 0(1077) @'6 o from SM> ReCy [pRD 96, 055008 (2017)]
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Conclusions

LFUV road to new physics!

Semileptonic B decays hint anomalies with
respect to the SM at both tree and loop levels

* All measurements presented were performed using Run 1 data
and are dominated by statistical uncertainties

« ~9fblexpected at the end of Run 2
 Run 2 LHCb data: Exciting program ahead! Updates and new
analysis: Statistical and systematic uncertainties will be reduced

Ongoing and planned

R i

|R(D"), R(D*), R(D,), R(A®),)....|

Beatriz Garcia Plana (IGFAE-USC) LISHEP 2018 28




LFUV road to new physics!

Semileptonic B decays hint anomalies with
respect to the SM at both tree and loop levels b

« All measurements presented were performed using Run 1 data
and are dominated by statistical uncertainties
« ~9fblexpected at the end of Run 2

 Run 2 LHCb data: Exciting program ahead! Updates and new
analysis: Statistical and systematic uncertainties will be reduced

Ongoing and planned

R i

|R(D"), R(D*), R(D,), RIA®,)....|
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Thank you for your attention

Any question?
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o B—Ku*u exhibits rich angular structure

o Optimized angular observable P’.

* The differential decay width can be

parametrised in terms of this
observable

 Aim to reduce dependence on
hadronic form factors

T T T T T T T T T T T T T T T T

A7 7
e LHCbdata o ATLAS data ]

- = Belledata © CMS data ]

0.5H J _____ | SM from DHMV -]

- ] SM from ASZB
of 1

A L——

C i ]I !

- ] I

—0.5._ __}— I,’ }— [ > }
-1, .\\.~:J N PP

0 5 10 15

g* [GeV?/ ¢4
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« LHCb measurementis in tension at the
340

* Global picture at g* bins [4,6] and [6,8]
GeV?/c* is in tension with the SM at the
level of 2.8 c and 3 o

LHCb: [HEPO2 (2016) 104
Belle: PRL 118 (2017) 111801
ATLAS: arXiv:1805.04000
CMS: CMS-PAS-BPH-15-008
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