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outline

LHCDb have made a significant impact on the flavour physics landscape
demonstrating its capability to test the Standard Model (SM) and, potentially, to reveal new
physics (NP) effects in the flavour sector

v’ huge production of new results = only in 2017 more than 50 papers

v’ for this talk I selected few analysis between the most recent and intriguing from my

point of view !

1) CKM physics
v" updated ¥ combination
v first measurement of ¢, using B, (K*7")(K'xt*) decays

2) measurements in specific sectors where anomalies are

emerging in recent years
v lepton-flavour universality in b = ctv_: R(D"), R(J/y)

v lepton-flavour universality in b = sll : Ry, Ry«
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the LHCDb detector

single-arm forward spectrometer

muon system R
LHCb [Int. J. Mod. Phys. A30, (2015)1530022] b seomstion | pseudorapidity range ¥ 2<n<5
trigger
oy S dasompies
M2
- e ECAPMN 2010-11 1.1pb? at 7 TeV
2 - 1 2012 2.1fb! at 8TeV
vertex X \@15-17 3.6 fb! at 13 TeV
locator ¥ \\\\ \
BEAM 1dg BEAM 2
\
............... LN -\ - \
, I T conductor warm, Al
_&m ) 4| ) \ - integrated field 4Tm (10 m)
B ' 'IE‘,‘E‘ calorimeter , peakﬁeld 1T
1] h/e/y separation |1 1 1 1

tracking system 10m

)
=)

8
Ny

trigger

multi-stage trigger first hardware, subsequent two levels are software
proper time resolution 30-50 fs
Ap/p=0.35-0.55% o(mass) =10 - 25 MeV/c?
KaonID ¢(K—>K) = 95% misID rate (m—>K) = 5%
ECAL o(E)/E=10%/VE®1.% HCAL o(E)/E = 69%/VE®D 9%
MuonID g(pu—>u) =97% mislID rate (m>p) =1-3%
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updated Yy combination
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Yy =arg(-VyyV ,o/VegV" )

@ CKM matrix conveniently represented by v, V.,
Unitarity Triangles (UT) Vea Veo

@ consistency of measurements provides test of SM

sides: CP conserving observables
(i) M) angles: CP violating observables
b

*
td \(b

(0,0) (1,0)

@ v is still the least well-known angle of the U'T, dy~7° LHCb[JHEP 12 (2016) 087]
@ compare with the value inferred from indirect CKM global fits, oy ~ 2°
loop processes which give p, Am.& Am_, are New Physics sensitive

0.7 - . T T . R a— 07 T T T T
3 A . 3 -3 ¥ . -
06 B <—_,'A»\ Amd € IcHER 16 0.6 :_é ICHEP 16
8 = - |8 ! -
05 — o — 05 —w | —]
C |5 sol\w/ cos 28 < 0 = g ! Trees -
: ‘8 (exch, at'CL > 0.95) : — '8 7 :
04 3 — 04 3 /// 3
= : - 3 = _ =
I= EC S NS Loops = ':-03 c , Loops -
03 [— ] W (NP?) — SE ; (NP?) =
C a A 3 v ' « 3
02 — N > 7 0.2 -
0.1 — :1\\ — 0.1 E L,excl —
= B . A B -
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5 p

@ we must strive to push tree level measurements below 2°
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Y = arg(_vudv*ub/vcdv*cb)

@ v 1s still the least well-known angle of the UL, 0y~7° LHCbHEP 12 (2016) 087]

@ measurements of y from B decays mediated only by tree level transitions “
theoretically clean 0y/y < O(1077) [JHEP 1401(2014) 051]

@ y can be determined exploiting the interference between b->c and b->u transitions,
eg: B* - Dh*, B0 DK™, B9 DK*m, ... where D refers a mixture D® and DO flavour eigenstates

K~ Vu
5 b b - UDO
-
Ww~— c
b > > c B~

B~ £ D° K-

i ~ i 4 - 0

Favoured b > ¢ Suppressed b > u

@ small signal yields (BR ~ 107), small interference effects ( ~10%) <mmp

determine y through a combination of measurements from the analyses of a plethora
of decay modes
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vy using partial reconstruction of B*=> D h* (h=K,mx)

v’ the DY meson is reconstructed in CP eigenstates KK, st

v BR(D"'>D%0) = (64.7 = 0.9)%, 5fb? LHCb[ PLB 777(2018)16]
BR(D*->D%) = (35.3 * 0.9)% | , , . . .

L sool LHcb - |- LHCb -
Z 6001 - F .
@ limited efficiency reconstruction < 4o BSR4 BY>[K*KTpK* -
> e(n")~4% and g(y)~ 20% 5 200 ] ’
@ partially reconstruct and o000 LHCb LHeb
select identically to B*-»Dh*
5000 B> [K*Kpm B+ [K*K]pm* -
@ B*->Dh*and B*>D"h*end up in N . N . .
5000 5200 5400 5600 5000 5200 5400 5600

the same selected sample m(Dh) [MeV/c?]
=» differentiate between them

H B* = (D*° — Dz%)h* B — D*h*r B* _ Drt

based on their m(Dn) uniguel

Oh) uniquely o 1y | o porre 52 Dk B* DK

related to angular properties

Of D* decay daughters B* — (D*O > DO'}/)hi Ap > AABE  mmmmmmen Charmless
BE 5 DOpERO Part. reco. mis-ID - Combinatorial

@ B*-> D*h* modes measured for the first time at LHCb and using a brand new technique !
@ fully reconstructed B*= DOh* results are measured with the same fit

@ DO decays to not-CP eigenstates, eg. D9 K, are under investigation
25/01/18 7



state of art of

v =@ obtained with a statistical combination using observables from several LHCb analyses
previous combination was entirely based on Run 1 measurements,3 tb™!,LHcb[ JHEP 12 (2016) 087]
an update has been performed, which mcludes the following:

B=-> DK= (5tb7!) 3fb~1->5fb! N
B> D*K* (5 b)) NEW T, [ L A ]
B=-> DK** (5 fb™!) NEW i ;
time-dependent B> D.~K* (3 tb™!) 1 fb~1>3 fb! 06F 76.8721 ?
71 observables and 32 parameters 0'4;_ 08.3% | g 4
frequentist and bayesian interpretations = both show 02 ]
d t - ! 95\5%‘ | L |f L | f L 1 . ]
5004 agteemet 750 6 0 s %
y []
uncertainty reduced by ~1.7° relative to previous combination
LHCb combination direct y= (76.8"-1_. _)°  [LHCb-CONF-2017-004]

LHCDb precision ~3.3° dominates world average =»
HFLAV CKM 2017 world average direct y= (76.2**7_. ))°  [arXiv:1612.07233]

CKMfitter 2016 world average indirect Y= (65.3*1.0, )° [CKMfitter group]
strongly motivates the continued pursuit of y with trees
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first measurement of ¢ ¢ using

B.~ (K*n")(K'w*) decays
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(I)de USng 859 (K+J'|3')(K'J'I:+) decays LHCb [arXiv:1712.08683]

@ B.-> K'(892)° K*(892)0 (first observation by LHCh[PLB 709(2012) 50]) penguin dominated mode has

been proposed as an excellent probe for NP [PRL 100 (2008) 03182, PRD 88 (2013) 016007]
W~

¢ q) 2¢ Direct decay 5 _ .o
q- YM D _—F ~ 0,1 i’
BY fep
05]\1\ BO AD d
q K*O
Mixing and decay : 8
@ first decay-time-dependent amplitude analy51s of B;~> (KJ’E)(KJ'IJ) decays using a Kit mass
window from 750 to 1600 MeV/c? =» ~ four-fold increase of the signal sample size with
. *
respect to a narrow window around the K mass
@ 3 fb! from the Runl data sample
@ 9 different angular analysis of quasi-2-body decay channels = Kt pairs with spin 0, 1 or 2
assumption: common CP—VIOIGUng Decay Mode J1 Ja  Allowed values Number of
parameters for the contributing amplitudes of f amplitudes
. B) = (Ktn)5(Kmh)g scalar-scalar 0 0 0 1
[/ BY— (Ktr)3K*(892)° scalar-vector 0 1 0 1
/ BY — K*(892)°(K—nt)} vector-scalar 1 0 0 1
/ B? — (K*77)5K5(1430)°  scalar-tensor 0 2 0 1
/ BY — K3(1430)°(K~n*)5  tensor-scalar 2 0 0 1
/ BY — K*(892)°K*(892)°  vector-vector 1 1 0, |, L 3
" B? — K*(892)°K%(1430)°  vector-tensor 1 2 0, , L 3
B? — K3(1430)°K*(892)°  tensor-vector 2 1 0, |, L 3
B? — K3(1430)°K3(1430)° tensor-tensor 2 2 0, ||, L1, ||2, Lo 5
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the result LHCb [arXiv:1712.08683]

~1200 T
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large computational load due to the complexity
of the unbinned maximum likelihood fit =
parallelization of the calculus on a GPU
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phase ¢, using b-> das transitions

¢.99= 0.10 + 0.13__ .+ 0.14

800 1000 1200 1400 1600

1400 1601
m(K*m) [MeV/c2] m(K~7*) [MeV/c2]

d i T el AT e
sta SySt ra 500 —; 500 ; =

400; 4002
consistent with:

v SM expectation [PRD 88 (2013) 016007]
v ¢=-0.17 = 0.154,, * 0.03,, rad

using B, ¢¢ LHCb[PRD 90 (2014) 50]

300 F 300 f

200

: + 3
100 :__‘—I_‘—‘_I_n—|_|_.:_+:
05

200 F

100 F

Weighted candidates / (0.125 )

Weighted candidates / (0.125 )

Io|l

the relatively large systematic . |
uncertainty is mainly due to the .

treatment of the multi-dimensional

300 F

200 F

acceptance =» will be significantly
reduced with larger data sample

100 F

Weighted candidates / (1 ps)

Weighted candidates / (0.45 rad )

6 10
@ [rad] t [ps]

1d projections of the results in six analysis variables shown with
the separate components from the contributing decay modes
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anomalies about the LFU: what’s about ?

@ SM features Lepton Flavor Universality (LFU) = equal electroweak coupling to all charged
leptons, the branching ratios to e, u and T differ only due to their mass
any further deviation is a key signature of physics processes beyond the SM

@ recently few deviations from SM emerged in B decays
v’ tree level semileptonic b->ctv, transitions, high rates O(%), well known in SM =
possible NP coupling mainly to the 3" family
v  FCNC b->sll transitions, rare decays forbidden at the tree level O(10) in SM =»

possible NP contributions in the loops

@ possible BSM scenarios: leptoquarks, new heavy vector bosons, H* ...
@ main test variables are ratios of decay rates

v’ theoretically clean: cancellation of QCD effects
v experimentally clean: cancellation of efficiency and reconstruction effects
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R(D*) fr()m T 9 M\/MVT LHCb [PRL (2015) 111803]

«\ _ B(B°—=D*"7tu,)
R(D )  B(B"—=»D*—utv,)

with 77 — utv, o,
- T “ T,
E— '”’;--_4"-‘:.::::‘.::::iii.'f_'f.'_ff_':v'_‘ v T )
signal channel :\\)) channel Ty v

precise SM prediction: R(D¥) = 0.252 + 0.003 [PRD85 (2012) 094025]

BR(t > uvuvr) =(17.39 £ 0.04)%

signal and normalization decay chain with identical visible final state = (mt(Kst))u

at LHCb =

v’ B momentum unknown in production from pp collisions at LHC
v 3 missing neutrinos = no narrow peak to fit

v’ large backgrounds from part-reco B decays: B=>D"u v, B>(D->Xu)D'X

v’ statistics from high pp - bb cross section at LHC
v use B flight direction to measure transverse component of missing momentum
v" B boost along beam direction approximated with boost of the visible final state
v can then calculate rest frame quantities =¥ m? ..., E*, , g% = (pp- pp)?
25/01/18 14



R(D*) fr()m T 9 MVMVT LHCb [PRL (2015) 111803]

% 20000 20.40 < g < 285 GeV/c* LHCb ] g 0.40<q?<285GeVic* __ LHCb
. ”% *Daf X E = il
analysis based on Run 1 dataset, 3 fb-! 8 — TR I
e I B — D' d 8
g i ]2
maximum likelihood fit to m* ., B, 9 N g
distributions with 3D templates representing gl = S e
* * m2.  (GeV/c™)
B°>D’tv, B>D uv, and background sources 5 swrgwomamsve G § FrPEBrTT I,
. > C ] -
v" background and signal shapes extracted 8 20000 s
from control samples and simulations validated < 100005_ i
against data I 18
O =

0 2 500 1000 1500

~— |
(=3

6 8
m2. (GeV¥c*

miss

R(D*) _ 0336 + 0.027Stati 0.030syst :g 6.10 <’ <935 GeVa/ct LHCb—% ;:115000;_ 610 < <935 GeVi/e®
o i o C
2.10 above Standard Model 3 EE R
R(D")SM = 0.252 + 0.003 15 ol
= 1 © r
3 R -
= & 2

2 4 500 1000 1500 2000 00

~— =
o

6 8
m2. (GeV*c*

miss

935 <q? < 12.60 GeV?/c* LHCb

dominant systematics =»
size of the simulation sample

935 <q> < 12.60 GeV/e*

Candidates / (75 MeV)

Candidates / (0.3 GeVZ/c*)

this is the first measurement of a b
hadron decay with a T lepton in the final =2=-7

10001500

6 B0 3000 2500
mfniss (GeV-/c?) E,* (MeV)

state at a hadron collider
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R(D*) fromt = J‘lj"'J'lj_J'lj"’(ﬂjO)\/T LHCb [arXiv:1708.08856]

v BR(t = 3n(a’)v,) ~ 13.9% (was ~ 17% for the muonic case)

v’ no charged leptons in the final state = no backgrond from semileptonic decays

v’ the 3-prong topology enables the precise reconstruction of T vertex
the requirement of a 37 vertex detached from B vertex suppresses D*“3nX background
by 3 orders of magnitudes retaining ~ 40% of the signal

v BDT technique to suppress the remaining background, that is due to B >D™ D (X),
double-charm decays ( ~ 10 X signal)

25/01/18 16



R(D*) fromt = J‘|§+J'|j_J'lj+(J'|jO)\/T LHCb [arXiv:1708.08856]

@ experimental systematic uncertainty reduced normalizing to a decay with a very
similar final state: B°> D™t

B(B" — D* 1%v;) B Nev Exne 1
B(B® — D*31)  Npom Esig B(r+ — 3n(n0)7;)

K(D*™) =

@ derive R(D") by dividing by known semimuonic B>D"uv branching fraction

R(D*~) = K(D*~) x B(B" — D*=37)/B(B" — D*~p*u,)
@ measure — N o= 17660 = 160

v'BO>D™tv and B?>D"3x event yields 01000F 4 Data 4 -
v'efficiencies from MC, validated using E - TotalModel T % ls=8TeV

data control samples o 800F - - Gaussian | | B

- [ - Crystal Ball ]

@ external inputs are ;/ 600 BZf:gamui 1 ¥t -
B(B°>D™uv ) = (4.88+0.10)X102 @ i P )
HFLAV [arXiv:1612.07233] 5 400F I ; E
BBO>D"3n) = (7.21%0.29)X10° S b P \ E
LHCb [PRD 87 (2013) 092001] S e L% i

Bt >3n(n%)v, ) = (13.81+0.07)%

PDG [Review of particle physics (2016)] 5300 3350 5400

m(D*rtn ) [MeV/c?]
25/01/18 17
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R(D”) from T = wraw(n)v_

2200
i
& o
N
g] 1600
& 1400
1200

=

analysis based on Run 1 dataset, 3 fb-!

@ signal yield from a 3D binned maximum

likelihood fit to g?, decay time, and BDT output
v’ background and signal shapes extracted from
control samples and simulations validated

against data

@ N(B°>D™tv) = 1273 = 85

R(D’) = 0.286 + 0.019,,.+ 0.025, .+ 0.021,,,
~ 1. 0 higher than Standard Model

@ compatible with the muonic channel

@ dominant systematics = size of the simulation
samples and external BRs

25/01/18
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> 1400
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Candidates/(

1000

800 |-
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400
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LHCb [arXiv:1708.08856]

G LA AR RN AN LARN LALE LR LAY A

— Total model

BB — D"t v,
B — D"7t* v,
B — D'"D}(X)
BB — D' D*(X)
B — D" 37X
B - D D(X)
8 Comb. bkg

2 4 6 8 10
q? [GeV?% c4]
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R(D") combination

LHCb combination

combination with R(D) —

R(D) and R(D") exceed the SM predictions

R(D*) = 0.306 + 0.016 = 0.022 by 2.3 0 and 3.4 o respectively
2.1 o above Standard Model

BaBar, PRL109,101802(2012) .
Belle, PRD92,072014(2015) Ay~ = 1.0 contours
LHCb, PRL115,111803(2015)
Belle, PRD94,072007(2016)

R(D*)

BaBar hadronic tag

PRD 88 (2013) 072012 p—— T ——im 0.45 == SM Predictions

0.332+0.024= 0.018 Belle, PRL118,211801(2017) R(D)=0.300(8) HPQCD (2015)
Belle hadronic tag ; LHCb, FPCP2017 R(D)=0.299(11) FNAL/MILC (2015)
PRD 92 (2015) ()7i()l-|- e O———— 04 Average R(D*)=0.252(3) S. Fajfer et al. (2012)

0.293 + 0.038 = 0.015

Belle SL tag :
PRD 94 (2016) 072007 i —— 0.35
0.302 = 0.030 = 0.011

Belle 1-prong 03
PRI 118 (2017) 211801 —_—e +— ’
0.270 = 0.035 « 0.027 |

LHCb muonic 3 E 0.25
PRL 115 (2015) 111803 ; —————
0.336 = 0.027 = 0.030 . ;

LHCb 3-prong ; 0.2
LHCb-PAPER-2017-017 ',_‘_'*_‘E_'

0.285+ 0.019 = 0.028 !

40

IIIIIIIIIlIIIIlIIIIlIIII|I

HFLAV
PGR) = 71.6% —
0.6
R(D)

: N
l “‘. -
Lliiil

=
[}
=
|95}
S
ESN
=
W

LHCb average
0.306 = 0.016 + 0.022

A — R(D) and R(D°) combination is about 4.1 o

PRD 85 (2012) 094025 ||| o .
0.252.4 0.008 > i above the SM prediction

Illll‘llil | I ] | | II

0.1 0.2 0.3 0.4
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R(J/ 1P), LFU with B . decays LHCb [arXiv:1711.05623]

B(Bf — J/dtv) witht > uvyy,

BB — J/ypuv) N> i
Bct—J/Puv

Jhw

R(J/¢) =

v' SM predictions are in the range of 0.25 to 0.28 =» the spread is due to the modeling of form factors
[PLB452 (1999) 120, arXiv:0211021, PRD73 (2006) 054024, PRD74 (2006) 074008]

v’ form factor parameters are fitted on a data sample enriched in normalization decays

v’ signal and normalization decay chain with identical visible final state = (uu)u
v’ like in the muonic R(D*) analysis =

1. use m? . E(unpaired muon), and g? to disantagle between signal and normalization mode
2. B, boost along beam direction approximated with boost of the visible system

v' B_ decay time (~ 3 times shorter than other b hadrons) helps to discriminate the large
background from lighter b hadrons
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(J/tp) LFU with B, decays

~

osmm_

>
(54000

3000

:

:

Candidates / (0.6

Pulls

Lo WL
TT[T

LHCb [arXiv:1711.05623]

—— Data

LHCb

5 10
m?_. [GeV?/c*]

W B - IR,

25/01/18

Mis-ID bkg.

W J/ comb. bkg. analysis based on Run 1 dataset, 3 fb-!

B — XC(IP)I+V1

@ signal yield from a 3D binned maximum
likelihood fit to m?, .., decay time, and a discrete

quantity Z representing 8 bins in (E,,,g?)
v’ background and signal shapes extracted from

B B —Jyputv, control samples and simulations validated
vico ([ -1’9/}_/’ TJ;(/);III;})’” bkg. against data
Bl B, — y(2S)l"v,

@ main background due to misidentified hadrons
and combinatorial muons

@ first evidence of the decay B.2>J/ytv, (30)

RUA) = 0.71 £ 0.17 i+ 0.18
~ 2. 0 above Standard Model

@ dominant systematics = size of the simulation
samples and form factors

21



S

lepton-flavour universality

in b 9 Sl . RK' RK*O
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test of LFU using B-> K| decays @ LHCb

v FCNC transitions forbidden at tree level in SM = expected BR < 106

v test of LFU measuring the ratio between the decay rates of B>K™], fqmax dF[B+_’K+P‘ ¥ dq2
cancellation of hadronic form-factors uncertainties in predictions R 9min dq’
4 R 1s close to unity in SM, with very small uncertainties K — fqmax dl'[B* —>K+e+ 7] d 2

— the ee channel is the challenge of these analyses

@ Bremsstrahlung affects the € momentum =» energy recovered looking at calorimeter hits

L A R R BN B R B L L N R LI
N K+'u+'u- ] Magnet ECAL i ]
| Ktete- Z , & [ '
» E, |

] ~p [ ]

i . J B i

] E, “l... I x2 J l

] E, I \]

2 3 4 5
m(K*1*17) [GeV/ ¢?] m(K*1*17) [GeV/ ¢4

@ low trigger efficiency

v’ trigger by the electron, hadron and other particles in the event
v’ final result comes from likelihoods combination
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the RK measurement LHCb [PRL 113 (2014) 151601]
B(Bt - Ktutu™) B(Bt —» Ktete™)
to minimize uncertainties B(B+ — K+J/¢(_) 'U’+:u‘_)) /B(B+ — K+J/¢ (_> e+e_))

v’ B mass fitin g% = m?, € [1, 6] GeV?/c* to avoid resonance regions
v signals extracted via invariant mass fits

v’ measure using double ratio Rk =

Run 1 dataset, 3 fb-1

NP AR = Tl :
% 40 03 = 300F LHCDb -
2 30 + g s | . . ]
g " g £ 200F = N
> 20 & - ]
k= =3 £100F .
'—§ 10 o E? C 1
5 a 2
70 g S of - s
5000 5200 5400 5600 S 5200 5400 5600
m(K*e*e”™) MeV/c?] m(K*utu”) [MeV/e?]

grey: partially reconstructed b-hadron decays; dark: combinatorial

——LHCb —=-BaBar ——Belle

g 2 rr——————————— e —————
oS [ :
R¢ = 0.745%0:090 |  (stat) = 0.036(syst) : LHCb ]
most precise measurement to date 3F E
)
.y : SM
2.6 0 from Standard Model prediction - —4
[ LHCb [PRL113 (2014) 151601
RKSM =1 = 0(1 03) var BaBar {PRDBS ((2012))032012]]
[ Belle [PRL 103 (2009) 171801]
[JHEP12(2007)040, PRL111,162002(2013)] 00'. ——
5 1 15

g [GeV?/c4
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the Ryxy measurement LHCb [JHEP 08 (2017) 055]

B(B® — K*u*tp™) B(B° — K*%¢Te™)
0 *0 + = 0 *0 + -
to minimize uncertainties B(BY = K*0J/¢(— p*pu7)) B(BY — K*0J/¢(— ete™))

v B mass fitin g° = m?, € [.045,1.1]and [1.1,6.] GeV?/c* to avoid resonance regions

v’ measure using double ratio Ry.o =

30
20
10

0.045<q2<1.1 [GeV?¥ 4] 0.045<g?<1.1 [GeV¥ 4

§ 20 % 20
18 10“~; 18
8 16 8 16
W(2S) - T 14 10°=— 145k 10?
S 12 : S 12
10
6 6 B s e Tl L L
4 10 4
2
Central g% = N 2k , o mm .-
2 - E - 3 - o [P P 1
Low g = L0 5000 5500 6000 | 4500 5000 5500 6000
m(K* - u*u~) [MeV/c?) m(K*me*e”) [MeV/c?]
v’ signals from invariant mass fits simultaneously on the nonresonant and resonant modes
(9] 90 T T T T _: (3] T T T
% LHCb E 25 LHCb
oE A BO—>K 0‘u+‘u— _§ oE 4 BO—>K Oe+e—
60 I Combinatorial 3 [ Combinatorial
50 3 15 B—Xe"e”

prIse

Pulls Candidates per 10 MeV/c
Pulls Candidates per 34 MeV/c

Run 1 dataset 3 fb-!

5200 5400 5600 5800 - 4500 5000 5500 6000
m(K*m-utu-) [MeV/c? m(K*r-ete”) [MeV/c?]

* test ratio of BRs of the u and e resonant channels 1s measured to be 1.043 £ 0.006 £ 0.045, consistent

with unity
25701718
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the Ryxy measurement LHCb [JHEP 08 (2017) 055]

o (stat) £ 0.03 (syst) for 0.045 < ¢ < 1.1 GeV?/c?
1 (stat) £0.05 (syst) for 1.1 < ¢® < 6.0 GeV?/c?
v’ most precise measurement to date

v below the SM at 2.1-2.30 in the low g and 2.4-2.50 in the central g°
v’ larger data set will allow for more precise tests

T ] LI B B I LI B B I LI B B [ L ] LI B B | ]— 2-0 | T T I I ]
S LOi .......................................................... D E X T
< [ V- mo-e ] < 1.5 B _
0.8 F i [
‘,_I_; 1 | ] I * |
0.6 -1 ® LiCh . 1.0 R 1 ..................................................... J.._
I BIP ] ;_I_’—IL—{ T \ i
041 Y CDHMV A ]
- ® EOS ] 0.5 B @® LHCb 7]
0.2 € flav.io ] - B BaBar -
- LHCb Y o [ LHCb N
0.0 RIS R S S AN NN SN A WAV AN N SAT AT SR SN SR RS S B 0'0 [N TN TR N NN SN TR TR N NN SRS SR SR T NN SR S S
0 1 2 3 4 5 6 0 ) 10 15 20
& [GeV?/ct ¢ [GeV?/cf
BIP arXiv:1605.07633
Y CDHMV ~  arXiv:1510.04239, 1605.03156, 1701.08672 BaBar PRD 86 (2012) 032012
B EOs arXiv:1610.08761, https://eos.github.io
® flav.io aXiv:1503.05534, 1703.09189, flav-io/flavio Belle PRL 103 (2009) 171801
e IC arXiv:1412.3183
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conclusions and outlook

LHCDb has a wide physics program in heavy flavour
and beyond

for this talk I tried to select only few between the most recent and hot results =»

@ LHCDb keeps making world-best measurements of y across a range of interesting modes,
a brand new technique to select B*= D*h* modes has been used

@ first measurement of the CP-violating phase ¢, using b - dds transitions
v’ many updates to come as we approach the end of Run 2

@ several deviations from LFU observed in ratios of decay rates =»
while individually not that large, consistently shows a tension with the SM

v" all ratios will be updated using the whole data sample collected so far
v’ new analysis already ongoing are: B.>D (tv, A,>AMtv

entering an exciting phase of precision measurements !

Thank You !
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vy using partial reconstruction of B*=> D h* (h=K,mx)

v’ the D meson is reconstructed in CP eigenstates KK, 7t
v’ strong phase 8 difference of 180° between D*>Dn® and D*>Dy [ PRD 70 (2004) 091503 ]

5fb! LHCb[ PLB 777(2018)16]

LHCb

300
LHCb

200

B“—)[nm‘]DK N B*— [ ], K +

@ limited efficiency reconstruction

= &(n%)~4% and g(y)~ 20%

100

Events / ( 10 MeV/c?)

4000
@ partially reconstruct and select 3000

identically to B*->Dh* 2000}

1000

LHCb | LHCb |

B - [T, B*—)[n*n‘]Df —

___,/“\‘

@ B*->Dh*and B*>D"h*end up n 5000 5200 5400 5600 5000 5200 5400 5600
m(Dh*) [MeV/c?]
the same selected sample

=>» differentiate between them [l 3 — @ - p°xO)n* B — D*h*n B* & Dt

based on their m(Dh) L EEGEEUSTEEE RIS B* - DK*
B* — (D* — DO%)n* Ap = ARE e Charmless
B* — DOhn0 Part. reco. mis-ID I Combinatorial

@ B*-> D*h* modes measured for the first time at LHCb and using a brand new technique !
@ fully reconstructed B*= DPh* results are measured with the same fit

@ DO decays to not-CP eigenstates, eg. D9> Kit are under investigation
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few hints about the analysis LHCb [arXiv:1712.08683]

. s:gnal yleld 6080 + 83
v’ fit quality of the B, decay vertex &, 1200f LHCb W 2 KEx)
v pr and Impact Parameter of each track > i [ B = (KK )
v PID info from RICH 2 1000F B ~ (KKK
- - (K'n )

v 750< m(Kz) <1600 MeV/c? % 800F ey 3
v 5000< m(K*wKor*) <5800 MeV/c? < 600k Bl A oK a) ]
v BDT trained with simulated B,—>K*0K"0 S I B Partally reconstructed -
. . . = 400 [ | Combinatorial -
and invariant mass sideband 4= Total Model ]
5600< m(K*mwK-mt*) <5800 MeV/c? = 200 —+ Data r
< ]

signal weights fitting the m(K*wK-wt*) distribution © doo  s200 5400 5600 5800

=>» allows to perform the decay time-dependent CP fit m(K*n K m*) [MeV/c?]

the PDF used for the fitting, incorporates the relevant flavour-tagging and
production-asymmetry parameters, and the acceptance and resolution factors

tagging algorithms LHCb[JINST 11 (2016) PO5010, EPJ C72 (2012) 2022] provide for each event a tagging

decision, and an estimated mistag probability = tagging power g4 = €,4(1 -2())?= (5.15 = 0.14)%

® A= [O (BO )— 0 (BO))/[ 0 (B%)+ 0 (BY)], measured by LHCb by means of a decay-time-dependent
analy51s of BO, = D" LHCb[PLB 39 (2014) 218] =» A =-.005 £.019 corrected for the different kinematics

both acceptance and decay-time resolution effects are studied using samples of simulated events
weighted to match the data distributions
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state of art of ¢.C

oM =-2arg(-V. V' SV, V') =-37.6"07 , smrad ignoring contribution from penguin

diagrams [CKM fitter] prediction very precise !
although there as been impressive progress since the mnitial measurements at GCDF/DO0, the

uncertainty needs to be further reduced

Iém 0.14 DO 8 fb ! LHCb:
& 68% CL contours ® J/\Pé [PRL114, 041801 (2015)]
0.12 1alog &= 1.1 * J/WK+TK— above ¢ (1020)[ arXiv:1704.08217 (2017)]
CMS 19.7 fb ! ® J/Ppm T [Phys. Lett. B736, (2014) 186]
0.10 Combined ABE.8.8 1 ® (2S)¢ [Phys. Lett. B762 (2016) 253-262]
® DFDs [PRL113, 211801 (2014)]
0.08
LHCb 3 fb ! CMS:
B108 ATLAS 19.2 fb ! ® J/W¢ [Phys. Lett. B 757 (2016) 97]
-0.4 -0.2 -0.0 0.2 O.fl ATLAS:
[HFLAV Summer 2017] ¢;[rad] ® J/\Pd [JHEP 08 (2016) 147]

world average (dominated by LHCb) is consistent with SM

¢, =-21 = 31 mrad  HFLAV Summer 2017
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Am_ and Am,

* Experimental precision has reached a remarkable level
at the per mille level, dominated by LHCb
— Am, = 0.5065 # 0.0019 ps?
— Am_ =17.757 £ 0.021 ps™!

 However, the interpretation requires inputs from LQCD
G

2 216 N2 | =2 2 B =T
Amg = me neS(z) AN [(1 — p)* + 77| ma, /5,BB, i

2 B 2 ~7% ;
ama_ mepls 70 (AN (1 - 92+ o5f
Am mp, 5, Ba, — % 9

~4% or
* The quest for precision with these [
constraints is now on LQCD _

— Need to sustain efforts from the LQCD L. AEE. ... ... (o
community to reduce the theoretical uncertainties by x10 P
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direct CP violation in charm

Charmed hadrons provide the only way to probe CP violation with up-type quarks.
In the SM CP violation in charm is expected to be < O (1073) [Phys. Rev. D, 85, 079901 (2012)]

N(D— X)— N(D— X)
N(D — X) + N(D — X)
LHCb studied CP asymmetries in D° — KTK—, 7t : [Phys.Lett. B 03 (2017) 62]

Araw (D — X) = Araw ~ Acp + Ap + Ap

| Ace (K*K~) = (0.04 £0.12(stat) £0.10(syst))% | =T Hne™ "7
'f:: - Buic_,
| Acp (7 7) = (0.07 & 0.14(stat) + 0.11 (syst))% | < | Ok
Of----f 7 " -} -------- .
* Main syst: statistics available in control samples, e.g. : "
Dt — K37mt* .
ol ]

0.5 0 0.5
A ol m)[%)

25/01/18
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anomalies about the LFU: what’s about ?

@ SM features Lepton Flavor Universality (LFU) = equal electroweak coupling to all charged
leptons, the branching ratios to e, u and T differ only due to their mass
any further deviation is a key signature of physics processes beyond the SM

@ measurements of the Z and W couplings to leptons, mainly constrained by LEP and SLC
experiments, are all compatible with LFU

v’ except for a 2.8 o difference between the measurement of the branching fraction of the W->tv._
decay with respect to W>uv, and W->ev, decays

@ recently few deviations from SM emerged in B decays

v’ tree level semileptonic b->ctv, transitions, high rates O(%o), well known in SM = possible NP
coupling mainly to the 3" family

v  FCNC b->sll transitions, rare decays forbidden at the tree level O(10-%) in SM = possible NP
contributions in the loops

@ possible BSM scenarios: leptoquarks, new heavy vector bosons, H*: ...

@ main test variables are ratios of decay rates

v’ theoretically clean: cancellation of QCD effects
v experimentally clean: cancellation of efficiency and reconstruction effects

@ the following analysis are based on Run 1 dataset, 3 fb"!
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R(D*) from T 9 M\/MVT LHCb [PRL (2015) 111803]

separation of the signal from the normalization channel exploiting distribution of 3 kinematic

variables computed in the B rest frame m2
2 _ LSS
1. m miss (pB_ Pp+*- pu)z

2. E,
3. g* = (pg- ppv*

q* = (ps + py)?

= m2,.
the component of pg along the beam axis 1s
approximated with
(pB)z - (mB/mreco)(preco)z
~18% resolution sufficient to retain discriminating power
gpP
2 20.08F ; 2 0.6f ,
B->Dwv, § [ [ LHCb E 1 bHcb T = | W [
g simulation So0ek rSimulati f§?ﬁ 2 simulation
. b= gY A \%\%\ b= 0 4_ \\\\\
k) S AT o U.
B>Duv, 2 o4 < §§ < NN §§
0.04f ZERNNN AN oo
72NN N\
[ OSSN NNNNNKRSRSY
NN O I NN\ s 7
0.02] 1777 7SN i NNNJSEESL
2t NN N RIS
. obe AN G>\\~i: s
10 500 1000 1500 2000 2500 0 5 10
m2, (GeV/c?)? Ep, (MeV/c2) q? (GeV/c2y?
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R(D*) fromt = J‘lj"'J'lj_J'lj'*(J'le)\/T LHCb [arXiv:1708.08856]

v BR(tr = 3n(a®)v,) ~ 13.9% (was ~ 17% for the muonic case)

v’ no charged leptons in the final state = no backgrond from semileptonic decays

v’ the 3-prong topology enables the precise reconstruction of T vertex
the requirement of a 37 vertex detached from B vertex suppresses D*“3nX background
by 3 orders of magnitudes retaining ~ 40% of the signal

- 10°F ~ T ~ T ~ T T T T T T 1 =
o = . . =
~ LHCb simulation ]
7 B :
Q 3 Prompt (D*raxX)
< 107 E =
= = I Double-charm (D*DX) 3
-E B signal (D*Tv) .
<
@)

10% £

10 E

-8 -4 0 4 8 12 16 20
Az/o Az

v BDT technique to suppress the remaining background, that is due to B >D™D(X),
double-charm decays ( ~ 10 X signal)
v’ extensive studies performed in data control samples
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other anomalies in the b=>sl*| sector

* Differential branching fractions consistently lower than SM

expectations, although predictions are still matter of discussion

EN].CSR Lattlce -e-Data

ps
O
<t
Q
X
=
o
S
=

N OF L, e vl S

o 00 5 10 15 20

JHEP 06 (2014) 133 42 [GeV¥c4]

-3 [

S . ]

8 g B'—K%%uu H :

N ]

s} .

3 :

0.05 —4— l —_

w(ZS)
0 M i M L i
0 5 10 15 )
JHEP 11 (2016) 047 ¢ [GeV¥c*]
JHEP 04 (2017) 142
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dBB?—¢uu)/dg? [10°3GeV2c4]

dB(A, — A p w)/dg? [107(GeV?/ ¢4y

S = N W A N 0 00 O

B,—¢upn

LHCb
SM pred.

*Data

+

=

Jp 1p(28)
. ; — 1I0 — . 15 —
JHEP 09 (2015) 179 ¢ [GeV?/c!]
18— —
SM prediction Ab_)AMM’ =
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Fay v, LHCb —;
10 15 20
JHEP 06 (2015) 115 q* [GeV?/cY]



other anomalies in the b=>sl*| sector

— angular analysis of BO->K*Ouu
[LHCb, JHEP 02 (2016) 104]
Consider ratios of observables
where leading form-factor
uncertainties cancel, e.g.:

e LHCbdata © ATLAS data
= Belledata © CMS data

S || SM from DHMV
p — 0 7 SM from ASZB
5% \/ FL (1 — FL) rom

[S. Descotes-Genon et al.
JHEP 1204 (2012) 104]

[ w(29)
N\
L I L1 1 §> L1 11

Preliminary results from Belle
confirmed tension seen in LHCb

PR
15
NB: results from Belle combine bc¢ g? [GeV?/c4]

electron and muon final states
Local tension with SM predictions (2.8 and 3.00)
CMS/ATLAS also started to measure Global analysis finds deviation corresponding to 3.4c
the same angular observables, e.g. P’s
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BO>u*uw and B,>utw

e CMS and LHCb have

performed a combined fit to
their full Run-1 data sets

B(BY — ptp~) =287 x 107
B(B" = ptu~) = 39i%3 x 10710

* B.~»>uu6.20 significance was

first observation

— Compatibility with the SM at

1.20

e Excess of events at the 30

level for B uu

— Compatible with SM at 2.20

 More recently, also ATLAS
published a measurement

with Run-1 data

25701718
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N ~ [=>]

Candidates / (40 MeV/c?)
(=]

o N -~ [=>] [==]

B(B® — u* u)[107)

o

MS

and LHCb (LHC run )

TIT I T T T T T [T T T [TT1
4 T

T T T T T T

| 1 Nature 522 (2015) 681

| —
—$— Data
—— Signal and background -
B> pw

B pw
=+ = Combinatorial bkg.
----- Semileptonic bkg. 4
— = Peaking bkg. -

TETITT

o rlrn

5000 5200 5400 5600 5800

Moy [MeV/c?

Vs=7TeV,49f"
Vs=8TeV,20fb" -

Contours for -2 Aln(L) = 2.3, ]
6.2, 11.8 from maximumof L _|
T \n ' TR \n L1 1]

4 5 6 7
B(Bs — u* 1) [10°°]
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update on B>u"uw by LHCb

* New measurement from LHCb
using Run-2 data has led this Phys. Rev. Lett. 118, 191801 (2017)
year to the first observation of SH e e
the B, uu decay from a single 30% BDT > 0.5 e ]
experiment
B(B? - ptu~) = (3.0£0.6103) x 107°

B—hh'

Candidates / ( 50 MeV/c?)
o

* Moreover, it starts to be
possible to measure other
properties, such as the effective
lifetime, that will be useful for
discriminating between NP
models

— Experimental precision not yet in the
interesting range, but important
proof of concept

8- LHCb .

6 — —— Effective lifetime fit

Weighted B(s’ — u*uw” candidates / (1 ps)

C L L L L ! ) ) ! |
0 5 10
Decay time [ps]
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LFV at LHCb: By>eu

e B%—>ep on full Run I: 3fb"!

* Normalisation:

v B" =)/ K* (clean final state)
v B%—> K*11” (same topology as signal)

* Primary background: B® = h*h’”
with both hadrons misidentified

[ ]
o 16 T T T T =
L 14 5 L ¢ Data E
% . 07sBDTs10 Total . . .
E 1”2 e Combinatorial -
1 S T Ay = puv ]
8 10 - B' = wutv E
z 8N B — e*y* -
2 o e
ERPIZIERN 3
8 _F \‘J'\ ‘L .
O 2 | [Ty i =

0 addd i R T PP | :0:-:":' ey ]

5000 5200 5400 5600 5800
mez‘uz [MCV/CZ]

25/01/18

Fit to m(eM): no excess — limits with CLs

arXiv:1710.04111

~45000F e :
2 400005 LHCb | Data :
% zm: — Total E
sk 11 Combinatorial
§20000§- B*— Jlyxt 4
'-g 15000;— ...... Bt—J /w Kt
S 10000} E
5000 3
= St - ;
£ M l 7
a 5 L — 1 | —
S LHCb  { Data :
= soof — Total :
= ool t+ Combinatorial 1
g E ...... BO_> Kt ]
%’ so00 B kin
S E A —=ph ]
o S %
E Mt e
5400 5600 5800

My [MeV/c?]

B(B°— e*u¥) < 1.0(1.3) x 107°
B(B?— e*uF) < 5.4(6.3) x 1077

@ 95(90)% CL
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LFV at LHCb: tT=>uuu

* Possible contribution from
doubly charged Higgs
e Using full Run |: 3fb"!

e Events studied in a 3D binned space:
» Invariant mass of 7 candidate

» Output of a MVA based on topological
information: vertex quality, displacement

» Output of a MVA based on PID

B(t — ppp) < 4.6 x 107° @ 90% CL

Compatible with best limit from Belle.

25/01/18
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