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A Introduction to Flavour and LHCb

A 2016 selected highlights on mixing, CPV and FCI

A Mixing and CPV with &mileptonicdecays
A CKM angle gamma

A CPV in baryonic decays

A CPV search with charm mesons

A Anomalies in 8 K*mm

A Other recent anomalies and tensions

A Lepton Flavour Universality
AB,4- mm

A FutureLHClprospects

Focus of this talk: newhysics searches at LHCb with beauty and charm hadr

Other important LHCDb physics results (spectroscopy, heavy ions)

will be covered in the talk by GiovariPassaleva
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3 generations: hiestflavour physics!

G Ct lé&seldtal copies of the same gauge representation
3 up-type and 3-down type quarks withamequantumcharges butifferent masses
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3 generations: hic est flavour physic

G Ct lé&seldtal copies of the same gauge representation
3 up-type and 3-down typequarkswith samequantumcharges butlifferent masses
and different couplingsto W boson
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Complex coupling¥ CP violation
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Why Is flavour physics interesting

| Charge:+2/3 | | Charge:=1/3

A Standard Model flavour puzzlehy 3 generations,
what is the origin of the hierarchy observed in the
fermion masses and quark mixing parameters

(and why so different from lepton mixing anarchy?)

log,o( mass [MeV/c?] )

o - N w ~ ;] (o] ~
L L B
A

A Cosmology
Amount of CPV irBtandardviodel not sufficient
to explainthe observed matteantimatter
asymmetry in the Univers&lew sources of CPV
requiredby baryogenesis

FCNC
A Discovery potentiafar beyond the energy FIavpur Changing Negtral Current
frontier via studies of forbidden or SM forbidden at treelevel in SM
suppressed processes, such as FCNC d,s B
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Indirect searches for New Physics

FCNC occur only at loop level: box or penguin diagrams. Sensitive to BSM contribut
from new particles that can mediate the loopswo examples:

SM BSM
(b— t ¢ S Flavour b= :
I 1
0 =0 av 0 New 0o
B$ 3 Wi EW Bs mixing Bs ) particles ? Bs
(st oy -5 — b
b Ry
Rare
decay -

l+

New particles can be virtually producéd sensitivity limited by precision, nby
collision energy. Sensitivity to new particles up to ~I€8Ucan be reached at LHCb
[A. Buras et al. JHEP1411(2014)121]
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Why beauty and charm?

PRODUCTION LHCb Cumulative Integrated Recorded Luminasity in pp, 2010-2016
Large beauty and charm cress g :

sectionsin pp collisions alt HC 3
7-13 TeVcenterof mass energy

Already 2fb* on-tape \

_________________________________ Aeadyzvorape~ /'

Results pre$ented /s
~herefomaf £
Runl at 78TeV g

In LHCb acceptance:
s(aw) = 15063000 b
Y O(102) ad pairs/fiot

2016 (6.5 TeV): 1.67 /fb

2015 (6.5 TeV): 0.32 /b

2012 (4.0 TeV): 2.08 /b

2011 (3.5 TeV): 1.11 /fb

2010 (3.5 TeV): 0.04 /b

|

2010 2011 2012 2015 2016

Year

s(cw) = 256600 nb
Y O(101) cxw pairs/fbl

Integrated Recorded Luminosi

DECAY

A band c are the heaviest quarks that form bound hadrons

A Many decay channels

A Long lifetime O(1#?s) enables precise measurement of production and decay vertex
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LHCDb detector

RiChdetectors MUON system JINST 3(2008) S08005
y el)~95% e( m)97% IIMPA 30 (2015) 15300
for 5%p- KmisID for 1-3%p- mmisID
M2
S o \ SPDIPS  pyca v
2 3 RICH2 ,FA
TlT2
Vertex .
Locator | g B
4Tm gt
Interaction =
pOint = 8, [rac] 2
” ~7
VELO o
S|p~20nn \J
(highpTtracks) : —
TRACKING Syste - CALORIMETERS o
Dp/p = 0.5¢ 0.8% | { ECALSJE ~1%A10%AO |1 —1—»
(20-100GeV) 20m ’

/\

Single arm forward spectrometer, large acceptance for bb in forward regiorR2s
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A Introduction to Flavour andHCb
| A 2016 selected highlights on mixing, CPV an
X FCNC

B-Mixing and CPV

CKM angle gamma

CPV In baryonic decays

CPV search in charm

o Anomaliesin 8 K*mm

E §| A Other recent anomalies and tensions

0 Lepton Flavour Universality
y 0 Bsg- mm
| A FutureLHClprospects
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B, mixing

Bflavour eigenstates daot coincide withmass eigenstates.e.,

Hrp N NY

Y

B-mixingor Bflavour oscillation= periodicaltransformation of a B @®r B) into its

own antiparticle as a function eime. Oscillation frequencim =m, ¢m,

A
A
Bs' Ds- p+ andgs' Ds+p-

A FlavourTag production
Mixed if different

flavour at decay and production
Unmixed if equal

flavour at decay and production

B, fastoscillationrequires: excellent decay time reconstruction
Clean samples of seHigged decays

New J. Phys. 15 (2013) 05321

LHCb

2

candidates / (0.1 ps)
(=]
=

LHCb(1 ) : Dm = 17.768t 0.023+ 0.006 ps
most precise measurement to date

¢ Tagged mixed
o Tagged unmixed

—— Fit mixed

Fit unmixed

SM:Dm, = 17.3+1.5ps

—
decay time [ps]



B° mixing

Dmy measured with full Rui data sample (3 f§ andsemileptonicB® decays
Mixing frequency directly related to mixing asymmetry

. 0) () o~ oo s
I —
P 0 = O O Al Xt 0o

Mixing asymmetry projections in 4 tagging categories with differeistagrates:

5 10 5 10 - 5 10 5 10
Eur. Phys. J.C (2016) 76:412 ‘(e t [ps]
Dm, = 505.0+2.1+£1.0 ns?
Most precise single measurementompatible and similar precision to world average

26/01/2017 Stefania Ricciardi, RAL 13




CPV N B miXiNCEEmsTes

CPVin B mixing (6 © 6 ) 0(6 © 6 ),g=s,d

I(B— [)—T(B - f) PRL 117 (2016) 061803
s] = in) r — — — T T T i p=
ERCEENCEY) & 'F7 7 Standard Mode] '; L
ESN R X I :
Predicted to be very small in SM U= . SN =
af= 2026027 x 16 1 N :
ad=-47+06 x10 -1 3 .
n o 7) | -
L C |z “% ) i
DO measurement of likeigndimuon -2 x — —
3.2s from SM PRL105(2010)081801 [ 3 IIJ)I(}CB(*I)D(*)%VX . §
sensitive to botta @ anda ¢ aE S RaBar Il - -
e BaBar [/ —— -
LHCb measures® using untagged /| R AU o 5 P
semileptonicdecaysB,- DgntnX -3 =2 = 0 ald (%]
a,°= (0.39+£0.26+0.20)% sl
<o) () | .
o == ) ( ) Most precise measurement to date
9 And in good agreement with SM
e = 1_—]%1%(‘4”‘” ~ Adet — FrkgAbke) Stefania Ricciardi, RAL 14



A Introduction to Flavour andHCb
A 2016 selected highlights on mixing, CPV anc
FCNC By <0

0 B-Mixing and CPV P
o CKM angle gamma ﬁ' :
o CPV in baryonic decays —
o CPV searchin charm
o Anomaliesin 8 K®mm

A Other recent anomalies and tensions
0 Lepton Flavour Universality
0 Bsg- mm

A FutureLHClprospects

MORE ON CPV
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CKMuUnitarity Triangle Reminder

1 )
= 1- E)\Z :
) —AN 1

Vexne
fh

Wolfenstein parameterisation

Vg Vs [V

\th Vts thj

@ VVT:1@

-
b i
Vekm 7 Ved  Ves Ve Vo

VudVup™ + VeV o™ +VigVp* =0
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An increasingly precigacture..but still
room for NewPhysics at O(20%) level
Precision CKM metrology required

A gcanbe measured from tree level
decays onlyY SM benchmark
A negligible BSM contributions
A negligible theoretical
uncertainties

solwieos2h<0
fexcl, al CL > 0.95) |

- |||||||||i:|||||||||||||||" I-..\I 11 H
15 et L L L e s A Several experimental challenges

AV, mediated transitions
Y Small BF involved
A Fully hadronic decays

ICHEP 16

Still large experimentalncertainty ong
from directmeasurements
CKMFITTEB=72.1%54. °
UTFIT g=70.5+5.7°

Above averagedominated by LHGtesults
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® CKM anglgfrom B- DK

g9 1 AB - D°K")
° A(B - D°K")

D no
AD°- f,)

All unknowns from data
Y No hadronicuncertainties

Methods and D final states

GLW: fy=KK,p p [ Gronau - London - Wyler]  PLB 253,483(1991), PLB 265,172 1991)
ADS : fp=Kp, Kp p p [Atwood - Dunietz - Soni] PRL 78,257(1997), PRD 63,036005(2001)
GGSZfy=Kgp pKKK [ Giri - Grossman- Soffer -Zupan] PRD 68,054018(2003)

GLS f = KK p [ Grossmant Ligeti - Soffer ] PRD 67,071301(2003)

Same methods apply to B Dp-, but interference smaller
26/01/2017 Stefania Ricciardi, RAL 18




Events / ( 10 MeV/c?)

CKM anglgfrom B- DKE5s

PLB 760 (2016) 117

Analysis includes: D to K&K ,pKp, K3, 40

LHCb

D- Kp ADS suppresseahode
Small yields but large asymmetty

B*S[TK KT

e Wt o = e e

5200 5300 5400 3500

26/01/2017

B [p*K9 K* 553+ 34 events
' B [p*K9 p* 1360+ 44 events

CPVat8inB DK

SI0 5200 3300 5400
m(Dh™) [MeV/c?]
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CKM anglgfrom B- DKE5s

PLB 760 (2016) 117 Analysis includes: D to K&K ,pKp, K3, 40

LHCb

D- Kp ADS suppresseahode
Small yields but large asymmetty

« B [p*K9 K* 553+ 34 events

B*S[mK ] K

Events / ( 10 MeV/c?)

B [p*K9 p* 1360+ 44 events
CPVat8inB DK

51000 5200 53 2003300 5R00

momveviel | First measurement of CP parameters
" we 1 |from D- 4p Large yields

l Bt- [ppD*p G K* 1497+60 events
E « B [p'p%*p 9 p* 19300+ 150 events

B_—>[7l:+7|:-1t"'TI:_]DK - ) B*—)[n*r:'n*n']p!( M

Events / ( 10 MeV/c¢?)

CP fraction = 0.737 +/0.028
wes -+ V| (External input from CLEO)
1 |CPVat2§inB- DK

B*—)[u*n‘:'t*:t‘]pn* .

|1 | Opposite sign to ADS as expected
TR From predominantly GBven GLW

m(Dir") [MeV/c?]
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g combination of B DK results

New update
in 2016

Frequentist method combining 71 observables depending on 32 parameters
Compatible results obtained also with alternative Bayesian approach

B decay 1) decay Method JHEP 12 (2016) 087
q 1 i I ! ' I T I T I T ]
BT — DhR* D — hth™ GLW/ADS [i LHCb i
BT — DhR* D — hta atx~ GLW/ADS N
BT — Dh* D — hth—a" GLW/ADS i
BY — DK™ D — KYhih— GGSE ]
BY - DK™ D — KK =+F GLS ]
BY - Dhtao ot D — hth™ GLW/ADS ]
BY — DK*0 D — Ko™ ADS i
B s DK o~ D — hth™ GLW-Dalitz ~
BY — DK+ D — KSntm— GGSE h
BY s DTR* Dt —s hth-nt N e S 90 .............
v [°]

Most precise determination affrom a single experiment

As all input measurements are statistically limited, uncertainty should reactvittd Run2
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gfrOm BS > DSK 3fb! update

in 2016
update, not yet ingcombination
D£K®@not selftagged, o K+ - "D
both B, and B, can decay to it b Yc" ‘ b Y u" ‘
Y Timedependent required s ‘o —o T - "
i 4 D 0 Vs K+
Measurement unique to LHCb B s > s ° B, - z
A GBY(t=0)- DK’ )- GBe(t=0)- D!K)_ CcosPmt)- SsinOmi)
" GB(t=0)- DK’ )+GBe(t=0)- DK') C€oshD G/2)+AsinhD G/2)
2r . 2r 1- r2
= - = - C=-
S e sin(d (@) A T cos( o
LHCBCONF2016015
\ N || "2 LT 'I".'.'I"_ :;4”0.8_"|""""'"'I"'I"'_
"'D“’ 0.4_— LHCb Preliminary — P 0.4_— LHCE Preliminary ] LQ LHCb ]
4%0.2:— + . < 02F —— 0er e
o+ L - +
oF - o:—jf_— o - AL J/% ;
oo 1 N [ .
2 x + s 1
~04F - ~0.4F . i
’ = modiilo (2rcfAr?1':)) [ps] ’ < modiilo (2m"ArEr]1'j [ps] BN AR Iléol},l [Io]
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CPV in baryons decal=EEL

.. ) . ) arXiv:1609.05216
Non-negligible CPV effects predicted within SM in charmlgsdecays

Interfering amplitudes with similar size and large relative weak phakg inpp p orL,- ppKK

" VuVud® | a@ } ) VipVig® | i } ")
2? d(3) }'.-r*' (K*+) 2? d (3) }W+ (K+)
A {d - d P d - d P
L AT } & ¢ ! }
ub d B ) - o -
Vin 5 }'” — o~ L }ﬂ
AFII‘S'[ obsl,ervatlon of_b pp pPp 4-body final states Co= p Qphl )
[ LHCb —Full i ] Triple product asymmetries Cuw= D
:3315-:10-(33 — A P ] PEE Y C/ p Qphl Pr;)
=t — Partrec bkg A-(Cp) N(Cs > 0) — N(Cf < 0) L)
> [ —Comb bkg | Ap(Cy) = - ; b
I e - T N(Cr>0)+ N{Cf = n)
= T N(-Cp > 0) + {C{Dj d
500l 6646+F 105
I events Observables largely insensitive to production
AT and charge detection asymmetries
$27754 56 s 6 (advantage over simple decay rates)

26/01/2017 mpr n r) [GeVie?] Stefania Ricciardi, RAL 23



Asymmetries [%o]
"
o

|
b
':J

CPV with baryons

arXiv:1609.05216

I
o O

- LHCb Scheme B -
5 NOPV 3
24 —fir“—ﬁ“'ﬁ“"'lli—"@— oY
Fpapo ndf=207/10 4
] cPv E
- i . -
B S [ N
ol nd3050
1 2 3

@ [rad]

Data consistent with NO P violation

CPV at 38 level(combining both schemes)

26/01/2017

ObservabIeS'

alodd — (AT+AT} r ¥ PV

T““:-(AT A5). 1 ¥ CPV

Searches of localised &éhd CPviolating
asymmetries in distinct region of the phase
space. Two different binning schemes used.

Firstevidence ofCPV in baryosector
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No CPV in charm ye e

A LHCD largest data sample of charm decays to charged tracks
A Unique environment withup-type quarks
A DP mixing firmly established
A Expected tiny levadf CPV in SM <18 which could be enhanced by NP

— 0 _ ey 0 oty _GD- f)-GD- f)
DA =[AH(D" - K'K")-|A4(D"- p'p7) A G HrGaD - T)

A LHCHD.6 fb!: DAp= (0.82+0.21)% , evidence of CPRL108(2012)111602

3fbl update in 2016, usind® © O * L5k Becs. | i A
and 'O ©0O*" samples &
PRL 116 191601 (2016) ;;
DA, =(0.10° 0.08° 0.03)% 7" NO CPV
obeae. .
supercedesour previous measurement y g:gsrzgiw;gy
arxiv:1610.09476 per mill level
A.-(KK) =(0.04° 0.12° 0.10)% 5 -
-0.5F ; -
Ap(p §=(007°0.14° 019% | s
A p(m ) [ %]
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Timedependent CPV W|thOD K'K and

Preliminary
3fb1,2016

LHCBCONF2016:009
Data split by magnet polarities and ye:
Consistent results, no slopé no CPV

Fr T rrrp T 1 =
88;1 LHCb preliminary _
0.00 ;‘-MXW#%F;---f ___________ _;

—0.02F + 120p + 2012 Down E

A D* tagged sample, O(¥Ddecays
A Asymmetry A{t) measured in bins of
decay propettime

Adn (1)

Ace(t) @B - —— A

A Slope A measures indirect CP violation —0.04E L, d
A Detection asymmetries corrections checked 0 2 4 6 8 20
D°- Kp* control sample - I:t:/TD
£ 005 LHC prlminary

Ap(D°— KtK~) = (—0.30 + 0.32 £ 0.14) x 10—2| qu 0.00 - <sho 2 28 i trrse -
Ap(D°— 7tn7) = ( 0.46 £0.58 +0.16) x 10~ —0.05 3
Most precise measurement of these observabls ~0.10 E‘,szl?,UP ,Jf ,291?P?W,D| . E
0 2 4 6 8 20

Alsounbinnedanalysis available on same data sample , t/ D

consistent results (LHEBONF2016010)
26/01/2017 Stefania Ricciardi, RAL 26



A Introduction to Flavour andHCb
A 2016 selected highlights on mixing, CPV anc
FCNC
o B-Mixing and CPV
o CKM angle gamma
o CPV in baryonic decays
o CPV search in charm
o Anomaliesin B- K*mm
A Other recent anomalies and tensions
0 Lepton Flavour Universality
0 Bjg- mm
A FutureLHClprospects

RARE DECAYS
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A Differential branching fraction d- K?°(892)rtm

BO-

3fbl update
in 2016

HEP 11 (2016) 047

K0(8921tm

A P-wave only determined for the first time
A Measured Svave fractionF;
A Ft to M(Kp mmM(Kp) and helicity angle cog()
A F;=0.101+0.017+0.009 for 796 < M{p) < 996 MeV and 1.1 26.0 GeV

Candidates / 15 MeV/¢?

5200 5400

T
LHCb ]
1.1<¢*<6.0GeVYc* ]

Candidates / 0.1

T e o s

5600
gy, [MeVic?]

Candidates / 28 MeV/c?

s
<4 L —
P L.I-Ic.b e ] % LHCb
300F Ll<q<60GeV/ct ] ;D_
: 1 1= o1 ]
200F . &, ]
i \ ] = - .
100} ‘ 1R | j
z oot Mgl ____k
0== 1000 1200 [ —+—

iy, [MeV/e?]

—
LHCb
1.1 < g% <6.0 GeV¥/c*

GO....S....lo....IS....

g* [GeV?/c4]

Most precise measurements the
differential branching fractiorto date
In good agreement with the SNpredictions

26/01/2017
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B°- K%mtm angular analysis pfas

A Fourbody final states
A System described kgimuoninvariant mass gand W=(q, q.f)
A Angular distributions sensitive to New Physics

dT[B" — Kt ]
dg? dfl

Observables:

Ay

||
—~
':_';'-1
I
onal
e
H-h,__
R
=
hﬁw‘ I—J

The observables depend on Wilson coefficients (sd@tiance physics, evaluated
perturbatively universal) and on hadronic form factors for B* transition(long

distance physics, evaluated through lattice QCD or LCSR)
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B°- K%mtm angulardistribution

JHEP 02(2016) 104

The CRaveraged angular distribution can ke&plicitelywritten as

1 d4r+0) 9 {%(1_)singeK+cosgf9K

d(T'+T)/dg? dg2dG 32w
+1(1 —) sin® f5 cos 26,
(3082 O cos20; + S sin® 0 sin® &) cos 2¢

F = Fraction of longitudinal
polarisation of the R

+ Sy sin 20 sin 28; cos ¢ + S sin 20 sin &) cos ¢

= Forwardbackward
AFB » _|_%

_ Applsin? Oy cos8; + S7 sin 260 sin §; sin ¢
asymmetry ofdimuon system

495 sin 20 sin 26, sin ¢ + Sg sin’ G5 sin? §; sin 24

C | E:F_. | ] | | CDF |
LHCDb - Belle E - Belle 7]
FRandAg | F  sss : 3 | BaBar ]
in good - s ] - cMs .
agreement| E LHCb E - LGh ;
with SM - e e e ]
-1 0.3 0 0.3 1 -1 0.5 0 0.5 1
F; difference Apg difference

26/01/2017 Stefania Ricciardi, RAL Blake,Lanfranchi Straub 30
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- Kontm , RQ 2 6 A FRE

JHEP 02(2016) 104

Set of observables with reduced
hadronic uncertainties can be defined

using ratios a7 E I B R R T
- « LHCbdata 3 fbl
Péi__,) g = 84’5’8 l_.—-— m Belle data 711 fbl]
- 7] SM from ASZB
Independent of forrdfactors - { I _
at leading order o ' -
S.Descotessenonet al., JHEP01(2013)048 : = ]
0.5 = 7 ]
LHCb has performed the i S F‘ ERA S
first full angular analysis aF —- e -
of B>~ K%mm 0 5 10 15
Global analysis of LHCb results on L+ & g [GeV*/cY]
CPRaveraged observables LHCHocal tension with SM predicti0||1
at 3.4s from SM Belledata consistent with LHCb

2.1s from SM, arXiV:1604.04042
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Global fits tob- sdata

In OPE Bdecay amplitude
is expressed by:

T0 |
— W

V¢

0V

O describe longdistance physics

(non-perturbative)
G Wilson coefficients,

short-distance physics (perturbaﬂve;)j 0

Tree

Gluon penguin

Photon penguin
Electroweak penguin
Higgs (scalar) penguin
Pseudoscalar penguin

|
ksl
0

bW o W
—
(=]

e e e e e
1 | |

09 = (S,YI«LP b) (Efy E) Vector

O1o = (57, PLb) (Iv*75¢) Axialvector

26/01/2017

1_

Two examples of global fits 8 sdata:
constraints on Wilson coefficients G= QSM CINP

Altamannshoferand Straub
arXiv' 14113161

. Branching fractipns
_Angular observables
-3 -2 -1 0 1 2
Re(Cy")

DescotesGenonet aI

arxw J.b.I.U U4239
| Branchlng Flauos
i "‘__ff\_”_gl!'_%E_C?P.S}?E"_’@P_"??‘_E{’al_
L '..__\\ __I ...................
..... \
- N e
; + SM
i i L L .i. i
3 -2 0 1 2 3

GNP 0 at about 4

Consistent picture:
data favours modified vector coupling C

Stefania Ricciardi, RAL
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Interpretation ofb- sanomalies

Vectorlike contribution could come

NP FTNRY | »Q gAU& | YI aa

OR?

=
¥ Vectorlike contribution could be mimicked
£ by poorly understood chardoop contributions

b . i :
- that may produce a dinuon pair via a virtual
SM B K photon Lyon and Zwicky, arXiv:1406.0566
AltmannshoferW. & Straub, D.M. Eur. Phys. J. C (201

Ciuchiniet al., JHEP 06(2016)116

More effort on-going to clarify picture: e.g., measurg(@) dependence
(different from charm loops and NP contribution)
Current statistics not sufficient to draw conclusions
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A Introduction to Flavour andHCb
A 2016 selected highlights on mixing, CPV anc
FCNC
o B-Mixing and CPV
o CKM angle gamma
o CPV in baryonic decays
o CPV searchin charm
o Anomaliesin 8 K®mm
A Other recent anomalies and tensions _.
0 Lepton Flavour Universality ¢
0 Bsyg- mm
A FutureLHClprospects

OTHER ANOMALIES
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Lepton Universality Test: &Y

T L ot -o-LHCb -mBaBar -—aBelle
SMb- sl flavour universality — ° o L A T AN
. A - s - LHCb 1
Y Expect: ! & - LHCb ]
. . 12F 2.6 from SM @ ]
BF(B"'- K'mni) ., S :
R, = " ———=1°0(10") IF
BF(B"- K'ee) :
. . N 05
A Theoretically clean: hadronic uncertainties [
cancel in the ratio N
A Experimentally challenging: electron 0 > 10 1> 20
: : LHCHPRL 113(2014) 15160142 [GeV?/c4]
reconstruction(Bremsstrahlung tail) BaBaPRD 86(2012)032012
R ————————] Belle PRL 103 (2009) 171801
% 40p LHCb -
E ok ; LHCRun1 (3 fb?) for 1< <6 Ge¥:
S - Ke'e _ 0.090 o
E 20: RK - 0-745-0074 0-036
_-5 [
2 10 R&0.8 consistent with angular anomalies in
“ 0 b- smnn some class of NP models

5000 5200 5400 5600 ,
m(Koee) [MeV/E] E.g[Altmannshoferet al, PRD 89 (2014) 09503:
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Lepton Universality Tesin/ t

oy GB- DY Y M R dzS | SM prediction theoretically very clean
R(D") = &B- DOmy phasespace| Sensitive to NP: e.g. charged Hidgptoquark
LHClmeasuredR(D*) witht- mn n )t ut e ptjrt
Experimentathallenge: SM NP < NP
missingneutrinos b N by “geNvob v
LHClresult at2.1s from SM B C By c B c
R(D*) =0.336° 0.027° 0.030 > > >
LHChPRL115,111803(2015)
~ 0.5 ———
a e LI o) Ay2=10
o 0.45 ~— LHCb, PRL115,111803(2015)
) Sy HFAGaverage of all R(D) and R(D*),
i T including Belle, BabatHCh

0.35 4s from expectations

e

0.3 A
O -~ More measurements of othas- ¢t n
0.25F = -
oot HFAG. E process_esmder way at.HCb
s T T s s s Alsousingg, B, L, decays
R(D) .
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First observation oB- ntm

. o run Nature 522(2015)68
FCNC decay, very rare in SM ‘”* ) Nalres (2015) ——— -
SM E W iz:;t:alandbc-mkgrcound E
B t ut Y sof 88 s ww —
2 F B8 = wu .
go : A+ Zﬂ g w0F = = — Gombinatorial background =
8 i = N A . T e T Semi-leptonic background —
W= 5 - — — Peaking background .
BF can be significantly altered in R S N -
many BSM mOdeIS D_ - 5[‘.IK]D 5,200 5400- ’ 5,600 5,800 -

, mPfP:{MeWcz]

CMS and LHCb {LHC run I)
T

S I A II\II—i First observation (6.8) of B~ ntm
; u.?'%l —% A BR= (2@7-06) X 10°
Zosf \ compatible with SM at 12
4\ 0.5;— —;
E’j“é". 3.  Firstevidence (8) of B>- nim
= F| 1 A BR=(3.9%,,)x 10w
0f \ - i compatible with SM at 22

BR (B, 2 uiw) [107]
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FUTURE PROSPECTS
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LHC

T | | Run 2 | | Run 3
LS1 EYETS Ls2 14 TeV LS3 14 TeV
13-14 TeV - energy
solidation injector upgrade ) 5107
7Tev 8BTSV 'gﬁ;'g:::ml : T Ploracton | WLAHC installation | [T
P1-P5S smingsity

%
|

2 x remin
7% ment neaminal keminoaity [ ment upgrade
™ oxpari I’ axpari l{lpg p—

LHC Operation PLAN
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LHC

Run 1 |
L51
splice consolidation

experiment
beam pipes

Run 2

EYETS
13-14 TeV -

LHCDb
8 fb!

| Run 3
Ls2 14 TeV LS3
injector rade ’
cryo Poim 4 cryobmit HL-LHC Installation
Civil Eng. P1-P5

i

radiation
damage

experiment upgrade 23 rominalbmirosT i exporiment upgrade
phase 1 — phase 2
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.............

Upstream Tracker
Silicon strips

LHCDb upgrade: new 40 MHz reaut with fully software trigger

Tracker

S Muon MWPC
Scintillating

Off detector readout

RICH
Photon
Detectors &

(partial)

mechanics

A i o
B Vs (reduce PMT 20m =

gain, replace R/0)

energy

LHCUpgrade

50 flol by 2030
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LHCDb projectedtatistical uncertaintie

LHCb LHCb Upgrade Theory
Runl&2-2018 Run3&4- ~2030
8 fb! 50fb-t

5" O« ~100% ~35% ~5%
57 0 -
O
S$AL0 O 07 ¢ 6% 2% 7% g
=
g oo 0v 4 negligible R

f (B Jy f) 0.025 0.008 ~0.003

A{D- KK) 0.2 x 168 0.05 x 16

Statistical uncertainties will stay larger than theoretical ones for many years!
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Conclusions

A Many newLHChresults published this year (>50 papecsDnly a few, selected ones,
presented here

A Increasing experimental precision and good agreement with SM for most of the flavour
observables:
i Mixing in theB, (andB,)) system
I CPV in mixing witeemileptonicBsdecays &sl)
I CKMgfrom direct CPV in-BDK decays
i First evidence of CPV in baryonic decays (
i No observation of CPV ir? Becays

A Some measurements showing interesting tensions with SM:
I Some exclusive- sntm branching fractions
i B% K°tm angular distributions (2016 first full angukamalsy$
I Hints of lepton non universality & KllandB- DIn decays
i B°- mm branching fraction (too high?)
New Physics or unaccounted uncertainties or statistical fluctuations?

A Mostresults using LHRun1, 3fb®; b and equark datasamples from Ruf on tape is
already more than twice larger (accounting for larger cresstions at 13TeV)

A Plans to collect 50fbby end of LHC Ruf(2030) with upgraded detector
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Flavour physics indirect discover

o o

1970:c-quarkpredicted (GIM mechanism) to explain smallnesk ofmm
I 1974: first Jy observation

1973:3"“ generationintroduced (Kobayashi 8askawa to explain CP
violation in kaon decayg,

I 1977: first bquark observed
T 1994: first topquark observed

1974:charm masgpredicted fromDm, (K°-mixing)

1987: Argus hints of largep massfrom Dmg (B*-mixing)
I 1994: topmass measured
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CKM constraints evolution

IIII|IIII|IIII
" | excluded area has CL=> 0.95

: An increasingly precise picture..
2016

= 0.0
.05 -
10 -
) 18
-1.5 | L 1 I
0 -05 0.0 1.0 15 20
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FCN®- smndecays

b- s(and b- d) transitions
only occur at loop level iBM

Penguin
diagram
b t s
& Q\ = % =
W \ W+ i dB'OX
> 7 lagram
0

b- s(and b- d) transitions
at loop or tree level vialR E.g.,

Penguin
diagram
b t s
H=~  ~HOT | Box
v & diagram
-
b S
ut Tree
A . diagram
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Several observables: decay rates, CP asymmetries, angular distrib{utions
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Exclusive b sntm decay rates

B~ K*mm B’ KOmm

—PRLCSR _ lattiee e Data . eROR DM e T —
> B —K'wuw | o ° B'—K'uu | % %
9 LHCh § 9 . LHCb 4 & 7
hY) ] o ] 2°¢
X X 3 = 5B +
% 5 g 4 E
5 ” 5 ++ } P4
9 ! S ! JOE E
< [P B R N CQ I - I . é‘ IS ST S R SR S S R 3
° %NS 10 15 20 = % %0 5 10 15

HEP 06 (2014) 1332 [GeV¥cd] " HEP 06 (2014) 13312 [Gev2/c4] HEP 09(2015) 179 4 [GeV¥c'

B- K* hMm - KOmim L,- Lmm
Theory -Binned

20 -LCISR : ILalltt?Cf': T.T[?at.a. — i5 —&-LHCb
S ] & o T T —T T = 18 T 3
. B'=K'wu{ 3 LHCb S 16E Moo E
Q 5 LHCb 7+ IR E
NI o 1 = E
Q,I,x 10F e + ) I E
= [ & osf h_ E; E
% Sﬁ-b X g ! | t 3 ;
D ' s -
%0_ co-----;----1'0---'1'5----2-0% +I ' LHCb

" HEP D6 (20_‘(4) 13% 2 [GeV/et] HEP 08 (2013) 131 ¢ [Gev?rct ° HEP 06 (2015) 115%5 2 [GeVoich]

All lower than predicted!

But large uncertainties in the SM prediction from hadronic form factors
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Amplitude phasdalifferences in B K'ntm

Observed tensions need sizeable ledigtance effects igimuon
massregions faifrom the polemasses of theesonanceso be
explained in terms of chardoop contributions

Firstmeasurement of the phasdifferencebetween the
Bf- K'mndecay

Fit todimuonmassdistribution:

- Long distance (resonances) contributions modelith

relativisticBreit-Wigner with individual magnitude and phases

- Short distance with effective field theoryy &d G, floating,
B- K form factors from predictions

Same strategy could be appliedB®- K°m nicomplicated due to
different helicity amplitudes contributing with different phases)

Also BF measurement of n@asonant component

B(BY — KTptu™) = (4.37 £ 0.15 (stat) 4+ 0.23 (syst)) x 1077

compatible with previous but smaller than SM
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4 degenerate solutions

correspondlng to phaseﬁp/Z +p/2; J/y
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