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* Introduction to Flavour and LHCb
e 2016 selected highlights on mixing, CPV and FCNC

* Mixing and CPV with B semileptonic decays
* CKM angle gamma

e CPV in baryonic decays

* CPV search with charm mesons

* Anomalies in BO—>K*Oup

e Other recent anomalies and tensions
e Lepton Flavour Universality
* By —uu

e Future LHCb prospects

Focus of this talk: new physics searches at LHCb with beauty and charm hadrons

Other important LHCb physics results (spectroscopy, heavy ions)

will be covered in the talk by Giovanni Passaleva
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Different flavours...of slopes

Peak to creek it
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3 generations: hic est flavour physics!

“Flavour” == several copies of the same gauge representation
3 up-type and 3-down type quarks with same quantum charges but different masses
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log,o( mass [MeV/c?] )

3 generations: hic est flavour physics!

“Flavour” == several copies of the same gauge representation
3 up-type and 3-down type quarks with same quantum charges but different masses

Charge: +2/3

Charge: —1/3

bottom
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and different couplings to W boson
w

Flavor changing currejt;/-'
b -

Complex couplings =CP violation
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Why is flavour physics interesting?

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

X

e Standard Model flavour puzzle: why 3 generations,
what is the origin of the hierarchy observed in the
fermion masses and quark mixing parameters

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

o - N w ~ ;] (o] ~
T

(and why so different from lepton mixing anarchy?)

 Cosmology

Amount of CPV in Standard Model not sufficient
to explain the observed matter-antimatter
asymmetry in the Universe. New sources of CPV
required by baryogenesis.

FCNC
« Discovery potential far beyond the energy FIav?ur Changing Neutr.al Current
frontier via studies of forbidden or SM forbidden at tree-level 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 contributions
from new particles that can mediate the loops. Two examples:

SM BSM
( B € f < g | ( B — _§ )
I I avour
0 | N no o 0 New Rno
Bs ) Wi W ( Bs mIXIng BS particles ? ( Bs
| I
L S L L > b [ § — e )
b S
Rare
decay -

l+

New particles can be virtually produced = sensitivity limited by precision, not by
collision energy. Sensitivity to new particles up to ~100 TeV can be reached at LHCb
[A. Buras et al. JHEP1411(2014)121]
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Why beauty and charm?

PRODUCT'ON LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2016
Large beauty and charm cross- € [ . Run2at13TeVunderway— g
sections in pp collisions at LHC E - Already 2fbL on- tape \
7-13 TeV center of massenergy &  , ... N — \ ....................................
£ - . .
In LHCb acceptance: 3 iR L A 8 B '“'/. .......................................
@ - :
o(cc) =1500-3000 ub 'sg -
= 0(10%* ) cc pairs/fb? E :_ 2016 (6.5 T;.'V): 167/ |
- - + 2015 (6.5 TeV): 0.32 /fb
— % - e 2012 (4.0 TeV): 2.08 ffb
o(bb) = 250-500 lvlb 5 - o 2011(35Tev): 111/ |
— 0(1011 ) bl; pairs/fb‘l % 2010 (3.5 TeV): 0.04 /b
0 2010 2011 2012 2015 l 2016

Year

DECAY
* b and c are the heaviest quarks that form bound hadrons
 Many decay channels

* Long lifetime O(101? s) enables precise measurement of production and decay vertex
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Vertex
Locator [

Interaction

VELO
Cpp ~20pum
(high pT tracks)

LHCb detector

RICh detectors
e(K) ~95%
for 5% m—K misID

MUON system
e(n) ~97%
for 1-3% m—p misID

JINST 3(2008) S08005
IJMPA 30 (2015) 1530022

M2
- \ SPDIPS  ycap. v
= T3 RICH2 MF;CAL
TlT2
TTE
B
4Tm pects
= d
=— o, [rad] *2
o 5 "
b ©
TRACKING System b CALORIMETERS . I
| | ECAL: 6./E ~ 1% ®10%/VE |— ' >
20m z

Ap/p =0.5-0.8%
(20-100 GeV)

Single arm forward spectrometer, large acceptance for bb in forward region 2<n<5
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Introduction to Flavour and LHCb
2016 selected highlights on mixing, CPV and
FCNC

B-Mixing and CPV

CKM angle gamma

CPV in baryonic decays

CPV search in charm

Anomalies in BO—>K*Oup
Other recent anomalies and tensions

o Lepton Flavour Universality

O Bs,d —HUu
Future LHCb prospects
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B. mixing

B flavour eigenstates do not coincide with mass eigenstates, i.e.,

|BL,H> = P|BO> + Cl|ﬁ>

= B-mixing or B-flavour oscillation = periodical transformation of a B (B%r B,) into its
own antiparticle as a function of time. Oscillation frequency Am = m,—m,

* B, fast oscillation requires: excellent decay time reconstruction

* Clean samples of self-tagged decays

B,— D, n* and B,— D;* 1"

* Flavour-Tag production
Mixed if different

flavour at decay and production
Unmixed if equal

flavour at decay and production

New J. Phys. 15 (2013) 05321

& LHCb
= |

< 400 4

= | )

=

=

g 200/

LHCb(1 fb!) : Am, = 17.768 + 0.023 + 0.006 ps

¢ Tagged mixed
o Tagged unmixed

—— Fit mixed

Fit unmixed

most precise measurement to date 0 1 2

SM: Am,=17.3 1.5 ps’!

| 3 . R
decay time [ps]



B® mixing

Am,  measured with full Run-1 data sample (3 fb'!) and semileptonic B® decays
Mixing frequency directly related to mixing asymmetry

Nunmix(t) _Nmix(t)
Nunmix(t)_HVmix(t)

A(t) =

= cos(Am,t)

Mixing asymmetry projections in 4 tagging categories with different mistag rates:

5 10 5 0 ' : m : m
Eur. Phys. J.C (2016) 76:412 ‘(e ! [ps]
Am,=505.0£2.1+1.0ns™!
Most precise single measurement - compatible and similar precision to world average

26/01/2017 Stefania Ricciardi, RAL 13



CPV in B mixing

CPV in B mixing if P(Bq - B_q) +* P(B_q - Bq), q=s,d

D(B—f)—T(B—=J) PRL 117 (2016) 061803
ag] = — = —_— — — — . —
DB = )+ T(B = f) & 'F7 7 Standard Mode] T
Predicted to be very Sma” oM 0:_ ..... N ........................ F\K ....... . O _—
aS= 2.22+0.27 x10° - |2 ]
a,d=-47 + 0.6 x10* -1 3 .
| O 0 ]
L - % .
DO measurement of like-sign dimuon -2 X — ; —
3.2c from SM  PRL105(2010)081801 [ 3 LHCb DOuvx ]
syt d d s - Q DO D )/JVX : —_—— -
sensitive to both a ° and a -3 o BaBar D'lv o =
- A BaBar /I — :
_ N Belle // — ]

LHCb measures a ® using untagged /) ARSI MU SIS S S S S E——
semileptonic decays: B, = D, u*vX -3 —2 -1 0 ald (%]

a,°=(0.39+0.26 £ 0.20)% sl
4. 2 NOsTu)-N(Ds"u7)
Taw = N(Dg~ut)+N(Dst ) Most precise measurement to date
9 And in good agreement with SM
. fbkg(Amw — Adet = forgAvke) Stefania Ricciardi, RAL 14



* Introduction to Flavour and LHCb

e 2016 selected highlights on mixing, CPV and
FCNC

B-Mixing and CPV

CKM angle gamma

CPV in baryonic decays

CPV search in charm

o O O O O

Anomalies in BO—>K*Oup
* Other recent anomalies and tensions
o Lepton Flavour Universality
O By —Hu
Future LHCb prospects

MORE ON CPV
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CKM Unitarity Triangle- Reminder
Voor 4V Ve Vo | by

ub

@ VVT:1@

VidVis* T VeV ¥ + ViV * =0

u

A

V. Vo) th
VeV

0,0)
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Still large experimental uncertainty ony

IIII.|III'\_l

15 7 | o
| exchuded area has CL> 0.85 %%'

B ' A\

o

T \S

Y

\

10 F

=0l wi 668 2B< 0
{exel, at €L > 0.95)

ICHEP 16

_1.5_IIII|IIIIiIIIIIIIII|IIIII|'I\..\III

-1.0 -05 0.0 0.5 1.0 15

P

from direct measurements

CKMFITTER y=72.1*54,°
UTFIT y=70.5%5.7°

Above averages dominated by LHCb results

26/01/2017
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An increasingly precise picture..but still
room for New Physics at O(20%) level
Precision CKM metrology required

e vy can be measured from tree level
decays only =SM benchmark
* negligible BSM contributions
* negligible theoretical
uncertainties

* Several experimental challenges
* V,, mediated transitions
— Small BF involved
* Fully hadronic decays

17



@ CKM angle y from B*—DK*

Favﬁijred <
Vcb « 7 ei(53_7) = A(B_ — EOK_)
b ¥ ¢ B A(B~ — D°K")
B- D°
T U

090 = A(DO - fp)
AD" - f)

D

All unknowns from data
— No hadronic uncertainties

Methods and D final states

GLW :fy=KK, 7w [Gronau-London-Wyler] PLB 253,483(1991), PLB 265,172 1991)
ADS : fy=Km Knrnr [Atwood-Dunietz-Soni] PRL 78,257(1997), PRD 63,036005(2001)
GGSZ : fy = Ksmy KKK [Giri-Grossman-Soffer-Zupan] PRD 68,054018(2003)

GLS :f=K K7 [Grossman-Ligeti-Soffer] PRD 67,071301(2003)

Same methods apply to B~—— Dnt~, but interference smaller
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CKM angle y from B*—>DK* [E5ria

PLB 760 (2016) 117 Analysis includes: D to KK, 7ir, K, K37, 47

e D—Km ADS suppressed-mode

BSK LK o Small yields but large asymmetry
« B*—[n*KT] K*f 553 + 34 events

Events / ( 10 MeV/c?)

B*—[n*K'] m* 1360 + 44 events

LHCb |}

CPV at 80 in B— DK

B S[tK *]Dn’

e Wt o = e e

5200 5300 5400 3500

SI0 5200 3300 5400
m(Dh™) [MeV/c?]
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CKM angle y from B*—>DK* [E5ria

PLB 760 (2016) 117 Analysis includes: D to KK, r, K, K37, 47

e D—Km ADS suppressed-mode

BSK LK Small yields but large asymmetry
---------------- B « B*—[n*K'] K* 553 % 34 events

Events / ( 10 MeV/c?)

— B >[m*K¥] m* 1360 + 44 events

LHCb |

LHCb |

CPV at 80 in B— DK

B S[tK *]Dn’ B =K 1,

L./ _ N ]
5100 5200 5500 5200 5300 5400 5500 , .
m(DI) MeV/c’] First measurement of CP parameters
0 LHCD wer 1 | from D —4m. Large yields
2 —— L
2 o T B* > [ ' n ] K¥ 1497 + 60 events
= B s[rn ] K B's[ntwntn ) K

st | S Nsetsiiionn () CP fraction F, = 0.737 +/- 0.028
(External input from CLEO)
pomeene | | CPVat2.7cin B— DK

1 | Opposite sign to ADS as expected
S0 5100 o000 From predominantly CP-even GLW
26/01/2017 Stefania Ricciardi, RAL 20
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y: 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 T T T T T T T I

Bt — DRt D — hth GLW /ADS S

BY — DRt D — hta ata™ GLW/ADS -

B*Y — DRt D — hth " GLW /ADS

Bt — DK+ D — Kh+h— GGSZ

BY — DK+ D — KK =+  GLS

B* — Dhta—xt D — hth™ GLW /ADS

BY & DK*" D — Kta ADS

B+ DK*tn— D — hth™ GLW-Dalitz

BY & DK*° D — Kxta— CGGSZ

BY _» DFK* Df s hih xt  TD ol

50 60 70 80 90
v [°]

Most precise determination of y from a single experiment

As all input measurements are statistically limited, uncertainty should reach ~4° with Run2
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y from B, >D K EE¥Es

in 2016

update, not yvet in Yy combination

DK not self-tagged, Vae K N , Vi g D-
both B, and B°, can decay to it b—>c " —u" *
= Time-dependent required 70 b—m—— U.KJF
Measurement unique to LHCb s s %3 - 5

F(B°(t=0)—D'K )-T(Bs(t=0)—>D/K")  Ccos(Amt)—Ssin(Am,r)

A (1) = — = :
r (B’ (t=0)—> DK ")+ F(Bg(t =0)—> D'K") cosh(AI'.#/2)+ Asinh(AlL' ¢/2)
2r . 2r ; 1-7°
LHCb-CONF-2016-015
\ T 1 T ] ;ﬁ C T " T T T T T ] b Q8T T T T T T T
o4 LHCb Preliminary > 0.4 LHCb Preliminary O [ LHCb
<0 | 5 0o : 06 _—
- + L . € 02 —— . =L
| —+—: U?mj_ ] 04 j‘//ﬁ B
+ _ .
04~ — 0.4+ 4

P T T T N SR EN SN NN SR RO S N C v v v vty omn:rul.rsholdlisﬁlt 5% CLI

0 0.1 0.2 03 0 0.1 02 0.3 0 NP R B
T modulo (2r/Am, ) [ps] T modiulo (2r/Am) [ps] 60 80 100 120 140 160}/ 5
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CPV in baryons decay

arXiv:1609.05216

Non-negligible CPV effects predicted within SM in charmless A, decays
Interfering amplitudes with similar size and large relative weak phase in A, =>pnnr or A, ->pnKK

oV, Vg™ d(s) }?r_ (K) oV Vg™ d(s) }n— (K)
d(3) }?r+ (K*+) d (3) },.T+ (K+)
d }P d - d }P‘
" A u
f i
d B i ) B
Vi T }ﬂ- b Vig e i"td d }'-’F
AFlrst obsclerlvlatlclJn of A —>p7cmc 4-body final states Cr=p, (P xpy)
S [ LHCb — Full fir in Triple product asymmetries . =7 -(p. x
B 1500)- @ — Ay P ] ep / Cr =Py (Pi X Py;)
= - — Part-rec. bkg. | A:(Cy) = N(Cs = 0)— N(Cs < 0) E
o [ — Comb. bkg. ] Aplbg) = - b
Elﬂm_ ——-B“aK‘ﬁr:r‘_‘ ' N(Cy > 0)+ N(Cy T< ]
5 ! — AV pKmm — N(-C7>0)—N(-Cz<0) =
> - Ar(Cp) = = Ay
= N(-C7 = 0)+ N(-Cz < 0)’
[ events Observables largely insensitive to production
L) and charge detection asymmetries
§27754 56 58 6 (advantage over simple decay rates)

+ 212
26/01/2017 mpr a ) [GeVieT] Stefania Ricciardi, RAL 23



CPV with baryons

....... arXiv:1609.05216_ Observa bles

- LHCD Scheme B Fodd _
20E NO PV E ap (AT +A5). 20> PV
0fEg—&ra——
720 W 3 T“H=—(AT Az). #0= CPV

Searches of localised P- and CP-violating
CPV ] asymmetries in distinct region of the phase-

Asymmetries [%o]

20 _ $ . 1 space. Two different binning schemes used.
ofdi. 8. 5% ]
- ¢ ¢ [
—20F ]
e afp Pmdf=30.310
1 2 3
‘@| [rad]

Data consistent with NO P violation
CPV at 3.3c level (combining both schemes)

First evidence of CPV in baryon sector
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No CPV in charm yet [¥aa

 LHCb largest data sample of charm decays to charged tracks
* Unique environment with up-type quarks
* DO mixing firmly established
* Expected tiny level of CPV in SM <102, which could be enhanced by NP

. 0 T — 0 - T(D— f)-T(D - f)
AACP_ACP(D _)K K ) ACI(D > ) ACP_F(D—)f)+F(5—)f)

* LHCb 0.6 fb!: AA =(-0.82 £0.21)%, evidence of CPV PRL108(2012)111602

3fb™t update in 2016, using D*t - DO ™ ?zo.s— L'Hct;sem“;pmic' . i
and D*~ - D97~ samples : - Duucs,,,,,
PRL 116 191601 (2016) ;f's
AA., =(0.10£0.08 £0.03)% Y/ | NO CPV
: 0 771 but sensitivity
supercedes our previous measurement L .
has reached
arXiV:1610.09476 per mill level
A (KK)=(0.04+0.12+0.10)% : -
~0.5F ; =
Aep () =(0.07£0.14£0.11)% I -

Ap(mr %) %]
26/01/2017 Stefania Ricciardi, 25



Time-dependent CPV with D°—K*K and

Preliminary
3fb1,2016

LHCB-CONF-2016-009
* D* tagged sample, O(10°) decays

* Asymmetry A.p(t) measured in bins of
decay proper-time

Data split by magnet polarities and years
Consistent results, no slope = no CPV

P = I I I I I 1 I I 1 I ] I I 1 I 1 I I'.'. _-.

= 0.04F E LHCh preliminary .

(t) adzr _LA E% 002: -7

Acp(t) = acp P < 0.00 %MXM':?::::: ;

o o —002F 4 9919Up + 2012 Down 3

* Slope A measures indirect CP violation 0V N S B B B B
e Detection asymmetries corrections checked on 0 2 4 6 8 20
DO—K-tt control sample ?/TD
Ve - L | L | I L l | L P rrer E

o 0.05 F Lacy preliminary E

t'«';a L, _

Ap(D°— K¥K) = (-0.30£032£0.14) x 107 &F 0-005“ - ANaC S SN EES Casem— -
Ap(D°— 7tn7) = ( 0.46 £0.58 +0.16) x 10~ —0.05 3
_010E ¢ 20120 2012D E

Most precise measurement of these observables 0.10¢ + P , p .J,r, 0 | ?W,n| L,
0 2 4 6 8 20

Also unbinned analysis available on same data sample, LF/'TD

consistent results (LHCB-CONF-2016-010)
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* Introduction to Flavour and LHCb

e 2016 selected highlights on mixing, CPV and
FCNC

B-Mixing and CPV

CKM angle gamma

CPV in baryonic decays

CPV search in charm

o o O O O

Anomalies in B>—>K*%up
* Otherrecent anomalies and tensions
o Lepton Flavour Universality
o Byy—uu
Future LHCb prospects

RARE DECAYS
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BO—>K"0(892) 1™

JHEP 11 (2016) 047

« Differential branching fraction of B®—>K"(892)u*u-
* P-wave only determined for the first time
* Measured S-wave fraction, F;
* Fit to M(Krtpp), M(Kr) and helicity angle cos(6,)
* F;=0.101 = 0.017 £ 0.009 for 796 < M(Kr) < 996 MeV and 1.1 <q? <6.0 GeV?

-6
—os;
E " LHCb 2 f " LHCb ] > LHCb
> 1 = [ ]
%: R 1.1< ¢ <6.0 GeV¥c* . % 300 1.1 < ¢*<6.0 GeV¥/c* —: %
p % 200f 1 g
3 ] 2 S A 1
5 . 5 [ ‘ ] -~ | |
Sl | o - L oo + .
\ D \\\\\\\\\\\\\\\\\\\ Satehe ,n.\\m-.“. 0: . bl .. 005.- ¥+ ——
5200 5400 5600 800 1000 1200 B 4
gy, [MeVic?] iy, [MeV/e?] i i
S 1s0f IHILI-IIC'b‘”"Q”‘-_ P T T T
g 1.1 < ¢*<6.0GeV/c* ] 0 5 10 15
z - ¢* [GeV?/c?]
9]
Most precise measurements of the
differential branching fraction to date
In good agreement with the SM predictions
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BO—K*utu~ angular analysis

* Four-body final states
* System described by dimuon invariant mass g% and Q=(6,, 6,,¢)
* Angular distributions sensitive to New Physics

4 T ]
dg? 40 32’??

I; - It for BO
Observables:

. dr  dr
S = (Iz"'_ Iz':] / (d—qg—l— d_qg>

- drr  dr
a= -0/ (3a+ 35

The observables depend on Wilson coefficients (short-distance physics, evaluated
perturbatively, universal) and on hadronic form factors for B—>K* transition (long-

distance physics, evaluated through lattice QCD or LCSR)
26/01/2017 Stefania Ricciardi, RAL 29




B°—K™ utu~ angular distribution

JHEP 02(2016) 104

The CP-averaged angular distribution can be explicitely written 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 K™

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

A;g = Forward-backward » L4
3

. Applsin? Oy cos8; + S7 sin 260 sin §; sin ¢
asymmetry of dimuon system

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

| E:F_. | r | | CDF |

LHCb - Belle E 3 Belle E
Frand Agg - s : 3 | Baar ]
in good - cus . - s .
agreement | E LHCb ] 2 LECh :

with SM -  Mmmcemmy F | SMuncermmty
-1 0.3 0 0.3 1 -1 0.5 0 0.5 1
F; difference Apg difference

26/01/2017 Stefania Ricciardi, kAL Blake, Lanfranchi, Straub 30
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BO—K™Outu—, P’ observableffisa

JHEP 02(2016) 104

Set of observables with reduced
hadronic uncertainties can be defined

USing ratios EL‘ Wy 1_ T T T | T T T T | T T T T | T T T _I
. « LHCbdata 3 fb7
P.ai = 54,5,8 l. = Belle data 711 fb™ ]
- 7] SM from ASZB
Independent of form-factors _ ‘ I ]
at leading order ﬂ: .
S.Descotes-Genon et al., JHEP01(2013)048 | F |
LHCb has performed the | ES ]
first full angular analysis 1 S —- | o __
of BO—K™ Outp- 0 5 m 15
Global analysis of LHCb results on L+ & g* [GeV¥/ e
CP-averaged observables LHCb local tension with SM prediction
at 3.4c from SM Belle data consistent with LHCb

26/01/2017

2.1o from SM, arXiV:1604.04042

Stefania Ricciardi, RAL

31



Global fits to b—s data

In OPE , B decay amplitude
is expressed by:

Two examples of global fits to b—s data:

AC constraints on Wilson coefficients C = C-SM C-NP
Hopp = ———=V, C;0; Bt B
eff — CKM LYi
\V 2 - Altamannshofer and Straub Descotes-Genon et al

arXiv:'1411.3161 . ] 3farxiv: 1510.04239 "~~~ =" ]

""" i Eranching Fla[,ilos;
O, describe long-distance physics of A H
(non-perturbative) ]
C, Wilson coefficients,

short-distance physics (perturbative)

P
C‘ID
=

Tree
Gluon penguin
Photon penguin

Electroweak penguin . L
Higgs (scalar) penguin _»[ Branching fractions

Pseudoscalar penguin ~Angular observables ] RO
-3 2 -1 0 1 2 -3
Re(Cy")

|
ksl
0

bW o W
—
(=]

e e e e e
1 | |

Consistent picture:
data favours modified vector coupling Cq

Oy = (E’Y“PL b) (@yﬂﬁ) Vector NP
O1g = (87, PLb)(Ey*y5¢)  Axial-vector Cy"#0 at about 40
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Interpretation of b—>s anomalies

Vector-like contribution could come

NP from a Z’ with a mass of a few TeV

OR?

€_
y Vector-like contribution could be mimicked
¢ by poorly understood charm-loop contributions

b S . . . .
that may produce a di-muon pair via a virtual
SM g K* photon Lyonand Zwicky, arXiv:1406.0566
Altmannshofer, W. & Straub, D.M. Eur. Phys. J. C (2015)

Ciuchini et al., JHEP 06(2016)116

More effort on-going to clarify picture: e.g., measure C,4(q?) dependence
(different from charm loops and NP contribution) —

Current statistics not sufficient to draw conclusions
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* Introduction to Flavour and LHCb

e 2016 selected highlights on mixing, CPV and
FCNC

B-Mixing and CPV

CKM angle gamma

CPV in baryonic decays

CPV search in charm

O O O O O

Anomalies in BO—>K*Oup

* Other recent anomalies and tensions
o Lepton Flavour Universality
o Byg—up

e Future LHCb prospects

OTHER ANOMALIES
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Lepton Universality Test: e/u

T —e-LHCb -m-BaBar —aBelle
SM b—sll flavour universality ! 7 et I o L IR
= Expect: WA, e L LHCb LHCb :

- 2.60 from SM "

_ BF(B" > K'u u")

v = " — =1+£0(107) IF
BF(B" > K ee") :
0.5
* Theoretically clean: hadronic uncertainties
cancel in the ratio 0:......................
0 5 10 15 20

* Experimentally challenging: electron-

; . LHCb PRL 113(2014) 151601 2 2 4
reconstruction (Bremsstrahlung tail) ( ) q* [GeV-/ct]

BaBar PRD 86(2012)032012
] Belle PRL 103 (2009) 171801

LHCb |

LHCb Run-1 (3 fb?) for 1<g? <6 GeV?:

R, =0.745'9% +0.036

%) .
=) o

[ [
S S—

B*—K*e*e |

]
=

=

R=0.8 consistent with angular anomalies in
b—suu in some class of NP models

5000 5200 5400 5600
m(Kere) MeVIE] E.g [Altmannshofer et al, PRD 89 (2014) 095033]
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Lepton Universality Test: u/t

R(D(*)) - T(B- D(*)z'u) #1 dI:Je SM p-r.ediction theore';:cally(;/er.y clezlm k
(B — D uv) to phase-space | Sensitive to NP: e.g. charged Higgs, leptoquar
LHCb measured R(D*) with t—>uvv wt ) pt/rt prTe

Experimental challenge: SM NP < NP
missing neutrinos b N b A
LHCb result at 2.1c from SM B BE B
R(D*)=0.336+0.027+0.030 D* -

LHCb, PRL115,111803(2015)
—~ 0.5

* I I— IBz;d?laar, Il’RJ:]Oé. 101805(20'12)I ] I2 S
a —— Belle, PRD92,072014(2015) Ax"=1.0
E’ 0.45 ~— LHCb, PRL115,111803(2015)
0 A Aveeage, PO = 67% HFAG average of all R(D) and R(D*),
. = SM prediction . .
’ including Belle, Babar, LHCb
0.35 4o from expectations
0.3
: 1 More measurements of other b—ctv
025 e HFAG .
 xoy ooty Wi i  processes under way at LHCb.
P T TR T (N SR T S S NN T T T TR N TR TR 1
025 -3 ” o o« Also using B, B, A, decays

R(D)
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First observation of B.—>p*u-

. an un Nature 522(2015)68
FCNC decay, very rare in SM R (2015) | -
60 —4— Data —
SM B —;ig;nalandbackground ]
b : + 3 sof 182 e =
2 3 2 I [ 9 i ]
B t “IHZﬂ E 40 - = = — Gombinatorial background _:
s E - Ny T Semi-leptonic background ]
w 3 N — — Peaking background ]
s e - 3 30— —
I 2 F ]
§ 20— ]
5 F .
BF can be significantly altered in R S N :
many BSM models B .

CMS and LHCb {LHC run I)
T

e Sl L A L B UL B B B I I H H +y—
S ook \ EE First observa:c)l;)n (6.2 G_)gOf B.—oup
= 0k E  BR=(2.8"7,,) x 10
o8 \ compatible with SM at 1.2¢
4\' uag— —;
%Z: j : z First evidence (35) of BO—puu-
o 02_ 3 k * BR=(3.91% ,)x 1070
0if | = ] compatible with SM at 2.2c
uﬂ_l B 1 I 2 I!IJI I_ﬂ

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

T

7Tev BTV

Run 2

EYETS
13-14 TeV -

LS2

i upgrade
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LHC

Run 1 | | Run 2 | | Run 3
LS1 EYETS LS2 14 TeV LS3 14 TeV
13-14 TeV - energy
i solidation injector rade . Swix
71ey  B8TeV 'ﬂ&:ﬁqum. ey Point 4 cookmt | HL-LHG installation romeal
— Rodect il Eng, P1-PS

EEICH"I-'B - —

radiation
damage

experiment neminad Lminsait experiment upgrade |
beam pipes phase 1 —

LHCb Upgrade
50 fb'! by 2030

LHCb upgrade: new 40 MHz read-out with fully software trigger

Upstream Tracker Tracker
Silicon strips Scintillating

Muon MWPC
Off detector readout

T |
, ;
| ! | e
i ¥ L -
-4 ) S
: \ =1
= = 7
| il -
o
!

RICH =
Photon L 1 =

Detectors & L H PMTs (reduce PMT ~om -
(partial) gain, replace R/0) 40

.............
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LHCb projected statistical uncertainties

LHCb LHCb Upgrade-
Run 1&2 - 2018 Run3&4 - ~2030
8 fb1 50 fb!

BF (B — up) ~100% ~5%
BF(Bs = uu) C(E;
SoAr(Ba = K™ uu) 6% 7% é
S
&
y (B = DK) 4° negligible £

o, (B.—>J/wo) 0.025 0.008 ~0.003
Ap(D—>KK) 0.2 x 103 0.05 x 1073 -

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

*  Many new LHCb results published this year (>50 papers!)— Only a few, selected ones,
presented here

* Increasing experimental precision and good agreement with SM for most of the flavour
observables:
— Mixing in the B, (and B,) system
— CPV in mixing with semileptonic Bs decays (asl,)
— CKM-y from direct CPV in B—DK decays
— First evidence of CPV in baryonic decays (A,)
— No observation of CPV in D° decays

* Some measurements showing interesting tensions with SM:
— Some exclusive b—su™u™ branching fractions
—  BO9—K™u*ru~angular distributions (2016 first full angular analsys)
— Hints of lepton non universality in B—>KIl and B—DIv decays
— B%—>ufu branching fraction (too high?)
New Physics or unaccounted uncertainties or statistical fluctuations?

*  Most results using LHC Run-1, 3fb! ; b and c-quark data-samples from Run-2 on tape is
already more than twice larger (accounting for larger cross-sections at 13TeV)

* Plans to collect 50fb! by end of LHC Run-4 (2030) with upgraded detector
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Flavour physics indirect discoveries

¢ 1970: c-quark predicted (GIM mechanism) to explain smallness of K, —pp
— 1974: first J/y observation

e 1973: 3" generation introduced (Kobayashi & Maskawa) to explain CP
violation in kaon decays, g,

— 1977: first b-quark observed
— 1994: first top-quark observed

* 1974: charm mass predicted from Am, (K°-mixing)

* 1987: Argus hints of large top mass from Am; (B°-mixing)

— 1994: top-mass measured
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CKM constraints evolution

An increasingly precise picture..
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FCNC b—suu decays

b—s (and b —d) transitions
only occur at loop level in SM

Penguin
diagram
b t s
& Q\ = % =
_ Box
W W + g
= ] iagram
=

b—s (and b —d) transitions
at loop or tree level via NP. E.g.,

Penguin
diagram
b t s
H=~  ~HOT | Box
v r diagram
o
b S
ut Tree
/ .

Z diagram

7
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Several observables: decay rates, CP asymmetries, angular distributions
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Exclusive b—>su*u~ decay rates

- 0 0 -
B*—>Ktu*u B’ —>K"u*u
EN[CSR Lattice -e-Data ENLCSR Lattice --Data =
(\f'_\ T T L L L f\]’_| LA L L L L AL L B L I ':rb
> B —K'wuw | o ° B'—K'uu | % %
@ LHCb § 9 LHCb { © ¢
S ] RS 1 o S¢F
X X 3 1 T sk
) %) i~ =
= S, _+_ S
= ++ — _+_ 3 3k
S 3 ! + T E
Eé:’00”“5|"”1'0””15”“20"- S:Q’O s “'I'_%O I
JHEP 06 (2014) 133 g2 [GeV ] JHEP 06 (2014) 133 qz [GeV¥c4] JHEP 09(2015) 179 ¢ [GeV¥c!]
+ *+ b — 0 *0 +—
B AK l'l' l'l' Theo EB@!K l'l' l'l' Ab%Au l'l'
BN CSR Lattice -e-Data +LHCbry
& Wp———T1T 7 7 T ] o 15— T T — — 18 : .
2 B —K"wu{ 3 | LHCb S 6 Mo E
Q 15§ LHCb 7 + 3 - E
T ] X 1 = -
X 1 & o 3
e'e] 10' ~ —_ r, L E ;
= + | 5T h I
T sy 1 87 - T :
T P R . A MR S ST | P I ]
o % 5 1 15 20 % 5 10 20 '
, 0 g 15 2
JHEP 06 (2014() 133 ¢ [GeV¥cH] JHEP 08 (2013) 131 qz[GeV /¢?] JHEP 06 (2015) 115 2 (Gev¥c¥)

All lower than predicted!

But large uncertainties in the SM prediction from hadronic form factors
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Amplitude phase-differences in B*—>K* utu-

Observed tensions need sizeable long-distance effects in dimuon
mass regions far from the pole-masses of the resonances to be
explained in terms of charm-loop contributions

First measurement of the phase difference between the
short-distance and the narrow resonant contributions to the

B* —>K*up decay

Fit to dimuon mass-distribution:

- Long distance (resonances) contributions modelled with

relativistic Breit-Wigner with individual magnitude and phases

- Short distance with effective field theory: C4 and C,, floating,
B—K form factors from predictions

Same strategy could be applied to B® -K™uu (complicated due to
different helicity amplitudes contributing with different phases)

Also BF measurement of non-resonant component

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

compatible with previous but smaller than SM

26/01/2017 Stefania Ricciardi, RAL

New arXiv1612.06764
Submitted to EPJC

4 degenerate solutions

[

L
oo

L
2000

IA i 1
w00 2000
7 [MeVie?]
‘ T

k I
1oon

H 1
000 4000
migs [MeVie?]

!
2000

: LHCb

.

i
1)?¢$é

e

Ty T,
Y

I
1noo

Negligible interference far from pole

I
2000

\ PP
3000 4000
i [MeVie?]

I LHCb

0 ————1——

6
Re(Cy)

IR 1
3000 4000
mifs [MeVie?]

I !
1oon 2000

If C,,settoO,
fit favours
region with
C9<C95M

48

- y(29)]



