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Integrated Recorded Luminosity (1/tb)

Momentum resolution: 0.4 — 0.6% at 5 — 100 GeV

LHCb performance

Muon ID efficiency: 97 % with 1-3 % 11— mis-ID probability

Electron ID efficiency: 90% with 4% h — e mis-ID probability

Kaon ID efficiency: 95% with 5 % 11— K mis-ID probability

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

L] 2012 (4.0 TeV): 2.08 /b

2018 (6.5 TeV): 1.80 /b
2017 (6.5+42.51 TeV): 1.71 /b + 0.10 /b
2016 (6.5 TeV): 1.67 /fb
2015 (6.5 TeV): 0.33 /fb

2011 (3.5 TeV): 1.11 /fb
2010 (3.5 TeV): 0.04 /fb

s

2011 2012 2013 2014 2015 2016 2017 2018
Year

Acceptance: 2<n<5

LHCb 2015 Trigger Diagram

<> <} L}

LO Hardware Trigger : 1 MHz
readout, high Er/Pr sighatures

450 kHz 150 kHz
h* e/y

. Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online

detector calibration and alignment

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

» » »
12.5 kHz (0.6 GB/s) to storage

1) Commun. 208 35 -42
2) Int. J. Mod. Phys. A
30 (2015) 153022 3



2Ll 10 fb! delivered!

Vision_1: Luminosity Panel
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CPV results

Please see dedicated talk -
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% Evidence for B_° - K*u*w’

JHEP 07 (2018) 020

T ——
B(BY » K*u*u™) = (29+ 1.0+ 0.2+ 03(morm)) x 1078 % | LHCh
% 25 ¢ Data _:
- Proceed by b—d FCNC = f . ——
S B - K'utu-
- SM expectation B(B_.° » K*u*uw’) ~ 10° - 15;— ) =ST~,;§L,’L’E+" _
- Sensitive to physics beyond the SM ig N R ]l *
= S
> Complementary to b—s FCNC studies S
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Signal yield is 38 + 12 (3.4 o significance)
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1.6 fol @ Vs=13TeV 8



> SM expectations [PRL 112 (2014) 101801]:

B(BY - utu~) = (3.65+0.23) x 107°
B(B® = u*u~) = (1.06 + 0.09) x 1010 | SR W 51

By~ ww

PRL 118 (2017) 191801
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> Very sensitive to physics beyond the SM

- Only heavy B_° decays to u*u in SM.

Measurement of decay time can

disentangle contributions from the two

states.
> The results:

B(B? - utu™) = (3.0 +0.6%93) x 10~°
7(BY - u*u~) = 2.04 + 0.44 + 0.05 ps

=== i " M 1
5000 5200 5400 5600

TT5800 6000
My [MeV/e?)

Weighted B — p*u candidates / (1 ps)

LHCb .

—— Effective lifetime fit

B(B - ptu~) < 3.4x 10710 @ 95% C. L.

World average (HFLAV): t(B.°) = 1.510 £ 0.005 ps

|
10
Decay time [ps]

Dataset:

1.0 fb! @ Vs=7 TeV
2.0fb!t @ Vs=8 TeV
1.4 fb!* @ Vs=13TeV
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Observation of D° - h*h- u*u
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Search for B*"~D." ¢

> Pure annihilation decay 5""\ - / s ch-,
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Search for B*"~D." ¢
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% First evidence for Z* - pu*u

> FCNC s—dll transition

> BR in SM: (1.6-9.0) 10® [He,Tandean, Valencia, PRD 05] dominated by long
distance contributions

= N I R — = 5 [ ]
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4.1 o significance
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%Ié First evidence for A * - p o[u*w]

.. PRD 97 (2018) 091101
> FCNC c - ull transition ( )

> Short distance BR in SM ~10?, long distance (viaV - u'w) BR up to 10°
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Spectroscopy



% Xer2 ™ I W

- Follows observation of %, ,— Jy w'w
at BESIII [PRL 118 (2017) 101802]
> Clear 4u signature

- Probes low p_
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M(x,,) = 3556.10 # 0.06 + 0.11 MeV/c?
M(x_,) = M(x.,) = 45.39 + 0.07 + 0.3 MeV/c?

M(x.,) = 2.10 + 0.20 # 0.02 MeV

Compatible with previous measurements
16



%Ié Observation of five narrow QCO states

PRL 118 (2017) 182001

>

Q ° family corresponds to css quark content
Two ground states were known: Q ° J°=1* and Q °(2770) J"=3/2* [PLB 672 (2009) 1]
Study spectrum of [Z * - pKw*]K*

\4

\4

\4

Spin-parity analysis is in progress
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Dataset: L
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Q ° states properties

Resonance Mass (MeV) [' (MeV) Yield N,
Q,(3000)° 3000.4 £ 0.2 £ 0.1503 45+0.640.3 1300 + 100 4 80 20.4
Q,(3050)° 3050.2 4+ 0.1 +0.1393 0.8 +£0.2+0.1 970 =+ 60 4 20 20.4
<1.2 MeV, 95% C.L.
Q,(3066)° 3065.6 + 0.1 +0.3103 3.5+04+0.2 1740 + 100 4 50 23.9
Q,(3090)° 3090.2 £ 0.3 + 0.55)2 87+1.0+0.8 2000 + 140 4 130 21.1
Q. (3119)° 3119.1 £ 0.3 +0.9703 1.1 +£0.8+0.4 480 4 70 + 30 10.4
<2.6 MeV, 95% C.L.
Q. (3188)° 3188+ 5+ 13 604 154 11 1670 + 450 4 360
Q,(3066)", 700 = 40 £ 140
Q,(3090)9, 220 =+ 60 4 90
Q.(3119), 190 + 70 £ 20
& 3.5 =
2 =
. S 34 S =
Four states have been confirmed E - F& o E
by Belle [PRD 97 (2018) 051102] 2, .5 AN -
é 3.1 5&%&5555555555555555555555555'25sz’i]?’?g?z—iﬁfﬁiﬁﬁﬁl
3 m-‘ff%@g/:::::::::::::::::::gg[;;;g;:.
2.9 B =
2.8 7 [Jibo He, ICHEP18] E
2.7 o+ -
2.6 -
s § P P P P P D D D D D
f 1 1 o0 1 1 2 2 1 1 2 2 3 3
PRL 118 (2017) 182001 sl FEieben s om 18
2 2 e 2 2. 2 2 2 2 2 2 2 1




%Ié Study of doubly charmed baryon = _**

CC

60

> = Uu
- Using decay =_**— A _*K*m* c > > cA]
cc c d
- AM = 1334.94+0.72 + 0.27 MeVI/c? hma < dy
- w
- M(E_")= 3621.40 + 0.72 + 0.27 + 0.14 MeV/c? <
u
C B > S }K_
- - W?\C ’;i}ﬂ
180 ' | 3
- LHCb 13 TeV PRL 119 (2017) 112001 3
160 —
o D =
. — Total .
120 E = Signal -
100 = ==-Background -
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- . 1.0 fb! @ Vs=7 TeV
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N S T A VP R 1.7 fb? @ Vs=13TeV
3500 3600 3700
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cand*—ccC 19
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- Decay time relative to A °

- Decay time resolution is 63 (32) ps for Z_** (A,°)

[A o]
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Confirmation of
weak decay of =_*

Dataset:

1.0 fb! @ Vs=7 TeV
2.0 fb! @ Vs=8 TeV +
1.7 fb! @ Vs=13TeV

Candidates / (0.095 ps)
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PRL 121 (2018) 052002
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First observation of decay =_" - E '

o (e L
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1.0 fb! @ Vs=7 TeV
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1.7 b @ Vs=13TeV PRL 121 (2018) 162002 21



Observation of =
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Hadronic channel = (6227) - [A > A" a7 ]K"

=,(6227) = A)(—ALn K

I
@ﬁﬂm; w?i

Combinatorial
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M(APK ™) — M(AJ) [MeV/c?]

" LHCb Full fit 400 |- LHCb Full fit
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[oe) B [oe) i
| O S +
% 100 - t % I
g 1 T 100
S S F
O f A O i
- L I R R R R N R R [
500 600 700 800 900 500 600
M(ADK ™) — M(AJ) [MeV/c?]
M[Z, (6227)]=6226.9 £ 2.0 + 0.3 + 0.2 MeV/c?
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PRL 121 (2018) 072002

900
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%Ié Observation of =

Semileptonic channels: = (6227) —~[A°- A" uw X]K™ and [E - E_"u X]r
Larger samples (about 25c significance) but with missing mass. Relative production rates are
reported. Consistent with strong decay of radially or orbitally excited state (1P E,).

- LHCb Full fit - LHCb Full fit
— | {s=7.8 TeV —— =,(6227) = Af(—Atu X)K~ — T s=13 TeV —— =,(6227) = Af(—Aiw X)K~
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> - > 2000 -
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- P e # B
% 1000 = %F;ﬁ % -
S T £ 1000~
2 500 = w
3 o ] © a
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L L L —b—-"|/||\r_—_|“—1——|—' | L L | 1 1 1 1 i L L 1 1 ! 4 1 L 1 | |
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M*(AK ") — M*(A7) [MeV/c?] M*(AJK ) — M*(A}) [MeV/c?]
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g~ 300 —{s=7,8 TeV —— 5,(6227) = Sp(—Zu X)r | o~ L (s=13 TeV —— 5,(6227) — Zi(—Ziu X)n~
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2 L % 2 300 +
S 200 - toh -}#%_ Hel o L {} iy
2 i f 2 200 3
S ol s |
5 100 - = -
- c 100
Dataset: § | %ﬁ 5 OF
1.0 fb @ Vs=7 TeV i AN A
_ _ 1 I g 1 | 1 I 1 ] ] L T | I ] ] |
2.0fb! @ Vs=8 TeV 400 600 800 400 600 800

1.5 fb* @ Vs=13TeV M*(Z27) — M*(Z9) [MeV/c?] M*(Z0rn7) — M*(Z2) [MeV/c?] 23
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~ Useful for testing higher order effects in heavy quark expansion (HQE)

-~ Using Q ° - pKTt*m- decays obtained from Q- Q ° uvX Dataset:
1.0 fb? @ Vs=7 TeV
2.0 fb! @ Vs=8 TeV

> B*— D* wvX decays used as a normalization channel

Measurement of QCO lifetime
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Signal yield / 0.04 ps
o

1 1 1 | 1 1 1 | 1 1 1 I 1
0 0.2 0.4 0.6
Q%decay time [ps]

" LHCb +Data
e 300_' 'l' — Full fit
2 — P pK K 1t
% Comb.
=
%200—
2 Moptd
QD 1 'r.I,.I.-r T 'I"L H +
= Tl T LT T AT
5 00 _.}IT TTE T ff Eﬁhﬁ ITETE T
e - / \
© I / \
@ i / ‘
I P |J/|| I ||\\ P R T
2660 2680 2700 2720
pK K n* mass [MeV/c?]
Tqo
< =0.2568 £ 0.023 £ 0.010
TpD+

T_le =268+244+10+ 2 fS,

E7 (PDG) =——t—
A7 (PDG) ==
Z2 (PDG) ==

2 (PDG) == e 27 (LHCbD, 2018)

PRL 121 (2018) 092003

0 500 200
lifetime [fs] 24



%Ié Study A °r* system

- Study of the A °rt* system using Egmﬂ[’; LHCb _
A°[- A_Tr] baryons combined with a %250005_ . E
prompt pion with p_(xx) > 200 MeV/c gmg‘ .« 0 g E

= 15000 | b= Ac =

- Q = m(A,°1t%)-m(A,°)-m(Tt¥) < 200 MeV/c? Elmz_ 1 Mo Ak ]

C . ’ —— Part. Reco. .
> Measurement of 2* and >** baryon 5000 A S Combinatorial
properties with ~5 times improved e’ -

5500 5600 5700 5800 5900

precision in comparison with CDF results
m(Alr) [MeV]

2200 1 T T T T T T T T T T T I T T ] 2200 1 T T T T T T T T T T T T T T L—
3 2000 3 . LHCb g 2000 - LHCb
1800 3 1800 A
<1600 F 4 = 1600F ®©) Ay =
S, - - S - .
@ 1400 |- @ 1400 |- 25
§ 1200 3 F1200F =
= 1000 - 4  Z1000F =
E 800 F- I, A = E 800 F- E
600 |- - 3 600 |- 3
= Ry S = -
100 F- W oA 100 - 3
200 f ~~ Background 3 2005 A0 T =
0 e LY 0 =

0 50 100 150 200 0 50 100 150 200
Q [MeV] Q [MeV]

Dataset:
1.0 fb! @ Vs=7 TeV
2.0fb! @ Vs=8 TeV arXiv:1809.07752 25



> Extend study to region with Q < 600 MeV/c?
» P,(t)> 1000 MeV/c used to suppress combinatorial background

% Observation of two new resonances In AbOni

> Peaks with local significance more than 12c have been observed

E 450 5o A E 450 51 o Al E
to 400 .E*_—}A _ 400 .E*_'_ A.U. . _;
~ 350 b o ] L 35 b = {5
8 300 W %, (6097) - Az : e 300 W =, (6097)" — Az .
..E 250 ---- Background E ..E 250 ~Background o E
S 200 3 2 200 =
S 150 3§ 150 =
100 = 100 =
50 = 50 =
% 200 400 600 % 200 400 600
Q[MeV] Q [MeV]
Quantity Value [MeV]
m(X,(6097) )  6098.0x 1.7 £ 0.5
m(X,(6007)7) 60958+ 1.7 + 0.4
Dataset: ['(23(6097)) 289+ 4.2 £ 0.9
1.0 fb @ Vs=7 TeV ['(X,(6097)T) 31.0+ 55 + 0.7
2.0fb! @ Vs=8 TeV arXiv:1809.07752 26
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iy

A fiducial cross section o,

mm[mb]

* At least one prompt, Iong -lived charged °
particle with p > 2 GeV/c

* Unbiased triggers: random events

* Leading bunches in LHC bunch-trains to
avoid background from previous crossing

Measure fraction of non-empty events

_ (H - kug)Nevt
OhCC - ,£

* u = -In(p,) is the average number of
interactions in event

* p, Is the fraction of empty events
. Mbkg/M < 1%

*Correction to detector inefficiency and
wrongly reconstructed tracks

70

60

Inelastic pp cross-section at 13 TeV

JHEP 06 (2018) 100

Dataset:
11 nb?! @ Vs=13TeV

ALICE
ATLAS
LHCD
TOTEM

Oinel

Non-diffractive S A
Single-diffractive |

Double-diffractive s —l'., L

V ™~

Oace = 62.2 + 0.2(syst) + 2.5(lumi) mb @ 13 TeV
The full phase-space extlapolatlon (Pythla)

p — }
= 75.4 + 3.0(expt) + 4.5(extrap) mb @ 13 TeV

/s [TeV]
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Jhp production In jets

PRL 118 (2017) 192001

The Jhp in-jets polarization puzzle: NRQCD predicts

large transverse polarization that is not seen in data. 4? _LH(jlb l 20 < pTU.etl) <30 Gevi
Measure Jhyp isolation: ,; 1y = PTU/W¥) i 3 oA T 04<zU/y) <05 3
prijed  10°F — Tou Fi 3
pr(jet) > 20 GeV/c? ;;,ﬁ - Prompt J/ y :
2.5 < n(jet) < 4.0, 2.0 < n(J /1) < 4.5 = 10°F bl E
pr(p) > 0.5 GeV/c?, p(u) > 5 GeV/c? E 10 ;_ Background 1

Separate prompt and b production using pseudo-time - 1_ Wré{rl] gfv b .

Prompt J/p are much less isolated than predicted.

5 0 5 10
High p, JAp predominately produced in parton shower? 7 [ps]
03— L L 0.3 —T T | — T
: . Data {S}‘St} === DPS _LHCb : : Data (_S)"St} LHCb :
i vs=13TeV | | s=13TeV -
. — LO NRQCD SPS Prompt -~ - PyTHIA & .
02F . 0.2} b=y ]
o [ """’ 1 o | ]
0.1f - ._:n — 0.1f —
L '_: - . N .
0;-—1-": L ] ----E"u"' =p =] 1 PR 0: P | L L P | \ P | \ P 3 -
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
z(J/v)  Dataset: 1.4 pbt @ Vs=13TeV 2 y) 29



% Kinematic bb correlations

JHEP 11 (2017) 030

bb correlations probe production mechanism
Inclusive reconstruction using b — JAhp X decays
Two Jhp candidates:

* 2<p,<25GeVic E:i :E ij:}m< 1
¢ 2<T] <45 29209998 A—p——

-

s-channel t-channel

* Displaced vertices from same PV g splitting  Flavor excitation

flavor creation flavor creation
Differential cross section

> 2 i_ T T T T T T | T T T | T T T T T T ] *_ ],2_ T T T T | T T T T T T T T T T T T | T T T T ]
=14 B 1 blE - LHCbH ]
TE I a) PowHEG 172 F b) R
o T PYTHIA 7 MR CE + ﬁ =781V 3
- — + G.S+ ‘ 7 —
| s — — — uncorrelated bb ] - Py >2GeV/c .
B ] A + . 0.6 % -
] - e —a— i ] : :
++Hff § % ] 0.4 + ]
: 5 : : —+- :
0.5 ] _ ]
D 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 D 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 I 1 Ill_EI_
0 0.2 0.4 0.6 0.8 1 0 0.5 1 1.5 2 2.5

*®| f *

Dataset; A*| /[ | An*|

1.0 fb! @ Vs=7 TeV
2.0 fb* @ Vs=8 TeV
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% Kinematic bb correlations

JHEP 11 (2017) 030

5_ T T T | T T I| Ill T T | T T T - 0425 T T T I T T T T | T T T
B 3 ERN - ]
=l 4‘55 C) E sE : d) LHCb .
mle 4B ERN R + J5=T7,8TeV ]
3.5F = IE C /. N W o 9GeV/ ]
- 9 =~ | 3 Ther ¥ ev/,c —
3 +_£ = 0.15:-\+’; o S
2 SEE = B N
2F + + = n.1+ \;}* -
1.5E = 0 ]
]g_ + %‘:}_‘R’—‘}"L _g DD‘;P:— \\ _:
osE s E g :
TE i 3 = ]
ot ] ] | ] | ] ] ] I_E_I_!_L_-_l - 0 ] ] ] ] | :_PH_'T_Lf'#
0 0.2 0.4 0.6 0.8 10 15 20
At /I (GeV/?]
. O 1 = Ie L B | i
s U E r 1% %E D E
"E:ﬁ'" D.I6:— —: _ré‘ IJ.SE— T _E
=l° 0.14F % X 4 e 07E +'_‘}~_ =
0.12F / \ = 0.6E \_% =
E / \ 3 = ;’f -
01 |/ 7 - 0.5 =
C \ ] = + 3
0.08F- +/ \ = 0.4F / \\ —
0.065// \ - 0.3 \ =
% + N . = ;I . -
0.04F; P = 0.2 N =
0.02fF Frp 3 0.1F \i =
R R B o = == 2= == =T o l P B By =
Dataset: 0 5 10 15 20 2 2.5 3 3.5 4 4.5

1 — Jf Jf
1.0 fb* @ Vs=7 TeV D S [GeV/d] y.];’w.]fw

2.0 fb! @ Vs=8 TeV T
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LHCDb upgrade

LHCb-TDR-12
Software-only
trigger Upgraded muon
New tracking Upgraded calo FE electronics,
stations FE electronics, remove M1
remove SPD/PS MS
e THCAL. . M3 -

Magnet  tracker 2

[LF

%* { New RICH PMTs +

—=H upgraded
electronics




% LHCDb upgrade

Upgraded LHCb Detector
To be UPGRADED

R/O Electronics

Detector Channels

HCAL  MUON 2-5
ECAL HCAL  muUON 2-5
CAL |

PS_ VELD
SPD

M1

v Less than 10% of LHCb detector channels will be kept
v 100% of R/O electronics will be replaced Event Buider

v" NEW DAQ system and DATA CENTER

©F.Alessio
33



LHCDb upgrade

UT sensor RICH MAMPT under test SciFi Module

¢ \ ’ —
7R l’

Velo module

B 10

T
3

R A
.‘-51: i

PCled0
boards
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% LHCb upgrade I
L HL-LHC and ATLAS{CIVIS Ehase glupgrades

/\
S

4
'S" S

I M M A S A U S M M
-------------------

T, R .
» &

© O
¥

© A 9 OO O N A s N H 6
¥ & & & & & & & & & & E.

1

1

Install Upgrade | Consolidation and Upgrade II(?)
upgrade maintainance
ﬁ
=A@ cnir 5 = X s =2 X1 cin- s

Major detector upgrade in LS4 (2030)

» Expression of Interest [CERN-LHCC-2017-003]

« Aim to run at 10 x Upgrade | luminosity and collect 300 fb

« Challenging conditions for flavour physics (number of visible interactions ~50)
* Physics case document: CERN-LHCC-2018-027

 LHCb may be the only large-scale flavour physics experiment to run in HL-LHC era
35



%Ié Conclusion

* LHCDb operating well in the final few months of data-taking in Run 2

* New and more complex analyses constantly being added to physics

program.

* Less than half on Run 2 statistics is used in presented results. We

expect significant improvement after processing all collected data.
* Preparation for LHCb Upgrade | proceeding well.

* Most of key measurement will be still limited by statistics before HL-
LHC era (Upgrade |l ~20307)
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% R.. in muonic channels

e T reconstructed by T - wv. v
T W

* Both channels have the same final state (Kmmtw)

* Separation using difference in
kinematics:

-E°, E in B rest frame
g M2miss - (pBO_pD*_ppL)2
g q2 = (pBO_pD*)Z

e Approximate p_, using
- B flight direction
g (pBO)z - mB/mreco (preco)z




% R.. in muonic channels

« Yields are extracted with a 3D binned ML fitin E"_, m? ., g?

* Templates for the signal, normalization and backgrounds are
obtained on MC and checked against control samples

i: .35-::q3'-::]2.6ﬂ'l[}e‘v’3,f'{:4l LHCb - g —— Data
% 0 1 |1l B — D*tv
] : : # 1
x : 1 | B — D*H.(— X)X
3 T 1 /Il B - D*lv
£ E - .
: ; | M B Dw
5 a Combinatorial

E ® +;.4 R R Erinimia it eisapitie i e e S : - MISIdentlﬁed “

2 0 2 4 6 8,0 500 1000 1500 2000 2500
e (GeV-/c™) Eu* (MeV)

« R,. = 0.336 = 0.027 (stat) £ 0.030 (syst) 20 above SM

* Main background: Partially reconstructed and mis-ID decays
* Main systematic: Size of the simulated sample

Phys. Rev. Lett. 115, 111803 (2015) 39



e R,. in hadronic t decays

T reconstructed by T — mwww” v_independent from R, muonic

o B(B°—= D u)  B(B® = D*"3m)  anar pele Loy
"7 B(B® = D*37) B(BY— D*tu,)
ﬁ'—' —_

measured ratio /IC(D* ™) external inputs

~2% precision, HFLAV

* Partial cancellation of experimental systematic uncertainties

* Main background:

* B’ —» D X, suppressed with T decay time, t_

*B - DD X, suppressed with BDT

40



% R,. in hadronic t decays

» Yields are extracted by a binned ML fit on q*, BDT and t_

n
=
LRI
=
o]

~ —— Data

- — Total model

50 :- -Bu N D*—,r+ vV,
- B—->D"tv,
B - D" D(X)

LHCb

N
=

M ¥
=

20E mmB — DDX)
C I Comb. bkg

S

Candidates / (1.375GeV?/¢*)
=
Candidates / (1.3?SGeV1f )

0 0.5 1.0 1.5 2.0 0 2 4 6 8 10
L [ps] q* [GeV?/c*]
« R, = 0.291 +£0.019 (stat) = 0.026 (syst) = 0.013 (ext)
1o above SM Phys. Rev. Lett. 120, 181802 (2018)

* Main systematic: Size of the simulated sample
« LHCb average: R_, = 0.310 = 0.016 (stat) £ 0.022 (syst)

2.20 above SM 41



R, results

p— B I | | | | R}_' | I | | | | | | I i
X 05F =— BaBar, PRL109,101802(2012) 7
-] - ——— Belle, PRD9Z,072014(2015) ﬁx = 1-0 contours -
oY = LHCb, PRL115,111803(2015) .
0.45 - Belle, PRD94,072007(2016) === SM Predictions -
""P e Belle, PRL118,211801(2017) R(D)=0.300(8) HPQCD (2015) -
- ——— LHCb, FPCP2017 R(D)=0.299(11) FNALMILC (2015) -
0.4 — : Average R(D*)=0.252(3) S. Fajfer et al. (2012) __

0.25 <> -

0.2 =
I [} 1 1 1 I
0.2 0.3

« Measurements of R, and R, are consistent with each other

* Combined result is 3.80 above SM prediction
* Tension is slightly reduced in a recent SM update [JHEP 11
(2017) 061]



ﬁ%’l SM prediction of R,

Test of LFU in b - ctv decays ¢ . c
with a different spectator quark B;’_

using large B*_sample available b ) ‘*~\ ? C
at LHCb R

B(Br—J /v v,

- ) SM
Ryje = BE=arer ) 1025, 0.9

Interval is due to form factor uncertainty [PLB 452 (1999) 129]
[arXiv:hep-ph/0211021] [PRD 73 (2006) 054024] [PRD 74 (2006) 074008]

Lattice calculation is in progress
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e R, results

T reconstructed by T - w v, v,
Analysis strategy as in R, + t_as 4™ discriminating variable

%51}005— .—
O 4000
ESGDU;—
%20002—
T% mnof—
£ o0
E_E ______ZIIIII"'IIIIII::""ZIIZZZI;ZI____:IIIII::Z_: . .
B ’ ﬁr";rfml.s5 [Ge\ﬂf{:“ﬂﬂ o 1 _Edeca}r timnt.l3 [ps]
—}— Data
Main backgrounds: B — JAp + mis-ID hadron Mis-ID bkg.
Systematic: MC sample, B* — JAp form factors /¥ comb. bke
y ; ple, 5" —Jnp B. — x (IP)I"v,
R = 0.71 + 0.17(stat) £+ 0.18(syst B 5 -y,
I (stat) (syst) B B - Jputy,
Phys.Lett. B783 (2018) 178 B J/v +/t comb. bkg.
: : .o ¥ B B —JVH,
First evidence (30) of B*_ - JAp " v_ —— SR




o LFU tests in b - st

b — sf*8 are FCNC processes B ( H
that can only occur at loop-level . ) "
in SM b t ;S
x\ _ W ) ’ B
~ - "LLLL< ’u
B(B—H pt o
—H p ) SM _ —
RH = B((B—:-HﬁeJr;—)) — w-- ?_(1\?-_22 [EPJC76(2016)8,440]

neglect my QED effects

Use double ratio to reduce systematic effects:
B B(B— Hutu™) B(B— H(J/{Y—eTe))
T=B(B—=H (J/— ptup)) B(B — Hete™)

R
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Measurement of R,

6000
m(K *autu) [MeV/c?] m(K " mete”) [MeV/c?]

LHCb . LHCb
...... 39_;..;{"‘5]“+#— 30 e B> K Ot
Combinatorial 25 Combinatorial
20 B—=Xe'e"
15 Bl B"—K Iy

1.1<g*<6.0 [GeV¥ 4] 1.1<q?<6.0 [GeV?/c?]

al IIII[IIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
al IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Pulls Candidates per 10 MeV/c?
Pulls Candidates per 34 MeV/c2

5
_________________________________________________________________________ E N Ly SRR
e e OSLEES e s e st ——
""""""""""""""""""""""""""""""""""""""""""""""" __: _"-i — —
5400 5600 5800 4500 5000 5500 6000

m(Ktautu) [MeV/ic?) JHEP 08 (2017) 055 m(K*me*e™) [MeV/c?]



QC: L o = -
0.8 E ]
061 ® LHuChH
: BIP
0.4F ¥ CDHMV
EOS ]
0.2 av.io
- LHCD ¢ o ]
0.0_""|' l T R ST N N SR R S
0 1 2 3 4 5 6
¢* [GeV?/ ]
R — 0.66 "o 57 (stat) & 0.03(syst),
w ——

0.11
0-69J—r0.07

* Most precise measurement to date

* Compatible with BaBar and Belle

<

2.0 1 1 I I

1.5

1.0

0.0

R . results

| . |
- ® LICh ]
 LHCD T
0 — én | 1|0 . 1|5 . 20

¢ [GeV?/e)

at low g° (~ 2.20 below SM)

(stat) 4 0.05(syst), at central g° (~ 2.40 below SM)
JHEP 08 (2017) 055

* Statistically limited by the electron sample

BIP [EPJC 76 (2016) 440]

v CDHMV [JHEP 04 (2017) 016]
EOS [PRD 95 (2017) 035029

¢ flav.io [EPJC 77 (2017) 377]

e JC [PRD 93 (2016) 014028]

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



e R, results

-o-LHCb -m-BaBar —&—Belle

vy [T T T T T T T T T T T T T T T T T
v - LHCb [PRL 113 (2014) 151601] )
- Babar [PRD 86 (2012) 032012] LHCDb ’
1.5f Belle [PRL 103 (2009) 171801] . -
== i .
0.5-— - Phys. Rev. Lett.
I 1 113, 151601 (2014)
0- T N B R R
0 5 10 15 20

g2 [GeV?/c4]
_ B(BYf—=K*ptpu)
Rk = B(Bt—K+ete )

Rk = 0.74570-092 (stat) & 0.036(syst) ~ 2.60 below SM

in central g° region [1,6]GeV?/c*




combination

-] [PrRD %6 (20,17’)/05450{}
wf //
: A

b}
c
Eec _f__f_..ﬁ-"f- - LFU observables
s b — spu global fit
[ i T il
eC | T D Bogess oo B e pory ——=all, fivefold non-FF hadr. uncert.
=3 =2 =1 0 4 2 3 , . . .l .
CNP —2.0 —1.5 —-1.0 —0.5 0.0 0.5
Sy

1.0 15
Re C§

» Combination of R, , R, and [PRL 118 (2017) 111801] is ~40 from SM

*b—su*u BR and angular obs. are in agreement with LFU tests

* Considered together the tension with SM further increases

49



% Angular analysis of B° - K u*w

NP models which explain the observed discrepancies in the measurement
of R(K(*)) w.r.t SM predictions, foresee anomalous behaviors also in the

angular distribution of the decay B - K™ u*w

Decay amplitude can be
described using g* and

three angles: 0, 6, ¢:

50



PR

1 -~ d* (I +T)

d(T+T)/dq? dGdg?

dr /dg?

Decay amplitude of B° - K®u*w

= 32%[%(1 — F)sin? 0y + F, cos? Oy

%(1 — F,)sin? 0 cos20, — F, cos? 0 cos 20,
sin® § sin® 8, cos 2¢ + 5S4 sin 26, sin 20, cos ¢
sin 26, sin 0, cos ¢ + % sin” 0, cos
sin 20, sin 0y sin ¢ + 53 sin 26, sin 20, sin ¢
sin” 0y sin® 6, sin 2¢)],

+ 4+ 4+ +

ral bin|

Photon pole =
" enhan "-‘lll'."lthh i ", )
O

C

CKM ST warnl
" ]iglll’—rﬁlll:lrl{ COSLA100S

Sensitive to (5 4%
interference

-
o= »

|

H(28) Broad charmoninm
' resomances (above the
open charm threshold)

Sensitivity to
(l 'I_j ﬂﬂ.ll ( rl“
——————

phase -qu\‘

SUPPression

| L ' ' ' l

0 5

<= 10T 'elsillj_; hadronic recol

Increasing dimuon mass -

10 15 20

g® [GeV?] 51



éilglcb

* Angular observable:

L

R

* LHCb measurement
differs by 3.4c from
the SM prediction

* Can be explained by
- SM charm-loop

1

0.5

effects (cannot explain g 5

tension in R )
- New Physics

The P." anomaly

P = Ss/\/Fr,(1 — Fp)

JHEP 02 (2016) 104

SM from DHMV
® LHCb Run 1 analysis

1T

R
L1 1 1 | I I |

| | | | | | |
10 15

g2 [GeV* 4
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L How to measure y

Two amplitudes b - cW(us) [B - D°K] and b = uW(cs) [B - D°K7] give
same final state when both D and D decay to a common final state.
No penguin contribution = theoretically clean.

YK~ rpe’ 8!
/D \
B fDK_ H;ﬁr/\/ z -
TBQ?:@B\D_OK_/ - > c

b > = U
. . Bl
* Amplitude ratios: [fs: o ET’Z,L< g
B- W
65’ 6D ;

1’;1;; d 1::6
v cd v .;Ec:v

r-:r..- — arg |:_

* Strong phases:




% Experimental methods

* GLW (Gronau, London, Wyler) [1991]. D - K*K",

A _T(B-2DopK )-T(B"»DK')  2rgsin(65+6,)siny
@ (B 3DoK )+T(B'9DpK')  1+ri+2rgcos(Sy+68,)cosy

* ADS (Atwood, Dunietz, Soni) [1997,2001]: D - K*mr
_T(B-2[K' 7-]K )-T(B'»[K-a+]K") _ 2rgrpsin(8z+68,,)siny
@ (B 3[K+a-]K )+ (B'3[K-7+]K") ri+ri+2r rycos(85+68,)cosy

A

« GGSZ (Girl, Grossman, Soer, Zupan) [2003]: D - K° '
Dalitz plot DK ’x*m= do(m.?, m?) ~ |[Al"[dm *dm?, m 2= m?*(K x*),
D° amplitude: A_(m,?, m?), D°amplitude: A_(m?, m ?)

Amplitude of D—K_°x*n from B*—DK* :

‘ A

: : L iI0g+ivy
A (M, 5m?) +r e YA (m?mp?) = || S rgeTs
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>
O
%

Candidates / ( 10 MeV/c?)

(O
+

D(*)K+ and B* - D™r*

6000 g LHCb — [ >H LHCb -
4000} —H =
B—[K ] K B*—[K*n ] K*
2000 - -
100000 LHCb 1T n LHCb
50000 B ——*[K_n:*]pn‘ — —[K*n ] xt -
5000 5200 5400 5600 5800 5000 5200 5400 5600 5800

m(Dh*) [MeV/c?]

B 5 - (0 - DOxO)nt B - D*h*r B - Dr*

B 2 - 07 - oo [ B - Dot B* - DK*

B g (D"‘U i Do,}{)hi Kppll B 0 remsseses Charmless

Physics Letters B 777 (2018) 16-30

Part. reco. mis-ID

- Combinatorial
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D(*)K+ and B+ DT

E
o
=
q

~ [ < N —
> 800 H LHCb —{ LHCb Dataset:
E E 1 r = .
S 600~ B 7 1.0 fb* @ Vs=7 TeV
> ool SKKK Fokk LK 1 2.0 bt @ vs=8 TeV
3 Lol N A 2.0 fb*! @ Vs=13TeV
Z
5 = " ]
LHCb LHCb
10000 . -
o B —[K*K ) B*—[K*K |+
‘ A = ACP+Adet+Aprod
000 5200 5400 3600 3300 000 5200 5400 3600 3800
> L al
: > R_.=0.989 + 0.013 + 0.010
= 200 - = —
: B -,k qt B —[ww] K -
I 100 | A_.=+0.124 £0.012 +0.002
2 ] ]
O .
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% Results: B*— D®K* and B*~ Dt

0

20 40 60 80 100 120 140 160
v [°]

0.18
o1  LHCD
0.14F
0.12F
0.1-
0.08

III|III|III|IIIIIII|III|IIllllllIII

20 40 60 80 100 120 140 160 180

v [°]

360
3401
3205
300
280"
2601
2400
220
2005

Dataset:

1.0 fb! @ Vs=7 TeV
2.0 fb! @ Vs=8 TeV
2.0 fb! @ Vs=13TeV

20 40 60 80 100 120 140 160

Physics Letters B 777
v [°]

(2018) 16-30

LHCb

®

o
o ®

@

II|III|III|IIIIIII|IIIIIII|IlI|III
20 40 60 80 100 120 140 160 180

v [°]

57



B* - DK**
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Results: B* - DK**
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GGSZ method
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GGSZ results

, | , , , = 90+£1.7+£07+04) %1072
0.1L LHCb ~ _=( 21+22+405+1.1)x 1072,
g L L =(=7T7+£194+07+04) x 1072,
! < | L =(—=1.0+£19+04+0.9) x 1072,
: PRELIMINARY
y= 8T HECE),
rp = 0.0877 0513 (F01057)
—0.1F 6p = 101° Hio(335).
et DZ T T I I T I I I
= ) i
[ 12+ 1 Gea 160K —
0.15 _|:| 15+16+Runl ) e
i 100 —
01 =
i g 50| e -
0.051 PRELIMINARY B3 o+16-Ranl | ) HCD paper 2018-017
0 50 VB T R—T7

Y [°] v [°] 63



% Measurement of CP violation in B> D*n*
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% Measurement of CP violation in B> D*n*
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% D°-D° mixing and CP violation in D°— K*1t-
Right-sign (RS) D°-Kt*is dominated by CF decay
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% DO-D° mixing and CP violation by D°— K*1t-
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% D°-D° mixing and C
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% DO-D° mixing and CP violation by D°— K*1t-
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