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e Exotic states.
 Pentaquarks

e Rare decays.
* By2up, B> K*pp, B> dpp, Ap>App

e Tests of Lepton Universality.
« B2>DY1tv /B=>DOlv,; B2>KI*I.

 CP Violation and the CKM unitarity triangle.
e Anglesy, B; B, mixing phase ¢..
e |V,,| from A, decays.
e B?% meson mixing.

(This is a short personal selection of many
published results. Emphasis is made on
measurements showing tension with SM

e A few results at 13 TeV. predictions and recent results. A!most nothing
shown on heavy flavour production.)

e CP asym. in D decays.
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The importance of Flavour Physics

* New Physics might be out of direct reach at the present LHC energy.

* Interference measurements have always been very sensitive to energy scales far
away from the one directly accessible (prediction of third flavour generation,
observation of gravitational waves....)

* Flavour Physics has a lot to do with measurements of interfering amplitudes and
has sensitivity to mass scales well above the direct production scale.

e There is no room in the SM for the amount of CP violation needed to explain this
matter-dominated Universe.

e Several measurements in Flavour Physics are coming out showing a significant
tension with the Standard Model predictions.



Exotic states
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Tetraquark and Pentaquark States

The possible existence of hadrons with more than the minimal quark content (49 0T qqq )
was already proposed by Gell-Mann and Zweig in their 1964 seminal papers.

In the past years a number of possible tetraquark states have been reported to be found:

o Xstates, e.g. X(3872): neutral, usually seen in J/y + pions. JF¢ = 0,1+, 2+,

e Y states, e.g. Y(4260): neutral, seen in ete™ annihilation with Initial State
Radiation, JP€ = 1—.

o Zstates, e.g. Z(4430): charged/neutral, typically positive parity.

Detailed structure still to be understood.

Non-conclusive evidence of pentaquark states in the past
(see Eur. Phys. J. H 37, 1-31 (2012) for a review).

:

<)
D

Several experiments claimed in 2003 evidence of a ®(1540)* g m
state with quantum numbers compatible with the quark
content uuddS . Evidence not confirmed by subsequent

- five-quark bag meson-
experlments. baryon

molecule
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PRL 115, 072001, (2015)

Observation of J/) p resonances consistent with JL£=3m""
pentaquark states in Ag — JAap K~ p decays

* |Initial goal: precise measurement of the A,° lifetime (PRL 111 (2013) 102003).

* But, looking closer to the J/ypK Dalitz plot, a surprising effect appeared.

2
m *
Jppp V- ATS
< 1 T T - [T T T I T a
= E - LHCD 26,000 A\,° : N ]
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& 4000F | | background 3 $ 2F ]
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2000 = X .
- . 18 ]
1000 3 - ]
o N X 00000000 8/.................\ A : 02e0000000e000d 16 C -
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m [MeV] 2 3 3 5 6 o
M jhpKp Jhwkp m?, [GeV?] M
p
No structure in the Jiy Kp mass spectrum Unusual feature in the Dalitz plot
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« Projections on Kp and J/yp: PRL 115, 072001, (2015)

 m(Kp): Rich structures due to A* states (A(1405), A(1520) ...).
 m(J/yp): unexpected structure ~4.5 GeV/c2.

* Phase space (simulation) shown for comparison.

° 2 ? Reflection from
(0] C
= = a0oE " LHCb
g0 f @ LHCb run-1: 3fbt 2 8005_ v N* states?
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Matrix elements and models %

e PRL 115, 072001, (2015)

Pentaquarks expected as short-lived (~¥1023 s) “resonances” whose presence is
detected by mass peaks & angular distributions showing the presence of unique JP
guantum numbers. -

A — JhpA*, A — K p
Two interfering channelsina | and _ H+N_K_p

full amplitude analysis fit. 0
+ - +
ANy = PTK—, PT = Jhp

State Jr M, (MeV) I, (MeV)
A(1405) 1/2- 1405.173 50.5 + 2.0
Use m(Kp) and the 5 decay A(1520) 3/2- 1519.5 4 1.0 156+ 1.0
angles as fit parameters. A(1600) /2% 1600 150
A(1670) 1/2- 1670 35
A(1690) 3/2- 1690 60
Resonance mass shapes: A(1800) 1/2- 1800 300
Breig-Wigner or Flatte. A(1810) 1/2+ 1810 150
A(1820) 5/2* 1820 80
A(1830 5/2- 1830 95
Two models used: extended Aglggog 352+ 1890 100
and reduced. A(2100) 7/2" 2100 200
A(2110) 5/2+ 2110 200
A(2350) 9/2+ 2350 150
A(2585) ? ~2585 200
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Results without P_ states

s

PRL 115, 072001, (2015)

Model with all known A* amplitudes (extended model).

2200 —a— data
5000 t —e— total fit

a LHCb background
1800 (@) --+-- A(1405)

" o e B . ~ '_'--f'.f_-'fgi--\ o .*“f'“' e "t s
My, [GeV]

My, distribution looks fine

Events/(15 MeV)

800

700

600

500

400

300

L _z:.. Ll = 4_8 5

mJ,wp does not look fine

Additional non-resonant Kp components or extra A* (with floating mass/width)

does not improve the fit.



Results with 2 P_ states %
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PRL 115, 072001, (2015)
Model including 2 J/g p resonances (floating mass and width).

= 2200 —a— data % 800
S 2000 t —e— totalfit S
background
0 a O 700
— 1800 : (a) LHCb —a— P.(4450) -
= =~
@ —=— P,(4300) %}
*%- 1600F= & --<p-- A(1405) *qa; 500
H - A(1520)
> Y = >
m O A(1600) L 500
1200 A(1670)
E E RER R 1\(169’0) 400
1000F= ;¥ --3-- A(1800)
: ---E1-- A(1810)
S "i <de- A(1820) 800
soF- ¢ % "l.‘ ~v-- A(1830)
S e A(1890) 200
400 -i-- A(2100)
" ---A-- A(2110) 100
200
0 ' 0

2.6

my, [GeV]

e Fitimproves w.r.t fit with only one P.by vA2InL =11.60 (18.70 w.r.t no P,)
» Adding further states (also in J/yK) does not improve the fit significantly.
» Fit prefers two opposite-parity states.
« P.,(4380)": M =4380 + 8 + 29 MeV/c?, I =205 £ 18 + 86 MeV/c?, JP = 3/2-. (8.4%)
e P.(4450)": M =4449.8 +1.7 + 2.5 MeV/c?, I =39 £ 5 £ 19 MeV/c?, P = 5/2+. (4.1%)

10
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o PRL 115, 072001, (2015)

The phase should vary with M h p according to a circle in the complex plane

Q:J 0.15:|||||||||| |||||||||||||||||||| | |||||||||||| ::|||||||||||||||IIII| |||||||||||||||||||||||| : Im(AP )
< ok : T+ ® : 3 16
£ v ' : ®) ' ; Argand dlagram
0.05F : —+ : = i ) , Breit-
S A . ‘o SN S H S I E 12 Wigner
ofF r I 1 — A/ e g
F P(4450) ! : ' ] a4 ; E rotation
ot + E P(4380) 1 £7:
c | \ E 6 i
0.15F- : + 3 R \ / j
S | & .
'025:_ E 0 : = 0 | immmns=c
03 .LHCb x - g 256 -4 -2 0 2 4 6 8
_03 :IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII::IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_ RE(amp)
'-8.35 -0.3 -0.25 -0.2 -0.15 -0.1 -0.05 O 0.05 0.1 0.15 -0.1 -005 O 0.05 0.1 0.15 0.2 025 0.3 0.35 Re(APC)

Re A& Re A

 Significances evaluated through simulation: S(P_(4380)*) = 90, S(P_(4450)*) = 120.
e Many cross-checks done (particle misidentification, acceptance effects ...)

e Spin-parity not conclusive: (3/2-, 5/2%), (3/2%, 5/2°), (5/2%, 3/2") all possible.

Important confirmation by other experiments

11
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2 Model-indep. analysis of A) — JA pK~ (5

LHCb-PAPER-2016-009

Assess the consistency of the data with the hypothesis that all Ay, — JA)pK~
decays proceed via Ay, — JAp A*, A* — K~ p decays (null (H,) hypothesis)

Z 180 = :
5 - e “EmmeE 1 (A(-2InL) |H) 600F ==
- . . = C - v [ =SS F(AGR2IL) [H)
Minimal assumptions about the spin £ 160F- . <ok
. . ) - - A 1 [

and mass structure of A contributions. ;i - ok Hil. Gavssian b

_.%;; 140= ] —*— A*P (4380) 205 MeV | S data

L ~ 300 =
. . . . : - - :

2D analysis based in the Dalitz variables 3 20 ] == anasso v |
m,, and cos0, in a rectangular plane. < E -}

e 100 — 100F S

O . [

N . . S C ) [ ==
Expand the cosb, angular distributionin £ sof- f, ) G TYOR e SO
terms of Legendre polinomials. Z. - P (4380) '=205 MeV,
60— P (4450) =39 MeV
Generate high-stat toy data sets to bk = /
simulate contributions from A* and Pc o / //
20 /
u ‘1//ﬂ'r._/[,lﬁ_ l_ll—lllllllllllllllllJll

] 50 100 150 200 250 300 350 400
A(-2InL)

states.
/U

Distributions of A(-2In L) in the H, model-independent pseudo-experiments (red hatched)
compared to the distributions generated from various amplitude models. In the inset the vertical
bar marks the value obtained for the data

Null (HQ) hypothesis) rejected with a significance of more than 9 c.
12



X ( 5568 ) — B 2 oL ? arXiv:1602.07588
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DO reported on Feb 25, 2016, the observation (5.1 o) of a narrow structure, possibly made
up of a diquark-antidiquark pair.

m = 5678.8 +2.9702 MeV/c?, T =21.94+6.475% MeV/c?

90

DO Run I, 10.4 f&'
80

DATA
Fit with background shape fixed

The X(5568), if confirmed, would
be of a different type of exotic
hadron.

70

........ Background

60

50
40
Constituent quarks with four 30
different flavours (b, s, u, d) ? 20

N events / 8 MeV/c?

10

mg\I\I|IHI‘\IIiH\I|HH‘IIH|\ A

0
15

10
5
0

Mass dominated by one
constituent quark ?

'
(&)}

Residuals (Data-Fit)

-10

(&)}
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Very large samples of B, mesons at LHCb (a factor 20 larger than in DO).

X (5568) — BYn-

o

LHCb-CONF-2016-004

[£L=3f"

Add a pion and study the mass spectrum. Full Run-I statistics used (3 fb1).

; 7000? T I T T T ] T ] | T 1
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™ 6000 -
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T S000f- — D = N : ]
G 4000 = s C |:’ - -
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g 2% . } ity } I‘ii.i!.
1000~ . - T = oS s { il e E
E T e ] 3 180 ! .Il""'|;I5i'I i =
300 5400 5500 5600 = I LT 'l' -
mp, (MeV) 100 - } Ul N
- b ooy B
%14000_ T d T T T T T T . T 50 :_ y { _:
312000:—33 — J/¢ Qb C e E
% ] =
2 10000~ S
2 C . o
2 so00-LHCb Preliminary
m -
O -

6000 5520 5540 5560 5580 5600 5620 5640 5660 5680 5700
g m(Bir7) [MeVic?]

40007

3000}

IIJlIIJIIIIjIIIleIIlIIIIlI

No peak observed at 5568 MeV.

W
W
=1
(=}

Hoo 5300 5400
my, (MeV)
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SC X (5568) — BOxt ? RSk

LHCb-CONF-2016-004
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Upper limits (preliminary):

Measure the ratio of cross-sections for promptly produced particles within the
LHCb acceptance

JLHCD o(pp — X(5568) + anything) x B (X (5568) — Bln¥)
X p—

o(pp — BY + anything)

The upper limits are found to be:

PRHCh (B0 S 5 GeV/e) < 0.009(0.010) @ 90 (95) % CL
P (BY pr > 10GeV/e) < 0.016(0.018) @ 90 (95) % CL

LHCb does not confirm the existence of X(5568)

15



Rare decays



FCNC processes
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Flavour Changing Neutral Current (FCNC) transitions can only proceed in the SM through
loop (and higher order) diagrams.

b W= S b 3 5

Examples of SM loop diagrams
involving charge currents

New particles could contribute at tree or loop level, introducing interfering effects and
modifying decay rates, angular distributions, CPV observables, etc.

3
-
Y
¥
Y
b

17



Effective Field Theory
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QCD effects in B decays very difficult to compute.

Effective Hamiltonians parametrize the low-energy effects of “any” full theory.

Very suitable for the inclusion of possible NP effects.

Describe B decays with an effective A 4GF V; . Z C.0;
Hamiltonian, (F|Heg|B).

Wilson coefficients, C;, computed perturbatively in terms of fundamental cou-
plings (SM and beyond). They describe the short-distance contributions.

Matrix elements, (F'|O;|B), contain long-distance (non-perturbative) contribu-
tions. Use lattice calculations, QCD sum rules, 1/N expansion, chiral perturba-
tion theory, etc. They are the source of the dominant theoretical uncertainties.

Relevant coefficients for rare decays:

Electromagnetic C7; Semileptonic Cg,10; Scalar/Pseudoscalar Cg p
and their chirally-flipped counterparts: Cz/ g/ 107,57, P

18
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Nature 522 (2015) 68

. B(S)Oéwu': very rare decays (= very small branching ratio).
e Flavour changing neutral current (FCNC) process forbidden in the Standard Model.
e |t can proceed through loops. Helicity suppressed. CKM suppressed.

BY + BY — utu BY — utu
b u* b ut w
20 W+ >0
By B ¢4
W_
S H“ S u” w
SM

New physics

* Branching ratios predicted with high accuracy:
o B(BO>prw)M = (3.66 + 0.23) x 107
e B(BOS>uHw )™ = (1.06 + 0.09) x 10710
* B(Bj>uru)M>M~tan®B/M*  (tan(p) is the ratio of neutral Higgs vev)

» Measurement of those branching ratios probe different new physics scenarios.

19
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CMS and LHCb (LHC run I) Nature 522 (2015) 68

D
o

—¢— Data
— Signal and background
[ B~y

B
=« = Combinatorial background
----- Semi-leptonic background
= = Peaking background

CMS and L!-lCIb (LHC run 1) :

o
o

w
o
||IIII|IIIL'|IIIII]|IIIIIII

-2AInL
o

SM and MFV

—2AIn(L) vs. R

~
o

Weighted candidates per 40 MeV/c?
N
o

Illlllll\llll\l

—
o

(=]

s /=1 NN N RN
4)]

F - 1 J_ <L I 1 J L
5000 5200 5400 5600 5800
My [MeV/c?]

@]

MS and LHCb (LHC run

©

o o
)

B(B°—ptp” +0.08
B ) = 0147908 (2.30) from SM

B(B” — ut 1) [10°9)
o
\J

Zj: : (First observation (stat) A
" 1| B(B? = ptp—) =2.8707% x 1072, (6.20)

0.2;— —; \_ J

01 ENNa N
a ot b3 | First evidence (stat)
P I B(BY — ptpT) = 3.971% x 10710, (3.20)

\ J
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Events / 40 MeV

Events / 40 MeV
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140 ATLAS Preliminary

1200\ (s5=7TeV, 4.9 "

{s=8 TeV, 20 fb™

100

80

III|III|III.-k-|'II|III|III

0|

40

20 '

OI L |~.I .'.‘.--L---.--J TR RN TN AR T TN W DS S T

—— 2011-2012 dat
—— Total fit
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------ SS-SV bkg

BB, —

0.240 <BDT < 0.346

——
IlllT'l_IlllllllllllI|III|III| i

4800 5000 5200

5400 5600 5800
di-muon mass [MeV]

: | T T T | T T T I T T
18 ATLAS Preliminary

16 Vs=7TeV, 4.9 1™

14 {s=8 TeV, 20 fb’'
12

10

)]
I|III|III|III|II|

r--l----I.-AI--.I---Iv--I--. -"f
%800 5000 5200

I—+— 201I1-201 2 c:iata
—— Total fit

------ Combinatorial bkg
------ SS-SV bkg

+ -
BB —uwu

0.446 <BDT < 1.000

II|III'

1| Dl

&

>
~at

5400 5600 5800
di-muon mass [MeV]

ATLAS new results shown by S. Palestini in

Moriond EW 2016, from RUN-I data

Fewer B, events than expected and no B? event

Events / 40 MeV

- | LA B S R S B B L

ATLAS Preliminary

\s=7TeV, 4.9 "
\s=8TeV, 20 fb™

0_ I T T N |...| r

T T T T [ T T T T T T [

—+— 2011-2012 data
— Total fit

...... Combinatorial bkg
...... SS-SV bkg

B = utuw

0.346 < BDT < 0.446

lo—

| ——
—
1Y

4800 5000 5200

5400 5600 5800
di-muon mass [MeV]
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B(S) —>p M

I 1 I 1 l L 1 I 1 1 ] I I I I I I | I I 1 I
i ATLAS Preliminary _
— \s=7TeV, 4.9 —
S I T A \s=8TeV, 20 fb" -
- 3 2| g CMS-&LHCb -
= ! .|. _
- . SM
— -“ —_— .._\‘ ]
_/.\. ““““ . -
F ATLAS ‘ a -
& “Contours for -Zﬂ:in(L):Z.B», 6.2,]
— 1 1 | 1 I! | | 1 1 1 1 I 1 1 1 1 I Illl‘glfrlon? thel rT.\Iaxllrr?l'";T] IOfIL L
0 2 3 4 5 6 7
]

B(B) — p u)[10°

B(B? — ptpu~) =0.97,5 x 107°
< 3.0 X 1072 at 95% CL

Lower than the SM prediction
and also lower than the CMS-
LHCb combination.

B(B° - putp~) < 4.2 x 10710
at 95% CL

Limit above the SM prediction
and reaches the central value of
the CMS-LHCb combination

The compatibility with the SM, for the simultaneous fit, is 2.0 .
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20 g P e e P T
L5 MSSM-LL =5
A 2
r 3
,F T
- oY LEE€b-EEMS combination
) i 66%, 95% C.L.
= o
. X
k= =
= —

K 0 10 20 30 40 50
10° x BR(B, = ptp™) 10° x BR(Bs = ptp")
SM4: SM with sequential fourth generation. Figures taken from O. Leroy and modified
MSSM with left-handed currents only (MSSM-LL) from D. Straub. arXive:1205.6094
Ross, Velasco, Sevilla and Vives (MSSM-RVV2)
Antusch, King and Malinksy (MSSM-AKM)
RSc: Randall-Sundrum with custodial protection
Agashe and Carone (MSSM-AC)
23
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Angular analysis of the K final state
offers a large number of observables.

72 [GeV?/c?]

T —
m(K ') [GeV/e?]

AR Ll T SR
o ALY
-

10!

10°

107

10

JHEP 02 (2016) 104
[£=3M""

s

Only possible in the SM at loop level

.t s b W= S
W AWt
% H
=
N§ I T I T L?Cbl ., | ] :
% 600:— B — K uu _:
2 4001 signal yield (blue) -
g | 2308 £ 57 |
£ 200 -
S| :

5400 5600
m(K ' 1) [MeV/c?]

Peaking background from charmonium vetoed with PID (¢, A, signal swaps...)

and g2 (J/w and y(2s))
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SC BO — K*OH+I_L_ JHEP 02 (2016) 104 %

dir (EO — F*O;ﬁp_) 9

Angular distribution fully described _ v T.(a?) (O
. . = = i(q7) i (§2)
through the coefficients of an expansion dg2d$} 321 -
in spherical harmonics. B
dir (BO — K*O,LL+,(L_) 9 —_— —
= = == > Li(q")fi()
() = (cos b, cosOk, @) dq2d$} 32m &
K \ 4
0, 0, Measure full set of g?>-dependent CP-averaged
\ . K*o " observables, S;, and CP asymmetries, A,

__ [ 3
\ e S, (1,470 ar , dr
N/ v Y \dg? T dg?

_./(dl  dT
A=t Ii)/ (dq2 " dqz)

Use an optimized set of observables (F. Kriiger, J. Matias, PRD 71 (2005) 094009), where leading
form-factor uncertainties cancel, to compare with the SM

, S45.8 F;, — fraction of longitudinal K™ polarisation.
Pyss = \/FL(l o Fr,, S; depend on Wilson coeflicients

C;’), Cé’) C{g, and form factors.

25



0 *x0,,+,,—
s B — K™ ppm e %

CP-averaged angular distribution showing the g?>-dependent angular observables:

1 dii(P+F) 9 |3 . 9 . 1 L
fdcosﬂgdcosﬁl{ do 327 [Z(l — FL)sin® 0k + Fp cos™ Ok + 1—1(1 — Fp) sin“ O cos 26,

— Fp cos? O cos20y + S3 sin? 0K sin? B¢ cos 2¢ + S sin 20 i sin 260 cos ¢ +
S5 sin 20 sinfy cos ¢ + §AFB sin® Oy cos Oy + S-sin 20 sin @, sin ¢ +

Sg sin 20 sin 260, sin ¢ + Sq sin? 0 sin? 0y sin 2¢ ]

2.5 (2)
P = = AV
YT =-Fy)
Optimised set of P, = % _ Arp The Krt system can also be
observables, for which 3(1— Fi) in an S-wave configuration.
leading form-factor Py = _—S‘} : This adds four more terms
uncertainties cancel. (1 - fﬁ) to the angular distribution
o = 51,58 (not shown here)
" VR(L - R
St
P =
V(1 - F)

26



Candidates / 5.3 MeV/c?
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— K%t p~

JHEP 02 (2016) 104

Determine angular observables in bins of g?. Fit simultaneously m(Kn) and m(Kzup) to

constrain backgrounds. Proper treatment of the Krt S-wave for the first time.
Angular acceptance parameterised in four dimensions (cos O, cos b, @, QQ)

Example of fits in the 1.1 < g? < 6.0 GeV?/c* bin

100

50

LHCb
1.1< ¢ < 6.0 GeVc

Candidates / 10 MeV/c?

[£L=3f""
Angles and m(Kr) projections in a 50 MeV
window around the B peak.
o L ! ! ! : ot I
i LHCb i
1501 11<¢><60GeV¥e! |
[ 1 Total fit
100} :
[ | Signal
50 R
i 1 Background
O-b—-.—-".". NN ‘NN PRNN NN ‘-—-_‘
0. 0.85 0.9 0.95
m(K*r") [GeV/c?]
ucb ] 2 OO C 7 T LHCb
Ll<@<60GeVier | o 80 1< ¢ <60 GeV¥et ]
= ]
= 60f + _|_ =
T A
'j‘% * + JF .
U 20— —

0 b . 1 PR
5200 5400 5600
m(K 7 ) [MeV/e?]
= I ' "LHCb | =
= T
> 80~ L1<@<60GeVie | :w)
O F ] = [
3 + 1 = 100
5 + 1 & 8§
50
I . Q-

| 1 L L L L L L 1

2
¢ [rad] 27



SC BO — K*OH+I_L_ JHEP 02 (2016) 104 %
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] CP—averaged: FL, AFBa 83, 84, 55, 57, 88, Sg
Measure in bins of g? CP-asymmetric: As, A4, As, Ags, A7, Ag, 49

a lot of observables | o p
Optlmlsed: 131,]92,]3371347 P5 ; é,Pé

P - . T 1 r r 1 1 =
QL Py Sk 1 SM predictions by S.Descotes-
- P! = - 41 Genon et al., JHEP 12(2014)125
- 15 LHCb ] '
1+ SM from DHMYV — )
i 1 | P’sis the only parameter
_“}“—+— /\ 1 | showing some discrepancy
Us —1 | (2.80 and 30) with SM
- —— —— +— 4 | prediction.
-1 B
5 - 1 | Aglobal analysis of CP-
r | 1 | 1 | averaged observables
0 5 10 15 indicates differences with

qz [Gev2/c4- the SM at the level of 3.4 &

Non-SM particle lurking? Unexpected large hadronic effects? ....
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SC B L —> K *0 I_L_l_ u_ Phys. Lett. B 753 (2016) .CMS
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CcMS 2051 ' (8 TeV)
Z140F-9%: 1.00 — 6.00 GeV? -+-Data
2 >140[-¢":1.00 -6 +
Measure Agg, Fr, and dB/dq § | Sonalviels: 46 24 Slosn
«+ Mistag sig.

as a function of g2

....Background

Events / (0.028 G
o
o

60
Example of fits in the 1.0 < g% < 6.0 GeV?/c* bin " +++
20
0 NI DRI S -J‘h"“Q\\&\\ al g
5 5.1 5.2 5.3 55
m(K'nu'w) (GeV)
140 CMS 2051 ' (8 TeV) 140 CMS 20.5fb "' (8 TeV)
<= [ ¢%1.00 - 6.00 GeV?2 —+-Data — [ ¢%1.00-6.00GeV? ~+-Data
S120F — Total fit S 100 — Total fit
- F ¥ Corr. tag sig. = rti«ﬁ?rtr- tag sig.
o - - Mistag sig. 2 =4 Mistag sig.
& 100~ Backgrougnd 3 100 ] .--Background
Y g0l + * sof-
60— 60}~
A0 e 40 e
20 20\\\\\ el e L e
0_ 3 S O N SN I= 0% h S \\mﬁm&h‘m‘%&m\"
1 08 -06 04 02 0 02 04 06 08 1 1 08 -06 -04 02 0 02 04 06 08 1

cos(0)) cos(0k)
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Phys. Lett. B 753 (2016) JHEP 02 (2016) 104

1LHCb
- ,CMS 205 ' (8 TeV) <ol T :
0.95 [ LHCDb ]
E I 0.8F .
0'85_ - - I SM from ABSZ -
0.7¢ l 0.6 —+— | ]
0.6F [ i
0.5 »—{—1 i + ]
o ER "l e
0o 4+ Data 02 -
“E[C(SM,LCSR ) [ ]
0.1 71 ( sm, Lattice ) N . L R
Ca | L 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1 I L 1 1 | 1 1 1 | 1
S 8 10 12 14 16 18 0 5 10 15 ,
q* (GeV?) LHCh g’ [GeV~/c?]
,CMS 20.5fb "' (8 TeV) o — . , —
<F o gf - Data < osk ]
8- (SM, LCSR ) i
0.6/ ] ( SM, Lattice ) I 4 ——]
0.4F : - i i
o 0 i
0.2F — |
oF I LHCb ]
-0.8;— i Il SM from ABSZ
_1 = e e b b b e e b b b b Ly -05_ \ \ , \ | \ , , \ | \ , \ \ A ) , . B
2 4 6 8 10 12 14 16q2(Glef\3/2) 0 : n v
q* [GeV?/c4
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It is similar to B = K*up, but not self-tagged (not flavour-specific).

_> ¢ u'l'u_ JHEP 09 (2015) 179 %

[£L=3M"

The narrow ¢(K*K") resonance allows to isolate a clean signal.

Full angular analysis performed. Angular observables compatible with SM predictions.

S S
0
B i . 0,
b " 1 S
A "
AN J[/*Jr .
s___: l,l,i
VAR
MJr
s s
Bgi ; 7@5
b S
\\W
14 U
Vi

\+M+

dB(B’—=¢uu)/dg? [10°GeV=2c4]

~] o0

O - N L B

LHCb
SM pred.

* Data

+

111 IIIIIIIIIIIIIIIIIIllllllll

+
+

llllllllllllllll l

,_

s 10 15
¢ [GeV?/c4]

For the g2 region 1 < g2 < 6 GeV?/c?, the differential BR is more than 3¢ below the SM

prediction.
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Ag — A u,_l_ ,_1, T JHEP 06 (2015) 115 %

[£=3Mm"

Also similar to B -> K* up. Measure differential BR as a function of g2,
Baryonic system provides sensitivity to additional observables.
Forward-Backward asymmetries in the dimuon and hadron system: A%B, A%B (Aﬁlé, AE%)

-,E 0815._. ST L I_E __I'_—‘ 18 T T T T T T T T T T T T T T T T T T T T ]
“E LHCb SM prediction 3 :1-\ o 7
06F At 1 2 16F =
0.4E FB = Dt = r:1> Tk SM prediction .
0.2; —z 2 14 '_ —]
0T + |T'—': = P:C_D/ T —®= Data 3
0.2 3 S 1.2F —e——— ]

0.6 = s = _‘
08F - 3 E E
A 3 08 -
2 2y 4 = I .

¢* [GeV/c] o6l =

e OSprTT 0 04: .

< 04F = A= { , —

= LHCb SM prediction 3 © i .
03 = < = u
02F B . D E % 0.2 | LHCb —
el ARg Hie =t ST
b + 0 5 10 15 20
E 3 2
0.2F E q2 [G@V /C4]
03 i‘* =
04F = . . .
P S W e st Again, BR a bit lower than SM prediction at low g?
"0 5 10 5 20 ..
2 [GeVc] Deficit of muons ?
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SC B_|_ > K_I_ €+€_ PRL 113, 151601 (2014) iiﬁi iéi

I )
DE COMPOSTELA

b 2> s FCNC process

b R — B(BT - Ktutu™)
BT B(BT - Ktete)
q
— 1.003 = 0.0001 SM
-o-LHCb -m-BaBar ——Belle
A 2_ L L L e L L L |
= 0 LHCb [RII;HC'D = 0.7457 009 + 0.0SGJ
1.5F ]
I i ] for 1 < ¢> <6 GeV?/c?
: T SM
*-
0.5 _ LHCb measurement 2.6 G away
[ ] from the SM prediction.
00 7 5I - '1|0' — '1I5' — 'zlol l More data to clarify situation
LHCb 2 [GeV?/ ]
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S B(B° — DO, /BB - DO, (S

j B(EO o D) * B(EO & D) PRL 115, 111803 (2015)
R(D) = ——= — R(D*) = —— L=p,e

B(B — DL~ 1) B(B — D*t0 1y) [£L=3m"!

Sensitive test to NP at trc_ee level. E0 L D*t T, with 7 — w T
:T and D*t — D°(— K—nT)n™t
/H, T visible final-state particlesare K~ ntnwtpu~
{; 2.9 9., 10" B°
(<l «Ye Ve same for the norm. channel B — D*"‘,u_ﬁ“

The signal, normalization component and background are statistically disentangled with a
multidimensional fitin M., E,and . m2. = (pg —pp —pu)® ¢ = (ps —pp)°

< 4000 ST I2.60Geviet | LHCh 4 2 4000F 935 <q?<12.60GeVT | LHCh
S : ] = -
2 30001 4 2 3000
o - 1 > - B B — D*H (- X)X
z - 1 = n B B — Duv
= - ] “ - Misidentified u
5 LooE 'f'_'-_ = T
E I E el = e T T
B 0 yE T 3 10 500 1000 1500 2000 2500
m2 (G V?/ 4) EM4 (MCV)
miss € ¢
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— D(*)+T_FT)/B(§O — D(*)Jrﬂ_vu) %

DE COMPOSTELA PRL 115, 111803 (2015)

At 2.1 ¢ from SM prediction

LHCb measures [’R(D*) = 0.336 4= 0.027 £ 0.030] 0.252 & 0.003 SM

N 0.5 ! T T T | T T T T | T T T T I T T T I - -
E C BaBar, PRL109,101802(2012) AVZ=10 3 Combination of
E—{ 045F = Belle, arXiv:1507.03233 A 1 |Babar, Belleand
C LHCb, arXiv:1506.08614 1| LHCb results at3.9 ¢
- m—— Average 7 from the SM
0.4 B -]
0.35 :_ _: SM prediction from
- - PRD 85 (2012) 094025
N | (Belle, Moriond EW 2016)
- SM prediction P(X?) = 55% 1| 0.302 + 0.030 + 0.011
O B 1 1 1 1 I 1 1 1 [ I 1 1 1 1 I 1 1 1 1 B
%).2 0.3 0.4 0.5 0.6

R(D)
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CP Violation and the
CKM unitarity triangle



Introduction
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Quark weak eigenstates related to mass eigenstates through the unitary V., matrix

d’ Vud Vus Vub d VTV: VVT =1
s’ = Vea| Ves | Ven S * * H
c cs ¢ VuadV. V.aV. ViaV,; =0
b/ ‘/td ‘/ts ‘/tb b dVub + dVeb + Vid tb
VCVKM

Weak charge currents proportional to CKM matrix elements

dy,
ESE :—%( uy, Cj, LTL )’)"LLVCKM ( Sy, ) WJ + h.c.
br

Wolfenstein parameterization using four real parameters: A, p, A, 1 (n # 0 => CP Violation)

— A2 A AN3(p —in)
VokM = A — 1) AN? + O\
AN (1 —p—in) —AN 1
|Vus| 1 Vcb

~ (.22 A=—

— * 3 .
A \/‘Vud|2 + |Vus|2 A v A (p ! Zn)

V’LL S
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Unitarity triangle
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Draw the relation V4V, + VeaVy + ViaVy, = 0 as atriangle in the complex plane:

1 1
p=op(1— )2 n=nl1— =)\
P p( 2>\), 7 77( 2>~>

The measurement of all angles and
sides of this triangle using a plethora of
decay channels is a stringent test of the
SM description of CP violation and

(0,0) (1,0) quark transitions.
— 0.7 [ lfn T T [ T T T ! T T T [ T T T I T T T I T L) T | T T

-2 : Amy & Am, % =

n 06 =2 E T Am €k e

=g : =

05 —g sin2p ! o

— |® sol.'w/\cos 2 < _

04 :_% ///)":* (excl. al CL > 0.95) _:

=  F3 C / =

03 — ! S E—

- y -

0.2 _:

I =

0.1 —

Y B q

0.0 L L al | 1 L ) —| | L L L L L | L L N | -

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

ol
Dl
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Direct CPV
F(B o f) £ P(E—J)

CPV in mixing
F(B —>§) £ I‘(E—> B)

CP Violation

Best isolated in — —

: (Bt — fH)—TI'(B~ — f7)
charged meson Ak = T(B+ — f+)+T(B~ — f~)
decays
Best isolated in semi- F(Eo(t) — (v X)-T(B°(t) = - vX)
leptonic decays of —0

(B (t) —» (tvX)+T(Bt) —» (-7X)

neutral mesons

v Direct CPV

CPV in mixing-decay
(B~ for) #T(B > for)

Sy sin(Amgs)t) — Cy cos(Amgst)

cosh (Afg(s) t) — A?F sinh (AFS(S) t)

A(t) =

fcp, is a CP eigenstate

AT is negligible for By, so i

Mixing-induced CPV
nthat case A(t) ~ S¢sin(Amgt) — Cy cos(Amgt)
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sin(203)
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£ = arg (

VCd CHIZ
ViaVi,

) is one of the angles of the CKM triangle (also called ¢,)

BY — J/¢Kg Golden decay mode to measure sin(2p) through time-dependent CP Asy.

At) = F(éo(t) = JWE) —T(B() = JWK) ~ Ssin(Amt) — C cos(Amt)
D(B (1) = JWKg) + T(BO(t) = JWK)

Direct CP violation expected to be very small (C =~ 0), S =~ sin(20)

PRD 91 073007 (2015)

. . e _ +0.017
Other measurements that constrain the CKM triangle predict sin(23) = 0.771" ;' 541

Small discrepancy with the average of direct measurements: sin(23) = 0.682 4= 0.019
HFAG arXiv:1412.7515

Better experimental precision and understanding of higher-order contributions needed to
clarify the CKM picture.
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[ ]
A S1I ( 2 /8) PRL 115, 072001, (2015) %
oasoe:
g}; ?EJMPOST[LS\

Now LHCb becomes competitive with B-factories measurements. [£L=3f""
3500 T T T T T TS
3000 LHCb =4 41560 4 270 tagged Effective tagging
2500 F & (3) - B° — J/¢ Kg decays efficiency: (3.02 £ 0.05) %

2000 £
1500 F
1000 £

0:._1_._._1-‘r.‘ 1 L S = I

5240 5260 5280 5300 5320
m (MeV/c?)

A(t) = S sin(Amt) — C cos(Amt)

0.4
0.3
0.2
0.1

T

Candidates / (1 MeV /c?)

IIII[IIII

Signal yield asymmetry
o
}
lllllllllllllllllll Il/f/llllllllllll

LHCb

e
/

K%JA

e

—0.1

- - o
g 2: —03:—
g1 E A
.f,f N D 10 15
'c% 10F t (ps)
& -

1 S = +40.731 £ 0.035 £+ 0.020

C = —0.038 £+ 0.032 = 0.005
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SC sin(203)
sin(2B) = sin(2¢,) e

PRELIMINARY
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BaBar - ; — 1} 0.69 £ 0.03 = 0.01
PRD 79 (2009) 1072009 : )

BaBar b : . 0.69+0.52+0.04£0.07
PRD 80 %%05) 112001 ; —

BaBar J/y (hadromc) Kg : 1,56 +0.42 +0.21
PRD 69 (2004) 052001 ; 5

Belle : _';j 0.67 £ 0.02 + 0.01
PRL 108 (2012) 171802 1)

ALEPH r o L 08498 +0.16
PLB 492, 259 (2000) " ol '

OPAL : 5 P 3.20 150+ 0.50, |
EPJ C5, 379 (1998) ;  F

CDF - N N 0.79 "84
PRD 61, 072005 (2000) P! T

LHCb ’ : ) 0.73 +£0.04 £0.02
PRL 115 (20159 031601 ! ;

Belle5S : : N - 0.57 £0.58 £ 0.06
PRL 108 (2012) 171801 o R

Average | 0.69 +0.02
HFAG : : :

-2 -1 0 1 2 3

| World average sin(23) = 0.691 +0.017 |




DX The CKM unitarity angle y

DE COMPOSTELA

_ *
v = arg ( Vud ub) (also called ¢,) still the least-well known of the CKM unitarity
VeaV} angles (precision about 7°, compared to 3° and <1° for a, and B).

Best measured in the interference of tree-level b>u and b—> c transitions. For example:

u Colour suppressed
Favoured N
LAY -
W= B~
b c .
BO |DD U
. J
Uu coherence factor

I‘(Bi — [f]DKi) = ’I’JZD + 'r% + 2krprp cos(dp + 0p £ ) (example of decay rate)

weak phase

_ _ R0 V
DK \ AB- =D K ):rBei(‘sB_'Y)

B_ f(D)K_ A(B_ — DOK_) CP conservingl‘hases
\ A(D® — K+n™) v

roei@5—) = DK _ .. _iép
B AD® — K-=t) ' P°
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DE COMPOSTELA f L —3 fb_l arXiv:1603.08993

UNI® cp observables in BX — DK+ and B — Dn* %

D meson final states:  K*7F 7+ KT KTK— ntr, K¥nFtrtn |ntn ntn—

First of its kind

Measure 21 CP observables, providing important input for the
determination of the angle y.

Show now only a few representative charge asymmetries

; _T(B~ = [flph™) —=T(B* = [flph™)
" T(B- — [flph~) + T(B+ — [flpht)

AZTTT = —0.100 = 0.034 £+ 0.018

T T T

LHCb | LHCb
BT

150

100

N
=

Events / ( 10 MeV/c?)

51005200

e -

5300 5400 5500 5100 5200 5300 5400 5500
m(Dh™) [MeV/c?]
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UN® cp observables in BX — DK and B — Dt

DE SANTIAGO arXiv:1603.08993

DE COMPOSTELA

AR = —0.087 £ 0.020 £ 0.008

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

~ 400 N -]
b —
% wh 0 e B s B LHCb )
= |
=
- 200 B'>[K'K 1K™ 7]
g _
-
H s . i

5100 5200 5300 5400 5500 5100 5200 5300 5400 5500

m(Dh") [MeV/¢?]
A’I"f = —0.128 £ 0.037 = 0.012
—_ 150 T T T i T T T T T T — T T T T T T T T —
L]
> B-I— LHCb
= 100 _
=
- N B[] K™
2 50pkE —
£ .
i
Hnnn q_ - . _ i-\ﬂ- kst ) —
5100 5200 5300 5400 5500 5100 5200 5300 5400 5500

m(Dh") [MeV/c?]
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UN® cp observables in BX — DK and B — Dt

DE COMPOSTELA arXiv:1603.08993
(ADS mode: D-> quasi Af F(B_ — [?]Dh_) — F(B+ — ['f]Dh+)
flavour-specific state) ADS(h) — I'(B— — [flph~™) + I'(BT — [f]lph™)

ATE —0.403 £+ 0.056 = 0.011

ADS(K) —

100

Lh
<=

Events / ( 10 MeV/c?)

400} -

200

Er L M -
5200 5300 5400

053005400 S0 5

75500

m(Dh") [MeV/c?]

AREs(w) = —0.100 £ 0.031 =+ 0.009
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Angle y from tree-level processes %

f£=3 fb—1| LHCb-CONF-2016-001

Time integrated analysis of BT — DK*, B" = DK*Y and Bt - DK ntn~
decays, where the D meson decays to a large variety of final states:
(hh, hhr®, K2hh, hrrr, where h = 7%, K¥).

Resulting confidence intervals for different B flavours and analysis method

split by initial B flavour 1 split by analysis method
= Ir ' T ' | ' T = — L ' | ‘ ' ‘ ‘:
Q L LHCb | ST LHCb
— 08 Preliminary _| 0.8 N Y —
0.6 : E 06
04k E 0.4
0af 1 02
(- — ) % 50 100 150
0 50 100 150 P v [°]
B B, decays GGSZ
B° decays B GLW/ADS
I B" decays B Others
- Combination - Combination
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95 C Angle y from tree-level processes
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LHCh-CONF-2016-001
Combination of all LHCb y measurements from tree-level processes.

Using the best fit value and the 68% CL interval,  is measured to be

S R A o
Q| ~ LHCb 1 — (709171
— 08— Preliminary _| /}/ . _8.5
0.6 9% -
| ]
i 1 3
040 e83% B
0.2} .
[ 955% _
0 40 60 30

Uncertainty better than
combined B factories

1-CL

Flavour Physics at the LHC, IMFP 2016. Juan J. Saborido 49



(excl. at CL > 0.95)

“excluded area has CL > 0.95 -
7

fﬂ/IIIIIIIII|IIII|IIII|IIII [ 1]

-0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

ol

Flavour Physics at the LHC, IMFP 2016. Juan J. Saborido 50



CPV through the interference between mixing and decay
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The inteference between two “decay paths” of a B, meson to a CP eigenstate

gives rise to a (final state dependent) weak phase ¢s = b — 2¢p

L(B, — f) —T(B — f)

_ 5 ¢p =~ 0
Aer) =rmo s @ o) | PM / \fD nthe s

= —1n¢sin(¢s) sin(Amgt) » fcp
D

NP might add larges phases to the SM prediction: ¢, = ¢§M + ¢SNP

For b — ccCs (Bg — J/¢K+K—) indirect determination in the SM via global fits

gives (neglecting penguin contributions):

CKMfitter

— Vi Vi3
OSM = —2arg (40 ) = 0.0363 £0.0013 rad 5y ga pros)osso0s

A precise determination of ¢, is as a sensitive test of NP in the B, sector.
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¢s from B? — Jap KT K™

ESATAO [ £ =3 fb~1| PRL114, 041801 (2015)

e Final state with CP-even and CP-odd components. KK system dominated by ¢ reson.
e Fit invariant mass, decay time and angular distributions of flavour-tagged events.
e 3fb!of data at Vs=7 TeV and 8 TeV. (96000 events). Tagging power (3.73 £ 0.15)%

10* L B LA B B 3500 T T ]
7 Total Fit ~ LHCb 3
a 10 E
S :
< 107 — ~
s F _~—" CP-even ™~ E
S 10k N
= o K
S 1 Rt T SUGE B o S CP-odd -~ 3

o B e e gbmes s PETT (.)' """ . “‘()'.:5 -------- 1

cos B,

1400 — — .

§ 1200 LHCb 4 (
& ok . ; ps = —0.058 £0.049 =4+ 0.006 rad Singl . )
S _ ingle most precise
ettt e D 06603 4+ 0.0027 £ 0.0015 ps? 8 P
e WF T _1 | measurements
7 oeoE -7 TNl 7 T Al'y = 0.0805 £ 0.0091 + 0.0032 ps
3 2“2z___I___jf;_-_;_'_’_’l____l____r___l____:j_‘:_-_f_’f_ ______ 7 |Combined analysis with BS — JA) T,
-2 0 2
¢, [rad] Cbs — _0010 + 0039 I'ad.
' \_

Angles expressed in the helicity basis (see next slide).
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Transversity basis
(ATLAS and CMS)
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CMS
¢s from Bg — J/¢ @ CMS-BPH-13-012 : y

-1 19.7 b7 (8 TeV -1
(\|1400|||||||||||||||||||||||||||1?'|T|f?|{|8|-|:e|v.} %1400'C'h'q|s"""""'I"'I"'I"'I"('I'E"] %1400_|I-'-'I|l"-r|"|||'_'.|:'|||1g|'?|f?|{!-3-re|v|)_
= "CMS e Data ] o - ¢ Data d £ LCMS ¢ Data J
2 - = 1onnl —— Total fit 1 . — Total fit 1
ef00- T ;?;f,la?fr.t y 212000 Signal fit 1 @1200f Signal fit ]
2 e Background fit - o & e Background fit g e -~ Background fit
m1000 1000 }jmoo o 4.

800 800 - 800
600 . 600 600
ok et E 400} ) 400% ;
200: --------------- : 200_ T et ee e s e e e rmemrees ] 200: :
TSRSt TSNU P TP O 8 04 02 002 04 08 05 Y P
-1 -08-06-04-02 0 02 04 06 08 1 -1 -058-06-04 -0 -2 04 06 0. 3 2 A 0 1 2 3
cosf; cosYy o [rad]
0.2 19.7 fo (8 TeV)
‘_'_| . _I\!\IIW\II\\\I TTTT \fll‘\\l!‘ IW\‘II \II\!\ IW\I_
2 r + CMS central value | 1 1 1
& g.15/CMS oS ce E Angles expressed in the transversity basis
— C 90% CL ]
< 016 e © 95% CL 7
0 14: Standard Model
012} - ¢ps = —0.075 £ 0.097 (stat) = 0.031 (syst) rad
0.1} . -1
: : AT's = 0.095 £ 0.013 (stat) = 0.007 (syst) ps™ .
0.081 -
0.06[ -
0.041 -
0.02F -
:I\I\IIJ\II\I\II\lIJ‘JlII‘I\II‘ IJ\‘lI \Il\l\ IJ\IZ

05-04-03-02-01 0 0.1 02 03 04 05
0, [rad]
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¢s from BY? — Jh) ¢

UNIVERSIDADE arXive:1601.03297
z<'1'o'sl"'!"'I"'I"'T"'I"’I"'I"‘I"‘ = 51OS\||\\ e xl1'03"'I""l'"'I"“T""I"“I
S | ATLAS Dat S 30 ATLAS Data - € [ ATLAS Data ]
@ 30 {s=8TeV,1431b" Total Fit 1 2 - Vs=8TeV, 143 0" Total Fit S 3l s=8TeV, 143" Total Fit i
2 e Background = T e Background B . Background
E w5 T Signal e e Signal
20/ -
__________________ 0
10 —
L e TR T e N I B L L LI B (VUSSR R ERY SO
cos(8;) costw) ¢_ [rad]
‘_|_| [ T | T T T | T T T [ T T T | T T T | T T T T ] . . .
©0.18/ ATLAS —— 68%CLL. ] Angles expressed in the transversity basis
E 0.16 Vs=8TeV, 14.3 1" C.L. are statistical only ]
- AT, constrained to > 0 1
0.12f ] ¢y = —0.098 + 0.084 (stat.) = 0.040 (syst.) rad
o1 ] Al'y = 0.083 +0.011 (stat.) = 0.007 (syst.) ps_1
0.08l- - | Ty = 0.677£0.003 (stat.) + 0.003 (syst.) ps~! )
0.06- el ]
0.04¢ | ! | | ! g
L 1 1 1 1 1 1 l 1 | 1 1 1 1 1 1 L
-06 04 02 O 02 04
¢ [rad]
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SC Combined measurement of ¢,
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DO 8 fb!

0.14} HFAG
'
—— 0.12 68% CL contours
|m (Alog L =1.15)
'&' 0.10: CDF 9.6 fo~! [ ¢£IFAG wa = —0034 :l: 0033 ]
" .
-
q 0.08
| M Based on ATLAS preliminary results.
0.06¢ ATLAS 19.2 b~ / 1~ Statistically uncerntainties only.
—04  -02 00 02 04
¢35 [rad]

World average dominated by LHCb combination. Includes also results from E(S) N DjDS—

The result is compatible with the SM prediction, but still room for NP.

Constraints on penguin pollution using BY — JAi) K* and B° — Jh) p?
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Control of penguin pollution
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600
400
200

- - - - S-P wave interference

—----—- S-wave

_ —1
, _ JL=3D"" .rp11 (2015) 082
Two main approaches which rely on flavour symmetries:
Bg — Jhp K* and BY — Jhp pY Phys. Lett. B742 (2015) 38-49
{{:20005'I""I""I""I""I' %:33 %lz')
‘% 18005— I} LHCb g :2 g
2 ]600:_ 5 0 5
— 1400;— 2;’
= 1200 _ —+-Dam
Z - — Total PDF
4 ]000:_ B signal - 005(9,,;
= 80F  f U K .
e} -
3 —
= C
< -
O s

-+ P-wave odd + P-P wave interference

—— — P-wave even

Candidates / 0.31 [rad"]

Total

5200 5300 5400 5500 5600
My kn [MeV/c?]

_(ph (rad)

AgJy” = 0000500 (stat) 005 (syst) rad
From a combined analysis of

Je +0.010 /. o
both channels: Aﬁb = 0.0017 514 (stat) & 0.008 (syst) rad

Acf)"/w = 0.00370919 (stat) + 0.008 (syst) rad
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s | Vus| from Ay — pp~o, ey

[L£=2 fb—1| Nature Phys. 11 (2015) 743

Long standing discrepancy (3c) between inclusive and exclusive measurements of V. :

Vip| = (4.41 £0.157012) x 1072 inclusive (b — uf™7y)  (HFAG arXiv:1412.7515)

PDG, Chin. Phys. C38

Vip| = (3.28 £0.29) x 1073 exclusive (B — mli,) 2014) 090001

Measure |Vub| — (3_27 + 0.23) x 10~3 through the following ratio (first ever to use a

baryonic decay). 2 fb2.

Vw|* _ B(AY = pp” )

Va2 B(AY = Afp—1,)
1

Rpp R¢ ratio of relevant form factors, from lattice QCD.

Experimental method — reconstruct a “corrected” mass:

mcorr:\/m%'u—'—pi"i_p_l_ h:p: or h:Aj

mp,, is the “visible” mass of the hp pair.

Signal extraction from 1D fit to m_,,,
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s | Vus| from Ay — pp~o, ey

[ £ =21 NaturePhys.11 (2015) 743
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Using the A, mass and flight direction, ¢? = miy = (pa, — Pp)° can be estimated.

¢> > 15 GeV?/c? for puw

To avoid large corrections from R, require
© bt q> > 7 GeV?/c? for A

Use isolation algorithms to remove background with extra charged tracks.

~18000 ——————T——————— 4000 ————— !
S r [ Combinatorial LHCb L i LHCb
: Mis-identified - -
% 15000 - is-identifie = % e
p= - ] S 3000 AT
% 12000 - E % B Combinatorial
9000 F & 2000
b} L ]
= - =
T 6000F = i
2 . = 1000 -
[av] = L
& 3000 S
0 0 —
3000 4000 5000 , 4000 4500 5000 5500
Corrected pu mass [MeV/c?] Corrected pK 7' 1~ mass [MeV/c?]
N(Ag — U 17”) = 17687 £ 733 N(Ag — Aj’,u_Du) = 34255 + 571

59



e ‘Vub| from Ag — PR ; Dﬂ' %

OE COMPOSTEL Nature Phys. 11 (2015) 743
O —
B(A) = puv) 2=15 Gev

. = (1.00 £ 0.04 (stat) £ 0.08 (syst)) x 1073
B(A) = AL ) 257 Gev

|Vub|
‘Vcb|

= 0.083 & 0.004 (exp) & 0.004 (lattice) [qubl = (3.27 £ 0.23) X 10—3]

, o at 3.5 ¢ from inclusive measur.
Rules out models with large contributions

from right-handed currents Left-handed coupling, |V.5; | versus

fractional right-handed coupling, egr

| | | T
* o 8 I I [
O . - —
Inclusive ——— glé)l(i — B inclusive
X 7 I Bonlv -
B 8 A,—puv (LHCb)
. ——— PDG 2014 >= 6 57 combined B
Exclusive RBC/UKQCD ~
B—)TCIV) arXiv:1501.05373
( —— FNAL/MILC
arXiv:1503.07839

LHCb ugztmold, Lehner_: Mceoiﬁe_llo
(AL, —puv) f e v 1503 0151
PR BTSN FUN SR N S S S S R ST S R S RN S S S
0.003 0.0035 0.004 0.0045 0.005
Vo |




o gE T T T T =
— PDG 2014 +
X - CKM fitter + i
MILC 2015 +
__g 5 — A,—puv (LHCD)
>
4 LHCb
3
2 TS [ TR R I L !
36 38 40 42 44 ;
V| x 10
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Slide from M. Kenzie
Moriond QCD 2016

Am
r=—
I
AT
Y= 91

Intensity
<)
T

Neutral Meson Mixing

P(M(O) N M(t))

P(M(o) — M(t))

Plots from
arXiv:1209.5806

Intensity
o
T
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B? oscillation frequency %

DE COMPOSTELA [c=3 fb—1| LHCb-PAPER-2015-031

Use B — D(*)_;ﬁqu decays to make world-leading Am, determination.

Assume AT'; ~ 0 Nunmix(t) = N(BO — D(*)_/,L+VMX)(t) X e_th[l + cos(Amygt)]

and neglect - —0 . ~
CPV in mixing N™X(4) = N(B" = B — DW*y 7, X)(t) o< e 191 — cos(Amgt)]

Nunle (.[/.) - leX (t)

A(t) = . . = cos(Amyt
( ) Nunmlx(t) + lex(t) ( d
£ sh
%’ l BO flavour at production time and decay
7 o time determined using flavour tagging
i algorithms (effective tagging efficiency
-0.5 close to 2.5%)
0.5} - -
: Most precise single measurement
of Amg = (505.0 = 2.1 £ 1.0) ns™*
] (stat)  (syst)
0.5 (c) + @
5 10 5 10 . _
Mixing asymmetry projections for decay time [ps] World average without this measurement
BY —» D~ utv, X in four flavour Amyg = (5]_0 —+ 3) ns~1

tagging categories.
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SC B? oscillation frequency %
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1 1 | | | | I 1 1 | | |
| | . ALEPH (3 analyses)
From PDG 2015 e ; 146+ 6£19
: R DELPHI (5 analyses)
o 1 : 519+ 18+ 11
Amg = (0510 + 0003) ps . L3 (3 analyses)
o — ik ! 444+ 28+ 28
Ams o (17757 == 0021) P5 i OPAL (5 analyses)
¢ ! 479+ 18415
i CDFI (4 lllll\\e\l
® i 495+33+2
L ) ) ; DO(Ianahms]
Theory prediction (Fermilab Lattice o 506+ 20+ 16
: ; BABAR (4 analys
and MILC Collaborations) —a-tu %_(H‘ analyses)
arXiv:1602.03560 : EgL:LJrE:tw analyses)
Amg = 0.639(50)(36)(5)(13) ps~* E LHCh (3 analyses)
T 514543
Amg/Am, = 0.0323(9)(9)(0)(3) :
] This measurement
il 505.0£2.1£ 1.0
Am  and Am /Am, :
i Average (w/o this meas.)
measurements are - 51043
21cand2.9¢c :
from predlctlon. R ST N A SRR T R R SRR
450 500 550 Amd [ns_l]
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o — KTK~ and D° — 777~ decays %
DE COMPOSTELA 1| arXiv:1602.03160

[£=3fh~
World’s most precise measurement of a time-integrated CP asymmetry in the charm sector.

Tag D° (D°) from D*t — D%zt (D*~ — D m~) decays and measure
AAcp = ACP(K+K_) — ACP(W+7T_)

L(D°(t) = f) —
L(DO(t) = f) + (D () = f)
f

Time-dependent Acp(f;t) =

Time-integrated Acp(f) = a5 (f) (1 + L ( ) CP) + <t(7°_f)> I&S

(t(f)) is the mean decay time of D? - f decays in the reconstructed sample.

YcrP is the deviation from unity of the ratio of the effective lifetimes of decays to flavour specific and CP-even final states.

AACP — ACP(K K+) pﬂ' 7T

t
~ di d
~ ACL o 1 —I_ - CP alcrflp
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raedl CP asym. in D® - K™K~ and D° — 777~ decays %

arXiv:1602.03160
World’s most precise measurement of a time-integrated CP asymmetry in the charm sector.

[AACP — (_(),1() + 0.08 + 0.03)% } Consistent with no Direct CP violation

Supersedes the value AA,, =-0.82 +0.21 £ 0.11
published in PRL 108, 111602 (2012), based only
on an integrated luminosity of 0.6 fb2.

Direct versus Indirect Ap

10 X10°
AQ '
O A SLKK*and n-n* T
2 —  A_prompt K'K*
A prompt -t
. . 5 | ]
Combination of LHCb measurements o 10 CPV
JHEP 07 (2014) 041, JHEP 04 (2012) 129
JHEP 04 (2015) 043, arXiv:1602.03160
0 | |
aBs = +(0.058 4 0.044)% A E
g Q
. o,
Aadit — —(0.061 4+ 0.076)%| |7 3
CP p
LHCDb
-10 . ‘ ‘ X107
-10 -5 0 -5 10
amd

CP
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pp collisions @ 13 TeV



2015 pp collisions @ 13 TeV %

DE SANTIAGO
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1 1 e 1 fb=1 in 2011 @ 7 TeV
321 pb1 (0.3 fb™') of recorded luminosity in 2015 3 b= in 2012 @ 8 TeV

LHCDb Integrated Luminosity at p-p 6.5 TeV in 2015

Integrated LHCh Eficiency breakdown

FULLY ON: 86.40 () . Delivered Lumi: 362.75 /pb
[ Hv: 028 ()
. Recorded Lumi: 320.66 /pb

500

[ veLD safety: 164 (35}

I oA 235 o)

I ceacdtime: 770 (3

400

First open charm and J/¥
production measurements
made at 13 TeV.

Integrated Luminosity (1/pb)

300
Interesting to better
oy 1 | RTINS SIS SSPOI— ............................................................................................... understand QCD (Cross
sections, fragmentation
100 v e o — T I functions, structure functions
: of the proton,...).
-_I_I_I_I_#. —t—t ! ——— | i | Lo1o1 | [
L 3900 _' 4000 4100 | __4200 4300 W Unique LHCb acceptz?nce:
50ns ramp 25ns data taking gluon PDF at small Bjorken X

Measurement of sin?0,,
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2015 pp collisions @ 13 TeV %
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Measurement of forward J/ production cross-sections in pp JHEP 10 (2015) 172
collisions at 13 TeV

[L£=23.05pb "

Double differential cross-sections as a function of p; for different y bins.

pr < 14GeV/c and 2.0 <y < 4.5

Prompt J/ J/p from B decays

§ o ll HLI‘h T & - IL S .
= = : I = == LHCb -
E IO ﬁ ' :":EE_ \s = 13 TeV, )r.]-m =3.05 Dh-l _E z ) B :T::i:E::_i_ "? =13 '1‘eV, L,‘m =3.05 pb-l n
> S ] o WEE === E
s == 1 5 F ——— =
= pg=== s, f B ]
~ 10°F —— = — - e .
Q - —— 3 <~ 1ok —— _
o F = 20< <25 e . =3 3 . N e S -
-é‘ [ —4—25<y<3.0 N i E‘s C I 32: : <§3 ' —— Y ———a——47
S 10F —=30<y<35 o —— = [ 30<y<35 T
> E 30yl ——— O [ 35<1<40 Tt
- - —4—4.0<y<4.5 _;_:;=- o] 1 3 —— ;_1:0{ '1, _(:4:5 _:;_ —
P I . . F : 4

0 5 10 T 0 —
p(J/ y) [GeVic] p(J/ w) [GeV/e]

Integrated o(prompt J/A)) Integrated o(JA) from-b)

= 15.30 £ 0.03 £ 0.86 b = 2.344+0.01 £0.13 ub
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O L 2015 pp collisions @ 13 TeV %
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JHEPO3 (2016) 159

Measurements of prompt charm production cross-sections in pp
[£=4.98pb~"

collisions at 13 TeV

O<pT<8GeV/c 1<pT<8GeV/c
0 < pr ’ISGeV,( 2<y<45 LHCb ll pT<I8(;eV/£ 2<y< 45 LHCb
LHCb D™ ——  /s=13TeV LHCb D° —— V5 =13TeV
LHCb D" ——
LHCb DT ——
LHCb average —o—
LHCb D — ’ i
FONLL arXiv:1507.06197
; L |
POWHEG+NNPDE3.0L (scaled) arXiv:1506.08025 LHCb D™ I
——
POWHEG+NNPDF3.0L (absolute) arXiv: 1506.08025 LHCb average —e—
I L |
1 1 1 L | L 1 L 1 1 L 1 L L | | 1 L | 1 L 1 L | 1 L 1 L ] L 1 L L 1 L 1 L 1 |
0 1000 2000 3000 4000 0 1000 2000 3000 4000
o (pp — ccX) [ub] o (pp —+ ccX) [ub]

Integrated production cross-sections for several D mesons (diamonds) and the average
(blue band). Red squares: theory predictions.
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pp collisions @ 13 TeV

_'_— — I | I I I | I | I | 1 | I | I I | I I I |
=, _ ATLAS Online Luminosity  /s=13Tev -
*(%" S LHC Delivered i
2 N ATLAS Recorded -
= L
3 4 - Total Delivered: 4.2 fb” 3
— - Total Recorded: 3.9 fb™ .
e 3L -
9 - —
=2 B i
e N ]
£ 2 —
E - _
o B _
— 1 _

L | - | | ]

11/10 08/11
Day in 2015

0 T B T— T — . T T L1
24/05 21/06 19/07 16/08 13/09
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N woow
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=
)

o

pp collisions @ 13 TeV

CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV

Data included from 2015-06-03 08:41 to 2015-11-03 06:25 UTC

)

=
=)

Total Integrated Luminosity (fb ')
o
o

¢
o

-I LHC Delivlered: 4.0 ib“1

] CMS Recorded: 3.6 fb '

Bm B=3.8T, recorded for physics: 2.8 fb '
B=3.8 T, validated: 2.7 b '

Preliminary Offline Luminosity

—mm -

R) Q
A P N 40
Date (UTC)

W

4.5

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0.0

CMS
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— 10 CMS Preliminary 50.8 pb' (13 TeV)
= E e ' ' —#— Data (13 TeV, |y_|<2.4) E
S - u —+— Data (7 TeV, ly,|<2.4) N
g 1 == FONLL (13 TeV, |y_[<2.4)  —]
= = = BN FONLL (7 TeV, ly |<2.4) E
§' - = PYTHIA (13 TeV, ly_|<2.4) ]
< 10" et === PYTHIA (7 TeV, ly_|<2.4) —
o - —— E
T - 7]
g 102 | i =
=3 = —— 3
=) - + -}
10° =
— —*— =
- f } 4 - 1 - E
z 2f 3
g s T ) -
0.5F =

0 20 40 60 80 100
P (Jw KY) [GeV]
— 1 0 T T T T T T T T — T T =
> - ATLAS ]
s T —=  JHEP 10(2013) 042 3
l_;_ o —— _
2 10 m— -
£ - ;
i 10-2?\s=7 TeV E
g_ - —e— ATLAS, 2.4 fb"', |y|<2.25 :
2103 p —— -
= - = CMS,5.8pb", |y|<2.4 ]
g o[ mE FONLL, |y|<2.25 e

10°¢ E
F L =

1 0—6 |b 1 0|-5 —l 1 1 1 1 y |
678 10 20 30 40 100
p, [GeV]

da(pp — B'X)/dly [ud]

do / dGFONLL

do(pp—B"X)/dy [ub]

B* prod. cross section @ 13 TeV from CMS and ATLAS

0
g
)]
J
ol
3
5
g
<

CMS

50.8 pb' (13 TeV)

22 - T T T T T e
o0 —%— Data (13 TeV, pJ > 10 GeV) T
= —+&— Data (7 TeV, p_Er' >5GeV ) 3
18 FONLL (13 TeV, p? > 10 GeV) S
16 [ FONLL (7 TeV, p? =5 GeV) —]
14E- PYTHIA (13 TeV, p? > 10 GeV) 5
- === PYTHIA (7 TeV, pB = 5 GeV)
12 ' E
10 =
8- E
6 E
4k =
2 =
SN . I — 1 —
2 E
15[ _+_—+—_+__+_—+—_+_+_+_ -
1 E
0.5F =
0 0.5 1 1.5 2 25
ly (Jy K9]
' | ' | : I : I B
5 ATLAS e o =
B — POWHEG+Pythia -
B A — MC@NLO+Herwig 1
aF det=2.4 fo!l e FONLL -
3 E
op— e * B
1= .
B 9 GeV <p, < 120 GeV ]
ot . | . | ) | . I ]
0 0.5 1 1.5 2

Modified from S. K. Swain
Moriond EW 2016 73
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M(B*) measurement @ 13 TeV from ATLAS

ATLAS

EXPERIMENT

Test ATLAS detector performance by looking at M(B*) vs rapidity.

B* reconstructed in the J/y (utu~)K* decay mode.

Use 3.2 fb! of data collected at 13 TeV.

ATLAS-CONF-2015-064

; 5290'_1 ' | ! ' ! I. |' ! ' I I I ! ! I ! I ' ! ' | — > T T 1T I T T 1T I UL | L | UL [ T T 17T T T T1T71 [ T 1T
2 [ ggf ATLAS Preliminary 1 225000 ATLAS Preliminary -
= » Jg=1 3TeV,L=321b E P - Vs=13 TeV, L=3.2 ! v oaans -
Q 5286:_ ny >0.20 mm _: %20000 :_ L. =0.20mm . Fit model _:
& - e Data2015 . E - YT - —
5284 a ‘a o - = i | B Sy K -
5282:_ Welghled mean m(B") _: 15000 - FE % e Background model -]
E E B - B - Jy n* ]
5280:_ _1|,_ + _*=+-¢-='_—‘—+++"__+_ _: 10000 :— s Combinatorial background —:
5278:’_+_ _+_ _+_ | —] B - Mis-reconstructed background |
5276:— E 5000 | —:
F (B%) = 5279.34 + 0.09 (stat.) MeV . )
S2rar | | ! | Lo 0 Steassseasen 2

L 5000 5100 5200 5300 5400 5500 5600 5700 5800

M (BT) = 5279.31 £ 0.11 MeV

(preliminary)

(PDG 2014: M(BT) = 5279.29 4+ 0.15 MeV)
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SC Conclusions and Prospects

Many more results not shown here.
LHCb has performed in Run | better than expected, and it is improving in Run 2.

Several measurements in heavy flavour physics start to show tensions with SM
prediction. More data are needed to clarify the situation.

Good progress in the first year of Run 2. Important improvements in the trigger
for LHCb.

LHCb expects to collect about 5 fb! of integrated luminosity in the full Run 2.
Beyond Run 2 LHCb will be operating with an upgraded detector.

ATLAS and CMS also performing very well, as shown in detail in other talks at
this conference.
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Backup
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Muon system
RICH detectors M identification g(p—p) ~ 97 %,
K/ti/p separation mis-ID e(m-p) ~ 1-3 %
e(K-K) ~ 95 %,
mis-ID g(TT—-K) ~ 5 %

+ Herschel

Vertex Detector Dipole Magnet - energy measurement
reconstruct vertices bending power: 4 Tm i efy |dent(|)f|cat|orl

decay time resolution: 45 fs - AE/E = 1% @10 %/VE (GeV)
IP resolution: 20 pm :

Tracking system: IT, TT and OT Calorimeters (ECAL, HCAL)
momentum resolution z;;:ﬁl::iiiizlé;j:qent
Aplp=0.4%-0.8%

(5pGpeV/c - :oo GgV/c) AE/E=1% @10 %/VE (GeV)




OL Flavour tagging in LHCb %

DE COMPOSTELA

Charm decays: tag initial flavour using D** — D%zx+ or B~ — D'y~ X.

The bachelor 7+ or g~ unambiguosly tags the DY (EO) flavour.

B decays: a more complex process. In the BY — Ji) K*9 analysis, for example:

Modified from M. Kenzie
Moriond QCD 2016

SS pion

Q/,. SS kaon (for B?)
ta

BO

vy

t
*

OS charm

co s _.....--?. OS kaon
b /
b - X1~ \>. OS muon

OS electron
OS vertex charge

The tagging output is a tag decision and a tag (or mistag) probability.
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Slide from F. Alessio
Moriond QCD 2016

New trigger system
LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz

readout, high Er/Pr signatures

. Software High Level Trigger

New software trigger architecture

Real time calibration and alighnment

s

Event Builder

!

HLTT

v
HLT Disks

\A/

Partial event reconstruction, select
displaced tracks /vertices and dimuons

~50k
logical
cores

Buffer events to disk, perform online
detector calibration and alignment

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

disk
space

P P P
12.5 kHz Rate to storage

gy B w9
LB
r© ™\
s \

Full Stream Alignment

Nz
LA AYA'A'4

Turbo Stream
Naws

[ Calibration Stream ]

HLT2

Online Storage

[Technical Streams ]

\ J

Same online and offline reconstruction and PID!

o prompt alignment and calibration

« completely automatic and in real-time

Physics out of the trigger with Turbo Stream

 Raw info discarded, candidates direclty available
24h after being recorded
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Slide from S. Borghi
LHCC, Dec 2015.

¢ Buffer all events to disk
before running 2" software
level trigger (HLT2)

* Perform calibration and
alignment of the full tracking
sub-detectors in real-time

= same constants in the trigger ol el e
. . and calibrations
and offline reconstruction

¢ Last trigger level runs the
same offline reconstruction

* Some analyses performed
directly on the trigger
output —

y Stormg Only selected —_ — Offline reconstruction and

candidates to reduce el Calibration associated processing
event size

Offline reconstruction and
associated processing

——

User analysis

Flavour Physics at the LHC, IMFP 2016. Juan J. Saborido 81



Turbo Stream %

Slide from S. Borghi
LHCC, Dec 2015.

Some analyses performed directly on the

trigger output
Storing only selected candidates to reduce o It
. _ON0 ull stream

event size =» Save ~90% of space T — 10 KEZE

- : : : - 2.5 kHz: ~5kB per event — 700 Mb/s output rate
Analysis with large ylelds. possible to T I
reduce the pre-scaling of all the channels Offline
that were trigger output rate constrained reconstruction
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LHCb Run2 start-up
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pNe data taking
(10 June): SMOG luminosity measurement 3nihing Jezsn 2N der Meer scans

operation pHe data taking
July Aug Sep
Wik T 2B 29 30 31 32 33 34 £ 37 3% 30 I
J Mo = B 1 . 7 3 L] 7 M n r/ M .
Tu ¥ "4
We sap escorsl |1 MO 1 IE'
Intensity ramp-up — ; -
Th with 50 s beam oy e e ®
Er MD 2
= :
| Su I ) ]
50ns ramp (eYarIy measurement) 25r!s ramp
I End physics
' pp @ 5 TeV PbAr data takin Sk
Oct pAIr data taking Nov e g jos 0]
Wk 40 a1 az | a3 a4 45 a6 47 as \ | 4o 50 51 52
f " v v
MCI 28 ] ‘ 12 19 2B 2 9 T;}S 16 ¥| 30 ¥ 14 21
Tu = g b _
We - TS3 E a
Th £ 55 \ e
= - wEQ- . | 10N (Pb-Pb) | = —
Fr E_ MD 3 £ S J* Xmas
Sa “ ‘é % dMDhc
Su f 1 ‘\
¥ r 4 1
| Y VdM
pAr data VdM .
Core physics @ 13 TeV (25ns)  taking ..« PbPb collisions scans
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SC pp collisions @ 13 TeV
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LHCDb Integrated Luminosity at p-p 6.5 TeV in 2015

Integrated LHCh EMciency breakdown

. Delivered Lumi: 362.75 /pb
¢  Recorded Lumi: 320.66 /pb

FULLY ON; BE.40 {38}
[ Hv: 028 3
[ vELD Safety: 164 (%)

B oA 235 ()
Bl Deadtime: 7.70 (34)

500

400

300

L AN PTT RN SRR

Integrated Luminaosity (1/pb)

200

100

S e s sk oo R s g

k

3900 - 4000 4100 I 4200 4300 4400 ":-Emum -
50ns ramp 25ns data taking

1 fb~1in 2011 @ 7 TeV
3 fb~!in 2012 @ 8 TeV
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The ATLAS detector
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General purpose detector Calorimeter System
EM and Hadronic energy
Liquid Argon * LAr EM barrel and EC
Muon detectors Tile Calorimeter Calorimeter LAr Had. Barrel

« Tile Calorimeter (Fe-Scin.)

Muon Specrometer hadronic barrel

Toroid Magnets

Precision p tracking:

MDT (Monitored Drift Tubes)
+ CSC (Cathode Strip Chambers
Trigger: /
* RPC (Resistive Plate Chambej
* TGC (Thin Gas Chamber)

Inner Detector (ID)

Tracking ,

2T Solenoid Magnet Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

« Silicon Pixels, 50x400 pm?

» Silicon Strips (SCT), 80 uym stereo

« Transition Ratiation Tracker (TRT) 36 points/track Slide from P. Reznicek
La Thuile 2016
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SC pp collisions @ 13 TeV

DE COMPOSTELA

< B L L B B B
2, - ATLAS Online Luminosity ~ /s=13Tev
1%" S LHC Delivered ]
_g E ATLAS Recorded -
= 4— : -1 -
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Day in 2015
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CMS,
e The CMS detector
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a MMfft.—~PurPoS-e

detector @ LHC

o Tracker:
~1 m? Pixels (66M channels)

\ -200 m? Si microstrips (9.6M channels)
\ - Iron Yoke

’ d

/ '\ / / &,
ECAL.: Electromagnetic ‘L ~

3.8 T Solenoid’

calorimeter - 76K PbWO; crystals | |
length 21.6m | HCAL: hermetic Brass/

diameter 15m Scintillator sampling hadronic
weigh 12,500 t| calorimeter
B 3.8T | Slide from N. Leonardo

La Thuile 2016
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pp collisions @ 13 TeV

CMS Integrated Luminosity, pp, 2015, Vs = 13 TeV

Data included from 2015-06-03 08:41 to 2015-11-03 06:25 UTC
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UpN® A} — Jhp A* and A — P K~ decay angles %
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A, rest frame

Definition of the

decay angles in [
the A" decay chain 1 rest frame

lab frame

A, rest frame
1 rest frame -t ¢~

Definition of the
decay angles in the

M
< -"' < P.
P. decay chain il)k fl)w

. —Tl? P rest fra/7//

lab frame
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DE SANTIAGO X ( 5 5 6 8 ) — B.(s) w - ? %

DE COMPOSTELA LHCb-CONF-2016-004

Cross-check with the Bt spectrum

;E‘ - LHCh Known B* states W en ]
2 3000 JHEP 04 (2105) 024 [ e.6747r- 8@
- F \ Bl sz - @ S
= 2500 — —
; E '. |:| Combinatorial ]
9 — AT 3
® 2000 — j
=/ = '
T : il
S 1500 —
© m
1000 — —
500 — —
0_| 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 |_
E é‘ }-H ! F Iy 4 .} ll'.. { \ T 11 y ? }I{ 1 {_
1) ‘m ) : L] 1 1 l" “ r": n mmn
2 T proT I i ST L S
4= il
100 150 200 250 300 350 400 450 300

m(B'1*)-m(B’)-m () [MeV/c?]
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SC BO — K*OIJJ_F,_L_ JHEP 02 (2016) 104
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0.5+ — 0.5 ]
LHCD - - LHCb
0 ' of \‘
05 i 05 i
q* [GeV?/c4] 42 [GeV?/ ]
= 0 LHCD ] S, Sg and A, obtained from the fit of the
[ 1 g%-dependent amplitudes. Then band
: - indicates the 68% interval.
0/ |
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Use EOS software package to determine the level of compatibility of the data
with the SM. Perform a y? fit to the CP-averaged observables Fr,, Apg, and Ss-
Sg. Measurements can be accounted for by modifying only the real part of the
vector coupling strength of the decays, Re(Cy). Modifying just the axial-vector
coupling, C1o, would contradict the measured value of B(BY — pu*u™).

X[ Ax? distribution for the real part
< of the generalised vector-coupling
15:_ strength, Cg.
1o The SM central value
i is Re(CgM) = 4.27
5_

The best fit point is found to be
at ARe(Cy) = 1.04 £0.25
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B(BT - Ktutu™)

ik = B(BT — Ktete)

Determine Ry using the ratio of the relative branching fractions of the decays
Bt — KT{T¢~ and BT — Jip(£T4~) KT, with £ = e, u. The well known large
B(Bt — JA) KT) helps to reduce systematic uncertainties.

D e A LR 5T 1 T | ] 103
- LHCb (a) S A | FLHCD (b) .
20 ’ 201+ ’ -~
T E ook a8 10°
RO T IO 5 s 0
= 10} Sl S o
: . > 10
5h -l 10 5
I K e IO T T T 1 gt S RIS NN R |
4800 5000 5200 5400 5600 4800 5000 5200 5400 5600
m(K*utu) [MeV/c?] m(K*ete™) [MeV/c?]
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Niterem ) \N J ('t ™)K PRL 113, 151601 (2014)
€xtete €J/l]l(p[|pl_)K| . . )
X . Parametrization of mass distribution
Kt utp=/ \€Jjy(etem )K" dominates the syst. uncertainty.
;\]_\ T T —_ l 500 T T _] c: T T ]
S LHCh ] I LHCh © LHCbh -
> > I > | |
= = ol 1 =2000 ]
2 (a) Q 1000 (b) s | (c)
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FIG. 2. Mass distributions with fit projections overlaid of selected B™ — J/y(— e¢"e¢™)K™ candidates triggered in the hardware
trigger by (a) one of the two electrons. (b) by the K™, and (¢) by other particles in the event. Mass distributions with fit projections
overlaid of selected B — K" e" ¢~ candidates in the same categories, triggered by (d) one of the two electrons, (¢) the K, and (f) by
other particles in the event. The total fit model is shown in black, the combinatorial background component is indicated by the dark
shaded region and the background from partially reconstructed b -hadron decays by the light shaded region.
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Angle y from trees

s

LHCb-CONF-2016-001

Credibility regions and most probable values for the hadronic parameters extracted from the
combination. The second part of the table repeats the frequentist results for comparison

Observable Central value Intervals

Bayesian 68% 95%

v(°) 68.7 58.6.76.2] [47.0,82.3]
rok 0.0989 (0.0932,0.1046]  [0.0878,0.1103]
OBE(°) 139.9 (130.9,147.1]  [118.4,152.06]
A 0.201 0.145,0.251]  [0.068,0.297]
§BE" () 192.3 (164.5,224.1]  [135.9, 268.6]
Frequentist 68% 95%

v(°) 70.9 62.4. 78.0] 51.0, 85.0]
rBk 0.1006 0.0946, 0.1065]  [0.0890, 0.1120]
OER(°) 141.1 [133.4,147.2] [122.0, 153.0]
R 0.217 0.169,0.261]  [0.115,0.303]
SRR (o) 189.0 [169.0, 213.0] 149.0, 243.0]
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Combined measurement of ¢,
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http://www.slac.stanford.edu/xorg/hfag/osc/summer 2015/#DMS

Table 1: Direct experimental measurements of ¢, A’y and I', using BY — Ji &, JW KTK ™,
Jiprtr~ and DFD_ decays. Only the solution with Al'y > 0 is shown, since the two-fold
ambiguity has been resolved in Ref. [1]. The first error is due to statistics, the second one to
systematics. The last line gives our average.

Exp. Mode Dataset O AT, (ps™1) Ref.
CDF Jh o 9.6fh~" [-0.60, +0.12], 68% CL +0.068 £ 0.026 £ 0.009  [2]
DO I ¢ 8.0fb~!  —0.55703 +0.16375 003 (3]
ATLAS Jipo 4.9t~ 4+0.1240.254+0.05 +0.053 +0.021 £ 0.010  [4]
ATLAS  Jhpo 143 —0.1194+0.088 £0.036  +0.096 + 0.013 4+ 0.007  [5]?
ATLAS  above 2 combined —0.094 +0.083 +0.033  4+0.082 £+ 0.011 £ 0.007  [5]
CMS S o 20fh 1 —0.075 +0.097 £ 0.031  4+0.095 £ 0.013 4+ 0.007  [6]
LHCh  JAKTK~ 3.0fb™" —0.058 £0.049 4+ 0.006  +0.0805 £ 0.0091 =+ 0.0033 [7]
LHCb  Jipmta=  3.0fb~" +0.070 £0.068 £ 0.008 — 8]
LHCbH above 2 combined —0.010 + 0.039(tot) — (7]
LHCh  D+D: 3.0 +0.0240.17 +0.02 - (9]
All combined —0.034 £ 0.033 +0.084 £ 0.007

P Preliminary.


http://www.slac.stanford.edu/xorg/hfag/osc/summer_2015/#DMS

oaed CP asym. in D° - KTK~— and D° — T 7~ decays %
LHCb-PAPER-2015-055
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LD (t) = f) —=T(D(t) — f)

Acp(f: 1) T(DO(t) — f)+T(D°(t) — f)

Acp(f) = alp(f) (1 - “(T_f)) ycp) N <t(%f)> gind

where (t(f)) denotes the mean decay time of D* — f decays in the reconstructed sample,
adlh(f) as the direct CP asymmetry, 7 the DV lifetime, %% the indirect CP asymmetry
and ycp is the deviation from unity of the ratio of the effective lifetimes of decays to
flavour specific and CP-even final states. To a good approximation, a9 is independent of
the decay mode

AAcp

ACP(K_K+) — Acp(ﬂ_ﬂ+)

() Aft) ind

dir
ACLCP ]. + 7 yCP + T afcp

Q

where (t) is the arithmetic average of (t(K~K")) and (t(m 7"))
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sa4 3-body decays and Dalitz-plots
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